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1 AXN2SEAME MR

Operating Reactors Regulations & Guidance

10CFR50 APP. A o=

Reg. Guide 1.68

FSAR Chap. 14

» GDC 26

- Reactivity control system redundancy and capability

- shutdown margin
« GDC 28
- Reactivity limits

- Temperature coefficient

| “i “\

\ 4

Test Procedure

ANSI/ANS 19.6.1

| ‘

Criterion 26—Reactivity control system redun-
dancy and capability. Two independent reac-

tivity control systems of different design
principles shall be provided. One of the sys-
tems shall use control rods, preferably in-
cluding a positive means for inserting the
rods, and shall be capable of reliably control-
ling reactivity changes to assure that under
conditions of normal operation, including
anticipated operational occurrences, and
with appropriate margin for malfunctions
such as stuck rods, specified acceptable fuel
design limits are not exceeded. The second
reactivity control system shall be capable of
reliably controlling the rate of reactivity
changes resulting from planned, normal
power changes (including xenon burnout) to
assure acceptable fuel design limits are not
exceeded. One of the systems shall he capa-
ble of holding the reactor core subcritical
under cold conditions.

Criterion 28—~Reactivity [limits. The reac-
tivity control systems shall be designed with
appropriate limits on the potential amount
and rate of reactivity increase to assure that
the effects of postulated reactivity accidents
can neither (1) result in damage to the reac-
tor coolant pressure boundary greater than
limited local yielding nor (2) sufficiently dis-
turb the core, its support structures or other
reactor pressure vessel internals to impair
significantly the capability to cool the core.
These postulated reactivity accidents shall
include consideration of rod ejection (unless
prevented by positive means), rod dropout,
steam line rupture, changes in reactor cool-
ant temperature and pressure, and cold
water addition.

Operating Reactors Regulations & Guidance

HA2ZEEAME MR

Reg. Guide 1.68

) 4
6

FSAR Chap. 14

Test Procedure

ANSI/ANS 19.6.1

« Appendix A : Initial Test Program

Initial Criticality

* Appendix C : Preparation of Procedures
- Preoperational test procedures
- Test Objectives/Special Precautions/Initial Conditions
environmental Conditions/Acceptance Criteria

Detailed Procedures/Documentation of Test Results

- Fuel Loading

- Procedures of Initial Criticality/LPPT/PAT

Initial fuel loading and pre-critical tests (8 tests)

Low-power Testing (21 tests)
Power-ascension tests (45 tests)

First-of-a-kind(FOAK) Testing : New, Unique, Special




1 AXN2SEAME MR

Test Procedure

Reg. Guide 1.68

FSAR Chap. 14

Test Procedure

. LPPT
LPPT Lead Unit Follow-on Unit

Biological Shield Survey Low Temp/HZP HzP

Core Sy ISt HzP HZP

Verification

ITC Measurement Low Temp/HZP HZP

Control Rod Worth

a. Regulating Bank o L HzP

b. Shutdown Bank

Low Temp or

Not Required

A 4

ANSI/ANS 19.6.1

<
<
A 4
7

HzP
Differential Boron Worth | Low Temp/HZP HzP
Critical Boron Low Temp/HZP HZP

Measurement

Dropped and Ejected Rod
Worth

HZP

Not Required

1 AXN2SEAME MR

LPPT Procedure

At Low Temperature At HZP

8.2.1 Digital Reactivity Computer System Checkout 8.12.1 Digital Reactivity Computer System Checkout
8.12.5 Base Power Level Determination

8.2.2 Base Power Level Determination
8.13 CEA Groups 1 and 2 Worths (Non Overlap)

8.3 ARO CBC

8.4 ITC (EARO) 8.14 CBC with Groups 3, 4 and 5 at LEL

o CEA Groups 5, 4, 3, 2 and 1 Worths (Non Overla 8.15 ITC with Groups 3, 4 and 5 at LEL

.5
p) 8.16 Pseudo Ejected Rod Worth
8.6 CBC with CEA Groups 5, 4, 3, 2 and 1 at LEL 8.17 CEA Groups 3, 4 and 5 Worths (Non-Overlap)
. 8.18 Base Power Level Check

8.7 ITC with CEA Groups 5, 4, 3, 2 and 1 at LEL
8.19 ARO CBC

8.9 Base Power Level Check 8.20 EARO ITC

S CEA Groups B and A-1 Worths (Non Overlap) wit 8.21 Pseudo Dropped CEA and PSCEA

h CEA Groups 5, 4, 3, 2 and 1 at LEL

8.22 CEA Symmetry Check

8.11 RCS Heatup and Pressurization 8.23 CEA Group P Worth
8.24 CEA Worth Measurement by CEA Exchange Method
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Reactivity Management of LPPT

1400 [ | [ [ [ [ |

Boron concentration during LPPT(234Hr) of SKN3C1
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Boron, ppm

900
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===RCS =—PZR

700

600

0.0 24.0 48.0 72.0 96.0 120.0 144.0 168.0 192.0 216.0 240.0

2015.12.29 15:00 2015.12.31 22:00 NOP,NOT 2016.1.8 09:00

Begins

2015.1.2 11:00 Critical @NOP,NOT

Time, Hr

1 AXN2SEAME MR

ANSI/ANS 19.6.1 (2011)

Table 1 - Required physics characteristics to be confirmed

Power
Example measured parameter level
Characteristic(s) to use for confirmation (%)
Reactivity balance All-rods-out boron concentration =h
= Capability to shutdown, Control rod worths <5
Reg' Gu Ide 1 ‘68 power distribution®
Reactivity control Izothermal temperature coefficient =h
Power distribution Flux symmetry or direct power distribution 0 to 30
measurement between 0 and 30% of full power
Power distribution If a direct low-power distribution measurement 30 to 50
FSAR Cha p. 1 4 has yet to be confirmed, then it shall be confirmed
{compared to predictions) prior to exceeding 50%
power.?
& Power distribution Power distribution measurement results shall be 50 to 80
< .
assessed collectively to ensure that local and global
v core characteristic trends are acceptable prior to
oxceeding B0 power.
ower distribution irect power distribution measurement at full power =
Test Procedure Power distribut Direct distribut t at full 90
Reactivity balance, Hot-zero-power to hot-full-power reactivity measurement =80
requirement to shutdown
YAlthough the power distribution may not be directly measured at <5% power, an indireet measurement
such as control rod worths provides the first indication that the power distribution is congistent with
predictions. Such an indirect measurement is not required to be performed prior to exceeding 5%
power but may be used to support an increase in power from 30 to 50% by which the first direct power
ANSl/ANS 1 9_6.1 distribution needs to be measured. This indirect power distribution measurement may have tighter
test criteria than that for control rod worths.
10 %1See Sec. A.3.2.6 for a discussion of direct and indirect power distribution measurements.




1 AXN2SEAME MR

Reg. Guide 1.68

FSAR Chap. 14

ANSI/ANS 19.6.1 (2011)

Table A.1 - Typical test criteria

Test parameters Test criteria

HZP critical boron =50 ppm or +500 pem equivalent

Control rod worth

Individual group or user-specified group +15%" or =100 pem, whichever is greater
(For rod swap, the reference group should
be within 10%.)
+10%" (For DRWM, the total worth should
be within 8%.)

Sum of groups or total integral of
measured worths

ITC +2 pem/°F

Flux symmetry
Deviation between the highest and lowest
values in the symmetric locations

+10%2 (Meas versus Meas)

Test Procedure

+0.10 RPD for cach measured assembly
power rms? (radial) < 0.05

Power distribution

HZF to HFP reactivity measurement +50 ppm or +500 pem equivalent or +10% "

U For calculating percent differences use (Meas — Pred) x 100/Pred, where Meas indicates the
measured value and Pred indicates the predicted value. Having percent difference defined with Pred
(i.e., predicted) in the denominator iz consistent with comparizons of measured-versus-predicted data
for safoty-related purposes (e.g., total control rod worth and peaking). This definition of percent
difference simply recognizes that PWR reload cores are licensed with calculated (predicted) data.

% Percent difference is (Highest — Lowest) x 100/Avg, where Highest is the largest measured value in
a particular symmetric location, Lowest is the smallest measured value, and Avg is the average of all

TN (ARPDJ
 The rms iz defined as 1'.' ) {T
=1

<
<
a

ANSI/ANS 19.6.1

the measured values in the same symmetric location (which could be 2, 4, or 8 values).

ANSI/ANS 19.6.1 (2011)

ANSI/ANS 19.6.1

Table A.2 - Problem identification
PROBLEM -+
Mech anieal
Fuel Tailure/
Loss | (assembly) | Boron Flow! Burnable | misloadi E by
. Core ofrod | bowing/ | (“B) |Anadytical [ temperature | poison | of control | Enrichment fuel Process
Reg. Gulde 1 .68 Standard Test |misloading' {worth | damage |content| errors anomal les loss rod error crudding fail ure
HEZP eritical boron: 2 1 1 H 2 2 2
ARD
Fod worth 2 1 2 1 H 1 2 2 1
ITc 2 1 2 2
Fl ol 1 2 2 1 2 2 1 2 1
FSAR Chap. 14 o ynety
Power distribution 1 2 1 1 1 1 1 2 1
HZP 10 HFP 1 1 2 2 2 2
< reactivity
masurement
\ 4
KEY
Test Proced ure f: This problem will most likely cause an unexpected result for the test.
2 This problem may cause an unexpected result for the test.
¥ includes all associated fuel and control components and inserts.
12
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S5 HoS Hols

Rod Insertion Method
KRSKO NPP(Slovenia), 1989

WEC

DRWM (Dynamic Rod Worth
Measurement)

* NRC Approval : 1996
* Performance Times : > 200

» Braidwood
» Catawba

» Almaraz * Ascod
 Byron « Callaway
» D.C.Cook « Farley » Ginna

« Indian Point « Kewaunee « McGuire

« Millstone 3 « Point Beach -« Prairie Island
» Ohi « Salem » Seabrook

« Sizewell B« South Texas « Vandellos

« Vogtle » Watts Bar  » Wolf Creek

* SDRWM (Subcritical Dynamic
Rod Worth Measurement)
« DRWM in Initial Plant (2012)

15

KHNP

DCRM (Dynamic Control rod
Reactivity Measurement)

* KINS Approval : 2006
* Performance Times : > 60

* KR #1, 2 (WH)

» UC #1, 2 (Framatome)
* YG #3, 4 (CE)

« UC #3, 4 (CE)

* KR #3, 4 (WH)
* YG #1, 2 (WH)
* YG #5, 6 (CE)
« UC #5, 6 (CE)

* Reactivity Measurement for
Liquid Zone Controller in CANDU
(2012)

S5 HolS Hols

3 -1

o

7|1E HolsH o

olr
A%
>

Boron Concentration(ppm)

~1000ppm |

time .

ARO
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7|1 HolSHols 5% - 1

10 pem/V B-231

| 30.1pem ‘ ’
I ‘v | ]

“;-209 - p (Reactivity) |
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2-1 54 H0j2 Hojs ZHHY

 The initial conditions of DCRM Test
- A core is critical at Hot Zero Power
- The RCS temperature stable
- RCS boron concentration stable
- All bank fully withdrawn except D bank, inserted to about 200 steps

* The Procedure of DCRM

| oo sy |
Rod Positi
o 05||0nl 8 A c

200 A D SN  r—— } * o, ¥ ammmre—

WA A/ ]
NIV \\// \v/ [

: U v, U
-600

0 1,000 2,000 3,000 4,000

Dynamic Reactivity (pcm)
F Y
8
_——‘-'-_-'_
[—
h_'-——-—-.._

Time(Sec.)
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A 2E
N ANC ROCS
ey

AL s SE5QAX
oA F7|
MS S/E MRS
S Q b NRCF
I S inrcn ETTEYTE
| L (Inverse Kinetics Eq.)
{L. EAEP SHRSUE

5% 55 Aojs
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 The recent trends in PWRs
- Low leakage loading pattern = Low detector signal
- Long operating cycle length = High background signal

- Shot refueling outage = High background signal
1000 — T T T T v T T T T T T T
E 1E-6
&* 3 1E-7
< _
- o
s &
4 1E-8
O E =
o g
e 2
1E-9
01 L ——J1E10
1,000 1,500 2,000 2,500 3,000 3,500 4,000
Time (Sec.)
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 The result of actual uncompensated Inverse Kinetics

DCRM : Results for CB

0
-100 r
-200 r
g -300 r
o
g
:‘é' -400 r
=
Q
IS
Q
@ -500
-600 r measured(t) —
PKE —
-700 NDR — |
Top -
Bottom I
-800 ' '
0] 50 100 150 200 250 300 350 400

Core Axial Height(cm)
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2-1 38 Ho S Hos =

e Clean System

dn(t) _( p(t)-B()
dt A()

jﬁ(t)éxi(t)c‘:,«(t), ) = B ()=, ()G, ().

» Actual System Contaminated with BS

dN(t)_ p(t)—B() | = o ~ déi(t) B .
T —L G ]N(t)+;ki(t)Ci(t)+ngt(t), - A()N(t) A, (HC. (1)
_ [N@O=n@+1®=n(t)+y
n(t) = N(t)-y
G OREGATING PR ) B oy 5
It —( G ]n(t)+;ki(t)@(thse,{f(t)f . _Wn(t)_}\‘i(t)ci(t)'

Guess S_,(t) ~ 10% of n(0)

Guess Ay-ray ~ 1/1000 of n,;,
Cal. PK.E with revised n(#) iteratively

23

H Hos Hols 58H

For each detector

Guess Initial Background (B)
Signal Intensity
By= Buin/1000

A 4

Recalculate Detector Signals | ‘

v

Calculate Static Reactivity Using No
Detector Signals

|
Compute
- the slope of reactivity at 5% and
0% axial height from the 0 step
- Average reactivity after bank
yanked fully

Increase Background signals

Save BS & Compensated
detector signals

24
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DCRM : Results for CB

0
DCRM : Results for CB
-100 [¢]
-200 -100
£ -300 -200
g ~
4 £ .
‘E’ 400 2 300
8 z -4
& -500 s 00
g
§ -500
-600 measured(t) —— o
PKE -600 measured(t) ——
700 :DR - PKE —
op NDR —_—
Bottom — -700 Top
-800 Bottom —
0 50 100 150 200 250 300 350 400 -800
Core Axial Height(cm) 0 50 100 150 200 250 300 350 400
Core Axial Height(cm)
Uncompensated Case DCRM : Results for CB i
p o Optimal BS
-100
~200
g
=300
-
B‘400
>
©
@500
&
-600 measured{t)— 1
NDR — —
-700 1
Bkt
om  ——
-800 -

50 100 150 200 250 300 350 400
Core Axial Heiaht(cm)
A Test Bank (700pcm)

Search BSs iteratively
25
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&4 Hols Hols =

12| 287] 18F7| (A1

DCRM : Results for CA DCRM : Results for CC DCRM : Results for CB
100 o 0
° -200 -100
-400 -200
-100
£ £ -600 £ -300
£ -200 & e
2 2 2
H 3 8o 5 00
g -0
o o -1000 @ -500
3 -3 3
-400
measured(t) —— -1200 measured(t) —— -600 measured(t) ——
PKE — PKE e PKE —
-500 NDR — 1400 NDR — 700 NDR —
Top Top v Top
v Bottom — Bottom — Bottom I
-600 -1600 -800
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Core Axial Height(cm) Core Axial Height(cm) Core Axial Height(cm)
DCRM : Results for CD
100
o 2 2
CEA | RSME RSM X} DCRME DCRM X
100 M =% 0, M (+)
200 Type A X| ek (%) 2A % (%)

CA 544 514.5 -5.4 531.7 5334 0.3
CB 711 680.9 -4.2 697.3 71170 241
CcC 1,536 1,482. 0 -3.5 1,498.5 1.484.7 -0.9
mezsured(9 — cD 824 775.7| -5.9 814.3 767.5 -5.7

Reactivity(pcm)
B
8
8

I A 3615  3453.1  -45 35418  3497.3 1.3

Core Axial Height(cm) -10%< %_7:” _Q_xl' <10%

26
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Direct Access File
(From Wolsong)
PPV/RFSP

33

Code & Irradiation
Converting

Convert to WIMS
* Convert to 2Gr
* Core Irradiation Matching
* Incremental CX
WIMS/RFSP

\

CX Converting

\

Fuel and Reflector
SCM Table Change
WIMS/RFSP

mfo
5
Ot

J

Long Shutdown Model
WIMS/RFSP

\

|

CERBERUS Module
WIMS/RFSP

\

)

+ Delayed Neutron Fraction(3)

» Decay Constant (A)

* Lifetime

34
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2-2 =22 LZC Hos =H

Hd 237| kL] AF7| HdFXRE 0|8% LA F7| &8/ HIt =¥
el A=7| 22 x Hlm (2AM 237(, 2009.9.11)

AEEE In-Core Ex-Core = At
(A, mk) (B, mk) (A-B, mk)
1 0.083 0.086 -0.003
2 0.083 0.088 -0.005
3 0.087 0.082 0.005
CASE 1 4 0.076 0.081 -0.005
5 0.072 0.071 0.001
& 0.080 0.087 -0.007
7 0.073 0.082 -0.002
1 0.130 0.129 0.001
2 0.123 0.123 0.000
3 0.127 0.123 0.004
CASE 2 4 0.111 0.112 -0.001
5 0.113 0.111 0.002
& 0.113 0.116 -0.003
7 0.115 0.112 0.003
™y HAH(mk) - 0.001

35
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2-2 S£E2 LZC HOos

¢ HHAHH 07| RIS S OofH|A|H Zut

60 s B e e IS AN S S S S S S N S S e e e | -3.6
E | Gd Purification |
———AVZL(%) +
55 Power(Dec)
| --3.8
50 + -
1 | Gd Purification | 4.0
45
] N D
X
<40 izcassso% 142 5
N ] \ Increase =
> LZC 30->40% F 9
< 35 Increase LZC 40->45% l'e)
_ Increase --4.4 >~
30 + -
E LZ(I: 20->30% L 46
25 ncrease
1 ) bt Luowporo g
20 L B e e S S B B s s s Sy e my S S e S -4.8

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Time
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2-2 =22 LZC Hos =H

¢ 28 227 AHBHH 07| HSE S8 oH|A™ Za}

I I -160

60% - 70% | 150 . ‘ ‘ ‘ . . e ‘

60 - -200

- —e—wzC Level] [ 0
55 == —-— Reactivity | [

|- -240

L2C Level (%)

(wod) Ayanoesy
12C Level (%)

LZC Level (%)

12C Level (%)

- -260
-270.1

45 4 L
- -280

40 T T T T T -300
25000 25100 25200 25300 25400 25500 25600

Time (sec)

LZC %9](%) A ge s =guge mat

B A B S (A, mk) (B, mk) (B-A mk, %)
203 286 0434 0423 -0.011mk,-2.6%
311 39.6 0.446 0463 0.017mk, 3.7%
404 49.3 0471 0.466 -0.005mk, -1.1%
50.3 614 0574 0.548 -0.026mk, ~4.7%
59.8 688 0471 0472 0.001mk, 0.2%

2 Al 2.396 2372 0.024mk, -1.0%

37

+2 LZC HHs

& 8423357 HHALH 07| QIS E £ OfH|AIH Hat

3zt Aol d At Hlw

Before After
20.3 28.6 0.434 0.423 -0.011mk, -2.6%
311 39.6 0.446 0.463 0.017mk, 3.7%
W-2D 40.4 49.3 0471 0.466 -0.005mk, -1.1%
50.3 61.4 0.574 0.548 -0.026mk, -4.7%
59.8 68.8 0471 0.472 0.001mk, 0.2%
20.7 29.6 0.636 0.677 0.041mk, 6.1%
W-32 29.8 39.7 0.681 0.690 0.009mk, 1.3%
39.8 49.2 0.634 0.679 0.045mk, 6.6%
1) D,E G J AHZFI M A&
2) D,EF G, JAZ7 A * "._F AM8(Gd 3| = af O|grd)
*  WIMS/RFSP-IST 2 =7|%t
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2-2

ZHAME] A|E30|E] 1X} TEST : 2009. 2.13 (FAHYUXHEL S2HME)
FME| A|E8|0|E| 2X} TEST : 2009. 2.27 (A HAXHEH =

. ZHME AEY0|E{ 3K} TEST : 2009. 3. 6 (R H|AXHEE ZHME)
« KINS APH 2] : 2009. 3.30 (KINS)

o HM457| Test:2009. 7. 8 (RHAXIHEER 45 7|)
- HHE237| Test:2009.9.9 (RYHXNH2R 257]) |
o HMd3%7| Test:2009.10. 7 (A J/XHER 357]) | -
. QI ZIR A EHd (2009.12)
o HFE AFEHEXIM 747 (2H (2010.02)

. "M 137 XSUHMMEME TN 14.12.2.2a 71 (2H

o Mot Fot

(2010.03)
« KINS A}H®ol3] : 2010. 3.10
(REAXH 2R ML L) B v

B

M 7| & 215{7} F5 : 2010. 08

a7/

dn_av-5 b+ AG+S

% _Ary-sq

NEEENEREEEEES] dt ¢

NLESHR Sais S0 a4 1 S
=HE LD AQ)=+0, TI;)Z%QG)TU)
=& QIXt '

BEP Measurement
[TC_MTC Measurement
Rod Worth Measurement

Exchange Rod Worth Measurement

40
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GP-1B Communication

Personal Computer :
Windows 2000 or XP
Environment
Acquisition GP-IB Communication g
Filtering Output
G2 D S Sl Data Acquisition
Digital Current {Amp}) I v
Reactivity Calculation
Data Ana:fs Output
AD Converstion PCI-BUS Communication y
Online Data Transfer )
Digital Voltage
(0~10V) I L 4
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Requesting Signal (GPIB)
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High Speed

Processor
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Digitizer Digital

Signal
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ANG-201K uIC #1 UIC #2 LML £ High Gain I-V Low Gain |-V
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DCRM - Results for CC
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_ Full scope simulator Specific scope simulator

Staffs of core management &
Reactor Operator

Target

Purpose
Modeling
Methods
Accuracy

Cost

Reactor Operator &

Turbine operator, etc

Operations, Skills, Rule

Most of component

Simplified

Knowledge, Concepts, Symptom

Reasonable or Allowable

Expensive

Core

Complicated

High

Reasonable
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RAST-K is a computer code designed to calculate neutronics parameters using input such as
control rod position, boron concentration and coolant temperature, RAST-K employs following
calculation models :

¢ Three dimensional neutron diffusion model

* Three dimensional heal transfer model
* Three dimensional thermal-hydraulic model

* Point Kinelic Model
* Nuclear Cross Section Data updated based on Reactivity Feedback Model

0.7737 | 1.0743 | 1.1614 | 1.1010 | 0.9671 | 1.2799 | 1.0042 | 0.4363
0.7738 | 1.0744 | 1.1616 | 1.1011 | 0.9671 | 1.2799 | 1.0042 | 0.4363
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.0743 | 1.1997 | 0.7517 | 1.1400 | 1.1151 | 0.9457 | 1.2660 | 0.6162
1.0744 | 1.1999 | 0.7518 | 1.1400 | 1.1150 | 0.9457 | 1.2659 | 0.6161
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.1614 | 0.7523 | 1.2211 | 1.1121 | 1.3177 | 1.3644 | 1.1952 | 0.3458
1.1616 | 0.7525 | 1.2212 | 1.1120 | 1.3176 | 1.3642 | 1.1951 | 0.3458
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.1010 | 1.1383 | 1.1096 | 0.8683 | 1.0433 | 1.1953 | 1.0950
1.1011 | 1.1384 | 1.1096 | 0.8683 | 1.0432 | 1.1952 | 1.0950
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.9671 | 1.1122 | 1.3146 | 1.0428 | 1.3272 | 1.1262 | 0.3938
0.9671 | 1.1123 [ 1.3145 | 1.0428 | 1.3270 | 1.1262 | 0.3938
0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.2799 | 0.9454 | 1.3623 | 1.1837 | 1.1221 | 0.4148
1.2799 | 0.9454 | 1.3623 | 1.1837 | 1.1221 | 0.4148
0.000 0.000 0.000 0.000 0.000 0.000
1.0042 | 1.2630 | 1.1916 | 1.0891 | 0.3915 RAST-K
1.0042 [ 1.2630 | 1.1916 | 1.0891 | 0.3915 ROCS
0.000 0.000 0.000 0.000 0.000 DIFF
0.4363 | 0.6147 | 0.3447
0.4363 | 0.6147 | 0.3447 MAX  0.000
0.000 0.000 0.000 AVG  0.000

Normalized Reactor Power

1.4

1.2 4

0.8 1

Ny

— RAST-K
—— PURDUE/NRC2
0.22 — MEAN

20

40 60 80 100

Time (sec)




CoSi has display with vivid graphic visual similar to main control room and
provides education/training modules based on commercial nuclear power
plant operation procedure. Furthermore, CoSi is a portable modular system
easy to carry, easy to maintain so that it can provide education/training for
small group students,

Power RES
DO 160 BETCAl 1579 |

Puse Count Timer

o1
‘ Courty
[F]
n Counts

'

2-4 YUXIRE

CoSi adopts touch—sereen and control stick for input data so that it is easy to enter input data.

* Selection of Control Group, Selection of Mode (Individual or Overlap)
* Conlrol Rod Insertion/Withdrawal

* Boron Dilution/Boralion

* Coolant Temperature Control

Tmod Contro
02 |°C/M| Heating |
[ 02 |°C/M [ Cooling |

Selection of Control Group Rod Control Coolant Temperature Control
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2-4

RAST-K displays two dimensional graphic and three dimensional graphic results of boron
concentration, Xe concentration, coolant temperature distribution, fast and thermal neutron flux
distribution using rendering technique.

* Real~time two dimensional display : reactor power, coolant lemperalure, ASI, reaclivily, boron concentration, axial
power distribution

* Three dimensional rendering display : reaclor power distribution, control rod position

* Digital display : coniral rod position, boron concentration, coolant temperature

* Incore, Excore detector signal : Digital and Analog

| -
= | = |

Real-time Charts 3D/2D Display Control Panel Display

Core Simulation & Neutron Neutron Flux Measurement
Flux Signal Output & Reactivity Computation

Approach to Criticality LPPT(Low Power Physics Test)
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«» Economics
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Thank you !
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