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ASK -- OF WASTE PACKAGE DATA_ BASE

STATUS OF DATABASE

Current r Previous Quarter
Number of citations 1131 1122
Number of completed reviews 85 78
atus ecen isted Reviewable ents

Reviewable documents are classified as follows: Category 1 documents are
currently being reviewed. Categories 2 and 3 are documents that will be
entered into the database with citation information and authors sbstracts,
and the Category 2 documents are flagged "to review when time permits.”



YUCCA MOUNTAIN PROJECT

7 Reports currently under review (Category 1).

28 Reports to review when time permits (Category 2).

2 Reports to file with cross reference(s) to other reports (Category
3).

0 Reports identified and not yet categorized.

4 Reports received and not yet categorized.

GLASS -- VITRIFIED WASTE FORM

0 Reports currently under review (Category 1).

4 Reports to review when time permits (Category 2).

0 Reports to file with cross reference(s) to other reports (Category
3.

0 Reports identified and not yet categorized.

Database searches for (October and November, 1989) include Metadex, NTIS,
DOE Energy, Compendex Plus, and Engineered Materials Abstract. Examples
of the search conducted for each of these databases are in this report
(see p. 9).

STATUS OF REVIEWS OF YUCCA MOUNTAIN PROJECT REPORTS
Yucca Mountain Project -- Reports recently identified for review

Seven reports have been identified for review. The first is on the
movement of moisture around the waste container, the second considers the
need for tailoring distribution of contained waste in the repository, and
the fourth and fifth reports, by the same author, are models of
temperature and moisture and the release of radionuclides. Post closure
repository conditions are described in the fifth report, and the cladding
corrosion is discussed in the sixth report. The last report in this
series 1s a description of the EQ3/6 program.

The role of fractures in the movement of moisture in the varisbly
saturated and fractured rock is the subject addressed in this report.
Moisture movement is modeled using LINL’s TOUGH code, and the model
considers a semi-infinite vertical fracture with 100% moisture saturation
of at the top. The results indicate that much of the moisture is absorbed
by the surrounding matrix which has an important influence of moisture
velocity along the fracture [Buscheck, 1988].

Nine waste form packaging scenarios are considered in this study of
conceptual design of the repository and the waste package. The
assumptions used and the effect of variations in these assumptions on the
final design are discussed. To maintain the borehole walls above the
boiling point of water for the longest period of time requires "tailoring"
the physical layout and the amount of heat generated by the canisters
[Nelson, 1989].



A model simulating the hydrologic and thermal conditions, versus time, in
the vicinity of the waste container is described. The code is based on
LLNL's TOUGH numerical model. Results, which are very preliminary because
of the uncertainty in the input data, indicate that liquid flow into the
borehole is not expected during 2600 years. However, small amounts of
water from capillary condensation are expected at the borehole wall at
about 200 years [Nitao, 1988a].

A model of radionuclide release rates is described in which effects of
absorption by tuff are taken into account. Release rates with and without
a backfill are included in this study. The release rate of some
radionuclides, such as iodine, show little difference between the two
cases, but the release rate of others, such as plutonium, are
significantly reduced when a backfill is used [Nitao, 1988b].

Using PANDORA-1, the post-closure performance of the waste packages has
been simulated, including individual waste packages, the ensemble of waste
packages, and the uncertainty in the performance assessment. Scenarios
considered are 1) no significant contact of the waste package with water,
2) contact with dripping water, and contact with the flowing water
[0’Connell, 1989].

A corrosion study is described, in which bundles of spent fuel cladding
held together with a type 304 stainless steel wrap were exposed to J-13
water for up to 12 months. This study is limited to optical microscopy
examination of corrosion on the cladding that occurred after several years
of pre-exposure to a reactor environment. No new corrosion was observed
[Smith, 1988].

This report, written by the programmers that produced this software,
describes the geochemical modeling capabilities of the EQ3/6 computer
program. EQ3/6 is made up of several sub-models such as the EQ3NR code
that calculates speciation and saturation indices from analytical data.
EQ6 calculates reaction paths of equilibrium step processes and kinetic
reaction processes. Possible pitfalls in using the software are discussed
[Wolery, 1988].

1. Buscheck, T. A. and Nitao, J. J., "Estimates of the Width of the
Wetting Zone Along & Fracture Subjected to an Episodic Infiltration
Event in Variebly Saturated, Densely Welded Tuff®, UCID-21579, May
1988.

2. Nelson, T., Russell, E., Johnson, G. L., Morissette, R., Stahl, D.,
LaMonica, L., and Hertel, G., "Yucca Mountain Project Waste Package
Design for MRS System Studies®™, UCID-21700, April 1989.

3. Nitao, J. J., "Numerical Modeling of the Thermal and Hydrological
Environment Around a& Nuclear Waste Package Using the Equivalent
Continuum Approximation: Horizontal Emplacement”, UCID-21444, May
1988.



Nitao, J. J., "Simulations of the Near-Field Transport of
Radionuclides by Liquid Diffusion at Yucca Mountain -- Comparisons
with and without Emplacement Backfill®, UCID-21466, July 1988a.

O'Connell, W. J., Lappa, D. A., and Thatcher, R. M., "Waste Package
Performance Assessment for the Yucca Mountain Project", UCRL-100395,
February 1989.

Smith, H. D., "Electrochemical Corrosion - Scoping Experiments -- An
Evaluation of Results", WHC-EP-0065 (formerly HEDL-7637), September
1988.

Wolery, T. J., Jackson, K. J., Bourcier, W. L., Bruton, C. J., Viani,
B. D., Knouss, D. G., and Delany, J. M., "The EQ3/6 Software Package
for Geochemical Modeling: Current Status", UCRL-08729, July 1988.

Yucca Mountain Project --

Category 1 -- Reports currently being reviewed

1.

WHC-EP-0096 (formerly HEDL-7665), "Initial Report on Stress-
Corrosion-Cracking Experiments Using Zircaloy-4 Spent Fuel Cladding
C-Rings," September 1988.

Beavers, J. A. and Thompson, N, G., "Container Corrosion in High
Level Nuclear Waste Repositories," - First Semi-Annual Report/Year 2,
September 1988 to February 1988.

UCID-21466, "Simulations of the Near-Field Transport of Radionuclides
by Liquid Diffusion at Yucca Mountain -- Comparisons with and without
Emplacement Backfill", July 1988.

UCID-21700, "Yucca Mountain Project Waste Package Design for MRS
System Studies", April 1989,

UCID-21444, "Numerical Modeling of the Thermal and Hydrological
Environment Around a Nuclear Waste Package Using the Equivalent
Continuum Approximation: Horizontal Emplacement", May 1988.

WHC-EP-0065 (formerly HEDL-7637), “Electrochemical Corrosion -
Scoping Experiments -- An Evaluation of Results", September 1988.

UCRL-100395, "Waste Package Performance Assessment for the Yucca
Mountain Project", February 1989.
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Category 1 (continued) - Status of Reviews not yet sent to NRC and WERB

Document No. Assigned to First Lead Program

Reviewer Draft Worker Manager
Completed

WHC-EP-0096 2/21/89

Beavers, 1988 5/11/89 6/23/89 6/24/89

UCID-21466 12/18/89

UCID-21700 12/18/89

UCID-21444 12/18/89

WHC-EP-0065 12/18/89

UCRL-100395 12/18/89

Category 2 -- Review as time permits (new entries for this reference data

file)

None this quarter.
Category 3 -- File and cross reference

1. UCRL-08729, "The EQ3/6 Software Package for Geochemical Modeling:
Current Status", July 1988.

2. UCID-21579, "Estimates of the Width of the Wetting Zone Along & Fracture
Subjected to an Episodic Infiltration Event in Variably Saturated,
Densely Welded Tuff", May 1988.

OTHER REPORTS ON VITRIFIED WASTE FORM --

Category 1 -- Reports currently being reviewed

None this quarter.

Category 2 -- Review as time permits

None this quarter.

Category 3 -- File and cross reference

None this quarter.
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TASK 3 -- LABORATORY TESTING

Title of Study: Evaluation of Methods for Detection of Stress Corrosion
Crack Propagation in Fracture Mechanics Samples.
Principal Investigator: Charles Interrante

October, November, December 1989:

During this reporting period, the co-worker on this project, Mr. Stephen
Harrison was transferred to another government agency and was not
available for consultation after that occurred. Prior to Mr. Harrison’s
departure Dr. C. Interrante was "schooled" on many aspects of the
testing procedures that were known only to Mr. Harrison. This was done
in efforts to learn as much as would be needed to interpret data in
hand, to complete calibrational studies that must be done to interpret
data from the already completed test and to prepare for testing of one
additional test specimen, one that was prepared but not tested prior to
Mr. Harrison’s departure. Near the close of this period, the principal
investigator, Dr. Interrante transferred to the Nuclear Regulatory
Commission, where he will be stationed henceforth. As a result of these
transfers of personnel, this project saw very little or no new results
during this reporting period.

What remains for completion prior to reporting on the results of this
study are the following activities: (1) Complete the analysis of data
now collected and stored on the mainframe computer. (2) Conduct
calibration procedures, as needed to interpret the data. (3) Conduct
one additional test and in this test correct the errors in either data
acquisition or processing that are discovered in step (1). It is
anticipated that Dr. Interrante will have the opportunity to do the data
analysis and perhaps even to conduct the additional test in the next
quarter. In any event, the apparatus for this work will be left intact
until completion of these studies is assured.

Title of Study: Effect of Resistivity and Transport on Corrosion of
Waste Package Materials.

Principal Investigator: Edward Escalante

October, November, December 1989:

Starting in the second week in October, our laboratory was moved to

- another location, forcing the cessation of all laboratory efforts. The

last laboratory modifications are being made now, completing this move.
In the mean time, we have continued to evaluate and prepare the data for
reporting.



C. Title of Study: Pitting Corrosion of Steel Used for Nuclear Waste

Storage.
Principal Investigator: Anna C. Fraker

Studies of literature and additional data and specimen analysis in
preparation for writing a paper continue. The report that was submitted
to NRC earlier will be put in the form of an NIST Internal Report.

D. Title of Study: Corrosion Behavior of Zircaloy Nuclear Fuel Cladding.
Principal Investigator: Anna C. Fraker

October - December 1989:

The purpose of this study is to provide information and data on the
corrosion behavior of Zircaloy that can be used to determine the long-
term durability of nuclear fuel cladding made of this material. This
experimental work involves electrochemical measurements made primarily
using potentiostatic polarization techniques to study the corrosion
behavior of bulk Zircaloy-2 and -4 as well as specimens of cladding
tubes made from these two materials. Measurements are made on both the
inner and outer walls of the cladding. Measurements have been made in
simulated J-13 water, a water that may be typical of that which could be
present in the Yucca Mountain, Nevada site.

The work of this period involved preparing and presenting a poster at
the Materials Research Society Meeting on November 28, 1989. A trip
report regarding this meeting is attached. An eight page paper
describing the work was accepted for publication in the proceedings of
this meeting. A copy of this paper is attached (see Attachment C).

Two specimens of Zircaloy-2 cladding, one exposing the surface of the
inner wall and one exposing the surface of the outer wall, were left in
the J-13 water at a temperature of 70 C for six months. Measurements
were made on these specimens at 70 C, and the data showed only small
changes when the recent curves were compared with the previous ones.
There were small decreases in current levels and & positive shift in the
corrosion potentials, and both of these changes indicate increased
passivity. Measurements will be made at 90 C, a closer visual
observation, in situ, will be made, and all results combined with a
further analysis of these data for the next report.

Future work will be directed toward investigating of effects of selected
halide ions on passivity and localized corrosion of Zircaloy. Other
future work involves some measurements of longer term tests, and some
additional specimen analysis and tests that can provide a more complete
explanation of experimental results already obtained.

TASK & - GENERAI TECHNICAL ASSISTANCE

Dr. P. Adams attended the Fourth International Symposium on Ceramics in
Nuclear Waste Management on April 24 26, 1989 in Indianapolis, IN. A summary
is enclosed (see Attachment A).



Dr. P. Adams attended the SF-12 Vitrification Run External Review at West
Valley Demonstration Project held in West Valley, NY on October 31-November
2, 1989. A summary of that review has not yet been received.

Dr. A. Fraker participated in the Materials Research Society 1989 Fall
Meeting on November 27-December 2, 1989 in Boston, MA. A trip report is
enclosed (see Attachment B).

A response for general technnical assistance on the document titled,
"Degradation Modes in Candidate Copper-Based Materials for High-Level
Radwaste Canisters", by H. K. Manaktala was prepared by Dr. U. Bertocci and
sent to Mr. C. Peterson on November 29, 1989.



SD|006 SUMMARY User:010%43 , Flle 6 PAGE: 2 -

TITLE:DIALOG SDI PRINTS for LID=8821

SDIO06, UD 8921, SER. DDO16

File(s) searched:

File 6:NTIS - 64-89/15521
(COPR. 1989 NTIS)

Sets seleeteq:

Seat Items Description

1. 7 WASTE(W)PACKAGE?

2 8 CANISTER?

3 41  CORROSION

4 19  LEACHING

5 111 GLASS

6 4  VITRIFICATION

7 168 S3-S6/0R

8 6  HIGH(W)ILEVEL(W)WASTE?

9 126 RADIOACTIVE(W)WASTE?
10 18 NUCLEAR(W)WASTE?
11 4 (S1 OR S2) AND S7 AND (S8 OR S8 OR S10)
12 O  ANNA FRAKER RM. B8-106 BLDG. 223 X6009
13 O  JILL RUSPI

Prints requeéted {(’*’ {ndicates user print canceliation) :

Date Time Description .
O6oct 17:226ST PR 14/8/1-25 ({items 1-4)

Total {tems to be printed: 4

-

003230 INFORMATION SERVICES, INC.



SDIOO8 SUMMARY User:010843 , File 8

TITLE DIALOG SDI PRINTS for UD=8910

PAGE:

o1

SDIO08, UD 8910, SER. DAO16

File(s) searched:

File

Sets selected:

Set

Inec.

Items
A4

5
2686
44
312
8
614
3
53
7

2
(o]
(o]

B:COMPENDEX)PLUS - 70-89/0CT Copr. Engineering Info
1989

Deseri{ption '

WASTE(W)PACKAGE?

CANISTER?

CORROSION

LEACHING

GLASS

VITRIFICATION

$3-S6/0R

HIGH(W)LEVEL(W)WASTE?
RADIOACTIVE(W)WASTE?
NUCLEAR(W)WASTE?

(S1 OR $2) AND S7 AND (S8 OR S9 OR S10)
ANNA FRAKER RM. B-106 BLDG. 223 X6009
JvILL RUSPI

Prints requested (’*’ {ndicates user print cancellation) :

Date Time
180ct 17:29EST PR 11/8/1-20 (items 1-2)

Total {tems to be printed: 2

Description

Anmma s

INFORMATION SERVICES, INC,




SDIO32 SUMMARY Uaer:owuﬁ . File 232

TITLE:DIALOG SDI PRINTS for UD=8911

11

SDI032, UD 8911, SER DD022

File(s) searched:

File 32:METADEX 66-89/NOV
(Copr. 1989 ASM International)

Sats selected:
Set Items Description

~

1 7  HIGH()LEVEL()WASTE? ? OR RADIOACTIVE()WASTE?
, OR NUCLEAR()WASTE?
2 2085 STEEL? ? OR ZIRCALOY? ? OR TITANIUM? ? OR
COPPER
3 3 1s2
4 O  ANNA FRAKER, 223, B-254, X6009

Prints requested (’*’ indicates user print canceltation) :

Date Time - Description
120ct 00:04EST PR 3/5/1-25 ({tems 1-3)

Total {tems to bhe printed: 3

D —
—————

002401

INFORMATION SERVICES, INC,



SDIO06 SUMMARY Uuser:010843 , File 6

TITLE:DIALOG SDI PRINTS for UD=8922

PAGE:

2

(At

SDI006, UD 8922, SER. DD016

File(s) searched:

File

Sets selected:

Set

OBINRRADUN -

10
11
12
13

Prints requested (’*’ indicates user print cancallation) :

6:NT1S - 84-89/18822

(CoPR. 1989 NTIS)

Items
o]

4
40
18
89
3
140
3
as
17
2
0
0

Date Time
220ct 15:26EST PR 11/5/1-2%5 ({1tems 1-2)

Total {tems to be printed: 2

Description

WASTE(W)PACKAGE?

CANISTER?

CORROSION

LEACHING

GLASS

VITRIFICATION

$3-56/0R

HIGH(W)LEVEL(W)WASTE?
RADIOACTIVE(W)WASTE?
NUCLEAR(W)WASTE?

(S1 OR S€2) AND S7 AND (S8 OR $9 OR S10)
ANNA FRAKER RM. B-106 BLDG. 223 X6009
JILL RUSPI

Description

NAANOOR

INFORMATION SERVICES, INC.




SDI293 SUMMARY user:010843 , File 293 PAGE: 2

TITLE:DIALOG SDI PRINTS for UD=8911

€1

SDI293, UD 8911, SER. DD023

File(s) searched:

File 203:ENGINEERED MATERIALS ABS 86-89/NOV
(Copr. 1989 ASM INTERNATIONAL)

Sets selected:

Set Items Deseription
1 4 HIGH()LEVEL()WASTE? ? OR RADIOACTIVE()WASTE?
. OR NUCLEAR()WASTE?
2 274 STEEL? ? OR ZIRCALOY? ? OR TITANIUM? ? OR
COPPER
3 1 S1%S52
4 0 ANNA FRAKER, 223, B-254, X6009

Prints requested (’x’ {indicates user print cancellation) :

Date Time  Description
24c0ct 20:14EST PR 3/8/1-2% ({tems 1-1)

Total {tems to be printed: 1

INFORMATION SERVICES, INC.



SDIO06 SUMMARY User:010343 , File 6 PAGE: 2

M1 TITLE:DIALOG SDI PRINTS for UD=8923 :

71

SDIO06, UD 8923, SER. DDO16 _ | .

File(s) searched:

. File @6:NTIS - 64-80/15523
(COPR. 1989 NTIS)

Sets, salected:
Sat Items Description

1 O  WASTE(W)PACKAGE? .

2 5  CANISTER?

3 31  CORROSION

4 8 LEACHING

5 72 GLASS (
6 9  VITRIFICATION

7 112 $3-S8/0R

8 3 HIGH(W)LEVEL(W)WASTE?

9 55 RADIOACTIVE(W)WASTE?

10 9  NUCLEAR(W)WASTE? ’
11 O (S1 OR S2) AND S7 AND (S8 OR S9 OR 510)

12 O ANNA FRAKER RM. B-~108 BLDG. 223 X6009

13 0 JILL RUSPI

Prints requested (’»’ indicates user print cancellation) :

Date Time Description
02nov 23:10EST PR 11/8/1-28 (no items to PRINT)

Total {tems to be prlntsd: (o]

——— O ————————

laa L1 R . INFORMATION SERVICES, INC.




SDI103 SUMMARY .User:o1os43 , File 103

TITLE:DIALOG SDI PRINTS for UD=8818

ST

SDI103, UD 8918, SER. DDO17

File(s) sesrched:
Filea 103:DOE ENERGY - 83-89/0CT(ISS18)

Sets selected:

‘Set Items

-
QUOUONAALWN -

Py QT Oy
W =

Prints requested
Description

Date Time

7

7
216
43
109
8
363
13
250
32
4
0
0

Description
WASTE(W)PACKAGE?
CANISTER?
CORROSION (1974
LEACHING (1974
GLASS - (1974 DEC
VITRIFICATION (
$3-56/0R

DEC)
DEC)

)
1974 DEC)

HIGH(W)LEVEL(W)WASTE?

RADIOACTIVE(W)WA
NUCLEAR(W)WASTE?

(S1 OR 52) AND S7 AND (S8 OR $9 OR S10)

ANNA FRAKER RM.
JILL RUSPI

(’»’ {ndicates user print cancellation) :

O4nov 19:20EST PR 11/8/1-2% (4

Total ftems to be printed: 4

STE?

B-1068 BLDG. 223 X6009

i
tems 1-4)

E———————
fr e ———

AnIn A

INFORMATION SERVICES, INC,



SDI103 SUMMARY User:010843 , File 103

PAGE: 2

TITLE:DIALOG SDI PRINTS for UD=8918

91

SDI103, UD 83919, SER. DDO17

Fila(s) searched:

File 103:DOE ENERGY - 83-89/0CT(15S519)

Sets selected:

Set

OOIOABWN -

10
11
12
13

Prints requested (’»’ {ndicates user print cancellation) :

Items
5

7
160
28
79
9
266
2
141
17
2
o
o

Date. Time
08nov O1:44EST PR 11/5/1-28 ({tems 1-2)

Total {tems to be printed: 2

Description

Deseription ,

WASTE(W)PACKAGE?

CANISTER?

CORROSION (1974 DEC)

LEACHING (1974 DEC)

GLASS (1974 DEC)

VITRIFICATION (1974 DEC)

$3-S6/0R

HIGH(W)LEVEL(W)WASTE?
RADIOACTIVE(W)WASTE?
NUCLEAR(W)WASTE?

(S1 OR S2) AND S$7 AND (S8 OR S9 OR $10)
ANNA FRAKER RM, B-108 BLDG. 223 X6009

. JILL RUSPI

e ———
———ee

Aninoon

INFORMATION SERVICES, INC,




:SD|068 SUMMARY User:010%43 , File 8 ' PAGE : '8:

TITLE:DIALOQ SDY PRINTS for UD=8911 .

L1

SDIO0S, UD 8911, SER. DAO16 ,

File(s) searched:

File 8:COMPENDEX PLUS - 70-89/NOV Copr. Engineering Info
Inc. 1989) '

Sats salected:

Set Items Deseription
1 N~ 4 WASTE(W)PACKAGE?

2 3  CANISTER?

3 218 CORROSION

4 a8 LEACHING

5 379 GLASS

e 6 VITRIFICATION

7 623 $3-S6/0R

8 . 3 HIGH(W)LEVEL(W)WASTE?

9 2% RADIOACTIVE(W)WASTE?

10 8  NUCLEAR(W)WASTE?

11 2 (S1 OR S2) AND S7 AND (S8 OR S9 OR S10)
12 O ANNA FRAKER RM. B-106 BLDG. 223 X6009
13 0 JILL RrusPI

Prints requested (’*’ indicates user print cancellation) :

Date Time Deseription
15nov 21:47EST PR 11/5/1-20 (items 1-2)

Total {tems to be printed: 2

NANTA0 INFORMATION SERVICES, INC.



SDI006 SUMMARY User:010543 .. File 6

— TITLE:DIALOG SDI PRINTS for UD=8924

PAGE:

2.

81

SDIO06, UD 8924, SER. DDO16

F|19(s)‘searehed:

File

Sets selected:

Set

1
2
3
4
]
6
7
8
9
10
1
12
13

6:NTIS - 64-80/15524

(COPR, 1989 NTIS)

Items
0
a

27
5
42
4
73
2
44
4
o |
0o
0

Description

WASTE (W)PACKAGE?

CANISTER?

CORROSION

LEACHING

GLASS

VITRIFICATION

$3-S8/0R

HIGH(W)LEVEL(W)WASTE?
RADIDACTIVE(W)WASTE?
NUCLEAR(W)WASTE?

(S1 OR S2) AND S7 AND (S8 OR S9 OR S10)
ANNA FRAKER RM. B-106 BLDG. 223 X6009
JILL RUSPI

Prints réﬁuested (’»’ {ndicates user print cancellation) :

Date . Time
17nov 19:08EST PR 11/5/1 25 (1tems 1= 1)

Total {tems to be printed: 1

Description

002577

INFORMATION SERVICES, INC.




SDI103 SUMMARY User:010843 , File 103

TITLE:DIALOG SDI PRINTS for UD=8920

PAGE:

61

SDI103, UD 8920, SER. DDO17

File(s) searched:
File 103:D0E ENERGY - 83-89/OCT(ISS20).

Sats selected:

Set

Prints requestéd (’*! indicates user print cancellation) :

Items
2
12
79
1
47
]
139
]
103
11
3
0

(o]

Date Time
18nov 01:43€ST PR 11/8/1-25 (fitems 1-3)

Peseription

WASTE (W)PACKAGE?
CANISTER?

CORROSION (1974 DEC)
LEACHING (1974 DEC)
GLASS (1974 DEC)
VITRIFICATION (1974 DEC)

. $3-88/0R

HIGH(W)LEVEL(W)WASTE?
RADIOACTIVE(W)WASTE?

NUCLEAR(W)WASTE?

(S1 OR S2) AND S7 AND (S8 OR S9 OR S10)
ANNA FRAKER RM. B-106 BLDG. 223 X6009
JILL RUSPI

Description

Total {tems to be printed: 3

[alaR ¥ §1.]

e —
—————

INFORMATION SERVICES, INC.



TITLE:DIALOQ SDY PRINTS for UD=89012

SD|032 .SUMMARY User:010543 , File 32

PAGE:

2:

0¢

SDIO32, UD 8912, SER. DD022

File(s) searched:

File 32:METADEX 66-89/DEC
(Copr. 1989 ASM International)

Sets selected:

Set Items Description
1 . 6 HIGH( )LEVEL()WASTE? ? OR RADIDACTIVE()WASTE?
: - OR NUCLEAR()WASTE?
2 1928 STEEL? ? OR ZIRCALOY? ? OR TITANIUM? ? OR
COPPER
3 4 =2
4 O  ANNA FRAKER, 223, B-254, X6009

Prints requested (’*’ indicates user print cancellation) :

Date Time Description A
18nov 20:38EST PR 3/5/1-25 (items 1-4)

Total {tems to be printed: 4

IMF AR PIAL PEMmnAne

1~




SDI293 SUMMARY User:010843 , File 293

TITLE;DIALOQ SDI PRINTS for UD=8912

PAGE:

2 .

12

SDI293, UD 8912, SER. DD023

Fila(s) searched:

File 293:ENGINEERED MATERIALS ABS 86-89/DEC
(Copr. 1989 ASM INTERNATIONAL) -

Sats selected:
Set Items Deseription :
1

1 HIGH()LEVEL()WASTE? ? OR RADIOACTIVE()WASTE?
OR NUCLEAR()WASTE?

2 286  STEEL? ? OR ZIRCALOY? ? OR TITANIUM? ? OR
- COPPER

3 0 S1=52 '

4 O  ANNA FRAKER, 223, B-254, X6009
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ZITE A
November 13, 1989
To: Dr. Charles Interrant
From: P. B. Adams
Re: ort of The Proceedings of the Fourth

International Symposium on Ceramics in Nuclear Waste Management
April 24-26, 1989. Indianapolis, IN.

1. Introduction

At your request and on behalf of the Nuclear Regulatory
Commission, I attended the Fourth International Symposium on
Ceramics in Nuclear Waste Management which was sponsored by the
Nuclear Division of the American Ceramic Society in cooperation
with the Divisions on Glass, on Cements and on Basic Science.

Following is an executive summary ( section 2.0 ) which
summarizes my reactions to the symposium plus my notes on
individual papers ( section 3.0 ). The written text of the various
papers will be published by the Society.

2. Executive Summary

The conference highlighted the uncertainty in the ability
at this time to predict the release rate from a nuclear waste glass
that might be contained in a repository such as Yucca Flats.

The inherent difficulties relate to the following:

(1) The repository environment has not been fully defined.
Of particular importance are the “out-of-bounds" scenarios.

(2) The chemical durability of glass is not a specific physical
property. Nor is there a single clearcut mechanism that will
prevail under all circumstances.

(3) Data acquisition usually results in substantial scatter, thus
magnifying the statistical uncertainties of predicted release
rates.

Specific impressions, comments and suggestions are as
follows:
(1) The role of iron in increasing the leach rate has not been
quantified.
(2) The role of radiation on the leachant and the glass has not
been quantified.
(3) "out-of-bounds", or unusual, scenarios that might occur in the
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(4)

(5)

(6)
(7)
(8)
(9)

repository have not been identified. Thus their effect on leach
rate have not been quantified.

There does not seem to be an active and complete involvement
of the geochemical community in this activity. They should be
fully participating in defining repository conditions and
predicting glass response.

The reaction layer that is formed can only be factored into the
model if it can be proven to persist in the face of unusual
scenarios.

There should be a common framework for evaluating wvarious
competing leaching models.

Leach rate data should clearly state the statistical certainty
related to it.

The "analog" approach is, in my opinion, suspect and can only
be used as a qualitative support of other information.

A disinterested agency, such as NIST, should develop and
maintain standard reference glasses.



3.0 Notes and Comments on Papers
Presented

Paper 1-SV-88 Macedo

This was a talk covering
waste glass durability, particularly
as it relates to the activity of
ASTM C26.13, which is writing a
recommended practice for prediction.
The focus was on the Yucca Flats
repository conditions since this is
now a primary site option. There was
nothing new in the mechanistic
approach, but there are some central
assumptions and approaches to the
problem of long term prediction that
are worth noting. Some of these
triggered observations on my part.

The primary objective of
the proposed test is to assure that
a test can be conducted by qualified
labs that will verify that a waste
glass will meet the MCC-1 test
criteria.

As I understand it, the
ASTM test will be a "flow" test.
The rationale for such a test lies

in the premises that (a) this
provides a "worst" case scenario
since saturation effects cannot

dominate and retard the reaction,
(b) high S/V accelerates the process
making analytical detection easier
and (c) "“out-of-bounds" mechanisms
are ‘most apt to be involved. Since
reaction rates can tail off to near
zero when one attempts to
extrapolate to 1long times, the
standard deviation can be 5 orders
of magnitude greater than the
nominal predicted value.

There was a discussion of
mathematical approaches dependent on
the theory that the initial rate
drops off with time to approach some
ultimate equilibrium value. The

.and confirmato

{1-Sv-88)

THE CHEMICAL OURABILITY OF NUCLEAR WASTE:
GLASSES: ACCELERATED TESTING AND PREDICTION OF
LONG TERM BEHAVIOR, P. B. Macedo*, Aa, Barkatt
and 1. L. Pegg, Vitreous State Lab. Catholic
University, Washington, D.C. 20064

The licensing of both commercial and defense
vitrification facilities requires defensible
statements to be made concerning the long-term
chemical durability of the glass waste form. The
key elements of such a statement will be reviewed
with particular regard to the consensus of the
ASTM task group of C26.07/13 that has prepared a
Recommended Practice on the subject. These
include accelerated leach testin? coverin?
extended periods of time, mechanistic analysis to
ensure that the extrapolation procedure is
appropriate, validation by historical analogs,
data extending up to repository
closure. A number of short-comings in present
accelerated test methods will be discussed and
several modifications will be suggested. The
principal mechanistic features of waste glass
dissolution that have been identified will be
summarized and the implication of each of these
on the extrapolation of data to make defensible
long-term predictions of release rates will be
discussed,
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author observed that the data
usually fits this theory, but that
at times there are deviations, e.q.
(1) an abrupt change of slope ( conc
v. time ) or (2) an increase in
slope (The specifics of these
experiments were not discussed ).
The ASTM task group hopes to
increase the confidence in
prediction methods by ruling out the
higher order terms using mechanistic
analysis, validating results by the

use of historical analogs and
conducting repository in situ
analyses.

The complex nature of the
repository was highlighted by noting
the wide range of variables such as
ground water flow, glass
composition, reaction rate barriers,
trapped gas phases, precipitates and
transport/removal processes.

There was some discussion
of the "cliff" effect that has been
noted re: the effect of composition
on durability:; i.e. the very abrupt
change in durability as a result of
a seemingly minor <change in
composition -- such as a factor of
10 with 1% si02. The conclusion was
that one must know where this

durability cliff is and try to stay.

well within the composition plateau
area.

Regarding the effect of
PH, I got the impression that there
was a belief that there was a marked
break at about pH 9.6 for most
glasses.

: The author noted that he
had observed that the rate of leach
did not always increase with
increasing SA/vV, but that the
opposite had been observed in some
cases.

Regarding Yucca Flats, the
conditions are 55-96 C, 0.5-50 1lit/
yr water flow rates and reducing for
the first 300 years. Preliminary
tests indicate that the laboratory
tests are substantially more
reactive than the actual site.

A-4

5

In conclusion, the author
summarized his points as:
(1) A verified process model is
needed. This depends on getting some .
good statistics. West Valley offers
an opportunity to compile a
sufficient body of data. So far,
results suggest that the approach is
correct.
(2) A verified product model is also
needed. In particular, there is a
need to be able to use composition
to predict viscosity and durability
with a high level of confidence.
(3) Must be able to predict glass
performance in the repository with
a high degree of certainty. Natural
analogs are &essential to this
validation process.

khkhkkkhkkhkhkhkhkhkhkhkhkhkhkhkhhkhhkhhkhkkhkkkkkkk

Following are my thoughts
re: some of the items above:
(1) The "out-of-bounds?®"
reaction(s)/scenario(s) should be
the primary focus. There is little
doubt that a ®“normal®,"average",

“paximun" leach rate, can be
predicted to some degree of
certainty.

The dquestion 1is what are the
"unusual", *"abnormal® conditions

that can upset these predictions. In
large degree, this is a question for
the geologist and the geochemist. No
amount of laboratory testing will
fully answer the question. There is
a need to know that assumptions are
correct about the environment; the
mechanism should then be relatively
easy.

(2) The emphasis that focused on the
necessity for good data is well
founded. An uncertainty of 5 orders

of magnitude increases the
constraints on composition because
it essentially means that
predictions to be 100,000 times
better than necessary for the
real world. Although chenmical

durability data has historically
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been difficult to reproduce with a
high degree of precision, it may be
that some effort directed toward
improving precision would be more
productive than trying to increase
the statistical reliability by
amassing huge quantities of data.
(3) It 1is essential to ¢try to
analyze the causes of the seeming
deviations from the ideal mechanisms
as alluded to in this talk.

These apparent anomalies are real

jewels, because they provide an
opportunity to gain a deeper
understanding.

(4) I believe that further analysis
will show that the so-called “"cliff"
should be viewed as a fairly broad
composition band. My experience says
that if you change the test, the
position of the cliff will shift.

i.e. it 1is highly environment
dependent. I suggest this Dbe
explored before any specific

conclusions are drawn.

(5) Similarly, the observation that
there is a "boundary" at pH 9.6 may
also be test dependent, as well as
glass composition dependent.

(6) As I understand it, the "flow"
test that has been described and
discussed in this test is a bit of
a misnomer. I.e., aliquots are taken
periodically and replaced; it is not
a true flow in the sense that the
contact solvent 1is continually
replaced. I suggest that another
name be applied. There is a vast
difference between the two
conditions.It may be improper to
suggest that the reaction rates
observed where there is a fractional
reduction in reactants will be the
same as under true flowing
conditions.

(7) Although most tests are done at
or near real repository conditions,
one must always keep in mind that
there |is no guarantee that the
slope of the reaction rate with time
curve will remain the same for
different glasses. I.e., a

N

(2-SV-39)

TAILORED CERAMIC CONSOLIDATION FORMS FOR
ICPP HIGH ZR-CD-NA WASTE COMPOSITIONS,
A. B. Harker* and J. F. Flintoff,
Rockwell Internaticnal Science Center,
Thousand Oaks, CA 91360, (805) 373-4131

Experimental polyphase tailored ceramic
fgrms designed for the consclidation of
simulated ICPP HLW compositions at 70 to
80 wt % waste loading have been prepared
and characterized. The microstructure,
chemical composition and dissolution
chemistry of the individual phases have
been evaluated. Specific attention has
been yiven to the immobilization of acti-
nides and neutron poison Cd in the crys-
talline phases. The waste form is made
up of calcium fluoride, zirconia, zircon,
2 Cd-containing zirconolite, a Ti-Ni-Cr-
Cd alloy, and a designed glass phase.

The uranium and actinide simulants are
bound in crystalline phases and the Cs
and Sr are dissoclved in a borosilicate
glass phase. The dissolution chemistry
is phase specific in deionized water.

(3-SV-19)

“A GLASS-CERAMIC COMPOSITION TO
IMMOBILIZE ICPP HLW, R.S. Baker*, and
B.A. Staples, Westinghouse Idaho
Nuclear Co., Idaho Falls, ID 83403
(208) 526-3093

Candidate of glass-ceramic waste forms
have been prepared by Hot Isostatic
Pressing simulated calcined ICPP KELW
and glass-ceramic forming additives
including §1i02, B303, Na20, and Li30.
Titanium dioxide is added to enhance
titanate phase formation to host
cadmfium and Ni powder is added as a
reducing agent., Durable products with
waste loadings up to 72 wt\ and product
densities up to 3.3 g/cm3 have been
formed. These glass-ceramic waste
forms have the potential toc reduce
final waste volumes by up to 60%
compared to glass waste forms.
Preliminary leach rates of the products
determined using the MCC-1 leach test
for 28 days are less than 1 gm/2-day
for the glass matrix elements of Si, B,
Li, and Na and for the waste components
of Cd, Cr, Ca, and Al. These leach
rates are comparable to those measured
with HLW glass products.

(4-SV-39)

IRRADIATION DAMAGE TO THE SIMULATED
ICPP RUCLEAR WASTE, H. W. Chant,
Ceracon, Inc., Sacramento, CA 95826,
916-731-4707; D. G. Howitt,
University of California, Davis, CA
95616, 916-752-1164

The overall irradiation response of
the glass ceramic composite was
studied by transmission electron
microscopy. These composites were
derived from the Idaho Chemical
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relatively good glass at one
temperature can turn out to be
relatively bad at another
temperature.

(8)There seemed to be a lot of
reliance placed on the ability to
use "analog" glasses to verify
mechanistic approaches -- this is
qualitative at best, depending on a
very few special situations.

sk &k b bk ok ok ko k ok k ok ok kkkkkk

Paper no. 2-SV-89 Harker
Paper no. 3-SV-89 Baker
Paper no. 4-SV-89 Chan
These three papers
discussed the properties of

experimental glass ceramic materials
that incorporated high loads, e.gq.
73 weight %, of high level waste.
Leach rates less than 1 gm/2 -day
were said to be attainable . This is
not surprising in view of the high
concentrations of water-resistant
oxides such as Zirconia, CaF2, Tio2
and Sio2 and the low concentration
of alkalies and other water soluble
components. However, one questioner
suggested that the durabilities were
marginal -- this was not disputed.

kkhkhhkhhkkhkhhhkhhkhhhhhkdkk
Paper no. 6-SV-89 Ewing

The ultimate objective is
to assess the effects of long term
radiation damage on vitreous systems
compared with crystalline systems.
At this stage the results seen
inconclusive; they are based on a
single glass and a single ceramic
type. There is no clear quantitative
relationship that has been
demonstrated between radiation and
leach rate.

Processing Plant (ICPP) and are
examined with emphasis on the
microstructural changes introduced
by the alpha, beta and gamma
particles. These particles were
simulated using lead ions, energetic
electrons and Co60 gamma-rays. In
general, the crystalline phases were
more resistant, but the amorphous
phases went through significant
changes after irradiation.

46-SV-89)

RADIATION DAMAGE EFFECTS: COMPARISON
OF SYNROC PHASES TO BOROSILICATE
GLASS, R. C. Ewing, Dept. of Geology and Center
for Micro-Engincered Ceramics, Un. of New. Mex.,
Albuquerque, NM 87131; W. Lutze, Hahn-Meitner
Institut, 1000 Berlin 39, F. R. Germany

Alpha-decay damage effects in high-level nuclear
waste forms is of primary importance in the
cvaluation of their long-term durability, as there
are fundamental differences in the materials
response of periodic vs. aperiodic solids. We
summarize and contrast the changes in physical
propertics (e.g., density, fracture toughness, and
elastic moduli), stored energy, and chemical
durability with increasing alpha-decay dose.
Specifically, we analyze the long-term radiation
damage effects by describing annealing processes
(alpha recoil track fading and removal of Frenkel
defect pairs) in crystalline and glass waste forms
and predict the final atomic structure of the waste
forms as a function of waste loading and age.

{17-8SV-39)

THE INFLUENCE OF GAMMA RADIATION ON THE LEACHING
BEHAVIOR OF SIMULATED NUCLEAR WASTE GLASS IN J-13
SOLUTION, W. L. Ebert and J. K. Bates, Argonne
National Laboratory, Argonne, IL

The results of modified MCC-1 leaching experi-
ments performed to study the effects of pene-
trating gamma radiation on the reaction between
simylated nuclear waste glass and J-13 water at
80°C are compared. Doped SRL 165, ATM-1c, and
ATH-E glasses were leached for up to 27§ days
under gxposure rates of 2 x 105, 1 x 104, and
1 x 109 R/h; nonirradiated experiments were also
gerformed. lrradiation was found to acidify the
eachates at a1l exposures through radiolysis of
the air in the vessel, although the high bicar-
bonate content of the J-13 water prevented the pH
from dropping below about 6.4. Nonirradiated
experiments attained leachate pH values near 9.
The leachate Eh of all frradizted experiments
decreased from the initial value of the J-13
water as evidenced by an increased NO2™:NO3~
ratio. The extent of glass reaction was not
significantly affected by irradiation, as
measured by the release of glass components,
although the distribution of released trans-
uranics between dissolved, suspended, and sorbed
phases was different for the different exposures.
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Paper no. 17-SV-89 Ebert

This work was done with
simulated nuclear waste glasses.
There was some decrease in the
durability of the 1less durable
samples due to radiation but little
effect on the Dbetter glasses.
Radiation induced some slight
acidification of the J-13 test water
used.

hhkhkhkhkkhkhkhkhkhkhhkhkhkhkkhkhkkk

Paper no. 19-SV-89 Feng

Reduction of iron caused
a dramatic increase in leach rate
for low durability ( low alumina )
glasses; for the more durable
(higher alumina) glasses, there was
a modest increase; intermediate
compositions seemed to show an
intermediate effect at low reduction
levels which broke sharply to a
dramatic effect at higher levels.
The effect on viscosity was
qualitatively similar but not as
great. The significance of these
results was that composition should
be kept in the leach rate plateau
region.

hhhkhkhkkkhkhkhhhkhhkhhhhhk

Paper no. 20-SV-89 Vernaz

The essence of this paper
seemed to be that (1)the saturated
Si concentration was dependent on pH
rather than (SA/V) X t (as one would
expect) and (2) the silica in
solution does not reach saturation
under the conditions of test ( water
at 90 ¢C), since it is still

A-7
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(19-SV-89)

REDOX EFFECTS ON DURABILITY
VISCOSITY OF NUCLEAR WASTE GLASSES,
X. Fengx, I. Pegg, E. Saed, S. Cucinell
and As. Barkatt, VSL, Cath. Univ., Wash.
pC, 20064, 202-835-5183
Iron oxide is one of the nmajor
conponents in V¥West Valley nuclear waste
glesses ( about 12X), Ve report studiesa
of the effect of the redox stete of iren
oxide on the viscosities and chenicel
durebility of West Valley waste glasses
thet were prepared with Fe(1I)/Fe ratios
betuween 0.0 to 0.8 by melting in a
controlled atmosphere of CO eand CO2.
Durabilities were deternined using
podified HCC-3 tests and viscosities
wore measured between 850°C and 1150°C.
It is found that the redox effects on
durability are strongly dependent on
gless conposition; e.g. the leach rate
differs by a factor of 12 from the most
oxidized to most reduced glass st low
alunina compositions, while this factor
fulls to below 2 for einilar glass
composgitiona but with higher ealumina
contents. The viscosities of these
glasses decrease by-about 30X over the
range of redox states investigated.

AND

<20-SV-89)

EFFECTS OF THE SA/V RATIO ON THE LONG-
TERM CORROSION KINETICS OF R7T7 GLASS.
E. Vernaz,* T.Advocat, and JL. Dussossoy,
CEN Valrhd, BP 171, 30205 Bagnols-sur-Céze, France.

Triplicate leach tests were conducted to measure the
corrosion rate of R7T7 glass in saturation conditions.
Monolithic and powdered glass specimens were
leached at 90°C under static conditions in *Volvic"
mineral water (simulating granitic water) for durations
of up to one year with SA/V ratios of 500 m™*, 2000 m™
and 8000 m', The resulting silicon concentrations in
solution were affected by the different pH obtained at
each SA/V ratio. The concentrations thus cannot be
directly related by the product (SA/V) =1. The small
dispersion of expcrimental vatues allowed a final
corrosion rate as low as 6x10" g.m3d! tw be
estimated from the risc in the mobile element
concentrations (B, Mo, Na). However, irrespective of
the SA/V ratio the Si concentration increased slightly
for all the test durations. The observed final rate
cannot be considered as the "residual corrosion rate”
in saturation conditions, inasmuch as the silicon
concentration in solution does not remain constant,

DISSOLUTION gt
INSOLUBLE SURFACE LAYER, K.B.
ﬁggfgﬁf? and C.A. Boase, Atomic Energy of

h
da Ltd. Whiteshell Nuclear Researc
g:::biishme;xt, FPinawa, Manitobe, Canada

ROE 1LO

Previous glass dissoclution models
(Wallace znd wicks, Harvey and Boase)
have not contained a mass balance
equation to account for the surface-layer
retention of major matrix components
digsolved from the glass. we found it
was possible to fit the model to the
available experimental data only if &
release-dependent or & time-dependent
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increasing at the end of the test (
l year ).

khkdkhhkhkhhkhkhhhkhkhkkk

Paper no. 21-SV-89 Harvey

The authors were able to
fit experimental data to a kinetic
model of glass dissolution by
introducing a diffusion term to
account for the transport rate of
material through the layer formed on
the surface of the glass,

hhkhkkhhkhkkhkhhkhkhkhkhhkhkhkhkk

Paper no. 23-SV-89 Bradley

Using direct observation

techniques, the authors were able to
verify the general model of the
character of a reacted glass surface
and to delineate it somewhat more
specifically.
I.e. They describe a deposition
layer, 1, on top of a reacted glass
layer, 2. They further divide the
reacted layer into 2B, a leached
layer nearest the unreacted glass
and showing very little depletion in
silica, and 2A, a more hydrated
leached layer that may evidence
fracture. They divide the deposition
layer into 1A, a fairly dense
material, and 1B, the outermost part
which is most porous. Layer 1 is the
zone where most of the crystalline
deposition and growth occurs.

kkkhkkhkkhkhkhhhkkhkhkhkkhkkk

Paper no. 24-SvV-89 Trotignon

In the systems studied,
the authors found that the 1less
complex glasses simply showed a
surface leaching and hydrolysis with
some deposition of hydrolyzable
elements, whereas the more complex
glasses showed a heavy deposition of
refractory oxides and hydroxides.

A-8

diffusion coefficient is assumed for
transport through the layer. This paper
presents & model containing such a mass
balance equation to allow fitting using a
constant value for the diffusion
coefficient. The dissolution behavior of |
a8 layer-forming glass similar to DWRG

(SRL Defense Waste Reference Glass) is
described, using this model.

{23-8V-39)

AEM STUDY OF REACTED SURFACE LAYERS ON NUCLEAR
WASTE GLASSES, T. A. Abrajano, Jr. and J. K. Bates

Argonne National Laboratory, Argonne, IL 60439;
J.P. Bradley, McCrone Associates, Inc.,
850 Pasquinelli Dr., Westmont, IL 60559

A variety of techniques has been employed in the
past to chemically and structurally characterize
reacted surface layers on nuclear waste glasses.
However, much of the existing speculations on the
nature and origin.of these reacted surface layers
have been largely based on indirect observations
(e.g., solution release patterns) or imprecise
information on the reacted surface layers.

We report new results of analytical electron
microscopic (AEM) analyses performed on a serfes
of SRl glasses (SRL 131-based formulations)
reacted using MCC-]1 procedures. The AEM results
(1) show the presence of variably hydrated and
leached (B and alkalis) layer(s) immediately
adjacent to the unreacted glass (transition zone),
{2) indicate the occurrence of solid state
transformation (crystallization) within this
hydrated layer, and (3) show clear evidence of
precipitation (from agueous solution) of amorphous
and crystalline phases on the solution side of the
hyirated layer. The AEM results, together with
results of other surface and solution analyses,
are examined in relation to the rate contralling
mechanisms of glass dissolutjon.

(24-8v-39)

LEACHED LAYERS FORMED ON
GLASSES DURING AQUEOQUS

CORROSION, L. Trotignon ® , J.-C. Petit;

J.~C. Dran; G. Della Mea.

SESD/LECALT, CEN-FAR, BP.6, 92265 Fontenay

aux Roses Cedex, France.

CSNSM/CNRS, BP. 1, 91406 Orsay, France.

Unita CISM-GNSM di Padova, 35131 Padova,

Italy.

NATURE or
BOROSILICATE

-Borosilicate glasses with composi-
tions of increasing complexity are submit-
ted to aqueous corrosion at 6% and s0°C,
Reacted surfaces are studied by means of
electron microscopy (SEM, TEM), MeVv ion
beam techniques (RBS, RNRA) and infraread
spectrometry. Two types of 1layers are
identified. For the less complex and dura-
ble glasses, a thick hydrated silica com-
pound where hydrolisable elements tend to

accumulate is developped (hydrosilicate).
Inversely, for more complex and durable
glasses, the outer part of the leached

surface is formed by a silica-poor Fe/zn/
Zr oxi-hydroxide £ilm, whereas the inner
part exhibits only hydration.
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Paper no. 27-SV-89 Tacca

After 2 years of burial,
glasses show 4-6 um depth attack
that is increasing at a decreasing
rate with time. Buildup of surface
layers is occurring.

13232323332 23283 3233228333

Paper no. 28-SV-89 Brandys

Discussed the advantages
and disadvantages of various
analytical methods. Calculated an
upper rate of 0.2 um/ year.

khkkhkhkhkkhkhkhkhkkkhkkkkkkkk

Paper no. 29-SV-89 Zoitos

This is a paper on plans
and methods. No results yet.

khkkhkkhkhkkkhkkhkkhkhkkhkhkkkkkk

Paper no. 30-SV-8% Sasoon

Calculate 0.1 un/
upper limit.

year
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Paper no 31-SV-89 Todding

This title and abstract
not in preprint. "Concentration
Profiles and Elemental Loss in
Leached Layers after 2 Years in
WIPP". Did SIMS profiles. Identified
four layers: (1) An outermost
precipitated layer, (2) An
intermediate remnant of the original
glass, (3) A gradient and (4) A
Diffusion layer. Apparently all Al
stays in glass. Leach rate is about
1 um/year.

Leached layer about 5% void. Layer

271-SV-39)

LEACHING OF SRP WASTE GLASS IN THE MIIT
PROGRAM; SURFACE STUDIES, J. A. Tacca¥*,
Clemson University, Clemson, SC; and G. G
Wicks, Savannah River Laboratory, Aiken,
SC 29808, (803)725-3190

There are almost 2000 waste glass and
package component samples buried in the
salt site at WIPP., Among these samples
are SRP waste glasses which have been
buried for 6-mo., l-yr. and 2-yrs., as
part of a 3-yr. study. Analyses of these
lasses, which are performing well thus
%ar, will be presented.

{23-5v-89)

LEACHING OF SRL-Y NUCLEAP WASTE GLASS IN
MIIT BY ANALYSIS OF BRINE SOLUTIONS,Marek
Brandys, Meiling Gong*, Richard E. Sasscon
Aaron Barkatt and Pedro B, Macedo, Vitre-
ous State Laboratory, Catholic University
of America, Washington, DC 20064

Inductively Coupled Plasma - Mase Spectro-
metry (ICP-MS) studies made on the lith-
ium - 6/1lithium -7 isotope ratioc allow
f{dentification of the source of lithium in
the brine leachate of MIIT leach tests
containing SRL-Y glass. Using these Ere-
cise measurements of leach data from high-
ly controlled tests an accurate determina-
tion of the upper limit of leaching from
the nuclear waste glass is made,

429-SV-49)

SURFACE LAYER FORHATIQN UNDER SIMULATED BURIAL
CONDITIONS, B.K. 2oftos”, D.E. Clark, Department
of Materials Science and Engineering, University
of Florida, Gatnesville, FL; A.R. Lodding,
Chalmers University of Technology, Goteburg,
Sweden

Interpretation of leaching results from in situ
burfal studies (Stripa, WIPP, Ballidon, etc.)
relfes heavily on leached layer thickness as an
indicator of the extent of glass leaching.
Studies currently underway will better establish
the relationship between leaching and surface
layer thickness.

One objective of these studies 1is to determine
the degree, {f any, of congruent dissolution
under simulated burial conditions. This is being
studied through the 1leaching of glasses which
have been 1{mplanted to a uniform depth with
phosphorus. SIMS analysis will be performed
after leaching to determine the position of the
leached surface with respect to the implant..

A second objective is to measure the rate of
surface layer growth as a function of time,
temperature, SA/V and solution residence time.
A1l tests are being performed under repository
relevant conditions using Stripa groundwater as
leachant in the presence of Stripa granite.
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(1) high in si and Mg with
considerable B. Layer (2) depleted
in glass cations with Mg
substituted.
hAhkhkhkhkkAkkkkhkhhkhhkhkkhkhkhkkk
Paper no. 32-5SV-89 Ramsey
A216 steel contributed
iron which induced as 4-fold
increase in glass leach rate. 304

stainless had no effect.
(The metal corrosion rate was not
measured.)

kkhkkhkkkhkhkhhkhkhkhkhkhkhkhhkkk

Paper no. 33-SV-89 Grandstaff

The authors considered a
variety of simulating systems
("analogs"), and a variety of
geochemical fields. The former
include hydrothermal experiments,
active and fossil geothermal fields,
simulation of composition chemistry
and weathering. The later include,
but are not limited to, Icelandic
basalt, New Zealand granite and
tuff,Idaho and Japan. They concluded
that the experimental data agreed
with the geochemical data and that
experimental data was therefore
valid for prediction. In view of the
shotgun “"correlations" which showed
a factor of 100 or more deviation,
it seems that such a correlation
cannot be deemed quantitative based
on this evidence.

khkhkkhkhkhkkhhkhkkhkkkhkkkd

Paper no. 41-SV-89 Feng
Using various physical
constants, a model was postulated

for the calculation of the viscosity
from composition. It seemed to work
for a wide variety of compositions
when plotting on a log-log scale (
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(30-SV-39)

LEACHING OF NUCLEAR WASTE GLASSES DOPED
WITH CHEMICAL TRACERS IN MIIT BY ANALYSIS
OF BRINE SOLUTIONS, Richard E. Sassoon,
Meiling Gong*, Marek Brandys, Mchammed
Adel-Hadadi, Aaron Barkatt and Pedro B.
Macedo, Vitreous State Laboratory, Catholig
University of America, Washington, DC 20064

The versatile and powerful analycical tool
of Inductively Coupled Plasma - Mass Spec-
trometry (ICP-MS) may be used to detect
very low concentrations of rare earth ele-
ments which possess few isotopic interfe-
rences in their mass spectra/ Concentra-
tion data for brine leachates taken from
leach tests containing nuclear waste glass
samples doped with rare earth elements
such as La, Ea, Yb, Ce, Nd and Pr will be
presented which allow accurate determina-

tion of the upper limit of their appropri-
ate leach rates,

~(31-SV-89)—Abstract Not Avsilable.

4:20-4:40 p.m.—(32-SV-89)

LEACHING OF SRP WASTE GLASS IN EBRINE; LAB-
ORATORY SUPPORT OF MIIT PROGRAM, W. G.
Ramsey*, Clemson University, Clemson, SC;
and G, G, Wicks, Savannah River Labora-
tory, Alken, SC 29808, (803)725-3190

Simulated SRP waste glass and a standard
were leached in WIPP brine and deionized
water, The behavior of the system was
assessed by combining solution analysis
with surface studies and correlated with
field test data. The glass performed well
and its behavior was n%fected by the sslt
phases present.

33-SV-39)

PREDICTION OF GROUNDWATER COMPOSITION IN
HIGH-LEVEL NUCLEAR WASTE REPOSITORIES:
LINKITS OF EXPERIMENTS-LIMITS OF ANALOGS,
D.E. Grandstaff* and G.C. Ulmer, Temple
University, Philadelphia PA 19122; G.H.
Kacandes, Pennsylvania State University,
University Park, PA

Groundwater composition is an important
factor in predicting high-level nuclear
waste repository performance. Data
sources used to predict fluid properties
includes natural geothermal fields,
hydrothermal experiments, and equilib-
rium calculations. Predictions agree for
some fluid compsition parameters (f032,
cation/cation ratios) but disagree for
others (cation/proton ratios, FCO2, pH).
Date from analogs (9 areas) and experi-
ments suggest that fluid composition
parameters are fairly insensitive to host
rock type and initial fluid compo-~
sition. However, high-temperature fluids
in analogs may have pH values lower than
those in repositories due to addition of
acidic gases, such as CO2 and H2S, in
those magmatically-driven systems.
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which tends to minimize deviations,
at least to the eye).

2231322223233 23223 34

Paper no. 43-SV-89 Kawamura

As with some other papers,
there tends to be, in my opinion, a
reliance on drawing conclusions from

a single leach test. I.e., I note
that several experimenters have
observed that there are so-called
"cliffs", or sharp changes in
durability when plotted vs.
composition; it is my belief that
the location of many of these

wcliffs" are also test-dependent. In
other words, no one should not be
lulled into thinking that chemical
durability is a specific physical
property, independent of other
factors. Nor that it is possible to
define an acceptable composition
field on the basis of a single test.

kkhkhkhkkkhkhhkkhkhkkhkkkk

Paper no. 47-SV-89 Piepel

Interpretation of the 95- -

g5 criterion in the WAPS was
discussed from a statistical point
of view. First, it was noted that
95% of the leach test values must

meet the true value, not the
observed value, with 95 3

confidence. Second, that it is not
clear whether this is for each
element, or for the total. Third,
that this criterion applies equally
to the MCC-1 and any alternative
that the producer may elect. It was

observed that in view of the
possible uncertainties, i.e. glass
inhomogeneity, leach test

variations, model imprecisions and
analytical reproducibility, it may
require a lot of data to squeeze the
true value out of the observed
values. It is essential to remove as

A-11

(41-Sv-89)

A STRUCTURAL THERMODYNAMIC KODEL FOR
VISCOSITY OF GLASSES, X. Fengx, E. Saad,
I. Pegg, and Aa. Barkatt, VSL, Cath.
Univ., Wash. DC, 20064, 202-835-5183

describes s model for the
and oonposition dependence
of the viscosity of silicate gless
nelts, that is based on structural
therncdynanic considerations. First, the
nodel distinguishes anong those
conponents according to their structural
roles in glasses. It is then postulated
that the viscosity also depende in part
on the satrengths of the oxygen- metal
interactions and that a measure of these
pay be obtained from the constituent
oxide heats of formation. The viscosity
is correlated with the known heats of
formation wodified with a few simple
structural rules. A good correlation was
ocbtained for the messured viscosities of
nuclear waste glasses and also for a
brosder range of coppositione from
sinple binary and ternsry system to
natural molten rocks.

This paper
tenperature

(43-5V-89)

CHARACTERIZATION OF HIGH LEVEL WASTE
GLASS, K. Kawamura*, T. Takahashi, M.
Horie and N. Tsunoda, Power Reactor and
Nuclear Fuel Development Corporation,
Tokai-mura, Ibaraki-ken, 319-11, Japan

High level liquid wastes generated in
the reprocessing process were simulated
and vitrified in the laboratory.
Sensitivity studies were carried out to
assess the variations of the waste
composition on the major glass
properties: density, viscosity,
electrical resistance, characteristic
temperatures, thermal stability and
chemical durability. Effect of the
noble metals on viscosity and
electrical resistance was elucidated.

(47-SV-89)

STATISTICAL ASPECTS OF COMPLIANCE WITH
THE WAPS RADIONUCLIDE RELEASE
SPECIFICATION, G.F. Piepel* and G.B.
Mellinger, Materials Characterization
Center, Pacific Northwest Laboratory,
Richland, WA 99352

The paper discusses various statistical
aspects of compliance with the Waste
Acceptance Preliminary Specification
(WAPS) radionuclide release
specification, including: (1) how the
95/95 criterion in WAPS 1.3.2 should be
interpreted, (2) the level of sampling
and leach testing required, and (3)
alternative approaches for
demonstrating compliance.
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many of these uncertainties as
possible. One item needed in this

regard is a reference glass ( or
glasses) of known composition. (
Either NIST or ASTM or both should
get on this ASAP if it has not been
started). If these uncertainties
cannot be controlled, then 1leach
test values will have to be more
conservative for certification.

hhkkkhkhkhkhkhkhkkhkhkkkkk

Paper no. 48-SV-89 Westsik

Tables were presented
defining the parameters required
for sampling procedures that would
presumably meet the WAPS
requirements. I believe that these
should receive careful review when
the full paper is available. For
instance, as an analytical glass
chemist, I am not comfortable with
one sample per batch of glass,

although this depends on ones
definition of "batch".
hkhkhkkhhkhkhkhkhkhkhkhkhkkhkkkk
Paper no. 49-SV-89 Pulsipher
With respect to

uncertainties in the analysis of the
glass, data indicate that the glass
itself is very homogeneous and thus
a small contributor. Most of the

total uncertainty, about 5%, comes
from instrumental variations
especially in the long term.
Operator bias is yet to be
evaluated.

kkhkhkhkhkhkhkhkhkkhkkkkhkkhkkk
Paper no. 50-SV-89 Walter

Startup is currently

targeted for 1996.

khkkhkhkhkhkhkhkkkkkkkkkkk
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{43-5V-89)

SAMPLING AND ANALYSIS STRATEGIES TO
SUPPORT WASTE FORM QUALIFICATION, J.H.
Westsik, Jr.+*, B.A. Pulsipher, D.L.
Eggett, and W.L. Kuhn, Pacific Northwest
Laboratory, Richland, WA 99352

As part of the waste acceptance process,
waste form producers will be required to
demonstrate that the glass waste form
will meet minimum specifications and that
the procese can be controlled to
consistently produce an acceptable waste
form and to provide documentation that
the production waste form meets
specifications. Key to the success of
these endeavors is adequate sampling and
chemical and radiochemical analyses of
the waste streams from the waste tanks
through the process to the final glass
product. This paper suggests sampling
and analysis strategies for meeting
specific statistical objectives of
detection of compositions outside
specification limits, prediction of final
glass product composition, and estimation
of composition in process vessels for
reporting and for guiding succeeding
process steps.

(49-SV-39)

COMPOSITIONAL ANALYSES: WHERE IS THE -
UNCERTAINTY COMING FROM?, BA PULSIPHER®

AND OL EGGETT, PACIFIC NORTHWEST LABORATORY
RICHLAND, WA 99352 (509) 375-3989

The West Valley vitrification process s
designed to solidify the high-level radio-
active waste solids stored at West valley,
New York. As speciffed in the Waste
Acceptance Preliminary Specification, an
estimate of the chemical composition of
the waste glass 1s required and an “esti-
mate of precision and accuracy, and the
basis for the estimate of the precision
:?all_be reported in the Waste Compliance
an.

Results from 2 statistically designed ex-
periment to quantify: 1) short-term in-
strument varfations, 2) long-term finstru-
ment varfations, 3) short-term preparation
variations, 4) long-term preparation
variations, and §) vartations between
replicate samples of the ground powder
from a single glass sample are presented
for ICP and AA analyses at West Valley.
Besides determining the overall analytical
precision, statistical analyses identified
which major contributors to the uncertainty
should be targeted for future tmprovements.
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Paper no. 51-SV-89 Kurath

25 % of supernatant has
been processed using zeolite to
remove Cs and resulting in a pH 10-
11 solution.

Some Random Thoughts:

If not already begun,
there should be a comprehensive
program started to evaluate,
compare and refine the various

models that have been proposed. This
should go beyond the composition
scope involved in nuclear waste
studies to include commercial
glasses.

There should be an
assessment of SA measurements as
made by various techniques.

There needs to be a
greater involvement than that which
I am aware of, with respect to the
geochemists. If I heard correctly
during one conversation, there are
app. 7000 geochemists in the world
( or USA ?); only about 12 of these
are involved with this activity.

During the course of one
conversation, the view was expressed
that there was too little
consideration given to 1long term
devitrification effects, and in fact

that it was often summarily
dismissed. The further comment was
that the geochemists really don't

know what the magnitude of such
effects are. I certainly don't
know. However, if doubt persists
among reputable scientists, on this
or other topics, it will not ease
the ultimate process of
certification.

khkhkkhkkhkhhkhhhkkhhkhhhhhhhhkhhhkhkkhkkhkhkkhkhhkhkhkhkhhkhkhkd
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(50-SV-89)

WASTE MANAGEMENT STRATEGY OF THE WEST
VALLEY DEMONSTRATION PROJECT, E. Maestes,
U.S. Department of Energy West Valley
Project Office, West Valley, New York;
H.F. Walter*, U.S. Department of Energy,
Office of Remedial Action and Waste
Technology, Washington, DC

High-level radioactive™ywaste stored at
West Valley (New York) .is to-be
immobilized in a durable borosilicate
glass for later emplacement in a federal
repository. Technical choices concerning
waste forms and solidification processes
for both high-level and low-level wastes
and the options ultimately selected will
be discussed.

<

451-5V-29)
CORRELATION OF LABORATQRY
ACTUAL OPERATIONS FOR ot west ag, AND
SUPERNANTANY TREATMENT SYSTEM, D. E.
Kurath, L. A. Bray, W. A. Ross®, Pacific
Northwest Laboratory, Richland
Washington, and D. X. Ploetz, ﬁest

Valley Nuclear Servi
New York. rvices, West Valley,

An ion exchange process which remov
Cs-137 from the supernatant assoc?a::d
with neutralized PUREX high-level waste
sludge at the West Valley Demonstration
Project was developed at the Pacific
Northwest Laboratory. Initial operation
of the Supernatant Treatment System has
now been achieved at West Valley and
:::u::: ha:e been ;n conformation with
atory studies, T .
addressotﬂipﬁeve1opnent ofh:hzaper i

predictions of system oper
initial system rg}ults.p ttions and the



ATTACHMENT B

Trip report - Anna C. Fraker, December 4, 1989

Meeting attended - Materials Research Society 1989 Fall Meeting, Nov. 27-

Dec. 2, 1989, Boston, Massachusetts. Attended day &nd evening sessions
of Symposium U, Scientific Basis for Nuclear Waste Management on November
28, 1989.

A copy of the abstracts from Symposium U, Scientific Basis for Nuclear
Waste Management is attached. These abstracts present an overview of the
subjects presented at the meeting and of the participants.

Daytime Sessions - The sessions during the day of Nov. 28, 1989 dealt with
nuclear glass dissolution and durability. There are questions regarding
the Product Consistency Test (PCT) developed at the Savannah River Site.
This is a seven day test for use in routinely verifying waste glass
durability. The Materials Characterization Center (MCC) conducted a round
robin of a Product Consistency Test, that included eight laboratories.
The test of the MCC round robin called for triplicate tests conducted over
a period of three weeks. Another question is how does this test compare
with the Materials Characterization Center’s (MCC) MCC - 3, Agitated Leach
Test for Powdered Glass? It would be useful to know how the different
tests for glass leaching compare for a given form of glass such as powder.

There 1is an abstract of a paper presented iIn one of the sessions on
another day that discussed the effects of the fluoride ion on passivity of
Zircaloy-4. The conclusion was that fluoride in water increases the
corrosion rate of Zircaloy by "modifying the passivation properties of the
oxide film". This paper 1is entitled Fluoride Influence on Zircaloy-&4
Corrosion in Water as a Function of pH, Temperature and Fluoride Content"
by N. H. Uziemblo and H. D, Smith, Pacific Northwest Laboratory, Richland,
Washington.

Evening Session - The evening session on Nov. 28, 1989 was a poster
session. This session included a number of different topics. There were
four posters relating to corrosion and to Zircaloy. Content of these is
highlighted in the following paragraphs.

1. The National Institute of Standards and Technology (NIST) contributed a
poster on "Corrosion Behavior of Zirconium Alloy Nuclear Fuel Cladding".
The conclusions of these electrochemical studies which had been conducted
in simulated J-13 water at 95° C were that the general corrosion rate of
Zircaloy-2 and -4 were negligible and that a tendency for localized
corrosion, in this case, crevice corrosion was indicated by hysteresis of
the current vs. potential measurements shown in polarization curves.
Results indicated that more work of this nature was needed to fully assess
the corrosion behavior of the zirconium alloys.

2. John A. Beavers presented work of himself and Neil Thompson of Cortest
Columbus, Inc., Columbus, Ohio on the topic "Potentiodynamic Polarization
of Candidate Container Materials in Simulated Tuff Repository
Environments"”. Cyclic potentiodynamic polarization curves are conducted
on four candidate canister materials (CDA 102 copper, CDA 715 copper-
nickel, 304L stainless steel and Incoloy 825) in 33 different
environments. Other variables include pH, temperature, chemical species
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in the ground water, and species produced by radolysis. The wvarious
species that are present in the ground water were used In separate testing
environments. Measured corrosion potentials for the metals in the various
environments showed that in some cases, there were significant changes in
the potential and that these materials should be studied further regarding
their corrosion resistance in the specific environment. These tests are
useful for determining corrosive effects of & given species on a given
metal and for identifying other aspects of the corrosion behavior under
specified conditions.

3. H. D. Smith, Pacific Northwest Laboratory, Richland, Washington,
presented work on "An Interpretation of the High-Stress, Low-Temperature
Cracking of Zircaloy-4 Spent Fuel Cladding®™. This work was designed to
determine if Zircaloy spent fuel cladding will crack in 90°C water, and if
cracking occurs, to determine how the time to failure varies with stress.
C-Ring specimens were used, and the conclusions of this work were;

Cracking occurs in spent fuel cladding via delayed hydrogen cracking
(dhc).

The presence of water sugments dhc by providing additional hydrogen to
the crack tip.

The observed time to fallure stress relationship suggests low cracking
occurrence under repository conditions because of the low stress levels
expected; <10% of yleld stress.

Material used in these studies was Zircaloy-4 from & Pressurized Water
Reactor at a power level of 27 MWd/KghHM. There was & thick oxide of 12-
20 um and a thin oxide of 3 - 6 um. Some alpha contamination had occurred
during acid washing.

4, Ray B. Stoudt from the University of California, Lawrence Livermore
National Laboratories, P. O. Box 808, L-201, Livermore, CA 94550 presented
work entitled “"Deformation and Thermodynamic Model for Hydride
Precipitation Kinetics in Spent Fuel Cladding"™. A model was developed to
show hydride platelet density. Hydrogen is contained in all spent fuel
rods from nuclear reactors. As the temperature cools down toward ambient
temperature, the hydrides will precipitate as zirconium hydride platelets.
Hydrides with their basal poles in the radial direction will not affect
cladding failure as much as hydrides with their basal poles oriented in
the radial direction of the tube. *"The development of deformation and
thermodynamic models that depend on hydride density (including
orientation) have provided expressions to calculate the probable strain
field Induced by hydrides and the functional dependence for probable
‘hydride orientation on the state of nominal stress in the cladding.*
These models provide a basis for studying the effects of hydride
precipitation, and it was indicated that a description of the expected
failure rate due to zirconium hydrides is needed.

B-2
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SCIENTIFIC BASIS FOR__CLEAR
WASTE MANAGEMENT XIII

. * November 27-30, 1989
SESSION Ul: CEMENTITIOUS MATERIALS =
ASPECTS OF PERFORMANCE
Chairs: Paul Brown
Monday Morning, November 27
America North (W)
g8:15 OPENING RMS
8:30
NUCLEAR WASTE IMMOBILIZATION IN CEMENT-BASED
MATERIALS: OVERVIEW OF FRENCH STUDIES,
pascal Bouniol, Eliane Revertegat, Jean
oliver, Philippe Gegout, Michel Jorda and

. C.E.A, DRDD/SESD, CEN/FAR,
Fontenay aux Roses, France.

9:00 D1.2
EFFECT OF CURING TEMPERATURE ON THE PROPER~
TIES OF CEMENTITIOUS WASTE FORMS, Rvan O.
., John W. Shade and Paul F.C. Martin,
Battelle-Pacific Northwest Laboratory,

Richland, WA.

9:30 Ul.3
BEHAVIOR OF CONCRETE AS A BARRIER MATERIAL
FOR NUCLEZR WASTE DISPOSAL, R.J. James and
Y.R. Rashid, ANATECE Research Corporation,
La Jolla, CA.

9:45

GROUTS AND CONCRETES FOR THE WASTE ISOLATION
PILOT PROJECT (WIPP), Lillian D. Wakeley,
U.S. Army Engineer Waterways Experiment
Station, Vicksburg, MS.

10:00 BREAK

SESSION U2: CEMENTITIOUS MATERIALS -

Chair: William Richmond
Monday Morning, November 27
America North (W)

10:30 2D2.1

ASSESSMENT OF THE PERFORMANCE OF CEMENT

BASED COMPOSITE MATERIAL FOR RADIOACTIVE

WASTE IMMOBILIZATION, M. Atkins, J. Cowie,
e T. Jappy. A. Kindness and C.

Pointer, University of Aberdeen, Department

of Chemistry, Aberdeen, Scotland.

11:00

DURABLE CONCRETE FOR A WASTE REPOSITORY~
MEASUREMENT OF IONIC INGRESS, R.F. Feldman,

g.J. Beaudoin, Institute for Research in
_Construction, National Research Council,
‘Ottawa, Canada; and K.E. Philipose, Atomic

Energy of canada, Ltd., Waste Management

. Systems, Ontario, Canada.

- *Invited Paper

11:30 u2,3/

LOGNORMAL SIMULATION OF PORE EVOLUTION
DURING CEMENT HARDENING, , W. Ma and
P.W. Brown, The Pennsylvania State Univer-
sity, Materials Research Laboratory, Univer-
sity Park, PA.

11:45 U2.4

MECHANISTIC MODEL FOR THE DURABILITY OF
CONCRETE BARRIERS EXPOSED TO SULPHATE-BEAR-
ING GROUNDWATERS, and John A.
Hearne, Harwell Laboratories, Materials
Development Division, Oxon, United Kingdom.

SESSION U3: SORPTION AND
SPECIATION STUDIES
Chair: Greg Choppin

Monday Afternoon, November 27
America North (W)

1:30 U3.1
THE SOLUBILITY AND SORPTION OF URANIUM (VI)
IN A CEMENTITIOUS REPOSITORY, M. Brownsword,

A.B. Buchan, F.T. Ewart, R. McCrohon, G.J.
ormerod, J.L. Smith-Briggs and H.P.
Thomason, Harwell Laboratory, Chemistry
pivision, Oxfordshire, United Kingdom.

1:45
SPECIATION OF Pu(VI) IN NEAR-NEUTRAL TO

BASIC SOLUTIONS VIA LASER PHOTOACOUSTIC
SPECTROSCOPY, S. Okajima, J.V. Beitz, J.C.
sullivan and D.T. Reed, Argonne Natlonal
Laboratory, Argonne, IL.

2:00 P3.3 .

MODELLING STUDIES OF SORPTION IN THE NEAR
FIELD OF A CEMENTITIOUS REPOSITORY, A.
Haworth, S.M. Sharland and C.J. Tweed,
UKAEA, Harwell Laboratory, Theoretical
Physics Division, Oxfordshire, United King-
dom.

2:30 03.4

EVIDENCE OF LONG DISTANCE TRANSPORT OF
NATURAL COLLOIDS IN A CRYSTALLINE ROCK
GROUNDWATER, H.R. Alexander, R. Bruetsch, C.
Degueldre, Paul Scherrer Institute, Villin-

gen, Switzerland; and B. Hofmann, USGS,
Denver, CO. '

3:00 03,5
ANALYTIC STUDIES OF COLLOID TRANSPORT, Y.
Hwang, , P.L. Chambré, and
W.W.-L. Lee, University of California,

Berkeley, Department of Nuclear Engineering
and Lawrence Berkeley Laboratory, Berkeley,
cA.

3:15 BREAK

B-4



SESSION U4: CEMENTITIOUS ATERIALS =
ASPECTS OF LEACL .o

(o)
Chair: william Bostick
Monday Afternoon, November 27
America North (W)

3:30 *U4.1
THE MICROSTRUCTURE OF gqgbfs/OPC HARDENED
CEMENT PASTES AND SOME EFFECTS OF ELEVATED
TEMPERATURE LEACHING, 1.G., Richardson, S.A.
Rodger and G.W. Groves, University of Ox~-
ford, Department of Metallurgy and Science
of Materials, Oxford, United Kingdom.

4:00 U4,2

THE EFFECTS OF TEMPERATURE ON THE LEACHING
BEHAVIOR OF CEMENT WASTE FORMS, Mark
Fuhrpmann, Richard Pietrzak, John Heiser III,
Eena-Mai Franz and Peter Colombo, Brookhaven
National Laboratory, Radiological Sciences
Division, Nuclear Waste Research Group, Up-
ton, NY.

4:15
THERMODYNAMIC MODELING OF CEMENTITIOUS WASTE
FORM/GROUNDWATER INTERACTION AS A TOOL FOR
LONG-TERM PERFORMANCE ASSESSMENT, lLouise J.
Criscenti and R. Jeff Serne, Battelle-Paci-
fic Northwest Laboratory, Richland, WA.

4:30 U4.4
WASTE GROUT LEACH TESTS: PURSUIT OF MECHAN-
ISMS AND DATA FOR LONG-TERM PERFORMANCE
ASSESSMENT, R, Jeff Serne, Battelle-Pacific
Northwest Laboratory, Richland, WA.

SESSION US: MODELING THE DISSOLUTION OF

Chairs: Werne Lutze and Carol Jantzen
Tuesday Morning, November 28
America North (W)

8:30 205,11
THERMODYNAMICS OF GLASSES FOR NUCLEAR WASTE
DISPOSAL, Alexandra Navrotsky, Princeton
University, Department of Geological and
Geophysical Sciences, Princeton, NJ.

9:00 U3.2

A KINETIC MODEL FOR BORCSILICATE GLASS
DISSOLUTION BASED ON THE DISSOLUTION AF-
FINITY OF A SURFACE ALTERATION LAYER,
Billiam L. Bourcier, Dennis W. Peifer, Kevin
G. Knauss, Kevin D. McKeegan and David K.
Smith, Lawrence Livermore National Labora-
tory, Livermore, CA.

9:30
PREDICTION OF RADIOCACTIVE WASTE GLASS DUR~
ABILITY BY THE HYDRATION THERMODYNAMIC
MODEL: APPLICATION TO SATURATED REPOSITORY

ENVIRONMENTS, Carol M. Jantzen, Westinghouse
Savannah River Company, Aiken, SC.

10:00 BREAX

656

10:30 U5.4 - .
CHEMISTRY OF SS CORROSION IN HIGH SALINE

BRINES, B;_Qﬁﬁmgig, R. Miller, Hahn-Me1tner-'
Instltut Berlin, Berlin, Germany.

11:00

THERMOKINETIC MODEL OF BOROSILICATE GLASS
DISSOLUTION: CONTEXTUAL AFFINITY, T,
Advocat, E. Vernaz, CEN-Valrhbé, SDHA,
Bagnols-sur-céze, France; J.L. Crovisier and
B. Fritz, CNRS/CSGS, Strasbourg, France.

11:30 Us.6

COMPARISON OF THE LAYER STRUCTURE OF VAPOR
PHASE AND LEACHED SRL GLASS BY USE OF AEM,
B.M. Bjiwer, J.K. Bates, T.A. Abrajano Jr.,
Argonne National Laboratory, Argonne, IL;
and J.P. Bradley, McCrone Environmental
Services, Inc., Westmont, IL.

11:45

DISSOLUTION MECHANISMS OF CaT103 AND OTHER
TITANATE PHASES IN THE SYNROC. ASSEMBLAGE, S.
Myhra, D.K. Pham, Griffith Un1versity,
Division of Science and Technology, Nathan,
Qld, Australia; R. St.C. Smart, South Austr-
alian Institute of Technology, School of
Chemical Technology, Adelaide, Australia;
and P.S. Turner, Griffith University, Divi-
sion of Science and Technology, Nathan, Qld,
Australia.

SESSION U6: WASTE GLASS

PERFORMANCE STUDIES
Chairs: Ned Bibler and Claude Sombret
Tuesday Afternoon, November 28
America North (W)

1:30 U6.1

A COMPARISON OF THE BEHAVIOR OF VITRIFIED
HLW IN REPOSITORIES IN SALT, CLAY AND GRAN-
ITE. PART II: RESULTS, W. Lutze, Hahn-Meit-
ner-Institut, Berlin, West Germany; M.
Kawanishi, Abico Research Laboratory, Abico,
Japan; J.A.C. Marples, Harwell Laboratory,
Oxon, United Kingdom; and P. Van Iseghen,
SCK/CEN, Mol, Belgium.

2:00
*COMPARISON OF SURFACE LAYERS FORMED ON
SYNTHETIC BASALTIC GLASS, FRENCH R7T7 AND
HMI BOROSILICATE NUCLEAR WASTE FORM GLASSES
= MATERIALS INTERFACE INTERACTIONS TESTS,
Michael J. Jercinovic, Stacy Kaser, Rodney
C. Ewing, University of New Mexico, Depart-
ment of Geology, Albuquerque, NM; and Werner
Lutze, Hahn Meitner Institut, Berlin, West
Germany.

2:30 06.3
THE INTERACTION BETWEEN NUCLEAR WASTE GLAS-

SES AND CLAY-1I, P._Van JIseghem, K. Berghman
and W. Timmermans, SCK/CEN, Mol, Belgiun.

3:00 BREAK



3:30, U6,.4
R7-T7 NUCLEAR WASTE GLASS BEn«VIOR IN MOIST

CLAY: ROLE OF THE CLAY MASS/GLASS SURFACE

LREA RATIO, N. Godon and E. Vernaz, CEN-
valrh®é, SDHA/SEMC, Bagnols-sur-Ceze, France.

:00 Ue.5
PRODUCT CONSISTENCY LEACH TESTS OF SAVANNAH
RIVER SITE RADIOACTIVE WASTE GLASSES, Ned E.
Bibler, Westinghouse Savannah River Company,
aiken, SC: and John K. Bates, Argonne Na-
tional Laboratery, Argonne, IL.

4:30 U6.6
THE REACTION OF SYNTHETIC NUCLEAR WASTE
GLASS IN STEAM AND HYDROTHERMAL SOLUTION,
and J.K. Bates, Argonne National

Laboratory, Argonne, IL.

Tuesday Evening, November 28
7:00 - 10:00 p.m.
America Ballroom (W)

7.1 ESTIMATION OF LONGEVITY OF PORTLAND
CEMENT GROUT USING CHEMICAL MODELING TECH-
NIQUES, Stephen R. Alcorn, Mark A. Gardiner,
IT Corperation, Albuguerque, NM; and William
E. Coons, RE/SPEC, Inc., Albuquerque, NNM.

MODELLING OF THE EVOLUTION OF
POREWATER CHEMISTRY IN A CEMENTITIOUS REPOS—-
ITORY, A. Haworth, S.M. Sharland and C.J.
Tweed, UKAEA, Harwell Laboratory, Theoreti-
cal Physics Division, oOxfordshire, United

Kingdom.

D7.3 A THEORETICAL STUDY OF THE EFFECT
OF THE LEACH INTERVAL ON A SEMIDYNAMIC LEACH

TEST, Roger D. Spence, Oak Ridge National
Laboratory, Oak Ridge, TN.

07.4 INTERACTION BETWEEN BLENDED CEMENTS
AND A SULPHATE BEARING GROUND WATER, gSusan

, Peter L. wWalton, and Amal J.
Majumdar, Building Research Station, Wat-
ford, United Kingdom.

7.5
U7.6

 (ABSTRACT WITHDRAWN)

IMMOBILIZATION IN CEMENT OF ION
EXCHANGE RESINS, Patrick Le Bescop,
Bouniol and Michel Jorda, CEN, DRDD/SESD,
CEN-FAR, Fontenay aux Roses, France.

7.7 ENCAPSULATION OF RADIOCIODINE 1IN
CEMENTITIOUS WASTE FORMS, Mark Atkins and
Frederik P. Glasser, University of Aberdeen,
Department of Chemistry, Aberdeen, Scotland.

" IMMOBILIZIRG WASTE CHLORIDE SALTS,

Pascal

V7.8 EFFE. OF 71-RADIATION ON THE MICRO-
STRUCTURE AND MICROCHEMISTRY OF ggbfs/OPC
CEMENT BLENDS, 1.G. Richardson and G.W.

Groves, University of Oxford, Department of
Metallurgy and Science of Materials, Oxford,
United Kingdom; and C.R. Wilding, UKAEA
Harwell Laboratory, Materials Development
Division, Oxfordshire, United Kingdom.

UL.s uonﬁms

Argonne Na-

HYDROGEN GENERATION 1IN

A. lewvis and David W. Warren,
tional Laboratory, Argonne, IL.

U7.10 POROSITY AND ION DIFFUSIVITY OF
LATEX-MODIFIED CEMENT, <T. Nishi, o.
Kuriyama, M. Matsuda, K. ¢Chino, Hitachl
Ltd., Energy Research Laboratory, Hitachi,

Japan; and M. Kikuchi, Hitachi Ltd., Hitachi
Worke, Hitachi, Japan.

A COMPARISON OF THE BEHAVIOUR OF
VITRIFIED HLW IN REPOSITORIES IN SALT, CLAY
AND GRANITE. PART 1I: EXPERIMENTAL, L.A.
Mertens, W. Lutze, Hahn-Meitner-Institut,
Berlin, West Germany; J.A.C. Marples,
Harwell Laboratory, Oxon, United Kingdom;

and P, Van Iseghem, SCK/CEN, Mol, Belgium;

E. Vernaz, CEA Valrhd, Bagnols-sur-Céze,
France.
U7.12 IN-SITU TESTING OF NUCLEAR WASTE

FORMS IN 2 CLAY LABORATORY ~ RESULTS AFTER
T™WO YEARS CORROSION, P. Van Isechem, W.

Timmermans and B. Neerdael, SCK/CEN, Mol,
Belgium.
07.13 DISSOLUTION KINETICS OF A SIMPLE

ANALOGUE NUCLEAR WASTE GLASS AS A FUNCTION

OF pH, TIME AND TEMPERATURE, Kevin G.
Knauss, William L. Bourcier, Kevin D.
McKeegan, Celia 1I. Merzbacher, Son N.

Nguyen, Frederick J. Ryerson, David K. Smith
and Homer C. Weed, Lawrence Livermore Na-
tional Laboratory, Livermore, CA.

HYDROTHERMAL LEACHING OF R7-T7
BOROSILICATE GLASS, J. Cgzurel and E. Vernagz,
CEN-Valrh6, SDHA/SEMC, Bagnols-sur-Céze,
France; D. Beaufort, Université de Poitiers,
Laboratoire de Pétrologie des Alterations

_Hydrothermales, Poitiers, France.

Vv7.15 EFFECTS OF SURFACE-AREA—TO-SOLUTION
VOLUME RATIO ON THE CHEMICAL DURABILITY OF
NUCLEAR WASTE GLASSES, X, Feng, I.L. Pegq,
Aa. Barkatt, P.B. Macedo, Catholic Univer-
sity of America, Vitreous State Laboratory,
Washington, DC.
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U7.16 ALTERATION OF "CROSTRUCTURE AND
LEACHING PROPERTIES OF W._. VALLEY REFERENCE
BY HEAT TREATMENT, A.C. Buechele, X. Feng,
H. Gu, and I.L. Pegg, The Catholic Univer-
sity of America, Vitreous State Laboratory,
Washington, DC.

PARAMETRIC EFFECTS OF GLASS REAC-
TION UNDER UNSATURATED CONDITIONS, J.K.
Bates, T.J. Gerding and D.J. Wronkiewicz,
Argonne National Laboratory, Argonne, IL.

Uz.18 GROWTH RATES OF ALTERATION LAYERS
AND ELEMENTAL MASS 1LOSSES DURING LEACHING OF
BOROSILICATE NUCLEAR WASTE GLASS, Tsunetaka
Bapba and Takashi Murakami, Japan Atonmic
Energy Research Institute, Ibaraki, Japan.

Uz7.19 CHARACTERIZATION OF HIGHLY ACTIVE
WASTE GLASSES PRODUCED IN A HOT VITRIFICA-
TION PLANT, J.P. Glatz, E. Toscano, M.
Coguerelle and J. Fuger, Institute for
Transuranium Elements, Commission of the
European Communities, Karlsruhe, West Ger-
many.

U7.20 THE LONG-TERM CORROSION AND MODEL-
LING OF TWO SIMULATED BELGIAN ' REFERENCE
HIGH-LEVEL WASTE GLASSES - PART I1I, J.

. P. Van Iseghem, W. Timmermans,
SCK/CEN, Mol, Belgium.

Uz.21 SIMULTANEOUS EVAPORATION OF Cs AND
Tc DURIRG VITRIFICATION - A THERMOCHEMICAL
APPROACH, H. Migge, Hahn-Meitner-Institut,
Berlin, West Germany.

z.22 THE EFFECT OF TEMPERATURE ON THE
REDOX CONSTRAINTS FOR THE PROCESSING OF
HIGH-LEVEL NUCLEAR WASTE INTO A GLASS WASTE
FORM, Henry D, Schreiber, Charlotte W.
Schreiber, Margaret W. Riethmiller and J.
Sloan Downey, Virginia Military 1Institute,
Center for Glass Chemistry, Lexington, VA.

Uz.23 CALCULATION OF THE VISCOSITY OF
NUCLEAR WASTE GLASS SYSTEMS, Ritesh P. Shah,
Alfred Univer-

E.C. Behrman and D. Oksoy,
sity, New York State College of Ceramics,
Alfred, NY.

Uz.24 CHARACTERIZATION OF MECHANICAL
STRENGTHS FPOR SIMULATED SCOLIDIFIED HIGH
LEVEL WASTE FORMS, ., Takeshi
Takahashi, Power Reactor and Nuclear Fuel
Development Corporation, Ibaraki, Japan.

U72.25% DIFPFUSICON OF CESIUM IN SODIUM-
BOROSILICATE GLASSES USED FOR IMMOCBILISATION
OF NUCLEAR WASTE, EB.G.F. Sengers and
P.J3.J.G., Janssen, N.V. Kema, R&D Divisiocn,
Chemical Research Department, Et Arnhem, The
Netherlands.

07.26
IMMISCIBI
Si0,-Lay037”A.J.G. Ellison and A, Navrotsk,
Princeton University, Department of Geologi
cal and Geophysical Sciences, Princeton, N

07.27 GRAIN BOUNDARY INVENTORY AND UC
MATRIX DISSOLUTION STUDIES ON SPENT Ly
FUEL, W.J. Gray, D.M. Strachan, and M.J
Apted, Battelle-Pacific Northwest Labore
tory, Richland, WA.

072.28 IDENTIFICATION OF SECONDARY PHAS}H
FORMED DURING UNSATURATED REACTION OF UC
WITH EJ-13 WATER, J.K. Bates, B.S. Tani ar
E. Veleckis, Argonne National Laboratory
Argonne, IL.

U7,29 INVESTIGATIONS INTO THE ELECTRC
CHEMICAL LEACHING BEHAVIOUR OF UO, PELLE"
IN VARIOUS SATURATED SALT SOLUTIONS, (i

ENTHALPIES OF MIXING AND INCIPIEM

Reiling, P.-M. Heppner and G. Marx, Fre
University of Berlin, Institute for Ino;
ganic and Analytical Chenmistry, Radiocher

Division, Berlin, West Germany.

07.30 A DEFORMATION AND THERMODYNAM)
MODEL FOR HYDRIDE PRECIPITATION KINETICS :
SPENT FUEL CLADDING, R.B. Stout, Universit
of california, Lawrence Livermore Nation:
Laboratory, Livermore, CA.

07.31 FLUORIDE INFLUENCE ON ZIRCALOY-
CORROSION IN WATER AS A FUNCTION OF pl
TEMPERATURE AND FLUORIDE CONTENT, N.)
Uziemblo and H.D. Smith, Battelle-Pacif:
Northwest Laboratory, Richland, WA.

u7,.32 CORROSION BEHAVIOR OF ZIRCALOY :
AQUEOUS MEDIA, Anna C. Fraker and Jonice :
Harris, Kational Institute of Standards a;
Technology, Gaithersburg, MD.

v7.33 POTENTIODYNAMIC POLARIZATION STUI
IBES OF CANDIDATE CONTAINER MATERIALS .
SIMULATED TUFF REPOSITORY ENVIRONMENTS, Jol
A. Beavers and Neil G. Thompson, Corte:
Columbus, Inc., Columbus, OH.

Uz.34 MIGRATION BEHAVIOR OF URANI!
SERIES NUCLIDES IN ALTERED QUARTZ-CHLORI'
SCHIST, T._ oOhnuki, T. Murakami, K. Sekin
N. Yanase, H. Isobe and Y. Kcbayashi, Jap
atomic Energy Research Institute, Departme
of Environmental Safety Research Institut:
Ibaraki, Japan. -

U7.35 MIGRATION OF ANIONIC SPECIES
RADIOACTIVE COBALT THROUGH SOIL,

Ohnuki, Japan Atomic Energy Research I
stitute, Department of Environmental Safe
Research, Ibaraki, Japan; and David
Robertson, Battelle-Pacific Northwest Labo
atory, Chemical Science Department, Ric
land, wWa.
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' STUDY ON RELATION Bl 3EN MIGRATION
BEHAVIORS AND CHEMICAL FORrsS OF COBALT,
. Naka Nuclear Development Center

of Mitsubishi Metal Corporation, 1Ibaraki,
Japan; and Naotake Katoh, Kogakuin Univer-

sity, Tokyo, Japan.

07.37 GRIMSEL COLLOID EXERCISE, (.
, Paul Scherrer Institute, Vvillin-

gen, Switzerland.

AUTHIGENIC CLAY MINERALS 1IN THE
RUSTLER FORMATION; WIPP SITE AREA, NEW
MEXICO, ., University of
New Mexico, Department of Geology, Albuguer-
que, NM; Steven J. Lambert, Sandia National
Laboratories, Albuguerque, NM; and David B.
Ward, University of New Mexico, Albugquerque,

NM.

U7.39 IN SITU OBSERVATION OF THE
ALPHA/BETA~-CRISTOBALITE TRANSITION USING
HIGH VOLTAGE ELECTRON MICROSCOPY, Annemarie
Meike, lawrence Berkeley Laboratory, Materi-
als and Chemical Sciences Division, Berk-
eley, CA; and William Glassley, Lawrence
Livermore National Laboratory, Earth
sciences Division, Livermore, CA.

U7.40 ESTIMATION OF LONG-TERM DURABILITY
OF BENTONITE FROM THE THERMAL HISTORY OF
MURAKAMI DEPOSIT, JAPAN, G, Kamei, T. Arai,
Y. Yusa, N. Sasaki, Power Reactor and
Nuclear Fuel Development Company, Ibaraki,

Japan; H. Takano, Dia Consultants Company,
Tokyc, Japan.
U7.41 DIFFUSION OF SODIUM AND COPPER IN

COMPACTED SODIUM BENTONITE AT ROOM TEMPERA-
TURE, A. Muurinen, K. Uusheimo and M, Olin,

Technical Research Centre of Finland, React-

or Laboratory, Espoo, Finland.

U7.42 . THERMAL BEHAVIOUR OF BACKFILL
MATERIAL FOR A NUCLEAR FUEL WASTE DISPOSAL
VAULT, and A.M.0. Mohamed, McGill
University, Geotechnical Research Centre,
Montreal, Canada; and S.C.H. Cheung, Atomic
. Energy of Canada Limited, Whiteshell Nuclear
= Research Establishment, Pinawa, Canada.
A COUPLED CHEMICAI~MASS TRANSPORT
gz»% SUBHODEL FOR PREDICTING RADIONUCLIDE RELEASE
FROM AN ENGINEERED BARRIER SYSTEM CONTAINING
:HIGH~LEVEL WASTE GLASS, B.P. McGrail, D.W.
Engel, M.J. Apted, A.M. Liebetrau, Battelle-
Pacific Northwest Laboratory, Richland, WA;
and N. Sasaki, Power Reactor and - Nuclear
“;;:n Development Corporation,' Ibaraki-ken,

(ABSTRACT WITHDRAWN)

SESSION U
chair: Lars Werme
Wednesday Morning, November 2§
America North (W)

8:00  *U8,1
ACTINIDES CHEMISTRY AND SPENT FUEL PERFORM-
ANCE STUDIES, G. Choppin

8:30 08,2

OXIDATION OF UO» FUEL BY RADICALS FORMED
DURING RADIOLYSIS OF WATER, S, Sunder, D.W.
Shoesmith, Atomic Energy of Canada Limited,
Whiteshell Nuclear Research Establishment,
Geochemistry and Waste Immobilization Divis-~
ion, Pinawa, Canada; H. Christensen,
Studsvik Energiteknik AB, Ny&éping, Sweden:;
N.H. Miller and M.G. Bailey, Atomic Energy
of CcCanada Limited, Whiteshell Nuclear
Research Establishment, Geochemistry and
Waste Immobilization Division, Pinawa,
Canada.

g:00

CONSTRAINTS BY EXPERIMENTAL DATA FOR MODEL-
ING OF RADIONUCLIDE RELEASE FROM SPENT FUEL,
B. _Grambow, Hahn-Meitner-Institut Berlin,
Berlin, West Germany; L.O. Werme, SKB,
Stockholnm, Sweden; R. Forsyth, Studsvik
Energiteknik AB, Nykdping, Sweden; and J.
Bruno, Royal Institut of Technology, Depart-
ment of Inorganic Chemistry, Stockholn,
Sweden. .

9:30

STATISTICAL MODEL FOR GRAIN BOUNDARY AND
GRAIN VOLUME OXIDATION KINETICS IN UO, SPENT
FUEL, R.B. Stout, H.F. Shaw, Unlversity of
California, Lawrence Livermore National
Leaboratory, Livermore, CA: and R.E.
Einziger, Battelle-Pacific HNorthwest
Laboratory, Richland, WA.

8:45 gs.s
MEASUREMENT OF SOLUBLE NUCLIDE DISSOLUTION
RATES FROM SPENT FUEL,
Battelle-Pacific Northwest Laboratory,
Richland, WA.

10:00 BREAK
SESSION U9: CONTAINER AND
- FUEL _CLADDING STUDIES

Chair: Sham Sunder

Wednesday Morning, November 29
America North (W)

10:30 Us.1

THEORETICAL MODELING OF CREVICE AND PITTING
CORROSION PROCESSES IN RELATION TO CORROSION
OF RADIOACTIVE WASTE CONTAINERS, John C.
Halton, Idaho National Engineering Labora-
tory, Idasho Falls, ID.
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11:00 .
CORROSION PRODUCT IDENTIFICA-LON AND RELA-
TIVE RATES OF CORROSION OF CANDIDATE METALS
IN AN IRRADIATED AIR-STEAM ENVIRONMENT,
Donald T. Reed, V. Swayambunathan, Argonne
National Laboratory, Argonne, IL; and
. Lawrence Liver-
more National Laboratory,
Project, Livermore, CA..

11:15 U9.3
A STUDY ON FABRICATION TECHNOLOGY OF CERAMIC
OVERPACK - A CONCEPTUAL DESIGN AND FABRIAC-
TION OF A FULL SCALE CERAMIC OVERPACK, T.

. Y. Karita, NGK Insulators, Ltd.,
Nagoya, Japan; H. Ishikawa and N. Sasaki,
Power Reactor and Fuel Development Corpora-
tion, Ibaraki, Japan.

11:30 U9.4

AN INTERPRETATION OF THE HIGH-STRESS, LOW-
TEMPERATURE CRACKING OF ZIRCALOY-4 SPENT
FUEL CLADDING, H.D., Smith, Battelle-Pacific
Northwest lLaboratery, Richland, WA.

11:45 go.5

A CORROSION LOCALIZATION ASSESSMENT OF THE
MILD STEEL USED FOR NUCLEAR WASTE PACKAGE,
Masatsune 2Akashi, Ishikawajima-Harima Heavy
Industries Company, Ltd., Research 1In-
stitute, Tokyo, Japan.

SESSION U10/T4: JOINT SESSION

Chairs: Jim Kaufman and Virginia Oversbhy
Wednesday Afternoon, November 29
America North (W)

1:30 *

FRACTAL STRUCTURE AND DYNAMICS OF TWO FLUID
FLOW IN PCROUS MEDIA, Jens Feder, University
of Oslo, Department of Physics, Oslo, Nor-
way.

2:00 U10.2/T4.2

NUMERICAL AND ANALYTICAL MODELS OF TRANSPORT
IN POROUS .CEMENTITIOUS MATERIALS, Edward J.
Garboczi and Dale P. Bentz, National In-
stitute of Standards and Technology, Build-
ing Materials Division, Gaithersburg, MD.

2:15 U10,.3/T4.2
SIZING REQUIREMENTS FOR FLOW-THROUGH GEOCHE-
MICAL TESTS: THEORETICAL CONSIDERATIONS,
MODEL RESULTS, AND - IMPLICATIONS FOR THE
INTERPRETATION OF TEST DATA, J.D. Hoover and
E.C. Thornton, Westinghouse Hanford Company,
Richland, WA.

Yucca Mountain

2:30 Ul0.4 4.4 -

A LAGRANGIAN: 'ACTIVE TRANSPORT  SIMULATOR
WITH MULTIPLE PATHS AND STATIONARY-STATES: °
CONCEPTS, IMPLEMENTATION AND VERIFICATION,,
R.B. Xnapp, University of cCalifornia, Lawr-
ence Livermore National Laboratory, Earth
Sciences Department, Livermore, CA.

2:45 BREAXK

3:15 U10.5/T4.5

FRACTAL CHARACTERISTICS OF FRACTURE NETWORKS
AND FLUID MOVEMENT IN ROCK, Christopher C.
Barton, U.S.Geclogical Survey,: Department MS
913, Denver, CO.

3:45 U10.6/T4.6 .

FLOW TO WELLS IN FRACTURED ROCK WITH FRACTAL
STRUCTURE, Jim Polek, Kenzi Xarasaki and
Jane Long, Lawrence Berkeley Laboratory,
Berkeley, CA; and John Barker, British
Geological Survey, Oxfordshire, United
Kingdom.

4:00 U10,7/T4.7
ANISOTROPIC SCALING OF INTERFACES IN POROUS

MEDIA, Miguel A. Rubio, Haverford College,
Department of Physics, BRaverford, PA; and
UNED, Madrid, Spain: W

Andrew Dougherty,
Haverford College, Department of Physics,
Haverford, PA; and Jerry P. Gollub, Haver-
ford College, Department of Physics, Haver-
ford, PA; and University of Pennsylvania,
Philadelphia, PA.

4:15 Ul0.8/T4.8

SIZING AND SCALING REQUIREMENTS OF A LARGE-
SCALE PHYSICAL MODEL FOR CODE VALIDATION, R,
Khaleel, T. LeGore and J.D. Hoover, West-
inghouse Hanford Company, Richland, WA.

4:30 U10.9/T4.9
PERFORMANCE OF CONCRETE BARRIERS IN RADIOAC-
TIVE WASTE DISPOSAL IN THE UNSATURATED ZONE,
John €. Walton and Mark D. Otis, ID National
Engineering Laboratory, Idaho Falls, ID.

SESSION Ull: NEAR-FIELD STUDIED AND

. Chair: Henry Shaw
Thursday Morning, November 30
America North (W)

8:30 ° mMi1.1 - .
LEACHING/MIGRATION OF UO2-FUEL IN COMPACTED
BENTONITE, Y. Albinsson, G. Skarnemark, M.
Skdlberg, Chalmers University of Technology,
Department of Nuclear Chemistry, G&teborg,
Sweden:; R. Forsyth, Studsvik AB, Nykdéping,
Sweden; B. Torstenfelt, ABB-Atom, Viasteras,
Sweden; L. Werme, Swedish Nuclear Fuel and
Waste Management, Stockholm, Sweden.
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9200 uil.2
MODELLING THE IN SITU PEUMANCE OF BEN-

TONITE-SAND BUFFER, H,S. Radhakrishna, K.-C.

. Lau, Ontario Hydro Research Division, Toron-

to, Canada; B.H. Kjartanson and S.C.H.
Cheung, Atomic Energy of Canada Ltd., White-
shell Nuclear Research Establishment, Pina-
wa, Canada.

g:15 u11.3
THE EFFECT OF CRACKS ON DIFFUSIVE MASS
TRANSPORT THROUGH A CLAY BARRIER, Nava C,
Ggaristo and Frank Garisto, Atomic Energy of
canada Ltd., Whiteshell ©Nuclear Research
Establishment, Pinawa, Canada.

9:30 Ull.4
FINAL DISPOSAL OF CEMENTITIOUS WASTE FORMS
IN THE SWEDISH REPOSITORY FOR REACTOR WASTE
(SFR), Jan S. Carlsson, Swedish Nuclear Fuel
and Waste Management Company, (SKB), Stock-
holm, Sweden.

9:45 Ull.5
MASS TRANSFER IN WATER-SATURATED CONCRETES,
. Peter A. Claisse, Nicola M.
Everitt, Andrew W. Harris and Alan K.
Nickerson, Harwell Laboratories, Materials
Development Division, Oxon, United Kingdom.

BREAK

10:30 Ul1.6

COUPLED FLOW OF HEAT AND MASS IN BARRIER
MATERIALS AND .ITS SIGNIFICANCE, S.C.H.
cheung, Atomic Energy of Canada Ltd., White-
shell Nuclear Research Establishment, Pina-
wa, Canada.

10:45 011.7

EFFECTIVE DIFFUSIVITY OF CARBON DIOXIDE AND
JODINE THROUGH %G TUNNEL TUFF",
Bardakei, Franklin G. King and Maung Sein,
North Carclina ALT State University, Greens-
boro, NC. :

10:00

11:00 Ull.8
4Cc TRANSPORT IN A PARTIALLY SATURATED,

PRACTURED, POROUS MEDIUM, W. B. Light, P.L.
Chambré, W.W.-L. Lee and

University of cCalifornia, Berkeley, Depart-
ment of Nuclear Engineering and Lawrence
Berkeley Laboratory, Berkeley, CA.

11:15  pii.9
THE APPLICATION OF A COUPLED CHEMICAL TRANS-
PORT MODEL IN A TRIAL ASSESSMENT OF DEEP

‘DISPOSAL OF IOW AND INTERMEDIATE LEVEL

RADIOACTIVE WASTE, Steve Liew, Vea Economi-
des, Adrian Dawes and David Read, WS Atkins
Engineering Sciences, Epsonm, United Kingdomn.

661

11:30 Ull

ANALYSIS OF 1SS TRANSPORT IN AN ENGINEERED
BARRIERS SYSTEM FOR THE DISPOSAL OF USED
NUCLEAR FUEL, Nava C, Garisto and Dennis M.
LeNeveu, Atomic Energy of Canada Ltd.,
Whiteshell Nuclear Research Establishment,
Pinawa, Canada.

11:45

ATTEMPTED VERIFICATION OF MATRIX DIFFUSION
IN GRANITE BY MEANS OF NATURAL DECAY SERIES
DISEQUILIBRIA, W.R. Alexander, Paul Scherrer

Institute, Villingen, Switzerland; 1I.G.
McKinley, NAGRA, Baden, Switzerland; A.B.
MacKenzie, R.D. Scott, SURRC, Glasgow,

Scotland; and J. Meyer, Min.-pet. Institute,
University of Berne, Berne, Switzerland.
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Ul.1

NUCLEAR WASTE IMMOBILIZATION IN CEMENT-BASED
MATERIALS: OVERVIEW OF FRENCH STUDIES, Pascal Bouniol,
Eliane Revertegate, Jean Oliver, Philippe Gegout, Michel Jorda, Rosemarie
Arabek, C.E.A., DRDD/SESD, CEN/FAR, 92265 Fontenay aux Roses
Cedex.

Cement-based materials are currently used in France for solidification of
highly-salt-ladencd concentrates and ashes and for embedment of solid
wastes. In the first case, the waste forms are considered to be
*homogencous™ and are submitted to leach tests to evaluate radionuclide

behavior. In the case of solid wastes, the whole ge is regarded asa
*heterogeneous waste form™ and radionuclide t is ensured by an

outer cover of pure mortar and measured using diffusion cells. In both
cases the durability function is devolved to the concrete container and the
waste package must abide by ANDRA specifications for Low Level Waste

An overview of the different problems to be solved is presented. Examples
of cement-based matrices used to i ize concentrates (containing F-,
CT", SO4™, NO3", Nat and trace species) and phosphate ashes are given in
relation to cement chemistry, It was demonstrated that, in the same cases,
phosphate may improve waste form behavior. Experimental studies,
undertaken to assess concrete durability obviously indicated that pH is the
mng parameter of chemical degradation reactions. Ion nature (such as
CI°, SO4™, HCO3"/C03™) and concentration are secondary factors which
only act on kinetics.

It was found that slag and fly ash cement has a better cesium retention
ability and stronger resistance to chloride and sulfate artack than portland
cement,

Ul.2

EFFECT OF CURING TEMPERATURE ON THE PROPERTIES OF CEMENTI-
TIOUS WASTE FORMS(4), Ryan O, lokken, John. W. Shade, and
Paul F. C. Martin, Pacific Northwest Laboratory(d}
Richland, WA 99352,

Current plans at Hanford for disposing various low-level)
1iquid wastes include solidification using cementiticus ma-
terfals., This process, known as grouting, involves mixing
11quid wastes with a dlend of cementitious materials znd
pumping the resultant slurry to lined, underground concrete
vaults. The total volume of the vaults is approximately 1.4
millton gallons. As the grout slurry begins to solidify and
harden, the temperature increases due to the exothermic hy-
dration reactions. Adiabatic temperature increases of
greater than 70°C have been measured in the laboratory.

With a starting waste temperature of 45°C, the temperature
of the grout in the vaults may approach 115°C.

A study is currently underway to assess the effects of long-
term, high-temperature curing on the properties of grouts
produced with siaulated double-shell slurry feed (DSSF)
waste. The waste was a salt solution containing high con-
centrations of sodium nitrate, sodius aluminate. and sodium
hydroxide. The solids blend consisted of 47 wtX class F fly
ash, 47 wt¥ ground blast furnace slag, and § wtX type 1/11
portland cement. The solids were mixed with the 1iquid
waste at a ratio of 1080 g/L. Samples of laboratory-pro-
duced grout samples, cured at 75, 85, 95, 120, and 150°C,
and samples cured in a 4000-gallon monolith, were character~
fzed by scanning electron microscopy, x-ray diffraction, and
thernal analysis to determine the effects of curing tempera-
ture on leachability, microstructure, phase compositions,
and strength. Results of these activities are discussed.

(a) Work supported by the U.S. Department of Energy under
Contract DE-AC-75RLO 1830.

(d) Operated for the U.S. Department of Energy by Battelle
Memorial Institute.

Ul.3

BEHAVIOR OF CONCRETE AS A BARRIER MATERIAL FOR NUCLEAR WASTE
DISPOSAL R. J. James and Y. R. Rashid, ANATECH Research
Corp., P.0. Box 9165, La Jolla, CA 92038.

A current method for disposal of nuclear waste s the
immobilization of the waste 1n cement-based grout and burial
in reinforced concrete vaults. The concrete vault provides
the containment barrier to prevent leaching into the

environment. Bech».! of heat generation in the waste, the .
concrete 1s subjected to elevated temperature for the
extent of the vault 1{fe. Under these conditfons of
elevated temperatures and long hold times, the effects of
creep and cracking in concrete play a significant role in
determining the structural and barrier integrity of the
containment structure. Significant amounts of compressive
strain due to creep in thermally loaded, confined structures
may lead to split cracking due to the Poisson effect. 1If
thermal gradients are present, cracking due to local bending
may occur, In addition, and more d{mportantly, for
temperatures above 150 °F, the elastic modulus of concrete
degrades with time even at constant temperature due to
thermally activated damage. Since the stress due to thermal
loads is proportional to the modulus, this requires
contl?uai redistribution of 1cad that may lead to additional
cracking.

This paper examines cracking in concrete as a means for
evaluating long term functional requirements under barrier
applications for nuclear waste disposal. A material mode)
for concrete at elevated temperatures, including cracking,
therma) creep, and stiffness degradation, has been developed
based on available experimental data. Application of this
model to underground, reinforced concrete structures under
thermal Yoads will demonstrate the importance of creep and
stiffness degradation in the structural design for barrier
protection under extended 11fe at elevated temperatures.
The 1mportance of capturing the correct temperature
distributions and the thermal history of the structure in
the analysis will also be demonstrated.

Ul.4

GROUTS AND CONCRETES FOR THE WASTE ISOLATION PILOT PROJECT
(WiPP). Lillian D, Wakeley, U.S. Army Engineer Waterways
lEJ;_:Rer'imem. Station, P.0. Box 631, Vicksburg, MS 39181-0631,

The Structures Laboratory of the U.S. Army Engineer
Waterways Experiment Station has conducted research on
cement-based composites for the Waste Isolation Pilot
Project (MIPP) since 1577, {n cooperation with Sandia
National Laboratorfes. Field testing requirements guided
initial development of grouts. Concurrent and later
laboratory studies explored the chemical stability and
probabla durability of these mixtures. Beginning in 1985, a
series of small-scale seal performance tests at the WIPP
prompted development of an expansive salt-saturated
concrete. Important lessons learned from this ongoing work
include: (1) carefully tailored mixtures can tolerate phase
changes involving Ca, Al, and SO,, without loss of
structural {integrity; (2{ handling and placement properties
ara probibly more ¢rucial to the mixtures than is exact
chealstry; and (3) for the environment of a geologic
repository, demonstrated chemical durability will be the
best tndicator of long-term performance. :

v2.1

ASSESSKENT OF THE PERFORNANCE OF CEXEFT BASED COMPGSITE
MATERIAL FOR RADICACTIVE VASTE INMOBILIZATION. X. Atkins,
J. Cowis, E.P. Glasser, T. Jappy, A. Kindness and C. Pointer,
Dept. of Chexigtry, University of Aberdeen, Neston Valk, Old
Aberdeen, AB9 2UB, Scotland.

The problem of predicting ths future perforsance of cement-
based systens is complicated by a poor understanding of the
behaviour of cement systems at long ages, as well as of the
complex {nteractions which can occur between cement and waste
conponents - active as well as ipactive - and with cement
blending asgents including fly ash, glassy elags aud natural

olans. The progress achieved in developing a predictive
capability is reviewed. Considerable success has been
ackiaved 12 modelling the chemically-related features of
cement based systems in terms of pH, Bn, and of elemsnt
partition between s0lid and aquecus phases. The behaviour
of wmodel radwaste elements - iodine and uranium -~ has been
studied 4n deptd and indicate that both sorption and
precipitation occur. U(CVI), ia particular, forzs solubility~
limiting compounds e.g. 8 wuranophane. But 1in general,
presently-available data are 1inadequate to predict many
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cenen;:-waste etreaxr 1interactions, e\v/ for the .imorganic
.constituénts; future progress iz modelling 1s likely to
rely beavily on edditions to the data base.

>

The repository environment will eléd condition chemical
exchanges in cement-based eystems. Progress is being made in
predicting the impact of ground water cozponents - Cl1-,
80.%~, COz - ou the performance of cement systems.

v2.2 .
DURABLE CONCRETE FOR A VASTE REPOSITORY - MEASUREMENT OF

JONIC IRGRESS. and J.J. Beaudoin, Institute
for Research in Construction, HRational Research Council,
Ottava, Canada; and K.E. Philipose, Vaste Management

Systems, Atomic Energy of Canada Limited, Chalk River,
Ontario, Canada, KOJ 1JO.

A vaste repository, labelled JIntrusion Resistant Under-
ground Structure (IRUS), for the belovground disposal of
lov level radiosctive waste, 4s planned et Chalk River
Ruclear Laboratories. It relies greatly on the durability
of concrete for the required 500 years service life. A
research prograx based on laboratory testing to design e
durable concrete and to predict its useful engineered
service life is in progress.

It has been established that the degradation of the con-
crete vill depend on the rate of ingress of corrosive
agents - chlorides snd sulphate ions and €0;. Iventy mix
formulations vere developed to create various types and
qualities of concrete, and to study their behaviour in
different site environmental conditions. 4 total of 1000
concrete and 500 cement paste specimens vith.composition
similar to the concrete binder are being exposed to 25
different cozmbinations of the corrosive agents at 20°C and
45°C. Procedures to measure the ionic profiles and to
deternine the kinetics of diffusion of the fons in the
various concretes have been developed. These incorporate
nodifications to SEX and EDXA techniques. Initial results
froa these measurements vill be presented and discussed in
terns of pore structure snd permeability parameters of the
concrete.

v2.3

LOGNORMAL SIMULATION OF PORE EVOLUTION DURING
CEMENT HARDENING. D. SN, W. Ma, and P, W. Brown, Materals
Research Laboratory, The Pennsyivania Slste University,
University Park, PA 16802,

Many proparties of coment-based systems are determined by the
pore gixe distdbution. Our capability 10 predict euch properties
depends on our capabilty to pradict pore size disiributions, given
some basic characteristics of the cement matrix, In terms of
Materials chemistry, preparation and processing. -

Preliminary work has been done & simuiats the pore evolution
during hardening of coment paste, based on a five-parameter
lognormal modet of size distiibution of pores tn hardensd coment
pastos. For comeni pacztes of Cifferent apes but otherwise
KORGAL, o pers slzs Fisidiulipng may be reduced to a single,
sol-gimilar distribution ourve, In tanns of & dimensionless size -
which Is the pore Clameter dvided by the median pore dlameter.
The location parsmeter, g1, is lndicative of the curing thime, while the
shape parameter, ¢, may be related to other factors, such as
water4o-cemant ratio and curing temperature.

This mode! may enabile us 1 quantify the reiationships among the
pore size distiibution of cement paste, the curing me, the curing
temperature, and the water40-coment ratio. Thersfore, prediction
©of the porg size cistribution of cement pasies based on & given set
©of curing conditions (time, tsmperaiure, water-to-cement raflo)
becomes possivle. Furthermore, this model may halp predict

Propertios dapendent on pore structurs, such as permeability and

of hardened coment pastes, by ralating such properties to
Parameters characteristic of the pore size distribution, ¢ and @,
father than ko the entire distribution of sizes.

NS
U2.4

MECHANISTIC MODEL FOR THE DURABILITY OF CONCRETE
BARRIERS EXPOSED TO SULPHATE-BEARING GROUNDWATERS

i and John A Hearne, Materials Development Division,
Building 429, Harwell Laboratory, Oxon, OX1} ORA, UK

Concretes are favoured materials for the construction of radioactive waste
repositories in disposal strategies adopted by many countries. Their
durability as structural materials and as physica! barriers to radionuclide
migration can be limited by their reaction with sulphate-bearing
groundwater. In such a situation the concrete degrades by sulphate
penetrating the concrete where it reacts with the hydrated cement to form
expansive reaction products that cause stress and eventual disruption.

Data obtained from old coacretes and accelerated tests have enabled an
empirical relationship to be derived to describe the rate of this
degradation, but this relationship is not founded on the mechanism of
degradation itself. In the work described here the individual
contributions to the mechanism have been examined in appropriate
experiments in which diffusion, reaction and expansion have been
quantified. These results have been integrated into a simple overall model
in which the criterion for degradation is the sccumulation of a critical
quantity of stored elastic energy in the reaction zone. The results of this
mechanistic mode! are in good quantitative agreement with those of the
empirical mode! and enable extrapolations to be made to different
concretes, cements and sulphate-bearing groundwaters.

U3.1

THE SOLUBILITY AND SORPTION OF URANIUM(VI) IN A
CEMENTITIOUS REPOSITORY. Brownsword, M.,
Buchan, A B., Evart, F T., .s
Ormerod, G J., Smith-Briggs, J L. and
Thomason, H P. Chemistry Division, Harwell
Laboratory, Oxfordshire, OX11 ORA, UK.

In the context of UK radioactive waste disposal,
uranium and its daughters have been shown to
make an important contribution to the cverall
risk assessment. The agueous chemistry of
uranium in the near-field is complicated by the
multiple valency states that may exist, under
these particular conditions of pH and redox
potential, and by the possible formation of solid
alkali and alkaline earth uranates. The research
programme in support of the repository safety
assessment carries out studies of the agueous
chenistry of uranium that incléde the agueous
speciation, characterisation of the solid phases
that are in equilibrium with the repository
water, nmeasurement of the solubility of these
solfds and determination of the sorption ontec the
major near field substrates. : :

The paper describes some recent results of these
experimental measurements and includes a study of
the composition of the sodium and calcium
uranates formed, under the conditions applicable
to the near-field of a cementitious repository
and the determination of their solubilities.
Measurements of the sorption of uranium(VI) onto
& slag cement and onto specimens of the same
slag cement, aged artificially using hydrothermal
and leaching treatments are also described.

SPECIATION OF Pu(VI) IN NEAR-REUTRAL TO BASIC SOLUTIONS VIA
LASER PHOTOACOUSTIC SPECTROSCOPY.™ S. Okajima, J. V. Beftz,
J. C. Sullivan, and D. T. Reed, Argonne National Laboratory,
$700 South Cass Avenue, Argonne, IL 60439,

The high sensitivity technique of 1laser photoacoustic
spectroscopy (LPAS) in combination with optical absorption
spectroscopy was applied to the study of Pu(VI) speciation
in systems important to their migration in the environment.
Emphasis was on the hydroxo species formed although
additional information on other groundwater-relevant Vigands
was obtained. Stability constants and specfatfon observed,
based on the spectra obtained, are veported.
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*This work was funded in part by developmental funds within
Argonne National Laboratory and under the auspices of the
Office of Basic Energy Sciences, Division of Chemical

Sciences, U.S, Department of energy, under contract
number W-31-109-ENG-38,

U3.3

MODELLING STUDIES OF SORPTION IN THE NEAR FIELD OF
A CEMENTITIOUS REPOSITORY A.Haworth, S.M.Sharland
and C.J.Tweed, Theoretical Physics Division,
Rarwell lLaboratory, UKREA, Oxfordshire OX1l ORA,
U.K. :

Current plans for a low- and intermediate-level
radioactive waste repository in the UK include a
cement backfill. Sorption of radionuclides on to
cement is an important process in limiting the

" aqueous concentrations in the near-field and is,
therefore, likely to be of importance in
constructing the safety case for a repository.
Most experiments and modelling use a distribution
coefficient approach. This quantifies sorption on
to a material in terms of a simple linear
isotherm, but does not take into account effects
such as saturation of sites. The use of
distribution coefficients for conditions other
th;:dthose at which they were cbtained may not be
valid.

In this paper, we describe modelling studies of
radionuclide transport through a cementitious
backfill, based on a mechanistic interpretation of
the processes. For this modelling we use the
geochemical code PEREEQE and the coupled ionic
transport/chemical equilibria code CHEQMATE. The
predictions of the modelling will be compared with
experimental data from various sorption
experiments on cement.

U3.4

Evidence of long distance transport of natural colloids in a crystalline rock
groundwater. W.R. Alexander, R. Bruetsch, C, Degueldre, Paul Scherrer
Institute, 5232 Villingen, Switzerland and B. Hofmann, USGS, Deaver CO
80223, USA.

The transpart of radiocolloids (radionuclides in association with colloids) from

-the near field, through the geosphere, is recognised as a potential problem
withia current Swiss safety analysis models. Natural colloids could enhance
doses to the biosphere by sorbing radionuclides released from a repository and
thea moving through fractured rock with minimal retardation, either by sarp-
tion on the rock or by filtration through the fracture infill.

NAGRA has therefore initiated a programme of research to study various as-
pects of colloid transpart in both crystalline and sedimentary formations and,
‘In this article, the results of a recent project are reparted. An earlier study
of the groundwater system of the Krunkelbach uranium prospect, Black For-
est, West Germany, produced evidence of long distance transport of natural
particles (> 450 nm nominal por« size filters) in the crystalline groundwaters.
Newly produced samples which includes colloidal material (filters with nomi-
nal pore sizes in the range of 15-1000 am were utilised) have been subjected
to semi-quantitative analyses and the results have confirmed the ear'ier work
oa larger particles.

Stable isotops data implies that the groundwater recharge area lies within a
gneizs formation some 5 km away from the uranium prospect. Colloid samples
were collected within the prospect (at a depth of 240 m) and the Mg, T§, Y
and Zr contents of these colloids were found to be characteristic of the near
by gneies rather than the granite body which hosts the prospect.

The implications of such natural colloid generation and long distance transport
are examined with respect to Swiss concepts for a crystalline rock radwaste
repository.

U3.5 —rt

ANALYTIC STUDIES OF COLLOID TRANSPORT. ’
Y. Hwang, T. H. Pigford, P. L. Chambré, and W. W.-L. Lee, Department of Nu-
clear Engincering and Lawrence Berkeley Laboratory, University of California,
Berkeley, CA 04720,

There i3 evidence that radionuclides move as colloids at the Nevada Test Site.
Because of their ubiquitous nature, fast movement, and low retardation, it is
important to study colloid transport in association with the planned reposi-
tory at Yucca Mountain, We present some analytic studies of colloid transport
in fractured porous rock, considering filtration as well as interaction between
colloids and dissclved radlonuclides.

Collolds of radloactive material can be expected in ground water in a geologic
repository. Radloactive specics released from a waste solid can appear as col-
loids by chemical reaction of the dissclved species with container material,
by reduction in solubility and precipitation from cooling a near-ssturated so-
lution, from a change in the redox paotentlal, or by sorptioa of a radlcactive
soluts outo colloids that are already present In the ground water. Here we
Include “pseudocolloids® as colloids.

Collolds can transport radionuclides through geologic media at rates that can
differ considerably from the solute transport rates, Current approaches for
predicting colloid transport focus on the transport of the colloid itself and
may not be adequate for predicting the long-term behavior of geologic repos-
itories. Colloids of a given species can be expected to establish some kind of.
interaction with the solute of that species. Soms colloids are likely to exhibit
solubllity, similar to that of a consolidated solld. Others, such as psendo-
colloids, may exhibit sorption equilibrium between the solute concentration
and the concentration of that species sorbed on the colloid. In either case,
the interaction between the solute and colloid can be important in predicting
long-term transport. Moreoves, hydrogeologic transport through a fracture is
likely to be accompanied by diffusion of solute into and out of the rock matrix
surrounding the fracture.

We develop and solve differential equations for the interactive transport of
colloids and solute. We discuss the analytic solutions and illustrate the Impor-
tance of ths various processes in colloidal transport, as steps towards devel-
oping more comprehensive models of colloid transpert of radloactive species.

U4l

THE MICROSTRUCTURE OF gobfs/CPC HARDENED CEMENT PASTES AND
‘CF  ELEVATED TEMPERATURE  LEACHING.

Parks Road, Oxford OX1 3PH, U.K.

Ground granulated Dblast-furnace slag (ggbfs)/Oxdinary
Portland cement (CPC) blends are possible materials for use
in intermediate and low-level radicactive waste repositories.
The microstructural development in neat CPC is reviewed. The

microscopy. The

A ggbfs/CPC 9:1 blend which had been
hydration to aqueous leaching at 105C was also examined.
Marked changes in the microstructure and cooposition were

v4.2 ’ :

THE EFFECTS OF TEMPERATURE ON THE LEACHING BEHAVIOR OF
CEMENT WASTE FORMS  Mark Fuhrmann, Richard Pietrzak, "John
Heiser 111, Eena-Mai Franz and Peter Colombo, Nuclear Waste
Research Group, Brookhaven National Laboratory, Upton, NY,
11973, . . ‘

The leaching mechanisms of simulated low-level radioactive
waste forms are being determined as support for development
of an accelerated leach test. Two approaches are.being
used: (1) comparisons of leaching data with results of a
model that describes diffusion from a finite cylinder, and
(2) observation of the leaching process at temperatures
between 20°C and 65°C. To provide results that can be used
for modeling, leaching at elevated temperatures must change
neither the Teaching mechanism nor the structural controls
of leaching such as the porosity. Releases of cesium-137,
strontium-85, calcium, sodfum and potassium from plain
portland cement, cement containing sodium sulfate and cement
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containing incinerator ash have beer~wccermined under a

. variety of experimental conditions. To avoid experimental
artifacts that could be misinterpreted as a release mecha-
afsm, minimal concentrations of ifons in the leachate are
necessary. Diffusion was observed to procéed without sup-
ression when elemental elemental concentrations in the
geachate were less than 25 mg/L. Data from the leach tests
were compared to mode) results for diffusion from the finite
cylinder. While much of the data appears to be diffusion
controlled, notable exceptions are cesium and sodfum leached
from cement/ash waste forms. .for all samples activation
energies ranging between 6 and 11 Kcal/mole have been calcu-
lated from the relationship of the effective diffusion
coefficient to increasing temperature, close to the expected
value of § Kcal/mole for diffusion. Solid phase analysis was
performed to further examine the structural and mineralogi-
cal controls on leaching.

U4.3

THERMODYNAMIC MODELING OF CEMENTITIOUS WASTE FORM/GROUNDWATER

INTERACTION AS A TOOL FOR LONG-TERM PERFORMANCE ASSESSMENT.

Louise J. Criscenti and R. Jeff Serne, Pacific Morthwest
ratory, Richland, Washington 99352,

Experiments ({.e., static, wodified ANS 16.1) have been
conducted to study the lezching of elements from cementitious
waste forms in groundwater. These experiments are completed
in 2 short time periocd (150 days) and chemical equilibrium
between the groundwater and waste form may mot be achieved.
Thermodynamic models can be used to determine 1f equilibrium
between the waste form and groundwater has been established.

A conceptual model for the chemical interaction between a
cementitious waste form and groundwater was developed and
used with the MINTEQ computer code to predict the leachate
compositions and solid phase assemblages that should be
observed in several leaching experiments. The conceptual
model includes (1) a modal analysis of the phases present in
hydrated cement, (2) the chemical composition of the ground-
water, and (3) e 1ist of solid phases that may precipitate
when the cement and groundwater react. To assist n develop-
ing the chemfical model, MINTEQ calculations were performed on
various leachate compositions from laboratory experiments-to
determine potential solubility controls. Once 1t can
successfully predict the experimental results, the model can
tf;e used to fnvestigate the long-term performance of a waste
om.

The calculations fndicate that the amount of carbonate
present in the groundwater is a2 major factor influencing the
stability of a waste form. Calculations using various
partial pressures of t:()2 will be compared.

Pacific Northwest Laboratory is operated for the U.S.
Department of Energy by Battelle Memorial Institute under
Contract DE-AC06-76RLO 1830,

U‘.‘

WASTE GROUT LEACH TESTS: PURSUIT OF MECHANISMS AND DATA FOR
LONG-TERM PERFORMANCE ASSESSMENT. R, Jeff Serme, Pacific
;g;ggnest Laboratory, P.O. Box 999 Kb-81, and, WA

At Hanford low-level liquid nuclear waste {s being mixed with
cementitious forming materials (grout) to form sogid
oonoliths. Prior to grouting each 1iquid waste, a
qerfomnce assessment must be performed to evaluate the
ong-term environmental jmpact. These predictions rely upon
8 diffusion controlled conceptual release model and short-
term laboratory leach data on small grout samples. This
paper describes size scale-up and inventory scale-up
experimpents that evaluate whether diffusion does §n fact
control the release of radionuclides {(e.g., I, “Tc) and
regulated chemicals (e.g., KO3, MOz, Se, Cr and F).

Size-scale up leach tests on cylindrical grout specimens
(3.2cm dia.x3.2cm £ to 30.4cm dia.x30.4cm £) were performed

to evaluate whethér—feach rates follow the $/V dependency
(geometric surface area to volume ratio) predicted by
dif&usion theory. After 200 days of leaching, species such
as Tc, NO3, WOz, Cr, Mo and Na show similar leach rates at
&11 specimen sizes. However, the data suggest that simple
diffusion theory (semi-infinite or finite source) 1s a less
accurate gredictor of cbserved leach rates than empirical
relationships (see Cote and Constable 1987) that account for
wash off, wash out and diffusion. :

By changing the inventory of contaminants present in a

form one can check whether diffusion or so?ubi lity proc:::::

e,vpear;,sto control leaching. Three sets of leach tests where
Tc, **1 and Se were varied from {1X, 10X and 100X) were

performed. Results to date s:ﬁest I leaching follows

diffusion controlled release while Tc and Se are less well

behaved (i.e., cbey neither simple theory).

Us.1
THERMODYNAMICS OF CLASSES FOR NUCLEAR WRSTE DISPOSAL.
Alexandra  Navrotsky, Department of Geological and
Geophysical Sclences, Princeton Universiry, Princeten, RJ
08544

Glasses containing nuclear waste typically have 5-10% or
more of cations of high charge which perturdb the
aluminosilicate framework. Calorimetric studles of
coupled substitutions
4+ 3+ +
sig < AL 4 e
show the following trends. Createst glass stabilization
occurs when M is monovalent and large (e.g. Cs*), with
thermodynanic stability decreasing vith fncreasing z/r of
K. For small alkaline earths (e.g. Mg?*) positive heats
of mixing and a tendency toward clustering or unmixing
develops. For cations of higher charge (e.g. L, Zrtt,
NS+, Mof+) this tendency is accentuated. Clustering on
a microscopic scale implies that the local environument of
these cations is independent of their concentration; the
activity of the oxide compoment is virtually constant and
relatively high and the system behaves more as a
mechsnical mixture than as & true solid solution. For
considerstion of the long-tera stability, both kinetic
and thermodynamic, of & waste-loaded glass, the
relstively high thermodynamic activity of M-containing
oxide implies & relative destsbilizationm. However,
becsuse clustering may be pervasive, and only the volume
fraction of the clusters changes with concentration of
oxide, the resctivity of the waste form may be mlatlvely
insensitive to the degree of loading as long as a glass
can be made.

Us.2

A KINETIC MODEL FOR BOROSILICATE GLASS DIS-
SOLUTION BASED ON THE DISSOLUTION AFFINITY
OF A SURFACE ALTERATION LAYER William L. Bourcier,
Dennis W. Peifer, Kevin G. Knauss, Kevin D. McKeegan, and David
K. Smith, Lawrence Livermore National Laboratory, Livermore, CA
94530

A kinetic mode! incorporated in the EQ3/6 geochemical modeling
code is used to predict borosilicate waste glass dissolution rates. The
dissolution rate is asumed to be controlled by the dissolution affinity
of an alkali and boron-depleted altered surface layer on the glass.
Model results predict the non-linear glass dissolution rate where the
relatively rapid initial rate slows and spproaches a linear release with
time. .

The mode! has been used to predict the results of static closed-system
dissolution tests of a uranium-doped SRL-165 glass. The tests were
performed in gold-bag and Tefion-lined stainless steel vessels from
100 to 250°C for up to 4 months in a dilute (0.003 molal) NaHCO3
solution. The gold bag tests were used for solution sampling; the
tests in Teflon run in parallel were used for solids characterization.
Solids were analyzed using SEM, SIMS, x-ray diffraction, and nuclear
reaction profiling methods.

Comparison of model and experimenta! results show that the release
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rates of elements not strongly concentratedTa surface layers or sec-
ondary phases (e.g. Li, B, Na) can be successfully predicted by the
model. The release rates of elements that are concentrated in surface
layers and secondary phases are more difficult to predict and accurate
prediction is possible only if observed secondary phases are used to
constrain species concentrations.

Work performed under the auspices of the U. S. Department of Energy
by the Lawrence Livermore National Laboratory.

US.3

PREDICTION OF RADIOACTIVE WASTE GLASS DURABILITY BY THE
HYDRATION THERMODYNAMIC MODEL: APPLICATION TO SATURATED
REPOSITORY ENVIRONMENTS. Carol M. Jantzen, Westinghouse
Savammah River Company, Savamnah River Site, Aiken, SC 29808.

The effects of graumdwater chemistry on glass durability were
using the hydration the ic model. The rela-
tive durabilities of $i0,, tektites, basalts, waste glasses,
medieval window glasses,“and a frit glass were determined in
tuffaceous J-13 groundwater, basaltic GR-4 ter,
WIPP-B brine, and Permian-A brine using the MCC-1 test. For
silicate groundwaters, the free energy of hydration, calcu-
lated from the glass composition and the final experimental
P, was linearly related to the logarithm of the measured
silica concentration. The linear equation was identical to
that observed previously for these glasses during MOC-1
testing in deionized water. The superposition of the line
from the silicate groundwater and deionized water experiments
ocaurs because the pH values for all the glasses tested in
groundwater remained constant. Constant pH values decreased
the calculated A%gd values while in turn, lower Si releases
were measured, sl defined by the ter and de-
ionized water data is theoretical slope, in (1/2.303RT),
for glass dissolution controlled by the dissolution of amor-
phous silica. For brines, the influence of the ion activity
product (IAP) on the solubility of silica and other species
was determined. Using the hydration thermodynamic model,
mulcear waste glass durability in saturated repository en-
vironments can be predicted from the glass composition and
the groundwater pH.
US.4

CHEMISTRY OF GLASS CORROSION 1IN HIGH SALINE
BRINES. B._Grambow, R. Miller, Hahn-Meitner-In-
stitut Berlin, Glienicker Str. 100, D-1000 Ber-
lin 39, FRG

This paper describes a geochemical model and
a comparison to experimental data for glass
corrosion in concentrated salt brines. Modeling
was performed with the computer code EQ3/6.
The brine chemistry was described with the Pit-
zer formalism [Pitzer 1973) for osmotic and ac-
tivity coefficients.

The reaction path was calculated of a nuclear
waste glass as a function of brine chemistry
and of the formation of mhjor alteration
products. In agreement with the experimental
data it was calculated that in MgCl2 dominated
brines a major alteration product are Mg rich
clay minerals and due to the consumption of Mg
by these products the pH decreases with the
proceeding reaction. A constant pH and composi-
tion of alteration products is achieved, when
the alkali release from the glass balances the
Mg consumption. In the NaCl dominated brine
MgCl2 becomes exhausted by clay mwrinerals. As
long as there is still Mg left in solution the
pH decreases. After exhaustion of Mg the pH
rises with the alkali release from the glass
and analcime is formed.

U5.5 S—r

THERMOKINETIC MODEL OF BOROSILCATE GLASS'
DISSOLUTION: CONTEXTUAL AFFINITY. T, Advocat& E. Vemaz, ’
CEN-valrhd, SDHA, BP 171, 30205 Bagnois-sur-Céze Cedex,
France; J.L. Crovisier & B. Fritz, CNRS/CSGS, 1 rue Blessig, 67000

Strasbourg, France. ,

Short and long term geochemical interactions of R7-T7 nuclear
glass with water at 100°C were simulated with the DISSOL thermo-
kinetic computer code. Both the dissolved glass quantity and the
resulting water composition, saturation states and mineral
quantities produced were calculated as a function of time.

The rate used In the simulation was first proposed by
Aagard and Helgeson: dc/dt = S/Vxk*x{a, )*x(1-Q/K). The
predicted mineral phases were iron ides, 2:1 clay mineral
represented by an idea solid solution model, manganese and zinc
hydroxides, laumontite, strontianite, metastable amorphous silica,
calcite and low albite. The calculated evolution of the glass/water
system showed good agreement with short term experimental
results (up to 1 year).

The best agreement with the one-year data was obtained with a
reaction affinity calculated from silica activity (Grambow's
hypothesis) rather than taking into account the activity of all the
glass components as proposed by Jantzen and Plodinec.

Under near-equilibrium conditions, the reaction rate was propor-
tional to the (Q/K) chemical affinity of the overall reaction. Under
these conditions, chemical affinity was dependent on the stability or
metastability of the reaction products. The dissolution rates
observed experimentally at different SA/V ratios are therefore not
intrinsically constant, but depend on the conditions under
reaction products form and on their physicochemical properties.
Us.6

COMPARISON OF THE LAYER STRUCTURE OF VAPOR PHASE AND LEACHED
SRL GLASS BY USE OF AEM."* B. M. Biwer, J. K. Bates,

T. A. Abrajano, Jr., Argonne National Laboratory, 9700 South
Cass Avenue, Argonne, IL 60439; and J. P. Bradley, McCrone

Environmental Services, 1Inc., 850 Pasquinelll Orive,
Westmont, IL 60559.
The 1initfal corrosion of nuclear waste glass in an

underground repository may be expected to occur through
interaction with water vapor prior to liquid water contact.
The current U.S. underground repository sfite selected for
characterization s located 1n the unsaturated zone where
proper waste package design and emplacement will Vimit, 1f
not exclude, groundwater contact with the waste glass even
after breach of the waste form container. Analytical
electron microscopy has been used to examine the detatled
structure of 131 glass that has been reacted in water vapor
under relatfve humidities ranging from 60 to 100%, tempera-
tures between 75° and 200°C, and time perfods up to two
years. An fintercomparison of the reaction progress and
alteration products fdentififed under the different reaction
conditions provides insight as to the wechanisms controlling
glass reaction, The results from the vapor phase reacted
glasses are then compared to those from glass of similar
composition that has been reacted under standard MCC-1 type
conditions for time periods up to four years. 131 glass was
chosen for study because 1t has been {dentified as a
representative composition for the least durable DWPF glass
to be produced for storage. '

*Work supported by the U.S. Department of Energy, Office of
Civilian Radioactive Waste Management, Yucca Mountain
Project Office, under Contract Numbers W-31-109-Eng-38
and AX0848606.
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* PISSOLUTION, XECHANISES OF CaTif; ARD OTHER TITAKATE
PHASES IN THE SYNROC ASSEXBLAGE _ ,

» D.K. Pham, R.St.C. Smart* and P.S. Turmer,
Divieion of Science and Technology, Griffith
University, Kathan, Qld, lustralia (* Now at: School
of Chenicai Technoiogy, South Australian Institute of
Technology, ddelaide, S.1. lustralia).

Perovskite, hollandite and zircomolite are the major
phases of the Synroc C titanate assemblage. he
chemical durability in an aqueous enviroanment of the
geparate minerals and the total assemblage is one of
the most relevant performance criteria for the Symroc
concept. Nethodologies, incorporating complemen
spproaches vith solution, surface and electron-optica
analyses, have been developed for assessi
perforzance in the epithermal and hydrotherma
regizes, 4 detailed study of CaTil; has been
completed identifying the mechanisms which are
operative as well as the kinetic and thermodynamic
factors which affect the evolution of the system. It
has been found that thermodynamic stability for Calil,
can easily be engineered into the waste repository for
T € 90°C, while the same is probably more difficult to
achieve at bhigher hydrothermal temperatures. 4
similar study, us 8 cosparsble methodology, is
cndervay for hollandite. Prelim results will be
reported for the chemical durability of this phase.

U6.1

A COMPARISON OF THE BEHAVIOUR OF VITRIFIED HLW IN REPOSITO-
RIES IN SALT, CLAY AND GRANITE. Part II: RESULTS. M. lutze,
Hahn-Meitner=Institut, Glienicker Strasse 100, 1000 Berlin
39, FRG., M. Kawanishi, Abico Research Laboratory, Abico,
Chiba-pre, 270-11, Japan, 3. A. C. Marples, Harwell
Laboratory, Oxon O©X11 ORA, UK., and P. van lseghem,
SCK/CEN, Boeretang 200, 2400 Mol, Belgium.

e

A 'Round Robin®' test of the European Commigsion*s “"Repos-
itery Systems Simulation Leach Test®™ has been undertaken.
This involved testing an inactive simulant of the French
high~level waste glass SONES (R7T7) containers which also
held water, backfill, and either salt, clasy or granite
geological material, Ten laboratories undertook the granite
option, six salt and three clay. The test procedure was
closely specified and is given in detail in a companion
paper.
Experiments with glass powder in contact with agueous
sclutions were run for periods of time up to one year at
$0°C and the sclutions were analyred for $i, B, Li and Mo
(compulsory) and other corroded glass constituents
(optional). The analytical) results are discussed £fn terms
©f accuracy and precision and are used to evaluate and
compare the performance of the glass (fig.l) wunder
T sononpata konditions representing those
-«(

which might occur after dis-
posel in future repository en-
jvironments. The paper discuss-
s the wunderlying corrosion
chanisns and the different
grees ¢f corrosion in salt

M\]
. clay and granite.

Normotted moos ooh gD
[ ]

oAy Fig. 1: Corrosion of HLW glass
s SON68 4in salt, granite and
clay, respectively.

TIE fops)
06-2

COMPARISON OF SURFACE LAYERS FORMED ON SYNTHETIC
BASALTIC GLASS, FRENCH R7T7 AND HMI BOROSILICATE
NUCLEAR WASTE FORM GLASSES - MATERIALS INTERFACE
INTERACTIONS TESTS. Michac! ). Jercinovic, Stacy Kaser, and Rodacy C.
Ewing, Dept. of Gealogy, Univ. of New Mexico, Albuguerque, NM 87131;
Werner Lutze, Hahn Mcitner Institut, Berlin GmbH, Glienicker StraBe, 1000
Berlin 39, F.R. Germasy.

Surface precipitates hvc\hn'{cd oo basalticand borosilicatcnuclearwasteform
glasses during the 6 montb, 1 year, and 2 year in situ Maicrials laterface
Interactions Tests (MIIT) conducted at the WIPP site using WIPP Brinc A asa
leachant at 9°C. The surface layers were characterized by scanning electron
microscopy, x-ray diffraction, electron microprobe analysis, and analytical
electron microscopy. )

The surface layers formed on synthetic basaltic glass are primarily Mg-chloride
and halite with a minor silicate component. HMI borosilicate glass cxpos?d to
the same experimeants have surface layers dominated by amorpbous Mg-silicate
with 6 month layers being overgrown by minor Mg-chloride, vhwh u wot seen
after 1year. Sub-micron sized anhydrite erystals bave formed within the Mg-
silicate layer. Minor dissolution pitting of the glass is scen in_ 1 and 2 year
samples of the basaltic and HMI glasses, butis notas pervasive asis reported for
basaltic glass altercd naturally at low temperature in scawater. Natural
alteration of basaltic glass results in the formation of clay-like Fe-Alsilicate .gcl
(palagonite) surfacclayers. Dissolution pitting of the Freach R7T7 glass during
the MIIT experiments is more advanced than seen in cither the synthetic basaltic
glass or the HMI borosilicate glass. The R7T7 glass bas surface Jayers of Mg-
silicate, similar in compasition to the surface layers formed oo the HMI
borosilicate glass.

‘The differences in surface layer compositions between syntbetic basaltic glass
compared to boresilicate waste form glasses in the in site MIIT experiments
may indicate a differcace in corrosion behaviour between the two glus types
when exposed to the repository environment. In addition, the differences
betweer natural environmeats and those of waste fepositorics say limit the
usefulness of natural analogues toward verification of models developed for use
in the prediction of the long term corrosion of nuclear waste form glasses.

U6.3
THE INTERACTION BETWEEN NUCLEAR WASTE GLASSES AND CLAY-1I.

P. Yan lseghem, K. Berghman and W. Timmermans, SCK/CEN,
Boeretang 280, B-2400 Mol, Belgfum.

Results are summarized of &n experimental programme which
started as 2 contfnuation of an earlier programme (ref. 1),
to evaluate the compatibility of the high level waste
glasses of interest to Belgium (the Cogema R7T7 glass SON
68 and the Pamela glasses SM 513 and SM 527) with the clay
repository host. The corrosfon tests are performed in
clay/claywater mixtures, in controlled Eh conditions, and
consider {nactive glasses, glasses tracered with Pu/Cs/Sr/
Tel..., dnd the presence of & y frradiation field.

Some of the mafin indications after two year test duration

are :

- Glass dissolution (B, L1, ...} occurs in a8 S1/A1/Fe equi-
1ibrated solution.

- Pu, Cs, Sr leach in sim{lar way from the different glass-
es ; distribution coefficients, Kd, for Pu 2are glass
dependent ; the Pu {nventory leached fn & mobile form
(about &4 x 10% MK cut-off) s extremely small.

- The y {rradiation induces considerable hydrogen produc-
tion, which decreases with higher clay concentration ;
}a{: corrosion slightly decreases in & y irradiation

e . N

The pafer will discuss “the results in terms of leaching
mechanisms and source term determination.

ve.4

R7-T7 NUCLEAR WASTE GLASS BEHAVIOR IN MOIST CLAY:
ROLE OF THE CLAY MASS/GLASS SURFACE AREA RATIO.

end E Vemaz, CEN-Vairhd, SDHA, BP 171, 30205
Bagnols-sur-Céze Cedex, France.

R7~179lassaneraﬁonhmoistdaynwdiawaslnvesﬁgatedwlm
various clays. In contact with smectite 4a, selected in France es &
potential engineered barrier material, the glass was significantly
corroded: &fter 6 months the glass corrosion rate was practically
the same &s the initial alteration rate in double-distilled water.
s;;bstanﬁallylawerattaraﬁonwasobservedheomactwima
“bentonite” (montmorilionite) activated by sodium carbonate.
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Smectite 4a consumes silicon releas._ vy glass corrosion. This
action retards the rise to high silicon concentrations in solution that
diminish the glass comrosion rate. The duration of this

enon is proportional to the ratio between the clay mass (C) and the
glass surface area (SA). Comparing the results of studies at
variable C/SA ratios indicates that low glass corrosion rates are
obtained more slowly at higher C/SA ratios. .

Tests with ®°Pu-doped R7-T7 glass have also shown that the
radionuciide retention factor in the alteration film at the glass
surface is only 6, compared with a factor of nearly 50 in double-
‘distilled water under static conditions.

in order to determine the influence of clay activation by sodium
{saturation of exchange sites by Na*) on glass alteration, tests
were conducted with moist activated smectite 4a and unactivated
bentonite.

This work highlights the importance of selecting the clay for
possible use as an engineered barrier material. The interpretations
advanced can provide guidelines for this selection.

U6.5

PRODUCT CONSISTENCY LEACH TESTS OF SAVANNAH RIVER
SITE RADIOACTIVE WASTE GLASSES.

Bed E._Bihler, Westinghouse Savannah River Co.,
Aiken, SC, 29808; and John X. Bates, Argonne
National Laboratory, Argonne, IL, 60439,

The Product Consistency Test (PCT) was developed
at the Savannah River Site (SRS) to routinely
verify the durability of nuclear waste glasses
that will be produced-in the Defense Waste
Processing Facllity. The PCT is a 7 day, crushed
glass leach test in deionized water at 90°C.
Final leachates are filtered and acidified prior
to analysis. To demonstrate the reproducibility
of the PCT when performed remotely, SRS and
Argonne National Laboratory have performed the
PCT on samples of two radioactive glasses. The
tests were also performed in order to compare the
releases of the radionuclides with the major
nonradiocactive glass components and to determine
i1f an effect of radiation was present.

Results from the two laboratories for the
releases of B, Li, Na, and Si, agreed within 10%.
For the radionuclides Cs-137, Sb-125, Eu-154, and
Sr-90, and alpha activity, the agreement was not
as good (uvp to 2X difference) possibly due to
different counting techniques at the two
facilities. At both facilities, the normalized
releases were in the same order, a.g.
Li=B=Na>Si>Cs-137>Sb~125>Eu-154>Sr-90. The
normalized releases for the nonradiocactive
elements and the final pH values in thess tests
agreed with those for nonradiocactive glasses with
similar composition indicating no significant
effect of radiation.

U6.6

THE REACTION OF SYNTHETIC NUCLEAR WASTE GLASS IN STEAM AND
HYDROTHERMAL SOLUTION, W. L. FEbert and J. K. Bates,
Argonne National Laboratory, 9700 South Cass Avenue,
Argonne, IL 60439,

Glass monoliths of the WVCM 50, WVCM 44, SRL 165, and
SRL 202 compositions were reacted in steam and hydro-
thermally (static leaching) at temperatures between 90° and
200°C. The glass reaction - resulted 1n the formation of
leached surface layers 1in both environments. Secondary
precipitates were formed on all glass types {n the steam
environment only. The assemblage of phases formed was
unique to each glass type, but several precipitates were
common to all glasses, Including analcime and several
calcium silfcate phases. Reaction {n steam fs thought to
occur in a thin layer of sorbed water which becomes

saturated with——<bect to the observed phases after only a
few days of reaction, These phases establish* lower
equilibrium solution concentrations of several glass
components which allow the glass reaction ' to proceed at a
higher rate than 1in the hydrothermal environment. The
reaction {s accelerated {n the sense that secondary phases
form after a shorter reaction time in the steam environment
than tn the hydrothermal environment because of large
differences in the glass surface area/leachant volume ratio.
A knowledge of the secondary phases which form s crucial to
the modeling effort of the repository progranm,

*work supported by the U.S. Department of Energy, Office of
Civilian Radioactive Waste Management, Yucca Mountain
Project Office, under Contract Number W-31-109-Eng-38.

U7.1

ESTIMATION OF LONGEVITY OF PORTLAND CEMENT GROUT USING
CHEMICAL MODELING TECHNIQUES. Stephen R, Alcorn and Mark A.
Gardiner, IT Corporation, S%E Central Avenue, NE,
Albuquerque, NM 87108; and William E. Coons, RE/SPEC, Inc.
3815 Eubank Boulevard, NE, Albuquerque, NN 87111.

Portland cement-based grout is a favored candidate material
for nuclear waste repository seals due to its low permeabil-
ity, ability to be injected into narrow fractures, ability
to self-heal, and apparent persistence. The long-term per-
formance of this material is uncertain, since many phases
which comprise cement are metastable, It may be assumed
that cement-based grout will degrade with time and increase
in permeability. Therefore, it is important to be able to
estimate the duration of acceptable performance.

To address this {issue, & two-part approach was taken: (1)
characterize the chemical degradation that would occur from
the interaction of grout with natural groundwater, and (2)
assess the consequences with a permeability development
model. To establish bounds, three scenarios were analyzed:
(1) closed system évery slow flow/dissolution/precipita-
tion), (2) dynamic (slow flow/dissolution/limited precipi-
tation), and (3) open system (fast flow/dissolution). To
assess the consequences of the chemical {nteractions, an
empirical relationship between porosity and permeability was
developed. Changes 1n grout performance with time were pre-
dicted by assuming a sequence of hydraulic heads that varied
in response to changing repository conditions. Preliminary
results indicate that cement grout may maintain acceptable
performance for thousands to millfons of years, Hoviding
its initfal hydraulic conductivity is around 107%¢ m/sec,
the grout mix 1s engineered to minimize the more soluble
phases (e.g., ettringite), and 1t 1s emplaced at a site with
elevated TDS groundwater where the local hydraulic gradient
§s low or repository repressurization times are short.

7.2

MODELLING OF THE EVOLUTION OF POREWATER CHEMISTRY
IN A CEMENTITIOUS REPOSITORY. A.Haworth,
S.M.Sharland and C.J.Tweed, Theoretical Physics
Division, Barwell laboratory, UKAEA, Oxfordshire
OX11 ORA, U.X.

The current UK concept for disposal of low- or
intermediate-level nuclear waste comprises an
underground repository with a largely cementitous
backfill. The aqueous phase within the cement
provides a high pH environment in which the
solubilities of many nuclides are low and the rate
of general corrosion of metal canisters is slow.
Variation in porewater chemistry in the repository
is likely to have implications for the release
rates of nuclides. Several experimental studies on
the effect of the interaction of seawater with
cement are being carried out at Harwell as part of
the Nirex Safety Assessment Research Programme. In
particular, changes in the solution composition of
the contact water are being investigated. 1last
year, a preliminary model of cement degradation was
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. ‘developed using the coupled transport/chemical
equilibrium code CHEQMATE. This model has been
further developed for use in modelling the
experimental studies to a2id interpretation of
results. In particular, minersl changes at the
gurface of the cement are investigated. Such
changes may be important for both soluticn
conditions in cracks within the backfill and
adsorption of nuclides on to the surfaces.

u7.3

A THEORETICAL STUDY OF THE EFFECT OF THE LEACH INTERVAL ON A
SEMIDYNAMIC LEACH TEST.- Roger D. Spence, Oak Ridge Nationa)
Laboratory, P. O. Box 2003, Oak Ridge, TN 37831-7273

A diffusion model 1s used to explore limitations of a
standard leach procedure, specifically, the effect of the
leach intervals for the ANSI/ANS-16.1 procedure. The
suppression of the leach rate by allowing the concentration
to build up, as in such semidynamic procedures, is well
known and can be predicted by the diffusion model. The
originators of this procedure were also aware of this
effect, but Ieachin% must proceed for a finite time in order
to achieve detectable concentrations of a species. In fact,
the model can be used to give the correlation between
detection 1imit, starting sample concentration, measurable
effective diffusfon coefficient, and leach interval.

The ANSI/ANS-16.1 procedure specifies a leachant volume and

s set of leach intervals spanning a tota) of 90 d. Using

the inftial and boundary conditions presented by this leach

procedure, the second order partial differential equation

, representing Fick’s second law is solved numerically using
finite differences. This allows the prediction of the

g- cumulative amount leached, taking tnto account the
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suppression of the driving force as the concentration

g increases during each interval. This prediction can be
? compared to the predicted amount leached without this
suppression, that {is the true dynamic case, for the same
effective diffusion coefficient. The effective diffusion
coefficients at which the difference between these two
predicted values becomes significant was studied. The
effect of varying the leach interval for a given effective
diffusion coefficient s also explored. . With these
predictive tools, the limited resources ¢f an experimental
g:ogrm can be concentrated on those situations that cannot

predicted by the model, such as nondiffusion mechanfsms.

m.‘

INTERACTION BETVEEN BLENDED CEMENTS AND A SULPHATE BEARING
GROUND WATER. Susan L. Duerden, Peter L. Valton, and Amal
J.Mzjumdar. Building Research Station, Vatford, UK.

Blended cement mixes containing pulverized fuel ash (pfa)
and ground granulated blastfurnace glag (ggbs) with ordinary
Portland cement (OPC) have been reacted vith a sulphate
bearing ground wvater for 9 wmonths at 50° and 80°C and
»" atmospheric pressure. The blends vere 9:1 and 75:25 pfa or
! ggbssOPC and are of 4interest to the radicactive vaste
... disposal schemes currently under consideration in the UK.

o~ Two types of specimens vere used in the reaction, 150mm
, ¢iameter and SOum long cylinders, and 75um povders prepared

4 from the mixes after 7 days' hydration. The reaction

iy products wvere examined by x-ray diffraction, differential
- scanning calorimetry and scanning electron microscopy.

" After 28 days hydration in water some of the cylinders
zry shoved evidence of cracking when stored in air at 90X R.E.

5. Beat evolution and volume change effects in these cylinders
8 - bave been studied. During reaction of these cylinders vith
ground water the cracks act as loci for erystallization of
- ettringite and gypsum. For uncracked cylinders there is
o ainimal fnteraction betveen cements and ground vater after 9
#lidc. Wonths, but an outer lsyer of calcite and/or vaterite,
'}é &pprox. 3am thick, wvas present in all reacted cylinders.

- Mark

. Risk
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Vith povder speai;ns reactions proceed much faster. In the
case of the 75:25 ggbs/OPC sample at S0°C the reaction
products 3include the sulphate wminerals ettringite,
moncosulphate and gypsum, and calcite. Eydrotalcite that
forms during the first 7 days of initial curing persists in
the presence of ground water, but ecalcium hydroxide
disappears after 3 days. There is some indication that
o-quartz begins to form after about & months.

U7.5 ABSTRACT WITHDRAWN

U7.6
IMMOBILIZATION 1IN CEMENT OF ION EXCHANGE RESINS. Patrick

LE BESCOP; Pascal BOUNIOL; and Michel JORDA, C.E.A,
DRDD/SESD, CEN-FAR, 92265 Fontenay aux Roses Cedex, FRANCE

Recent studies were carried out in FRANCE to improve ion
exchange resin solidification in cement-based matrices.
Vork was conducted on different types of waste - cation,
snion and mixed-bed resins -under regenerated and loaded
states, Industrial applications could be found considering
ion exchange resins from the water purification systems of
COGEMA Reprocessing Plant (regenerated resins) and of PWR
cooling circuits (loaded resins).

The main objective is te reach a waste incorporation rate
of at least 50X (in volume). Imposed acceptability crite-
ris for subsurface disposal required that waste forms must
be monolithic solids with a) no free standing water, b) no
significant dimensional variations and no loss of mechani-
cal integrity both after curing and during fmmersion tes-
ting, ¢) leach rates compatible with ANDRA specifications.
Hydraulic cement formulations were developped taking into
account waste chemistry, more precisely the presence of
jons which inhidbit setting. Two types of cement based
material wvere investigated: Portland cement with additives
and blended cement (named C.L.C) containing silica fume
and smectite. Properties of cement-ion exchange resin
wvaste forms (mechanical properties, shrinkage or swelling)
as well as chenical interaction of the waste and the
cement patrix were examined.

The previous results mainly concerned “homogeneocus waste
forms" {1n vhich {on exchange resins were intimatsly mixed
wvith the hydraulic binder., A new councept, alloving &
higher 4incorporation rate, was promoted, considering the
vhole package as an "heterogeneous waste form". In this
last case, radionuclide confinement was ensured by an
outer cover of pure mortar.

Uu7.7

ENCAPSULATION OF RADIOIODINE IN CEMENTITIOUS WASTE FORMS.
Atkins and Frederik P, Glasser, Department of
Chenistry, University of Aberdeen, Meston Walk, Aberdeen,

AB9 2UE Scotland.

_assessment models applfed to radfoactive waste
repository design disclose that fodine {s one of the
nuclides causing wmost .concern. Computer calculations for
these scenario studies assume that {1odine, in the form of
1°, 1s poorly sorbed on most geological materials. Thus 1t
s fmportant that fodine be retained at source, fe. within
the vault, for as long as is practicable. :

In the UK context, cements are likely to form a major part
of the waste package for Jow and medium active wastes, and
of engineered vault structures. These cements are likely to
be blends of one form or another, including Portland cement
plended with blast furnace slag, or fly ash. These
magerials are chemically reactive with OPC during the first

~10° years. It 1s i{mportant, therefore, to &ssess the
effect of Portland cement and blending 2gent on {odine
speciation and on fodine uptake by the constituent solid
phases. Data are presented on upteke of I and 10, on
specific phases: Ca{OH),, calcfum aluminosulphate hydrites,
hydrotalcite and caIc?um silicate hydrogel (C-S-H).
Precipitation of fodide as Agl, prior to cementation, is
also considered.
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Radiolytic effects on ] are also “__:ribed; the production
of gaseous radiofodine (12) is potentially a serious
problem,

U7.8

EFFECT OF YRADIATION ON THE MICROSTRUCTURE 2AND
MICRCCHEMISTRY OF ggbfs/OPC CEMENT BLENDS. I.G.Richardson
and G.W.Groves, Department of Metallurgy and Science of
Materials, University of Oxford, Parks Road, Oxford OX1 3PH,
U.K; and C.R.Wilding, Materials Develcpment Division, UKAEA
Harwell laboratory, Oxfordshire OX11 CRA, U.K.

Ground gramulated blast-furnace slag (ggbfs)/CPC blends are
among the materials being considered as
encapsulating matrices for low and intermediate level
radioactive wastes. It 1s therefore desirable to identify
any microstructural modifications which may result in these
systems from exposure to ionizing radiatfons.

m.9

HYDROGEN GENERATION IN MORTARS IMMOBILIZING WASTE CHLORIDE
SALTS.* Michele A. Lewis and David W. Warren, Argonne
Natfonal Laboratory, 9700 So. Cass Avenue, Argonne, IL 60439,

A wmortar formulatfon capable of {mmobilfzing chloride salts
containing fissfon product cesfum and strontium has been
developed. This formulation, which consists of cement, fly
ash, slag, water, and 3 to 10 wtX LiC)-XC) salt, fs strong and
leach-resistant, and under f{rradiatfon only hydrogen gas is
generated. The G(Hz) value depended on temperature and
chloride salt concentratfon and varied from 0.02 to 0.2.
Higher salt concentrations led to higher hydrogen yields at
25°C but lower yfelds at 75 and 120°C. Steady state pressures
were not attained. Mechanistic studies showed that reduced
sulfur species {n the slag primarily controlled the radiolysis
mechanism fn  slag-containing mortars. Since hydrogen
pressures were comparatively high (250 psig for a total dose
of 500 Mrad) and since the feastbility of using venting to
reduce hydrogen buildup was uncertain, several different
methods to reduce hydrogen yields were investigated. These
{ncluded the addition of small quantities of materials which
function as electron scavengers, as oxidizers, or as precip-
{tating agents for sulfides, the use of different containment
materials, the partial dehydratfon of the waste form and the
use of a hydrogen getter,

*Work supported by the U.S. Department of Energy, Nuclear
Energy Research & Development Program, under Contract
W-31-109-Eng-38.

0U7.10

POROSITY AND ION DIFFUSIVITY OF LATEX-MODIFIED CEMENT.

T. Nishi, 0. Kuriyama, M. Matsuda, X. Chino, Energy
Research Llab., Hitachi Ltd.; and M. Kikuchi, Hitachi
Works, Hitachi Ltd,, Hitachi, JAPAN. - '

Latex-modified . Portland cement was studied as a

solidification agent for radtoactive wastes. In order to
predict the 1leaching rate of radionuclides from the
cementitious waste forms using the mixing parameters such
as water or latex content, the f{nfluence of these
parameters was quantitatively estimated by porosity and
fon diffusivity of hardened cement paste.

Total porosity of hardened cement paste decreased with
water content and-it was reduced by latex addition. Also
the diffusion coefficient of fons decreased exponentially

670

with total poro._.4. Two experimental equations, by which
total porosity was related to water and latex'content: and
the diffusfon coefficfent of fons was related to total
porosity, were derived from these results. The calcylated
results had good agreement with the measured ones.

U7.21

A COMPARISON OF THE BEHAVIOUR OF VITRIFIED HLW IN REPOSITO-
RIES IN SALT, CLAY AND GRANITE. Part I: EXPERIMENTAL.

L. A. Mertens, W. lutze, Hahn-Meitner-Institut, Glienicke:
Stzasse 100, 1000 Berlin 39, FRG., J. A. C. Marples,
Harwell Laboratory, Oxon OX11 ORA, UK., and P._van Iseghem, -
SCK/CEN, Boeretang 200, 2400 Mol, Belgium, E. Vernaz, CE)
Valrho, Marcoule BP 171, 30200 Bagnols sur Ceze, France.

Based on a universal “"Eurcpean Commission's Repositor:
Systems Simulation Leach Test", a limited number of
conditions wers selected to be applied in a ‘Round Robin®
test 4in which 15 1laboratories <from 11 countrie:
participated. Ten laboratoriss undertook the granite
option, six salt and three clay. This contribution and
companion paper summarize the acquired information.

The HLW borosilicate glass SONEB (R7T7), to be returned tc
and eventually disposed of in various geologica)l
repositories by Cogema's reprocessing customers, was testec
in a standardized leach container developed and provided by
CEA, Marcouls. The glass (29 of powder, 125-~250um, and 3
coupon, 25x25x3mm, for each experiment) was prepared anc
delivered by CEA; together with crushed granite, sand,
smactite and groundwater for the granite option. SCK-Mol
provided the clay, smectite, sand and the recipe fo:x
claywater, HMI-Berlin the recipe for the rock salt
composition. Al)l materials wers used in proportions and
positions in the leach container as prescribed. The

-analytical mathod was ths only variable to be chosen by the

participants. After termination of ths experiments
{duration 14-364d, temperature 90°C), the concentrations of
the glass constituents Si, B, Mo, 1Li, in solutiocn had to be
determined. Results for other elements (e.9g., 2n, Sr, Na)
and of surface analyses have been reported. The data base
was used to evaluate the test procedure, the usage and
versatility of ths apparatus, and to identify analytical
problems.

v7.12

IN-SITU TESTING OF NUCLEAR WASTE FORMS IN A CLAY LABORATORY
- RESULTS AFTER TWO YEARS CORROSION. P. Van Iseghem, W.
T{mmermans and B. Neerdael, SCX/CEN, Boerelang » 8-2400 -
Mol, Belgium.

Beginning of 1986, four tubes were introduced into the clay .-
host formatfon from the underground Mol taboratory, it 220
m below surface level. About sixty-four waste form samples %
(40 x 15 x S5 sm) loaded on each tube, were brought directly
in contact with the clay. One of the rigs {s being held at.
ambient temperature for § years, two are heated at 90 “C'
for respectively 2 and 5 years, and one s heated at 170 °C_a&.
for 5 years (ref. 1). These experiments are part of a large =
fn-sftu research programme, to demonstrate the suftability g
of the "Boom”™ clay layer at the Mol site as a waste reposi-.g
tory host formation. .

The paper discusses the results obtained from the firstj
tube (two years at 90 °C) which was retrieved by overcoring:§
in August 1988. The mafn results are : . .
- The fn-situ test was successful in terms of tube perforcs
mance, operation (including retrieval), configuration 3
{settling of the clay) and relfability of the results. .: 4
- The mass loss data and surface layer observations for thés
various glasses of §nterest (various CEC reference glasszeX
es) reveal a close similarity with parallel laboratoryed
tests ; the thickness of glass dissolved within two years:ig
varfes between 40 and 325 um. , s
- Glass composition effectively influences glass dissolu=i¥
tion ; the presence of canister and overpack corrosiofs%
products seems to enhance glass dissolution. RYT .-
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. DISSOLUTION KINETICS OF A SIMPLE ANALOGUE NUCLEAR WASTE
GLASS AS A'FUNCTION OF pH, TIME AND TEMPERATURE. Xevin G,
. Knauss, William L. Bourcier, Kevin D. McKeegan, Celia 1I.
Merzbacher, Son K, Nguyen, Frederick J. Ryerson, David K.
smith and Homer C. Weed, Lawrence Livermore National Labora-

tory, Livermore, CA 84550

N

we have measured the dissolution rate of a simple five—com-
ponent borosilicate glass (Na0, CaO, Al;05, B0, §10;) using
' & flow-through systen. The experiments were designed to
i mseasure the dissolution rate constant over the interval pH 1
! through pH 13 at 8 temperstures (25, 80 and 70°C). Dilute
' buffers were used to fix pH &s the glass dissolved. Solu-
tion and surface solid analyses provided information that
are used to develop & kinetic model for glass dissclution.

Under all conditions we eventually observed linear dissolu-
tion kinetics. Above pH 8 or pH § dissolution was congruent
and the gel layer was very thin. 1In strongly acidic solu-
tions (pH 1 to pH 3) all components but 8§i were released in
their stoichiometric proportions and a thick, Si-rich gel
was foreed. In mildly acidic to neutrel solutions the gel
was thinner and was both 8i- and Al-rich, while the other
components were released to solution in stoichiometric pro-
portions. By varying the flow rate we demonstrated a lack
1 of transport control of the dissolution rate.

The dissoluticn rates were found to be lowest at near-neu-

tral pH and to increase at both low and high pH. A rate

equation based on transition-state theory (TST) was used to

calculate dissolution rate constants and reaction order with
i respect to pH over two pH intervals at each temperature. At
| 25°C betwesen pH 1 and pH 7 the log rate constant for glass

dissolution (¢ gless/w2-d) was -0.77 and the order with re-
, spect to pH was -0.48. Between pR 7 and pH 13 the log rate
k constant for glass dissolution was -8.1 and the order with
' respect to pH was 40.51. The measured simple glass dissolu-
' tion rate constants compare very well with constants esti-
mated by fitting the same TST equation to experimental re-
sults obtained for SRL-165 glass and to dissclution rate
estimates made for synthetic basaltic glasses.

U7.14

HYDROTHERMAL LEACHING OF R7-T7 BOROSILICATE GLASS.

g_._nml and E. Yernaz, CEN-Valrh§, SDHA/SEMC, BP 171, 30205
agnols-sur-Céze Cedex, FRANCE; D. Beaufort, Laboratoire de
Pétrologie des Alterations Hydrothermales, Université de
Poitiers, 40 aveneu du Recteur Pineau, 86022 Poitiers Cedex.

The results of hydrothermal leach tests are intended to be

used to predict long-term Yow-temperature glass dissolutfon.
. It fs often assumed that experimental data can be extrapolated
. to other conditions using Arrhenius-type rate laws.

‘ Hydrothermal leaching mechanisms and their temperature depen-
<.+ dence fn R7-T7 glass were investigated in static experiments
o lasting from 7 days to 1 year at 150°C and 250°C, and in 7-day
% experiments at temperatures from 100°C to 300°C. Leachates,
- surface layers, and crystalline products were analyzed by ICP,

EN, EMP, XRD, and cathodoluminescence. Activation energies

. SEN,
70f 24 to 33 kdemol1™* were obtained for the 7-day tests, and’

0 I.tJono'l“ from established kinetics for boron at 150°C and
3 wEl:.ﬂn' up to 6-months (the discrepancy 1s discussed below).
oL
p e formation of metastable alteration products and large
cracks through the bulk glass result in a different chemical
8nd ‘physical system at 250°C than at lower temperatures.
Arrhenius calculations between 250°C and 100°C obviously do
. 00 W1low for this. The assumption of extrapolability will
«discussed 1n 1ight of these changes in the chemical and
siCal (SA/V) system rather than simple activation energy
‘:identions alone. .
1S
fects of Surface-Area-to-Solution Volume Ratioc on
3¢ .Chenical Durability of Nuclear Waste Glasses.
i_feng, I. L. Pegg, Aa. Barkatt, P. B. Macedo.
“itholic University of America, Vitreous State
boratory, Washington DC 22064.

. ratio of glass surface area to solution volume
- 80  important parameter that affects both
Solution and precipitation processes. The effect

—

—

of this ratio on chemical durability has been
investigated in a number of studies. These studies
reported that the leach .rates decrease as the SA/V
ratios increase for such nuclear waste glasses as
PNL-7668, DWRG, and SRL-131. Most of these studies
alsc found that glass leaching data for a range of
times and §A/V can be represented by a single curve
vhen plotted versus the product of EA/V and time.

In this paper we report some of our findings
concerning the SA/V effects on the durability of
such nuclear waste glasses as WV20S5, WVCM47 and
WVCMS0 which suggest a rather more complicated
behavior. We find that the leach rates of waste
glasses do not always decrease as the SA/V
increases. In fact, the effect is highly
compositicn and SA/V dependent: in the same SA/V
range, the leach rate of one glass may incresse
wvhile that of eanother decreases with increasing
SA/V. Eimilarly, for the same glass the leach rate
By increase within one SA/V renge but decrease
within another. A consequence of these results is
that the effect of (SA/V)t scaling dis alsc
composition and €A/V ratio dependent, and therefore
the concentration data do not generally collapse
into & single curve when plotted against (BA/V)t.

U7.16

ALTERATION OF MICROSTRUCTURE AND LEACHING
PROPERTIES OF WEST VALLEY REFERENCE BY HEAT
TREATMENT. A&. C. Buechele, X. Feng, H. Gu, and I.
L. Pegg, Vitreous State Laboratory, The Catholic
University of America, Washington, D.C. 20064

Samples of West Valley reference glass WVUCH-
$9 were subjected to isothermal heat treatment
according to & systematic schedule of time-
temperature combinations to simulate conditions
vhich might be encountered during cooling after
the glass is poured into canisters. Phases
differentiating during heat treatment were
observed, analyzed, and quantified using an SEM
equipped with WDS, EDS and image processing and
analyzing capabilities. A hitherto uncbserved
phosphorus-rich phase of indefinite morpholegy
developed after 3 hours at 700°C and continued to
grow in extent as time elapsed. 6mall amounts of
rare metal (e.g Rh, Ru, Pd)} crystalline phases
were always present in the as-melted glass and
frequently served as nucleation sites during heat
treatment. Iron-group spinels containing Fe, Ni,
Cr, and Mn in variable proportions were the most
common phases observed, appearing in quantities
up to 3 volt in heat treated glass. ~The
formation of a thoria-ceria phase occurred at
temperatures of 900°C and below but required a
progressively longer time as the temperature was
lowered. Acmites formed at te:petatures of 700°C
and below. HNCC-3 tests were done to assess the
durability of samples substantially altered in
microstructure.

m.l’

PARAMETRIC EFFECTS OF GLASS REACTION UNDER UNSATURATED
CONDITIONS.* J. K. Bates, T. J. Gerding, and
D. J. Wronkfewicz, Argonne WNational Laboratory, 9700 South
Cass Avenue, Argonne, IL 60439, R

Eventual 1iquid water contact of high-level waste glass
stored under the unsaturated conditfons anticipated at the
Yucca Mountain site will be by slow intruston of water into
& breached container/canister assembly. The water flow
patterns under these unsaturated conditions will vary, and
the Unsaturated Test method has been developed by the YMP to
study glass reaction. The results from seven different sets
of tests done to {nvestigate the effect of systematically
varying parameters such as glass composition, composition
and degree of sensitization of 304L stainless steel, water
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{nput volume, and the interval \_~ water contact are
discussed. Glass reaction has been monftored over a pertod
of five years, and the parametric effects can result in up
to a ten-fold variance in the degree of glass reaction.

*Work supported by the U.S. Department of Energy, Office of
Civilian Radioactive Waste Management, Yucta Mountatn
Project Office, under Contract Number W-31-109-Eng-38.

U7.18

GROMTH RATES OF ALTERATION LAYERS AND ELEMENTAL MASS
LOSSES DURING LEACHING OF BOROSILICATE NUCLEAR WASTE
GLASS. JIsunetaka Banba and Takashi Murakami, Japan
st.onic Energy Research Instftute, Tokaf, Ibaraki 319-11,
apan.

HMCC-1 static leaching experiments were carried out on a
simulated waste glass in deionized water for up to 364
days at S0°C 1n order to examine the relationship between
alteration Jayer thickness and elemental mass losses.

The thickness of the alteration layers {ncreased l{nearly
at a rate of 0.63 um/day for up to 91 days. ' After 91
days, however, the thickness was kept constant (about 60

i{ndependent of time. The observed growth rate was in
good agreement with the calculated one obtained by
assuming that all boron in the 1eachates was due to the
complete depletion of boron in the alteration layers.
This means that shrinkage of the alteration layers {s not
sfgnificant, and suggests that the alteration layers
retain their framework even after the depletion of part of
the glass network formers and the recrystallization
reported previously. The agreement of the 1each rates
also fmplies that the apparent release of elements from
the glass almost ceases and the reaction between the
alteration layers and the leachate plays 2 major role in
the corrosfon after Sl-day leaching.

Two differently prepared layers, ethanol replacement of
leachate and conventional air-drying before resin
impregnation, revealed that the ajr-dried layers were
thinner by about 5 percent because of shrinkage of the
layers durtng air-drying.

U7.19

CHARACTERIZATION OF HIGHLY ACTIVE WASTE GLASSES
PRODUCED IN A HOT VITRIFICATION PLANT, J.P. Glatz,
B. Toscano and M, Coquerelle, and J. Fuger,
Institute for Transuranium Elements, Comnission of
the.EBurcpean Comzunities, Karlsruhe, West Germany.

In the hot vitrification pilot plant operated by ENEA at
JRC-1spra were produced several high-level waste glass fomms
(up to 287 Ci/kg), containing 15 to 33 wty fission products.
These glasses were characterized in the hot cell laboratory
at JRC-Xarlsruhe.

‘The work comprised: -

-mass and fission product distribution in the -crucibles

- by gamma-scanning and radiography, . .
-microstructural and phase composition analysis by opti-
cal, SEM + EDAX and quantitative microscopy,

<leaching behaviour by the SOXHLET-method. The tests
were performed on all glasses in water for 72 h. The
analysis of the leachates was performed by ICP-MS and
QES, and compared with the qualitative analysis by
EDAX of the gel-layers found on the specimens after
the dissolution tests. :

Depending an glass and waste composition and loading, the

~ products showed partial devitrification process or a two-

glass system. In the partially devitrified glass, several
precipitate morphologies were identified and analyzed. The
precipitates, in the form of crystalline inclusions, were
enriched in the main waste elements (metals, rare earths and
actinides). In the two-glass system, the minor phase showed

a strong Al enric_ _t, with Cr and Ni as additional ele-
ments. Analysis oF the leachates showed a good qualitativ
agreement with those performed on the gel-layers. .

U7.20 '

THE LONG-TERM CORROSION AND MODELLING OF TWO SIMULATED
BELGIAN REFERENCE HIGH-LEVEL WASTE GLASSES = PART Il

J. Patyn, P. Van Iseghen, W. Timmermans, S.C.X./C.E.N.,
Boeretang 200 B-2400 MOL, Belgium

B. Grambow Hahn Meitner Institut Berlin, Glienicker Strage
100, 1000 Berlin 39, F.R. Germany

- ABSTRACT -

As part of a larger study to establish the performance of
high level waste glass in repository conditions, long term
phenomena related to the glass corrosion are being
jnvestigated, and modeliing of the long term glass corrosion
has been attempted. In a previous paper (ref 1) it was shown
how for precursor glasses for two kinds of high level waste
of importance for Balgium, modelling using the PHREEQE and
GLASSOL codes could relatively well fit to the experimental
data. The key role of A‘Izo on the long term behaviour was
demov_litr,ated. The -jexpe \aenu'l conditions were 90° C,
SA.V T = 10 or 100m -, with distilled water as corrosion
medium.

Recently, additional corrosion experipents ip distilled
water, but using powdered glass (SA.V “s7000a ) at 90 or
120° C, provided a further confirmation about the final
corrosion rate, but revealed also an additional corrosion
accelerating (crystallisation 2) phenomenon in case of the
high A1203 glass.

Modell4ng efforts at present managed to fit the calculated
values with the experimental data, (but not the final
acceleration) for the different SA.V * conditions.

The paper will discuss the experimental data, and the
modelling approachgi focusing the role of surface area to
volume ratio [SA.V °), temperaturs and the Alzoa content of
the glass
U7.21
SIMULTANEOUS EVAPORATION OF Cs AND Tc DURING VITRIFICATION
~ A THERMOCHEMICAL APPROACH

H. Migge, Hahn-Meitner-Institut, Clienicker Strasse 100,
1000 Berlin 39, FRG

In vitrification of nuclear waste technetium tends to be
lost substantially by evaporation. For the case that Cs

is not present this bebaviour was satisfactorily described
by thermochemistry in the simple Tc-0 system considering
the predominance areas of the different oxides and the par-
tial pressures of Tc,0, above them. If Cs is present there
are countradictory ob§ervations from the condensation pro-
ducts whether or not Tc evaporates simultaneously with Cs
by forming gsseous CsTcO,. This compound = in contrast to
s0lid CsTcO, - has not yet been identified experimentally.
Its uistenéc may be concluded, however, from the exis-
tence of the gaseous alkaliperrbenates. From comparison
with these perrhenates the standsrd formation ecthalpy and
the entroples of condensed as well as of gaseous CsTcO, are
estimated, and solid Ca‘l‘co‘ is assumed to melt above IQOOK.
Free energies of these compounds and tentative isothermal
predominance area diagrams of the Cs-Te-O systes up to
1200 were calculated including isodars of the gases Cs0,
Cs,0, TcO, Tc 07. and CsTcO, and their dependence on the
cotdensed pluzc present. The pressure of gaseous CsTcO
sbove s0lid CsTcO, is very high even at lower temperatures
(1og p(Pa) = 3 at 500K and log p(Pa) = 8.3 at 1200K). From
comparison with voltammetric and thermochemical results
for borosilicate glass containing Tc it is concluded that
condensed CsTcO, does exist in glass vhich contains Cs as
well. Therefore, the appesrance of condensates of CsTc0
during vitrification has to be expected. The pressure of
CsTcO, decreases only slowly, if the oxygen or caesium po-
tentials are reduced and condensed CsTcO, becomes unstable
and condensed Tc, 'I::O2 or ‘!c207 resp. are formed.
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TJHE EFFECT OF TEMPERATURE ON THE REDOX CONSTRAINTS FOR THE
PROCESSING OF HIGH-LEVEL NUCLEAR WASTE INTO A GLASS WASTE
FORM. Henry D. Schreiber, Charlotte W. Schreiber, Margaret
W. Riethmiller, and J. Sloan Downey; Center for Glass
g::géstry, Virginia Military Institute, Lexington, VA,

Efficlent processing of high-level nuclear waste into a
borosilicate glass matrix requires the consideration of the
melt’s redox properties. If the conditions that accompany
the dissolution of the waste into the glass melt are too
oxidizing, foaming problems may arise; conversely, if the
conditions during processing are too reducing, sulfide and
metal phases might precipitate from the melt and result in
short circuiting between the electrodes.

Savannah River Laboratory glass frit #131 (SRL-131), the
reference system for this study, is an alkali borosilicate
glass whose vedox chemistry has been extensively
characterized at 11509C. The oxidation-reduction
equilibria of selected multivalent elements 4n this
reference composition were investigated as a function of
the imposed oxygen fugacity for several temperatures from
950°C to 1350°C.

The redox chemistry of the system defines an acceptable
operating range in SRL-131 gith resﬁct to the 1{mposed
oxygen fugacity ogf about 10°° to 10°1¢ atm at $50°C, o
about 10°¢ to 10°° atm at 11509C, and of about 100 to 10-
atm at 1350°C in order to alleviate potential foaming
problems at the upper limit and potential precipitation of
metals and sulfides at the lower extreme. For the
processing of the glass waste form, the _previously
prescribed range of 0.1 to 0.5 for [Fe2*}/[Fe3+] in the
resuIting glass should be acceptable at a1l temperatures
from $509C to 1350°C.

U7023

CALCULATION OF THE VISOOSITY OF NUCLEAR WASTE GLASS
SYSTEMS. Ritesh P. Shah, E.C. Behrman, and D, Cksoy,
New York State Oollege of Ceramics, Alfred University,
Alfred, NY 14802

Vigscosity of one of the most important processing
parameters and one of the most difficult to calculate
theoretically, particularly for multicomponent systems
1ike nuclear waste glasses. Bere, we propose &
semi-empirical approach based on the Fulcher equation,
involving identification of key component variables,

for which coefficients are then determined by regression
enalysis. Results are presented for a variety of glass
systems, and compared both to rimental data and to
statistical mechanical pettu:baﬁon theory calculations.

U7.24

CHARACTERIZATION OF MECHANICAL STRENGTHS FOR SIMULATED
SOLIDIFIED HIGH LEVEL WASTE FORMS, h » Takeshi
Takahashi, Power Reactor & Kuclear Fuel Development Corp,
{PNC), 4£-33, Muramatsu, Tokai-murs, Ibaraki, 319-11, JAPAN

Various types of waste form have been developed and chara-
cterized in PNC to immobilize high level liquid waste
generated from reprocessing nuclear spent fuel,

Mechanical strength tests were made on sinulated solidified
high fevel waste forms which were borosilicate glass and
diopside-glass~ceranic form, Commercial glasses were also
tested for comparison with the waste forms,

Measured strengths were three-point bending strength, uni-
axial compressive strength, inpact strength by falling
weight method, and vickers hardness, Fracture toughness and
racture surface energy were also measured by both of
fotch-bean and indentation technique, The strengths meas-
Ured were evaluated with statistical errors,

-/

The effect of change in compesition was studied on the
glass forn, The change in waste content from 20 to 40 wt%
did not infuluence the strength, Ko significant effect of
the change of iron content in waste was observed, The
difference In glass additives composition did not result
in the change of strengths, The mechanical strengths mea-
sured of the glass forms were comparable with those of
ccamercial glasses,

Clearer difference in the fracture toughness and fracture
surface energy was observed between glass and glass-ceranic
waste form, The Fracture toughness of glass form by inden-
tation test was about 0.7 MN /w372 which was comparabie
with commercial glass, And fracture toughness of the glass-
ceranic form was 30% higher than that of glass form,

U7.25

DIFFUSION OF CESIUM IN SODIUM-~-BOROSILICATE
GLASSES USED FOR IMMOBILISATION OF NUCLEAR WASTE.
E.G.F. Sengers and F.J.J.G. Janssen, N.V. KEMA,
ReD Division, Chemical Research Department, P.O.
Box 9035, 6800 ET Arnhem, The Netherlands.

Sodium~borosilicate glasses used for the
immobilisation of nuclear waste were studied in
experiments using concentration couples in order
to determine the diffusion coefficient of Cs. The
couples were made by pouring successively
sodium~-borosilicate glass and sodium-borosilicate
glass containing 2 molt cesiumoxide in alumina
crucibles., Diffusicon experiments were performed
by heating the crucibles at various temperatures
for five hundred hours. A scanning electron
microscope, in combinatiocn with an energy
dispersive spectrometer was used to determine
concentration profiles.

In the temperature range 850 - 975_K diffusion
coefficients between 10 !* and 10 2% m?/s were
found. The activation energy for the cesium
diffusion in that temperature range appears to be
about 425 kJ/mol.

Diffusion coefficients for cesium diffusion have
also been measured in glasses containing cesium
and different amounts of other fission products,
such as Sr and 2r, and impurities, such as Ca and
Fe, and in simulated nuclear waste glasses. It
can be concluded that the diffusiocn of cesium
does not depend critically on the addition of
other fission-product elemente or other impuri-
ties.

U7.26

ENTHALPIES OF MIXING AND INCIPIENT IMMISCIBILITY IN
GLASSES IN THE SYSTEM K30-Si05-L2703. ALG, Ellison and A,
Navrotsky, Depanment of Geological and Geophysical Sciences,
Princeton University, Princeton, NJ 08544

Enthalpies of mixing of quenched glasses along three joins
bhave been. determined using high-temperature solution
calorimetry in molien 2Pb0O-B203 at 977 K. In K30-58i02-nL2203
and §i05-n(K20-L2203) (0 <n < 1) glasses, the concentration of
network-modifying cations and  the ratio of mon-bridging
oxygen to silicon atoms (NBO/Si) increases with n. Along the
join (1-x)K20-58i02-(x/3)Laz03 (0 <= x <= 0.75), L2 is substituted
for K in glasses with fixed NBO/Si. Despite differences in NBO/Si
and the valences of K and La, enthalpies of mixing show mno
deviations from ideal mixing greater than -1 kJ/mole of the
ternary system. K20-55i02°Laz03 undergoes glass-glass phase
scparation at 1200 K, but the enthalpy of solutions of the clear
glass and the phasc-scparated glass are identical within error.
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These data indicate that phasc-ordering (i cursor 1o liquid
immiscibility) is preseat evea at low LapOj3 concentrations -
increasing LagO3 adjusts the size and/or distribution of phase-
ordered regions. Vibrational spectra of glasses in this system
support this interpretation, and indicate that K and La do not
share the same NBO; bence, phase-ordering is driven by the
presence of La in the glass.

U7.27

GRAIN BOUNDARY INVENTORY AND UO, MATRIX DISSOLUTION STUDIES
ON SPENT LWR FUEL. W. J, Gray, D. M. Strachan, L. E. Thomas,
R. E. Efnziger, and M. J. Apted. Pacific Northwest
Laboratory, P. 0. Box 999, Richland, WA 99352.

An experimental method is being developed for measuring the
grain boundary inventory of radionuclides and for determining
whether radionuclides within the U0, matrix of spent LWR fuel
will dissolve congruently with the U0y, The method {nvolves
limited oxidation of spent fuel 1n air at low temperatures
(150°C to 200°C). At these temperatures, spent LWR fuel
oxidizes preferentially along the grain boundaries making
the fuel fragments friable. This technique has been used
successfully to prepare individual grains of {rradiated U0,.
Following oxidation, the spent fuel particles are mounted
and thinned to permit examination by transmission electron
microscopy (TEM). This analysis can show the presence of
higher oxides, such as U0, and provide assurance that the
limited oxidation affected only the grain boundary material
plus a few hundred nanometers of the U0, grain periphery.

Once the spent fuel has been dissociated into {ndividual
grains, the grain-boundary inventories of radionuclides can
be measured. This 1s accomplished through a series of
dissolution tests in which the solvent (e.g., dilute HC1)

is changed and analyzed frequently. This technique gives an
upper 1imit to the grain boundary inventory because it s
not possible to prevent a small amount of the UC, grain
periphery from oxidizing and subsequently dissolving. After
the oxidized portions of the grains are completely removed,
flutd-flow dissolution tests are used to determine whether
the rematning U0, matrix material dissolves congruently.
Water s pumped through a column containing spent fuel grains
while the concentration of radionuclides fn the column
effluent 1s monitored, At high flow rates, the forwand
reaction rates of the varfous radionuclides can be measured
and the degree of congruency determined.

U7.28

IDENTIFICATION OF SECONDARY PHASE§ FORMED DURING UNSATURATED
REACTION OF WITH EJ-13 VATER.” J. K. Bates, B, S. Tani,
and E. Veleckis, Argonne Natfonal™ Laboratory, 9700 South
Cass Avenue, Argonne, IL 60439,

The reaction of spent fuel under the unsaturated conditions
antictpated to exfst at the Yucca Mountain repository site
will likely {include contact between the fuel and small
volumes of water under oxidizing conditions. To evaluate
procedures that may be required to perform such testing, a
set of parametric experiments has been conducted over a
four-year perfod. One aspect of these experiments has been
to {1dentify the secondary phases that form during the
reaction process, More than five distinct phases have been
{dentified, including uranophane, boltwoodite, sklodowskite,
and becquerelite, The methods used to identify the phases
together with a temporal and spatial description as to how
these phases formed with respect to the water flow pattern
and cation depletfon are discussed.

*work supported by the U.S. Department of Energy, Office
of Civilian Radioactive Waste Management, Yucca Mountain
Project Office, under Contract Number W-31-109-Eng-38.

U7.29
INVESTIGATIONS INTO THE ELECTROCHEMICAL LEACHING BEHAVIOUR
OF U0, PELLETS IN VARIOUS SATURATED SALT SOLUTIONS
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Ch, Xeiling, P.-M. Hepprer Marx; Free University of Berlin;
Institute for Inorganic and Analytical Chemistry; Radiochem. Div.; -
Fabeckstr. 3%-36; D-1000 Berlin - Dahlem (33); FRG )

Within the frame of investigations into the safety aspects
for direct waste disposal excluding spent fuel reprocessing
experiments sre made for characterizing the leaching behavi-
our of pellets in various saturated salt solutionms.

The solutions taken into consideration are saturated NaCl
solutions and also Q and R brines.

The redox potentials for the various systems are realized
electrochemically, Quite a number of electrode forms have
been tested with respect to their spplicability for perfor-
ming measurements in solutions of significant high ionic
strength. Using a newly developed U0, electrode the rest
potentials of U0z electrodes have been determined in various
systems. The corrosion rates could be potentiostatically
obtained under a variety of different experimental
conditions.

U7.30

A DEFORMATION AND THERMODYNAMIC MODEL FOR HYDRIDE
PRECIPITATION KINETICS IN SPENT FUEL CLADDING

R. B. Stout, University of California-LLNL

P.0.Box 808, L-201, Livermore, CA 34550

ABSTRACT* Hydrogen is contained in the 2ircaloy cladding of
spent fuel rods from nuclear reactors. All the spent fuel
rods placed in a nuclear waste repository wlil have a
temperature history that decreases toward amblent; and as a
result, most all of the hydrogen in the Zircaloy will
eventually precipitate as zirconlum hydride platelets. A model
for the density of hydride platelets is a necessary sub-part
for predicting Zircaloy cladding fallure rate In a nuclear
waste repository. A model is developed to describe
statistically the hydride platelet density, and the density
function includes the orientation as a physical attridbute.
The mode! applies concepts from statistical mechanics to
derlve probable deformation and thermodynamic functionals
for cladding material responss that depend explicitly on the
hydride platelet density function. From this model, hydride
precipitation kinetics depend on a thermodynamic potential
for hydride density change and the Inner product of a
stress tensor and a tensor measure for the incremental
volume change due to hydride platsiets. The development of
a material response model for Zircaloy cladding exposed to
the expected conditions In a nuclear wasts repository Is
supported by the U.S. DOE Yucca Mountain Project.

* work performed under the auspices of the (.5, Department
of Energy, Office of Clvillan Radloactive waste Management,
Yucca Mountain Project Office, by the Lawrence Livermore
National Laboratory under contract W-7405-ENG-48,

U7.31

“Fluoride Influence on Zircaloy-4 Corrosion in Watgr,as a
Function of pH, Terperature and Fluoride Content.”

N, H. Uziﬂ and H. D. Safth, Pactfic Northwest
ratory,

Richland Washington
The corrosion rate of Zircaloy-4 was determined in fluoride-
doped water (100, 500, 1000ppa) using & pH stat system. The
results were strong functions of pH, fluoride fon
concentration and temperature. The calculated amount of
corrosfon using homogeneous corrosfon rates correlated well
with the observed weight loss exhibited by those same
specimens. The weight loss indicates that the normal
passivating film usually formed on Zircaloy in water 1s not
present. This result 1s consistent with 1) observed
increase in corrosion rate, 2) extensive pitting observed
with scanning electron microscopy, 3) detected fluoride and
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* oxylluoride” compounds of zirconium on tk/s/urface observed
yia photo-electron spectroscopy, and 4) Zircaloy components
{n solution {n the fluoride-doped water. Anodized Zircaloy
specimens are observed to be attacked at a similar rate to
the non-anodized material. Furthermore, specimens exhibit 2
temporary elevation of corrosfon rate when they are cycled
from high corrosion rate to low corrosfon rate conditions.

It can be concluded that fluoride {n the water influences the
corrosion rate of Zircaloy by wmodifying the passivation
properties of the oxide film.

(a) The Yucca Mountain Project of the U.S. DOE is
{nvestigating the suitabilfty of a site 1n the unsaturated
zone at VYucca Mountafn, Nevada, for a high-level waste

sitory.
RS” Pactfic Northwest Laboratory 1s operated for the U.S.
Department of Energy by Battelle Memorial Institute under
Contract DE-AC06-76RLO 1830,

U7.32

CORROSION BEHAVIOR OF ZIRCALOY*IN AQUEOUS MEDIA

Anna C. Fraker and Jonice S. Harris, Natfonal Institute of
Standards and Technology, Gaithersburg, HD 20899.

Zircaloy-2 (2r-2) and Zircaloy-4 (Zr-4) are used as nuclear
fue) cladding. Both alloys are more than ninety eight per-
cent zirconfum (Zr) and are highly corrosion resistant to
varfous media. The thickness of nuclear fuel cladding 1s
Tess than ) mm, and 1t {s important to establish whether the
cladding will remain intact for the required time periods of
nuclear waste storage. Electrochemical measurements using
polarization techniques have been made on these alloys in
aqueous media with a pH of 8.3 and varying fonic concentra-
tions (1X and 10X) at temperatures of 22°C and 95°C.

Results of open circuit electrode potentfal measurements
indicate that the Zircaloys passivate after tmmersion in the
test media used. Ancdic polarization measurements {n concen-
trated media at 95°C show a passive regfon extending over a
range of «400 mi114volts to +850 m1111volts where breakdown
occurred. A1l potentials were measured versus & saturated
calomel electrode (SCE). Cyclic polarization curves show the
same passive region and breakdown potentfal and tn addition,
show teresis 1n the return portfon of the curve. The
hysteresis indicates possible susceptibility to localized
corrosion, and selected experimental parameters were varied
to investigate the reason for the hysteresis. Measured cor-
rosfon rates were Jow, but some white corrosfon product was
observed in one area after a thirty day exposure at 95°C.

Data will be presented and discussed in terms of corrosion
rates, passivity, breakdown potential and susceptibility to
Yocalized corrosion under the conditions studied.

“Zircaloy 1s a registered trademark of the Westinghouse
‘Electric Corp., Specizlty Metals Divisfon, Pittsburgh, PA

U7.33

POTENTIODYMAMIC POLARIZATION STUDIES OF CANDIDATE
CONTAINER MATERIALS IN SIMULATED TUFF REPOSITORY
ENVIRONMENTS. John A. Beavers and Neil G. Thompson,
Cortest Columbus, Inc., Columbus, Ohio.

Corteat Columbus is investigating the long-tern
performance of container materials used for high-level
waste packages as part of the information needed by the
Nuclear Regulatory Commission to assess the Department of
Energy’s application to construct a geclogic repository
for high-level radicactive waste. In one task of the
program, a cyclic potentiodynamic polarization (CPP)
technique iz being used to evaluate the corresion
behavior of the candidate container materials, which
include copper-base alloys and Fe-Cr-N{ alloys. In order
toc evaluate the expected range of environmental variables
(groundvater composition and temperature), a statistical
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experimental design }pp/roach is being used. Complete
matrices of CPP tests, which consist of 33 eavironments,
have been completed on four candidate container
wmaterisls; CDA 102 Copper, CDA 715 Copper-Nickel, Type
304L Stainless Stéels and Incoloy Alloy 825. The test
matrix was a Resolution IV experimental design for 1%
environmental variables, including temperature and pH,
species present in the groundwater, and those genarated
by radiclysis. In these envircnments, all four alloys
tested exhibited a wide range of behavior including
passive behavior, pitting, crevice corrosion and active
corrosion. The CFP behavior of the Fe~Cr-Ni alloys was
found to conform with a conventional interpretation of
CEP curves while this wag not the cass for the copper-
base alloys.

U7.34 ‘
MIGRATION BEHAVIOR OF URANIUM SERIES NUCLIDES
IN ALTERED QUARTZ-CHLORITE SCHIST. T. Ohnuki,
T. Murskami, K. Sekine, N, Yanase, H. Iscbe
and Y. Kobayashi, Department of Environmental
Safety Research, Japan Atomic Research
Institute, Tokai, Ibaraki, 319-11, Japan

Migration behavior of uranium series nuclides
in the altered quartz~chlorite schist has been
studied utilizing data on the concentration
distribution of uranium and thorium series
nuclides at Koongarra in Australia. The
distribution of MU/*yU and 3°Th/?'U ectivity
ratios in the schist reveals that the migration
behavior of uranium series nuclides differs
between depths. The variation of ¥°Th/¥y
activity ratios against distance along the
surface, intermediate and deep layers shows
different trend in different layers. The X~
ray diffraction patterns of the three rock
samples collected at different layers show;
quartz is found in all leyers; chlorite is
present only in the deep layer; kaolinite-
smectite and goethite which are conversed from
chlorite, in the intermediate layer, and
kaolinite-smectite, goethite and hematite which
are conversed from chlorite in the surface
layer. Relationships between 334y/33%y and
3°5h/33%0 activity ratios along the surface,
intermediate and deep la reveal that the
retardation factors of U sre greater by a
factor of 1.1 and 1.9 than those of ¥% in the
surface and intermediate layers, respectively.
These suggest that different uranium sdsorption
between depths is probably due to different
mineral assemblages.

U7.35 ,

MIGRATION OF ANIONIC SPECIES OF RADIOACTIVE
COBALT THROUGH S0IL. %oshihikoc Ohnuki,
Department of Environmen Safety Research,
Japan Atomic Energy Research Institute, .
shirakata, Tokai, Ibaraki, Jepan and David E.
Robertson, Chemical Science Depertment, Pacific
Labarataories, .

The migration of an enionic epecies of *°Co through soil
has been examined utilizing data on the migration
of radionuclides leached from an aqueous waste
disposal site. Correlation coefficients between
the concentrations of the anionic species of *Co
and those of particulate, cationic and non-ionic
species of *°Co reveal that the anionic speciles
of *Co was not interconversed with other .
species during migration. The cross-
correlations between the concentrations of the
anionic species of 60Co gives a calculated
retardation factor of the enionic species of *°Co
of spproximately 19 being 1200 times lower than
the laboratory measurements. The average
concentration distribution of the anionic species
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of “Co suggests that the migrav..on of the
anionic species of *°Co consists of two migration
fractions which was characterized by differen
migration mechanisa. .

U7.36

SHINZO UETA * AND NAOTAKE KATOH ** .

* Naka Nuclear Development Center of Mitsubishi Metal Corp.,
Mukohyama 1002-14, Naka-machf, Ibaraki 311-02, Japan.

*+ogakuin Univ., 1-24-2 Nishishinjuku, Tokyo 160, Japan.

Sorption 1s one of the most important mechanisms for the
migration of radionucliide which released from the nuclear wastes.
The sorption behaviors strongly depend on the chemical species
of radionuclides. Therefore 1t 1s necessary to study on the
mnigration from the point of view of chemical forms.

We carried out the column experiments, where Co was used as
the tracer elevents. The tracer solutions were prepared to treat
three deferent chemical forms of Co2+ Co(OH)2, and Co-EDTA. In
the sand column which simulated the natural barrier, Co2+ and
Co(0H)2 could be well retained and Co-EDTA showed no retardation.

On the contrary, Co-£DTA could be retained in the column filled
with artificial absorbent, for example activated carbon and
silica-almina, then the distribution coefficients were about 60
ml/g in each case. In these experiments, the breakthrough curves
of Co2+, Co(0H)2, and Co-EDTA showed good agreements with the
calculations which based on the ion exchange, filtration, and
absorption model, respectively.

U7.37

GRIMSEL COLLOID EXERCISE. C. DEGUELDRE, Pau! Scherrer Institute, CH-5232
Villingen, Switzerland

‘The Grimsel Colloid Exercise is an intercomparisoa exercise which consisted of an in situ
sampling phass followed by a colloid characierization sicp. The goal of this benchmark,
which involved 12 laboratorics, is 10 evaluate both sampling and characterization techniques
with emphasis on the colloid specific size distribution. The sampling took place at the
Grimsel Test Site (NAGRA facility) and colloids were sampled from the water flowing in
the granitic fracture, The production of colloid samples was carried out in duplicate by cross
flow filrastion (CEA, PSI) and by tangential Now filiration (AECL, UKAEA) while
unfiliered water was also coliected. CEA and PSI produced colloid samples on membranes
changing both the pore size (3 - 450 nm) and the volume of water collected 20 - 150 ml).

. However, CO, contaminaton from the air decreases the pH from 9.6 to about 8 while
increasing the total inorganic carbom. The exercise differentistes the colloid samples
produced on sits from thoss obuained afier transfer of the Muid samples in the laboratory, The
colloid concentration estimated by transmission clectron microscopy and by gravimerry is
around 10 per?! for diameters larger than 10 nm, For colloids larger than 50 nm the
concentration messured by scanning clectron wmicroscopy is sbout 1010 pult. For
colloids/particles larper than 450 nm, the concentrstion measured by gravimetry, scanning

electron microscopy and single particle counting is sbout 2 107 pt*), On 2 weight basis, the -

toul colloid and parnicle concentration measured by gravimetry, laser

potential contamination doring sample preparation. Details on this study are published in a
PS/NAGRA/CEC report.

U7.38

AUTHIGENIC CLAY MINERALS IN THE RUSTLER FORMATION, WIPP SITE
AREA, NEW MEXICO. Douglas G. Brookins, University hew
Mexico, Albuquerque, NM B7131; Steven J. lamhert, Sandia
National Laboratories, Albuquerque, NM 871853; and David B.
Ward, University of New Mexico, Albuquerque, NM 87131,

Transuranic waste is planned for disposal in the lLate
Permian evaporites of the Delaware Basin, southeastern New
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Mexico, at the WIk._ite. The disposal horizon is located
in the bedded halite of the Salado Formation, which is " ,
overlain by the impure halite-anhydrite (gypsumi-siltstone-,
mudstone of the Rustler Formation. The Rustler’ Formation
also contains two dolomite members, the Magenta and Culebra,
which transmit water. The Culebra Member is suspected to
have actively interacted with waters at time(s) from the
Late Permian to the present, and it is important to assess
the reactivity of these waters in conjunction with WIPP Site
stability.

We have investigated the Rb-Sr systematics of clay minerals
from the Culebtra Member and elseshere in the Rustler .
Formation. By separating the less than 0.5 micron size
material we are able to deal with presumed true authigenic
clay minerals. The authigenic fraction is especially
sensitive to chemical and isotopic exchange with waters, and
exposure to large amount of water will reset the clay
minerals to such a time. Our data yield a 250 ¢ Ma Rb-Sr
isochron, which is consistent with the Late Permian age of
the Rustler.Formation. This age is significant in that it
demonstrates that these clay minerals have preserved their
isotopic and chemical integrity since the Late Permian and
have not been subjected to any interaction with
waters since. This information lends further support to the
suitability of the WIPP Site for transuranic waste disposal.

U7.39

IN SITU OBSERVATION OF THE ALPHA / BETA -CRISTOBAUTE TRANSITION
USING HIGH VOLTAGE ELECTRON MICROSCOPY. Annemarie Meike,
Materials and Chemical Sciences Division, Lawrence Berkeley
Laboratory, Berkeley, CA 94720; and William Glassley, Earth Sciences
Division, Lawrence Livermore National Laboratory, tivermore, CA
94550.

To predict the behavior of the near-field environment of high-leve!
radioaclive waste containers, single phase dissolulion and precipitation
kinetics data are required. In the course of oblaining such data on
cristobalite at LLNL, i was noted that synthetic cristobalite dissolved at
rates sfightly higher than natural cristobaflie. Detalled characterization
of the starling materials, using the 1.5 Mev High Voftage Electron
Microscopa (HVEM) at LBL, revealed that both samples contained beta-
cristobalite and amorphous silica, in addition to alpha-cristobalite. To
understand the mechanism responsible for the apparent metastable
persistence of beta-cristobalite and amorphous silica, In-situ
experiments were conducted on synthelic alpha-cristobalite using an

_ environmental cell in which it was possible to introduce either dry C02

or a C02 + H20 vapor during healing and cooling sequences. Direct
observation of electron diffraction pattetns during the experiments
suggests that the presence of water vapor affects the alpha-beta
transition temperature, and may be responsible in part for the
development of a stabllity field for amorphous sifica at the transition.
Preliminary results suggest that the temperature interval over which
amorphous sllica may persist could bs several tens of degrees. The
amorphous phase was not observed during the dry heating experiments.
Because a high temperature, water-saturated vapor phase is expecied o
porsist in the near-field environment for several hundred years, the
chemical and mechanical properties of the proposed repository tuff may
be modified by the developient of amorphous sifica from cristobalite.
Further work I8 continuing in order 1o more ly characterize the
properties of this structural transition and its implications for near-
field behavior. :

Performed under contract W-7405-ENG-48 for Depariment of Energy
Office of Civilian Radioactive Waste Management, Yucca Mountain Project.

U7.40

ESTIMATION OF LONG-TERM DURABILITY OF BENTONITE FROM THE
THERMAL HISTORY OF MURAKAMI DEPOSIT, JAPAN. G. Xamei,

T. Arai, Y. Yusa, N, Sasaki, Power Reactor § Nuclear Fuel
Development Co., Tokai-mura, Ibaraki, Japan, H. Takano, Dia
Consultants Company, Ikebukuro, Toshima-ku, Tokyo, Japan.

The illitization of smectite in natural enviromment affords
information on the long-term durability of bentonite which
is a candidate for buffer materials., Murakami bentonite
deposit, central Japan, where the bentonite and rhyolitic
intrusive are distributed, was surveyed and lateral varia-
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. tion, of- smectite to illite in the sutwofe of the rhyolite
was studied.

Geochronology: The radiometric ages of some minerals from
the intrusive rock and the clay deposit were measured.
Comparison of the mineral ages (obtained by K-Ar, Rb-Sr,
and fission track methods) with closure temperature esti-
mates for the various isotopic systems has allowed the
thermal history of the area. The gge of the intrusion was
7.120.5Ma (at 350°C), &nd the cooling rate of the intrusive
rock was estimated to be 30-60 °C/Ma.

Durability of bentonite: The reported values of the fission
track age of zircon in the bentonite sroumd Murakami mine
are mostly within the range from 16 to 18 Ma., The age of
zircon in the bentonite obtained st Murakami mine is, how-
ever 7.3:0.4 Ma, which is very close to that of the intru-
sion. The latter value must be explained as the result of
amnealing for fission tracks in ziron. Hurford (1986) re-
portedthatninjmmtmq.)eraun-eoft}emwaling is taken to
be 180 °C for a 10-100 *C/Ma cooling rate. The annealing
and the estimated cooling rate concludes that illitization
was not scarcelx occurred in 1.6-2.6Ma under the temperature
range from 190 °*C to 100 °C.

The waterchemistry related with the illitization was also
discussed from the jsotope-geochemical point of view.

U7.41

DIFFUSION OF SODIUM AND COPPER IN COMPACTED SODIUM
BENTONITE AT ROOM TEMPERATURE A. Muurinen, K.
Uusheimo and M, Olin, Technical Research Centre of
Finland, Reactor lLaboratory, Otakaari 3A, SF-02150
ESPOO, Finland

Compacted sodium bentonite has been considered as
possible buffer material for ¢final disposal of
spent fuel in many countries. For safety analysis
the migration mechanisms of substances in bentonite
and the corresponding parametres must be known. In
this research the diffusion mechanisms of sodium
and copper in bentonite were studied experimentally
at room tehperature.

Diffusion of sodium seems to follow similar
mechanisms as has been observed for cesium and
strontium in several previous studies., The
phenomena could be explained by some kind of
diffusion of sorbed fons or surface diffusion. The
measured aggarent diffusivities of sodium varied
from 5:10"11 to 3410710 n?/c and the e fective
diffusivities from €.10°11 to 1.6-10"7 =né/s
depending on the density of bentonite and the salt
concentration of water solution.

Low solubility of copper caused precipitation thus
interfering the diffusion experiments. However,
the part of copper which did diffuse into bentonite
seemed to follow the same type of mechanism as

sodiun. The measured aﬁparent diffusivities of
copper varied from $¢1074< to 5-10'& nzi/s.

-U7.42

THERMAL BEHAVIOUR OF BACKFILL MATERIAL FOR & NUCLEAR FUEL
WASTE DISPOSAL VAULT, R.N. Yong and A.M.0 HMohamed,
Geotechnical Research Centre, McGill University, 8167
Sherbrooke Street VU,, HMontreal, Quebec H3A 2K6, and
§.C.H. Cheung, Atomic Energy of Canada Limited, Vhiteshell
Nuclear Research Establishment, Pinava, Manitoba, Canada
ROE 1LO.

One of the performance requirements of the backfill material

. in 8 nuclear fuel-waste disposal vault is to effectively

conduct heat generated by the decay of the waste into the
surrounding rock. This paper presents the experimental
results of the thermal behaviour of the reference Canadian
backfill wmaterial subjected to various temperature
gradients. The results shov that the time for the backfill
material to establish thermal equilibrium under a tempera-
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ture gradient > _-nuch shorter than thet required for
moisture equilibrium. The migration of moisture in the
backfill has little effect on the heat transfer process.

U7.43

A COUPLED CHEMICAL-MASS TRANSPORT SUBMODEL FOR PREDICTING
RADIONUCLIDE RELEASE FROM AN ENGINEERED BARRIER SYSTEM
CONTAINING HIGH-LEVEL WASTE GLASS. B. P. McGrail, D. ¥.
Engel, M. J. Apted, A. M. Liebetrau, Battelle, Pacific
Northwest Laboratories, P. 0. Box 999, Richland, WA 99352,
and N, Sasaki, Power Reactor and Nuclear Fuel Development
Corporation, Tokai-mura, Jbaraki-ken, Japan.

Battelle, Pacific Northwest Laboratories s assisting the
Power Reactor and Nuclear Fuel Development Corporation of
Japan (PNC) in developing models to predict the performance
of an engineered barrier system (EBS) in & deep geologic
repository for the permanent disposal of high-level nuclear
waste, Mass transport models developed at the University of
California-Berkeley and implemented $n the Analytical
Repository Source-Term (AREST) computer code for spent reacto
fuel were modiffed to accommodate the borostlfcate glass wast«
forms being considered by PNC. An analytical solution to

the mass balance equatfons was derfved that demonstrates the
importance of understanding the kinetics of glass/water
interactions to accurately predict diffusive mass transfer
rates into the host rock. Preliminary results with the
modified AREST code show that, unlike spent fuel, 2
distribution of containment failures over time does not
significantly reduce the peak release of U-238 and Cs-135
from the glass relative to a Timiting case in which all
containers are assumed to fafl simultanecusly.

U7.44 ABSTRACT WITHDRAWN
U8.1 ABSTRACT NOT AVAILABLE

8.2

OXIDATION OF U0, FUEL BY RADICALS FORMED DURING RADIOLYSIS
OF VATER. + D.V. Shoesrith, H. Christensen®, N.E.
Miller and M.G. Bailley, Geochemistry and Vaste Immobilizs-
tion Division, Atomic Energy of Canada Limited, Whiteshell
Nuclear Research Establishment, Pinava, Manitoba, Canada
ROE 110; *Studsvik, S-611 82 Rykoping, Sveden.

Our studies have shovn that the radical species, formed
during radiolysis of wvater, are much more effective in
causing U0, oxidation than the molecular oxidants formed
during radiolysis of water or present in vater from
atmospheric sources. The effects of specific radicals on
U0; oxidation vere deteruined by controlling the solution
chenistry, during radioclysis, to maximize the yield of a
particular radicsl. The rate of oxidation of U0; during
radiolysis vas monitored by recording the corrosion
potential of the U0; electrode as & function of time.

Under steady-state conditions, the corrosion rate can be
obtained from the corrosion potential by doing an
electrochenical Tafel analysis. Our studies suggest that
the oxidation of U0; ,- in irradiated de-oxygenated .
solutions, consists of tvo stages. The first stage consists
of the grovth of a surface £ilm of composition close to
U0z.3; and similar in thickness to that obtained in
unirradiated oxygenated solutions over longer exposure
periods. For small doses, the rate of grovth of this £iln
appears to be proportional to the square root of the dose
rate. The second gtage consists of oxidative dissolution
of this file (as U03*). This step mainly occurs at & higher
dose. In irradiated oxygenated solutions, vhere 03 radicals
can reach concentrations of 10°¢ mol.L-?, further surface
oxidation to U0; ¢y and other higher uranium oxides occurs.
Our electrochemical results indicate the corrosion rates of
U0; 4n irradiated solutions are substantially higher in the
presence of dissolved oxygen than in its absence.
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CONSTRAINTS BY EXPERIMENTAL DATA FOR MODELING
OF RADIONUCL*IDE RELEASE FP;O}( SPENT FUEL. xx
B. §x;§x;\bcw*, L.0. Werme , R. Forsyth ¢ Je
§§uno . Hahn-Meitner-Institut Bgﬂin, FRG;
SKB, Stockholln‘“ Sweden; Studsvik,
Nyxdping, Swveden; Royal Institut of Technol-

ogy, Stockholm, Sweden

In order to find constraints for the contribu-~-

tions to fission product release from spent
UO2 fuel we compared a large body of data of
various fuel types from research projects in
Canada, USA and Sweden. g'shere is evidence that
the release data of Sr can be used ¢to
describe the degradation (oxidation/ dissgbu-
tion) of the matrix. A compilation of Sr
release data under oxi¢c conditions from the
swedish, the canadian and the US spent fuel
corrosion program shows surprising quantitative
similarities. After 1000 days typical fraction-
al _release rates of soluble radionuclides are
10~7/d. The rate of fuel alteration under oxic
conditions is either controlled by (1) the
growth rate of secondary alteration products,
(2) the solubility controlled dissolution rate
of the matrix or (3) the rate of formation of
oxidants by radiolysis. The various explana-
tions and their gquantitative contribution are
discussed in the paper. ‘

us.4

STATISTICAL MODEL FOR GRAIN BOUNDARY AND GRAIN VOLUNE OXIDA-
TION KINETICS IN UO, SPENT FUEL'

R.B. Stout and H.F. Shaw, Untv. of California - LLNL, P.O.
Box 808, L-201, Livermore, CA 94550, and R.E. Einziger,
Battelle - PNL, P.0. Box 999, Richland, WA 99352

The Yucca Mountain Project of the USDOE is investigating the
suftability of a site in the unsaturated zone at Yucca Mtn.,
NV for a high-level nuclear waste repository. Most of the
waste will consist of spent fuel in Zircaloy-clad rods
from nuclear reactors. If fatlure of both the waste containers
and the ¢l addin% occurs within the Yifetime of the repository,
then the U0, wil) be exposed to oxygen in the air and higher
oxides of uranium may form. The oxidation state of the spent
fue) may affect its dissolution behavior 1f later contacted
by water. A mode) for the kinetics of spent fuel oxidation
under repository-relevant conditions is thus necessary to
predict the behavior of the waste form for assessing the
performance of the repository with respect to the containment
of radfonuclides. In spent fuel experiments, the oxidation
front {nitially propagates along grain boundaries followed by
propagation into grain volumes. Thus, the oxidation kinetics
s controlled by two processes and the oxidation of spent fuel
fragments will depend on the density and physical attributes
of grain boundaries. With this {n mind, concepts from statis-
tical mechanics are used to define & densfty function for
grain boundaries per unit volume per unit species 1n a spent
uel fragment. Combining the integral forms of mass conserva-
tion and this grain boundary density function, a model for the
global rate of oxidatfon for a spent fuel fragment §s ob-
tained. For rapid grain boundary oxidation compared to grain
volume oxidation, equations of the wodel are solved and
results compared to existing data. ‘
performed under the auspices of the U.S. Depa of Energy, Offics of

A rtment
Civilian Radioact ive Vaste Managenent, Yucca Mountaim Project Office, by the Lawrence
Liverwors National Laboratory under contract W-740S-ENG-48.

v8.5

MEASUREMENT OF SOLUBLE NUCLIDE DISSOLUTION RATES FROM SPENT
FUEL. Charles N. Wilson, Pacific Northwest Laboratory, P. O.
Box 999, Richland, WA 99352.

Laboratory tests A being initiated to gain .a better
understanding of potential soluble nuclide dissolution rales
from spent fuel under proposed Yucca Mountain repgsitory
conditfons. The release of actinide nuclides, which account
for most of the long-term radicactivity in spent fuel, should
be limited by solubility to.levels sufficiently low to meet
Nuclear Regulatory Commission controlled release limits. The
release potential for soluble nuclides such as Te, 155Cs,
1265n, %C and 1], which account for about 1 - 2 X of the
activity in spent fuel at 1000-years, s less certain.
Factors potentially affecting soluble nuclide dissolution
rates include degradation of the fuel structure by oxidation
in the repository air atmosphere, temperature, and fuel
characteristics such as fractional fission gas release.

Semi-static tests (total water changed each test cycle and
perfodic sample volumes replenished during test cycles) with
low temperature oxidized fuel and "high gas release” fuel are
being initiated. Semi-static tests are relatively simple and
simulate potential dissolution scenarios in the repository,
but do not measure the fuel matrix dissolution rate or
fndicate the degree to which soluble nuclides are preferen-
tially dissolved from 1imited concentrations at grain
boundaries. Flow-through tests are being developed to deter-
mine the degree to which soluble nuclides’are preferentially
released relative to fuel matrix dissolution rates. A
challenging aspect of the flow-through test development is
the measurement of soluble nuclides at concentrations that
are much Yower than in the semi-static tests. The rationale
for conducting these types of tests, results from semi-static
scoping tests with oxidized spent fuel, analytical require-
:l\tients ar:id results from preliminary flow-through tests are
scussed.

Us.1

THEORETICAL MODELING OF CREVICE AND PITTING CORROSION
PROCESSES IN RELATION TO CORROSION OF RADIOACTIVE WASTE
CONTAINERS, John C. Walton, 1daho Nattonal Engineering
Laboratory, P.0. Box 1625, Idaho Falls, ldaho 83415

A mathematical and numerical model for evaluation of crevice
and pitting corrosion in radicactive waste containers s
presented. The model considers mass transport, mass
transfer at the metal/solution interface, and chemical
speciation in the corrosion cavity. The model {s compared
against experimental data obtained in artificial crevices.
Excellent agreement is found between modeled and
experimental values. The importance of full consideration
of complex fon formation in the aqueous solutfon s
emphasized and 11lustrated.

U9.2 .

CORROSION PRODUCT JDENTIFICATION AND RELATIVE RATES OF
CORROSION OF , CANDIDATE MEYALS IN AN IRRADIATED AIR-STEAM
ENVIRONMENT.” Donald T. Reed, V. Swayambunathan, Argonne
National Laboratory, 9700 South Cass Avenue, Argonne, IL
60439; and Richard A. Van Konynenburg, Lawrence Livermore
National Laboratory, Yucca Mountain Froaect, P. 0. Box 5514,
Livermore, CA 94551,

Yucca Mountain Project (YMP) s 1{nvestigating the
feasibility of constructing a high-level nuclear waste
repository {n the unsaturated zone of the Yucca Mountain
located in Southwestern Nevada, The high-level nuclear
vaste contafner will inftially be subjected to an afir-stean
environment with a gamma dose rate that may be {n excess of
0.01 Mrad/h. To provide input to the YMP materfal selection
process, a literature review was performed to identify the
nature of the corrosfion products formed on copper-based
materfals. In addition, short-term experiments were
performed to fdentify the corrosfon products formed as a

function of irradiation condittons. These data are also
reported.
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. "work supported by the U.S. Departme\ni/of Energy, Office
of Civilian Radioactive Waste Management, Yucca Mountain
Project Office, under Contract Number W-31-109-Eng-38.

09.3

A STUDY ON FABRICATION TECHNOLOGY OF CERAMIC OVERPACK -

A CONCEPTUAL DESIGN AND FABRICATION OF A FULL SCALE CERAMIC
OVERPACK. T. Teshima, Y. Karita, NGK Insulators, Ltd., Suda-
cho, Mizuho-ku, Nagoya, Japan; H. Ishikawa, and N. Sasaki,
Power Reactor and Fuel Development Corp., Tokai-mura, Ibaraki,

Japan. :

Ceramic materials are being considered as candidate materials
for overpacks because of their high durability. This paper
describes the conceptual design and fabrication of & full-
scale cermaic overpack.

The external pressure loading
rock pressures at the deptg of 1000 m, was estimated to be in
the range of 280-560 kg/cm“. Materials investigated were
porcelain for insulators, one of traditional ceramic, and
A1,0, with high purity of 99.7%, one of specialized ceramic.
Th Zelected design consisted of a cylindrical shell with
hemispherical heads at each end. The design thickness of
overpack is the sum of the structural thickness and corrosion
allowance. The thickness required to resist the lithostatic
pressure, estimated by the semi-empirical design equations
for buckling of shells and finite element stress analyses is
is 119 m for lain and 40 mn for A1,0.. The calculated
corrosion thi s for 1000 years ('basea preliminary cor-
rosion test results) is 20 mm for porcelain and <1 wm for

Al 03, and leads to a design thickness of 150 mm for porce-
lafn’and 50 mm for A1,0;.

A full-scale overpack of porcelain, of dimensions 800 sm out-

er diameter x 2200 mm length x 150 mm wall thickness, was
fabricated under the ordinary level of fabrication technology.

U9.4

*AN INTERPRETATION OF THE HIGH-SIRESS, lW-I(ggERMURE
CRACKING OF ZIRCALOY-4 SPENI(gyEL CLADDING." H. D. Smith,
Pacific Northwest Laboratery'"’, Richland, Washington 99352,

Zircaloy spent fuel cladding is expected to fnhibit the
access of the repository environment to spent fuel and the
subsequent release of radionuc)ides to the environment after
failure of the waste package container. Experiments were
conducted on Zircaloy-4 spent fuel cladding C-rings to
ascertain their susceptibility to cracking under tuff
repository conditions., (These spent fuel vods will be stored
in & pressurized state,) This was accomplished by stressing
the C-rings with a dead-weight load while they were exposed
to 50°C well J-13 water. The stress levels ranged from 80 to
96X of the observed yfeld stress as determined from -
proportional 1imit testing of sibling Zircaloy-4 C-rings.

The C-rings broke in 26 to 245 days, depending on the stress
Tevel. Fracture characteristics observed by optical
microscopy and scanning electron microscopy show the -
development of transgranular fractures at the beginning of
cracking of the C-rings. Rapid deformation produces only
ductile fatlure. This indicates that stress corrosfon
cracking or delayed hydrogen cracking are the probable mech-
anfsms {nftfating faflure., Two experiments run {n laboratory
afr took longer to fatl but sti1] fatled. In &1] cases, the
fracture surface and apparent fnitial crack growth rates were

» equivalent to the initisl

consistent with delayed hydrogen cracking as the cause of the

C-ring faflure.

{a)The Yucca Mountain Project of the U.S. DOE {sinvesti-
gating the suftability of a sfite fn the unsaturated zone at
Yucca Mountafn, Nevada, for a high-level waste regository.
(b)Pacific Northwest Laboratory is operated for the U.S.

V9.5 N

A CORROSION LOCALIZATION ASSESSMENT OF THE MILD
STEEL USED FOR NUCLEAR WASTE PACKAGE. Masatsune
Akashi, Research Institute, Ishikawajima-Harima
Heavy Industries Co., Ltd., Tokyo, JAPAN

This paper describes 2 study of the corrosion
behavior of high-level nuclear waste packages
made of mild steels in the geological disposal.
It has aimed at establishing the model estimates
the corrosion allowance required to achieve a
1000-year life.

Series of galvanostatic tests, which can be
modeled on the corrosion behavior governed by

the diffusion of dissolved oxygen in the neutral
environment. The maximum penetration depth and
the depth distribution were measured for each
specimen by 2 sophisticated ultrasonic inspection
technique.

The Gumbel distribution model was applied to the
analysis of each data set of maximum penetration
depths. For the purpose of the prediction of
corrosion allowance required, the distribution
parameters were estimated due to the linear un-
biased estimator method which allowed for extra-
polation in space. The yrelations among the aver-
age penetration depth, the maximum penetration
depth and the corrosion allowance required were
discussed.

U10.1/T4.1

FRACTAL STRUCTURE AND DYNAMICS OF TWO FLUID
FLOW IN POROUS MEDIA. Department of Physics,
University of Oslo, Box 1048 Blindern, 0316 Oslo 3, Norway.

The flow of fluids in porous media leads to displacement fronts that
are fractal in many situations. We discuss results obtained in exper-
iments on two-dimensional models. The dispersion of tracers, the
invasion percolation at low displacement rates and the viscous fin-
gering at high displacement rates are discussed. Symmetry breaking
by gravity effects due to density differences leads to crossover phe-
nomena that can be described by scaling functions. New results on
the displacement in three-dimensional models are presented.

Fractal displacement processes exhibit dynamic scaling behavior
characterized Ly new exponcuts, which we discuss in the context
of invasion percolation.

Ul0.2/T4.2

NUMERICAL AND ANALYTICAL MODELS OF TRANSPORT IN
POROUS CEMENTITIOUS MATERIALS.

and Dale P. Bentr, National Institute of Standards
and Technology, Bullding Materials Division,
226/B348, Gaithersbuirg, MD 20899.

Fluid flow under epplied pressure gradients and
ionic aiffusion wunder applied concentration
gradients in the pore space of a cementitious
material are the key transport mechanicms that take
place in these materials.  Recent theoretical
developments in the research 1labs of the oil
exploration industry give new insight into how
these processes can be successfully modelled at a
fundamental level for cementitious materials. This
talk will describe new computational methods for
computing effective diffusion constants in models
of porous materials, and analytical percolation-
theory-based equations for predicting effective

Department of Energy by Battelle Memorial Institute under permeabilities. Digitized image modeling
Contract DE-AC06-76RLO 1830, techniques developed at NIST will alse be
described.
679
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U10.3/T4.3
SIZING REQUIREMENTS FOR FLOW-THROUGH GEQCHEMICAL
TESTS THEORETICAL CONSIDERATIONS..

and E. C. Thomton, Westinghouse Hanford Company, P.O. Box 1970,
Richland, WA 99352

A methodology for evaluating test apparatus size requirements has been
applied to the sizing of flow-through tests used in the evaluation of coupled
processes in hydrothermal sysiems. The results of the sizing
cvaluation provide limits on the apparatus dimensions and test conditions

uired to yield results representative of the processes of interest. It is
indicated from these evaluations that this information is critical in the
design of flow-through tests dnd in the in tation of test results. Size
considerations, therefore, impact the use of flow-through test results in
simulating the processes expected to occur in the near-field environment of
A nuclear waste repository.

?I‘i‘!: main ot;j:gﬁve of this size evaluation is determination of the column
ensions and test conditions necessary to produce reactions pertinent to
the processes of interest. The basis of the cvaluation is treatment of the
time required foneacnonsorpmcemoﬁntmstmoccmumemquimd
column residence time for the fluid. Reaction paths and reaction times for
model systems were determined using geochemical models involving
reaction rate equations based on transition state theory. The range of
appropriate column dimensions may then be obtained using expressions
relating residence time to apparatus %mcxm ions and flow conditions,

A finite range of appropriate column dimensions and test conditions exist
for a given residence time requirement. However, determination of
appropriate residence time depends on the purpose of the test and
processes of interest. Factors such as test duration, sampling requirements,
and engineering limitations must also impact the size andfor scale
requirements and these criteria can be used in the choice of the most

ctical combination of column dimensions and test conditions. It is
indicated from the results of this study that size evaluations provide a
technical basis for the design and construction of flow-through tests, and
also for the interpretation of test results,

Ul0.4/T4.4

A LAGRANGIAN REACTIVE TRANSPORT SIMULATOR WITH
MULTIPLE PATHS AND STATIONARY-STATES: CONCEPTS,
&mmmﬁn VERII:IICATIOITI. Laboratory, U i

i wrence Livermore National , University
of California, Livermore, California 94550

A geochemical software E]ckage which models static, single-path kinetic
water-rock interactions, EQ3/6 [Wolery, T. J., Lawrcnce Livermore Na-
tional » UCRL-~52658, 1979), has been modified to incorparate
multiple-paths and stationary states under high Peclet number transport
conditions in a Lagrangian reference frame [Lichtner, 1988). These
modifications permit calculation of reactive transpart with reasonable
computational requirements. Results from the new code, mpeq6, have
been compared with analytical results for the simple HCl - SiO; systen; ex-
cellent agreements were achieved. Results from mpeq6 have aiso been
compared with &ublisbed results [Lichtner, P., Geochim. Cosmochim.
Acta, 52, 143-165, 1988) fcrnpaﬁonoftheAlgO;-Ha-KzO- SiOp
system. The results are in good qualitative and, in some cases, good
quantitative agreement. However, the values of some variables differ sub-
stantially; these differences can be attributed to use of a different set of Al
and Si aqueous species.

U10.5/T4.5

FRACTAL CHARACTERISTICS OF FRACTURE NETWORKS AND FLUID
MOVEMENT IN ROCK. Christopber C. Barton, Box 25046, MS 913, Federal
Ceuter, Deaver, OO 80225 - .

Socicty’s need 1o recover fluid resources (water, oll, and gas) from the Earth and
10 inject toxse waste materials in 8 reliable manner requires quastitative models to
ugov e fdn;dym:m . process of fluid flow
mlupptw lor st fore Tapi
mﬁmm is type of fow is ot & simple function of the
fracture characteristics at any particular scale, but rather the integration of
es.

The mathematical constructs of fractal geometry are uniquely suited to quantify
medrdaﬁonsﬁm\&bhmphmmmnmﬁmnnngm
(that is, sclf-similar) at all scales. My results show that natural fracture networks

in rock fallow a fractal scaling law over six orders of magnitude. Detailed
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measurements of two-diniexsional samples of three-dimensional fracture l;ctwh
(udiva:escdahrochddisdmﬂuage.lhholog,andwaoukuuindm .
similar fractal dimeasions in the range 1.6-18.

E

Knowledge that rock fracture networks are fractal allows use of data from 3 one-
dimeasional drill-hole sample to predict the two- and three-dimeasional

of the fracture The of fractures in dril) holes is 8 fractal Cantor
Mwuﬁmwémmm is 0.5-0.8, which is an integer
dmmhnhn&udhﬂmmymmmdumﬁmm&'
plasar sections. The pattern of rock-matrrx flow caa exhibit fractal ing, and
mupamubiﬂtykpachyhammaulogomwfnddwwlum
Ul0.6/T4.6 )

FLOW TO WELLS IN FRACTURED ROCK WITH FRACTAL
STRUCTURE. Jim Polek, Kenzi Karasaki and Jane Long, Lawrence
B Laboratcry, ey, CA; and John Barker, British Geo-
logical Survey, Wallin Oxfordshire, UK,

Traditionally, models of fluid transport in rocks have been based on
a.ninwgnl(li'lr‘.uclidcan)ﬂowdimensim. However, this assumption is

not necessary and may not always be especially for
rockswithpoodyconno?cwdﬁacms. Bﬁgg?was)mrmm
and solved the equation of flow to a well in a rock system character-

ized by an arbitrary flow dimension.
Using Sierpinski’s and a randotm percolating network, we gen-
mwg two ocfummmd rock with fractal ge;

types systems properti

We then simulated hydraulic well tests in these systems. Both the
fractal dimensions and the "radial® fractal dimensions of the systems
were calculated using Orbach’s (1986) method. The latter was cal-
culated by accounting for only the radial componeat of the conduc-
tor. Ofthetwo.wefoundxhumendmlﬁacn!dxmenswnbcw
describes the physical processes occwring during a well test. The
mﬂnmmewenmw&?ilgpaemmdm with Barker’s solution
and a relationship between the s curve
mmnﬁh&mﬁmmfm 3 p iz
signi because it could lcad to a value for the fractal dimension

rock from field well test data, This field fractal dimension conld
thea be used to estimate the rock's flow geometry and flow charac-
teristics,

U10.7/T4.7

ANISOTROPIC SCALING OF INTERFACES IN POROUS MEDIA.
Miguel A, Rubio, Haverford College, Haverford, PA,
aad UNED, Madrid, Spain; Haver-~
ford College, Haverford, PA; and Jerry P. Gollub,
Haverford College, Haverford, PA, and University
of Pennsylvania, Philadelphia, PA.

Two-fluid immiscible displacement may produce
self-similar fractal interfaces,
by invasion percolation or DLA models, for certain
ranges of the relative viscosities and wetting
properties of ‘the f£luids. These self-similar
structures have the same scaling behavior in all
directions.

Rere we show that when the displacing fluid is
more viscous and more efficient in wetting the
medium, the interfaces are self-affine fractals,
i.e., they show different scaling in different di-
rections. We present experimental results on the
interfaces cbtained when water displaces air in a
thin layer of glass beads. We have characterized
the interfaces by computing their roughness
(r.m.s3. value of the interfacial width) as a func-
tion of length scale. The roughness shows power-
law behavior with exponent B = 0.73£0.03, indepen-
dent of the control parameter (capillary number,
Ca). This exponent is related to the box dimension
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2-8, and the divider or compﬁ{/dimension 1/8.
This behavior means that the interfaces are self-
aff{ne fragtals with a box dimension of 1.27.

Supported by the NSF Low Temperature Physics
Program DMR-8503543. M.A.R. was supported in part
by & Fellowship of the NATO Scientific Committee.

U10.8/T4.8

SIZING AND SCALING REQUIREMENTS OF A LARGE-SCALE PHYSICAL
MODEL FOR CODE VALIDATION. R, khaleel, T. LeGore, and
J. D. Hoover, Westinghouse Hanford Co., Richland, WA.

Post-closure performance assessment and the associated
application of mathematical models play a critical role
in assessing the long-term behavior of the engineered
and natural barriers of a geologic repository. Although
verification and benchmarking constitute an {mportant
part of determining model acceptability, it does not
establish that the model is a reasonable approximation
to physical reality. This is accomplished in the
validation step in which model calculations are compared
with data from controlled experiments.

Although in-situ field experiments provide useful data,
information needed for model validation cannot be
obtatined from field observations alone because of the
inherent uncertainties associated with the natural system.
However, physical models, when properly scaled,
constructed, and instrumented can provide the necessary
information for validation of mathematical models and
computer codes, and can overcome many of the uncertainties
associated with large-scale in-situ testing. The
relationships between measurement, size, scaling, and
discretization (block size) used fn a numerical model
must be 1ncor¥orated in the conceptualization of a
¥hysical model. Sizing and scaling requirements of a
arge-scale physical model for hydrological testing are
discussed. The justification for the minimum size of a
physical model for hydrological testing can be based on
the nature of heterogeneities introduced into the model.
Results of numerical simulations used to determine the
preliminary size requirements of a porous medium model

are presented.

U10.9/74.9

PERFORMANCE OF CONCRETE BARRIERS IN RADIOACTIVE WASTE
DISPOSAL IN THE UNSATURATED ZONE. John €. Walton and Mark
D. Otis, Idaho National Engineering Laboratory, P.0. Box
1625, ldaho falls, ldaho 83415

Concrete barriers are an important component of many designs
for disposal of radioactive waste in the unsaturated zone.
In order to evaluate the effectiveness of the concrete
barrjers performance assessment models representing the
material degradatfon and behavior must be developed. Models
for evaluation of fluid flow and mass transport through
concrete barriers Vocated in the unsaturated zone are
presented. Implications of the use of impermeable wmembranes
in barrier design are discussed. The effectiveness of the
concrete is shown to be dependent upon effective design.
Concrete of highest quality may not always be desirable for
use in waste disposal vaults.

Ull.1

LEACHING/MIGRATION OF UO2-FUEL IN COMPACTED BEN-
TONITE. Y. Albinsson, G. Skarnemark, M. Sk&lberg,
Department of Nuclear Chemistry, Chalmers Uni-

versity of Technology, $-412 96 G3teborg, Sweden;
R. Forsyth, Studsvik AB, S-611 82 Nyk¥ping, Swe-
den; B. Torstenfelt, ABB-Atom, S-721 €3 Visteras,
Sweden; L. Werme. Swedish Nuclear Fuel and Waste
¥anagement, Box 5864, §-102 48 Stockholm, Sweden.

In the Swedish concept for final disposal of high-
level radiocactive waste, bentonite clay(BC) has
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been proposed as\a-/suitable backfill material. It
is therefore important to investigate the influ-
ence of BC on the corrosion of spent U02-fuel and
on the release behaviour of fission products(FP’s)
and actinides(An’s). In this investigation the
leaching/migration of FP and An’sg from spent fuel
pellets into highly compacted BC is measured.

The release and migration of the FP’'s Cs, Eu and
Tc and the An‘s U, Pu, Am and Cm is measured after
different contact times (0.3, 0.5 and 1.1 a).
Experiments aiming at longer contact times are in
progress. In some cases small amounts (0.5-1%) of
Cu, Fe or vivianite have been added to the EC.

The results indicate a2 high mobility of Cs. The
An‘’s have & very low mobility. After 1.1 year, Pu
has diffused less than 0.5 mm away from the fuel.
Am and Cm appear to be somewhat more mobile. The
behaviour of Eu is similar to that of An(IlI). Tc
has & high mobility in BC, except in the case of
iron addition.

uv1i.2
MODELLING THE IN SITU PERFORMANCE OF BENTONITE-SAND BUFFER.

E.S. Radhakrishna, K.-C. Lau, Ontario Hydro Research
DivisIon, Location KR252, 800 Kipling Avenue, Torontc,
Ontario, Canada M8Z 5S4, B.H. Kjartanson end S$.C.H,

Cheung, Atomic Energy of Canada Limited, Vhiteshell Nuclear
Research Establishment, Pinava, Maniteba, Canada ROE 1LO.

In the Canadian nuclear fuel vaste management concept, a
number of engineered barriers, such as the vaste containers
and the bentonite-sand buffer, are used to inhibit the
transport of radionuclides. The buffer material is also
required to effectively conduct the heat from the waste
containers to the surrounding rock. This paper examines
the principal processes occurring in the buffer before
vater saturation takes place, and the impacts of such
processes on buffer performance. Particular emphasis is
placed on the modelling of heat and moisture transfer.
Numerica) simulations shov that the temperaturex distri-
bution can be reasonably predicted by the Philip-DeVries
model, while the wmoisture distribtion is found to bde
sensitive to the transport coefficfents, and also depends
on the hydraulic boundary conditions.

U11l.3

THE EFFECT OF CRACKS ON DIFFUSIVE MASS. TRANSPORT THROUGH A
CLAY BARRIER. Nava C. Garisto and Frank Garisto, Atomic
Energy of Canada Limited, Vhiteshell Nuclear Research
Establishment, Pinava, Hanitoba, Canada ROE 1LO
Clay-based darriers are often proposed as engineered sealing
systems for underground disposal vaults of used nuclear
fuel. Thus, in the Canadian conceptual vault design, each
used-fuel container 4is emplaced §n a vertical borehole ia
rock and surrounded by a compacted buffer material, made up
of & mixture of sodium bentonite and sand. Thére is some
evidence, hovever, that the buffer may be susceptible to
fracturing due to, for example, cementation or moisture
depletion.

In this paper we estimate numerjcally the consequences of
fracturing on radionuclide diffusion through a finite buffer
layer. The cases studied represent hypothetical ecrack
widths and density of cracks in s reference systex based on
the Canadian conceptual vault design.

The results indicate that for svept awvay boundary conditions
at the buffer/rock interface, the total flux through the
cracked buffer system is, as expected, greater than through
the corresponding uncracked buffer, Hovever, the effect of
the cracks, vhich depends on the crack’s width and the
inter-crack spacing, is relatively small.

Moreover, for the case in vhich the rock at the buffer/rock
interface is intact and thus, the mass transport of material
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from the buffer into the rock is small, the effects of
cracks on the total release flux is negligible.

Ul1.4

FINAL DISPOSAL OF CEMENTITIOUS WASTE FORMS IN THE
SWEDISH REPOSITORY FOR REACTOR WASTE (SFR). Jan S
Carlsson, Swedish Nuclear Fuel and Waste Management
Co (SKB), P O Box 5864, S-102 48 Stockholm, SWEDEN.

Disposal of LLW/ILW from the operation of Nuclear
Power Plants in Sweden takes place in an under-
ground repository (SFR) close to the Nuclear Power
Plant in Forsmark. The waste is mainly spent ion
exchange resinsg solidified in cement or bitumen.
Approximately 90% of the radionuclide inventory
will be allocated to a concrete silo surrounded by
bentonite, at the time of sealing. This paper focus
on requirements on ion exchange resins immobilized
in cement for final disposal in the SFR silo,

Apart from general requirements on the design
{dimensions, weight etc) and management (marking,
documentation etc) the requirements could be
divided into groups with respect to:

- radiological, chemical and mechanical properties

To ensure a diffusion scenario for transport of
radionuclides from the silo the surrounding clay
(bentonite) barrier has to be intact.

Gas productior inside the silo, or swelling of
waste packages, could crack the silo walls.

All requirements on a waste pacKage and how they
are fulfilled are described in a Waste Type Desc-
ription.

U11.5

MASS TRANSFER IN WATER-SATURATED CONCRETES -

i Peter A Claisse, Nicola M Everitt, Andrew W Harris, and
Alan K Nickerson, Materials Development Division, Building 429, ’
Harwell Laboratory, Oxon, OX11 ORA, UK

Cements and concretes are often considered as barriers helping to contain
radionuclides in waste repositories. The performance of cementitious
material as a mainly physical barrier to the escape of dissolved
radionuclides depends on the mass transfer characteristics of the chosen
materiai(s). In particulsr the diffusion and sorption behaviour of
individual radionuclides and the water permeability are important. These
parameters also influence the way in which the chemistry of the concrete
is imposed on the rest of the repository and, in addition, the transport of
gas through concretes controls the way in which gases escape from the
repository. These parameters have been measured for a variety of .
cementitious materials covering different types of structural concrete and
cementitious backfills; all possible repository construction materials,
Diffusion measurements have been made using aqueous iodide, strontium
and caesium ions and tritiated water a3 diffusing species. The results
show that diffusion of tritiated water is much more rapid from that of
other species whilst the transport of strontium and caesium is hindered by
sorption; particularly in materials containing blast furnace slag. The
transport of gas through these materials has been found to be very
sensitive to ths degres of water saturation and is extremely low in fully
saturated structural concretes. Cementitious backfills have, nevertheless,
beea ig;r.nified that have have appreciable gas transport even when almost
satura

The consequences of the results for the performance of cementitious
barriers are discussed.

U1l1.6

COUPLED FLOV OF HEAT AND MASS IN BARRIER MATERIALS AND ITS
SIGNIFICANCE, S.C.H. Atonic Energy of Canada

Cheung,
Limited, Vhiteshell Nuclear Research Establishment, Pinava,
Manitoba, Canada ROE 1LO.
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In a nuclear fuel v;t/e disposal vault, simultaneous nond
congruent flow of heat, fluid and solutes due to differences
of temperature, hydraulic potential and solute corncentration
will occur in the wvater-saturated clay-sealing material.
The coupled processes have been assessed by a method that
uses irreversible thermodynamic processes. The theoretical
results shov that the coupling effects depend on the relal-
tive magnitude of the gradient of the temperature, solute
concentration and hydraulic potential as vell as the permes-
bilities of the sealing materials and of the rock. For the
Canadian disposal concept, the results indicate that mass
transport in the saturated buffer and backfill should be
conrolled mainly by molecular diffusion. :

Ull.7

EFFECTIVE DIFFUSIVITY OF CARBON DIOXIDE AND IODINE THROUGH
“G TUNNEL TUFF'., Tevfik Bardakci, Franklin G. Xing, and Maung
Sein, North Carolina AGT State University, Greemsboro, NC, 27411.

The Topopah Spring Member of the Paintbrush Tuff in Yucca Mountain,
Nevada is a prime candidate for the site of the first national high
level radicactive waste repository. One of the questions to be an-
swered in characterizing the site is the extent of diffusion of ra-
dioactive gases, such as carbon dioxide and jodine, to the access-
ible environment, The objectives of this study were to measure the
effect of temperature and water content on the effective diffusivity
of carbon dioxide and the effect of temperature on the effective
diffusivity of iodine through Topopah Spring Tuff and to characterize
the pore structure of Topopah Spring Tuff. Since Topopah Spring Tuff
samples were not made available, experiments were conducted with tuff
sampl:s from a nearby location called Rainier Mesa Ash flow from 'G"
tummel.

Information obtained on the diffusion of gases through tuff provides
data to determins whether the Nuclear Regulatory Comission and En-
virommental Protection Agency regulations can be met. There is pres-
ently no available data for the diffusion of carbon dioxide and
iodine, which are released from the nuclear wasts, through tuff,

The effective diffusivity of carbon dioxide and iodine through "G*
tunnel tuff were determined using a steady-state method {(coumter
diffusion) and an unsteady-state method respectively. Results show -
that the effective diffusivity of carbon dioxide and jodine through
dry tuff increased with temperature. The effective diffusivity of
carbon diaxide decreased as the moisture content of the *G' tumnel
wiff increased. An emprical correlation was cbtained to estimate
effective diffusivity of carbon dioxide as » function ture
the peroent saturatim. Specific surface area and pore volume of
samples were determined using a merany porosimeter. A scamning
electron microscope was utilized to ze the porous
structure of the tuff sanples,

- .

the
and
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Ull.8

14C TRANSPORT IN A PARTIALLY SATURATED, FRACTURED, POROUS
MEDIUM. W. B. Light, P. L. Chambré, W. W-L. Lee, and T. H. Pigford,
Department of Nuclear Engineering and Lawrence Berkeley Laboratory, University
of California, Berkeley, CA 94720, :

Radioactive gases released from waste placed in the partially saturated rock would
have a direct pathway to the bicsphere. This presents a new problem in assessing
the potential health impacts of such releases, and in complying with regulations.

We analyse the transport of 14C in an unsaturated, fractured, porous medium with
gas-phase advection and dispersion. Gases released into a partially saturated, frac-
tured rock move in the fractures, while pore water is held inside the rock matrix.
First we assess the interaction of *4C in CO3 with bicarbonate ion in ground water
a8 3 possible retardation mechanism. Then we treat the combined fracture and pore
matrix as an equivalent porous medium with local carbon-distribution equilibrium
between the gas and liquid phases.

Our results indicate that liquid in the rock matrix between fractures will reach
essentially the same equilibrium concentration as the liquid at the fracture walls
when the modified Peclet number Lg,/cKp Dy is much Jess than unity, where L is
half the distance between fractures, g, is the gas Darcy wvelocity, ¢ is the porosity,
Kp is the equilibrium distribution coefficient defined as the molar concentration of
liquid-phase carbon divided by the molar concentration of gas-phase carbon, and
Dy is the liquid-phase diffusion coefficient.

We then solve the equation for the transport of C in an equivalent porous medium.

With the retardation just described the advection velocity v and dishersion coeffi-
cient D obtained for 1C are
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" where § is theliquid saturation and D, is the dispersion coefficient for the gas phase.

The solution is based oo spsce-time-invariant values for ¢, S, Kp, ¢,, D,, and D;.
Using parameter values from the Yucca Mountain SCP we predict peak 14C con-
centrations at the ground surface comparable to the USNRC limit for unrestricted
areas of 10-7 pCif/cm3-Air. In the paper we present predicted 24C concentrations
from point or plane sources, with either an impulse or band-release source term.

Ul1l.9

THE APPLICATION OF A COUPLED CHEMICAL TRANSPORT MODEL IN A
TRIAL ASSESSMENT OF DEEF DISPOSAL OF LOW AND INTERMEDIATE
LEVEL RADIOACTIVE WASTE

Steve Lfiew, Vea Economides, Adrian Dawes and David Read.
WS Atkins Engineering Sciences, Woodcote Grove, Ashley
Road, Epsom, Surrey, United Kingdom KT18 5BW.

The UK Department of the Environment 1s developing an
§ndependent capability to evaluate proposals made for the
deep underground disposal of low and intermediate level
radioactive wastes. Coupling of chemical processes with
hydrodynamic transport has been identified as an important
element of the assessment strategy and a suite of models
has now been developed which fully couple thermodynamic
mass actfon expressions to advection-diffusion terms.

This paper {1llustrates the use of the CHEMTARD (Chemical
Transport Adsorption Redox and Decay) code by reference to
studies on waste disposal and natural analogue sites
within the UK. The role of such methods within the
overall DOE methodology 1is highlighted through a trial
assessment of deep disposal beneath Harwell, Oxfordshire.

The feasibility of employing a mechanistic approach to
quantifying sorption processes 1s explored and comparisons
drawn with more simple analytical models based on linear
adsorption  isotherms. The fmplications for risk
assessment practices veliant on the assumption of
*conservative" parameter distributfons or worst case
estimates is discussed.

U11.10

ANALYSIS OF KMASS TRANSPORT IN AN ENGINEERED BARRIERS SYSTEM
FOR THE DISPOSAL OF USED NUCLEAR FUEL. Nava C. Garisto and
Dennis M. LeNeveu, Atomic Energy of Canadas Limited,
Vhiteshell Nuclear Research Establishment, Pinava, Manitoba,
Canada ROE 110.

The Vault ¥odel has been developed to assess the performance
of engineered barriers in a conceptual geclogical disposal .
vault for wused nuclear fuel. It represents container
failure, release of radionuclides from used fuel and mass
transport of released radionuclides through the clay-based
sealing materials surrounding the vaste containers. This
paper focuses on mass-transport processes represented by the
Vault  Model, including diffusion, convection and
retardation.

In particulsr, ve present results of several scoping
ecalculations carried out with the Vault Model. Ve consider
cases vhere the clay-based barriers are represented by
either & one- or a tvo-layer syster adjacent to an intact
rock and a case where the two clay-based barriers are
adjacent to a highly fractured rock.

These caleulations provide insight into the model and
produce test cases for comparison with both relatively
sizple analytical estimates and similar computer codes, as
they become available. The analytical estimates generally
support the Vault Nodel results and thus enhance our
confidence in the accuracy of the Vault Model calculations.

Uil.11

ATTEMPTED VERIFICATION OF MATRIX DIFFUSION IN GRANTTE BY
MEANS OF NATURAL DECAY SERIES DISEQUILIBRIA. W.R, Alexander, Paul
Scherer Instiute, 5232 Villigen, Switzerland; 1.G. McKinley, NAGRA, 5401 Baden,
Switzerland; A B. MacKenzic, R.D. Scott, SURRC, Glasgow G75 OQU, Scotland and

2. Meyer, Min.-pet. lnm'uuivasily of Beme, 3012 Bemne, Switzerland.

According W the Swiss concept for the disposal of radicactive waste, the material will
be placed in deep rock fonmations 0 ensure that only small amounts, if any, of
radionuclides released from the waste packages ever reach the surface and 80 enter the
biosphere. It is, however, fikely that the rock formation will be fractured and that
advection along the fractures will be the dominant mechanism of radionuclide
transport from the repository.

ulfasbgenm.ggeaedmu.inlymwbatmuvwdvenowkduuhm&
radionuclides might gain access 10 the rock surrounding the fractores by diffusion ina
connected system of pores or microfractures - ¢he $0 cafied “matrix diffusion”.

Matrix diffusion is difficult 10 study in the laboratory due 10 the very slow transport
ates involved but ooe approach which can circumvent this and other problems
involves the study of the matnral decay serics in profiles perpendicular to water bearing
fracutres. The peeferential mobility of U and Th daughiers relative 00 their parents can
enhance their removal from the bulk rock, by diffusion, 1o the fractares, This transport
of natural decay series radionuclides is thus gnalogoas s the diffusion of solute from &
fracwure into the rock as coasidered in safety analysis models.

In this paper we present a detiled study of a rock core in which there are clear signs
of water-rock interactions in and sround s fracture with an especially striking
indication of Radium remobilisation across the fracture. The geochemical data are
interpreted with the aid of & dewmiled mineralogical examination of the core in
conjunction with data from laboratory sorption experiments. A more sealistic
definition of matrix diffusion is presented and the implications of the results with
respect 0 mathematical sepreseatations of such mechanisms in gafety assessment
models are discussed.
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ATTACHMENT C

CORROSION BEHAV.JR OF ZIRCONIUM ALLOY NUCLEAR FUrr' CLADDING

«ANNA C. FRAKER AND JONICE S. HARRIS

Metallurgy Division, National Institute of Standards and Technology,
Gaithersburg, MD 20899

ABSTRACT

Zircaloy-2 and -4 are used as nuclear fuel cladding. Both alloys are
more than ninety-eight percent zirconium and are corrosion resistant to
various media. Electrochemical measurements using polarization techniques
have been made on these alloys in &aqueous media with a pH of 8.5 and
varying ionic concentration (1X and 10X) at temperatures of 22°C and 95°C.
Results showed that under the test conditions of the study these alloys
passivated and had negligible corrosion rates, but there were some
variations in passivation due to surface preparation and some crevice
corrosion was observed. Data are presented and discussed in terms of
passivity, breakdown potential and susceptibility to localized corrosiomn.

INTRODUCTION

The purpose of this study was to provide data for use in evaluating
corrosion behavior of the zirconium salloys, Zircaloy-2 and Zircaloy-4,
and for use in determining whether long term credit can be claimed for the
cladding in preventing radionuclide release to the enviromnment. The U. S.
Nuclear Regulatory Commission (NRC) requires that nuclear waste
containment shall be substantially complete for a period of 300 to 1000
years and that thereafter, no more than one part in 10° of the inventory
of radionuclides present at 1000 years after closure may be released
annually from the engineered barrier system{1]. It is not known whether
it would be necessary to take credit for the cladding to meet the release
requirement.

The cladding tube with a 11 to 12 mm outside diameter &and a wall
thickness of less than 1 mm surrounds the nuclear fuel, uranium dioxide
pellets that have been sintered to 95% theoretical density, for the
purpose of reducing coolant activity levels. Zircaloy-2, Zircaloy-4,
other zirconium alloy compositions and the 300 series stainless steels
have been used as cladding materials, but the bulk of the cladding in the
United States 1is Zircaloy-2 and Zircaloy-4. Metallurgical aspects of
zirconium alloys and information on corrosion behavior in various media
have been discussed previously[2]. Essentially, Zircaloys-2 and -4 are
ninety-eight percent zirconium and are free of hafnium. Zircaloys-2 and-
4 are highly corrosion resistant in various media and enviromnmental
conditions.

Zirconium materials are highly reactive and obtain corrosion
resistance by the formation of a protective film. 1Ions which penetrate or
react with this film, or oxidation temperatures and conditions which
change it would have a negative effect on the good corrosion properties of
these zirconium alloys. The work reported here provides corrosion data
and electrochemical measurements of Zircaloy-2 and -4 in aqueous media at
95°C with a pH of 8.5 and an ionic content representative of that found in
the Nye County, Nevada in the J-13 well. These data can be used to
characterize the corrosion behavior of Zircaloy under these conditions sas
it relates to passivity, breakdown of passivity and susceptibility to
localized corrosion. Results of this study showed that under the test
conditions of the study, the Zircaloy materials usually passivated and
exhibited a negligible corrosion rate. There were exceptions, and in some
cases, passivation did not readily occur, due to variations in surface



t}.'eament, and in selected tests, crevice corrosion was evident after

exposure to the tests.
MATERIALS AND METHODS

Materials used in this study were Zircaloy-2 and -4, and the nominal
compositions for these alloys are given in Table I.

ble fon irca -2 and - Ve t_Percent
Alloy Sn Fe Cr Ni Zr
Zircaloy-2 1.5 0.12 0.10 0.05 Bal.
Zircaloy-4 1.5 0.20 0.10 0.005 Bal.

Microstructures of the Zircaloy-2 &nd -4 wrought materials are shown
in Fipures 1 and 2. Test specimens were cut from the raw materials and
from the cladding tubes. The size of the cut specimens ranged from 0.5 to
0.6 cm® and after masking for corrosion testing, the corrosion test
specimen size ranged from 0.4 to 0.5 cm?. Specimens from the wrought
material received from the Teledyne Wah Chang Company, were cut so that
the exposed area was a transverse microstructural section. These
specimens were mechanically polished through 300 to 600 grit SiC papers
and then with 6 um and 1 um diamond paste and were given a final polish
with 0.05 um Al,0,. Following the polishing, the specimens were washed
with water and then ethyl alcohol to remove any polishing material or
contaminants.

Specimens from &ll of the cladding tube materials were cut to expose
longitudinal microstructural sections, and both immer and outer tube
sections were tested. Two different surface preparation procedures were
used for the cladding tube specimens. Some specimen surfaces were
polished with 0.05 um Al,0, washed with water and ethyl alcohol and dried.
Other specimen surfaces were prepared only by washing in acetone, ethyl
alcohol and water. Test specimens were connected to a titanium lead using
with a conducting epoxy or by spot welding, mounted in a glass tube and
surrounded with a high temperature epoxy. Specimens of 0.5 cm® were
tested one day after preparation or were stored in & desiccator.

Specimens of all types of materials were prepared for microscopic
study.. These specimens were mounted and polished as described and then
were etched in a mixture of 20 ml Lactic acid, S ml HNO,;, S ml H,0,, 2 ml
HF and swabbed for 10 to 30 seconds. Representative photomicrographs of
the specimen microstructures were taken using light microscopy.

The testing enviromment for these specimens was a simulated well
water found at Yucca Mountain, Nye County, Nevada. The Brookhaven
National Laboratories[3] developed a procedure for preparing artificial J-
13 well water that had the following chemical content in terms of mg/L;
1ithium, 0.05, sodium, 51.0; potassium, 4.9; barium, 0.003,; iron, 0.04;
aluminum, 0.03; silica, 61.0 fluoride, 2.2; chloride, 7.5; bicarbonate,
120.0; sulfate, 22.0; nitrate, 5.6; and phosphate, 0.12, The same
procedures were used to prepare the water for the present study except
that the composition was adjusted to one that was concentrated ten times.
Some tests were run in this water diluted to the unconcentrated form.
The water is heated but not boiled for mixing, and is saturated with some
of the chemicals as indicated by the wundissolved particles in the
container. The pH of this concentrated water is 8.5 at 22°C. The pH of
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the unconcentrated water[3] was given as 7.1. The pH of the diluted water
to a concentration of one prepared in this was 8.3.

Electrochemical testing was carried out in the simulated J-13 water
at a temperature of 95 C and a pH of 8.5 for the concentrated solution and
a pH of 8.3 for the unconcentrated solution. The pH measurements were
made at 22°C. These tests involved measuring the open circuit electrode
potential versus time and making anodic &nd cathodic polarization
measurements in preparation for making the cyclic polarization
measurements, All electrode potentials were made Iin reference to a
saturated calomel electrode (SCE). Electrical stimulation tests to
determine susceptibility to pitting were made using an American Society
for Testing and Materials (ASTM) test method{4].

The specimen for polarization testing was placed in the 95 C solution
and left at open circuit potential for fifteen minutes prior to making the
measurements. The solution was not deaerated. Some of the polarization
measurements were made by applying a potential to the specimen at the rate
of 0.01 V/15 sec starting from the corrosion potential and cycling back to
the corrosion potential or lower. Other polarization measurements were
made at a rate of 0.05 V/sec for applying the potentiel, and these started
and ended at 200 mV negative to the corrosion potential.

RESULTS AND DISCUSSION

Results of this work showed that Zircaloy-2 and -4 are corrosion
resistant to J-13 water in both the concentrated and unconcentrated form,
but there are some inconsistencies in the corrosion behavior and there are
effects due to varying surface preparation. Generally, Zircaloy
passivates in the J-13 water at 95 C. There are instances due to the
specimen mounting where crevice corrosion occurred. Unless the cladding
tubes were mechanically polished, they did not passivate in the same
manner as the bulk material indicating the presence of a surface oxide or
other layer. Corrosion rates, determined wusing the polarization
resistance method, were in the range of 0.001 to 0.0002 mm/year.

Microstructures

Light micrographs of the microstructures of “Zircaloy-2 and -4
specimens are shown in Figures 1 and 2, respectively. These materials are
in the wrought form before being made into tubing. These materfials have
been chemically etched, but specimens used for corrosion testing were not
etched. The microstructures are representative of the transverse section
of this bulk material. The grains are distinguishable, and some are
equiaxed and others have intermediate to elongated shapes. There are
precipitate phases as indicated by the small distinct areas. The
precipitates in Zircaloy-2 of Figure 1 are Zr(Fe,Cr), and Zr,(Fe,Ni) and
the precipitate that is present in Zircaloy-4 of Figure 2 {is
Zr(Fe,Cr), [5]).

The cladding tubes were sectioned to show the microstructure in both
the longitudinal and the transverse directions. The longitudinal section
of the Zircaloy-2, of Figure 3, did not show much grain elongation due to
the drawing. The precipitates in the Zircaloy-2 seem to be randomly
distributed with some being at the grain boundaries. The Zircaloy-&4
cladding, of Figure 4, was more affected by the production of the cladding
tubes, and as evidenced in the elongated grain structure. Some
precipitates were randomly located and others were at grain boundaries.
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Figure 2. Zircaloy-4, etched.
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Passivity

Specimens were immersed in the testing solution (not deaerated) of
the J-13 water shown in Table 2 that was held at 95°C and had a pH of 8.5.
Upon immersion, the specimens of the wrought Zr-2 and Zr-4 would tend to
passivate. This was 1indicated by the increase in the open circuit
electrode potential when monitored versus time. For example, If the
initial potential were -0.573 V, it could change to -0.473 V after five to
fifteen minutes and to -0.250 V after twelve hours. This change of
electrode potential in the positive direction indicates passivation.
Specimens for all polarization tests using this material also showed this
positive trend for the open circuit potential after the fifteen minute
vaiting period prior to testing. Specimens of the cladding material, both
inside and outside of the tubing, that had the surface polished lightly
with 0.05 um Al,0,, alsc showed an a positive trend in the potential after
the fifteen minute waiting period. Specimens of the tubing that were
washed in acetone and alcohol using the ultrasonic cleaner, but which did
not have the surface polished, did not show this positive trend. This
information indicated that the surface preparation or surface exposure
affects the initial passivation of the Zircaloy.

Polarization

Cyclic polarization measurements, showing the current versus the
applied potential, were made on the materials to determine the passive
region, the breakdown potential and other features of the corrosion
behavior of the Zircaloy materials. The breakdown potential, marked by a
sharp rise in current, for the Zircaloy bulk materials ranged from 0.800 V
to 1 V. The Zr-2 cladding with the oxide coating did not appear to
breskdown until reaching 1.6 to 2.2 V. - There was some variation in the
breskdown potentials of these materials. The polarization curves for the
bulk materials exhibited a wide range of passivity, extending over
approximately 1200 millivolts. Passive regions and breakdown potentials
for the cladding tubes were less distinct. Figures 5 and 6 are cyclic
polarization curves for Zr-2 and Zr-4, respectively, in J-13 water at
95°C, and were produced using a scan rate for applying the potential of
0.05 V/sec. The hysteresis present can be interpreted as indicating
susceptibility to localized corrosion, but this is not necessarily always
true since other factors such as the enviromment and scamming rate of
applying the potential during the test can cause this effect. There were
some problems with mounting and shielding the Zircaloy specimens for the
tests at the higher temperature. There often was a visual {ndication of
crevice corrosion &t the mounting/specimen interface and of limited
pitting. 1In other tests, there was no indication of localized corrosion.

Some tests were conducted in unconcentrated J-13 water, and Figures 7
and 8 are cyclic polarization curves for Zr-4 at temperatures of 22°C and
95°C, respectively. The specimen was kept at a temperature of 22°C for
twenty five days. Raising the temperature to 95°C caused a change in the
curves indicated by hysteresis and a shift in the corrosion potential as
is shown in Figure 8. The curve in Figure 7 that was measured at 22°C
shows the return portion to have lower current indicating increased
passivity. Representative results of cyclic polarization tests on the
inner and outer surfaces of the cladding tubes are given in Figures 9
through 12. The hysteresis in these curves is less than that for the
wrought specimens. The current in the passive region is increased and
breakdown potential is not sharply defined for the cladding materials.
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Figure 5. Cyclic polarization curve for
Zircaloy-2 in J-13 water, pH = 8.5, 95°C.
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Figure 6. Cyclic polarization curve for
Zircaloy-4 in J-13 water, pH=8.5, 95°C.
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SUMMARY

Cyclic polarization measurements were made on the alloys, Zircaloy-2
and Zircaloy-4 in simulated Nye County, Nevada J-13 well water at 95°C.
These measurements were made to obtain data on corrosion of Zircaloy under
conditions which could occur in the nuclear waste repository. Overall,
the Zircaloy shows a low or mnegligible corrosion rate under all of the
conditions- tested, but there is evidence of localized corrosion in the
electrochemical data and at crevice corrosion sites resulting from the
specimen mount.

Zircaloy was tested to determine susceptibility to pitting and did
not show a pitting potential prior to the breakdown potential. There
still are wuncertainties regarding the susceptibility to pitting and
crevice corrosion as well as measurements of polarization behavior. More
data of the type reported here and from other experiments are needed to
carefully characterize the corrosion behavior of Zircaloy under repository
conditions. Some conclusions indicated from this study are:

1. Exposure of wrought Zircaloy-2 and -4 materials to J-13 water or
concentrated (10X) J-13 water results iIn passivation of the surface as
indicated by the corrosion potential shift in the noble direction.

2. 2Zr-2 and Zr-4 cladding tubes passivate but not as much as the bulk
material, and various surface treatments will alter passivation.

3.Some cyclic polarization measurements of Zr-2 and Zr-4 in J-13 water, at
95°C show no evidence that localized corrosion would occur. Other
measurements of show evidence of localized corrosion, but the protection
potential is over 1000 mV more noble than the corrosion potential.

4,.The breakdown potential for the wrought materials occurred within the
range of +0.800 V to 41 V vs. S.C.E. and higher in some cases, and that
for the tubing ranges from +0.300 V to 40.750 V vs. S.C.E. Surface
preparation techniques have a strong influence on the breskdown potential.
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