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Abstract

Perturbation tests were performed to verify if new in-core flux detectors instaled in
Wolsong 1 respond well as expected in design analysis and to give new evauation data for
the simulation uncertainties of Regional Overpower Protecting Trip Setpoints. With data
obtained from the tests, limiting channels and protecting detectors were calculated and
finally 4 flux shape errors were evaluated. The main purpose of this evauation is to verify
inversely if how the data from designer correspond with actual Wolsong 1 core through the
comparison with flux shape errors given by designer and data from actual Wolsong 1 core,
and ultimately to verify reactor safety and the reliability of design data. This new evaluation
showed that designed ssimulation values used in ROPT setpoints re-design can be trusted and
correspond with actual detectors response.
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ROPT? Simulation Uncertainties
(Perturbation Test)
ROP Trip
1
2.
ROPT (TTR-289 Part 3) Source
[flux shape errors] (1
4
(1 Detecter Random Uncertainty
Flux
(1 Channel Random Uncertainty
(4 Common Random Uncertainty
1 Bias(Systematic) Error
non-random  ( )
Source

B Simulation Error
» Pure Simulation Error

Time-Averaged Burnup

» Ripple Superposition
Ripple

(Instantaneous Burnup)
» Unanalyzed shape variations
, Xetransient, AVZL
Bl Change due to boiling

! Regional Overpower Protection Trip System( 1,2 Neutron Overpower )
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B Lead-Cable contributions
Lead-Cable

B Off-Nominal Core conditions
ROPT

1 [flux shape errors]
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@ Draining of LZC #10 from 50%

® Draining of LZC #5 from 50% :
® MCA Rod #1 Half In :

® MCA Rod #4 Half In :

® ADJBank #1 Fully Out :

® ADJBank #2 Fully Out :

© ADJBank #3 Fully Out :

® ADJBank #4 Fully Out :

Perturbation

45%FP

: = ROP Simulated Case #33
= ROP Simulated Case #28
= ROP Simulated Case #229
= ROP Simulated Case #232
= ROP Simulated Case #204
= ROP Simulated Case #207
= ROP Simulated Case #210
= ROP Simulated Case #213

45%FP AVZL 50%(Nominal core)
#10 Draining ADJ Bank #4 13
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TTR-289 Part
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- Zone Deviation

- SDS#1 Pt.

- SDS#2 Pt.

-102  Vanadium

MCA 65%

MCA sheave turn difference 73cm

53%
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Nominal Case Perturbation Cases
COMPTH Code

CPcompri (MK) = Fyor(K) © W(m) © Dh(m,k)

\ Fyor(K) : Normalization Factor
w(m) :
Dh(m/k) :

42 (Limiting Channel)

ROPT Dry-out

. ROPT (CCP?
ROPT Film-Boiling
OID® CCPs . 98% 98%
Trip channel (2 out of 2 Trip concept)
(k) Dry-out
(CCP)
(CPR%

éCCP (m, k) U

CPR (m, k)= ;— \1.%)
& CP (m,k) U,

\ CCP(mK) ; k) (m)

2 Critical Channel Power : Dryout
% Onset of Intermittent Dryout
4 Critical Power Ratio : ( )



CP(mkK) ; (k) (m)

(Limiting Channel)

1
( , The effect
of fuelling ripple)
104%( Ripple
3% CPR random error 2.6%  RMYS)
TTR-289 Part 2
1.1% 1.7%
CCcP NUCIRC(Version 1.501)
Over-estimation Under-estimation
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Perturbation SDS #1 SDS #2
Dfmeas(j1k): fmeas(j,sz(k)
f meas ( j, n ) f
P(n)
\ % eadiin) Nominal Normalize
fmeas(j’k) ; k
P(Kk) ; k
P(n) ; bulk (100%FP)
4.4 (Protecting detector)
ROPT 2 1
ROPT Trip
1
(k)
Trip 103%(1s)

MD(, k) = Trip Setpomt(l . )
Detector Reading(i, k)



MD ; Trip Margin

3% Ref.1
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45 Simulation
DCP (m, k) = — (1K)
CPo (m, k)
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Rer(m, k) =
§§ DCPsm(M,K) tiy &
(K Rep
Systematic Random
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(N ()

D (j, k) = —ffo‘(jj’ kk))

7 . N o
Rde):%DfL(_J’k)E - 1¥%100
88 Dfsim(j,k) Unprot a

(K R (.K)
Systematic Random

123.98%

- RGK)

(k)



SDS#H1 #2

4.7 Simulation
ROPT Simulation Error (K)

_L(F 7o) g /1 (CPTCP0) ity ] s
[(f /fo)prot /(CP/CPO) Lim]Sim

— [(f /fo) prot / (CP/ CPO) Lim]prot _
[(CP/CPo) s / (CP/CPo) g1 1im

=((Rr(j,k)/ Rer(k)) - 1)*100

-1

sim

f=f(.k = (k) ()
f,=1f.(j) = Nominal ()

CP = CP(mk) = (k) (m)

CP, = CP,(m) = Nomina (m)
“ Prot“ = Protecting detectors

“ Lim* = Limiting channels

Simulation error
Simulation error
(k) Simulation error
Simulation error
Case Simulation error SDS#1 #2

Systematic error

Case (Ri1(.K). Ra(i.K),
(Rep(j.k)), Simulation Error(Esim)
ROPT
MCA



MCA

RM S(Sge(K))
RMS
) +1.09%

, MCA#1 MCA#4
G-2 MCA#1
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3,4 (k) Rcp
Perturbation case
case RMS (MCA#4
+1.06% RMS +0.87%
. G2 Pt.Lep 1992 +0.93%, +1.42%
+1.20%
ROPT
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3,4 (k) SDs#1 SDS#2
(R (j,K)) (sRKk)

RMS
SDSH#1 +1.62%, SDSH2 +2.12%

+1.89% RMS
. G-2 Pt.Lep +0.96%, +1.91%
+1.98%
ROPT
5.3 Simulation Ratio Errors

Simulation Error

(k)
3,4 (k) SDS#1 SDS#2
(Esml, Esim2) Perturbation case
. Simulation Ratio Error(Esiml, Esim2) cases

. MCA

Perturbation case

case RMS

+1.87%

(Ratio)

Simulation Ratio Error
RMS

negative
Rod



Simulation ratio overestimation

Uncertainties

Perturbation case (Systematic Error)  SDS#1 +0.95%,

SDSH#H2 +2.03%  positive SDSH2

Bias +1.49% —0.06% positive(+)
Xenon ( ) ( )
ROP 15%
(>+3) +0.24%
( + )
G-2 Pt.Lep +1.43%, +0.25% +0.97%
(k) SDS#1 SDS#2 Simulation Ratio Error (Esiml,
Esim2) Common-random Uncertainty(s ;)

3,4 SDS#1 SDS#2 s, +1.92%, +1.84%

+1.88% (£1.34%) +0.54% G2
Pt.Lep  +1.14%, +1.13% . +2.3%
+1.3%
(+)
bias case
, Xe ( )
cases Simulation Ratio
(sw) Errors
ROPT
6.0
ROPT Uncertainties  Errors
cases

Simulation
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ROPT Uncertainties Errors

Simulation
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TTR-289 Part 1 (W1) Rev. 1 by F.A.R.Laratta, C.M.Bailey and G.H.J. Gomes
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TTR-289 Part 2 Rev. 1 by D.N.Mori, D.McAllister, and M.R.Soulard
4. “ ROPT Error Analysisfor Wollsong-1"
TTR-289 Part 3 (W1) Rev. 1 by C.M.Bailey and G.H.J. Gomes
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TDAI-440 Part 1 : Simulation and Processing
by C.M.Bailey, D.A.Jenkins, M.Beaudet and F.A.R.Laratta
6. “ Reactor Physics Data for Design and Assessment of the CANDU 6 ROPT”
TDAI-440 Part 2 Rev 1 : Tables of Detector Responses
by F.Laratta, D.A.Jenkins, M.Beaudet, M.A.Milley and M.Shad
7. Reactor Physics Data for Design and Assessment of the CANDU 6 ROPT”
TDAI-440 Part 3 Rev 1 : Channel Reference-Power and Overpower Distributions
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1. Wolsongl Flux-Shape Errors

Detector Channel Common Bias
Random Random Random Error
Simulation Error
Pure Simulation Error
Ripple Superposition +1.88 +1.06 +1.07 +0.14
Unanalyzed Shape Var ns
Change due to Boiling - 02
Lead-Cable Contributions +0.2 + - 02
Off-Nominal Core +0.8
Combined Uncertainties +1.89 + 1.06 +134 5- 0.06
2. ROPT Detectors and Setpointsin Wolsong 1
SDS#L SDSH2
HSP-1 HSP-1 HSP-1 HSP-1 HSP-1 HSP-1
Detector Setpoints Setpoints Setpoints Detector Setpoints Setpoints Setpoints
1D 133.90% 120.51% 90.92%
2D 124.89% 112.40% 84.80%
3D 124.89% 112.40% 84.80% 1G 133.90% 120.51% 90.92%
4D 124.89% 112.40% 84.80% 2G 133.90% 120.51% 90.92%
5D 124.89% 112.40% 84.80% 3G 126.20% 113.58% 85.69%
6D 124.89% 112.40% 84.80% 4G 126.20% 113.58% 85.69%
7D 123.98% 111.58% 84.18% 5G 124.89% 112.40% 84.80%
8D 123.98% 111.58% 84.18% 6G 124.89% 112.40% 84.80%
9D 123.98% 111.58% 84.18% 7G 123.98% 111.58% 84.18%
10D 123.98% 111.58% 84.18% 8G 123.98% 111.58% 84.18%
11D 123.98% 111.58% 84.18%
12D 123.98% 111.58% 84.18%
1E 124.89% 112.40% 84.80%
0, 0, 0,
2= {2 070 IR0 1H 126.20% 113.58% 85.69%
3E 124.89% 112.40% 84.80% . o .
2H 126.20% 113.58% 85.69%
4E 124.89% 112.40% 84.80%
3H 124.89% 112.40% 84.80%
5E 124.89% 112.40% 84.80%
4H 124.89% 112.40% 84.80%
6E 124.89% 112.40% 84.80%
5H 124.89% 112.40% 84.80%
7E 124.89% 112.40% 84.80% . . .
6H 124.89% 112.40% 84.80%
8E 123.98% 111.58% 84.18%
7H 123.98% 111.58% 84.18%
9E 123.98% 111.58% 84.18% 8H 123.98% 111.58% 84.18%
10E 123.98% 111.58% 84.18% IO 70 O
11E 123.98% 111.58% 84.18%
1F 126.20% 113.58% 85.69%
0, 0, 0,
A7 126'200@ 113'580A) 85'690& 1J 126.20% 113.58% 85.69%
3F 124.89% 112.40% 84.80%
. . . 2] 126.20% 113.58% 85.69%
4F 124.89% 112.40% 84.80%
3J 124.89% 112.40% 84.80%
5F 124.89% 112.40% 84.80%
4] 124.89% 112.40% 84.80%
6F 124.89% 112.40% 84.80%
. . . 5J 124.89% 112.40% 84.80%
7F 124.89% 112.40% 84.80%
. « . 6J 124.89% 112.40% 84.80%
8F 123.98% 111.58% 84.18%
7J 123.98% 111.58% 84.18%
9F 123.98% 111.58% 84.18% 83 123.98% 111.58% 84.18%
10F 123.98% 111.58% 84.18% IO e70 S0
11F 123.98% 111.58% 84.18%

5 Perturbation test 45%FP




3. WOLSONG 1- SSMULATION UNCERTAINTIES CALCULATED FROM PHYSICSTEST

Rep(k)avg | Rep(k)rms|Ry 1(k)avg| Ry 1(k)rms [Ry 2(k)avgl Ry 2(k)rms | esiml(k)avg esim2(k)avg
ZONE#10 DRAIN 0.66 0.63 -0.86 0.93 0.25 1.46 -1.51 -041
ZONE#5DRAIN 3.49 164 5.31 2.78 5.19 4.18 1.75 164
MCA #1 65% IN 3.36 28 3.18 3.01 4.02 2.06 -0.18 0.64
MCA #4 65% IN 11.36 2.13 9.74 2.22 6.95 3.36 -1.45 -3.96
ADJBANK#1 OUT 2.42 0.57 0.99 0.79 2.63 23 -1.4 0.2
ADJBANK#2 OUT 2.54 0.14 3.74 1.03 6.6 2.39 1.17 3.96
ADJBANK#3 OUT 293 0.38 6.08 155 7.32 0.63 3.06 4.26
ADJBANK#4 OUT 271 1.47 6.57 1.24 6.72 18 3.76 39
AVERAGE 3.68 1.22 4.34 1.69 4.96 2.27 0.65 1.28
RMS 3.01 0.88 3.12 0.81 2.34 1.03 1.97 2.62
*AVERAGE 2.59 1.09 3.57 1.62 4.68 2.12 0.95 2.03
*RMS 0.87 0.87 2.53 0.84 2.37 1.01 1.92 184
* MCA #4 CASE
4, Comparison of Uncertainties
DETECTOR BIAS
RANDOM CHANNEL RANDOM | COMMON RANDOM ERROR
W1 DESIGN
( 96 AECL) +1.89 +1.06 +134 - 0.06
Wolsong 1
Test Result +1.87 +1.09 +1.88 +1.49
(1996)
Gentilly-2
Test Result + 0.96 +0.93 +114 +143
(1992)
Pt.Lep
Test Result +191 +142 +1.13 +0.25
(1992)
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