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F3.1-5 S Vv7REBRICETABREDY Ak

it | BENe. | 2 | #No. | AR | e |7 TEF g
IFA 591-1 I3 A4004 I ] Multi EC
IFAS591-2 | 15 A6002 111 1 Multi EC
IFA591-3 | M8 | A4015 I 2 Multi EC
IFA 591-4 | 13 A4005 I 1 Multi PF
IFA 591-5 15 A6014 IIT 1 Multi PF
TransportI | IFA 591-6 M8 A4018 I 2 Multi PF
1993 IFA 591-7 11 A4012 I 1 Type-A EC
IFA 591-8 | I1 A6016 1Tl ] Type-A EC
IFA 5919 | 11 A6018 111 1 Type-B EC
IFA 591-10 | M 16 | A4006 1 2 Type-B EC
IFA 551-11 | M 16 | A4017 I 2 Type-B' EC
IFA 591-12 | M 16 | AS009 11 2 | sparerod T.B.D.
IFA 591-13 | M8 | AS5003 1I 2 Multi EC
JFA591-14{ M9 | A5017 11 2 Mutti PF
IFA 591-15 | M12 | A6010 II 2 Multi EC
IFA 591-16 | MI2 | A6022 111 2 Multi PF
IFA 591-17 | MI2 | A7010 IV 2 Multi EC
Transport II | IFA 591-18 | MI12 A7011 v 2 Multi PF
1995 IFA 591-19 | I3 A4002 I | 3 Multi EC
IFA 59120 { I3 A4003 I 3 Multi PF
IFA 59121 | 15 A6001 I 3 Multi EC
IFA 59122 { I5 A6006 I 3 Multi PF
IFA 591-23 | MI12 | A4009 1 4 Multi EC
IFA 591-24 | M8 | A4010 1 4 Multi PF
IFA 591-25 | M8 | ASOl1l II 4 Multi EC
IFA 59126 | M8 | AS5016 II 4 Multi PF
IFA 591-27 | M12 | A6009 111 4 Multi EC
IFA 591-28 | M12 | A6017 111 4 Multi PF
IFA 591-29 | M12 | A7001 v 4 Multi EC
Transport IT | IFA 591-30 | MI2 | A7005 v 4 Multi PF
1996 IFA 591-31 | 11 A4007 I 3 Type-B EC
IFA 59132 | It A6012 I 3 Type-B EC
IFA 591-33 | 11 A6015 II 3 Type-B' EC
IFA 591-34 | M16 | A4011 1 4 Type-B EC
IFA 591-35 | M16. | A4019 I 4 Type-B' EC
IFA 591-36 | I3 A5005 i 1 spare rod T.B.D.
IFA 591-37 IS A7006 v 1 spare rod T.B.D.
Transport IV | IFA 591-38 | I3 AS5002 i 3 sparerod | T.B.D.
1997 IFA 591-39 | M16 | AS5012 Il 4 sparerod | T.B.D.
JFA 591-40 | I3 A7002 v 3 sparerod | T.B.D.

Pe# ¥ 47 L:Solid,Zry-2 I:Hollow,Zry-2 H1:Solid, Zr-liner IV:Hollow,Zr-liner
BABEEE 10 135Gwdft 2 [ 18.6Gwd/t 3 [ 24Gwdfr 4 © 32Gwdft
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#3.1-6 <IFRTy THASRABREHE
B B &
e ERE (AP) 5 KW/ m
sEhLEEE (P) 1.0 KW/ m-S
FEER (T) 60 min
FLavFsvazw L (P) 25 K¥/m
FLavF 4 vaz v TERE (T) 5 days
F#3.1-7 Y UIANATFy THARREREH
15 = Type -A Type - B Type - B’
HEALEHRE (AP) 30 KW/m %1 * 1
wmE A LFEE (P) 1.0 K/m/-S | 1.0KY/ m-S | LOKW m-3S
REER (T) 2 min 60 min 60 min
TUavF s as LN (P) 30 KW/n 25 KW/o 25 KW/o
FLavFa sy TR (T) 5 days 5 days 5 days
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INSTITUTT FOR ENERGITEKNIKK
HALDEN REACTOR PROJECT

Fuel rod
in park
position

o TOEHEELORD

ERLERLTRERTT

SPND {Co)

Fuel rod
in ramp
position

IFA-591, PNC ATR RAMP TEST RIG. (3 - RODS)
A x| A
3 £ : 2
QOutlet Coolant

Thermocouple (x2)

Thermal Shield
Pressure Flask
(ID=43mm)

Quter Shroud
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SPND
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LVDT (ECx3)

Inlet Coolant
Thermocouple (x3)
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SRR R
IFA-591-9 wax1-0
65kW/m
IFA-591-10
60kW/m
RRER BiE hEE iR SRR
TFA-591-11 @ @

60kW/m 55kW/m 60kW/m 50kW/im or FIUT
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max] ; X— ZBEBE13.0GWAtTE 5 L5 & AFHEEFH J165kW/m
max2 . N— A BE17.96WdtTHE & T b & AEHERE J160kW/m
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B INSTITUTT FOR ENERGITEKNIKK
OECD Holden Reoctor Project
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e nsTITUTT FOR ENERGITERIIKK
@ OECD Halaen Reactor Progect

’ FA-591.1 AXIAL FLUX DISTRIBUTION
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ALHR (kW/m) (A,B,C)

| INSTITUTT FOR ENERGITEKNIKK

OECD Halden Reoctor Project From: 1995/02/02 00:00

To : 1895/02/08 10:00
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ALHR (kW/m) (AB,Q)

B INSTITUTT FOR ENERGITEKNIKK
QECD Halden Reactor Project
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ECMM1 mm

B INSTITUTT FOR ENERGITEKNIKK
OECD Holden Reactor Project

EP-212

” IFA-591.3, EC,ND8 and Gamma Monitor

Dato from: 1995/02/08 10:00

Data lo

: 1995/02/08 11:30
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ECMMZ2 mm

1 INSTITUTT FOR ENERGITEKNIKK
QECD Halden Reaclor Project EP-212

Data from: 199%5/02/09 11:30

' [FA-581.3, ECND8 and Gamma Monitor ' Data to : 1895/02/08 13:00
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A INSTITUTT FOR ENERGITEKNIKK

{ OECD Holden Reactor Project EP-212
: Data from: 1995/02/09 13:00
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B INSTITUTT FOR ENERGITEKNIKK

OECD Holden Reactor Project EP-212 _
: Data from: 1995/02/09 1130
[FA-5913, EC versus T0 Dato to : 1995/02/09 13:00
T AH.HEtMMé‘$M ........................................................................
-1.2+ -
A
A
Fa
Ao 0 -
A
-161
—"l_ """"" RS T e e—— R — R — S EGEEE— B —  GIEEEEE— R EEE——
8274 275 276 277 278 . 279 280 281 282 283 284
TO °C

591-EC Plotled 1995/02/10 16:35

$3.2-35 IFA-591-10 O#HBEMRU L BB OREOEFK

100—56 0098Nd ONd



ECMM3 mm

INSTITUTT FOR ENERGITEKNIKK

" OECD Hoiden Reoctor Project EP-212
: Data from: 1995/02/09 13:00
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RAMP SEQUENCE A

RAMP SEQUENCE B

RAMP SEQUENCE C

3.2-37 BWRALHRUO MBOMIBARBH R
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1 ] 1 ] 1 ]
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TIME ()
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RAMP TEST RESULTS

“Fuel Behaviror During Power Ramp Test” H. Ohara, et al., Int. Topical
Meeting on LWR Fuel Petformance, West Palm Beach (1994)
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41 BEHZEREBRIIOVWTObEhd
2R 3H iZInstitutt for Energiteknikk (IFE) #*5Mr. Lunde, Mr. Amesen, Mr. Ingebrigtsen,
Mr. Jenssen, Miss. Oberldnder?®, EiD LB, REFHE L, UTOH LE&bEET

277

4.1.1 IFA-5558 v F1OBERABER (&)
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#4.1-1 IFA-5550 v F1oOfHEsERErHE

PIE of IFA-555.1
DE time-schedule
Nov. '94 : Met/Cer of 4 samples 4
" a + P/y-autoradiography of 2 samples ¥ Vel 1
Dec. '94 : SEM-inspection of fuel replica, 3 samples 4
Jan.'95 : Micro gamma scanning of 3 samples 4 A
" o Ring tensile test of 4 samples 74

" . Hydrogen analysis of 4 samples v/

Visual inspection of internal cladding surface, 4 samples

! : SEM inspection of 4 samples Vol T
Feb. '95 : Retained fission gas analysis, 9 samples

! : Burn-up analysis, 3 samples

" : Micro hardness test of 4 samples v
Spring '95 : Burst test of one sample

June30'95 Final report

Except for the final report, the given time schedule is tentative. It will be influenced by‘
the work-out of DE of IFA-554 and IFA-565, and also by re-instrumentation work to be
carried through in the concrete cells. Itis particularly difficult to give the time for the
burst test measurement, but it will be carried through some time next spring, probably in

April or May.

(sigrun) m:\kbi\notai\pie555-1.doc 1994-10-24
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Institutt for energitekmikk ‘ FC-note 27
QECD Hzalden Reactor Project 7 Feb. 1995
To: C. Vitanza, K. Svanholm, Y. Minagawa

From: W, Wiesenack
Copy: E.Kolstad

Effect of power peak during movement of TFA-591 rods for ramping

When moving the IFA-391 rods into the ramping position, they will pass a flux peak which exists
in the gzp between the upper cluster shield and the lower cluster. Neutron detector rendings indi-
cate that the peak flux is about 17 % larger than the ramp position fux.

The tme to move the rod frem upper to lower position is 40 seconds or shorter, the position change
is shout 100 cm, and the gap with higher flux is about 20 cm, This means that the fuel is expused
to higher fiux for & maximum of 8 seconds, conservatively assuming that the peak exisis over the
entire length of the gap, while in reality the flux increases and decreases over this length, edfec-
tively shortening the exposure time.

Calenlztions with SCTEMP show thai the fuel does not reach its maximum temperature during
the time spent in the peak position (see attached figure) under conditions as planned. A small
overshoot of the final temperature level is first obtained when the time spent in the high flux area
i3 15 seconds corresponding to a moverent dme of 75 seconds.

Conclusion: exposing the fuel for a shert time to the flux peak should not have an impact on the
outcome of the ramd test. The time to move the rod should be 50 seconds or less.
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IFA-591 RAMP FUEL TEMPERATURE
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1995.02.07

PRE-TEST OPERATION MODE FOR IFA-591.3

Feb. 8 (Wed)

07:00 :Startreactorpcwerredu:ticntmards&bmbyusingm&%.
08:00 - 10:00 _
.Opearbecs33&34ﬁmﬂ'erdovm(preferablydovmt080m)agajnstcs39up
(j_freoessazyuseCSSOaswa]_l),tosxmessm-Sglpmar.
. Stop'thapaerredwtimwhenmwgtmﬁevaluemespaﬁmgtoﬁ
KW/m in Rod-591-9 when only ane rod is at down rosition.
Note : EEMON for IFA-591.3 srnﬂdbeprepa:edarﬂbeoparatai._
10:00 -
. Operate the fuel rods carefully down to the lower positicn with the
sequence of rod pos. 3, 2 & 1. _
.OpearteaJlﬂEﬁElrodsbaﬂ{totreupperpositimwimtlesaresequane.
.Opearbeﬁemdsdmmwiﬁutreactualrmpspeed(m.msec.)wimﬁesare
sequence.
Note : Co-operate with the reactor operator to cbtain the maximum acceptable
Tamp speed as well.
Note : The position indicator signals should be carefully monitored during
the up and down operations.

11:00 - 11:30 : Evaluate the power level of Rod-591-9.

11:30 - 12:30 : Increasethereacborpcmertoobt:a:nthepreomdltlamagpcmer
level of Rod~591-9 (24 KW/m). All three rods at down pos.

12:30 - 13:00 : Maintain the power level to cbtain the stable power data.

13:00 -~ 14:00 : Reduce the reactor power down to the level where Rod-591-9
islessoreaqmltn%f(ﬂ/mmmenmlycmerodisatdampos.

14:30 : Confirmation of the above condition.

15:00 : Operate all three rods back to the upper position with the
sequence of rod pos. 3, 2 & 1.

15:00 - : Retrieve the reactor power back to ca. 18.2 MW.

- CS39 (and CS30) should be adjusted back to the original level
against CS33 & CS34 outwards operation before reaching the
reactor power 15 Md.

. Then operate the reactor towards 18.2 MW by using CS33 and 34.

14:00
14:30

After the retrieval, the reactor power should be kept constant until a further
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1995.02.08

SINGLE STEP RAMP TEST MODE, TFA-591.3

Feb. 9 (wWed)

The 1st Ramp Test (Rod-591-9)
Ca. 08:30 - : Final power adjustmet of Rod-591-9 to 65 KW/m (18.5 MW 7)
Ca. 09:00 - : Cbtain stable data. Preparation the lst ramp test.
Ca. 09:30 - : . Increase EXMON logging time to (?). Start Fast scan.
. Rod down, lift little bit and fully up affer 1 hr holding at
the lower positicon.
. Stop Fast scan. Reduce EXMN logging interval time to 300 sec.

The 2nd Ramp Terst (Rod-591-10)

Ca. 10:30 - : Adjust the reactor power deperding on the lst test result.

Ca. 11:00 - : Cbtain stable data. Prepare the 2nd ramp test.

Ca. 11:30 - : . Increase EXMON logging time o (7). Start Fast scan.
. Rod down and fudly uwp after 1 hr holding at the lower position.
. Stop Fast scan. Reduce EXMON logging interval time to 300 sec.

The 3rd Ramp Test (Rod-591-11), Alternative I
. Ca. 12:30 - : Adjust the reactor power depending on the 1st test result.
Ca. 13:00 - : Cbtain stable data, preparation of 3rd ramp test.
Ca, 13:30 - : 3rd ramp test.
. Increase EXMON logging time to (?) and start Fest scan.
. Rod-591-11 down and fully up after 1 hr holding at the lower position.
. Stop Fast scan and reduce EXMON logging interval time to 300 sec.

The 3rd Ramp Test (Rod-591-11), Altermative II
Ca. 12:30 - : Adjust the reactor power depending on the 1st test result.
Ca. 13:30 - : Obtain stable data, preparation of 3rd ramp test.
Ca. 14:00 - : 3rd ramp test. '
. Increase EXMW logging time to (?) and start Fast scan.
. Rod-591-11 down and fully up after 1 hr holding at the lower position.
. Stop Fast scan and reduce EXMON logging interval time to 300 sec.

Aftar the 3rd ramp test, Alternative I
Ca. 14:30 - : Retrieve the reactor power back to ca. 17 MA.

After the 3rd ramp test, Altermative IT
Ca. 15:00 - : Retrieve the resctor power back to ca. 17 MA.
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w2 7 v THREREN (FhERNT (Pmax)) OREHE

IFA-591-9
IFA-591-10 4@.}
S 53KW/m
R R R
IFA-591-11 4@ 4@:

S0kWimor THETF

JL

N

45kWim or 50kW/m
(Frigse)

END

max1 . N— X BBE13.0GWdit TE b 1L 5 R KB E# H 65kW/m
max2 . \— ABBET17.9GWdin T b 5 JAELHER H J160kW/m
(65kW/m*(1-0.08)) =59.8kW/m
8% . BREEFEVWHEOBETE

| H Type-B Type-B'
FEHHT (Pmax) *1 *1
BHHLERTE (AP) ) *2
BHED EREEE (P) LOkW/ms | 1.0kW/ms
REEE (T) 60 min 60 min
7°Vars 4zt b (Po) 25kW/m 25kW/m
7°Vayy ivazvy” Befl (Tpre) 5 days 5 days

* 1L RNVFATy THOSBABREBRIYED S
¥2 . AP =Pmax -Po
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