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The Re-instrumented Irradiation Test of Nuclear Fuel using Fuel
Test Loop



b= EARA

A=

20119 = @

RIS

e,

7

givl

2011

=]
=

o]

F A 2}

=

o Sn

O —

o) N



alg

ol

i

W

o= A%

FTLE

7}

o

A 7=ds

918 w==9]o] HALDENS FA o= 7t

ol &

kAT

213

A ]

HALDEN ¢

o
77

s
PHAYA T AAZ EALA

%

-
R

&
=y

AAZ 7
Y =] ]

R84

gk DUPIC

3§}

FATh ok A =AAE

)

R
oS

]

i

A



Summary

This report is the status art report on re-instrumentation. The main
techniques described in this report are technology that is developed in
Norway HALDEN and domestic research facility.

Although re-instrumentation is not gone vigorously after 1990, HALDEN's
re-instrumentation equipment was made until recently. In the meantime,
re-instrumentation research was gone in domestic research facilities, but
irradiation test did not performed actually. But DUPIC fuel irradiation that is
similar to re-instrumented irradiation test, so the irradiation test can be

utilized directly to the Fuel Test Loop.
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1. =29]o] HALDENS] A ZA}A]E

w240l HALDEN 2 24 o] 1970:d 58 HRP(Halden Reactor Project)
£ &3 A 2AAES Ak Vs Nd T g ddRY 2AMAE S HE

A% glkstA Fastar vk Al Aol #E A= 1980 FRHREH 1dAk
ATE Fds7IE 71E AEe] AFEHIAY. 7] AFolAME FAME AdEEE
fission gas £4 glo] AR HF = 7]+S AFEFIAATE, 90dY ndLE
Aol = BonpslE cutting 3Fa fission gas A 42 Xe, Kr 7[5 &+

A skar A AF Ases weo]l 2AAES TSN o9k o] HALDEN

< A=A Zledt dES 7P Bel Easta glow, ey gZo] Al

(1) Re-instrumentation process qualification for high burn-up rods : Gas
pressure detection and fission gas release evaluation during power
ramps(HWR-154, 1986, S.Granata)

LWR fuel®] extended burn-up(>30 MWd/kgUQ,) oA ZAIAE &
Asol g A7 28tk 53 FGRel W& in—pile oy 7l F54]
t}. ENEA2] A ALY 3lel AGIP-Medicina Laboratories(Italy)ol A 52
MIEReH, GEANE Z2AE A5%89 % end plugel &3t
2] ¥-9] F rotating magnetsoll 23] & ¥ micro-drilld]l 2]&] holes THE
w, o] W& F3 llF FGRY &4 g§lo] #8548 LVDTE %513
ZAMA 82 re-instrumented rod © W3] power ramp testE dFth 19831 9¢¥
o] 7.2MWd/kgUQO: 2] re-instrumented rod 7} IFA-535 LWR test rigoll 4%
Hom 35MWdA/kgUO: ¢ re-instrumented rod 7} IFA-535 LWR test rigol A
ramp 23S FPstgct AR A5 2 S welding EFo 2 AT AHZS oA
A Bt AWk Gapel F&(60mm) ABE-S PCI & ¢l8] gapel &(350m) Q5%
Hoh 22 FGR #& Ete 23E 4T
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(2) Fuel thermocouple re-instrumentation of irradiation rods (HWR-314, 1991,
T.Johnsen)



1991d HRP+= AXoA &AAAY €4 As AFE S8 A58 ¢

E A AAstdn dss g A A dae 29AE FEEn A @

+ cold condition®l A 9] 71&S JEelE Aoz dAY HAE 93 F4 hole
drilling 3t+= #A o]H, v} ©@A= in-reactor testing ¥4 o]t}

194 71o] FAEl 1 IFA-40991 A4 44 MWd/kgUQ, AAZ=71A] ZALE 271 9]

Az Fl disl FAEATG. A HA in-reactor testi= IFA-533°14  27§<]

in-core plug¢t @A AojEo] AZE o] 1991d 102l FFH At A AT

A Al @ AR tha 2ol A 5 vk

2) 2000C 7+#4] A4S F U= 12§ dHdY A3

3) = Weow dAY hot junctiong top endol A F7H X<l ¢F 45 HA
2AA Aol (40-50mm)e] Zolel $1A A7t

4) ZA1E fuel® ¢ pellet 2742 22 F2] A 71T

5 A AdezE FH pellet crack® 44 or gas®45-F fuel-cladding gap £
dS gk

6) do| 93k fuel restructuringS ¥ 3tal 324 fission producte] A &
WEs I g

A A AnETS AAE

(ol

#7bns dgoz A

.

Ho

4 hole =98 F A58 &S WASH] A8 COE o &3tH, CO: Al
71 % hole 3= 93] molybdenum tubeE AF&3th A= MgO 2 <}
tungsten rhenium 5%-tungsten rhenium 25% Wire®} Ta sheath A5 & A}-83+
th 2709 A =B 3dbar, 240C<2] D.O coolant natural circulation ZZ oA =
A AY. EAY e s AstE F38H7] 9138 hot junction ==& 1200CE %3
skl opop rh(AMd == o] 33kW/m o aldH). o 71+ Kjeller A+49 &

Fo2 st

(3) Re-instrumentation of irradiated rods(NOS 807 and 808) with fuel
thermocouples (HWR-316, 1992, T.Jonsen)
2 AU LS HWR-314 9 548tk 2174 25mme] diamond drill AM-g-3}

o, &4 oE AWM TIG §43He AHgsklt. §4H4 Purgings



A8l HA 3He JAFH He 7M=& S8 #AS F3d¢) hole drilling &

ete] &l A room tempE HH3] 7FE3t) o] dry unitol A 300C F-FAFE

o A 72A17F Fskth o dAde A & &% §F  neutron
=R

radiography #AAFES &3 AAS d=&

(4) Re-instrumentation of pre-irradiated rods with fuel thermocouples
(IFA-533.2) : Operation experience and results (HWR-352, 1993, J.J.Serna)

AALENA gap 54 UO; ¢ thermal conductivity 7} W3stEZ fuel
thermal response 7} W&t} oo tigh AFEH oz dHdd AAY AFE F
sttt 44MWd/kgUO: 7h4 HBWR oA mlg] ZAbE 2719 As%S A7
Falo] 200 b 49MWd/kgUO, ZAMAIZ T A& 171¢] dlo]H = in-core
plug o &A17F Aoy 5 F2E stk Operation power 45 kW/m, &4
=X 1600C 2 SAHHASH, oxdoAe A Aol & FAES & F
292 th Neutron flux ZFol2 Q3] F 79 d5E 2% e k7l 2folE H
Rom, nEHI} LEoM Ad8FS ¥ B2 FGRS TARE 1 Aol= o5
7 E e Ag Ao M s ALET F7HE S E fuel conductivity 7F Eol A
A wk 22Km/kW (MWd/kgUQO2) burn-up Al5FE AFg&3sle] 42} mdo 9
gk ARkl & skttt
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- 7}t depressurize el A room &E2 HH3F| 71AEt) o)F Wy A+
Bl o] 300ColA 724 7HE ot 71 gkt
A5% stackel TAH== A HA
- A5% FHvbl &3, inert gas® A% J X ¥ L& &5
- He 4 Al@d3 4y A4S &g

- =4 %} radiography A€

ol A3t Zol AAGS f& AHEHE = 2" 13 2
3}71913%F  'Cutting and Grinding unit’, ¥ 2%} 7S FALw
A F3t7] 918k 'Freezing and Drilling unit’, Z9¥ 33 22 Budvnl/l TIG &7
S 93 'Welding and Drying unit’, 238 49 728 F%42 ‘Encapsulation
Bench’' 7} & 23tH10]. 2004 7122 Kjeller sto] A= o]
ol Aol A AFHNeH, 25 F 37 FAE 54 dAd7t A
. 19 5+ < HALDENCIA 7]E9] FAE /MAdste] AFA Adst s
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29 1. Cutting and Grinding unit

19 2. Freezing and Drilling unit



19 4. Encapsulation Bench



19 5. Drilling Equipment for irradiated fuel rod

<— thermocouple channel ——

34567 89M@12 3

19 6. Neutron radiography after drilling



Welding chamber

He leak-test chamber

a9 7. Welding equipment for irradiated fuel rod
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Aol IMTRoA+= HALDEN® A% 7]+S &8st BOSA
=

=
TALE AR A3 AFE TS
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Removing of
U0z Chips

Dual
instrumentatio
Device

& =

g
- Inserling of Sleeve
Welding Thermocouple Baking Oul Inserling

a9 8 Ay A %A

Pressure Gage

l
Quick Connector - { Ditferential

(plug) . |Translormer | MiCable  [Bellows| 2ry/SS Friction Joint [Thermocouple]
st '}4“__
o Quick Connector ) Hermelic Conneclor = {0 Fuel Rod
(socket) in BOCA End Pli:g

2% 9. JMTRE Re-instrumented ¥ &%
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3. dd&= HFRY AZFAIAEH

g & =2 HFR(High Flux Teactor)dl A== HALDEN % JMTR ¥} v
A 1992958 142 LWR =AF & Asgol thall AMsA Adste] A=A
7= A5 FdsAT 71e NS ¢F 45me] LWR 3 A58E Petten hot
cellol 4 Awtslo] 400mm=E fuel rod segmentE WHEo] 19 103 o] A7k
atoith. 18]a1 HALDENe|A ¢} & BA oz ddm Fo =449 o=

& re-instrumentation 3} TtH13].

Top Seal

Lower Valveype stom . Fuelrod  For Iradiation
Centring Spring sleave _ g&mﬂ Capsule
Piece ' Weldings Insulation disks /

oot~

PN

| o / / i
. NN 72222

19 10 . Re—fabricated LWR fuel rod
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4, L2~ CEAS A ZAMAE

z 22~ CADARACHE °] 9+ CEA/LECA Ao A] dAE 45 9
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A g ARe 48 4 AME

st 7T0GWd/t 7HA] A% PWR o

- AAGT Ade AdggS AAGstd ddst FuE st dFuu, ey
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i*}/\] d8 AENE EoklA =

29 HAX(B00~550HV)HEo  99.8%, 94%, 85%¢ HFH|UE o] &3t}
dFu L AFT AN AL £xo] wel v F A FE7F 70071600kg/mm’ kA
wl, % 99.8%9) LFrvE HALF w7} 1540kg/mm A R 2 g 7 sk
£E 94%E  1000kg/mm” AEolil % 8% LFuUE HA~ ARV}
700kg/mm’ g Lol th, molsldg AFAH
AX =dol 7] X E FHA Fotal sEHE Aol s
HAast7] flaid =29 HALDENZ o] xALS dldgel Ado] fAgh
DU(depleted uranium)< 238 AlHOo 2 A} o
4 DUAREo] E7letE® dEoA ZAMS dds HAFFAE cold laboll Al &
sh7]lefA] AAA Ao ® ARERE nbE I efo] E(BaFeOs)E o83 Ko A
ASAE S AAed. AFAIHS Zol7F A& 83mm, Z°] 10mm<Sl ¥h&
OlE 67/ & Zircaloy-4 I &E o] € F Y& o]&st] nFAIA A 2FSFA T
> 25mm, Z°] 50mm< 9 (hole) H-&2
Totvh A QA &GS flste] =L vtEEgolE Rl AR A
&sto] FHAE S AAlEsdd. dAdRmE T4 4 (thermocouple) S
A7l 9ete] A& 25mm, Z°] 60mme holed W=+ FAS HITF
(drilling process)e]gkal stal A7 A4YdE A5 Sdvtsl(end plug)E
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o] A4S ATt o, v AREE tololE = =9 9] shaft® 40mm
2 gFola FAlI Tl A2k chipllEE& A3 7ol FHUA &7 wdd AlF
NA AFZE Fot7] Eolatd oy, 2 A AEE tololE = =L 70mm
o] ZAFolar FAFol 15mm THS HojokstE R FulolA syl ol slaL
oAl 3 shaft®= S45CZE tipHF-&ol tlolol2=E 371 18 7HeiAl= &
ol shafte] Z+2do] okslxo] Hdx HE Al shaft7b ol dgo] A
Fack 28 5< WINTER Werkzeug-maschinenAloll A & A 2Fsto] =
g 19 159 22 tolojrrd s Wy dA WA E 9sle] HolWdE 3FFH
E Al Aete] dap zlolo] whet wEehH A AE-SFA T

1% 13. UOy; &2 A " A 7Fa-7]7]
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19 15. Diamond hollow drills

2. DUPIC A s 7o Ao z2AAS 7<=
(1) =] 244 AEgx AL

DUPIC 22 A

rlr
>
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e
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fr
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)
>
>,
oo
_0|L
~N
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e
P
o

- 8 e 2ANE A 2ZAY FARE A4S g =EHAAA
- A9 2 FHdEE 0 150 ~2,000 rpm, Feed %% : 1mm/min
=gy A7 0 ©2mn
- 74+ =29 unit, Cleaning unit
- A3 4E&3E Diamond tips T3t ALO; B9 TS 2m 474
ox =dd Aey =dg F HAEE= chips AlA AsAES FP5%+=
o A= 43s] Seskath
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19 20. The damaged pellet in drilling
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219 23. Drilled pellet

_22_



13 24. Pellets for 6th irradiation test
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13 31. He-leak test
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19 33. The completed assembly of instrumented

irradiation test rig
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Element assembly process

|Mini~efement preparation

|

| DUPIC pellets loading

|

; —' Lower endcap welding

|

| He-leak Test

|

Element assembly

}______“Three DUPIC fuel rad or
Two DUPIC & One LEU U0, rod

19 34. The process of element assembly
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3 2 1. HALDENS A A ==

I Fe INSTRUMENTATION OF IRRADIATED FUEL RODS

Fugl assembly Figlrod Re-nstumented Re-madiatin in
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‘ F'e RE-INSTRUMENTATION OF FUEL SEGMENTS

Re-instrumentation procedure: [-\

* Measurement of fuel rod free-volume and gas flow
properties § N )

* Inspection of fuel rod (includes neutron radiography) /]1 ]Q\ J—Wﬁ In core connector
* Fuelrod cut to length ” ! i
* De-fuelling of fuel rod ends i ll Thermocouple end plig
* Oxide layer removed from cladding ends I Elmank 268 g
i
* End plugs welded to fuel rod (pressure transducerand | /1| Thermocouple
thermocouple hase plugs) 2| Wolybdenum tube
* Fuel rod filled with liquid CO, and frozen with liquid N,
+ Drilling of centre hole (vacuum process) :‘
* Assembly of Mo-tube A Prairradiatod
* Fuel rod dried at 300 °C for 72 hours (vacuum) | uelrod segment
+ Second part of pressure transducer end plug 3
welded to fuel rod I |ﬂ Instrument base plug
+ Second part of thermocouple end plug i
welded to fuel rod . g Prassure transducer
7 end plug

+ Fuel rod evacuated, fillad with He and seal welded
* He leak-test of fuel rod
+ Check-out [ testing of fuel rod instrumentation

* Final inspection of fuel rod (includes neutron
radiography)
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I Fe DRILLING EQUIPMENT FOR IRRADIATED FUEL RODS

Driling equipment
2 pt

T T

temperature thermocouple.

The high temperature
thermocauples are
operating up to 1800°C.
The instrumented fuel
rods are installed in loop
system operating at 165
bar and 325°C.

Drilling of hole in fuel rod for attaching high

CE- aporoved equipment designed for use in hot-cells,

Designed for handlinﬁ by remotelr operated manipulators and
operated by a controller system (fabricated at Halden) with
compuler interface.

The equipment is used for drilling of holes for attaching high
temperature thermocouples on irradiated fuel rods (irradiated in
commercial nuclear power plants).

To be zble to drill holes in i fuel pellets %UO [ MOX), the fuel
rod is filed with CO, in order to freeze the flel pellets. The Co,
is frozen by use of liquid N, (- 190°C).

The drilling is done by use of a hollow diamond dril. Particles
and dust from the fuel is continuously being removed by a
vacuum cleaning system through the hollow drill during drilling.

User interface
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WELDING EQUIPMENT FOR ATTACHING INSTRUMENTS AND END
¢ PLUGS ON IRRADIATED FUEL RODS

CE- approved equipment designed for use in hot-
cells.

Designed for handling by remotely operated
manipulators and operated by a controller system
(fabricated at Halden) with computer interface.

The equipment are used for TIG-welding instruments
(pressure sensors, high temperature thermocouples,
cladding extensometers, etc.) end plugs on
irmadiated fuel rods and matarials. The instruments
are operating at pressure from 1 - 150 bar and
temperatures up to 1800°C.

The equipment are also used for he-leak tesfing
qualification of welds.

Welding chamber ~ He leak-fest chamber

TIG-welding of insirumented eno-plug onfo S
& fug! rod, User interface
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FQ EQUIPMENT FOR PRESSURE AND FREE VOLUME MEASUREMENT
- ON IRRADIATED FUEL RODS

CE- approved equipment designed for use in
hot-cells.

Designed for handling by remotely operated
manipulators and operated by a controller
system (fabricated at Halden) with computer
interface,

The equipment are used for free volume and
pressure measurement on irradiated fuel rods.

{  The puncluring unit drills a hole in the fuel rod,
and the pressure is found by measuring the
pressure difference by sending the gas
between different storage tanks (with different
volume). During this operation, bath
femperature and pressure are monitored
on-ine.

By pumping vacuum in the fuel rod, the free
volume can be found by measuring pressure
difference between the storage fanks.

‘_ T o Measuring range:
|i“*__-"i=ﬁ'¢»{ Ff‘“ Drilngof e onafielrodfor P &
R pressure and fee volume » Freg volume accuracy £ 0,05 om’

7 measurement

User interface
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| Fo COMPLETED INSTRUMENTED FUEL ROD WITH
% HIGH TEMPERATURE THERMOCOUPLE AND PRESSURE SENSOR

Irradiated fuel rod segment

In-core connectort :
* Operating conditions: 325°C and 165 bar /

High lemperature
thermocouple:

* Max. Temp: 2300°C

Pressure sensor;

» Measure range; 1=150 bar
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