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ABSTRACT

Analysis study of decontamination and demolition waste using

corrosion product evaluation code

Kim Hyun—Min
Advisor : Song Jong—-Soon, Ph.D.
Department of Nuclear Engineering

Graduate School of Chosun University

The radionuclide accumulated on the inside and outside of the different
systems of nuclear power plant is caused by the corrosion product activation of
reactor structural materials and by the fission product. Since form, volume and
distribution of radionuclide vary according to the reactor type, size and structural
materials, it is not easy to calculate the inventory of surface contamination.
However, there are two methods to evaluate the surface contamination
accumulated on the inside of the system. The one is to evaluate through the
direct measurement and the other one is to evaluate the inventory of surface
contamination by wusing the computerized program with numerical model to
analyze behavior of corrosion product within the coolant. Of these, when using
the calculation method based on the numerical model that is applied for the
radioactivity assessment, it is expected to directly impact on choosing a
decommissioning method as the evaluation technique for radioactivity inventory.
Consequently, this study compares and analyzes the five codes of corrosion
product evaluation. Also on this study, the codes are evaluated in order to verify
whether they can be used to analyze the waste generation amount of
decontamination and decommissioning. For the last, the ways to improve the

accuracy are proposed.

_iv_



In this study, the different codes were compared and analyzed for the research
on decontamination and decommissioning waste generation by using the codes
of corrosion product evaluation. The water chemistry factor and the calculation
method according to the mechanism for each code were analyzed, as well as,
improvement points and advantages and disadvantages were compared for each
code. When the national application plan for Korea and overall circumstances
are concerned, CRUDMIT code is expected to be the most suitable among the
other codes. Beside CRUDMIT code, the operation history of nuclear power plant
should be compiled as a database since the code calculation value from the
previous models is still useful even after it is disassembled. Also, in order to
use hereafter the code, which is suitable for decontamination and
decommissioning, the improvement and supplementation measures are required
to apply the numerical formulas to the influence factors on the amount of
corrosion product generation and for the relations between accidents and
radioactivity. Lastly, additional analysis is required by applying the events such

as control rod malfunction, coolant pump stop and station blackout.



Xt

pS|
A

LHEFH =0t

—

[—

=S 0lA

PN
[y

INE I

o
—

2|

O, fcl2t 2

—
[—

ME HE
H1Z2 o3 g

ol

ilo]

-

00

-

<0

19

Kr

o

Jl= e

al
=

PN

WAl 2ted A
HOA &8 Jlzs HHZ 800S0 UL

0

2oz

4 Xt
OILt

=

9J19 2

s
- FSEN
st Al

=)

1,2, 3, 4

=
A &l

F

ANECZ ST 23010t 28 S0l /A2

&l

=

=

Jlel 2E Al

JI, el 3, 4, 5, 63|

k=3

k=3

1978¢ 12l 1

sEd 2

—

[—

s
-/

clLtet

o
T

™, A

p 1
. A

st

[l

21X

=0l ACtH 0l
A= 2™ A0 CH

ol Ct

PN
[y

K
el

m
K+
11
<
KJ
3

ir

oLt &=

|
=l

S,D‘;_]

F

S

o
o

<+

oL
Kt

Jlet 2

H el 1=

=
=

wr

2 At

A0

=3
-

otXIgt 2011¢

b

D:I%

0t =32

HOF

2

0

H Xl

Jiet el 3

0l

4 S|

S
[y

2

b

o
it

S
ot Xl

0l

(I

£ O

s

=2

S

=

A
b 202490l el 2

SJ12 Al
n
tAYNMAS o

k=3

[

(]

del 1
2023
4 X

=

FAH I QUCH.

20

ES
= oo AUJ M=20

on
ol
o

o
o

~
0

n0
~

I

-

10

u

<

KH
=8

off Ml 2t&d

LAt /S ZARMA el

Ju

o
AN

3+



I
oir

H2& A+

Ui

AF o

OB AIS
o T AT

A2 11X 2 THAS S

.?;_]

Ju
5

<0
H

fir

!

1

ol
KJ

0

ol
=

Cll
PALE 2S0AS X TI=

o

11

KK

ol
o0
30

ol
Rr
KD

KM

PACTOLE, CRUDSIM ¥

KIr

o

SHHUA AIZREE=

AgdA A
IH0I AN ALE It

}

X

[l
0l

O
ELl

H
[e=]

Ol
Ot
X0
20
<l
I+

A

H

HAL Al

0

4
K]
oll
o

.l

s

DEOILH &Kt

Ju
RK

ol
Ulo

R0
e

ilo]

ol

Rr
or

10y
<+

o)
o4
Ell

9]

U

J
s}
20



Peps

A
Al

N2E =

Ll
0

T

g

o

=8

10
A
)]

ol

0l
30

g

o

4
!

- CDRM,

4 S(Erosion Products

o

2
2ZHHES WUHlA D20 X

A
(=1

x| Al AH
—/

HOIHLE A

) OILt

& OIC

| —

o

LHE 2 2%
Al

A
P S|
(=R I

H

o

Al

- Co-58, 60
2

ol ASUHe

N

H

=

22 MAH = (Fission Products)nt Xk W2 HIS LA
g

=]
H

N
, g MH™elAl"g S)u

o
—

2|

Valve, RCP Shaft)& 0l

Z(Corrosion Products

—
Al
=

&

o
il

HoZz

s
-/

H

22Xt &

A= 1

Ct.

KJ

S0l Wet et

140
o
¥

0l

o0
Rl

Hr

=

A
)]

ol

ilo]
()

9]

JJ
e}
Wl
0
ol
O
X0
20

ol
IH

ol

0l

LIl DIEXt=

Lt £35=2

IT

AHSWOA THOI

0l

=8

o

gl

o

=8
Ho

Al
o wf

J

=
0l

Rr

Ju
)

=

0l
Rr

oJ

oll

i0J

~
[0
ol
Ul
[
30

JJ
Ki

K0
23

(s
Ju

o

Ki
RO
=

| S0l SZotHL ==AI211, 0l

ol ectEH =0

[0
ol

ilo]

oF

i
<+
I
Rl

=
=2 o

. BH2t&, &O1 A0l

K

0l

b,
o’

110
8K

H

i
<+

ol
Ul
HO

o
&0

=
1o

Ok

ol
nJ
KD

Co-60, Cs—-137,

£ (Co-58,

 SEMS

20

==

0l
U
o
7

-

10

o
Rr
KD

o3
W

tACE.

0

10 Eel

oI,

|

o

Mn-54

=<

al

Fe-55

0L
]

It

0l

IL
I

S0, 2L S

o

ME g

2k
=

Ct.
Ly

=l

=

HE WAZ2 0l OIZHLI
ol

Bel Sss===2 ASUWe F30IU

AW A 3
(S

AZE dAHAHSELE =

(=}

SH, ASUHUA2
=

s

Chsit &
> CRUD

DTS

EH 2l

[=:|
S

= Hydroxide

Z0|ELI Oxide

=
=

= o
=2=s2

=50

i0J
)
K

i

-

20
ol



0l

o
KM
o

U

B

oll
ol
Kl0
Ar

¢S]

o
Rr
K

gl

o

(=8

> CRUD%t Jt

H o 2AtsE &l CF.

0

“XEE2 SEXU 2

K

1 Spallingdl 2179

x| Al
(=R

2} ScavengerZ Al & &3dl=

c
T

ol

=
S

e

[ ]
=

[

&

0l
Ul
Kl
1]
X0

-

10

o
i

FAL

= g
= o

12 MHE2EEM, Ol

S0l 2ai It

dd=9

= Al
S£4

P
(== ]

o
Rr
KD

-

Al

o

gl

o

=8

H

o]
oo
RM
1of
<0
0

.

o0

0l
ufn
K
0Kl
X0

1]
o0

ol
]

!
-
dr
o
=

0l
Ar

o

g

o

=8

<0
H

0l

Double layerE

SRH M2

=)

Lot S

0
ur

ol
O
0

<r
D-

ol

-

10

O
Kk

H

o
0
=0

Kk

Inconel

S/S,

S/S

S/S

S/S

Inconel

S/S,

Inconel

Zry

zZ Ol Xl

H
[==]

[Mev]

0.30

0.83

1.18

0.81

1.25

0.74

INJUIESY s ]

[%]

4.3

5.8

5.8

0.33

68

100

17.4

28 day

313 day

2.6 year

45 day

71 day

5.28 year

65 day

Cr-50(n,r)Cr-51

Fe-54(n,r)Mn-54

Fe—54(n,r)Fe-55

Fe—-58(n,r)Fe-59

Ni-58(n,p)Co-58

Co-59(n,r)Co-60

Zr-94(n,r)Zr-95

K0

ol

Cr-51

Mn-54

Fe-55

Fe-59

Co-58

Co-60

Zr=95




S/G

—>
[1,2,4]

Deposition

+

=

o

Particle
Dissociation

lon

Release

Particle
Agglomeration
Particle
Particle
Agglomeration

Y

d=22 0ls DIz L

Hot Leg
Particle
Deposition
Coolant
Flow
Direction
Particle
Deposition
Cold Leg
Al /\OH XM

—/

A

“‘_' Deposition

Particle
Agglomeration
Particle
Deposition
lon
Particle
Agglomeration

Particle
Nucleation
and Growth

1A HSUWoHIAS =

D
-«
4_

Reactor
Core
1.

_I

At

o
—

2|

T

[m;

=8

110

00

oI
Ulo

T UACH

=
S

Ol At

IEs

Ol cd

H Ol0I

0l

o
T

©
0
ol

Ats

I.

10
ioJ

b

toorol <
CORA, CRUDSIM, PACTOLE, CREAT

Rr

A0NE el 2

=
[—

(0]
[y

IESs

)

=

g

S AtE SOIHLE K

ol

0l

o
T

)

o3
H

=
1o

&)
1
E

ol
Ulo

n0

0

Rr
or

Rr

0l

)
11

M

ok



SHEA

MI3Z& Code

CORA 2€

H1E.

DEOICH

CORA ZEE= CORA-II2tDE GtH, 0l=2 WestinghousellAl JHEE

ol

ilo]

ol
H

Gy

ilo]

o dl 2|
=S

ols OmiALISS

R CE.

nodeAlOIOIA G2l JHA

= Dt
— -/

LFEFLH
Out-of and in Flux Systemlez <=2

¢}

IH

o
9
IH

0
Ulo

2 1A AT CHet

2h At

otod HSUW

Rr

I

=X
(=]

20l HS=S 10942 M

2%t

ol

A2 Corrosion ProductsOl Ch.

g

H

[m;

i
)

= o0
[EEEPON

SOHMAM DAL

2 I
— —

Ct.

T E YA

9/0] L= S0jl Al

o
=]

o
PN

Z0otd

pS|
A

CORA ZEOIAM

2 (net rate of accumulation)]

= Q= (rate of input) + &4l (rate of loss) + MM (rate of generation)



| COlAe X Y

i

®
M
x
N
I

i

n, =] ZC0A AX Y

o
Il

CE0A ] =29 ML HZ (transfer coefficient)

a. =] EE0HAN i =29 ML H S (transfer coefficient)

7 4
. Transient 4—5— Particulate <«4——=—| Transient E
6 — 1 —> 3 H
u N\ . 0 u ’ .
- S I *4 - =
. A 1 e -
= NaEN | Tre -
- - N\ | | s =
- LAY 1 /" /u .
H =\ N P - =
» - NN H VR4 - -
- = AV 1o s - .
- - \\\x ! : i K/// . -
. N . \\ * | // E A .
- Permanent 44— Soluble <«4-——=——| Permanent =
8 i 2 | - > 5 :
- : | . .
H . | H .
[EVERRERRNNRRRERRN L) | | EEEEEEEEEENaennnl
. %
f L
Out of Core I : In-Core
L
‘ g e .
Purification ‘! |‘__ Structural
9 Component
| | - |
|< #|< #|
Out-of-Flux System In-Flux System
Particulate transport
————— Molecular transport
—- Particulation process
& 2. CORA T2 29| SAMNEE He 22E[1]
CORA 2o =) E20¥e EH=E HAES LEIW= Yerazunis 3
St=0 RCH el JI=28ez2 YA st ettt SAGHALH



b

i0J

4= (Corrosion Product)0il CH

A
S

=AY

Ol CHoH A

1

MZ22 =2

MEE=

st

0101 JHE = Jl=0l

!

19)
Kir
-

Ju
A

ilo]

<N

ol
z

0l
o0
0
<k
ol
160
<N

U

oJ

o

KJ
OH

deln &

Ol & AOICH.

a4 Jt

2 A

&

MetAd J1=&0l

M2 HSUAM

Lithium—-Boron2

g

| Lithiumdt XHZ=

ol X 2Fk0o
=200 o -

SaA
g 0lA Cobalt2t2| B3t

LHDF
ST

[}

[}

ol

D

ol
:L_E

ol
ol

<l

0}
RO

o

ol

D

ol
:L_E

ol

Rr
ior
il
<+
ol

o

53

H
pn
110

<+

xr
il

K

11

Zol &

FH(Magnetite) 222 E 2

=D
s

CORA 20« Xt

CORA 2¥

o
Ui

fll

OF
il

00
010

ol

KJ
KD

Jl=0l i XHAl

ol CHst

&l
=

£ Fots 20

OtA 0l

ol &

=
=

At

ol

O
Kk

o)
o4
Ell

J
s}
0{0
Rr
ol
ul

0

_

oJ

9]

9]

CHTI.

o3

tRl2 <0t

=

A=



H2&. CRUDSIM 2€

CRUDSIM 242 1990 EPRI(Electric Power Research Institute)l A JHE
X HES WA LoLi=E 25182 0lolatd]l fatAh=s HH IRl £3tst ol
g2 1xF Y

D2OH0F SHCH OIS #5t8H QIRHE A4S 2IoHA CRUDSIM 2
25k X+ Z (Lithium, Boric acid, He, 2%, £2)S 0IE0tALH. 01 NEES
&

=
Eoiel sHE FItolJl fet HO0ICH ZEAMA 2HF
= 0 S

ro
=

HOT coLD |
— —r—
—>
Flux ——m
—| & : |
_b g e | R
i
pF X
: . L—J F (kg= H:0/day)
i e e e TEMPERATURE— — — — — — — —
Sh-— — — — IRON SOLUBILITY (kg-Fe/kg-H0)— — — — — -
lhy — — — — — — IRON INVENTORY (kg-Fe)— — — — — — —
Ay ——— — — — ACTIVITY INVENTORY(Ci}— — — — — — —

72 3. CRUDSIM 229 &Il HEE[1]

_9_

m
$Q
Q

P

o

3
2 4> fn

|0

2

i
M op
B

S
o

0!
U

i



2 CRUDSIM 240l AHMEC IMEEZE LIEIHLD UACE. CRUDSIM 20 A
SAMHESO = 222 dHESZ £ e B=2o2 USEXE (In-core%t
Ex—-core EJ|) HIWHE 2tctet @ o2 DEQ| &F T AL}

A
T

Hot tankOIAl Cold tankz 2l &2

=1 Cold tankOlA Hot tank& 2l &2 =52
Sold=2&2=0 2st HOICH 0 2Ee =5UENHM HESY LASIE MHAd=S2
Ol2stel E11o SIEES HElzZ 11X HES WE 0ISSHCH JddU 22U 24
MAS0| =355= EElse 0I232 Ol XS0l i = OIRHECH. CRUDSIM
Qa2 AX0 oM D2HotK 282 AXSU 2 IAHE L BIAIMYS A2
=g % SiCH1]

& 30lA Hot region2 a9 HEHE LIEHWH D Cold region2 W29 =&
MI1o HHS LIEIHC 0] JI2 JHES 0|23t CRUDSIM 22 0M AtEst=s D=2
HEAS K& olH OIS 210 CRUDSIM 2E AHlAb AN st A =AE=
O 49 20

dl,

dt 75F(5{ Sh) (2)
dt = BF(S( Sh) (3)
4 ( sy vart (4)
dA(:_ Ah Ac

dt - )\A(_ﬁF(I—hSh_T(S() (5)

hot tankOil Al &2l 2 (kg-Fe)
lc = cold tankOlAl &2 2 (kg—Fe)
Sh = hot tankOilAd 22| &dll = (kg-Fe/kg—Hz0)
Sc = cold tankOlA &2l &dll & (kg-Fe/kg—H20)

I

_10_



>
Il

hot tankOfl Al 2+ Ab& 2F(Ci)
Ac = cold tankOil Al 2 AbE 2F(Ci)
a = SSX0 28 LALSH 2IXHCi/kg-Fe % power.sec)
A= ZARS 22 (sec™)
R = cold tankOlA R &= &(kg-Fe/day)
B =32 HALZSE0O Het =SCIAt
HE+2 2=(kg—H:0/day)
)

f
P = &= (% power

Read Input
Variables

Il
—

I«
L2

CRUD Transport

v

Computation of
Each Parameter

v

Calculation of
Inventory & Activy

v

Duration Time

Generation of
Output File

1% 4, CRUDSIM 22| AHa Il =M&[2,4]

_11_



CRUDMIT 2€

1.

O

I+-2E

b

DEEZN JHY

2t st

CRUDMIT ZE= CRUDSIM ZEE MITOIM =&-E2&

d2 AHSHA

11X

229

o

ok

0
140

E= Edlk X0l, Ol

M

CRUDMIT

OICt.

c

™
<J

F

ilo]
oF

ol
Kir

ok

xr
jild

K

oI
(H0

O
70
=0

IF

o)

K

=
Ul

<+

gl

D

ol
Rl
160
R0

342

~
Klo

M AHES2

LH D}
S ™

)

OICt.

JIZ2 Olsobl =2

2t 4

U E=P)
=, 11X d2HS WolA 2Aa22 =2 0l

Al

)
0[0

Ju

2

jo:i

=
=]

S Sot dA =z 0=

o

R0

20
ol
~
Klo

o

HO

0l

o

=8

A
)]

ol

[e}

H0

o
Ko

R0

gl

o

=8
A
&)

ol

)
RO
fal

KJ
KD

Rr
KD

ol
O
<r
i3

z

gl

o

=8
A
)]

ol

o

o
IH

Al

=
0o

Ju

R0

HO

ol
O
0
20

<r
i3

—_

]

-

10

-
o

_

oJ

S Sot d2 =z 0=

Ko

R0

gl

al
9
n
8)

ol

o

|

t

0 I
o o

SO12AI] Al

WEEELTS

gt
=

Sl

o

11X H2THOlA CRUDS Ol

HOl MHE &

el

HOIl A

£ Eoid #H3

AH A
S oS

i
o}

I

_12_



Clad Surface
Temperature _4
-

-

o2 -
-~ TOU t
5 -
Temperature of

Bulk Coolant

~
~
~
~
~

~
Tube Surface ™
Temperature

Concentration of /\

Soluble Species

Csolubles
..... Csanration Under- Super- Super- Under-
saturated saturated saturated saturated
Reactor Hot
Cold Leg S/G
Core Leg

a8 5. JtE =2 11X d23 M ASHAL d2 222 Sof

SO0 W2 2T 2406 SIOILMI|0ME 2o SE20| 2235
T, SILMI| Hoo| 24 MH20 W2 W Ol X H2THE 2
MEZ22 0|8 HAHALIS2 dll, 01S, CRUDS Zdsiz & & = U
of ZHgle WL 29 ofsHE I A0 2t 2RI 2 2ol o
£ 78 YHA(Balance Equation)2 Zdid 24 MH29 0|82 DHE

M op
dt
%: SR— SD
dt
%: CR— SR
dt
O{J1 A, | = Corrosion Product Inventory (kg)

_13_

0x

$0
=

!
Jz

D
[
O

0x

]



}%I (6)7
CRUDMIT

o Ml -4

AMsSOIH, = &

Deposition Rate of Soluble Species at Core (kg/sec)

SR = Soluble Species Release Rate from S/G (kg/sec)

CR = Corrosion Rate of S/G (kg/sec)
(7), (B)UIAN ZLAEI= 22 AX=Z4, WA, SILMIIE 20|86,
FoE X H2AHE W 24 ME20 YAs 0SS0 Ust =2 HSe=z
S UAo=Z ot QUCH MEEUIDIZE U = SAIMIAS 24 MH290 o

TUHME CRUDMIT 2EE Soff 24 MHS9| YAISES HAHGHALH

_’]4_



H3&. PACTOLE 2¢€

PACTOLE Z2 &2 19944 ZZAMA(EDF)2 FRAMATOMENIA SSZZMER
pgtE T2 )E0ICH B2 2 HSS CORA 2 1820 O MEaHH 20
JHSl nodeZ FEotH ststd XA, =HSH XA, 75 Sd, SENSE =2, ME
7d & 2= S0l OE Sclzsd H=30 2ol 2 nodeE SE3AIHA HA&ot==
S0 ACH 2 T2 LA 0lHA(=Y, stetdst & H2A M Jsgh )2
Dot HSTHES SHEE MMUBS KHdt= MWHEH=2 ZF5tD JACHE,16].

Lot RFANdE &, B4, gNM0Is €2 UE WESE ddotld UALH, 24
MEE2 HSS AlZH0l [eh OI=8Ch. PACTOLE-22 &M Z2& EYL=Z o4 A
ol ofE At=ol 2 ZE=S =48tC. PACTOLE-32 PACTOLE-22 JH& Z2HOIM,

X AAED 2HA XE ZZ2HY(object oriented
programing) A0S AIE0l0 =&H 2
tgZ==2 11X 2 HSH < A
SOIZAD Y IXNHAU HELZ LS. CORA T2 20| EHLYH
CH&= Corrosion Products2 ot UM, 1D O2= Fe, Ni, Mn, Cr,
Cos0l1 1 E#HE2 Fe-59, Co—58, Cr-51, Mn-54, Co-60S0| RULt.
Orei 18 62 PACTOLE 2E0AM DdH) U= HHLISS UEHHFD ULCH

ral
S
5

T
OfH
=
$0
O

_15_



Deposition

Particles |4
A Erosion

Deposits

Crystallization

Removal by filters @

and let down

v

Solution — Adherent
Oxide
A
’ Pal'ticulation Diffusion
—P Dissolution

—®_ Ton exchange Z 3 i 7

Base metal

% 6. PACTOLE Z2 )3 HE 2d2al[3]

_‘]6_



H4E. JlEt 2€

1. CREAT 2

= D202 UM G-7 HH2 HAPEUUE APR-1400 ZRMEYA HLE

DE2 A JIZES CRUDSIM-MIT(EPRI2] CRUDSIM 22 £02 5t2, MIT K20

M PWR SAIAIE LoopS X501 P8 6)HS SHXIZLE Calibration & 2102

M JIZES| CRUDSIMOIA RQAIBID U= 17 HIE U2 20 AN 3 (e

A, BOIZM|, HAFOE DUYSE HIH DEU)S I A2EA
c

CRUDSIM-MIT ZE2t CREAT 2

10
_>£
=
Ox
rlo
O
0lo
&
my

CREAT ZZ2J&#0lM= CRUD =&t &8t S8t U BH==01 ULH ItE4
X

gitd CRUDS 2E dY A== HEd € ¢

o

SAts BH Az, CRUDS ZAMts YZ A=, CRUD &Z eIkt 12l 24 dd=
of EMNEE & It UL CREAT Z= UM XHESH SAts =32E2 Co-60
% Co-5081t &2 HAd HFAS0l EE HE2 22 IJIEH CRUDN ZEDH &
N olsettis JHE 1l Ot2 S1HE 1ot PAls =& 22 2302, tUs

=]
n
o
v
i
o
0
[l
Hy
I
ro!
rin
o

o The activity change rate in Core
= Fe CRUD Activation + Co wear CRUD Activation

+ Activity deposition as particulates — Decay of activated CRUD

_17_



— Activity release as solubles
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7 =L R+1,,,R+ADP,—\NA,— ARS

o The activity change rate of solubles in coolant
= Activity release as solubles — Decay rate of activate solubles
— Activity precipitation of particulates — Activity deposition as solubles to S/G

%Z = ARS—MA,— APR— ADS

o The activity change rate in the S/G
= Activity deposition of solubles + Activity deposition as particulates
— Decay rate of activated CRUD

dA
7& = ADS+ ADP;—\A,

o The activity change rate of particulate in coolant
= Activity precipitation of particulates — Decay rate of activated particulates
— Activity deposition as particulates to core region

— Activity deposition as particulates to S/G region
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