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3. B9 PNC/KIKSVRXIVEEMEESHE

3.1 =EHE

AGENDA
for the 9th Annual KfK~PNC Meeting in
HLLW-Management, October 9-11, 1989

Monday, October 9

8:30 Pick-up from hotel
9:00 - 8:10 Welcome
9:10 - 9:30 Overview about KfK activities in HLLW Management

(G. Roth/KfK)
9:30 - 10:00 Overview on R&D program on high-level waste conditioning

(N. Saito/PNC)
10:00 - 11:00 Evaluation of the operational resuits of the noble metal

campaigns W4 and W5
(S. Weisenburger/KfK)

11:00 Coffee break
11:15 - 12:15 | Operational experience of mock-up test facility (19th and 20th
campaign) :
(M. Yoshioka/PNC)
12:30 Lunch
14:30 - 15:15 Formation and characteristics of noble metal sediments in the
meltier
(B. Luckscheiter/KfK)
15:15 - 15:45 Characterization of glass containing noble metal elements
(T. Takahashi/PNC)
15:45 Coffee break
16:00 - 16:30 Behaviour of Ru and Cs in the off-gas system during the noble

metal campaigns W4 and W5
(K. - H. Wei B/KfK)

16:40 Departure to hotel
'19:00 Dinner
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Tuesday, October 10
8:30 Pick-up from hotel

9:00 - 9:30 Vitrification of HAWC of the WAK plant, The new inactive test
facility with the K-6" melter .
(W, Griinewa ld/KfK)

9:45 - 10:30 Visit of the new inactive VA-WAK facility
' (under construction)

10:30 Coffee break
10:45 - 11:00 Melter dismantling technology

(H. lgarashi/PNC)
11:00 - 11:15 Study on absorption of volatilized Ruthenium into water

(H. Igarashi/PNC)
11:20 - 12:00 Visit of the vitrification plant V-W1 (mock-up for the industrial

scale vitrification)

12:15 Lunch
14:00 - 17:00 Start of group discussions (special questions)

Visit of WAK-plant and TEKO (arranged for Mr. Saito and Mr. Ueno'
during group discussions)

17:15 Departure to hotel
18:00 Dinner

Wednesday, October 11

8:00 - Pick-up from hotel

9:00 - 12:00 Continuation of group discussion
12:00 - 14:00 Lunch

14:00 - 15:00 Final discussion

15:00 - 15:30 Preparation of the minutes

15:45 Departure
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3.2 MBEELUREE

List of participants at the ninth Annual PNC/KIK Meeting

on Cooperation in High-level Waste Management

KER

Siegfried Weisenburger Leader of Vitrification Technology Division of INE

Wolfgang Griiewald Engineer, Vitrification Technology Division of INE
Ginter Roth Engineer, Vitrification Technology Division of:fNE
Karlheinz Wei B Engineer, Vitrification Technology Division of INE
Winfried Tobie Engineer, Vitrification Technology Division of INE
Horst Pentighaus Leader of Chemical Technology Division of INE

Berthold Luckscheider Engineer, Chemical Technology Division of INE

B |
Nobukazu Saito Deputy Director; PNC Tokai Works
Takeshi Takahashi Gemeral Manager, High Level Waste Technology Section (HTS)
Masahiro Yoshioka Manager, High Level Waste Technology Section (HTS)
Hiroshi Igarashi Manager. High Level Waste Technology Section (HTS)
Tsutomy Ueno PNC’s delegate to PAMELA Plant
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3.3 £E/FED
3.8.1 #HEH

Minutes of the Ninth Annual KfK-PNC Meeting
on
Cooperation in High-level Waste Management
held at
KfK, October 9-11, 1989

The ninth annual meeting on high-level waste vitrification of Power Reactor
and Nuclear Fuel Development Corporation (PNC) and Kernforschungszentrum Karlsruhe

GmbH (KfK) was held at KfK on October 9-11, 1989.

The purpose of the meeting was to review the progress and the state of the art
on both sides since the last meeting in November 1988 and to discuss in detail the

melter technology as well as the process treatment technique in two sessions.

The agenda of the meeting and the list of perticipants are attached in Appendices

[ and II. respectively.

Both sides have achieved significant development progress since the last
meeting at PNC. KfK currently constructs the advanced new melter to overcome the
noble metal problem. PNC is constructing the Tokai Vitrification Facility by

research and development experiences.

In the meeting, the noble metal behaviour in the vitrification process was
discussed in detail in most part of the technical sessions as the common interest
in the process development in both countries. The results obtained through the

discussions about all the subjects are very useful for both sides.
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Both parties confirmed that the exchange of specialists in an effective part

of the cooperation and should be continued.

As the next exchange, KfK will accept a PNC's delegate for KfK' s K-6' melter

operation in the spring of 1990. PNC will accept a delegate from KfK.

As a tentative date for the next meeting at PNC on November 1990 was envisaged.
Topics to be treated in the next meeting will be announced and agreed upon in

written form about three months ahead.

Both parties agreed to continue the cooperation in the field of HLLW management,
and to exchange the imformation about other waste treatment technologies.

For Power Reactor and For Kernforschungszentrum
Nuclear Fuel Development Karlsruhe mbH

Gorporation

-~

N. Saito 5. Weisenburger

Director of Waste Leader of the Technology

Technology Development

Division

Division of the Institute

of Nuclear Waste Treatment
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3.3.2 EvEIAE

TN—TEHHEDRB L TITRT, 15k, FHEAEOEEIZ W TR, 3. 5I13FRT,

Discussed items:

PNC' s interest: -

KfX's interest: -

KfK experience about effectiveness of bottom slope inclination
to drain out noble metal sludge (campaign W4/W5, flow mechanic
studies)
The effect of the glass temperature on the noble metal draining
efficiency and mitigation of accumulation of the sludge (20 th
campaign)

Effectiveness of bubbling on homogenious dispersion of noble
metal deposits (campaign)

Effect of Rhodium on viscosity of noble metal enriched glass

Behaviour and structural properties of noble metal elements in
the glass

Results of physical modelling of the K~6' melter

Results of mathematical modelling of the K-6" melter

Ruthenium behaviour during processing

PNC draining experience with a nozzle of 28 mm inner diameter
Behaviuor of film-coller off gas tube |

Progress in development of microwave heating to support
melting process

Behaviour of noble metal particles in dependence on melting
conditions {(time, temperature)

PNC development on new materials for electorde and ceramics
Dependence of viscosity of noble metal sludge on shear rate
Objectives and schedule of future PNC vitrification campaigns

Time dependent decrease of the power release to the MF heated
drain nozzle
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34 =B
3.4.1 EEMEBRICETIA—Ea— (KTK, PNC)
(1) OVERVIEW ABOUT KFK ACTIVITIES IN HLLW MANAGEMENT (3%2:Roth, ©)
) WAKTS ¥ bh 0B LALEE (BRETESSE) BILERITORS (H
AWC-WAC PROGRAM)
@ 2= FFR b : 1987~1991
@ HEBAE:
45° OFBEARE S -7K-W2 A L7tk WAKBER=EE L ALk
RESHTHRRONBELEER L. OSRTEOERIC L 2 EE~0OEE, b
JUEDHEHLFICO>WTEHE L7 T/, BEETROMREIE. BXLUKE
HUERLLIST 2/.57) U VOB R T HBREER L, BAEETOTR
MERIBEITO LB TH 2,
EFHEER 630
BEREREE 63
HERTRNER 275ke
75 2B 25ton
® HEBEE: |
HEROER., HERTHRNIEERICE T ARIEZEA1ET 31T A L ¥ iFERED
EENUETHS B LI TOTD R FATDANS E LT, £DREBIFE
HEEES-7K—6 ALy 5% L. BIE. VA-WAKIZBSRFTHB, K—6
DFET LOBERMIERENI322~25 £ /h, BRLEEIZ11~14ke/hTH Y, RE1 Bic
B EIFONBFETH 5,
@ WAKPBENTE
PAMELAIZK— 6 ANZZFBE L, OFEREEIHSOMBEEFEL TS,
fofl., CHIIWAKBERO P AME LANOERED S 1 & » AZEUST 2 5682S
55, ROBLIEEE LV, B TERWEAICRK { KTHET 24 7Y 5 VAR
NTWB, WAKBEREIZREZ T2, T LTy v v MY LV ETIZ0HE
AEN. b=F 82 TH B,
VA-WAKIZBI 5K -6 A5 DEREIVIUERETITHET L., S0EMDN
it 2 EE ORERERRETFEE L. BREICh/: 2 O&knENEIc I 2 HEEEET
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9%, —A. PAME L ADBROMIRLINERE TIHT T 50 Bk 4
U AHBUS TEIIRS. REIZK-6 AN F%2PAMELAIEA M5, #h
EEITLTWAKERE P AME L Alcli®d 3, T LTRBEMHNSPAMEL
ATOI—) FBIEEEM LIch &, BERENSOUBEEFELTHL S,
i) Industrial Vitrificationd7-s>DHEHTHERE
WA KBERORICIMEE DS\ B OB IR OB 2D i1t/ > TK |
KTRANSAOES. R#h, BE. T LTREAHFEETTY Ik 0k, H
mBVIERET Z AT A NS BEHIRBL TV 5, Ttz OfE%ETR T,
® Physical Modelling
K—6 A% LEBEOHEETF VEREBICL D, ANITHD
> Blectrical potential field (V)
+ Electrical field intensity (V/em)
Z JRTTHMNTAEL . ZNTNOHHEREERL, FTHEL T3, X5, FEIC
Al-foilZfE~C, HERETROEREIEET 5 LTk DEEORIEEFEM L
TOEBEFHELTVWE, COPETFIIIBVTR, 2TORNOEITTHREE
BROANFIZEbESE L EITARARETH B LD D, ZOFEE LTRERKER
VT,
® Mathematical Modelling (3D)
PN Cic#i) 5 3 SOTEGBIRRHT 7 — I & FIRC
- Electrical potential field
- Power dernsity field
+ Temperature field
+ Velocity field
KDWTHETS 5 2 LAk B,
® Flow Mechanic Studies
FEHE LOESHRTROBRBENG 1 &) M ERET 2012, TOBEOH/AN
EREEA. ChB HOELEHEDORE. BOEHAEZ/ X5 1 —5 & LTRED
T3,
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(2) Overview on R&D Program for Vitrification of High Level Liquid Waste
(% : FFE—)
BRI B13 58 L VERYBEORFTRHEREOBRIKIC W T T O & S QIFEIC2WT
RFEIT 70
* TVFODOR 7 P 2 — Il X UBIEOERIRNR
- TVFERE T, BLERROBELMEBEORARERE T 07> L, WCHEY LR
22U DMOMERE o 7S L
- HZ AELE o R 5 T hE TORMBIRIAE L 20 EH
- EEELT S v NERADW
- TRUBRESEY DN
 PWT FOBE
3.4.2 BHERTHEF+ N—WLBIUW OEEEROFE (KT K)

(Evaluation of the Operational Results of the Noble Metal Campaigns W4 and
Wo, FZ% : Weisenburger, S)

(1) FvorR—rOEN
45° DFENEEER-7CK-W2 A7 DEERITI OWL BLUWE F ¢ -0 %
EHEL7. THENDF v o R—VOFELRENREILTOLED TH -7,
WaFe oR=2 QO FETEOT2 L /MO ERMIEEESE L U0ke/hD A 5 R BhEH
| EOHR

@ B4 (Ru, Rh, Pd) 150ke%k STBEROME

WEF ¢ R~ O BENBENINOTVLFL s b—F 4 T OPEOHSR
® HERITFERORZHLAOITNTY v 7 OROMHER
(RhERR < 123ke D HEHETHR SH BER DILEE)
(2} HRBOFE |
AROBRIZIFELVREIC>WTRO LB TH 5,
O AN7REBREHOMHRR
Wi ¥+ 2\ — L OFRTE. RRIERESIIIETLH~H0 £ /b, BRKTH55~60
L/MEFET EORENZBR LIS 1o HELE UTRL FERICKSHEEE DD
IEREmICE BIREEE S 5 R FOEAM, HETI0~40emic biE L 7o+ A5
MRIT T,
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T, TDIFADED -1 ENST L F LEBEEIZ200~350°C EEM - 72,
Tlhle b—F4 YIEFRALEWS F+ o R— U Tld, 7L+ LEREER 450~
600°C LBEDEBIERETH » 7obd, BERIMIBRENIG TG TIT L /hy /A TH0 L /h
Wi Fo oR=VERIFRUTH -7 L L. AN 7 BEIREEGIERICTE L TW
72

@ HEHBETESHRERONE

Wi F 4 R= TR BERETFEOIRE H LERNP60~T0% B A7 ICHE
BLcHERTRICERT 2BREOERRENRE L, JoL XEBEIERE
0. 34 =L oiRAIC0. 1 A—LETET U (K38.4.2 - 1ITRTS ) o

—F WhEF & o R=IBTBIT77) V FEEEFRETHEOR S H LISsHi
Boonichl, TITHRERDESBROERAZVIR N, EREEROETIR
0. 2574 —Lin0. 154 — L L ENTH-T2o WHF+ U R— Uit BiREH LRI
PAdiR-oWTIRI0B EEh-7cdl, THiEW 4 F+ U R— U THRPAICEZE LTV
bOMREHIN b LiEES N, —F. K T KTHSRTREEOTNTSH S
EENFRuUDIKEH LRI LEL . 10%RLEN AN FEERICHE L b Lit
EXxNi,

B T R OFPHERINR G+ + o R— 2 & I LTH Y., HBlca—F —LF
FICRBORRNRD 6N, Eio. TOESETRBER I —F—HOLBIZ LS
{y WE 4 == IBOTHR U TRIONETS » oo ST 5 ~8 %T
Hotie COEEIIP AIRDWTHERETH 7o W— 4 F 4 o=~ VK THROIFN
REA S ADOHEETRBERRS. 4. 2 - 2187

P L OHBRERN 545° OIFEARE T T/NT7Y U S TIRESETEOER A GRS
RELUGSWVEECHLT 2 L3R TATHE EMTE N, JORHERIC OHE
IKEEHRTHROHEMNE 0L 51, 45° LD bEHikE#HAE (60~73° ) 2%
DK 6 ANFHEETENI, AN FEEERS. 4.2 - 3 ITRT,

COBETTREFETY 7, £REMEET Y V7T A8 Th, flA
3 BEETY L7 TIRORRTROEREEE LR TEE T, ChERV/GT
EPREINTNS, K—6 ALy DIFRRHOTE" ORIEIIC 1 coDHERE (75 A D10f%
DBEEEGFA TV S, ) ZRELISRE, PREGO T —F+—HEFDON 7 R
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B HRAEEZLWEADIOCITX L TIN0°CETLRET 2 Z &aRa i, 1HE,
Rt TRBEEEE (OSKERL) TOESRENFRERO THI—F+—8EFICRS
Nize TDIHI—F—EAOEHFEDEE 2 BT a—F — SIS EIF ook
HEf-TWwa,

—F.\ FTETEA v VaBRE LT bk & »7i8E, SHENSLEENML TV 30
ICERRIE 2. 5 LIS DRt Sl dhic, Jfch, FRICE=S Y
VIRA U IR EERITIT, TORENBNEILEDE S » TR L YT 2 HE%
EaTWVB,

s W5 &+ UR=VTRC rBrs Ron, ThR 7Y YR DiitkinE
BNT 5w 7 SNIEEREREINI, '
TV Y FIREDRUDA NG i SOBITRAMNT BINE I TOVTIE, WaE

W5 F 4 2R — o OEGE R B DFHETE I,
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0.45 .
U [ Vorkampagne Kampagne W& ©
T 060 L HAWC-WAW- HAWC - WAW-Simulat_mit Edelmetfailen.
- Simulat ohne | ]
[Q )} 0.35 : Edelmetalle —O—  Eleklrodenpaar 1-2
- & —&—  Elektrodenpaar 3-4
0.30. + +
E 3 | T e
- 4 o siche .2
025 E \2 o g . >
- * % ‘ R
120 E +++ F+ Q (Glasfiillstand Ofen: ca. 1800 kg
; + G;\O/G—O—G | ‘
015 E : >0 GO0
010 F ) o
- O
- +|+
005 |
0 y 1 1 I 1 1 13 1 | 1 | L 1 | |
18588 20 22 24 26 28 364 25 4 6 8 10 12 W 16 18 20 2 2% 265
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K8.4.2 — 2(1) F+ »R— VR TROENHERERR

Abb. 3.6: Restglasschmelze im K-W2 Schmelzofen nach Entleerung des
Ofens unmittelbar am Ende der Betriebskampagne W4. Die
Zahlen bezeichnen Probenahmestellen. Von diesen Stellen .
wurden schmelzflussige Glasproben genommen.
(Analysenergebnisse siehe Tab. 4.3)
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o
1 Soubere
] 45 =f1ache

b)
Saubere
45 ~1aeh

[3.4.2 - 2(2) F+4 YR VT HROIFNHERIRR

Probe Nr. ® Platinmetallgehalt (Gew.%)

Ru Pb

Ist soll Ist soll
1 6.33 0.539 0.45 Q.47
2 8.37 0.539 4.67 0.47
3 6.86 0.539 3.54 Q.47
4 10.23 0.539 5T Q.47
5 11.22 0.538 4,42 Q.47
6 11,23 0.539 4.44 Q.47
7 11,28 0.539 5,8 0.47
3 508 0.539 3.0 0. 47
g 8.23 0.5H39 3.66 0,47

Mittelwert 8.75 - 3.98 -

*) Probenahmestellen siehe Abb. 3.34
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34.3 Ew I ToTISANIOEIEER (PNC)
(Operational Experience in Mock-up Melter (II) Campaigns, &% : FRIEL)
A BERILB I AR HROEFHZELMIT BT, cHETEBLTEAF
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- &Ny FORPEREHRIRIASETEORBLEBOBAL & LICETT 205, #TF
CEDEREL, Yy FRIOIEROELRED SNIE I - 72,
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FECEETHERIZERD SWEh -1,
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- HBERTRBE L 75 RBO SPRICEE L ESRTROBRIMA LEBD 1 %
PRATH -1, K8.4. 3~ 21TANFIcBF 208ETRINEAETT,

® HBEETEROEEE LKA
R TICBI 2EERTRREOE L, VEHBEREFNEEE BV LODRTE
EHITEPHIETTE2008R 6N, K3.4.3 — 3ICBITF + o_R— L TOBRE
ZiLE bt TS EIDESRICEI 3 BEE(LETRT,
- COBEEADIDIERBELEM L2y FOR U0, DikEH LSRR, &
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B43.4.3—1 Melter Operalion during the Feed of Noble Metals

B ! T 1 T
i
= - |
MAIN ELRCTRODES
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L N ANNF 1 oA
RESISTANCR BERTWERN
AUXILIARY XLECTRODES
L .4
- [~ UV i AUV N A | DU VU I AUV I,
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- R580
o : 1 1 1 77
{chm) 89/06/ 14 : 88/07/14
TIME 21: 00
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FEED

RuO2 40785

Pdo 22970 ?

VOLATILE

* PdO

FEED(net)
RuO2 36707 ¢ |[ RuDz 100.0
PdO 22970 PdO  100.0

;L

LEAVING

| ==+ RuO: 4078

uO2 261 gl|| RuOz2 0.7
PdO 149 PdO 0.6

DISCHARGE EFFICIENCY
RuO2 34549 RuG:z2 94.1
PdO 23052 PdO 1004

3.4.3 —2 Balance of the Noble Metals in Melter
: ’ (20th Campaign) :

o9

100,
0.0 Yo
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(%)

Noble Metal Contents

0.
.

20C-NO. 16
| 7C-NO.2

0 . . : | . |

0 100 200 300

Glass Weight (kg)

- Bl3.4.3—3 Comparison in Change of RuQ; Content durihg the Glass Pouring
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(%)

Noble Metal Contents

QL0 -06 0098NS ONd

3
2
B0 NO.10
70-80 kg/h ¢ NO.11
¢ NO.12

-90-100 kg/h

150 kg/h

9 - 100 200 300

Glass Weight (kg)

B3.4.3 =4 Effect of Pouring Rate to RuQ, Content
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3.4.4 AN BEEEMEMOLRN &R (K K)

(Formation and characterization of noble metal sediments in the melter,
H¢Z% ¢ B. Luckscheider)

W—4 EW—5F+ oR—UTBEINAAZ A, BLU 7Y v biZNa, Mo, Ru
DARMUIA T R DWTRHEZ TR RIEN SN

3.4 4 — LITRd LD ICHSBEAREFRINS 05 LHTHEEEIRE D, HRk
EBFFR0~15% TS EEERNL S, BREN~NOEEICOVWTIARS 4. 4 — 21TRT &
DI, BEETHEE . 5 BBALBEE, EELVWBEITILY/10CHER A ELDT 5,

OEHRTREEFREBE L OBRERES KR LONRS. 4. 4 -3 TH S, ALK

TEREERIFORETAE LHBEENEG DN - 12D, HEOTHEE 7 IIEENEE
DEEERFZ L T EN e EEL DR,

INEID A Vg R FV, BERTEOREB ISV TEENTHN RuOy (ZPd—
Rh—Te&&OBABEIHFE LI 77Uy F+ (Na, Mo, Ru) @ 100BRIDIEEE
BACIIAAEE I ROBRICRE (BB LAV I LRI NI, EROTIICIZB
FORENSVRESIZE LBV EELNSHIHEROR u 0 PEREINS, JOHIRE
ERIAIG—R LD TRENTFOREGFETH -7,

BE&pETETHICET 2EREROEED,

- EREFIR TR ERE M CERlT UTIEL T 5 RBEHEDE o 3,

< T AERUFETI FERICRVED S BERNF ORI EA T,

- 200 & TOBGHH TR, B TFONBRIIM L & bicEnT 2,

: Pd—Rh—T eliFoOMmid, BRFOERK, T e EFEL SHEWFD80%Rh

Xi328% T e £ TEILT 3o

*Pd-Rh—-TeliuTikETe~ERhE, BRh—ET e D 247158 2,

* Ru Q. BHFRENMDOMORAEEEATVSE, JOHVWNFRCrLRhOE

BFENIEMT 2 (FRZNEK6m01%) -

3.4.5 HEHRSFEN T AOEESHE (PNC)

(Characterization of glass containing noble metal element, & : A&
BEBANTEALF v = Ty 7T v TEIGRV0F + X~ VBEEH 5 DR
IR RIC DWW TR L,
H&HEH 7 ADTHIREEIC DWW T, BBl 5 AP0 g&E R ISR FIAaREL T
FELTWADICHL. BSRTRNEREICEZ LEHAR u 0, LEKIAP d¥FATERK
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INTWBI EZEBA LT, El9F+ R~ VEEREBSEH S 2thh SiEI S i B8k
DRI 3. 4.5 — LISFRT LI, KIKEFHERhAE%2EUPd-Rh—Ted
BETH -1, |

BOEB A N EE TS Rip GRS N BEETREEOS VN S 2 DllE L UES
EIERS 4.5 - 2B XU~ 3ITRT, fitEiddE= o — b UikEEH TR L, BESUERR
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Temperature [°C3 Melter Sample No.1
1284 11508 1188 1858 18949 _////gz;

2089 ? - T . / ;
1889 : PM—Cont. ; 165% | Kok.24 Sample 1
- A
- d Kok.3 Sample 1
v < &
P A 7
504 L .~ |~ #] Kok Sample 5

- - o5 L 1 | (¢Lab. Glass Prod.)
7 - 4

S _ L

L 3J=a

ok //// ///*/ /ﬁ///
32’288 o :;/// //////'

= " //j 0-207%

o -

O 183 — //

Q L = ]
K2 - o

rL/ /
5d >
=
4”////
2y
E.6 7.9 7.4 7.8 8.2
184/ T(K)
Abb.-5: Viskositdtskurven von Glasproben mit unterschiedlichem EM-Gehalt

aus der Verglasungskampagne W4

K34 4—1 HLSKEEETSAOWHE (WL F v rR=-2)
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6. VISCOSITY
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Noble-Metal Rich Glass
TEMPERATURE(C)
1150

1100

1050

1000

950

900

850

10°

X b » O®B O

|

102

APPARENT VISCOSITY (Pa - s)

|

T T T ¥ 1T

1

1

I ! I

10! ) I S S| I B S N !
0 20 40 60 80 100 120

SHEAR RATE (107%s™)

140 160 180

Apparent viscosity of noble-metal rich
glass. |

R34 5-1 HEBANIELF 4+ VR~ VFERBREH 5 RO
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19th Campaign Noble Metal Nodule
aQua regia etching, 3s, R.T.

white part : 40Pd—56Rh— 1 Te— 3 Ru

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

K345—2 BI9F+s o R-VIFRBEN S AhOHELER



T (102 °Cc)
1210 876 5 4 3 2 1 0

LEE I I R I |

—u—  Standard Glass
—e— . Noble-Metal Rich Glass

1968)

——: Pd (B.E3WHOBbEB,
1984)
—— —

— e ——
—————
T e
—— ——

—=--: RuQ; (W.D.Ryden et al,

1 /T  (107*K '“)
®3.4.5~3 &ﬁwa7§4#+/«—zmﬁﬁgﬁvxmimm#

Electr:cal resistivity of waste glasses and nob[e metais,

40

0I0-06 0098NS ONd
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3.4.6 HEEFX+  N—UW-ABIUW-5IIBA2F7HZAMBETOC s ERud
28 (K K)

(Behaviour of ruthenium and cesium in the off-gas system during the noble
metal campaigns W4 and Wb, 3% : K Weiss)

ZITRC s ERuDHBEIF L&A 74 ANEEBROD FAFER I,

W—4 LW 5F+ v R=0DF 7 H ZMBBICEET 5B M445%K 3. 4.6 — 1ITRT,
W—5F ¢ vR— TRV F AL —FIC L BMEINEETT > TW A2 T L LBREMN
%<\@ﬁﬁ%xmuﬂfuyﬁ%ﬁofmémﬁﬁﬁfﬁéo

CstRultxdADF%KS346—1&—-2iRd, RusCsitxddsarsoy
DDFPW—4 3% o R—-VTRDEVDRALIDVOBITENREDZ WD ERIHEN
72e LinLy AVFDDERT LF LEBMEE STY 7 ZfT>T0BEW-5TLDD
WOERIOWTRRERE TS, SBEETILDOIETH T,
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#£3.4.6—1 W—A4BIUW-50F 77 ZAFERLEDES

PARAMETER W4 W5
Feed rate £/h 45—60 40—50
Power input KW 75—90 75—85
Plenum heating kW — 15
Bubbling mi/h - 2%0.8
Process conditions complete optimal

pool coverage
coverage
Central température T 1150 1150
Plenum temperature C 300—450 450 —8600
0ff-gas temperature C 115-150 120—160
(scrubber entrance)
Quantities of
Ruthenium kg 73 66
Cesium kg 122 11

OFF-GAS RELEVANT PARAMETERS OF THE NOBLE METAL CAMPALGNS

- —33-



HAWC + Dust Jet NO
Dust E: > us ' € X
scrubber Melter Scrubber Condenser Scrubber Absorber]
solution
Compaign W4 278.0 2.4 3.3 2.1 330°
Campoign W5 : 69.5 1.8 2.1 2.4 24
NO y ) ‘
Absorber Tl HEME HEPA ; ﬁ >
k
Gos Gos Stoc
Compaign Wé : - Sompling . ! Sampling
Cempoign W5 : 1.0 } 13.4 ' i

+ high DF, because no analytical dato ovailoble after NO, —Absorber Il

DECONTAMINATION FACTORS OF MELTER AND OFF-GAS—COMPONENTS FOR CESIUM
INVESTIGATED DURING THE NOBLE METAL CAMPAIGNS

K3 46—-1 WA4bBbLlUW-5F¢ o=t} BCsicd3DF

0IT0 06 0098NS DNd



HAWC + Dust Jet NO
Dust us e X
s([;ﬁ;l;ber ]:> Melter Scrubber Condenser Scrubber Absorber]
solution
Ccmpoign W4 25.6 8.2 17.3 46 60.0 *
Compoign W5 : 40.0 8.3 3.1 1.4 2.2
NO | | . . '
bt . - HEME HEPA - >
k
Gos | Gos Stoc
Compaign Wé ;. - Sampling Sampling
Campaign W5 : 1,02

+ high DF, because no analytical doto ovailable ofter NO, —Absorber I

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

R34.6—2 W—4BLUW-5F+>R—2cBFBRuUICHTBDF

010-06 0098NS INd
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347 WAKZ7S» bOHAWCOHH S 2L (K f K)

(Vitrification of HAWC of the WAK plant - The new inactive test facility
VA-WAK with the melter K-6" -, ¥3Z& : Gruepewald, W)

(1) WAKZ35 YV OB LALEER
WAKZZ v MIIOTIE 9 BA SMBBARITH D, 1990FEOKRICE Y+ v b7
INBILITH-TWVWE, COMICRET Z2EVANVEROEIL. SEROBEFRLEE
WmMESHTENTH S, OBEHREPAME L Aickn® L. 1993FICE AL A BMG
+BHETHBH. COHEDT A £ ZAHEAIVESITIZK { KPUCHic@gss
Lhfex (VA-WAK) THEBT B ENELoNTWS,
WAKORERIEERRTFFE» o0 (BREED T, 2 >BABEOHERLEA
FEFENObDER B0, ZOHBIIASKRTROBENS (LD, £/cNa%
BB (208/2) ISEH LTV, TREHAERS 4. T — LITRT,
(2) HAWC-WAC Technology Program
WAKER =BT 5 DICHEREMER S L TROBHNEF SN, RET
BRENEDONTETWS,
D BEETFRES  SET ERONED ORI A L 5 HE DR
(K—6 ANFINRDEEBHTTH -7, )
—H—=NANV—TOK{f K- I NETEDHLNTWVWA, —
@ BWILAbMa—FTATEREICTEATRTY v bORR
GEDY R b m—F1 2 7i318%)
Y OBM ] TEDHONTVWS, —
ZORORT P 2= N3P TDEBDTH B,
@ a—NFALY K-6 OFEFR b
vy b ALY K- 6 OREOHIC 2 ED AL S BirE1900FITTFE
- 5 REEEOHRE SO HRICHET 3 A L 5B e 1991 FEICE
@ &y ALY K-—60DH &R
 BEFEI90UEREEIAT Ly BEBE 1902 REIC T 5o
cBREFTLTAN S OB = 2 T INELERT 5,
® PAMELATOK-6ALYDFR MEEA1993EICENM
(8) VA-WAKTOK—6 A L7EEDTO—— |
- WAKEE#IZ22 £ /hCZIF AN,
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cANETRBL/M (FRPRISMSDYH A 703 L/hEED) TRIET 3,

» 775 ZBUEHEIT13ke/h Ty FT IR 2 BISHTTITV. 400kei T8 5,

« 74T —5 (3Bnt/h) HFRFEhB,

« AL DEBRREI1200C

A THRRRBIANRIZ3, 2U0Fo8, P2y bPRIIN, NOXRI S8, 7
—5—, TIAIMZREIN. 7O07340n/hTH %,

{4) K—6 A%
K—6 A5 DFEEELILTOEBD TH S,
TSRFRERR 0. 88m*
HZ5 AT —IVER 400 ¢
75 AT — VRS 95cm
FEEEN OOFES 28em
%) B 4E e 60°
—~HFIEER 52°, T5°
25 2.9m
2ER 20t

CNEPAMELAANLYTHBEK—3, K—4, K-5 LT 3L, fFiRgIEEL
THHP., FET 330Kz 85, THIMFEINEC L - EITHHEL TV 3,
ih\K—€xw&m@Wﬁ@m%%o%méc&#eﬁaxf—wﬁﬁﬁwé<mé
7e¥5, PAMELAX VS KL TT L+ L8 NT— AR 2D BRI LS
LEHIEiZ ET L 8- TW B,

B OREAREII000~950°CT. O/-HOERES U —3BERTRA 150A
TdH 5, |

K—6 ALy DiEEEPAMELAALY K~3, K—4, K—5&HELTHS.
4.7 -2 IR |
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Ci-

P20y

20 30

Referenz

LAVA Tank 210.02

Spec. Activity
Density
Oxides:

Nitri¢ Acld
Volurme.

A e gy

515 Ci/l
1.3 g/l
95.4 g/l
5.3 M/
BO m3

B Nog0

20 30
g/
Referenz
HAWC WAW
Spec. Activity 600 Ci/l
Density 1.2 g/
Oxides 64 g/
Nitrlc Acld 5 M
Volume 372 mYo
|

B3.4.7—1 Comparison of HAWC-WAK to waste produced by

industrial reprocessing
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////

////////4

77 71 A A 4

//////

i

F/////// -**

Melter designation K-3,

K—4, K=5
Waste type LEWC, HEWC
Glass poo! surface 0.72 m2
Glass pool volume 300 |
Discharge volume 601 (3 x 50 1)
Start—up technique 20 MoSi Elements
Containment Height 26 m
Total weight , 18 to

3.4 7—2 Comparison

of PAMELA melter types

K—6’

HAWC—WAK sim,
0.88 m?
ca. 400 |
2 x 751
5 SIC Elements

29 m
ca. 20 to
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3.4.8 BAINGREEZMEARE (PNC)

(Current status of dismantling technology for liquid fed ceramic melter,
& A+ED

INE TORREEMBHREE, e o R, REBSH X UG RE RIS Y WTH
Flio K3.4.8 ~ 1ITHREFIEE. &3 4.8 — | KIREHEREED SHEE X h 7k
BRI R T

K f KTId A 7 fHAHTcBd 225813710\ & W) T & TP N CHIfICBiRE R L7,
— . BAREYRAERDERNBETHS LD P N CRIDSROHEHLT, KK
Blid A V5 DEGHRSEV O TEEMFERIZ LI EOBLETIREN - O REER
L. EOWAKFEFIEOREFK L,

3.4.9 HERER uOKNORINEHICHET 5EHER (PNC)
(Study on absorption of rolatile ruthenium into water, RE AR

A 7 A APKETOEREFIC BT 2B MR u OKURBEHIC >WTRR L1,

B3.4.9 — 1 BIU - 2IKRTKIKNOx ZHMT 5 LERER u (RuO)Avkic
ERENE B, HINOy LONODIESINZORIAZNT L7z, Fiy
(R FAE U7 ERMER u O7RA~DOBIN IBIGEEEN FR L THET Lid -7,



Breakdown of
Melter Lid
Refractory

Cut of Casing at
Melter Lid

Turntable

Breakdown of Glass- _
contact Refractory Breakdown of Refractory

in Superstructure

cut: of Whole Casing

PROCEDURE OF DISMANTLING FOR MELTER
93.4.8 — 1 BEA LT IRAKENE |

010—06 0098NS ONd



#348-1

BE A L% Rk B

BSTIMATED WORK TIME OF DISMANTLING TEST

Total vol. Dismantling time Handiling time Tolal
Name of Refractory

(n) (min) (min)

LN-135 2.28 1550 2736

C-1 0.57 405 838

DCN 0.08 71 252

Fiber board 0. 47 334 691

AZG 0. 33 191 541

MRT-70K 0.47 461 969

K-3 0.78 1841 4438
Total amount 174 h

0T0-06 DOIENS ONd
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107 S 1

)

e
|

mol
mol

Ru concentration ratio (gas/water),

1073, R |
0 101 102 103

NO2/RuQs in off gas {mol/mol)
Effect of NO2 in off gas on RuO;

concentration ratio (gas to water)
CP denotes under detection limit

H3.49—1 RuO, OKNDERIICKITTINO, DEhE
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1
10" —4f— | I ]

)

mol
/el

mol

mol

= N
R

—
[ e
|

o

- Ru concentration ratio (gas to water) , {

p—y
——

L L ] |
10 0_5 ’ 10 102 103
NO/RuOs in off gas [mol/mol)

Effect of NO in off gas on RuQq
concentration ratio (gas to water)

34.9—2 RuO, OKNOBPUIRITTNODHE
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3.5 FHHETE
REROMBRT LIk, PNCEK f KADEHEL LUBOLEIZ>WTEEEED 3120,
FEHHETRRICIE 5 7ce T D ICRE L BHEFTERICOT AEAIEE A BEEOEN, SR ONT
WARLDTH B, 12720, EREBANSY, A T7H X, SR, BLUOH T RMESDO/NT L
— AN TER L TWeh SEEERO T — A& EMEIcR Sh. BoEg, o+
THR, 5 ZAMEOESFIBIRICEELESOT, FA—FizadhnFicE K L1,
PNC/K f KDIAMSIRREN/TF—< (- 1 BB KES{HEROBEILTD
EBVTH B,
3.5.1 PNCHIDEL
(1) B&EkEHUISHT 2FERAER. bl UREIEREEZOB T
P N COBER CRIFEARE & PR RO A 2 Eakk i LIt LTEY
THBIEDERINT VS, '
—#, KEKTR W— 4, 50F 5 oR— L ORBEEN H45° OARRITFHT
HEEHBL TN B, ZOHERE LT K— 6" ALY TRE0~T5° OFELE Liz, 17
EREZESTAILELFHEBLoNEN, VLo LEBETIHITHEE DTS
s NTU VB PAMELATRTY U F2—72 2 A B 1 BIERLTVWADT
REWREBORSTIFE L {10V, Fio, /ST U Z7EEISEVGETIT) EHEOH 5
ZDBIS MBS Do DI, ERIEHN S FTRANBITEEKE  F
B LRI 2tk LTV A, R
(2) 7 v S DASBEARICTE DR
WRXT Y P TIZERIEIN, A5 AREH LIS RaRi 0 RE Lo TRERE
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Area of Site

109 hectares (270 acres)

Area occupied by trenches used for
shallow land burial of low active wastes

22 hectares ( 55 acres)

Dimensions of trenches

2bm wide x 8m deep x typically
T00m long but note that

Trench 7 is designed to make
the maximum use of the
available land, hence the
triangular shape. The longest
side is 350m in length, the
maximum width is 120m and the
maximum depth is %m.

No of filled trenches

6

No of trenches in use

1 (Trench T}

Filling rate per annum

30, 000-40, 000 cubic metres

Total low active waste buried

650, 000 cubic metres

Anticipated life of site for the purpose
of shallow iand burial

at leasl 8 years but longer,

if the waste is pre-treated,

eg by compaction now under
consideration. If all known
plans for waste arising, waste
pre-treatment (volume reduction)
and vault construction are
fulfilled, the presently
consented area of the site will
remain in use until 2010-2015.

Average number of loads delivered per day

Construction materials also enter the
site by road, and BNFL are assisting
the County Council to upgrade the
standard of local roads.

One train of up to 25 skips
and about four road deliveries
of radioactive waste.
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Overview about KfK activities in HLLW management
Evaluation of the operational results of the noble metal campaigns W4 and W5

Formation and characteristics of noble metals sediments in melter

® & 6 ©

Behaviour of ruthenivm and cesium in the off-gas system during the noble metal

campaigns W4 and W5

&)

Vitrification of HAWC of the WAK plant
-~ The new inactive test facility VA-WAK with the melter K-6



