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1.1 Overview about KIK Activities in HLLW Management



' OVERVIEW ABOUT KFK ACTIVITIES
~IN HLLW MANAGEMENT

for

the 9" Annual PNC-KfK Meeting on High—Level
Waste Management held at KfK/INE

October 1989
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HAWC-WAK Project
Industrial Vitrification

PAMELA

Melter Modelling
Noble Metal Structure
Process Chemistry

Melter Corrosion

Major HLLW Activities




PNC SN8600 90-011

T e
Wit il

[l L
i

ﬁi||":r~'=>\‘h'(-"4|. 5._ et S Sl
e ll"]{:Jr/

n,,;"nll- iyt




DWK - Anteilseigner und
Beteiligungsgesellschaften

Stand: 01.01.1989

D270
1968

. Vereinighe Neckarwsrka Tochnitzhe Werke
Gemainschaltskralt- Energle-Varsorpung Elekirigititswarke Flaktrizitits- dar Stac
PreussenElekira AG wark Wesar GmbH Baderwerk AS Schwaben AG Wastlalen AG Bayernwark AG Ba-Amperwerks AG VIO UNGE-AG Swtigart AG
07 % 2% 55% B5% 55% 0% 3% 35% 15% 5
Rheinisch. ELEKTROMARK Hamburgische
Wesitlisches sﬁ%’?&."m”’é’ll’m Eleciricitats-Werke
Eletrizititswesk AG Mark 4G AG
250% 1.0% 8.0%

H098NS ONd

06

I10



PNC SN8GOD 90-011

L Industria

! TR S

Status.

Comprehensive experience availabie

63d continuous operation

63 m3 HAWC simulate

275 kg nobie metals
25 ¢ glass product

Change of melter design required

Completion of technology development
Promotion to technical maturity

Construction of advanced K-W3 melter
(Modeliing—aided design)

Long—term testing of K-W3 melter
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HLLW OF THE WAK PLANT
(HAWC-WAK)

Reprocessed Uranium
Average burn—-up
Existing volume
Specific volume
Specific activity
Salt

Oxide residue
Free nitric acid
Sodium
Ruthenium
Palladium
Rhodium

Noble metal quantity

Expected Volume
Specific activity

174 t
16000 MWd/to
62 m3
356 It
528 CiNl
155 g/l
95 g/l
5.3 Mifl
16 g/l
3 g/l
1.8 gt

0.8 gfl
350 kg

20 m3
1000 Cifl appr.
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HAWC-WAK VITRIFICATION

Vitrification plant PAMELA
Transport liscense applied for
Start of processing midnineties

Melter type K—-6 (KfK)

Technol. program 1987—-1991
Vitrification techn. KfK—-INE

Prototype melter K—-6’
Design throughput 22-25 I/h
Design melt rate 11-14 kg/h
Test facility VA-WAK

Testing start—up January S0




TIME TABLE FOR THE HAWC-WAK MANAGEMENT (PRELIMINARY)

¥}

 HAWC-WAK

Kl ‘.‘VJL:‘-'.“_.. e

1987 1988 1989 . 1990 1991 1992 1993 1994
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' ME"LT?‘Eé“ MMHDE

Physical Modelling

+ Electrical potential field
© Electrical field intensity

Mathematical Modelling (3D) '

© Electrical potential field
* Power density field

¢ Temperature field

# Velocity field

Flow Mechanic Studies

: Flow behaviour of noble metal

sludge layers along inclined
melter walls

Material properties
= [nclination



PNC SN8600 90-011

Potentiale

in_ Volt

Ly

40

K—6" Ofenmodell

Gemessenes
Potentialfeld

_12'_



PNC SNBGOOG 90-011

VELOCITY VECTORS (m/sec)
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Bild 2: Filmstromung -Modellbetrachtung
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1. 2 Evaluation of the operational results of the noble

metal campaigns W4 and W5



FVALUATION OF THE OPERATIONAL RESULTS OF
THE NOBLE METAL CAMPAIGNS W4 AND W5

for

the 9t Annual PNC—KfK Meeting on High—Level
~ Waste Management held at KfK/INE

October 1989

-6 0098NS ONd
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1. Objective and Results of the different Campaigns

2. BEvaluation

Electrical

Hoble Metal Sludge Residue in the Melter after the
Campaigns

Forced Melt Convection

3. Investigations currently performed due to the Results of the
Campaigns

Theoretical

Physical Modelling (electrical Field under the Influence
of Noble Metals)

Mathematical Modelling (Fully coupled Sclutions including
noble metal influence, 2D and 3D Calculations}



PNC SN8600

Abb.

90011

Feedrohr
(HAWC /Fritte)

Temperatur-
messtutzen

Glasalrlift

ijberlauf

, " Bodenausiauf

i

]
¥ T ¥

S

Fh_
! = e e
[ RO SISy 4 A R £RERNSTH ] RERISIRRTRINI
FRNDONNARNRN  § 4 NN | IS S EANNISS X7
TN . 3 . e o NS
b N S
s o |
ARNG 3
GRN:S {
N P | P || St ey
AT ARy RO [l SRR,
EN R [N N 3
[} \\‘\‘ 1 i e \"
IR S : TR
¢
T it r "
HEN R L e e :-—-—-
kN, 1: s
ERNI) R 7T A AN
'l\\\ 1 3
Sy | hats
NN NN B
LN N .
:-\:\ .:I_;-\-. b3 (SO AT 2
PR B =t
e 1 W I.‘
ERN N R ' !
e F NG
N ~ | : A :‘3{
NN o = ]
N MEEERNORN
%9 1. | v ey
L e T -I//

2.1 : Lingsschnitt und Horizontalschnitt durch den EK-W2
Schmelzofen (vereinfachte Darstellung)



PNC SNB600 90-011

OBJECTIVES OF THE CAMPAIGNS W4 AND WS

Wa (April/May 1988)

Demonstrate

- 72 1/h Feed rate (design throughput)

~ 30 kg/h Glass rate

- Problem free draining of noble metals

- Complete draining of glass from the melter after run
termination

- Condition of melter after run termination

- 33 m3 HLLW-simulate

- 72.6 kg Ru

- 16.5 kg Rh

- 62.7 kg Pd

W5 (Jan./Febr./March 128%9)

Demonstrate

- Influence of melter plenum heating on feed rate

- Influence of air bubbling on noble metal draining
efficiency .

- Feed rate under specified process condition at the
glass pocl surface

- Draining behaviour of noble metals during run

- Influence of a 10 day's process interruption

- Draining efficiency of noble metals via overflow
system

~ Draining of noble metals while emptying the melter

- Melter condition after run termination and emptying

- 30 m3® HLLW-simulate

- 66 kg Ru

- 57 kg Pd
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MAJOR CAMPAIGN DATA AND RESULTS

(April/May 1988)

95.5 % plant availability

2.2 g/l Ru '

0.5 g/l Rh

1.9 g/l PB4

55«60 1/h maximum feed rate

45-50 1/h average feed rate

13.5 wt% waste glass loading
85-90 kW ©power release (average)
200-350 °C melter plenum temperature
13.9 to glass

35 cannisters (430¢x1350)

800 glass samples

Major problems: bad process conditions on glass pool
surface due to too high feed rates
{crust thickness up to 10-40 cm),
el. shortening due to extensive noble
metal accumulations in the melter

Draining efficiency: 70.5 % Ru
({during the run}) €67.1 % Rh
63.0 % Pd

W5 (Jan/Feb/March 1989)

100 % plant availability
2.2 g/l Ru

1.9 g/1 Rd

50 1/h maximum feed rate

47 1/h average feed rate
13.5 wt% waste glass loading
75~90 kW power release
450-600 °C melter plenum temperature
12.1 to glass

33 cannisters (430¢x1350)
2050 glass samples

Major problem: el. shortening due to noble metal
accumulation

Draining efficiency: 85.5 % R
{during the run) 110.9 % P



045
y [ Vorkampagne Kampagne Wi b
T 040 e HAWC-WAW- HAWC - WAW-Simulat mit Edelmetallen.
L Simulat ohne I
(§2) 035 s Edelmefalle —O—  Elektrodenpaar 1-2

- & —&—  Elektrodenpaar 3-4

0.30, e 4
- + + :Elek;roizgpa;q,ﬁ&
4 siehe L2

025 E,P ™ & i ;
: Y T T

020 F ++[+ it f\@\ (Glasfillstand Ofen: ca. 1800 kq!
- +

o F T N oM gooR
E ' .

010 F S om==n s e
- +|+

0.05 -
N

0 ! | ] 1 1 1 1 ! Il i 1 1 1 i

18.4.88 20 22 24 26 28 3046 25 6 8 10 12 14 16 18 W 22 2L 265

Betriebstagsdatum

“TT0-06 0098NS ONd



PNC SN8600 90-011L

J RSNV DU ————

el O
bttt L

a

“'-J R R
N _']
. iz 1
g 7 R
m h iy
V| {Ades v, Bl
. z,\ N X it i 3 =
NN =
{ At § ) ‘}\ I -
Saos
.«...’..a_lm::‘- 3 g |‘|I | 3
A k e I
o “_1' = L 5
. 0 e
% j
N

s ra ity

..'r/ rait

2 rhr

o e i e

AP S AT T

R P N R

e

N .y N

¥ i

Abb. 3.6: Restglasschmelze im K-W2 Schmelzofen nach Entleerung des Ofens un~
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Probenahmestellen. Von diesen Stellen wurden schmelzfliissige Glas-
proben genomren. (Analysenergebnisse siehe Tab. 4.3)
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Probe Nr. *}  Platinmetallgehalt {Gew.%)

Ru Pd
Ist Soll Ist  Soll
1 6.33 0.539 0.45 0.47
2 8.37 (0.539 4.67 0.47
3 6.86 0.539 3.54 0.47
4 10.23 0.539 5.75 0.47
5 11.22 0.539 4,42 0.47
6 11.23 0.539 §.44 Q.47
7 11.28 0.539 5.85 0.47
- 8 5.08 0.539 3.0 0.47
9 8.23 0.539 3.66 0.47
Mittelwert 8.75 - 3.98 -

*)  Probenahmestellen siehe Abb., 3.34
i}  Restglasschmelze 150 kg, Mittelwert
Ru 8.75 Gew.%, Mittelwert Pd 3.98 Gew.%
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)5 Glasabstich Kokille W5—16 oRu  ePd
GCew.
% 20
1.5
1.0
Sollwerie
__0.530 Ru
0:5 =~ B ~0.462 Pd
0

0 50 100 150 200 250 300 350 400
Abgeflillte Glasschmelze (kg)

Abb 3.16 : Ruthenium— und Palladiumkonzentration im Glos—
produkt bei der Abfilillung von Kokille W5—16
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Glasabstich Kokille W4-16 *Ru0, *Rh ePd
2.5 B
RuO, ’
Rh - :
Pd 2.0-, _I‘ (.
(Gew.%)
1.5
1.0
Sollwerte
-——0.683 Ru0,
0.9 t-—— 0,447 Pd
h o ey e
~~—0.121 Rh
0

0 50 100 150 200 250 300 350 400
Abgefiillte Glasschmelze (kg)

Abb. 4.22 : Edelmetallkonzentrationen Im Glasprodukt bei der Abflllung von Kokille Nr. W4—16
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[
. Glasabstich Kokille W4-35 | “Ru0, | *Rh *Pd
i
pg 20
(Gew.%)
1.5
: 4
1.0 i |
f Sollwerte
——0.690 Ru0,
0.5 T ; ! -——0.452 Pd
NEERY
. = o -~ 0.122 Rh

0 50 100 150 - 200 250 300 350 400
Abgefiilite Glasschmelze (kg)

Abb. 4.41 : Edelmetallkonzentrationen Im' Glasprodukt bei der Abf{illlung von Kokille Nr. W4—35
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/(p+-g—sdy)dx \

~—(T+-§%——dy)dx |

op
(D+°-a*x—dx)dy

/

Bild 2: Filmstromung -Modeltbetrachtung
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2D CASE 2E: TEMPERATURE (deg. C)

Loyer = 1.Bcm, bottom OFF

1.323

piot of lime = 6,000 hours

\ (ﬁ

VERTICAL DISTANCE (m)

.268

AR

Fig. 14:

HORIZONTAL DISTANCE (m)

~—e— 12.80x18 7
— g — fBexi2?
—_— — a2
— — {LAg xied
— 5 —— 1128 x102
—f —— 15,00 1122
— 4 —— 10Box2
— 3 — i2eex12
— 2 —— 900 xW2
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Temperature contours in melt region for case 2 E
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2D CASE 2E: POWER DENSITY (w/m=»3)

Loyer = 1.Bcm, bollom OFF

1,323

plot of lime = 6,008 houry

VERTICAL DISTANCE (m)

269

NRARRERARN

AB3

Fig. 16:

HORIZONTAL DISTANCE (m) %%

Computed Joule heal power density for casc 2 B
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2D CASE 2E: VELQCITY (m/s)

Loyer = 1.@cm, boilom OFF
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20 CASE 1C: TEMPERATURE (deq. C)
NO loyer, bollom OFF

piol ol time = 6,GB2 hours

5
N

1.323
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Fig. 7: Temperaturc contouss in the mclt region
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1.3 Formation and characteristics of noble metal sediments

in the melter



Conclusions

Sufficient residence time in the lab scale melter gives
a homogeneous vitreous phase in the glass product

Aggregative sedimentation of noble metal particles
occurs in the melter from the very beginning

The particle size of the noble metal particles is increasing
with the melter operation time ending at mean values of 20um

The composition of the Pd—Rh—Te particles ranges from low Rh
and Te concentrations in fine particles up to 80% Rh or 237% Te
in coarse particles |

Coarse Pd—Rh—Te particles are seperated into two phases, one
high in Te and low in Rh, the other high in Rh and low in Te

The fine RuO2—particles contain only minor amounts of other
elements. The coarser particles contain an increasing per—
centage of Cr and Rh (max. approx. 6 mol% each)

IT0-06 0098NS DONd



Table 8:

Composition of the glass product prepared by metling a mixture of

NaNOj3, MoOs3, RuO; and glass frit

Oxide ot
NasO 5,2
MoO3 1.3
RuOy 0,7
Glass Frit 93,0

TTO=-086 0038NS ONd
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]

Mixture of Waste Oxides from the Nuclear Fuel Circle



—Lg-

2,5
E 2
o 1,5
C
O
+_.
.Hm- ........
o 14
]
0z
=
Q
@© 0,5
Lot
o) : ' :
0o 4 - 24 100
| Melting Time [h]
- £5b.13. Elektrischer Widerstand von EM-Sedimenten in Laborgldsern bei 1150°C nach Schmelzzeiten

von 4,24 und 100 h und Schmelztemperaturen von 1150°C und 1250°C
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Table : Density and electrical resistance of fine-grained Pt-metal sediments
in laboratory glass products after melting times of 4,24 and 100 h
and melting temperatures at 1150°C and 1250°C

Glass Sample PM-Content Melting Time Density of PM- Electr. Resistance of
Sediment (at RT) PM-Sediment {at 1150°C)
Melting Temperature {°C)
- 1150 1250 1150 1250
wt.% h g/cm? Q cm
1. Glass Frit
+ Ru,Rh,Pd 6.6 4 2.75 2.79 2.05 1.60
100 2.90 2.90 0.85 0.85
2. Glass Prod.Wia
+ Ru,Rh,Pd 6.6 4 2.83 2.83 2.15 1.75
24 2.84 2.85 1.08 1.35
100 2.94 3.10 0.90 0.70
3. Glass Prod.W4 0.5
+ Ru,Rh,Pd 6.6 4 - 2.97 - 0.80
24 3.0 - 1.1 -
100 2.95 3.10 1.0 0.85
4, Glass Prod.Wia
+ Ru 3.2 4 2.77 2.82 2.3 1.60
24 2.77 - 1.4 -
100 2.79 2.75 1.2 1.40
5. Glass Prod.W4 0.5
+ Ru 3.2 4 2.80 2.82 2.0 1.60
24 2.89 - 1.3 -
100 2.90 2.91 0.8 0.75
6. Glass Prod.W4 0.5
© <+ Ru,Pd 5.9 4. 2.85 2.84 1.60 1.20
24 - - - -
100 Z2.94 2.94 1.15 1.15
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Abb. 7: Viskositit und elektrischer Widerstand bei $150°C der Glasproben aus Verglasungskampagne ‘W4

in Abhidngigkeit vom EM-Gehalt.

Zum Vergleich der Verlauf des elektrischen Widerstands bei EM-haltigen Laborgldsern
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A
22

—

N\ N

7.4 7.4 7.8 8.2
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(ohm¥cm)

spec. electr, Resistance

Temperature (°c )

1200 1100 1000 200
100 T T r ;
\ without PM
PM~Cont. oy/?
/ —
2.0 Oh’/
\[ e
:V
" T
/_.-'T" 27 % / D
7nl
-y
- 55,//
re— b
/ 9‘5% -&/
6.5 7.0 7.5 B.0 8.5
1074 / T (K)

Abb. 6: Spezifischer elektrischer Widerstand. von Glasproben mit unterschledllchem

Bl 344 -2

EM-Gehalt aus der Verglasungskampagne W4
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Temperature [°C1

Melter Sample No.1
iged 95@

1280 1158 1188 1858
EEEB T [ L) 1 l/ T
16908 PM-Cont. 1 165% ] | Kok.24 Sample 11
vl P
d Kok.3 Sample 1
¥ - X
= - A _
588 + |7 # Kok Sample 5
g /)/ 96 % L~ / / (ELab, Glass Prod.)
%) %
S = > 4
' 31K
U, 289 - //_//
:,_2_‘ //‘; 0-20%
g
O 188 — //
O =
N2 . o
> L
50 X
//
iR
2o .
6.6 7.8 7.4 7.8 8.2
189/7(K)

Abb. 5:

IQI LRV

Viskositdtskurven von Glasproben mit unterschiedlichem EM-Gehalt
aus der Verglasungskampagne W4
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Density

1
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glcni‘

Densify of Glass Samples -

:
L 1
00
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o—voa

275

2.70 o i : x: ¥ g 5 3 g

on | \\

§12~ °

gl , \ "y

(5 N // \ \ Ph~Metal Confent

E . , /\#
2 \___/ ™ ——

o2 43 2 3 5 1015 B 17 2 34 5 7101 23 48 17 18 1 3 4 1015
Yok, 24 Kek.25 Kok. 28 Kok, 26h Kok, 29 Kox, 30

Campaign W4

Abb. 3: Dichte bei RT von Glasproben aus der Verglasungskampagne W4
und deren analysierten EM-Gehalt

Flcm’

r3.25

3,20

P35

310

3,05

3.00
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Nobel Metal Vitrification Campaigns

198/ Campaign W4 with Ru, Rh and Pd

1988 Campaign W5 with Ru and Pd

(air bubbling in the dlass melt)
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2: Dichte bei RT von Glasproben aus der Verglasungskampagne W4
und deren analysierten EM-Gehalt

098NS ONd

116-06



EFNC SN8600 90-011

1. 4 Behaviour of ruthenium and cesium in the off-gas

system during the noble metal campaigns W4 and W5



BEHAVIOUR OF RUTHENIUM AND CESIUM IN

IHe OrF=GAS SYSTEM DURING THE NOBLE
METAL CAMPAIGNS W4 and W5

for

the 9% Annual PNC-KfK Meeting on High—Level
Waste Management heid at KfK/INE

October 1989
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* Description V—W1
~off—gas system

- x Noble metal campaigns

W4 and W5

% Basic data
* Operation conditions

* Balances of Ruthenium
and Cesium |

* Decontamination factors of
melter and off—gas

components for Ru and Ce



—ng

IG‘:leuss~
Efrit

25.5 kg/h ; ‘_'E_;-t-—n.,_. [,

Basic ﬂoWsheet mock—up plant V-W1 for WAW-Wackersdorf

Air

4 m/h

35 m%h
i Air film
; cooler

% 430 x 1350
13.5 h/block

90 m*n
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Liquid Liquid Liquid Liquid Liquid
Sampling Sampling Sampling Sampling Sampling
Feeding vessel —=a T I t I I
H]AWC {+ Dust Jet NO NO
Glosstril + us e X X
Scrub E{> Melter Scrubber Condenser Scrubber Absorber] AbsorberIl
Solution
Porticle
Size
r Analyzer
HEME HEPA Blower g::>
Stack
| | Gos Gaos
Sampling Sampling

V-W1 OFF-GAS SAMPLING SYSTEM

0088NS ONd

[re-06



Sampling nozzle

Off-Gas =>

Cooler

Washing bottles

><]

@

AR
I

ava

i

Drier

IR

28°C  0.92bor

GAS SAMPLING ARRANGEMENT -
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PARAMETER W4 W5
Feed rate |/h 45-60 40-50
Power input kW 75-90 75-85
Plenum heating kW — 15
Bubbling m3/h ~ 2x 0.8
Process conditions complete oplimal
pool coverage
coverage
Central temperature °C 1150 1150
Plenum temperature °TC 300-450 450~600
Off—gas temperature °C 115-150  120-160

(scrubber entrance)

Quantities of
Ruthenium kg 73 66

Cesium kg 122 111

OFF—GAS RELEVANT PARAMETERS OF
THE NOBLE METAL CAMPAIGNS
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50 3
40: 7]
R HAWC - WA  Wackersdorf ]
S3of- _ . . - . s
§ L Specific Activity a/y 608 Ci/l , 4
0 Densitly 1.2 gfem i
g [ Oxides 66 g/l .
s Free Nilrlc Acid 5 M/l .
- Yolume 372 m? annuotly ]
w0f ]
[ 7 Mo Nd ]
L Ay Pd Cs . Ce Te .
ol SeR Sty E':j]rjn[_]:.g Cd Sn 5b Je : L—oﬂﬂ- SMey Gd Dy U 1p PuCLTIHEL F S Ha Al Ma 11y
60¢
Z 5ok HAWC - Glasprodukt _|
(4] = SiOz
z ] Grundglas  : 85Gew’h
40;—_- BRE Waste-Anteil : 15 Gew."s —
=2 Viskositét bei 1150°C : 55dPas
30E- elektr Widerstand bei 1150°C: 3,8 n-cm -
20 Na,0 -
= B203 .
10E | |
;— Ala03 _CCIO MgO Ti0; RuD, Rh Pd - P
OE — T e or s




HAWC + Dust : et NO
Dust us e X
sgi?u{;?ber ¢> Melter —a | Scrubber| —u Condenser "ewm— | Scrubber| —= jAbsorber]| —
PO 1680.5 202.0g 65.1g 46.3g 8.9
67 19469 . 65 514.ig 1 47854 136.9 g 8.8 g 374 ¢
100 % 97.50 % 2.207% 0.20 % 0.03 % 0.06 %
detection limit)
NO 8.7¢g (under
rbeortie T ———  HEME HEPA o>
k
Gas Gas Stac
# ‘ ‘ Sampling Sampling
0.2 g
< 0.017%

RUTHENIUM BALANCE DURING THE NOBLE METAL CAMPAIGN W5 (January—-March 1989)
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HAWC +
Dust [:£:> Melter Dust Condenser — Jet NO x
sc?ubber —» | Scrubber | —s —= | Scrubber| — |Absorber] —m
solution 1606.6 917.8¢ 441.2 181.0g 75.9
111 651.29 110 039.1q 688.8 g 476.6 g 260.2 g 105.1g
100% 98.56 % 0.627% 0.437% 0.237% 0.087%
NO 74.9 9
Absorberll —— HEME HEPA i\
*4 Gas Gas
! Sampling Sampling
1.0g '
< 0.017%

5'694:>

Stack

CESIUM BALANCE DURING THE NOBLE METAL CAMPAIGN W5 (Jonuory—M_orch 1989)
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HAWC + Dust Jet NO
Dust us e X
scrubber Melter Scrubber Condenser Scrubber Absorberl
solution
Compoign W4 25.6 8.2 17.3 4.6 60.0
Campaign W3 : 40.0 8.3 3.1 14 3.2
NO y -
Absorberl HEME HEPA
Gas Gos.
Sampling Sampling

Campaign W4 : -

Campaign W5 @ 1.02

o>
T

s high DF, becouse no analytical data ovailoble after NO,—Absorber E

DECONTAMINATION FACTORS OF MELTER AND OFF—GAS COMPONENTS FOR RUTHENIUM
‘ INVESTIGATED DURING THE NOBLE METAL CAMPAIGNS
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_09_

HAWC +
scrubber E> Melter Scrubber [ Condenser Scrubber Absorber]
solution
Campaign W4 : 278.0 2.4 33 2.1 30°
Compaign W5 : 69.5 1.8 2.1 2.4 2.4
NO :
AbsorbarT HEME HEPA ; '.:J.l>
Cos | : Gas Stack
Campaign W4 : - _ Sampling Sampling
Campoign W5 : 1.01 — 134 ———

+ high DF, because no onalytical data availoble ofter NO,—Absorber II

DECONTAMINATION FACTORS OF MELTER AND OFF-GAS—COMPONENTS FOR CESIUM
INVESTIGATED DURING THE NOBLE METAL CAMPAIGNS
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Ruthenium Cesium
W4 M?lter . . 105
Total DF 0 1.0 x 10 1.9 X
o NO, — Absorber I
Melter
to 3.9 x 10° 1.2 x 10°
NO, — Absorber I
W5 Total DF
: 4 Melter 5
to 7.6 x 10° 1.5 x 10

NO, ~ Absorber IL

TOTAL DF’S FOR THE CAMPAIGNS W4 AND W5
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TSI QERDDYI\H-‘II'IE_C F‘gF:gICLE SIZER

) i o BAMFLE 4 )
03-10-1 409 SOMPLE TTHE: 60 BEC  DENSITY: 3
RESFIRAILE MASS 8. 180691E—06
BIL. ®RATID: —1 :1 EFFIC. COMRECT.: D1
MILMIER COMC UE _PANTICLE %9
R vy L= oA Gib
)
1
]
B»ooL
IE
n
"'EH‘ . ] ] 1 ) T | ¥
O 2.0 asela 1w, Ls
AEROGDYHAMEC DIaMETER €M1 CItOMIET IS
SURFACE COMC Ug GFARLICLE S12ZE
| oty g} % GH
oy
i
it
]gi‘
(21
L
2.0 4.3 6.6 1. 15
BiAMET IR tMICROMETERS)
MASS CONC US DARTICLE £1ZE
- EX I .7, GO
™
Ty
£ 3
g

_L?J..., EEM _ R

1. o 4B e ¢ Ta. 1w
RS i MIC BiBMEtiog MY CROMET s »

PARTICAL SIZE DISTRIBUTION
after NOy —Absorber IL, Campaign W5
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CONCLUSIONS

*  Satisfying melter DF’s for
Ruthenium and Cesium

- Unsatisfying retention of
Cesium in the wet cleaning
system, especially the Jet
scrubber

* No more Ruthenium found
behind the filters

* Some amount of Cesium also
detected after the dry cleaning
system

* Backcalculation of the
balances without concentration
measurements in the filter
area unreliable
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1.5 Vitrification of HAWC of the WAK plant, The new
inactive test facility VA-WAK with the melter K-6



Vitrification of HAWC of the WAK plant

The new ina -ve test facility VA—WAK with the
melter K—6 |

for

the 9% Annual  PNC—KfK Meeting on High~Level
Waste Management held at KfK/INE

October 1989
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Plant operation
Shut—down
Reprocessed Uranium

HAWC—Volume

Waste management

concept

Since - September 1971
End of 1990
204 to (expected)

62 m3 (Tank 210.02)
20 m3exp. (Tank 210.03)

— Transportation of the

HAWC—WAK to Mol/Belg.

- Vitrification by PAMELA
(Start in 1993)

— In case no Transport—
ation licence will be
given Vitrification in a
new plant at KfK-site
might be possible

Status of the reprocessing plant

-~ Karlsruhe

— WAK -

[T0-06 0098NS DN
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34 Se
37 Rb
38 S5r
38 Y
40 Zr
42 Mo
43 Te
44 Ru
45 Rh
48 Pd
47 Ag.
48 Cd

59 Pr
60 Nd

61 Pm

63 Eu
64 Gd
66 Dy

g2 U

93 Np
94 Pu
95 Am
96 Cm

24 Cr
25 Mn
28 Fe
27 Co
28 Ni

29 Cu -

30 2Zn
82 Pb

11 Na
12 Mg
13 Al
19 K

20 Ca

-
c-
PO

Referenz

Spec. Activity
Cs O D*epsity .

BoD Oxides

- Nitric: Acld

] Ce0 Volume

Cd0 LAVA Tonk 210.02

515 Ci/l
1.3 g/l
95.4 g/l
5.3 M/
80 m?

Cmo:

Crp0;
MrOz
Fe 103

CoDz
NID

20 30
g/l
Referenz
HAWC WAW
Spec. Activity 600 Ci/l
Density 1.2 g/t
Oxides 64 g/l
Nitrle Acld 5 MA
Volume 372 m¥a

Comparison of HAWC—WAK to waste

produced by industrial reprocessing



Ob jective

Schedule

Development of a melter type
suitable for the vitrification

of noble metal containing waste
in the PAMELA plant

at KfK—INE /Karlsruhe

‘Development of a glass frit with

possibly high waste loading
at HMI/Berlin

Vitrification test runs with the
inactive melter K=6" until 1991

Construction of the active melter
K—6 until end of 1992

Start Hot operation in 1993

HAWC—WAK Technology Program

TH0 06 0098NS DN



ILSETL

1990 1991 _ 1992

Jo Fe M3 ApiMa Ju Ju Au[Se Ok No Deldo Fe M3 AplMa Ju Ju AulSe Ok No Delda Fe M3|Ap Mo Ju|Js Au Se|Ok No De

Objective: Vitrification plant VA-WAK

Completion of the plant construction |={

Plant test operation e

Noble metal campaign | —t

Operation report |

Noble metal campaign Il s

Operation report Il

Design K—-6 for radioactive operation

Documents for K—6 order ' -

Construclion of melter components

Operation tests K—6' (glass quadlity ..) e L -

Manual for melter operation

Test operation K—6 in PAMELA = SN

Time schedule of INE activities within the HAWC~WAK technology progrom

[T0—-06 0098NS ONd



HAWC-WAK

b2z i/

Glass Frit

Blower => Stack
40 m3/h
]
Demister
=1 Cooler

Entrance
Tank
3 Marbles
' A ih (A g&ﬂ’ﬁ‘
I fim cooler
Noble Metal
—}d
1 1 1 3 _ _
Feed : 25 |
Tank vessel = : Scrubber
Lom? 601 1200°C | Scrubber
' I |
ca. 13 kg/h 21 1/h
(l;)l Iassk— Secondary
oc .
400 kg Waste

Basic flowsheet mock—up plant VA-WAK for vitrification of HAWC—WAK
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Melter designation K—-3, K—4, K=5 K—6'

Waste type LEWC, HEWC - HAWC—WAK sim.
Glass pool surface 0.72 m2 0.88 m?

Glass pool volume 300 | ca. 400 1
Discharge volume 60 | (3 x 50 1) 2x 751
Start—up technique 20 MoSi Elements 5 SiC Elements
Contoinment Height 26 m 29 m

Total weight 18 to ca. 20 to

Comparison of PAMELA melter types
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2.1 Overview on R&D program for Vitrification of High

Level Liquid Waste



Overview on R&D Program for

Power

Vitrification of High
Level Liquid Waste

The 9th Annual KfK—PNC Meeting on

High—Leve!l Waste Management

October 9""'119 1989

Reactor and Nuclear Fuel Development Corporation

IT0-06 0098NS ONd
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Organization for Waste Management

Technology in PNC Tokai Horks
(Aprif, 1989)

Tokai Works Director, T. Yamanouchi

Dep, Director, N. Saito

Waste Technology Director, N. Saito

Development Division Senlor Staff, M. Horie

High Level Waste
- : Gen, Manager, T. Takahashi
Technology Section (HTS)

Low Level Waste
— Gen. Manager, Y. Nakanishi
Technology Section (LTS)

Krypton Recovery Pilot Plant (KRP)

Gecological Isolation Gen. Manager, N. Sasaki
Technology Sectlon (GIS) Dep. Gen. Manager, Y. Yusa

Chemical Processing Faclllty (CPF)

Waste Plants
— Director, T. Asakura
Operation Division

Gen, Manager, K. Shionoya
— Ccoordination Section )
Dep. Gen. Manager, T. Asamli

Tokai Vitrification Facility (TVF, under construction)

Low Level Waste
—1 Gen. Manager, K. Ochiai
Conditioning Section (LCS)

Bituminization Facillty (ASF)
Snolvent Waste Treatment Demonstration Facility (ST)
TRU Waste

— . Gen. Manager, E. Inada
Conditioning Section (TWS)

Plutonium Contaminated WasteTreatment Facility (PWTF)



Schedule of TVF

r1983
F.YO1Y| 1987 | 1988 1989 1990 1991 1992 1993
]TEM 24|68 0i122(4|6|8|ioli2| 2]4]6 8 1nli2 3101_2~ 810012} 2| 4|58 10|12 6/8110[12

Safety License
Application
and Permission
Building |

Construction

Equipment
Manufacturing
and Installation

Cold Test
Operation

Hot Operation

[T0-06 0098NS ONd



Ground)
)

INL
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Construction of Tokai
Vitrification Facility (TVF)

Licensing review for safty

Permission for design and
method of manutadfuring

Construction

Application 18 Mar. 1987
License 9 Feb, 1988

Building Equipments

‘Application 19 May. 1388 10 Nov. 1988

Permission 1§ Jun, 1988 11 Jan. 1989
Start June, 1988

Main Building ¢ 48% complete in Sep. 1389
up to ground level

Equipment : ~1% complete
melter refractory was cast
pit structure for product storage

IT0-06 0098NS ONd



August 1988
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December 1988
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February 1989
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April

1989
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August 19
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Research and Development Program

for H

igh Level Waste Conditioning

Fiscal Year

1983 1988 1890 1991 1997 1993

TVF
I, Mock up Test (MTF)

2. Engineering Test (ETF)

3. Remote Maintenance
{EDF-I)

{, Dismantiing

5 Glass Characlerization

§, 0ff-gas Behaviour

] Large-Scale Melter

§, Cooperation for
Commercial Piant

8, New Immobilization
Technology

0. Waste Technology for
New Type of Fuel Cycle

Construction
& - -

Go?d fest Hot test and operatlon

Noble metal, Tra ning of operato? Developmenl of 2nd meiler

Mlcrowave,Noble metaI(SmaII Melter) New materlal Development of Ind melter

Mode melter,ln@uction coi!,lns@ection of TYF cémponent §Back—up for TVF

Mock=upi meltar.Mock upl mellar,(FulIy remote demonslrat|on) Ruduce of dlsmantllng wastes

Noble Mebal, Supporl for MTF.ETF, Back -up for TVF

Back-up for TVF

Iodlne.Rulhenjum,Tecnetlum

Study § : Design &'ﬁanufacture test

= {for Gommercial plant)

Study on Products,Support for deS|gn and I1censang

v

Reduce Waste Vblume and heat géneration.Partitioning of Ru.TRU%

Metal- Carbides, Nitride- Fuel cycle

Metal (Salt, Cd), Carbide{Organic acid), Nitride (-14)

I10-06 0098NS ONd



Vitrification Technology

Process Development

Bl Cold Test (ETF, MTF, EDF-HI)
@8 Hot Labo. Test (CPF)

evelopment

'T0-06 0098NS ONd
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; ! Blower
E S—— i
_J: . %s HEPA Filter L__ Staﬂk
A cw . - It
T o Iﬂm ¢ fmhE -9
i 1 . l 1 .
emser E i : ﬂon'er. HEG[EI{
cwislil,y ! 1
1 At
5 1 ]
A | Feed
" Tank(2)
CcW
Evaporator
. Glass
T -Additive
Condensate Tank - / Venturi Water
s . @ Serubber Scrubber
! l Canister
Receiving ' = Transfer Car J Storage Tank

Tank

Vitrification Process Flow
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HLLH Feed Pipe
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|
1]
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[T
1]
4]
4]
i}
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17 \,a.._qnw, . .
2y
7l 75N N
:! \l.(mll.w

[P
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Refractory
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.....HJ [y

1 e — YN
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e 0 W o o
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T z 7 23
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Glass Level

Containment
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Vessel
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Structure of Melter
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Feed Preparation

® Constant feed system

(Airlift and Control)

Quality

assurance

[E0-66 0098NS ONd
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Glass Melting Process

® Joule-heated Ceramic Melter Y'Melter operation with noble metal
‘Melter viewing and inspection

® Glass additive & Feed system——Quality assurance

® Glass drain system Remote maintenance
® Microwave heating device————Combine with LFCM

® Process materials development—Refractory and electrode materials

® Instrumentations Molten glass surface detection

+Glass leak detection

TT0-06 00D98NS ONd
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(A-Melter)

(B-Melter)

(C-Melter)

(Mock-up)

Tokai Vitrification Facility

Melter Development Schedule

FY. | 82 | 8 |8 |8 |8 ;8 | 8 8 |90 3 |

L

- Life Test & Thermal Cycle Test

Reswtance Heated Dram Nozzle

Microwave Heating-up ' Dismantling Test
TRaee U .
Advanced Melter Structure {45° sloped bottom)
Mlcrowave Heatlng up & Boostlng .

1
|
1
i
1

\

R Design ————— Improvement
emote Design P Dismantllng Test

un

Glass Powder & Bead Additive, Glass Fiber Additive l

Replaceable SiC Heater for Heating up 1
" Resistance Heated Drain Nozzle 1 Further Improvement
Monitoring Instruments {Glass Level Detection etc) for 2nd Operation Melter
Cold '
Operation Hot \
@, QOEEROEERy

Construction

[T0-06 0898NS ONd
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Off Gas Treatmeht

‘Improvement of Ru

® Ruthenium removal

® Investigation of volatile

& semivolatile elements

removal in wet process

[T0—-06 0098NS ONd
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Canister Handling

® Ca'riister design

® Lid w'elding technique ‘ =TIG welding
® Canister inspection technique—Non-destructive

inspection of welding

[T0-06 O0098NS INd
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Material

Volume
Dimension(Diameter Helght)

CanisterBottomS3hape

Design Factors and Determined Specificationof Canister

CanisterHeadShape

~
\‘—"".---..

Mo

80

Wall Thickness

1040

o Glass Weight:approx. 300kg
e Volume:approx. 110 1
o Material:SUS 304L/
_ SUS F304L
o Canister Weight:approx. 80kg

[TO0-06 0098NS INd
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Cooperative work for Commercial Vitrification Plant

® Conceptual design was completed. Jan. 1988

'ePNC—LFCM process was selected. Apr. 1988

® Technical support to designh a licensing application.

® Study on glass formulation and characteristics for commercial plant.
® Study on charactristics of vitrified product in canister.

® Fuli-scale test is planned.

[10-06 0098NS ONd
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2. 2 Operational Experience in Mock-up Melter-II Campaign
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Operational Experience in Mock-up
Melter-lll Campaign

- The 9th_ Annual KfK-PNC Meeting on

High-LeveI. Waste Management

October 9-11, 1989

Power Reactor and Nuclear Fuel Development Corporation

LI0-06 0098NS ONd
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 Recent Operational Experiences in Cold Mock-up Test Facility

— Experience of Melter Operation in the 19th Campaign
with Feed of Noble Metals

— Operational Attempt to prevent the Accumulation of
Electroconductive Sludge in 20th Campaign

» Development of Glass Pouring Technique in its Initiation

[T0-06 0098NS ONd
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Summary of Mock-up Melter-III Campaign

Campaign NO.

16

17

18

18

20

110-06 0098NS JNd

Item
Campaign Test run Confirmation of|Confirmation of|[Production of Confirmation of
Obsect (start-up of melt rate and glass melt rate|jvitrified glass|melter system
J this melter) glass draimnning : for high burn- |and noble metal
up HLLW behavior
Operation 1988.2.10-3.7 1988.6.29-6.27 1988.7.14-7.22 1989.1.10-1.24 [1989.6.5-7.14
Period 9batch (300kg/b) { 4dbatch(300kg/b) [L2batch(150kg/b) | 6batch(410kg/b) 19batch(300kg/b)
Waste Loading 25.0 wt% 25.0 wt% 18.3 wt% 18.4 wt% 25.0 wt%
Simulated 10.0 m’
imulate .
4.5 m3 2.1 m3 2.1 nd 3.7 m3 (7-4 m3 includ-
HLLW : ing noble metals)
RuO, 25.3 kg 12.8 kg - 24.2 kg 40.8 kg
Pdo 14.4 kg 7.7 kg - 10.5 kg 22.9 kg
Rh,0, - - - 3.6 kg 0.7 kg
Glass
Additive 2.1 ton 1.0 ton 1.5 ton 2.0 ton 4.4 ton
Glass fiber 2.1 ton 1.0 tom 0.5 ton 1.4 ton 4.4 ton
Glass beads - - 1.0 ton 0.6 ton -
Glass .
Product 2.6 ton 1.1 ton. 1.8 ton 2.5 ton 5.6 ton
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Experience of Melter Operation in the 19th Campaign
with Feed of Noble Metals (Ru, Rh, and Pd)

Noble Metals F he Melter

Element Amount Content in Feed Content in Glass

(kg) @/l (wt %)
RuO- 242 6.50 0.90
Rh,0s 3.6 0.97 0.13

PdO 10.5 2.82 0.39

[T0-06 0098NS ONd
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Electrode POwer (kW)

Main

Electrode Power (kW)

Auxiliary

50

o}
30 M 1 M T ! I i
0 100 200 300 400
Operation Time (h)
1.3 o o,

0.8 r {3 T . . . ,
0 100 200 300 400

Operation Time (h)

Change of Electrodes Power during the Melter
Operation (19th Campaign)
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Main Electro‘_d.e}

rm
235

a5

)
lass

Auxiliary Electrode Y7772/

323

1

Accumulation of Noble Metals

after Drain ou't

[[0-06 0098NS ONd



-911-

A B C
N\
P N I ——
(@) W (@]
I\ 11 /)]2
2 # —
b} > ‘
8 It T |8
= i S
L s \\ L
= ' =
o ©
= =
AI Bl C?
(EAST)
19.50 " lo.s3
7.46 0.30 8.27
8.91 9,13 8.8
7.1 8.79] 9.50
.84 nozzle |{8-03]

B — B

3.55 §.82 §.38
B.17] |9.33 8.41 10.8
11.1{{9.71 §.42(19.87
§.42 9.54
WEST | [0 .31 | EAST
A— N

13.9] [s.80 FRIRRE
6.89][10.3 12.2)[8.90
1.04 E
1.62 1.98
C—C

Content Di'stribution of RuOz2 in Melter Bottom

(wt%)
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3.08
\2.39
1.80
4.98 2.4 2.99 T3
3.9 o 1.3 048
1.45([r. 25 13.84]}4.87] /
| 2.58 £.85
WEST L] 3.4 EAST
A— A
2.43
2.77]
\3 [ g "7 (s
218 o.15 2.9 B
2.57)[3.58 2.36)[4.20
7.02 1.89
3.02 [3.06
cC—C

B—8

(wt%)

Content Distribution of PdO in Melter Bottom
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B Ruo,
Rh,04
PAdoO

Z
L]

_

80
60 -

() ZXKousToTyIy ebBaeysstq
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40 -
20 -
0

Batch NO.

Discharge

Efficiency of Noble Metals during
(19th Campaign)

1he Melter Runs
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(%)

Noble Metal Contents

&)
7S

I 7C-NO.2Z
19C-NO.2

, : — :
0 100 200 300 400

Glass Weight (kg)

Change of RuO, Content during the Glass
Pouring (17th,19th Campaign)
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Experience of Melter Operation in the 20th Campaign

with Feed of Noble Metals (Ru, Pd)

— Operational Attempt to prevent the Accumulation
- of Electroconductive Sludge —

Noble Metals Fed to the Melter

Eiement Amount Content in Feed Content in Glass
{kg) (g/1) (wt %)
RuO. 40.8 6.13 0.89

PdO 229 3.45 0.50

FTO-D6 OUOBNS INd
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Operational Conditions and Results in the 20th Campaign

B atoch N o, 1 2 3 4 5 B 7 8 9|71TQa|11 1211314 151161718189
1989
Operation Perlod 65 ~7|T~9 |9 ~10| 10~12] 14 ~16] 16 ~i8f 18 ~20| 20 ~22¢ 22 ~| 20 ~26| 26 ~28 28 ~30|0~2 | 2 ~ 4| 4 ~6 | 6 ~ 8| & ~10} 10 ~12| 12 ~10
Kind of Fosd SW-— 18 s wWw = 17 SW-30
Glasa Produclion 7- 0 7. 0O 5. 5 7. 1
Ratle (kg h}
Feed Raln (1.7 h) 1 656- & 1T 2. 0O T 0. 9 9. 2
Amount of Feed 26 4 1 21 4 8 4 5 0 6 7 81
(2
Glzaa Production 1189 1259 27 17 6 08
( % )
Maln Electrodas 41.0{41. 8|40, 3|41, 7 42, 0137, 4[35.8(35.3}35.3]35. 9|35, 68[36.0)24,1733.0|33. 0|36, 0(35 9|33, ¢{33.0
Power (W)
BOA 04 g0 A 9440C 0 A
(max 120A)
Auxbllary ] I I l I || I I I
Electrodea Power +Control the temperaturse of asuxillary
plectrade over B300%C
«Turn on a current of B0A at Shours
befores pouring
+Turn on a currasnt of 30A at 10 hour
Powsr betitween bafore pouring
Main Etectrode .
and Hozzlwe «Turn oftf a current at the termination
of pouring

D0YRNS ONd
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Temp. of Auxi. Eleclrode (°C)

Auxiiary Electrodes Current (A)

1800

||||||
||||||||
||||||||||||||||||||
»
----------

e 20th Campaign
wnmn 19th Campaign

-----
..........
nnnnnnnnn
----------
nnnnnnnnn
------
e
an
-----------------------
o
||||||||||||
------------
............
-------------

10-30 A

80 A (= 1.5kW)

5 hours 3hours

.....

900 -
> 800°C
Glass iTemp at T.C Level = 800 °C
800 : e TR
0 . ‘
Time for each Batch (h)

Operational Difference in Control of Melter Botiom

Temperature
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1000

800

800

400

200

— X580
o
{ A)

— R582R
- R&82
— R580

RRSITSTANCE BRETHHREN
AUXILIARY ZRLECTRODES

MAIN RLECTRODRS
CURRENT

A

D el

REVISED RESISTANCE DETWEEW
AUXILIARY ELECTRODKS

RESISTANCE DETWEERN
MAIN ELRCTRODES

0
(Chm} 83/06/ 14
18: 00

1 1 |
89/07/14
TIME 21: 00

Melter Ooneralion durina the Feed of Noble Metals
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Noble Metal Contents (%)

Q 1 1 , 1
0 160 | 200

Glagss Weight (kg)

Comparison in Change of RuOz Content during the

Glass Pouring

|
300

(]
4

20C-NO. 16
17C-NQO.2
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56 7 8 910111213141516171819

200
100 7

(3) XKoueTIoTIId

abreyossTtd
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Batch NO.

y of Noble Metals dur

(20th Campaign)

ing

Efficienc
the Melter Runs

Discharge
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FEED

"RuO2 40785 g

PdO 229

70

3 RuO:2
- PdO

v

FEED(net) .
- RuOz2 36707
- PdO 22970

|

VOLATILE

g |[ RuO2 1000 |
PdO 1000

i

Pd

uO2 261

LEAVING

o 149 9

4079

o 9

RuQO; 0.7
PdO 06

J

DISCHARGE

RuOz 34549 g
PdO 23052

EFFICIENCY

RuO:2 94.1
PdO 1004

100,
0.0 fo

Balance of the Noble Metals in Melter

(20th Campaign)
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(UION) %o:om_m_ uiep

0t

120

220

SAY

West |
11

&
&&aﬁmﬁﬁ
SO
DO
K RXA000
BN

T4

0¢

X
Drain Nozzle

(L3N0G) 8pOAY[T Uty

mmWV///V\\\

60~62

Grass on the Slope

v
)
<
o
|
=
(=)
p o
m

N

€33 Non-luster Gray Glass

Thickness of the Giass

H
Glass Left on the Melter Bottom after Drain Qut (20th Campaign)
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(%)

Discharge Efficiency

120

100 -

o > ¢ [

NO.9

NO.14
NO.16
NO.19

O 100 200 300

Glass Weight (kqg)

Change of Discharge Efficiency of RuO, during
the Glass Pouring

[10-06 0098NS DN
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Noble Metal Contents

(%)

- Glass Weight (kg)

3
2
70-80 kg/h

| - 90-100 kg/h

- //" B '¢ S s ._@S

150 kg/h

0 | . I .

O 100 200 300

Effect of Pouring Rate to RuO, Content

LU NO.10
¢ NO.11
¢ NO.12
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Bubbling Condition

Fluiad : Compressed Air
Flow Rate : 800 1/h
Pressure : 3 kg/cm?

Dia. of Bubbler : 18 mm -
Bubbling Level : 500 mm from Bottom
Bubbling Time : 47.7 h '

Bubbler

291

i Lo

{}\'L'J ‘r:'." ._°
=D N

BINEE

B IZIEER

: ? 750
° 7%
A [

14

2
.-." M’_
hihe

Cany

s

.- DO AN AL ‘;\.,.i-;ﬂ_tjl"tz.:-i g o
s e S P B T

[
=)
o -

.f

Bubbling in the Melter Operation
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(%)

Noble Metal Contents

—_ , .
0 | 100 200 300
Glass Weight (kqg)

Change'of Noble Metal Contents during
the Bubbling

&) RuO2

'Y

Pdo
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(%)

Noble Metal Contents

0.7
o
0.6 -
‘ I@EE_@E—E—B—G\B
0.5 - \B/B‘*B\B\E]
0.4
0.2 L B s M St M S S
O 100 200 300 400 500 600

Glass Weight (kqg)

Change of Noble Metal Contents during
the Drain Out N

) RuO2

¢

PdoO
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« Development of Glass Pouring Technique in its Initiation

— Prevention of Pluggage at the Initiation of Glass Pouring

— Controllability of Glass Flow Rate

T10--06 0098NS ONd
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s neaung part
molten glass

drain nozzle / 1 :

-
=
E.]:}—"—D—"‘“ﬂ
xXxx LX)
o |

?: ]
§\V < b= glass :

N | N v string
| full heating method

glass

™

upper part

N .
induction coil

hy

4
—
00 000QC000 VOO0 00D
ol

OOOJEO‘-;I...-;D..Q.Q.
L

lower
part

cooling ring O upper part heating method H

Schematic picture of the construction of drain nozzle
and nozzle heating method
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induction power(kW) -

velocity(kg/h)

total glass weight(kg)

velocity(kg/h)

300

b2
ot
| e |

a— total glass weight(kg)
o— velocity(kg/h)
—-- induction power(kW)

e}
=
[ |

[ =31
[

—_—
=
o

[ ]
o= o

0 10 20 30 40 50 60 70 80 90 100 110 120 12§
time(min) after pouring

Velocity control by nozzle induction power

300

950 |-——0—=Uupper part heating e
200 A--—{yll heating A A

150 s L
100 . &,.A.\‘-- _ e
50 [ oo il \

/ﬂ KW *_,A-—' \
D r"‘ [ - | |

0 10 20 30 40 50 BU 70 80 90 100 30 140 150 160 165

110 120 130
time(min) after pouring

Difference of velocity between upper part heatmg and

full

heating
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2.3 Characterization of glass containing noble metal element
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CHARACTEFIZATION OF GLASS
CONTZ INING NUBLE METAL ELEMENT

~The 9th Annual KfK—-PNC Meeting on

High—-LeveI Waste Management

October 9—~11, 1989

Powerr Reactor and Nuclear Fuel Development Corporation

[I0-06 0098NS ONd
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CHARACTERIZATION OF GLASS
CONTAINING NOBLE METAL ELEMENT

. VISCOSITY
. ELECTRICAL RESISTIVITY
. SEM/EDX

Melter-Bottom Glass from 19th, 20th Campaign

. DTA/TG

Pd-Rh-Te Alloy

. OTHERS '

Crystal Growth, Recovery of Noble Metal

[10-006 0D98NS ONd
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2. SPECIMEN

* SIMULATED HIGH LEVEL WASTE GLASS

COMPOSITION
(wt%)

STANDARD

WASTE GLASS

NOBLE-METAL
RICH GLASS

GLASS ADDITIVE
Sio,
B,0,
Al,0,
Li,O
Ca0
Zn0

79

69
40
1

S 2 Lo fa MN

WASTE
Na,O
NOBLE-METAL
RuQ,
Rh;04 (Rh)
PdO (Pd)
OTHERS

25

14

0.7
0.2 (0.1)
0.3 (0.3)

35

(==

10

13.0

3.5(3.0)

TOTAL

100

100

[10--06 0098NS ONd
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6. VISCOSITY

g

I 1111

104 I i I I ¥ I l 1 1 I I 1 1 ] 1 1 I

Noble-Metal Rich Glass
TEMPERATURE(C)
e 1150
1100
1050
1000
950
900

850

10°F

X b » O @ O
1 1 1111

102

APPARENT VISCOSITY (Pa » s)

T T T T T1rIT
4.1 11111

T
1

1

| I

]01 ] | | 1 1 f I | I 1 1
: 0 20 40 60 80 100 120

SHEAR RATE (107%s™)

| | 1
140 160 180

Apparent viscosity of noble-metal rich
glass. @iEBANY EiF e R—)
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(2m)

log o

1 0
7 ' N
B: —a— : Standard Glass -
5 —e— : Noble-Metal Rich Glass
4 —-=1 RuO; (W.D.Ryden et al,
3 1968) |
9} ——: Pd (BEBVIHOBbEB
L 1984) | e
D_
_..1—
__2_. —& ._ —
_3_ e
.._4..
—5tL
— Bk _—-—"'“"—_‘"“"—“-“—'-_'—-—-—-—-—-—-_-—.-....___ : '
— 7 T - = —- "—=—4 -._“__ ._
0 10 2 e 30 A

/T (10*“K".1)-."-;.

Electrical resistivity of waste glasses and noble metals.
= EFoEB A VY BaF v vR—)
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\

]
Main Eleclrode {North)

T
Main Eleclrclzde (South)

- TTPd—12Rh— 8 Te
3.2g, 10.6Mg/m?

19th Campaign
Melter-Bottom Glass and
Nodules of Noble Metal Alloy
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19th Campaign Noble Metal Nodule

DTA/TG

Temperature

130°C 760°C

|

135°C 783°C

1013°C

1027°C

DTA

[T0-06 ND0DHENS ONd
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19th Campaign Noble Metal Nodule
aqua regia etching, 8s, R.T.

white part . 40Pd—36Rh— 1 Te— 3 Ru

gray part.84Pd—1Rh—9Te
black part: 87Pd—1Rh— 8 Te

—146-
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2.4 Study on Absorption of Voldtile Ruthenium into Water

—147-
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Study on Abso'rption of

Volatile Ruthenium into Water

The §th Annual KfK—-PNC Meeting on

High—lLevel Waste Management

October 9—11, 1983

Powerr Reactor and Nuclear Fuel Development Corporation

[10-06 D098NS ONd
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Objective

Treatment of volatile ruthenium in the off gas

from the melter of vitrification process

"— ® Removal by absoption in wet scrubbing process

- ® Adsorption to silica gel column

—> Study of the influence of variation in the operation of the process

[T0-06 0098NS ONd



~0S8T1T—

Absorption behaviour of volatile ruthenium

— Absorption behaviour Into condensates for steam condensation —

1. Effect of NOX in off gas on absorption of RuOs

2. Effect of condensation temperature on absorption

of volatile ruthenium from calcining process

[T0-06 0098NS ONd
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~ Experimental Method

RLO: Oxidation of RuCh by Ce (SOr)2
Generation of
Volatile Ru Volatile Ru | Calcining of simuléted high-level liquid
from melter waste { ~300°C)
Aerosol Ru Filter made of fused silica fiber
Trap of .Ru_

(1) Absorbtion into condensates by chilling
Volatile Ru

(2) Absorbtion into 8N-HC! with 1%C2HsOH

Evaluation for
absorption of
volatile Ru

~ Concentration ratio of Ru betwen gas and water : m

Ru in off gas after condenser (mol fraction)
Ru in condensates {mol fraction)

T10-06 0098NS OINd
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Steam

p @j‘j i
-

/\S

Y Y

Heater and Insulater

Yy

RuCly  Ce(SO4): =

solution solution i

Filter
(fused silica)

r
~

Condenser

Exhaust

A\

Y .

Ce(S04)2

solution

‘ Thermostat
with stirrer

=

Volatile ruthenium

generator

Thermostat

—I

Flowmeter

Sampling bottle

RuOs absorption test apparatus
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Simulated
HLLW

U

Stirrer

Air —é_

Heater and Insulater

Heater

Generator of volatile

ruthenium

)
Filter\'r
(fused silica)

Condenser

Y

5

Thermostat

: @“’"—’” Exhaust

Flowmeter

Sampling bottle

Volatile ruthenium absorption test apparatus for off-gas
from calcining simulated high-level liquid waste (HLLW)

0098NS DN
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(Effect of NO; in off gas on absorption of Ru04)

Experimental Condition

Expefimental Gas

Condensation]  Lig/Gas
Air H20 NOz Ru{gas) NO2/Ru | temperature ratio
~ (I/min) (cc/min) (ppm) (ppm) ratio ("c) (mol/mol)
2.0 1.0 0 0.81 I 21 0.1
1.0 1.0 10.8 0.63 17 20 1.1
1.0 1.0 26.6 0.73 34 20 1.2
i.0 1.0 66.2 0.52 126 20 1.6
1.0 0.9 112 0.59 189 20 1.2
1.0 0.9 301 0.17 39 20 1.4

110-06 0098NS ONd
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Experimental Condition
(Effect of NO in off gas on absorption of RuQs)

Experimental Gas Condensation| - Lig/Gas
Air - H20 NO Ru(gas) NO/Ru | temperature ratio
(!/min) (cc/min) (ppm) {ppm) ratio (c) | (mol/mol)
1.0 1.0 0 12.6 0 16 1.3
1.0 0.8 21 4.9 10 15 0.9
1.0 0.9 100 6.9 14 5 1.0
1.0 0.8 163 1.3 12 16 8.8
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Experimental Condition

(Effect of condensation temperature)

Simulated HLLW | Calcining Purge air | Ru(gas) Condensation{  Liq/Gas
feed rate temperature | feed rate |concentration | temperature ratio
(cc/min) (C) (1/min) (ppm) (’C) {mol/mol)
1.0 300 0.5 a9 20 2.3
1.1 300 6.5 18 41 2.2
1.5 300 0.5 116 62 1.1
1.8 300 8.5 72 83 2.2
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Caléining temperature (°C)

Effect of calcining temperature on Ru volatility
for simulated high-level liquid waste

@ denotes under detection limit
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Ru concentration ratio (gas/water), [
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0 101 102 103

NO2/RuCq in off gas (mol/mol)

Effect of NO2 in off gas on RuQ.

concentration ratio (gas to water)
(? denotes under detection limit
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NO/RuQs in off gas [mol/mol)

Effect of NO in off gas on RuO:
“concentration ratio (gas to water)
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absorption

T

7 0.050

.05k .

absorption

200

300 400 500 00 300 400 500

wave length (nm) wave length (nm)
without NOx . _Addition of NO

|dentification of Ru0s
(absorption spectrum for Ru trapped in CCly)
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Ipe !

RuOs+Air through glass p

Ipe |

ir+NO through glass pi
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RuQ:
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RuQ, generation RuQs generation
(addittion of NO,) (addittion of NQO)
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Ru conceniration ratio (gas to water) (
;

Condensation temperature (°C)

Effect of condensation temperature on Ru
concentration ratio (gas to water) for off
gas from calcining simulated HLLW

? denotes under detection limit
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Conclusion

1. NOx in off gas increased the absorption of RuOq
into condensates
NO/Ru=22 . increase by three orders

NOzI/Ru=189 . increase by two orders

2. Increase in condensation temperature did not

decrease the absorption of volatile Ru into condensates
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9.5 Current Status of Dismantling Technology for Liquid

Fed Ceramic Melter
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Current Status of Di'smantl'ing
Technology for Liquid Fed

Ceramic Mel ter

The 3th Annual KfK—PNC Meeting on

High—Level Waste Management

October 9—11, 1989

Power Reactor and Nuclear Fuel Development Corporation
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D E YV E L OPMENT

S CHEDUIL E

oOF DI

SEM A NTL I NG
T HCHNOIL OG VY F O R CERAMI C MEILTER
T F. Y
Itam — 1983119841885 1986}1987 (1988|1888 |1990}1991 790218931984
E License ! t&nstructio; :Cold Test% Hél ﬂperatién
T v F 6 Lo o) o)
(Tokai Vitrification
Facility)
: §créening Jr Di;manttlng fest using : C &R ColJ test
ani; Study dismantling full scale me]ter «Hodification of tools * Full scale
R & D technique +Yerification test &
: : Evaluation
o b o) o) o)
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HLLW Feed Pipe

Glass Fiber
Additive Feed
Pipe

Containr'ment
Vessel

Glass N
Leveler

<l [
|~ Main

>

Bottom Freeze
Valve

.. Electrode
LN

R

@

(@

i Refractory

Off-Gas Pipe

Pressure
Release Pipe

Feed Nozzle

a
\

SPCIFICATION OF MELTER (TVF)

Heating

Joeule~Heating

Containment Vessel

SUsS 364L

Electrode

Inconel 690

External Dimension

Wig50x L18T0x H2300 {(mm)

Glass Contact

Refractory

K~—3 20501(;

Totai Welight

15, 400Kgsg
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1~3 Plasma  cutter

4 Hacksaw
5  Hoist scale

6 ~ 7 Handling tools of cut piece
8 Handling tools of electrode
9 Reciever

10 ~ 11 tnternal dismantling breaker

12

Impact wrench

13 ~ 14 Handling tools of electrode

15 Breaker

16 Vacuum cleaner

17 Turn—table

18 Power manipulator

19 Master/slave manipulator
20 Shielding window

21 Control box

"CONCEPT OF THE DISMANTLING AREA.(TVF)
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In-cell Crane

iTv

/
f
LY

\Lift Tool |
A+ for Broken Pieces ,/

-._._________l_

Waste Drum / Monitor

Shielding
Window Dismantling Tools
Console

Outline of Dismantling Test
Equipments
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Turntable | Melter Ligd

Breakdown of Glass-

cut of Whole Casing contact Refractory

Cut of Casing at

Breakdown of
Melter Lid
Refractory

Breakdown of Refractory
in Superstructure

PROCEDURE OF DISMANTLING FOR MELTER
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Heating JouIeQHeating
Containment Vessel SUS 304
Electrode [nconel 6930

External Dimension

W1650X L 1550 H 1755wy

Glass Contact CS-5 1970kg
' ‘Refractory K—3 230kg
Total Weight 11,000kg

SPCIFICATION OF Vi/U-1 MELTER
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S UMMA R Y C

F

D1 sMANT L

N

G

M E T H O D

Object of

Dismant! ing

Dismant|

ing Method

Tool s

Containment vessel Plasma cul Plasma .cutting
machine
Electrode Cut Hacksaw
Direct grappile Handling tool
of cut piece

Refractory

Blow

eaker

[10-06 0098NS ONd
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Driving force

: Compressed air

( Bkesctt )

Handl ing capacity
2000ke

weight : BQke

Handl ing tools
of cut piece

IT0-06 0098NS ONd



PNC SN860O 90-011

= Ml vaysi
B e s
-
B
A et e
L — 770 200
7/ —— e, .
‘EF. /{ftﬂﬂ_ : {ﬂj — — L-13“
§ e
S : A
K __[ P e
| T L R N T 3
= . =
A U |
Driving force : Compressed air
weight : 250k

Internal dismantling
breaker
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weight 5 0ke

Reciever

1000

250

weight

: 70k

Driving force

! Compressed air

Breaker
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Ql
0oy
1 AN
— T
Q [r/ \\j -
N = N
A\ JJ
_ MRS
8 ;
<Y
380
380

/05

Weighing capacity: 2000ke

Minimum scale

weight

Hoist

—-178-
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15ke
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038 /8557
‘ﬁ I 2
0 ! N
J @' ﬂ & 4
' Dbt
&2
1| mamianes i S E -
B Q h
9
£o)
Rated current T k
= 7] S
250A :U " - :
Plasma gas: Ar gas:
welght
234
1500ke
167
) l,:i\:i ﬁg - | —_u'dl't ’ j-
"“.:: N 3
o 6 Q g
E / ;_-?‘.‘:‘:‘E‘l re i
/@%1_"_;_ | —
&

£

Cutting machine and Plasma torch
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Airflow : 0 pi/nin
Static pressure
—2800 mmAgq

weight 40k

Power

‘manipulator

JFW\\\
2 ]
== =
mrg [ T T 0 N |
T & -\\1 Nozzle
O "g_j \ /
o [ 3 =
§ B
Ls. T \‘ N
YO N

Storage drum for waste

Vacuum cleaner
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percent

Weight
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Sample : SUS304 . 10mm
(96) " Plaama
current : 100A
75 I~ | Speed : 24 4mmsmin
Fume weight | dmg/m
—_—— Dross weight: 180g/m
501
25¢

Diameter of fume

DI STR I BUTI ON o F D1 AMETER

F O R ME T A L FUME
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E ST | MA T E D W A S T E VO . 0O F
2 1 sM A NT L E D ME LT E R
Refractory Me L al
Other Electrode Vessel
K—3 refractory {lnconel 680) (sus304)
Total vo l.
8 0 0O 3 0 0 0 9 0 5 7 0O
(L)
Total 3 0 0 0 5 0 0 0 7 6 O 4 5 0 O
weight
(k g)
Number of
dr um
(5] 17 8
(3402)
(Maxb600ke)
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E ST I M A TED

WO R K T M E O =
D1 S MANTWL I NG T B S T
Name of .
Refractory .Total wvol, ?:;gantl ing|Handl ing Lime Total
{( nof ) (min) (min) (min)
L N — . -

1 3 § 2. 28 1 1.8 6 1 Hh 0 7 3
C — 1 0. 5 7 4 3 3 0 5 8 3
D C N 0. 0 8 1 8 1 7 1 2 5

F i b e r

A Z G

M R T —
/7 0 K

K — 3

Total
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Dismantling Test of Radioactive

Spent Ceramic Melter in CPF

CPF:Chemical Processing Facility

Procedures 1988 1989
' hug, Sep, Oct, Nov, Dec, Jan, Fab, Mar,
1. Cold mock-up test T
Tum tableiBraker, Dust filter, Tools

L, Install dismantling
gquipments

3, Dismantling of evaporator
and mixing tank

§, Dismantling of ceramic
melter

5 Take out dismant!ing
wastes from cell

b, Install new melter
(The 3rd melter)

{. Performance test of new
melter

8. Inspection by authoriiy

Cut byiplasma

Pining Uppercasing Refra

ttory,

lcans
|

Jcans
—d

Lower casing

fcans lcans
I
i Test Operation
U T
HInspection

]
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