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1993.12.7
Agenda of
The 12th Annual meeting between KfK and PNC
in the field of High—Level Waste Management
held at PNC Tokai on 7—8 December

The 1st day,Dec.7, Tuesday

8:00 Pick-up at the Hotel

8:25 Arrive at the Tokai-works and clearance procedure at the gate

8:40 Welcome and meeting Mr.Miyahara,the Director and Mr.Sasao,the Deputy
director of Tokai works
Move to ETF

9:00 Opening remarks and Confirmation of agenda

TECHNICAL PRESENTATION(1)
OVERVIEW
9:10 Current status of radioactive waste management in JAPAN
{(PNC: Zaitu,T.)
9:30 Current status of radioactive waste management in GERMANY
(KfK: Roth,G.)
VITRIFICATION PLANT AND PROCESS PERFORMANCE
9:50 Conceptual study for the conditioning of the HAWC-WAK waste and on-site
vitrification (KfK: Roth,G.}
10:10 Plant description and nonradioactive start-up test of TVF
_ (PNC: Yoshioka,H.)
11:00 Evaluation of the noble metals behavior, ESM feed preparation system
(KfK:Griinewald,¥. )
MELTER AND PROCESS TECHNOLOGY
11:30 GRAVIS process control and data acquisition system (KfK: Roth,G.)

12:00 Lunch
13:00 Tour of TVF
TECHNICAL. PRESENTATION(Continued)
15:00 3-dimensional mathematical modeling and physical modeling of melter

(PNC: Ayame,Y.)
15:30 Measurements of DF data for Sr, Cs and Ru for the melter and the off-gas

1ine (KfK: Weisenburger,S.)}
16:00 Inspection technique based on LASER for melter and dismantling of spent
melter (PNC: Kobayashi,H.)

16:30 Melt level detection system recently tested in the K-6° and K-W3 melter
New overflow heating technique applied in the ESM melter
(KfK: Tobie,W.)
17:00 Move 1o Hotel
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The 2nd day, Dec.8 Wednesday

TECHNICAL PRESENTATION(Z)
9:00 FUNDAMENTAL RESEARCH ON THE FUTURE HLLW TREATMENT.
New glass melter (PNC: Igarashi,H.)
Partitioning of heat generating elements (PNC: Yonezawa,S.)
Higher volume reduction glass melting {(PNC: Sasage,K.)

WASTE CHARACTERIZATION AND PRODUCT QUALITY ASSURANCE
10:00 Characterization and quality assurance for the HAWC-WAK waste glass if
produced in the PAMELA and disposed in Germany (KfK: Weisenburger,S. )
10:30 Characterization of glass and HLLW for the quality assurance(PNC)
Characterization of the glass produced in cold test operation of TVF,
(PNC: Kawamura,T.)
Characterization of the HLLW from the Tokai Reprocessing Plant)
(PNC: Yamashita,T.)
11:00 Break

TECHNICAL DISCLSSION
11:10 Indentify subjects to discuss and discussion

12:00 Lunch
13:00 Discussion
17:00 Move to hotel
The 3rd day, Dec.9 Thursday
B8:40 Summarize the technical discussion
12:00 Lunch
13:00 Summarize the technical discussion
15:00 Future colliaboration

Preparation of the meeting minutes
17:00 Move to Hotel
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2.1 Current status of radicactive waste management in JAPAN
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Geological Isolation Research Facility (GIRF)
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Shallow Land Burial at Rokkasho

&> PNC

€00—¥6 00T8NL ONd



W

MY

Rokkasho

€00—¥6 00T8NL ONd



Management ('_‘)—f"“Radioactive Waste
Contq__ini_ng TRU Nuclides

- Minimize the Generation and Develop the More
Advanced Technology to Reduce the Volume

- Dispose of :
Below
1. 11GBg/ton _>—>  Possibly by shallow
L and Burial
+ Above
TRU WasteJ

More Adequately in Underground Repository

- Clarify the Feasibility of Disposal Technology by
the Late of 1990's
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(@ Vitrification
Building

Package Storage
Building

(9 Returned Package
Storage Building

LY

General Layout of the Reprocessing Plant

at Rokkasho

&> PNC
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Based on Careful Consideration

HLW Disposal Program should be

It is Considered Highly Important :

- To Provide a Clear Distinction between
Implementation of Disposal and R&D
as Independent Processes

- To Increase the Transparency of the Overall

Disposal Program by Defining Concrete

Schedules and the Roles & Responsibilities

of the Organization Involved

& PNC
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Overall Procedures & Schedule for
Implementing Geological Disposal

1993

~2000

\/

‘Steering Committee on High-level Radioactive Waste

Project (SHP) was Established on 28th of May

Implementing Organization will be Established
- Site Selection with Local Acceptance
- Site Characterization Studies & Demonstration
of Disposal Technology
- Design of Repository and Application for Licensing

Safety Investigations for Granting License
Conducted by the Government

2030
2

Mid of 2040's | Start of Repository Operation

S PNC
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| Horonobe

Candidate DURF Site
( Sedimentary Rock )

Rokkasho

LLW Repository

Kamaishi Mine
In-situ Study Site

Tono Mine

In-situ Study Site

Candidate DURF Site
( Crystalline Rock)

Tokyo

l)
HLW Repository

In-situ Study Sites where PNC is Conducting Research and Development.

( DURF means deep underground research facility. )

&> PNC
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HLW Disposal Program should be
Based on Careful Consideration

- Reviews of the Results of R &D Work should be
Carried out by Governmental Authorities at
Appropriate Intervals

- It is Important to Ensure that Local Communities'
Views and Wishes are Reflected in the Decision-
making Process during Each Stage of the Program

&> PNC
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Roles and Responsibilities

Government| - Overall Responsibility

PNC

Utilities

- Policy and Rule Making

- Research and Development
- Geological Environment Study

- Collection of Disposal Cost

- Cooperation in R&D as Waste
Producers

&> PNC
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PNC's First Progress Report
on Geological Disposal of HLW

- Submitted to the Authority in September 1992

- Provided Information for the Public to Find out the
Current Status of R&D

. Reviewed and Evaluated by Authority in July 1993

- The Second Progress Report is Scheduled to be
Submitted before the Year 2000

¥ PNC

€00—¥6 00T8NL ONd
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2.2 (old testing status of Tokai Vitrification Facility

— 925 —



COLD TESTING STATUS
OF
TOKAI DITRIFICATION FACILITY

M. YOSHIOKA

The 12th Annual KfK/PNC Meeting
on .
High-level Waste Management

December 7-9, 1993

Power Reactor and Nuclear Fuel .
Development Corporation %)PNC
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+ OUTLINE OF TVF

« Vitrification Process in TVF
- Status of Cold Test Operation

. PROCESS CONTROL FOR GLASS PRODUCT
. MELTER OPERATION RESULT
. PERFORMANCE OF OFF-GAS TREATMENT

PROCESS
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_MAIN PROCESS FLOWIN TV F

Feed . )
Preparation = Glass Melting

Off-Gas

- HEPA ::iFilter!

Melter Venturi == | e ME |
Scrubber o : [RU/LAdsorber

Eva orator . i
P Feed Tank(ll) Scrubber

ceivin ;
“’?gnk l- ; Feed Tank{l) Canister Nox Absorber  Adsorber
i i HEPA
k—b Canister handling
Secondary Lid .
Waste Welding Decontami-  Smear Inspection
Treatment i ;

T
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SCHEDULE OF TVF

ITEM

1993

19

1994

95
7

I 4

7 10 |1 4

10

ﬁ

Testing

2. Cold Test

3. Hot Test
Operation

4. Operation

1. Construction

1) Remote Maintenance

2) Process Equipment

(inclu. hot preparation)

(1)

21can.

d

Ru, RhP

ay vy

(1H)

. 4d1can.
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CONSTRUCTION AND INSPECTION CONDUCTED FOR QPERATION

For TVF
Application* of R 925 . —
Detailed design ‘Construction:: | ColdRun: [IHAHTELHR
and Construction —
Plans
Inspection: ]
Reviewed Welding
and Approved Construction
by STA - Building
« Equipment T,
_—drpment | - bf AHnL &é‘%bihﬁh[ﬂ[
| Inspection: ey
_ »| Function &
star.t.to build Performance of |
Facility Equipment and l
%%
* Divided into several SyStemS

stages _ -

** Technical Criteria determined |

Commissioning Tests

€00—¥6 O0T8NL ONd



QUALITY CONTROL OF GLASS PRODUCT

 conTRoLVALUE |
: Waste Ox:de Content

- { 30 Wto/o 5.;‘-‘.\_:" 3
| ( Targ_et 25 yvt% )

| Sodlumu 0x1de
-Content

“8~12 Wi%
~( Target 10wt% )

TVF STANDARD GLASS COMPOSITION

Glass
elements

Content(%)

Si0p
B»03
Al2O4
LioO
CaO

Cro03
FP Oxide
Actinide

Total

€00—¥6 O00TI8NL ONd



HLLW

Secondary
Waste

0.7m3 /ea.

NaNQO3

6 m3/each

Receiving Tank

0.35n7 /ea.

air  lift(cont.) air

lift(cont.)

;

PROCESS | RECEIVING
batch ope.
‘Analyze

PROCESS waste Oxide
CONTROL [WO], NasO
content (g/1)

+Start process

control based on
these data

Glass fibe
cartridges

Feed Tank-2

HLLW |

t

Evaporator
Feed Tank-1
Melter
CONCENTRATION|——|  FEEDING > MELTING
batch ope. continuous ope. continuous ope.
«Adjust Na20 ‘Determine HLLW feed «Control Glass

content by adding
NaNQ,

-Control the con-
centration ratio
(about 2 times)

rate(L/h), glass feed
rate (sec/cartridge) by
estimated WO, NasO
content

‘Control the feed rates
to get 25% of WO, 10%
of NapO in glass product

Melting

«Control Glass
Pouring {Batch
Pouring)

€00—¥6 O00T8NL ONd



HLLW

0. 35m Yea.

Alir-lift Air-lift (0.35m3/ea.)

HLLW]

Secondary 5m?3
Waate 1 ., 3

& m3/each

Glass

Over-flow | :
. Hl i'i i

Feed Tank-2

- S
et Feed Tank-1 . g et
?aegﬁivlng eig}ﬁa?ﬁo%r Glass Melter
Recelving Tank Evaporator Feed Tank-1 - Tank-2
Analysis + Estimation of + Estimation of HLLW concent. - a_ﬁer transfer.
(Total waste oxlde HLLW concent. + Setting of HLLW(I/h) and Glass(sec/each)-feed rate
[WO] and after transfer HLLW(/h) <--- production rate, WO content,
sodium oxide « Adjustment of HLLW concent.
Process [Na 20]) Na 2 O, Concentra- | Glass(sec/fiber) <---- production rate, WO content,
control tion at 2 times ~ ave.weight of cartridge
+ Estimation of - Operation value(WO, Na 2 O) = Estimated concent.
concent. X HLLW feed / (Estimated concent. X HLLW feed
+ Glass feed
T ESttiglac}iO;\ COt{npatrigon of t Comparison of estimated concentration
method o estimaiea concent. | with analyzed one
g concen. with analyzed one y
T [ Quantitative Evaluation of feed result (feed accuracy) with
| feed target in HLLW and Glass
T | Control - Comparison of analyzed value (WO, Na 2 O) with
E |accuracy Operation value
m | of product . Comparison with solidified glass

I R R

€00—¥6 00T8NL ONd
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-<§—— Steam

Estimation meihod of HLLW Concentration(W.0, Na;O)

Transfer

— 39 —

before Transfer

after Transfer

- Equation

(A-a)xC+B-*D
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NOB_(noI/I)
Nazﬂ/Hoﬂs(g/I)

NO ,"(mol)
Na ,0/MoO (/i)

44

35

3a

25

24

15

19

49

35

3¢

25

2a

15

19

Receiving Tank

Total \-ftaste oxide

Ave. =61. 33 &'=0. 62

:“ """ 0 NOZF
i o a0

L -

: ....... b4 M003

Ave =16.78 ¢'=@.896 |
: > -

: Ave.=1 63 0=6.65
4

v

Ave.=4 B3 ¢=@1.13
o

LV

N

ras

Time{day)

w

CHANGE OF CONCENTRATION IN HLLW

Receiving Tank

18

Total waste oxide

Ave=59.6 o=1.83

NO3-

FazC

x O

MOOD e e e

A

Ave.=16.15 ¢=0.29

-

_Ave.=4.18 0=5.65

O

2
o~

CHANGE OF CONCENTRATION IN HLLW AND RECOVERY

Time{day)

— 40 -

B

19

B3

74

=11

5@

44

34

20

19

8@

78

1%

5@

44

38

28

19

Total Waste Oxide (g/1)

Waste Oxide{gA)}



Evaluation of Estimation Accuracy for HLLW Concentration

Receiving Tank | Evaporator =

Transfer | ~--> Evaporator --> Feed Tnk-1

-Content Error Content :Erric'i'rfffif ?

Control' nient LONtent-  EIror- -
(Wi%) (%) (wi%) (%)

[tem

Total Ave. | 249 041 | 250 004
Waste | | B
Oxide » 0.65 2 61 0.36 1.45

Sodium | Ave. 9.98  -0.15 1018 181

Oxide & 0.44  4.44 032  3.25

Assump.: Feed amount to get the target content by estimated concentration
Evalua. : Content by analyzed concentration and feed amount

(Content by Analysis) - (Content by Estimation)

Error(%) =
(Content by Analysis)

€00—¥6 00T8NL ONd
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Waste Oxide Content (wi%)
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Waste Oxnde Content
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P HELLW Eeed |

Féed%

Ave=0.6%
o =2.7%
Max=+4.4%
Min=-5.6%

T T T T 1T 7 X [

Errorin HLLW  Error in Glass
Ave=1.0%
g =1.2%
Max=+3.0%
Min=-1.6%

W.O Content

Ave=25.1%
7 =0.4%

Max=25.9%
Min=24.3%
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Operation Result in Quantitative Feed
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-

-
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30 i 1] | 1 l i 1 ] I 1 I i I . i i 1 [ i I i |
- | W.0 Content'<=30wt%(target 25%) | .
e .
25 =
_—— -
2 i i
sl 1= : ‘ _
E - - | Ave. O Max. Min. -
£ 20 [ W.0 Gontent(by Esti) | =25.1 0.44 259 243 |
2 - — W.O Content(by Ana.) | =252 039 260 246 | -
g [ — Na20 Cont.(by Esti.) =10.08 0.18 10.43 9.72 | -
O 15 [~ Na20Cont(byAna)  |=1022 025 10.74 9.86 |"]
g = -
L ! i
; 10 Fa—ft—a—a—B<g—u— - bﬂ%.:r/frﬁ!r}nmiﬂ
Na,O Content: 8~12wt%(target 10%) | ]
5 | i 1 I | 1 H l 1 ] | l I 1 | l i | | ]
1 5 9 13 17 21
Batch No.

RESULT OF GLASS PRODUCT CONTROL
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TEST RESULT FOR GLASS PRODUCT QUALITY CONTROL

- Total waste oxade ( t%)

Sodium ox1de (wt%)

of Glass

Control |
| ltem (target:25wt%) (target 10wt°/o)

Evaluation | —_— S
Method Max.  Min. Ave. 'Max. Min | Ave
Eval. by Analysis 26.0  24.6 25.2 10.7 9.9 102

data
. Eval. by | |
| EVRLDY et 259 243  25.1 104 97 10.1
Eval. by Analysis 26,3  24.2 25.2 11.0  10.0 10.7

Statistical Evaluation of Control Limit with 95% Confidence

Total Waste Oxide: Target *
Sodium Oxide

1.2 wt%
: Target + 0.8 wi%

J

€00—¥6 O00TI8NL ONd
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HLLW Feed Line Off-gas Line

l'-i':lbe;gll_gss S 7 Alumina-Zirconia
eec Line %& Refractory
Heater )
P %
A AN N < Ceramic Fiber
A AR S b Board
P XA IS
Glass FEVEI | 4, Chromia-Alumina
Detection - Refractory
Probe
Main
Electrode Sloped(45 )
Bottom
Auxiliary
Electrode
Bottom Freeze

Valve

SN

TVF MELTER STRUCTURE



[ FrocESS CONTROL FOR THE WELTER OPERATION

(1) Low Plenum Temp. Operation (2) High Plenum Temp. Operation

+ about 300°C-in Plenum space -+ 400-500°C in Plenum space
o (Exposure of glass surface)
+ No Glass surface (aimost 100
% Cold cap coverage) + Expect high Melt rate
+ No pressure surge (due to * Increment of Particle release
Fiber cartridge)

| Cold cap

- . Hot spot |
(Fiber cartridges)

| Control
pienum temperature |
by adjusting supply power

« Difficuit to control bottom temp.

€00—¥6 00T8NL ONd
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(°C)

b Max. 3 kW

900

800 °C

Max.

1.5 kW

Electrode Temp

800

Auxi

A—»‘-‘—b-
Shr before |3hr

pouring Pouring

A A h
Auxi. Heat- AmiTh R T 800 S T
: uxi. : eamng . eep :temp, XL neating .
ing mode power off gradually.sli power- up i“g’w&ii}g‘ﬁffl’-lilﬁh
i : )
Glass level : Premcnon‘nof%ﬂhne,;H@h on
adiction/ Glass ii:level iibased on’ Low-on” timeiiY }i sat ?
Nozz Low-o1Hh SRR
Nozze ,..xme.g,,z.‘ﬂé
eating 5! heatingiil]

MELTER OPERATION BY BOTTOM TEMP. CONTROL MODE

€00—¥6 O00T8NL ONd
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MELTER OPERATION RESULT(1ST RUN)
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MELTER OPERATION RESULT (2ND RUN)
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Nozzie Power(kW)

N

—
no

-
()

o

P
- Twozone = | , o IR :
~ heating o Glass weight

. Upper zone Lower zone |
heating . heating
I

0 30 60 90 120 150 180 210 240 270

Time(min.)
GLASS POURING RESULT IN 2ND MELTER RUN

350

300

250

200

150

100

50

0

Glass Weight(kg)/ Pour Rate(kg/h)
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Energy: kW
(Ratio to input: %)

€00—¥6 00T8NL ONd

5.8
f:efg i;‘; (141 SUPPLY (kW)[Result]
e ELECTRODES 41.0
DEMAND (kW)[Estim.]
COLD CAP 9.8
1.4 by N. Convection 5.5
(3.4) by Radiation 4.3
GLASS MELTING 4.0
MASS FLOW 5.8
Steam 2.7
15.9 Gas 3.1
(32'18) CONDUCTIVE
. - i ~
(10.0) \ \S& | p|HEAT LOSS 5.5
ELECTRODES enum space 1.4
41.0(1000/0) Melt pool 4.1
HEAT LOSS BY ELECT-
RODES COOLING 15.9
TOTAL 41.0

THE ENERGY BALANCE OF THE TVF MELTER(PC-92-1)
DURING THE FEEDING OF BATCH NO. 6
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15.3
(40.3)

Energy: kW

(Ratio to input: %)

3.8

>

Feed Rate ]

: 7.7 kg/h

(10.0)

o

(11'.1)

rRERNY
PITIFF,

4.4
(11.6)

4.0
(10.5)

 EL ECTRODES
38.0(100%)

SUPPLY (kW)[Result]

ELECTRODES 38.0

DEMAND (kW)[Estim.]

COLD CAP 9.8
by N. Convection 4.4
by Radiation 5.4

GLASS MELTING 4.0

MASS FLOW 3.8

Steam 1.7
Gas 2.1

CONDUCTIVE
HEAT LOSS 5.1
Plenum space 0.9
Melt pool 4.2

HEAT LOSS BY ELECT-

RODES COOLING 15.3
TOTAL 38.0

THE ENERGY BALANCE OF THE TVF MELTER(PC-92-1)

DURING THE FEEDING OF BATCH NO. 12
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HLLW Off-Gas | DWa DF Evaluation Method

. One-through
mode

_____ Circulation
mode

Glass ¥

Venturi
Scrubber

Melter Scrubber

L.

Adsorber

HEPA

RIS AT
1) 0

VELTER OFF-GAS TREATUENT PROCESS
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Decontamination Factor

100

| Batch No.
DF EVALUATION FOR NON-VOLATILE ELEMENTS
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Decontamination Factor

e 05
—&— Se

10 L ——
I g :;;t*.ClﬁBCﬁU]ﬁA:‘:I‘:l:N’fofMO:D:E::

- 10 15 - 20
Batch No.

DF EVALUATION FOR SEMI-VOLATILE ELEMENTS
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Decontamination Factor

1000

{ !

' CIRCULATING MODE

. |;. . v.......‘... ..:.::{....i:.j.:.:,:.ji. :7.‘..:.?..»‘.?..?‘1‘ ‘

1—e— Ru

|

.........

i !

~ DESIGN. 7X10°*

12

13

14

15

16 17
Batch No.

18

19

20

DF EVALUATION FOR VOLATILE ELEMENT

21
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TEST ITEMS AND RESULTS IN COLD TEST RUN

TEST
[TEM

'PROCESS

Product
Quality Control

Safety of Process

Melter Operation
Mode

Function of Pro-
cess Equipment

. Ail.Equipment

ﬁ Off-Gas Treatment

+ Glass Melter

+ Glass Pouring

- All Equipment

especially
Glass Melter
- Evaporator

'CONFIRMATION -

mEM |

e Ouantltatwe feed of"“ig; G o
i« Decontamination factor - |*

HAW?“T."F’Z IQ'Z‘%'ﬁéS

.....................

- in Melter off-gas treat.
p‘rb’cees

equxpment

- Melter operation
(control) method corre-
spond to noble metal

Giass pourmg mode

. Glass pouring control

~in change of operatmg
condition L

Synthetlc function of
facility

TEST RESULT

adequate accuracy to
satlsfy product quallty

1% DF;canl satisfy designin

process and evaporator

funct1on as expected in
- design

.both:Melter off-gas treat.

« Possible to make

stable melter operation

- Possible to treat noble

-metal:by using low bot-
tom temperature mode

- Possibie to start stable

pouring by heating
mode and to control
pouring

» Confirm effect of

change in operating

- condition on melter,

evaporator

« Confirm stable opera-:'

tion of TVF process
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2.3 Three dimensional thermal-hydraulic analyses by physical
and mathematical modelings



Three dimensional
‘thermal-hydraulic analyses
by phsical and mathematical modelings

Prepared for
The 12th Annual KIK-PNC Meeting on
High-Level Waste Management

by AYAME, Y.

December 7-9,1993

Power Reactor and Nuclear Fuel
Development Corporation %’ PNC
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‘Background of study

The Relation between Requirement for Design
of the Melter and an ltem of Thermal-Hydraulic
Analysis in the Melter

Requirement for Design of Melter
e Containment of Molten Glass in the Melter Structure

» Corrosion Resistance of the Electrode
and the Refractory Structure

« Melting rate of the Melter
e Quality of the Glass Product

|tem of Thermal-Hydraulic Analyses
« Temperature Distribution in the Melting Cavity

e Temperature Gradient in the Electrode
and the Refractory Structure

e« Electrical Aspect in the Melting Cavity
e« Flow Pattern in the Melting Cavity
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Scope of study

The Physical and mathematical modeling is useful
means to obtain the detailed information on
thermal-hydraul ic behavior in the melter.

 Validation of temperature and flow pattern in

the melter by means of physical and mathematical
mode ! ing

« Validation of mathematical modeling by
physical model ing

€00—¥6 O00T8NL ONd



7T

Data logger

l

Thermocouples

[ _]|Data processer
yd ™~

Q Printer

Power
controller

\Lr

Heat
exchanger -
g L

=

_Main_electrode

=

—

il L :L i
i
[ 1

4

L -.3_... - :
¥ Subsidiary
. electrode: ; T
¢ Drain nozzle. | S
S .. .- n ]

Model melter

WL

SHERE

Physical model system

Heater

Sl

‘Circulation tank
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dogolfication of physical modsl

Dimension, internal : L2687 XW270XH350mm
external : L5165 XW425 XH410mm

Floor slope : 45° and 54.5°
Material, Hall : Polymethy Imethacrylacrylate
(PPMA)
electrode : copper plate
Fluid : Glycerin with 7.5 wt% LiCl
Analogy : one-third scale of TVF melter

equivalaent modified Rayleigh
number
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Modified Rayleigh Number : Ra®

Gr

Vo

Ra* = gBoV, L Jav ]

( =Gr Pr)

: Grashof Number
1 Gravitational Constant
: Electrode Voltage

1

Pr :Prandt! Number ,
L :length ,
a :Thermal Diffusivity ,

: Therma! Coefficient of Volumetric Expansion ,
:Electrical Conductivity of Fluid,

: Thermal Conductivity

vy :Kinematic Viscosity .
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Temperature of glass, °C
10.57'50 8[|)0 85{ 9[]][] 9'::10 1[|]00 1@50 H.OU H|50 12]0[] 1250

Waste glass (P0798)
----- ?
10.0 t | in the TVF melter

9.9 | )
T
T 9.0} o o
0 Glycerin with 7.5 wt2 LiCl
- 8 5 in the physical model
©

8.0 1

///
7.9 4
7 ' 0 1 1 1

30 35 40 45 50 55 60 65 70 75 @
Temperature of glycerin, °C

Comparison of modified Rayleigh number, Ra*
between the physical model and the TVF melter
(P0798 : PNC's glass code)
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Experiment Condition of Physical Model ing

Joule heating
Electric power (W)

Electrodes

Case 1 Case 2 Case 3
Main electrodes T4 86 96
Subsidiary electrodes 3 3 | 3
Drain nozzle and main 3 3 3

Water bath temperature

Water bath Water temperature (°C)
Top water jacket 62
Side wall 61
Bottom 52

Main electrode 61
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260 ,,',l — ‘. .l.-‘._._.._..._-_____..__._ — ..I
240 | '
3% 220§ o 515, 5i5 :
g 200 :, i M« ........... ,___..,.‘..,.I Fluld |ev—g—-!
£ 180, i P
;S 3]
{E 160 |8 / .
= 140 ‘ 3 _
5 120 _ .
j: 100 ' J \
S - #'— center of Main
ﬁg gg~"; ~the electrode distance electrode
: ~— quarter of _ °-—<:- Subsidi
40 1§ . the electrode distance _ :) r/$;|§2¥}ode
0k ~-= :near the electrode - IJ

69 70

Measurfng points of temperature and
electric voltage

Temperature (°C)

Vertical temperature profile (Case 1)
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ST

/

(a) Photograph of traces (b} I'llustrated patterns
(Shutter speed 20second)

Flow patterns observed in physical model
for Case 1 (Main electrode power T4W)
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Height from the bottom (mm)

20
0

Experiment results of vertical temperature profiles

! \
B 60 6b 70 75
Temperature , °C

near the electrode

Temperature , °C

quarter of the electrode
distance

Vs BT

055 60 65 70 15
Temperature , G

center of the electrode
distance

Comparison of main electrode power)
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{a) Main électrodé power T4W

L — —_—

(¢} fdaiﬁ electrode power 96W

Flow patterns observed in physical model



iz

(a) X-Z plane

A
» 515 - @ 425 ]
B 267 - ]
&1 (C) l
162.1(°C)
] ! ) ; 62.1(°C)
L P2 0L o) 55 (0) | Yt 026(C)
5
> -
g §
. "- \ =
g |
o~ | |
™ |
o o) 51,4 ['C)
X

(b) Y-Z plane

Mesh gecmetry of physical model for computation
(Mesh size : 46X 46X 38 with 28 X36X28 Internal domain)

. External domain

“Internal domain

€00—¥6 00T8NL ONd



- 8L -

-

J/‘&f‘ﬁf‘/\ﬁ b
\‘ S AAPANIAA 4

.:;/r/f'r,'r,r R

P4

(:-f..u—.:-..g_,“ o "v‘- P
/‘-—\'—-L'E..\.-'-.f-- o C N -..-.t EF R oW e ALY
-.r\ ERBRKNK & & b & A A00,3 LA 0000

L »' }}\«««11 AP,

W

q ST pagl 0
g > TTa e

) Ly s hpe e o

ﬂ%;f:?T.h‘l

LI T T TN T Y

S 4}

4 Mf\\'\’\'\’\r\,\r» ¥

* + A & RERK R'\t‘\r_\ 15 .
l"

“

CEF ST S SR UL LN G L iy

4 oa o BRERIERS, o

crrrtyooog

CAA

) I I B
‘ "~-
. P, .".'._
o w-.../[
L T,
LI |./(- ''''''''''
Py
* ,‘t Ao l{]
: bMendT
"'b"'f.:./'
AT L

(@)" Flow pattern

Computat

i ona l -

e S u

{b)
by

Temperature distribution

ma thema t

c a

°C

l

€00—¥6 00T8NL ONd



T
e,

240

~ £ 220
5 £ 200
5 £ 180
8 2 160
S £ 140
S s 120
- <100
5 £ 80
£ T

N B
o OO

05560 65 70 75 05560 65 70 75 055 60 65 70 75

Temperature , °C Temperature , °C Temoerature , “C
near the electrode quarter of the electrode center of the electrode
distance distancs,

Comparison of vertical temperature profile
between computation and exreriment —O-Experiment

omputation
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Comparison of vertical velocity components
between computation and experiment , mm/s

Measuring — experiment computation
points velocity gtandard
gviation
A -0, 32 0. 060 -0. 56
B 0. 40 0. 063 -0. 03
C 0. 67 0. 146 0. 21
D -0. 50 0. 070 0. 20
E 0. 71 0,120 0. 21
F 0. 40 . 066 -0, 03
G -0. 39 0. 088 -0. h6

Measuring points of velocity
in physical model
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Conclusion

Influence which the Qleotrio power exerts the flow patterns
and temperatuer profile was clearly by physical modeling.

The flow pétterns and temperature behavior was proved
by physical and mathematical model ing.

The chief flow patterns agreed between the experiment
and computational result,

The temperatuer profile agreed qualitatively and
quantitatively between the experoment and
computatinal results.
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2.4 Inspection technique based on LASER for melter and
Dismantling of spent melter



Inspection technique based on LASER
for melter and Dismantling of spent melter

Prepared for
The 12th Annual KfK-PNC Meeting

. on
Cooperation in High-Level Waste Management

by KOBAYASHI, H.

December 7-9,1993

Power Reactor and Nuclear Fuel

Development Corporation %’ PNC
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Development of the InMelter
System

Purpose

Inspection

Check durability of the melter

— QObservation of Surfaces

~Errosion Mesurement

Radiation Iin melter

—10°R/h (258Ckg=-h)

Electrode

Refractory
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Inspection system

CDriving unit

Out of Cell~—r [n-Cel|
|
|
|
!
!
!
;
. l
= |
! I
; .
| |
] |
TV-monitor | EL' ht
(Observation]of surfaces) [ngge
| |
] |
- - |

o o

\ '
Printer Controller (Personal computer) ‘Laser//

(Errosions Mesurement)

<—Melter

~Image guide

SCHEMATIC OF INSPECTION SYSTEM
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Errosion depth

Optical senser

Lensi ;
A . |
TV-camera o 0 after
o Original errosion
St NN
Laser unit | W
e R
Il i
i , —
: ' Errosion depth
: i
I |
! |
. | L _
Out of melter In—melter
On the fiber

DISTANCE MEASUREMENT BY TRIANGULATION



Development plan
19911199211993(19941{1995
Basic Design ¢ (
" Fabrication o o
(Test system) Practical system
adesign
Function Test Oo— &
Minitaturize § &
& Lighten :
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HLLW Feed Pipe

Glass Fiber

¢ Additive Feed Pipe
SiC Heater Uni

@) Fead Nozzle
Fo
S (i —
H L r\\m - } ((__
Containment S ety 2
Vessel LELJ: \\\\\ 4]
\.5_/' -
\ < Ry .-‘
™| [ g
™
Glass Level - 5
Probe D < K1
Z - 5 >§§
/’// :- (s s
s 7 -

Hain
Electrode

/
/
)%

/ rd
V.
£ N
: T PR
F
1=
7,
/
)
AN
—
L

Subsidiary

Electrode - .‘\\‘sl/“’///’

Refarctory

Bottom Freeze
Valve :::j

Structure of Melter
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TV_Came ra R¥@2f laser un it

|nspection system

—

Up—dowm and turn
driving unit

Laser supply ™

Fiber scope—T]

CONCEPT OF THE IN-MELTER INSPECTION SYSTEM



[

'._l

. e
- . GEREH

Inspection Instrument
on the melter

Ins%de of

The

E
T
Bl |
- b
-
s

Instrument
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Control system

DATA DISPLAY with THE INSPECTION SYSTEM



PNC PN8100 94 - 003

---u-- :
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oa_=z|nor _el] I8
image
,741’?_7»_-4:_..!!?.1‘]._5::9% :
R T R -
I

= 1FFoerl - I_ca-r\ R

"Profile diagra_g

!
[
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DATA DISPLAY with

THE INSPECTION SYSTEM



Melter Dismantling Test

Purpose
— FEstimate
—  Ability
An object

of

- test

Mock —up 2 m

dismantling

Process

of dismantling tools

e | Tt er
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Heating

Joule-Heating

Containment Vessel

SUS 304
Electrode lnconel 699
External Dimension | W2020XLIT35XHI808
K- L0 20k
Ref l
srreston Other 49710k
Total Weight ERRRY

SPCIFICATION OF M/U—-7 MELTER
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PROCEDURE OF DISMANTLING FOR MELTER(CTVF)



o —86-

1~3 Plasma  cutter
4 Hacksaw
h  Hoist scale

B ~ 7 Handling tools of cut piece
8  Handling tools of electrode
O  Reciever

10 ~ 11 Internal dismantling breaker

12

Impact wrench

13 ~ 14 Handling tools of electrode

19

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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Equipment and tools

Plasma torch,
Breaker,
Gripper,

Power Manipulator,

Turntable,

used at melter

powe r
electric powe r
electric power
handoling weight

~4m-

dismant!ing

350A

system

system

~ 100kg

diameter
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///)\\\\\\\\\\\‘ In-cell Crane

ﬁ;\ | ] ojITV
) Lift Tool '
\\W \\gi:fir Broken Pilieces l//

Turntable

Melter

Waste Drum / Monitor

Shielding
Window Dismantling Tools
Console

Outline of Dismantling Test
Equipments
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Dismantiing Test Schdule

1993 1994

DEC. JAN. FEB. MAR,
Melter Lid portion O &
(Casing & Refractories)
Melter Middle portion s 5
(Refractories & Electrode )
Melter bottom portion o o

(Refractories & Casing)
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r-—.1_lf-

J— =i
'.VE —WL [_l_—qu
_ i_:;. —
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H- o :o_ “:Ei

Driving force

‘electric power
weight : 140kg
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1430

1100

Plasma gas:C0, XN.gas N

Cutting speed H H:E_Eﬂ H 6)

© 10mm/s(25mm-SUS304)
. . ] |
Weight :h00ke _Grip head

(Handling by power manipulator)

e
il =

-

i

|
L

IIIIIIII

Cutting machine and Plasma torch
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2.5 New glass melter
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New glass melter

Prepared for
The 12th Annual KfK-PNC Meeting
on
Cooperation in High-ILevel Waste Management

by IGARASHI, H.
December 7-9,1993

Power Reactor and Nuclear Fuel

Development Corporation % PNC
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Commercial ized Technology for
Vitrification of HLLH

Vitrification technology v
, Joule-heated melter: Japan (TVF, Rokkashd:
Germany (PAHELA, WAK)
USA (SRP, WYDP, HWYP)
Russia (HAYAI)
Calc1n|ng/lnduct|on heating

France (AYH, AVH), UK(WYP)
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~gIT -

ml[nlh{slp{ElhEENE]

Cold crucible

Indaction coil

————

Cooling water

[S—

Cold crucible skull

Cooling water

melting

crucible
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Zircalioy—2 feed(o

N

O Molten ‘métal O

Ar gas—purge

Indaction Upper
coi l Cf%§$: 'Z;jgibie

TARLIRRR

1)
T
/

/A

1

— &1 -

@ Molten metal !
Solidified metal

Cooling water
Coil - 7 turns

) i 2

Lower crucible Shit 4
Power © Max. 110kW
Freguency © Average 67kHz

Production of solidified Metallic
wastes by crucible Induction melting
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2.6 High waste loading glass
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A

High waste loading glass

Prepared for
The 12th Annual KIK-PNC Meeting

on
Cooperation in High-Level Waste Management

by SASAGE, K.

‘December 7-9,1993

R

FPower Reactor and Nuclear Fuel

o~
Development Corporation PNC
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Selection of
glass composition

Effect of
high Na,O concentration

ONd

€00—¥6 O00T8NL



Requirements
of
high waste loading glass

. Heat : Separation of Cs &Sr
Yellow phase : '
Separation of Mo
Operatability : '
Separation of noble metals
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Objective

Waste loading
Waste 45wt.% and No yellow phase

Leaching rate
Equivalent to 25wt.% waste glass

Producibility
Possible to melt and drain by LFCM
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Plan

Increase MoO, solubility

Increase Cr,0; solubility

Increase chemical durability
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Sample compositions

Glass code |P1029 P1030 P1031 P1032 P1033 P1034 P1035
Si0z [32.27 31.27 30.27 "30.27 30.27 30.27 30.27

B>O03 |11.45 12.45 12.45 12.45 12.95 12.45 12.45
Glass |Li»0 2.2 2.2 2.2 1.2 0.2 1.2 0.2
frit | ca0 2.2 2.2 2.2 2.2 2.2 3.2 4.2
ZnO 2.2 2.2 2.2 3.2 4.2 2.2 2.2

Al,03] 4.69 4.69 5.69 5.69 5.19 5.69 5.19

Waste |[MoO3 | 1.62 1.62 1.62 1.62 1.62 1.62 1.62
Na,0 |11:75  11.75 1175 11.7s 1175 11.75  11.75

Total Waste |45.01  45.01 45.01 45.01 45.01 45.01  45.01
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Result

Melting temperature

MoO3; concentration :

1100°C
1.62wt.%

Glass code | P1029 P1030

P1031 P1032

P1033 P1034 P1035

Yellow Nothing Nothing Nothing Nothing Nothing Nothing Nothing
phase |(Good) (Good) (Good)

(Good) (Good) (Good) (Good)

Leaching

rate 3.5 4.2

(X104
kg/maéd)

3.1
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Result

Melting temperature : 1100°C
MoO; concentration : 2.50wt.%

Glass code

P1029

P1030 P1031 P1032 P1033 P1034 P1035

Yellow
phase

Nothing Nothing Nothing Nothing Nothing Nothing Nothing

(Good)

(Good) (Good) (Good) (Good) (Good) (Good)
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Result

Melting temperature :
MoO; concentration :

1050 C
2.50wt.%

Glass code | P1029 P1030 P1031 P1032 P1033 P1034 P1035
Yellow Nothing Nothing Sepa- Sepa- Nothing Sepa- Sepa-
rated rated rated rated

phase

(Good) (Good)

(Good)
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Objective

Characterization of
high waste loading glass

Evaluation items

Producibility
(Viscosity and Resistivity)

Chemical durability

Yellow phase
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Viscosity of high waste loading glass

1000 | L T 1T T 1 FT b T 7T T T T T T 1T 1T IlII'—
~ - ]
) -

: A A
cg 100 <

T T TTITI

-1
-

Viscosity (P

"I [ I B

[!ill!llllllllllLIlIllll

1 &1 1

] IIIIHII

i ll[lll!l

rﬂaZC)
concentration

—6— 11.75wt.%
—A - 14wt.%
— O - 18wt.%
- -O- - 22wt.%

800 850 900 95010001050110011501200
Temperature(C)
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Electrical resistivity of

1

500 600 700 800 900 10001100 1200

Temperature (C)

s hlgh waste loadmg glass
U 1000 EII[I‘ T T T T I : ]
C. :
100 — NaZO
N . :
o iconcentration
> i
= _
2 1| —6— 11.75wt.%
8 10 | —A - 14wt %
“ Ok 1l — O -18wt.%
I i - -0--22wt.%
- (U
k3,
—
o
O
o
Ll
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18

14

11.75
Na>O concentration (wt.%)

Leaching rate of high waste loading glass

GNE\mv_ .0 LX) 931e1 Buiyoea
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Solubility of MoO3

Glass code PO798 PO798 P1033
series . series series
Na,O concen- |
tration 18 22 22
(wt.%)
MoO; 0.6 | Nothing Nothing Nothing
concen- 0.8 | Nothing Y Nothing
tration 1.0 Y Y Nothing
(Wt.%) 1.2 Y Y Y
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Summary
We made new glass composition with
high MoO3 solubility & high chemical durability.

If waste glass contain much Na2O,
its MoO3 solubility & chemical durability decreace.

New glass composition showed high MoOj3
solubility & high chemical durability.
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2.7 Separation of heat-generating elements from high-level
liquid waste by denitration
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Separation of Heat-Generating Elements
from High-Level Liquid Waste
by Denitration

Prepared for
The 12th Annual KfK-PNC Meeting
on |

Cooperation in High-Level Waste Management
by YONEZAWA, S.
December 7-9,1993

Power Reactor and Nuclear Fuel

)
Development Corporation o> PNC
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Heat-Generating Elements : Cs,

o S P S R S A B e

Reason of cholce
. No Secondary Products

Based on Experience

- vl —
»

PUrpose
Behavior of Elements in HLLW

Best Condition for Separation
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( HLLW ) ~ Volume : 100 m¢
Temp. :95C
Formic Acid

DENITRATlON Feed Rate : 0.4 m¢/min

Retention Time : 6 hr

COOLING ‘ Retention Time : 16 hr
JEILTRATION Membrane Filter
|

Pore Size : 0.45um
| |
(precipitate) (filtrate )
ANALYSIS

[HCOOH] / [HNO,] = 1.9~2.1
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— Off Gas
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pH of Denitrated HLLW

N oW~ 1T N o @

——d

. | ,
" Volume : 100m| ]
- Temp. :95°C ) -
“Heat 6hr

—Cool 16hr

) ®. . .

" ) i

1.9 2 21

1.8

Relationship between [HCOOH]/[HNO3]

[HCOOHY[HNO,]

and pH of Denitrated HLLW

2.2
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Percentage

of Element Concentration in Denitrated-HLLW
~ Solved o

Concentration in HLLW
100 -

[ C - 11 O Na
I O @) ] 137
Yo N AU WO WO N | O @ °'Cs

X 100

60 | ®

40 L

20 L

Percentage of Element Solved

O “l L1 1 [ I | _t ¢t I | | I [ | | .I 1 1| 1t 1 I—
1 2 3 4 5 §) 7 8 9
pH of denitrated HLLW

Relationship between pH of Denitrated HLLW and
Percentage of Element Solved
(Alkaline Metal Elements)
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100
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20

Percentage of Element Solved
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60

L1 11
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3 4
pH of Denitrated HLLW

5

Relationship between pH of Denitrated HLLW and

Percentage of Element Solved

(Alkaline Earth Metal Elements)

€00—¥6 00T8NL ONd



—8¥1 —

100

80

60

40

20

Percentage of Element Solved

L

oK D

T TT

LI

O ¢ 6o

dPp+Xeono
9

i T 1

| '

S I

|

¥ 2

3

4

5

- pH of Denitrated HLLW

Relationship between pH of Denitrated HLLW and
Percentage of Element Solved
(Rare Earth Elements)
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- : O 238Pu+241Am
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o B = o Np
S ) 1a U
£ 60
k) - i
i - A ]
H(—)- . . -
P 40 - S SRS ——— .
. CD L |
© B |
c ) i
@ O e e ISP SRR AN N -
é? = | -
O ml 1t R | | I g L1 1 1 a_l L1 1 1_

100 N P S L L L T B O S R B

—
N
o

4 5 6 7 8 9
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Relationship between pH of Denitrated HLLW and
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Percentage of Element Solved
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pH of Denitrated HLLW

Relationship between pH of Denitrated HLLW and
Percentage of Element Solved

(Noble Metal Elements)
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pH of Denitrated HLLW

Relationship between pH of Denitrated HLLW and
Percentage of Element Solved

(Corrosion Products)
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Relationship between pH of Denitrated HLLW and
Percentage of Element Solved
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Coneclusion
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2.8 Characterization of TVF glass
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Characterization of TVF glass -

Prepared for
The 12th Annual KfK-PNC Meeting

on
- Cooperation in High-Level Waste Management

by KAWAMURA, K.

| December 7-9,1993

Power Reactor and Nuclear Fuel %
Development Corporation o> PNC
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CONTENTS

1. Product quality assurance

2. Characterization of TVF glass



PRODUCT
QUALITY ASSURANCE

* QA Principle and R&D themes

* QA Reqguirements & methods

* Estimation of radionuclide
iInventory
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IAEA-TECDOC-680

Quality assurance
requirements and methods for
high level waste package acceptability

INTERNATIONAL ATOMIC ENERGY AGENCY HA;

December 1992
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: (Esﬁ mation of Burn-up Conditi cm)

CExpression (Activity/Burn-up Con ditionD

" Important Nuclides for Disposal
(PNC '92 Report)
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CHARACTERIZATION
'OF TVF GLASS

- Homogeneity

Composition etc. (XRF, XRD,
EPMA)

» Character

Viscosity, E. Resistivity, Density,
.I:xpans'on T. Conductivity,
g, I's, Leaching Rate




Target Composition of TVF Glass
(2nd Campaign)

— P91 —
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Component  wit% Component  wt%
Si02 46.73 ZrO2 1.41
B203 14.25 MoO3 1.41
Li20 3.00 MnQO2 0.37
CaO 3.00 RuO2 0.72
Zn0O 3.00 Rh203 0.16
Al203 5.03 PdO 0.34
Ag20 0.01
Na20 9.69 CdO 0.02
P205 0.29 SnO2 0.02
Fe203 1.92 Se02 0.01
Cr203 0.51 TeO2 0.15
NiO 0.45 R.E. 5.84
Rb20 0.11
Cs20 0.75 Total 100.01
SrO 0.30
BaO 0.52
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Concentration (wt%)

49

46

43

17

14 r

11

no

—_
o

0

i Ru0, '
‘ Pd0
L T Rh.0Q,— g

9 10 15 20

Baich No.

Composition of 100kg-Pouring
Glass (TVF 2nd Campaign, XRF).
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Concentration (wt%)

49
; Q
* W
43 1 [ I 1 1
17
14 B.0:
1[ L] t 1 1 I
12
8
B
A1:0;
S I
T . Cao .
P
—a
Cr,Q 3
2
RUO_:
! PdO
A c e o T = S 2 ; 3
00 50 - 100 150 200 250 300

Pouring Weight (kg)

Composition of Pouring Glass
(TVF 2nd Campaign, 5th Batch,
XRF).
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2. 0

Batch No.

. 2 nd
» 3rd
. 41th
- 5th
. 6th

\\Targ et Value 0.72 wt%

ot
o

4oH) O

RuOz2 Concentration (wi%)

i

]
0o 100 2 0 0 300

Pouring Weight (kg)

RuO 2 Concentration of Pouring Glass

(TVF 2nd Campaign, 2nd-6th Batch,
XRF).
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Measured Data
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Secondary Electron Image and Characteristic
X-ray Image of Glass Sampled at M-A
(TVF 2nd Campaign, 6th Batch).
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Secondary Electron Image and
X —
M -

Characteristic
Sampled at

A

ray Image of Glass

(TVF 2nd Campaign, Bth batch)
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Platinum Metal Content and Density
of Glasses Sampled at U, M, B
(TVF 2nd Campaign, 6th Batch)

U M B

= Ru0: 0. 44 . 28 .95
z

— Rh203 0. 05 . 04 15
<q>

=

L]

<>

_:a; PdO 0. 25 1T . 45
=

j—1

=

=

o Total 0. 14 L 4T . 55
Dens ity

(X107 kg/m?) 2. 154 156 163
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Characterization of Glasses
Sampled at U-A, M-A, B-A
(TVF 2nd Campaign, 6th Batch)

U-A M-A | B-A

DBHSITY (X10®* kg,/m*) 2. 75 2. 11 2. 171

Thermal expansion  (x 1 o -1 %)

Temp. range (3 0 ~3 0 0°C) 8 4 8 7 8 6
Tg (Transformation point , °C) 4 99 505 503
TS {Softening point, ‘C) 61 3 6 1 2 6§15

Thermal conductivity

(W/ mK, at R. T.) 0. 95 1. 00| 1. 05

Leaching rate  (Weight loss)
(X1 0"*kg/m? d)
\.?IS Type 2. 9 : 2. b 2. 9

MCC—1 Method 2. 2 2. 3 2.1
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Electrical Resistivity Log p (cQm)
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Sampled at U-A, M-A, B-A and
Standard Glass(TVF 2nd Campaign,
6th Batch).
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10’

A U-A ]
I M-A _
vViBA
N 1 P0798

Viscosity n (Pa-s)

X,
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&\\
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.-‘,\-. ‘:‘\i_:‘-""
= .
<
et
Ay
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W W W0 W Wi
Temperature (C)

Viscosity of Glasses Sampled at
U-A, M-A, B-A and Standard Glass
(TVF 2nd Campaign, 6th Batch,
Shear Rate 0.14s-1).
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SUMMARY

» Process qualification assures glass

product quality.

- Homogeneity

Most elements distribute uniformly

in vitrified glass.

Platinum metal crystals [(Ru,Rh)0O2,
Pd-Rh-Te] distribute in the lower part
of vitrified glass.

- Character :

Vitrified glass has uniform properties
those are not remarkably affected by

- distribution of platinum metal crystals.
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2.9 Characterization of HLL¥
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Characterization of HLLLW

Prepared for
The 12th Annual KfK-PNC Meeting
on
Cooperation in High-Level Waste Management

by YAMASHITA, T.
‘December 7-9,1993

Power Reactor and Nuclear Fuel T
Development Corporation T PNC
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Heading

1. Chemical Analysis of HLLW

2. Volume -and Composition of Precipitate

3. Formation of Precipitate in HLLW
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Received HLLW at CPF

Times ALLW Rad_lq—- Remarks
Volume activity
1st 12 4 110 TBq
- 2nd 15 4 190 TBq
3rd 13 £ 110 TBq
4th 13 2 130 TBq
5th 13 2 58 TBq
6th 12 ¢ 120 TBq 272-V3]
7th 12 £ 70 TBq 272-V31
3th 12 £ 153 TBg 27234
9th 8 £ 77 TBq 272-V34
10th 9 £ 96 TBq 272-\/31
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Contents (g/ £ )
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[#))
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B O Calculation value (1m/tU)
- 272-V31 Analysis value
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Calculation value and Analysis value of HLLW
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2. Volume and Composition of Precipitate
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Pore size
5 0.45 um
‘ | Drying
@ at R.T.
| Tdays~

Filtration -—>

> Analysis

Analysis

Weighing

Analysis

Filtration and measurements flow of
| 10th Received HLLW (CPF)
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N~
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After 24h

HLLW Sedimentation Test at CPF Hot Cell
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Precipitate V_olume of HLLW

HLLW

| sedimentation

Volume (after 24h)

Weight

CPF
10th

. 6.1m £ /50m £

1169,/ 2
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3. Formation of Precipitate in HLLW

10
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Weight of pre,cipitate (g/ 2)

0 5 10 15 20 25
| Heating time (h) at98C

Effects of Heating time
on Precipitation in HLLW
(Simulated Waste)

11
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%

100; -

Mo
Zr

(0@ |

. 6 O L:] RN S

20 . —

Residual rate in filtrate

0 5 10 15 20 25

Heating time (h) at98TC

Effects of Heating time

on Mo and Zr Residual Rate in Filtrate
(Simulated Waste)
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o — 7. oimulated HLLW| .
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© i
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pH of HLLW

Effects of pH on Mo and Zr Residual Rate in Filtrate

13
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Conclusion
1. HL-_LW composition is equivalent to calculation
value.

2. Most part of Mo and Zr is precipitate in HLLW

3. Formation of precipitate was affected by
both heating time and pH.

Separation of precipitate from HLLW reduce
Mo concentration in HLLW.

14
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3 KK {losREs
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3.1 Current status of radicactive waste management in GERMANY
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20 LWR on line

23 GWe installed capacity

30-35% Electricity supply

4,000 tons of spent fuel

4,000 +5,000 m' of conditioned wastes/year

until 2000:

150, 000 of wastes with negligible heat- production (=95%)
3,000 wi wastes, heat-producing (= 15%)
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The russtan type reactors MWER) are presently bemg assessed wrth I'espec't to

‘safe operation by the GRS (Gesellschaft far Reaktorsicherheit mbH, Kain).

There is at present no direct participation by public utilities from the old federal

states in public utilities in the new federal states.
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Fig. 1 Nuclear power plants and the facilities of the fuel cycle in the FRG
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- spent fuel with extremely hign-"bi:fnups or 'other'sﬁe-ni foelwhich Soes not meet
the specifications of reprocessing.

Z,,,,,,,,,,, Light-Waler G:‘TW
7
_
U, Pu Z T
% Fuel-Elements
%
Urmm,  Regrocessing
NS
Disposal

o
Fig. 2 ~ Future spent fuel strategy in the FRG
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Decommissioning of the WAK Plant

-Plant operation 1970-1991

-88nf HAWC(24Million Ci)generated

-waste to be vitrified in PAMELA plant of Mal/Belgium
+Transport licenscing applied, under progress

«Public hearing 1994

-Transportation by train, CASTOR casks

+30 transportation events necessary

-Returned glass product to be stored in interim

storage

2005 Termination of decommissioning
1500 tons of metallic waste

3000 o of construction materials waste
2.55 Billions DM estimated cost
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- Behcil‘rerheizung-
FAVORIT cask heating
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Transportbehalter fiir bestr. Brennelemente
Transport container for spent fuel elements
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Direct disposal of spent fuel

-additional management strategy for unreprocessable spent fuel
elements
-amendment to the Atomic Energy Act to eliminate the priority of
reprocessing
AP a—I
1979 Development of direct disposal tectniques started
1986 License application for a pilot plant for spent fuel
conditioning and encapsulation at Gorbeben
1996 Intended start-up of hot operation

-plant capacity : 35 tons/year spent fuel from LWR

+Two package opfions :
Pollux-casks for disposal in drifts(reference)}
for disposal in boreholes{back-up)
«Cask-dimensions :5.9mX 1. 5m¢, 65tons(loaded)
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Reprocessing of spent fuel

1985 Atomic Energy Act : Reprocessing as reference strategy
1989 German plants for industrial reprocessing{wackersdorf)

azbandoned
1990 Decision to reprocess spent fuel abroad

Contract with BNFL/COGEMA covering 500t/year reprocessing capacity
1994 start of return of waste glass from France
Year 2000 : 887tons of spent fuel reprocessed by BNFL/COGEMA

4200 canisters(150 ¢ }of glass product
After 2000: 3200 canisters,optional
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Waste disposal

Interim storage:Gorbeben, Aarhus(waste glass)
Mitterteich(NPP wastes)
Gorbeben repository
-salt dome, investigated since 1979
-suitable for all types of waste, especially heat-genmerating
ones
+Above-ground exploration almost complete
-underground exploration still in progress
-Expected to be available in 2005-2010
.cost estimate for characterization, design and construction
2.6 billion DM

Konrad repository
-Former iron mine, to be used for non-heat generating waste
-10°nf disposal volume(40 years utilization)
-Licensing procedure not vet terminated
-Start-up expected for mid-nineties

-costs for design, 380 million DM

Moersleben dispesal facility
-used for disposal since 1979
-About 12000 nf liquid waste conditioned by in-situ
solidification
-46000f solid waste packages
-presently safety evaluation underway
-Will be used only to accommecdate former GDR waste
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Vitrification of the HAWC-WAK

Main operation data
88’ of HAWC(incl.dilution by transfer efc.)
9.6X10'"Bq total activity,main radionuclides

Cs-137 and Sr-90 with daughters, 95%

About 400kg noble metal(commercial-like HAWC)
98 ¢ /hr- Melter feed rate (incl. 10%recycle)
5 months operation time(100% availavility)
50 tons of glass product
125 glass canisters{400kg.150 £ )
16wt waste oxides loading

Melter technology
-Meiter type K-6',noble metals-compatible
-designed and constructed by KfK-INE
Tested in the VA-WAK facility 1890-93

Vitrification schedule

-Transportation of the HAWC-WAK to Mol 1997/98
-1998 Start of vitrification campaign
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3.2 Conceptual study for the conditioning of the HAWC-WAK waste
and on-site vitrification
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12

Basic data (theoret. blend of tanks)

Total quantities and main data

Total feed volume 86 m3

Total activity 9.6"1017 Bqg
Specific activity 1.1*1013 Bg/l
Specific decay heat 0.9 W/

Glass production 49.5 to

Total spec. activity product 1.9%1013 Bg/kg
Specific heat in product 1.6 W/kg

Material data

Oxide vyield 92 g/l
Waste loading 16 wt-%
Quantity of product

per liter HAWC 0.575kg

Main material streams

Throughput of HAWC | 25 1/h

Throughput of Feed 28 1/h
Glass-production rate 14.4 kg/h

Canister production rate | 1 canister in 28 h
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Canister data

Canister size
Capacity -

Total activity

Main radioisotype
Number of canisters

Volume of HAWC pressed

for one canister

- Operational data

Total operation time

(25 1/h, 100% availability)

Operation mode
Secondary liquid
- waste, total

- Quantity of evaporétor X

concenirate -

dia. 430*130 mm height
400 kg |
7.8*1015 Bg
Cs-137/Ba-137 m, 55 %
124

~ 700 |

143 days (= 5 months)
continous

~ 70 m3 condensate
~ 25 m3 scrub solution

" (concentration factor of 30)
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HAWC-Transfer

- Transport cask (CASTOR)
- Tube channel (underground / above ground)
- Direct transfer

I_ocation

- Installation inside existing WAK / KfK buildings
- New building on WAK site / KIK site

Canister storage

- Direct storage inside existing WAK / KiK buildings
- Direct storage inside new WAK / KfK buildings

- Temporary storage in CASTOR on site

- CASTOR transport to Gorleben

Variants considered for the vitrification plant

— 224 —



—82¢ —

7 7
" %
SSSSSSESSY S S S ST
b \ \ \
AN N N N
RN N N \#
g\ § N N
. ‘ | | ) AN I N ~iA
) N N LA
: LN )
Léd 20001 L) o\ \ \ !
' I Q;

210.0 ) l 210,03 ‘) TN l:) ! -

(_ 10.02 : s A = :] \/L 2000] 20001

(77T T 7T ITIIZI TN NSNS NS B R e e m— SN S S SSSN 7 77 77

: W/ S
EV\YEI-ESE;{ Rge HAWA Transport car HAWC-Receiving | Recaiving tank
_ station vitrification plant.

- HAWC transfer by transport car

€00—¥6 00T8NL ONd



— 98¢ —

-, L

o 3 ¥ » . 3

R P L e

...' " ! ._5

T 3 o »

e . c o

z R @ © .

L : 0L .

'.‘.l‘ [ i "-

L oo : .

:.‘-.' .. .,"'..',“ " ‘A'a

-1. l. - (——_—l_._n.! »
!aOnPTER

/

Transport
channel

“\E"V"_‘—':‘z’

Transport '
| car

-~
— |
{
<
i‘——J
> : > > > > > > 3 > >

Canister loading.device for CASTOR

+18.50
.

+-5.00
SN2

-3.59

€00—¥6 O00T8NL ONd



—Léd —

LAVA

ELMA

Channel

vitrification

YeerGaZen

Livwgasa I

r;_._

saTI)

20001

(1210.0%)(210.03 D

AREEE

HAWC-Storage

¢g.-3im |!
7 .

0,03

/

At AT Pl AN .
R S SIS SIS SNy

b
Rp? "-)4a1q

4

TR

Tube channel -,

€0.60m

| 560615560 1

EOA-Wermshame i Velgosungseite e

rhrasehdiies
echigecud fonghehitler

{
kg2 RlRIETSrmiglichhail .

Underground HAWC transfer channel

€00—¥6 00T8NL ONd



—Bdé —

Time schedule for vitrification plant for on-site

Steps (6/93) Months
1. Plahing of construction, safety report, application 30

2. Examination of application 16

3. Participation of public 12
4. Permission of construction 14 |
5. Construction of building 18

6. Construction of facility 30 I
7 Cold test 6 ‘l
18. Permit of operation 6
3. Vitrification operation 16 i
Total time in months 148
Total time in years 12
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state of cost' 93| extrapolated
1. Work of building owner 65 Mio DM 74 Mio DM
2. Planning costs 120 Mio DM | 136 Mio . BM
3. Cost of construction 242 Mio DM | 340 Mio:DM. _
4. Operation 36 Mio DM 60 I\/Ii'o_:D,M ]
5. Decomissionihg, Removal 220 Mio DM 420 Mio: DM |
6. Glass canister“, secondary waste 40 Mio DM 70 Mio. IDJM ; .
7. Operation HAWC storage tanks 340 Mio DM 450 Mio DM B

Total costs

1.063 Mioc DM

Costs calculation for the vitrification plant
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3.3 Evaluation of the noble metals behavior, ESH feed
preparetion system
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during the long—term noble metals test run D2
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Fig. 7-7g : Noble metal concentrations in glass samples taken from pouring stream
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Layout data £SM — Melter

Fuli—scale melter 1/10—melter (ESM)
glass pool volume 2383 | 234 |
surface ared 2.63 m* 0.298 m”
glass pool depth 0.86 m 0.78 m
feed rate 222 1/h (100 kg/h) 20 1/h (10 kg/h)

residence time

28.5 h 58.5 h

€00—¥6 00T8NL ONd



PNC TN8100 94—003

Warenr B

ESM Schmelzofen
Langsschnitt

p—

v

T e e

Ty

LT =7

-

— 2568 -

Ed




— 692 —

e

.....

s .

Foaealipn fan vigglats

e ippie v Wa patbasn

LS N P R
N
T

dn

FSM Schme\zofen, Horizontalschnitt

€00—¥6 00T8NL ONd



PNC TN8100 94—003

Compilation of the main test raon data

Pretest Noble metal test

.Design feed rate 20 Y/n 20 1/q
Corresponding glass 10 k9/hn 10 k9/n
production rate

Melting temperature , 1150 °C 1150 =C
Temperature of heater 800 °C 900 °C
pipes

Amount of feed 3 m3 12 @3
Oxide yield 139 9/, 140 9/,
Recvcle 17 9/ 17 9/,
Glass frit 343 9/ 343 9/
Total oxides 494 9/, 500 4/1
Waste glass loading 30.7 Wt % 31 wt %
BRmount of glass frit to 0.92 to 4.31 to
be used

Glass production 1.3 to 6.3 to

Noble metals amount for this run

Ruthenium - 5.996 kg

Palladium - 2.069 kg

Rhodium - 1.646 kg
Number of glass canisters. 4 17
-Canister type ¢ 430 x 1350 mm

Number of pouring eperations
(per canister) |

" Glass sampling

';TétélﬁGlass samples

(400 kg maximum capacity)

5 {75 kg each pouring)

25 samples are taken
filling one canister

S0 420
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3. 4 Gravis process control and data acquisition system

- 263 —



PNC TN8100 94—003

GRAVIS

Graphical Visualization and Information System

Applied in the V-W1 vitrification mock-up test
facility

Developed by KIK-INE

Features
Acquisition of process data
Process visualization
Determination of process-relevant parameters
Calculation of mass balances
Long-term storage of data
Documentation

- Experience available from two long-term test runs
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Crwinwordallgemcidntoush doc

INTOUCH Process control software

Based on Windows/\Windows NT
Modern man/machine interface
Easy to configure
Exceptional visualization tools
Historical data management
Real time/historical tfrending
Event—based.background actions (calculations etc.)
Parallel development/runtime execution

Easy data exchange with other programs/computers
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Action Change of value
Change of condition
Change of window
press key / button

Execution
Result Visibility Calculations
Orientation Data exchange
Size Alarm
Color Start program
" Location | '
Percent flll

Examples of the dynamic features of InTouch
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175 analogue,
90 digital signals

Process

A
0-20,4-20 mA | |
0-5, 0-10 V

i
i

Basic operations

Programmable
Controller

0-32768

15 bit resolution | !

Historical data
Management

[HESData )

Spreadshest

[ Bl |

calculation  »

i

i
1

GECCM
Driver

A

[ Others ]

DDE="Dynamic Data Exchange”
(Data exchange protocol)

O
&

Scan rate 45 ms

Refreshment frequencies
3s-300s

Utility
Frogram

InDDE j

Process
simulation

‘\
[ Simul J

Software structure of GRAVIS
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GRAVIS Calculations

Balances

. HAWC balance via feeding vessel

. HAWC balance via intermediate tank

. Recycle balance via feeding vessel / dust
scrubber

. Glass frit balance

. Melter hold-up balance

. Secondary liquid waste balance

Others

. Determination of feeding rate

. Pressure drop along the off-gas line
- Melt level

. Electrical resistance

. Waste loading
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3. 5 Measurements of DF data for Sr, Cs and Ru for the melter
and the off-gas line
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CtwrinwociiWAKmecson doc

KfK"" N E PNC-KIK mccting

Measurements od DF data for Sr, Cs and Ru

for the melter K-6" and the off gas line

S. Weisenburger

Topics

. System description, HAWC composition
. Variation of processing conditions
. Test results, depending on processing conditions

. Conclusions
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Table 8-IX

Compilation of DF-data obtained from the test runs D2, D4, D5 and D6 of the HAWC-technology program

Component DI-data obtained in the several test runs
Test run D2 Test run D4 Test run DS - TestrunD6

Cs |Sr Ru Ce Se Cs Sr I Ce Se Cs Sr Ru Nd Cce Cs Sr Ru Pd N
VieHer 9.8 | 65.1 9.5 21 4.0 8.717 41,3 - 258 1.7 59 228 29 345 449 36.7 .96 19.8 182.5 | 63.5
Dust scrubber 3.0 14,0 |31.0 |34 4.8 192 |7 - 2.3 2.0 2.3 8.1 5.5 144 [18.8 | |2.04 (506 (672 |4.60 (3.1
Condenser 1.40 | 1,35 1210 |12 1.42 $.39 |72 - 2.2 24 1.6 1.5 3.2 1.6 1.5 161 P65 201 (158 154
lel-scrubber 11.7 | 12.0 |4.21 ]55. 342 6.03 10.0 - 43 9.8 8.5 14 9.5 387 |29 4.0 161 (106 | 174 648
NOzx-colunin - - - - - - - - - - - - - - - - - - . -
Toinl: 973 11476512604 | 204204 | 532 446 8020 - 51135 - 1730 | 9413 [4849 - - 1687 {9458 |2835 23144 {1995
Feed 1o NOx-absorber
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Off-gas io condenser
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S\
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Stainless steel
® 26.9x2.65x26.9mm o]
0,01m? T

Off—gas i
from melter » ( ‘ ? !

s
2589

1228

2600

1 Air

Fig. 8—5: Design of the dust scrubber column used for the test run D&
(design corresponds to current PAMELA spare part dust scrubber)
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Off—gas to condenser
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Off—gas to condenser
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KfK-l NE PNC-KK mecting

Overview about the quantities of the elements Cs, Sr and Ru removed by
the melter, dust scrubber, condenser, jet scrubber and NOy-column
during the test run D6. Compilation of the resulting DF numbers.

Quantity of element (g) DF

Cs Sr Ru Cs Sr Ru

Fed to melter

via HAWC-simulate | 49937 12 564 35 497 - - -

via HAWC-simulate 50 599 12 664 36 931 - - -
and recycled dust
scrubber solution

Removed by

Melter 49198 12 432 35065 36.1 96 19.8
Dust scrubber 714 106.4 1588 2.04 5.16 6.72
Condenser 1261 10 140 1.61 1.65 2.01
Jet scrubber 3935 13 125 14.0 16.06 10.63
NO,~column 30 1 13 - - -
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C:\winwurd\wﬁx\'zusixmm

KfK"'I N E PNC-X{K mecting

Overview about the quantities of the elements Cs, Sr and Ru removed by
the melter, dust scrubber, condenser, jet scrubber and NOy-column
during the test run D6. Compilation of the resulting D¥ numbers.

Quantity of element (g) - DF
Cs Sr Ru Cs Sr Ru

Fed toc melter

via HAWC-simulate 49 937 12564 35497 - - -

via HAWC-simulate 30 599 12 664 36 931 - - -
and recycled dust
scrubber solution

Removed by

Melter 49 198 12 432 35063 36.1 96 19.8
Dust scrubber 714 106.4 1588 2.04 5.16 6.72
Condenser 2601 10 140 1.61 1.65 2.01
Jet scrubber 395 15 125 14.0. 16.06 10.63
NOy-column 30 1 13 - . -
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3.6 Nelt level detection system recently tested in the K-6
and K-¥3 melter and New overflow heating technique applied
in the ESH melter

— 287 -



— 68¢ —

Melter features

@ 10 th scale of Hanford Waste Vitrification Plant melter
& flat bottomed melt tank, 550 kg glass capacity

@ two paires of uncooled Inconel electrodes

@ two SiC melter plenum heaters

@ designed throughput of 20 I/h (NCAW)

@ routine glass pouring via overflow with underpressure support
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Start-up heating procedure for ESM melter overflow
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New overflow heating technique applied in the ESM melter

ESM Engineering Scale Melter

@ designed, constructed, installed and operated by
KFK/INE under contract and in cooperation with

PNL i_’aoific,_lyor_thwest Laboratories

%~ in 1991 - 1992
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Used overflow FIBROTHAL heating modul

-
S

Aluminium Siticate fiber

Embedded Kanthal heating wires
80 \ql — Electrical connection

!
1

* ELl Dimensions in mm
- heating surface 0.3 m2
- power loading 6.0 kW /220 VAC

- thermal conductivity 0.242 W/mK (at 1150°C)

Advantages of FIBROTHAL heating modul

- even temperature distribution

- temperature flexibility

- easy replacement of modul

- low furnace weight (specific weight 200g/dm3)
- low price :
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3.7 Characterization and quality assurance for the HAWC-WAK
waste glass if produced in the PAMELA and disposed in Germany
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KfK"' N E 334 HAWC-WAK tecimology peogram

9.  Results of the process control referred to glass product composition
9.0 Description of the problem

The composition of the waste glass poured from melter primarely results from a number of
key parameters governing HAWC-processing. Those parameters include
« the composition of the waste solution
« the composition of the glass ffit |
« the waste glass loading
« the actual mass ratio of HAWC to fiit under which the melter is fed and the
variation of this ratio with time
The composition of the HAWC and that of the glass frit determines - together with the
waste loading number - the target value for each individual constituent of the glass product.
However, a number of processing parameters are involved. They can more or less influence the

concentration in the final glass product. Such parameters include the

« Variation of the HAWC-composition
« Variation of the glass frit composition

- Inaccuracies caused by the HAWC- and glass fiit feeding system, regarding
especially the ratio between HAWC- and glass frit

« Inhomogenities of the glass melt due to poor homogenization of the melt pool or
due to insufficient residence time

- Phase separation in the melt pool (noble metals for example)

These and a number of other influences, as for example excessive loss of waste elements
into the off-gas line, can also cause more or less differences in the composition of the final
glass product. A band width of scatter had therefore been established which must be tolerated.
The actual glass product composition must be within this band. Usually concemns about glass
product quality do not arise due to these allowed variations which can be within 1 to 2 wt% as
to give an order to magnitude only. In the course of the HAWC-WAK technology program it
had been tested what band width of scatter result with reasonable effort in comparison to the

"target.glass product composition".

9.} Reference composition of the inactive glass product

The target valires of the glass product for each individual constituent of the glass are listed

in Table 9-I. The first column shows the target numbers in case of vitrification of the active
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KfK"I N E 336 HAWC-WAK tecimology program
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HAWC. They are based on both the reference composition of the HAWC and the nominal
waste glass loading of 16 wt%. The second colurnn shows the corresponding numbers for the
inactive HAWC-simulate and a waste glass loading of 14 wt %. The waste glass loading is
lower compared to the active case due to the fact that the heavy actinides in the actual HAWC
are not present in the simulate. The numbers of the second column are the targets by which the
inactively produced glass product must be compared. The numbers refer to the nominal
composition of the HAWC-simulate used for the D6 test run, and to the glass fiit type GG
WAK 1.

9.2  Actual composition of the produced gla.ss compared to the target data

9.2.1 Selected guide elements

For comparison of the technically produced waste glass with the target composition, seven
guide elements have been selected: Si, Cs, Sr, Nd, Na, Fe and Zr. The selection criteria
included that

« the elements are relatively easy measurable

« they are homogeneously distributed in the glass matrix i.e. they do not show phase
separations, or are insoluble or segregate in the melt (like the noble metals)
« they are not too much influenced by other elements regarding their uniform distribution

« they represent typical constituents of the frit and waste stream fed to the melter (St
and Na for the glass frit; Cs, Sr and Nd for the most active part of the HAWC; Zr for
representing undissolved material, Na for process chemicals ‘and Fe for corrosion
product).

In the final glass ptoduct sodium represents both, a part of the fiit and the dominant
constituent of the HAWC referred to the mass. It is the strategy of the advanced process
technique to achieve and assure the correct composition within a given band width of scatter,
and this without the need for glass sampling and analysing. The assurance of the composition
within the established tolerance band should be.based on the process control itself - and not on
a direct product control. The results achieved in this respect in the inactive test run D6 are
presented asan examplé that this is well possible.

9.2.2 XRF-results achieved for the glass product of the D6 run

The XRF-results initially gaiffed for the glass product of the D6 run are plotted in the Figs.
9-1 to 9-3. Figure 9-1 shows the concentration of SiO; in the glass versus the mass of poured
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Table 9-IV
Analytical data of SiO7, ZrO5, S10 and Cs70 measured by the analytical glass lab of Company
Schott/Mainz. Date of analysis Nov. 4, 1993 under code FEA-2/Mec. Glass samples taken from
glass pouring streamn into canister No. 13 of the D6 test ran

D6 test run
Pouring of canister Concentration (wt %)
No. 13, D6 run
Si09 Zr05 S0 Cs50

Target 1) 51.60 0.508 0.16 0.569

Pouring batch A

Sample No. 1 31.84 £0.136" 0.50 0.14 0.46
2 31.77 £0.097 0.49 0.14 : 0.46

© 3 51.91+0.144 0.49 0.14 0.47
L4 51.66 0093 0.49 0.14 0.46

5 51.58 0098 0.49 0.14 0.46
6 51.81 +£0.137 0.51 0.14 0.46
7 51.65+0.212 0.49 0.14 0.47
3 51.68 £0.115 0.47 0.14 0.48
9 5175 +0.232 0.48 0.15 0.47
10 51.81 40281 0.49 0.14 0.47
11 51.76 £ 0.241 0.49 0.15 0.48
12 51.90 +0.137 0.50 0.14 0.47
13 51.90 +0.047 0.49 0.14 0.47
14 51.73 +0.064 0.51 0.15 0.47
15 5175 +0.165 0.50 0.14 0.48
16 51.81+0.127 0.50 0.13 0.47

Pouring batch B

Sample No. 1 31.85 £0.099 0.49 0.14 0.47
2 51.85 £0.098 0.49 0.14 0.45
3 51.89 +0.193 0.5) 0.14 0.47
4 51.57 £0.076 0.50 0.14 0.46
> si72+0095 | 9031 0.14 0.46
6 51.68 +0.095 0.51 0.14 0.47
7 51.64+0.199 0.49 0.14 0.46
3 51.66 £0.158 0.48 0.15 0.48
9 51.54 £0.135 0.49 0.15 0.47
10 51730240 0.49 0.14 0.47
11 51.84 £0.075 0.49 0.15 0.47
12 51.76 £0.089 0.50 0.14 0.47
13 51.75+0.039 0.52 0.14 047
14 51.7340.110 0.52 0.13 0.48
i5 5183 +0.220 0.50 0.15 0.47
16 5184 +0.203 0.50 0.15 0.48

1) Referred to the technically *) standard deviation *s

produced simulated HAWC-glass
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Table 3-IVa: Composition of the radioactive HAWC reference solution, compared with the simulate used for the D6 campaign

Tiltrate {dissolved) Salids (not dissolved) Taotal Sinwlate, D6 {lotal)
Element lilemem Ouxide Quide Oxide Lleanent Oxidde Oxide 1lentent Oxide Onisle -Element Oxide Oxide
conceilralion residue, residue concemeation residue residue coneenlralion residue residue concenteation tesidue residue
o Y Wi ! # WL% Py o Wi % ¢ o W%
34 Se 0,048, Se0 1,065 0,080 0,016, 0,022 . 0,237 0,052 0,087 0,096 0,062 0,007 0,106
37 Rb 0,258-‘ Rb. 8 0,293 0,361 0,019 0,020 0,218 0,266 0,313 0,347 ) 1) }]
38 Sr 0,788 Sr . 0832 1,150 0,003 0,003 0,033 0,791 0,935 1,035 0,791 0,935 1,140
9y 0,570 Y203 0,724 0,097 0,005 0,007 0,073 0,575 0,731 0,808 0,575 73 0,094
40 Zr 0,054 210 0,073 0,090 2141 2,093 31,011 2,196 2,966 3,201 2,196 2,966 3,620
42 Mo 1,538 MaOq 2,303 2,041 1,040 2,761 29,602 3,375 5,064 5,602 3,375 5,064 6,194
43Tc 0,901 TcOa 1,339 1.631 0,011 0,017 0,180 0,913 1,355 1,499 2) 2) 2)
44 Ru 2120 RuQ. 2,79 3,443 0,112 0,147 1,579 2,232 2,939 3,251 2,232 2939 3,595
45 Rh 0,560 Rh 83 0,690 0,051 0,019 0,024 0,256 0,579 0,714 0,790 - - -
46 Pd 0,916 Pd 1,054 1,300 0,356 0,409 4,389 1,272 1,464 1,619 1,272 1,464 1,791
47 Ag 0,002 A0 0,002 0,003 0,111 0,119 1,279 0,113 0,129 0,134 - - -
48 Cd 0,078 Cd 0,000 0,111 0,004 0,005 0,055 0,083 0,095 0,105 . - - -
50 Sn 0,046 sn0 0,059 0,073 0,042 0,015 0,157 0,058 0,074 0,082 0,050 0,074 0,094
5§ Sb 0,003 Sh. 8 0,004 0,004 0,008 0,009 0,100 0,014 0,013 0,014 - - -
52 Te 0,400 Te 0,500 0,616 0,123 0,154 1,647 0,523 0,653 0,723 0,523 0,653 0,799
55Cs 2,162 Cs 5 2,928 3,612 0,373 0,390 -l 265 3,137 3,326 3,679 3137 3,326 4,067
56 Ba 2,234 Ba 2491 3,073 0,096 0,107 1,150 2,327 2,588 2,875 2,327 2,598 3,178
571a 2,027 Lag 0 2,378 2,934 0,023 0,027 0,286 2,050 2,405 2,660 2,050 2,405 2,942
S8 Ce 2,923 CeQq 3,591 4,429 0,088 0,108 1,156 3,041 3,699 4,092 3,011 3,699 4,524
58 Pr 1,417 P04 1,658 2,045 - - - 1,417 1,658 1,834 1,417 1,650 2,020
6O Nd 5,040 N 203 5:878 7,252 0,019 0,022 0,236 5,059 5,900 6,528 6,313 7,362 4,005
61 Pm 0,004 F‘m203 0,004 0,005 - - - 0,004 0,004 - 0,005 3) B 3
62 Sm 1,117 Sm 03 1,295 1,697 0,004 0,005 0,054 . 1121 1,300 1,438 1)) )] 3
63 Eu 0,128 Eu %3 0,149 0,183 - - - 0,129 0,149 0,164 k) k)] 3
64 Gd 0,383 GCéOa 0,442 0,545 0,002 0,002 0,027 0,385 0,444 0,491 0,365 0,444 0,543
92U 5,705 Uao 6,728 0,269 0,026 0,030 0,324 3.1 6,758 7.476 -
93 Np 0,455 Np 83 0,501 0,618 0,004 0,003 0,052 0,459 0,506 0,559 B -
94 Pu 0,146 Pu5 0,165 0,204 0,020 4,043 0,459 0,102 0,208 0,230 - -
95 Am 0,424 Al’nz%:;. 0,457 0,576 0,001 0,001 0,009 . 0,125 0,168 0,518 . -
96 Cm 6,017 Cm203 0,019 0,023 ) - - - 0,017 X031 0,021 - .
24 Cr 1,728 Cia0q 2,525 3,115 0,132 © 0,192 2,063 1,860 2,718 3,007 1,860 2,718 3,324
25 Mn 0,211 Mn02 0,324 0,412 0,004 0,007 0,075 0,215 0,341 0,377 i,128 1,769 2,100
26 Fe 6,869 Fe 03 9,021 12,115 0,109 0,270 2,000 7.050 10,0091 11,163 7,058 10,091 12,343
28 Ni 1,244 Ni 1,584 1,953 0,040 0,051 0,547 1,264 1,635 1,008 1.284 1,635 2,000
29 Cu - Cu0 - - 0,013 0,018 0,197 0,015 0,018 0,020 0,015 0,018 0,022
302Zn . Zn0 - - 0,009 0,011 0117 0,009 0,011 0,012 0,009 0,011 0,013
a2 Pb - PbO . - . 0,003 0,003 0,032 0,003 0,003 0,003 0,003 0,003 0,004
11 Na 18,310 Na,O 24,602 30,447 - - - 10,310 24,662 27,305 18,310 24,602 30,109
12 Mg 0,410 Mg%) 0,680 0,839 - - - 0,410 0,600 0,752 0,410 0,680 0,831
13 Al 0,057 A|203 0,108 0,133 - - - 0,057 0,108 0,919 0,057 0,108 0,132
186K 0,217 K20 0,261 0,323 - - . 0,217 0,261 0,209 0,503 0,605 0,740
20Ca 0,353 cao 0,494 0,609 - - 0,353 0,194 0,516 0,353 0,194 0,604
F 0,019 F. 0,019 0,024 - - 0,019 0,019 0,021 0,019 0019 0,023
ct- 0,014 Cl- 0,014 G017 - - - 0,014 0,014 0,015 0,014 0,014 0,017
P 0,406 PnQe 0,931 1,149 0,624 1,422 15,243 1,027 2,353 2603 1,027 2353 3,098
Fiss.Prod. £ 26,322 31,731 3g,144 5,368 . 7,275 77,992 31,710 38,006 413,153 - - -
Aclinides % 6,747 7,880 9,721 0,069 0,079 0,044 6,815 7,958 B,604 - - -
Cor.Prod ¥ 10,052 14,264 17,596 0,39 0,552 5,294 10,443 14,816 16,391 ’ - - -
Chomicals © 19,786 27,108 33,540 0,621 1,422 15,243 20,406 28,610 31,652 - - -
Tolal L 62,907 81,063 100,00 G,1G8 9,328 100,00 69,376 50,391 100,00 81,757 100,017

Froo HND3 4 M - . - 4 M - -

1) Rb portion replinead by K 2) Te portion replaced by Mn - 3) ', Sm and Eu portions replaced by Nd
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Fig. 9-4a: Concentration of S102 in glags samples taken from overflow glass pouring stream whils filling canister
10 of the D6 test run. Analysis data obtained from analytical tab of company Schott/Mainz.
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Fig. 9-4b: Concentration of ZrO2, Cs20 and SrO in glass samples taken from overflow glass pouring stream while
filling canister 10 of the D6 test run. Analysis data obtained from analytical lab of company Schott/Mainz.
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Fig. 8-5a: Concentration of SiO2 in glass samples taken from cverflaw glass pouring stream while filling canister
13 of the D6 test run, Analysis data abtained from anahsical lab of company Schott/Mainz.
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Fig. 9-6h: Concentration of ZrO2, Cs20 and SrO in glass samples taken from overflow glass pouring stream while
filling canister 13 of the D6 test run. Analysis data obtained from analytical fab of company Schott/Mainz.
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{ntroduction

Within a period of nearly 20 years the Karlsruhe Reprocessing Plant (Wisderauf-
arbeitungsanlage Karlsruhe - WAK), which was designed as a pilot plant for the
development of the future commercial reprocessing, has reprocessed spent fuel
by the PUREX process of several German nuclear reactor types.

Up to its shut down in-late 1880 the plant has processed a total of 212 {¢ of oxide
fuel reloaded from the following reactor types:

—  PHWR fuel with natural uranium: MZFR, FR2
—  BWR fuel with low enriched uranium (< 3.5 %) VAK, HDR and KRB

—  PWR f{uel with fow enriched uranium (<3.5 %): KWO, GKN, KKS and NS
Otto Hahn. '

— PWR mixed oxide fuel (MOX, equivalent to 2.8 % enrichment); KWQO and
GKN (very small amount).

Lropad st fonctin Freue (4 f"-"C}
The remaining high active liquor’(the/so-cafled/HAWCT of about 60 m3 shall be

converted into a solid waste form with a high chemical stability being suitable for
final disposal.

In order to reach that goal the production of an borosilicate glass product is
intended by using the recommended PAMELA vitrification process. By a highly
sophisticated process developed by KfK/Germany and successfully demonstrated

during the hot operation of PAMELA plant at Dessel/Belgium the high quality
standard of the glass product will be ensured.

In this specification the resulting product will be characterized by both.nominal
and guaranteed values, taking the 16 relevant properties for final disposal into

account as identified by the recommendation of the 'BMFT Arbeitskreis HAW-
Produkte' /1/.
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1. Description of the PAMELA Vitrification Process

- The PAMELA vitrif'cation process as shown in fig. 1 is basedon a li'quid fed Joule
heated ceramlca] rnel er. By this one-step process (throughput about BO[Ih)
liquid acid HLLW—solutloEL is j{ed together with smhd’ borosilicate giassyﬁ“artlc[es
({bie” sorchfled fit) into -an—oven. There, at a maximum temperature of about
1,150 °C, chemical and physical reactions take place, as following:

G 10 top o M gleemr ponk orbacy )}
— &rying of the aqueous fission product solution by evaporation,
e

~:rl< A iharen

—  Calcination (l—e convertmg mtrales info oxides) by heat.impact;

[

—  Vitrification by forming a homogeneous glass melt of frit and- flssmn-product
oxides.

P

‘,.r

After a mean residual time of about 80 hours the molten glass product is poured

into a 180 1 stainless steel canister. The canister is, however, filled by up to four ;_,ﬂ:,.-._;;_,@é
oy L i g .
bt asd pouring steps. 4afshes,

Having passed a controlled cooling-down procedure the canister's [id is welded

and the surface.is: decontaminated, hereafter. Up-to-its-transportation The canister
fhf‘—:-}_;dtcrcx,/

r oL~y SN
/sT storedffor further cooling down in a plant own pit slorage.

The vitrification process will be carried out in the Belgian Belgoprocess -owned
PAMELA Plant, taking quality measures: as defned in DIN ISO 9000 into conside-
ration¥ Furthermore the process control will ensure that the a. m. relevant proper- %

ties wni be i@\k’g-._wi ﬁéﬂ ,clc;'rfsrlaeratlon Although operating under Bé]été%rfé‘éﬁf
sibility, Iagallfy controMaudlts by German authorities or iheir repre-
sentatives are possible to be carried out as agreed in the contract between
WAKJ/KIK on the German side and ONDRAF/NIRAS and Belgoprocess on the

Belgian-side

Details ‘concerning the product quality are described in the Handbook of Process
Qualification /2/ which is a document related to this specification.
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Figure 1: Simplified Flowsheet of PAMELA-Process
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2. Characteristics of the Raw Waste
2.1 General Aspects
The aqueous liquid waste is presently stored in two tanks:

—  about 43 m? liquor resulting from reprocessing in the time between 1971 up
to 1987,

— about 16 m3 liquor resulting from reprocessing up to 1990 including rinsing
solutions,

—_— aé’-&"-’o.-'—,’_ ‘
the tank contents -being-of a slightly different chemical composition. Vitrification

will be carried out by using a blend produced by a sophisticated mixing procedure
/3/ to guarantee a uniform product quality.

The maximum specific total §-activity of these liquoris: ............... 1.85 E13 By/l,

The
and minimum concentration of nitric acid ST ..o 3.5 mol/l.

Due ti WAK's function of being a pilot plant the burn up 'of the reprocessed fuel
varies in a wide range between 2,000 and 40,000 MWd/t,, whereas 2 mean of
about 25,000 MWdH has to be taken into consideration.

As reprocessing in WAK was terminated in late 1980 and the fuel elements pro-
cessed in WAK had a minimum discharge lime of 3 years, and as vilrification will

not take place earlier than 1997, every compound of the HAWC will have been
cooled down at least for 10 years.

2.2 Chemical Composition of the Liquid Waste - HAWC
(rosk ‘
The High Level giquid{Concentrate (eél!e’qi-fHAWC") is a composition of four main

types of constituents:

—  Fission products, especially cesium and strontium as main sources of Biy-
activity, reduced by the amount which was removed by feed clarification;
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—  Uranium, plutonium and higher actinoids, as main sources of a-activity,
—  Corrosion efemments, especially iron and nickel, as inactive parts;

—  Chemicals of the reprocessing process, especially sodium, as inactive parts,
f{oo.

While most of these elements or nuclides are ionogenically solved in the highly
acid liquor, there is a certain amount of them left either undissolved or repreci-
pitated, forming a suspended solid phase. The mean concentration of this phase
is about 14 gff (as in store for the time being).

N Falfe 42k (e Arideed
izj;ié{?rﬁ'i'r%l%[/ement concentration\s';'m calculated maximum and minimum
values, evaluated by the uncertainty margins either of the analytical methods or of
the expected dilution by steam jets and air lifts, dré:listed:indablesi. Besidesthe
element concentration a calculated value is given for a-virta;éJ'I oxide-e%yﬁé”é‘ﬁ’tﬁratiom

(¥ calcinate) as those numbers are relevant for the vitrification process j{sélf.
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r}—'m;&/—c’:
Table 1; MNominal element concentrations and fractions of widual oxide{composition
(mean, minimum and maximum values) of the blend of both tanks storing

WAK-HAWC.
Element Minimum values Nominal values Maximum values
Oxlde «¢|idwe  Element Oxide Homeles Oxide roxilece

[wi.~%] [gn] fwi-%] [wi.-%]

34 Se 0.08 0.06 G,.10 0.11
37 Rb 0.39 0.2¢ 0.35 0.32
38 Sr 0.75 0.79 1.04 1.22
38Y 077 0.58 0.81 0.83
30 Zr 2.64 2.20 3.28 3.78
42 Mo 5.92 3.38 5.60 5.40
43 Tc 1.55 0.91 1.50 1.46
44 Ru 3.63 2.23 3.25 2.59
45 Rh 0.88 0.58 0.79 073
46 Pd 1.16 1.27 162 1.92
47 Ag 013 0.11 0.13 0.14
48 Cd 0.10 0.08 0.1 0.11
50 Sn 0.07 0.08 0.08 0.10
51 Sb 0.01 0.01 0.01 0.02
52 Te 0.72 0.52 0.72 0.72
55Cs 417 3.14 3.68 3.35
56 Ba 3.26 2.33 2.88 2.61
57 La 3.00 2.05 2.66 2.43
58 Ce 2.12 3.01 4.09 473
58 Pr 1.75 1.42 1.83 1.89
60 Nd 4,30 5.08 £5.53 8.00
62 Sm 0.44 1.42 1.44 2.10
63 Eu 0.13 0.13 0.16 0.19
64 Gd 0.52 0.39 0.49 0.47
g2 U 9.15 573 7.48 6.35
93 Np 0.64 0.46 0.56 0.50
94 Pu 0.26 0.18 0.23 0.21
95 Am 0.60 0.43 0.52 0.47
96 Cm 0.03 0.02 0.02 0.02
24 Cr 3.05 1.86 3.01 2.97
25 Mn 0.33 0.22 0.38 0.41
26 Fe 11.84 7.06 11.16 10.69
28 Ni 1.76 1.28 1.81 1.83
11 Na 30.42 18.31 27.31 25.38
12 Mg 0.00 0.41 0.75 1.25
13 Al 0.00 0.06 0.2 0.20
19K 0.10 0.22 0.29 0.42
20 Ca 0.62 0.35 0.55 0.41
F 2.02 0.02 0.02 0.02

Cl 0.02 0.01 0.02 0.02

P 1.97 1.03 2.60 3.08

¥ Total 100.00 £9.38 100.00 100.00
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?-T/ Listed wank o5 e Mo
There s topointeutihat more lhan 25 % of 1he meﬂ{{eﬂedfmateﬁal is machve'so: e 0

glwtt:ateﬂ{oms_caflaﬁaiea-Na’O} wmchf was edded/as nitrite 4g the repro-
cessing process in order to stabilize a cerlain plutonium oxidation stags neseded
for obtaining a high factor of separation.

As concentration values are subject {o changes due to dilution effecis the total
amount of the a.m. types of constituents is given in table 2.

- .
Table 2: Total amount of HAW:Tonstiluents

- . 3 * £,
A exids Mol

Total amount,-as-oxides (Calcinale): ..oo.oooerioe e 7,940 kg
Total amount, a@s elements. e 6,095 kg
o FisSion productss edmrsrda e e 2,785 kg
o ACHNOIAST emirr oot 560 kg
o Corrosion BlemMeNtS. o e 918 kg
e Process ChemiCals: c44umsen o) 1,792 kg
Part of elemenis as suspended particles: ... 820 kg

These total values are deemed to remain unchanged. The decay of the radio-
nuclides will cause a certain conversion into stable elements of equivalent mass.

However, there is no significant change in the chemical composition within the
near future.

2.3 Activity Inventory of the HAWC Blend

While the chemical composition - as characterized above - is based on a chemical
analysis, the activity-related data have been evaluated by burn up calculations
performed with the KORIGEN code {4/, as they have to be predicted for the
probable time of vifrification in 1987. Nevertheless, a detailed verification
programme was carried out in order ta confirm the reliability of the code and to
infroduce correction factors, taking, all effects on the waste composition of the
chemical reprocessing process of WW/S/. > —

-t

Hence, the totals of the radiological data will be as following.
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Table 3: Totals of activity related data (valid for 01.01.1997)

Total c-activity: e 8.0 E15 Bq
Total B-activily: .o 8.9 E17 Bqg
Total photon eMISSION: ..o 4.2 E17 s°1
Tota! neutron emMiSSION: ..o 1.6 E10 n/s
Total heat generation: ... 76.4 kW

In addition the activity of main a- and p-nuclides are listed in Table 4.

Table 4: Nuclide activity of the WAK-HAWC blend, total values, valid for
01.01.1997 /4 5/.

Nuclide inventory*** Values
H-3*~ [Bg) 7.5E 12
Sr-907Y-90 ~ (Ba] 4.0E 17
Tc-89 . (Ba] 56 E13
Ru-106/Rh-106 * (Bq] 11E 14
Sb-125 [Bq] 6.8 E 14
Cs-134 (Bq) 24E15
Cs-135 (Bq] 1.8E 12
Cs-137/Ba-137m* [(Bq] 4.7 E 17
Ce-144/Pr-144 * {Bq] 42E13
Eu-154 {Bq} 41E15
Eu-155 [Bq) 1.0E 15
U-235 [Bq] 2.7E08
U-238 (Bq] 6.2 E 09
Np-237 (Bq] 1.0 E 12
Pu-238 (Ba) 1.1E 14
Pu-238 (Bq} 22E13
Pu-240 (Ba] 3.8E13
Pu-241 (B) (Bq) 27E15
Am-241 {Bq) 3.6E15
Am-242 [Ba) 24E 13
Cm-242 (Ba] 20E 13
Cm-244 [Bq] 41E15

*

H

Sum of activily of mother ahd daughter nuclide
1 % of activity of KORIGEN burn up calculation

Based on KORIGEN calcu!ation, taking analytical
values for U, Pu.and actinoids into regard.

ke

R n
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3. Characteristic Data of the Glass Frit

Borosilicate glass called GG WAK 1 has been chosen as a matrix material, having
a composition as given in table 5. This granuiated material is delivered by the

o 2 i oAfr 0 N,

manufacturer in the shape/of sniall cylindric bOdleS having a mean length and a
diameter of 2 mm each.

Table 5: Composition of the glass frit GG WAK 1 including
the tolerabie bandwidth, of rceedie.

dedd

Oxide Fraction Toleranéés
| | ot 4] Gesdn
Si0, £60.0 +05 *
B,05 17.6 +06 *°
Al5O4 3.1 + 0.2
Li,0 3.5 + 0.2
Na,0 7.1 + 0.4
Cao 53 0.4
MgO 2.2 + 0.4
TiO, 1.2 0.2

= In case of SiO, and B,05 a bandwidth of scedier

1.5 wt.-% should be tolerable by way of
exception due to reasons concerning the
highly sophistilc;?g&r’——nufactunng pro-
cess. However the”fJT'E)'EIuct should never
be oulside guaranteed parameters which
will be ensured by suitable QA
procedures.
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4. Characteristic Data of the Empty Canister

The canister is mads of heat-resistent stainless steel, being a cylindrical package
with an outer diameter of 430 mm. The purpose of the canister is

— to be the mould for the drained molien glass product,
— to provide altachment means for handling,

— to guarantee the integrity of the package during interim storage and
handling.

The main dimensions are listed up in table 6, while a workshop drawing of the
canister is given in figure 2. It is possible to stack a number of 10 filled canisters

on each other. Top and boltom of the canister are formed in such a way that
stacking can be easily done.

Table 6: Dimensions of the stainless steel canister

Main data of the canister Value

Total volume 1801

Net volume 1501

Wall thickness 5 mm

Weight of empty canister ca. 80 kg

Height including lid at room temperature 1.338 mm
Stacking height at storage temperature £ 1.275 mm
Diameter at room temperature 430 £2 mm
Maximum diameter at storage temperature < 435 mm

In addition some characteristical properties of the canisier's material are listed up m /=%4 3

which are relevant for the product quality, the heat ﬂux,o:‘{’tﬁe integrity during
cooling down procedure of the glass and the interim slorage period.
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Table 7: Main characteristic data of the canister's material
Property Data
Material A15CrNi24/3 (1.4833 at DIN)
Composition c* Si Mn* P ST Cr Ni
[wt.-%], * = max. value (0.08 1.0 2.0 0.045 0.03 21-23 12-15
Density 7.9 glem® (20 °C)
Hardness HB 182
0.2-% Elasticity limit 210 N/mm?
Tensile strength 500 - 750 N/mm?
Expansion coefficient  ||200 °C 400 °C 600 °C 1000 °C
[1E-06-1/K] 16 17.5 18 19.5
Thermal conductivity 20°C 500 °C
(W/mK] 15 19
Spec. heat capacity 0.5 JIgK (20 °C)
Max. temperature
of scaling resistance 1000 °C in air
T. Ermissvity — rolled, new annealed decontaminated
- 200°C 0.23 0.61 0.62
- 300 °C 0.23 0.51 0.45
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Table 8: Mean composition of the WAK HAW glass product, calcinate incor-
poration 16 wi.-%

Compound wi.-%
Si0, 50.4
B,04 14.8
Al;O4 2.6
Na,O (frit) 6.0
Li,O , 2.9
Cal 4.5
MgO 1.8
TiO, - 1.0
Total, frit 84.0
ZrO, 0.5
MoO54 0.9
(Ru, Rh, Pd)O, 0.9
Cs,0 0.6
other fission products 4.0
U304 1.2
other actinoides | 0.2
Fe,05 1.8
CrO4 0.5
other corrosion elements 0.3
Na,O : 4.4
PO 0.4
other chemicals 0.5
Total, calcinate 16.0

5.2 Mean Radionuclide Inventory

The main radiological data of a waste glass canister are listed up in table 9

assuming that all the liquid waste will be conditioned in no more than 124
packages.
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5. Characteristic Data of the Vitrified Product

The larget value of waste calcinate incorporation into the glass product will be
16 wt.-%. The product yielded is a borosilicate glass having certain properties as

discussed @Sfﬁfowmg taking | requrrements of the melting process, interim siorage,
and final dlSpOSBI@.

5.1 Chemical Composition

dig Qna/ }:._/I__
By use of .a target composition{84{% of the glass frit as specified in chapter 3 and
16! % of the average Irqld waste composition as described in chapter 3, f‘
borosilicate glass product erI result as g:ven in table 8.

¢
o~
et

Basing on an average filling level of 150 | for each canister the weight of the glass
product will be about 400 kg i e~'a_load of«waste calcmate of: 64 Kgz .
Corm e s

- !
[ R S B ""_’ SRl
R : .
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Table 9: Mean total radiological data of a 150 | waste glass package (data valid

for 01.01.1997)
HOLAL BCHVIRY: eveeeearrsseseemserssmes e 7.2 E15 Bg
QBOHIVIY  veeesnereseeseemsssossssees s 8 6.5 E13 Bq
DROLOM BMISSION  veeerrussseesesresssrmsemissss s 34 E15 s
NEULFON BIMISSION: rverrrrsressassemssssmmsss s 2.6 E0B n/s
Heat QERBIAHION.  ..oitrsesremesnemrms st 0.62 kW
COMACE JOSE TAIET ouericvevirerriicecnes s < 550 Gy/h
Dose rate in 1 M diStanCce: ..o < 52 Gy/h

In table 10 the main radionuclides are listed up in addition. The nuclides have
been selected by criteria as following:

- actual activity and surface dose rate,
- fissile material content,
- long term safety of & repository.

Thed
The data are the result of burn-up calulations /4/ which were verified by several
radiochemical invel'si'?gations 13, 5/ under the provision that volatile nuclides (espe-
cially the rare gases, carbon and iodine) will not be incorporated in a glass matrix.
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Table 10: Mean nuclide inventory of a waste glass canister (1501 glass, 16 wi-%
calcinate incorporation, nominal raw waste composition, data valid for

01.01.1897)
Nuclide inventory Activity [Bg/Canister]
Sr-80/Y-80 * 3.2E15
Tc-89 45E 11
Ru-1068/Rh-106 * B9E 11
Pd-107 34E09
Sb-125 55E 12
Cs-134 1.9E 13
Cs-135 1.5E 10
Cs-137/Ba-137m * 3.8E 15
Ce-144/Pr-144 * - 3.4 E 11
Pm-147 9.2E13
U-235 22E086
U-238 50E0Q7
Np-237 8.1 E 09
Pu-238 B.9E 11
Pu-239 1.8 E 11
Pu-240 3.1E 11
Pu-241 (BY/Am-241 * 57E13
Am-242 20E 11
Cm-242 1.6 E 11
Cm-244 33E13

w

= Sum of activity of mother and daughter nuclides

For long-term studies the decrease of the tolal aclivity, «-activity, the y photon
emission, the neutron emmission rate, and\fﬁe heat generation are of certain
importance. The curves are shown in figures 3 a, b, ¢, d, e /4/.
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5.3 Characteristical Physical Data /6/

L
e -
Ni -

For operation of the melter, for interim storage!and;’?ﬁgi disposal a series of

various physical properties has to be taken into cbnsideration, which are listed up
as following.

Tres rr”“',- r-

Dynamic Viscosity: A-value: ‘which! éharacterlses the fluidity behaviour of the melt

during the vitrification process and while pouring the product into the canister. The
viscosity is specified as following:

Viscosity of glass product at 1,150 °C:

.................................................. 45 dPa+s
Viscosily of glass product at 850 °C: ..o, 513 dPa-s
Viscasity of pure frit at 1,150 “C: o 101 dPa-s
Viscosity of pure frit at 850 °Ci ..oouvvivvivceeeeeee s sens s 1390 dPa+s

Specific electrical resrstance ThIS property is a key value for the operation of a
Joule heated ceramlcai/jter o

Spec:féﬁ:clrical resistance of the glass product at 1,150 °C:
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Spec. elecirical resistance of the glass product at 950 °C: .................. 19 Qcm
Spec. electrical resistance of purs fritat 1,150 °C: ....ooooceeveeiieneea, 9.4 Q+cm

Spec. electrical resistance of pure frit at 850 °C:

Density: By pycnometrical measurements the following data were determined:

Density of the glass product at 20°C: ... 2.70 glem?
Density of the glass fritat 20°C: ... 2.48 glem?
Density of the glass malt at 1,150°C: ... 2.38 glcm?

Characteristical Temperatures and Thermal Expansion: These figures describe
the influence of heat on a glass product. The transformation temperature (Tg)
indicates a viscosity of 1E 13dPa's. Up to this temperature the thermal
expansion behavior can be described by a linear coefficient (a). In excess of Tg
the softening temperature (Tg) is reached when a glass sample looses its shape
rapidly by melting. Another important value is the lemperature of maximum cristal
growth (Tk). It characterises a range of temperature where cristallisation leads to
thermodynamical stable products of a cristaliine phase supported by Kkinetic
factors at elevated temperatures. Tg, Tg and a are determined by dilatometric

measurements.

Transformation temperature, Ta! e, 513°C
Softening temperature, Tl .o, 5638 °C
Temperature of maximum cristallisation rale, Tk oo 750 °C
Thermal expg'nsion coefficient (20 - 400 °C), & ooooeevie e 8.3E-06/K

Heat conduclivity and heat capacify: These data are relevanf for the heat
dissipation especially during the initial interim storage phase:

Heat conductivity at 400 °C;

b e s s 1.42 Wim«K
Heat conductivity at 130 °C ... SRSRRRRRUPOION ~1.20 Wim-K
Specific heat capacity at 400 °C: ............... s \ 12\127—-‘“”) 1.50JIgeK
Specific heat capacily.at 300 °C: .............. o 28 A AT K

Volafilisation: An overall value for volatilisation has been measured for the glass
melt; '
Speehc

Rate of volatilisation at 1,150 °C: ... 5.0 E-03 gfcm?/h

r

¥x)oyqu - Crmedt iy
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- oy .
in- casg-of interim storage conditions (< 450 °C) the release of volatile compounds
is negligable. Slightly volatile oxides of Cs and Ru will becoms solid at least at the § rmer’ _c’w

canisters inner surface which is cooler than the glass product's center. Thef >33 ©
production of gaseous nuclides by spontaneous fission (like Kr-85 and I-129) and b

;p.‘v-;.:.‘}r',

the decay chaines of U- and Pu-lsotopes (Rn-220} will not cause a significant ,,,,_,: e
contribution to any activity release of ihe package /7/. 'f"*'T,‘,,‘*'.f:j
i,

Cristallisation and Phase Seperation: During the cooling down pro‘c‘éEiTJ?? 600 - ~uer !

800 °C) some cristalline phases may grow, however the fraction of cristailine
phases is expected to be lower than 1% by volume. In addition the formed
phases like Diopside do not have less favorable properties as the glass itself.
Furithermore the comprehensive R&D-work did not give any hints for the
occurance of highly soluble 'yellow phase'.

Noble metals like Ru, Rh and Pd may also form seperate phases like RuQ,

needle: [ikezcristals or spherical alloys sgpaialidn- (RnPdy), both Fa{t Ttoron scale. i smdany 2
However these phases do not have any relevan&efoogernlng long term safety. as
{here is no significant activity contribution of highly radioloxic nuclides with long
half lives. By-the-layout-of-the_melter-.geemetry-a- homogeneous—dtstnbut[on of
-these-phases-will-be-ensured. In addition they wrll be comp[etely imbedded by the

i}
glass. T

H)
PoL- . k pen f o AL

[ 1\
- A

;"_"'_::i _‘i;’-.'-___:: "_"‘"r{_ ) Pt D £ 3 :' : ;::-__\..
5.4 Corrosion in Aqueous Solutions and Brines T
By an Soxhlet-Leach-Test in destilled water at temperatures of 100°C an
indicative rates {R() for short term corrosion were yielded

R4 (mean value after 1d): ...l kz)” 5. 02 70% %) ¢ x E-xx glemi/d
R( 3 (mean value after 3d): ..o (1)‘7 ....... G .CY> xxE-xx glcm?d
R 10 (mean value after 10d). ..oooovveiennne. (O G E0%x) xxExx glem*/d
R 30 {mean value after 30d): k) 2 =045 9.0 E-04 glemd

e
using inactive samples with a wasle load of 16 wit.-%.

S

With resepect to long term safety static corrosion experiments which were carried /
out following the MCC-rules at 110 °C and 190 °C in brines as: \

—  solution 1: NaCI-KCI-MgCly-Na,S04-H,0
x) WK = Erm ey
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~  solution 2: NaCl-CaS04-(KCI-MgCly)-H,0

. !
N nitle,

changing the (sample)-surface to (brine)-volume ratio SN/ from 1.000 to | B
10.000 m2 using inactive samples with a 13, 16 and 19 wi-% waste in- ,f:,,,b o
corporation. The results are given in fig. 4. { AL »q

[Minweis von INE Uber die Art der Ergebnisdarstellung benétigt) /8/.
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6. Guaranteed Parameters

The data provided in chapter 5 are nominal or indicative values describing an

standard glass product on basis of an average acilivity level and an average

chemical composition of wase solution and of glass frit. By an accepied bandwidth A el
of the waste load of 13 to 19 wt.-% several data are subject to vary, however they

will always be covered by the guarenteed parameters.

Table 11: Guaranteed parameters (maximum values) of the vitrified product of

WAK-HAWC
Guaranteed parameters Guaranteed value
Maximum load of calcinate ‘719 wt.-%
Bandwidth offé’l"‘é’é%%c?a’mposition see table 12
Mass of package < 550 kg/package
Dimensions at room {emperature see fig. 2
Max. stacking height 1,275 mm
Transferable surface contamination: o-Emitters § < 0.4 Bqfcm?
B-Emitiers < 4.0 Bqglem?

Maximum activity Sr-90/Y-90 * 4.4 £15 Ba/package
Maximum activity Cs-137/Ba-137m * 5.3 E15 Ba/package
Maximum total B/y-activity 1.0 E16 Bagf/package
Neutron emission < 4.0 E08 n/s/package
Uranium, total weight < 6,880 g/package
Plutonium, total weight < 206 glpackage
Curium, total weight < 20.2 g/package
Dose rate: B/ y at surface < 762 E2 Gyh

B/ y at 1 m distance < 72 E1 Gy/h

Neutrons at surface < 5 E-3Gy/h

Neutrons at 1-m distance < 8 E-4 Gy
Heat generation < 850 W/package

<= Sum of activily of mother and daughter nuclide.
L“I fre. r!'["-"

Taking the mentioned bandwidth-6f composition into account as well as the most

L%

unfavorable activity distribution in the HAWC, and acceptinga filling level of 1751

of glass product in the canister, the main maximum values of a package are as
listed up in table 11.
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,_r- [ _/_,—,//

The guaranieed and accepted bandw;dth‘ of the chemical composition is provided
in table 12.

’-,L("/.A//"
Table 12: Guaranteed bandmdth’o‘f‘@gés/groduct composition

Compound Minimum load* Maximum load*
{wt.-%) [wt.-%)]
Fraction of frit 87.0 81.0
. SOy ' < 527 > 481
« By04 < 159 > 13.7
« A0, < 29 > 23
« NayO <.6.6 > 54
+ LipO < 33 > 26
. Cal < 49 >z 4.0
« MgO < 22 = 15
. TiOy < 1.2 > 0.8
Fraction of calcinate 13.0 19.0
» Fission producis + Zr > 46 < 94
- ZrOy (hulls) =z 03 < 08
- MoOs, > 07 < 1.2
- {Ru, Rh, Pd)O, 2 06 < 1.3
- Csy0 =2 04 < 08
- others > 26 , < 53
« - Actinoids > 09 < 2.1
- Us0g ' > 0.8 < 1.8
- others > 0.1 < 0.3
- Corrosion elements > 1.9 < 33
- Fey;04 2 1.3 < 23
- CrQO4q > 0.3 < 06
- others > 0.3 £ 0.4
« Process chemicals > 3.6 < 6.8
- Nay,0 2 32 < 58
- P50s 2z 04 < 06
- others > 0.0 < 04
Y = Due to the maximum/minimum calculation mode the sum of certain wi.-%

datais = 100g.
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Following the iist of relevant properlies and characteristical values of HAW glass
products in a final storage facility, and the requirements for non-heat generating
residues /9/ - as already practiced /1/ the data shest will provide information-data-

as listed hereafter:

—  Type of waste product, name of specification referred
- Package indentiﬁcation fabel

—  Type and dimensions of canister {mmj

—  Name and adress of conditioner

- Type of conditioning process

- Date of conditioning

- Process qualification certificate

- Total Biy-activity [Balcanister]

- Total g-activity [Bg/canister]

— 7 Activity of relevant nuclides [Bg/canister]

— Code used for calculating the actual nuclide spectrum
- U-233 and U-235 content [g/canister]

— Pu-239 and Pu-241 content {g/canister]

- Content of neutron absorber elements [g/canister]
— Activities of other fissile actinoids {Ba/canister]

_  Thermalpower (Wicanister]

- v contact dose rate [Gy/h]

— vy dose rate in 1 m distance {Gy/h]

- Neutron contact dose rate [Gy/n]

- Neutron dose rate in 1 m distance [Gy/h]

- Transferable a-surface contamination

- Transferable Bly-surface contamination

- Fraciion of incorporated waste calcinate [wit.-%])

- Total weight of package [kg]

Data which are defined as guaranteed parameters were listed up sep_@rate!y and

were always compared with the limits agreed upon in chapler 6.
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8. Quality Assurance Policy

t pl

The main goal of the operation of the PAMELA vnrzf[catlon{g ieess is to yield a
glass product whose properties are at least within the limits of the a.m.
Guaranteed Parameters while, haowever, it is worth striving for to be as close as
possible to the Nominal Values.

In order to achieve that goal certain measures have been taken which were
described in the following:

—  The company policy of the opera__tg[ of the vitrification plant is laid down in
the companfe"s Quality Assurance Handbook, which will clearly point out that
the safe operation and a high quality of the product are the main goals.

- Relevant quality standards fke the [SO 8000 series are guiding the

operational and administrative work, especially in dealings with suppliers of
goods, materials and services.

- To ensure independence on matters which relate to the product quality the
QA-Manager will have direct acess to the company's directors, being
independent from the operational manager.

- To make sure that requirements of the final disposal in Germany can be
fulfilled a handbook for the process qualification has been written /2/ which is
a related document to this specification. _The handbook describes In the

e T et N T

measure {0 _be taken in order to ensure the rel:abihty and tolarable band-
-..—._.—--—'——'—"'—-—-—-'-—.—._____,__.

. S
.-_ L e T e

width-of {Re data provided in the container data sheet (as described in

chapter 7), which are in concordance with the a.m. mentioned relevant |

properties for final disposal /2,9/.
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