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Attendees Distributon:

A list of attendees and their organizational affiliations is attached-a
Enclosure 1. (Return to WM 623-SS)

Background/Facts

An agenda is attached as Enclosure 2. Copies of the viewgraphs used in the
NNWSI presentations and in the NRC presentations are attached as Enclosures 3
and 4 respectively.

Observations

The NRC had the following observations:

1. The NNWSI waste package development program has made notable progress in a
number of areas since the last NNWSI-NRC waste package meeting, which was
held n October, 1983. Among the areas where progress s especially
evident are the types of corrosion experiments on the container materials
(but see observation regarding the materials being tested), which may
potentially lead to the necessary mechanistic understanding of the
corrosion processes.

2. The overall strategy that will enable the NNWSI waste package to be part
of a successful license application for a geological repository has not
yet been defined; hence, although much good research is being done, it
appears to be very preliminary - scoping and screening - rather than
focused toward specific licensing concerns. Furthermore, the efforts of
individual investigators appear to be largely independent of each others'
activities: there seems to be a lack of integration in the program. The
NRC suggests that the following steps need to be taken promptly:

The NNWSI define their waste package design bases and explain the
rationale for selecting those bases;

The NNWSI define the range or envelope of environmental parameters
which are to be used for testing;

The NNWSI then identify the data and develop the test plans needed to
demonstrate that the waste package design will be capable of meeting
the applicable NRC and EPA regulations. These test plans should
include methods and models to allow extrapolation from short-term
tests to 300-1000 years.

3. As mentioned in the first observation, the conceptual design bases have
not been specified and need to be promptly. When this is done, the
emphasis should be on making the specified bounding conditions
sufficiently conservative that the design envelope will encompass the
waste package environment as it is better and better defined b newly
gathered field data. If this is not done, the license application on may be
significantly delayed while testing of a modified waste package design is
carried out.
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4. Despite NRC concerns expressed during the 1983 NNWSI/NRC workshop, the
NNWTI continues to treat austenitic stainless steels as the reference
canister materials. Given the problems of austenitic stainless steels
with respect to failure mechanisms such as pitting, stress corrosion
cracking and transgranular stress corrosion cracking, in particular in
chloride environments, the NRC believes that the NNSI is extremely
unlikely to be at a point by the time of license application submittal, to
convince the NRC that an austenitic stainless steel waste package will
meet the Part 60 containment performance objective. Serious consideration
should be given to changing the emphasis from austenitic stainless steels
to materials such as high-N1 alloys, which have fewer well-documented
failure mechanisms.

5. The NNWSI strategy for extrapolation from short-term results to long-term
containment has not been delineated. The NRC suggests that elements of
such an endeavor should include testing of a conservative design based
upon an understanding of plausible failure mechanisms given the waste
package environment, followed by post-emplacement confirmatory testing.

6. The suggestion voiced by the NNWSI that there may not be enough water in
the waste package environment for chloride-related corrosion to be a
problem is based upon the USGS's current estimate of 1 mm/yr groundwater
flux in the unsaturated zone. The NRC considers such an approach
non-conservative and likely to jeopardize the success of the DOE's license
application. The mm/yr flux estimate is not well-established at this
time (see NRC comments on the Yucca Mountain Draft Environmental
Assessment for a detailed discussion of this point). Furthermore, the
amount and effects of chloride-bearing steam are presently unknown.

7. The NRC is concerned about the ability of the NNWSI to validly extrapolate
spent fuel dissolution results to long time intervals. Given the
variability n spent fuel rods of the same type, and different behaviors
of spent fuel rods of different types, it is essential that the NNWSI
expand their test matrix such that it embraces enough samples to develop a
supportable data base.

The NNWSI had the following observations:

1. Agendas for future meetings should not be so ambitious. Need to allow
more time for discussions; will encourage more participation. Complex
agendas involve too many people.

2. NNWSI recognizes the need for an integrated project wide position on
quantitative design basis (including environmental conditions) for the
waste package. This design basis will also guide the formulation of
scenarios for the PAP.

3. No specific guidance was received in relation to implications of an MRS on
the NSI waste package design. The current status of the MRS studies
preclude obtaining any guidance regarding possible scenarios or role.
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4. NNWSI appreciates the statement of rationale with respect to excluded
materials i.e., free liquids, combustible materials, and chemically
reactive materials. Prior to this meeting, it appeared that the NRC had
not considered water-logged" fuel in this requirement.

5. NNWSI agrees with the RC comments regarding the need for complete QA
records for all aspects of primary License Application Data and the need
for appropriate statistical analysis of these data bases.

6. Waste Acceptance Criteria issues will be addressed by the recently DOE
Headquarters directed Waste Acceptance Process and Committee.

7. NNWSI understands that the NRC has taken an action item to provide Generic
guidance on the intent of the Part 60 role provisions for analysis of
performance under expected and unanticipated conditions. DOE/HQs said
they would pursue this on a Generic basis with the NRC.

8. NRC reviewed their presentation on a numerical interpretation of;
"Substantially Complete Containment. DOe/HQ will encourage the
formulation of a technical position on this subject by the NRC.

9. Hydrothermal Analysis of Waste Package environment is in progress. The
effect of these results on the waste package thermal analysis will be
evaluated in the future.

10. Structural Analysis failure criteria (1-0 40% plastic) was questioned.
Application of triaxial, large deformation properties will be evaluated.

11. Some NRC representatives indicated strong skepticism of successfully
demonstrating that any austenitic stainless steel can be shown to meet the
containment requirement. Their concern is based upon the large number of
containment limiting corrosion mechanisms and uncertainties in the
credible environmental conditions surrounding the waste package. They
suggested NNWSI consider the highly Ni based materials in order to
eliminate some of these mechanisms.

12. NNWSI recognizes the need for a more thorough analysis of the possible
mechanisms for concentrating ionic species in water which may contact the
container following rehydration of the near field environment and to
determine the maximum credible concentrations.

Agreements

1. The NRC and NNWSI reached a mutual understanding that explosive,
pyrophoric, and chemically reactive materials and free liquid allowable in
the waste package is restricted in 10 CFR Part 60 to amounts that can be
demonstrated not to compromise the integrity of the waste package. Hence,
the presence of these materials in a waste package, e. g., water in spent
fuel rods, would be permissible if an analysis can establish that
conservatively estimated quantities of these materials which may be
present is nonthreatening to the integrity of the waste package.

2. The meeting was successful in meeting the objectives established
beforehand by the NRC and the NSI.
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Open Items
Much of the spent fuel dissolution test data, plans, calculations, and models
presented by the NNWSI at this meeting have not been published. The NRC
proposes that a future meeting be organized on this specific topic after the
NRC has had an opportunity to provide the NNWSI with a detailed review of this
material following its publication.

The NRC will provide the NNWSI with a detailed review of the NNWSI's recently
published report on the unsaturated test."

The NRC will provide the NNWSI with guidance on the emphasis that should be
placed on the analysis of performance under anticipated and unanticipated
conditions required n 10 CFR Part 60 relative to that to be placed on the
10 CFR Part 60 performance objectives.

Vern Witherill Newton K. Stablein
Waste Management Project Office Division of Waste Management

DOE/NV US NRC
July 25, 1985 July 25, 1985
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Enclosure 2

AGENDA

NNWSI/NRC WASTE PACKAGE MEETING

July 23-24, 1985
Building 123 - Conference Room A

Lawrence Livermore National Laboratory

Tuesday, July 23

8:30 - Introductions
NRC Participants
DOE & LLNL Participants
Others

8:45 - Meeting Objectives & Agenda Overview
NRC Objectives
DOE/LLNL Objectives
Agenda Overview and Arrangements

9:00 - Update on Package Design Concepts - E. Russell
Alternative Emplacement Geometries
Spent Fuel Internal Configurations

Thermal and Structural Analyses
WV/DWPF Containers

10:00 - Potential Implications of MRS on NNWSI - L. Ballou
Packaging Options
Storage and Transportation Considerations

10:45 - Break

11:00 - Part 60.135(b) Excluded Materials - NRC
Discussion of NRC Intent
Rationale for Implementing Criteria

12:00 - Lunch - LLNL Cafeteria

1:00 - Container Material Testing - D. McCright
Introduction and Overview
NNWSI Environmental Conditions

Anticipated Conditions and Uncertainties
Candidate Materials

Austenitic Stainless Steels and Copper Alloys
Conceptual Corrosion Models

3:00 - Break

3:15 - Material Testing - Continued

General and Localized Corrosion Testing
Stress Corrosion Testing
Planned Testing and Schedules

4:45 - Adjourn



- 2 -

Wednesday, July 24

8:30 - Waste Form Testing - Spent Fuel - V. Oversby
Approach to Testing & Results to Date

Isotopes of Concern
Release Rates
Cladding Degradation
Fuel Oxidation

10:00 - Break

10:15 - Spent Fuel - Continued
Modeling of Release Mechanisms

Comparison with Performance Objectives
Planned Testing
Discussion of Fuel Population

Proposed Test Matrix - Test Materials
Adequacy of Sampling

12:00 - Lunch - LLNL Cafeteria

1:00 - Waste Form Testing Glass - V. Oversby
Unsaturated Testing

Procedure Development
Results to Date
Planned Testing

Supporting Tests and Experiments
Modeling of Release Mechanisms

2:30 - Break

2:45 - Reliability Considerations
Discussion of NRC Approach to Interpretation

of substantially complete
Approach to Reliability for Containment

3:30 - Summary and Development of Minutes

4:45 - Adjourn

Note to Attendees:
This meeting will be held on the LNL site. To reach

the Laboratory from the San Francisco Area, proceed east
on 1-580 past Livermore to the Vasco Rd. exit; south to
East Ave.(2 miles); east .1 miles to entrance. Enter
Bldg. 123 (Auditorium) just north of West Badge Office.
Visitor parking is limited, park in any non-carpool space
in the main West Lot.



Enclosure 3

Vugraphs

NNWSI/NRC Waste Package Meeting

July 23, 1985



WASTE FORM TESTING

- SPENT FUEL -

VIRGINIA OVERSBY

APPROACH TO TESTING AND RESULTS T DATE

ISOTOPES OF CONCERN

RELEASE RATES

CLADDING DEGRADATION

FUEL OXIDATION



PERFORMANCE OBJECTIVES SET DOWN IN

10 CFR 60 REGULATIONS

1; FOR THE FIRST 300 TO 1000 YEARS AFTER CLOSURE, CONTAINMENT

OF THE RADIONUCLIDES SHALL BE SUBSTANTIALLY COMPLETE.

2. FOR THE PERIOD FOLLOWING THE CONTAINMENT PERIOD, THE

RELEASE RATE OF RADIONUCLIDES FROM THE ENGINEERED BARRIER

SYSTEM SHALL BE CONTROLLED SO THAT RELEASE IS LIMITED TO

LESS THAN 1 PART IN 100,000 OF THE 1000 YEAR INVENTORY OF

ACTIVITY PER YEAR.

ENVIRONMENTAL PROTECTION AGENCY REQUIREMENTS

RELEASE OF RADIONUCLIDES TO THE ACCESSIBLE ENVIRONMENT MUST BE

LESS THAN THE LIMITS PRESCRIBED BY THE EPA. THESE ARE LISTED

ON A NUCLIDE SPECIFIC BASIS, AND ARE MET AUTOMATICALLY FOR ALL

NUCLIDES EXCEPT AM AND P ISOTOPES IF RELEASE RATES ARE LESS

THAN ONE PART IN 100,000 PER YEAR FROM THE ENGINEERED BARRIER

SYSTEM.



TABLE 1 RELEASE LITS FOR CONTAINMENT EQUIREMENTS

(Cuculative Releaaes to the Accessible Evironment

for 10,000 Years After Disposal)

Radionuclide
Release Limit per
1000 MTHM or other

unit of waste
(curies)



PWR SPENT FUEL ASSEMBLY
RADIONUCLIDE INVENTORIES

AT 1000 YEARS(a)

% OF TOTAL
1000-YEAR
ACTIVITYRADIONUCLIDE(b) CUMULATIVE %

Am-241
Am-243

Pu-240
Pu-239
Pu-242
Pu-238

Tc-99

Ni-59
Ni-63
Zr-93

Nb-94
C-14

U-234



PWR SPENT FUEL ASSEMBLY
RADIONUCLIDE RELEASE per 1000 MTIHM



Candidates for Sorption, Solubility, or Isotope Exchange Control

Element

Americium

Plutonium

Technetium

Nickel

Zirconium

Niobium

Carbon

Uranium

Neptunium

Tin

Factor to reduce ratio to 005

1680

8680

2.4

8.2

5.8

2.4

14.8

36

18.8

1.4



BASIS FOR RELATING LABORATORY MEASUREMENTS TO NRC - EPA REQUIREMENTS

1. DETERMINE ANNUAL RELEASE RATE FROM WASTE FORM.

2. MODEL RESULTS FROM RELEASE RATE TESTING TO ALLOW EXTRAPOLATION TO LONGER
TIMES.

3. IF RESULT FROM STEP 2 SHOWS RELEASE IS ALWAYS LESS THAN 1 PART IN 105
PER YEAR, NRC REQUIREMENT IS MET.

4. IF NRC REQUIREMENT IS MET, THE EPA REQUIREMENT IS MET AT THE BOUNDARY OF
THE ENGINEERED BARRIER SYSTEM FOR ALL NUCLIDES EXCEPT A241, A243,
PU-239, P-240, Pu-242.

5. Do SORPTION STUDIES ON PU, AM AND NP TO DETERMINE THE DISPERSION AND
RETARDATION OF THOSE NUCLIDES ALONG THE PATH TO THE ACCESSIBLE ENVIRONMENT.

6. MODEL TRAVEL PATH AND TRAVEL TIMES FOR WATER PLUS SORPTION RESULTS FOR AM,
PU AND NP TO SHOW THAT EPA REQUIREMENTS ARE MET.



Uertical Emplacement





THREE PART SOURCE
for SPENT FUEL

TERM

1.

2.

Elements controlled by matrix
dissolution, such as
Np.

by matrix
Pu Am

Elements present in the pellet
cladding gap. Release will be
immediate upon breach of cladding
for gases and nearly immediate
upon contact with water for
others such as Ts, Cs I.

3. Elements
into air
such as

that can be released
without water present,

C-14 from metal parts.



TEST METHODS

SEMI-STATIC LEACH TESTS USING SPENT FUELS WITH VARIOUS
INDUCED CLADDING DEFECTS OR STATES OF DEGRADATION WHICH
MAY OCCUR DURING LONG TERM NNWSI REPOSITORY STORAGE

MEASURE RADIONUCLIDE RELEASE

- PERIODIC SOLUTION SAMPLES (UNFILTERED, 0.4 pm FILTERED,
AND 18A FILTERED)

- FUSED QUARTZ ROD SAMPLES

- TEST VESSEL AND APPARATUS 8m HNO3 STRIP SAMPLES

- RINSE SAMPLES

- RADIOCHEMISTRY: pH, U. 239+ 240 pu, 241Am, 244Cm, 237Np, 99 Tc, 14C,
1291 NAA), AND GAMMA SPECTROMETRY 137 Cs,...)

POST-TEST SAMPLE ANALYSES

- RADIOMETALLURGY

- ELECTRON MICROSCOPY

HEDL 802 021.8



TEST APPARATUS

BARE FUEL TEST DEFECTED AND UNDEFECTED
CLADDING TESTS



TEST SPECIMENS

O BARE FUEL WITH SPLIT CLADDING

SLIT DEFECT, 150 um WIDE BY 2 cm LONG

HOLE DEFECTS, TWO LASER DRILLED HOLES 200
um DIAMETER

UNDEFECTED ROD SEGMENTS

SPECIMENS WERE PREPARED FROM 12.7 cm LONG PWR
SPENT FUEL ROD SEGMENTS

HEDL 0-186.11



TEST SERIES

SERIES 1 - TURKEY POINT FUEL IN DEIONIZED WATER (250C) RUN 250DAYS RESTARTED IN FRESH DEIONIZED WATER AND RUN FOR
128 DAYS.

SERIES 2A - H.B. ROBINSON FUEL IN J-13 WELL WATER (250C), RUN 223DAYS, RESTARTED IN FRESH J-13 WELL WATER ON JANUARY 23, 1985.

SERIES 2B - TURKEY POINT FUEL IN J-13 WELL WATER (250C), RUN
181 DAYS, RESTARTED IN FRESH J-13 WELL WATER ON FEBRUARY
6, 1985.

SERIES 3 - H.B. ROBINSON FUEL IN J-13 WELL WATER AT 70-90C.
START JUNE 1985.

SERIES 4 - USE PARTIALLY OXIDIZED SPENT FUEL, START IN FY-1986.

FUTURE TESTS

- DIFFERENT FUELS, SUCH AS BWR AND HIGH FISSION
GAS RELEASE FUEL

- INCLUDE TUFF ROCK

HEDL 852021.6



CHARACTERISTICS OF H.B. ROBINSON UNIT 2 AND
TURKEY POINT UNIT 3 FUELS

CHARACTERISTIC H.B. ROBINSON TURKEY POINT

FUEL TYPE

DISCHARGED

ESTIMATED BURNUP

FISSION GAS RELEASE

INITIAL ENRICHMENT

INITIAL PELLET DENSITY

ROD DIAMETER

CLADDING

SPECIMEN SECTION LENGTH

SPECIMEN FUEL LENGTH

PWR 15 x 15

MAY, 1974

31 MWd/kgM

0.2%

2.55 wt% 2 35U

92% TD (U02 )

10.7 mm

ZIRCALOY-4

5 INCHES

5 INCHES

PWR 15 x 15

NOVEMBER, 1975

27 MWd/kgM

0.3%

2.559 wt% 235U

92% TD (UO2)

10.7 mm

ZIRCALOY-4

5 INCHES

2-3 INCHES

HEDL S3-151.2



URANIUM IN UNFILTERED SOLUTION -TURKEY POINT FUEL IN J-13 WATER



URANIUM CONCENTRATION IN J-13 WATER
BARE FUEL INITIAL AND RESTART



137Cs IN UNFILTERED SOLUTION



SOLUTION CHEMISTRY* FOR
THE H.B. ROBINSON BARE FUEL

TEST IN J-13 WATER



pH IN BARE FUEL TESTS



EFFECTS OF FILTRATION ON 223-DAY J-13/HBR AND
202-DAY DIW/TP BARE FUEL TEST SOLUTION SAMPLES



H.B. ROBINSON FUEL IN J13 WATER
URANIUM RELEASE DATA (ug)



Table 1: Uranium release data for Turkey Point Fuel in J-13 water,
All units in micrograms U except for fractional release,

Bare Fuel Slit Defect Hole Defects Undefected

Total Solns, 350.5 35,8 2.26 0.76

Total Rods 15.4 0.5 0.19 0.10

Final Soln. 1000 212.5 7,25 2.00

Water Rinse 366 10.2 0.60 0.60

Acid strip 960 15,9 2,70 0,30

Total 2691.9 274,9 13,0 3.8

Fractional 11.67 0,65 0,03 0,011



RELEASE DATA FOR H.B. ROBINSON BARE FUEL
IN J-13 WATER (nCi)



Table 2: Bare Fuel release data for Turkey Point Fuel in J-13 water
All units in nanocuries except for fractional release,



1291 MEASURED IN J-13/HBR SOLUTION SAMPLES

TEST DAYS



SPECIMEN INVENTORY ESTIMATED AT 28 uci IN THE FUEL AND
10 Ci IN THE CLADDING BASED ON SINGLE SPECIMEN ANALYSIS.

IIEDL 854 089.1

SLIDE 14. C Measured in J13/HBR Solution.



Table 4: Summary of fractional release data for all sample types.
Units are parts in 100,000 of the inventory in the test
specimen, DIW/TP Turkey Point fuel in deionized
water (Wilson, 1985), J-13/HBR H. B. Robinson fuel
in J-13 water (Wilson and Oversby, 1985).



WASTE FORM TESTING

SPENT FUEL

- CONTINED -

MODELING OF RELEASE MECHANISMS COMPARISON

WITH PERFORMANCE OBJECTIVES

PLANNED TESTING

DISCUSSION OF FUEL POPULATION

PROPOSED TEST MATRIX - TEST MATERIALS

ADEQUACY OF SAMPLING



ASSUMPTIONS FOR RELEASE RATE CALCULATIONS

1. Cbon-14 release begins as soon as air enters container,

Two release rates: Initial pulse of about 0.2 of
inventory Kill be controlled by rate of container beach.

Further release is controlled by Zircaloy and spent fuel
oxidation and dissolution rates.

2. Cesium-135 release rate ill consist of 2 components.

Gap-grain boundary release, approximated by the fission
gas release for the fuel.

Use 0.5 gas release and cladding break rate of
0.1 per yer.

Bulk of inventory ill have release rate controlled by
the matrix dissolution rate.

3. Technetium and iodine,

Some inital preferential release, but less than that
for cesium. For initial model use cesium release rate
as upper bound for c and I.

4. Activation products.

Controlled by the dissolution rate of the matrix
(Zircaloy, Inconel, Stainless steel)

5, All other elements.

Controlled by the dissolution rate of the U2 matrix



CALCULATION OF MATRIX DISSOLUTION RATE

MODEL ASSUMPTIONS

1. Dissolution Rate controlled by Uranium
solubility of 5 ppm,

Basis: Ambient temperature spent
fuel dissolution in J13
water.

2. Semi-Static dissolution conditions with
40 liters of fresh ater replacing same
volume of Uranium-saturated ater each
year,

Basis: nfilitration rate of 1 m/y,
Vertical emplacement geometry
All water reaching open area
collects in emplacement hole

3. Fuel to water ratio is 1.7 kg/l.

Basis: Emplacement hole does not drain,
All open volume in hole fills
with water.



RESULTS

Initial Dissolution

1.74 Kg fuel/liter of water

Dissolution 5 mg of U02/liter of water

Years to fill void volume 1800 1/ 40 1 per year

= 45 years

Rate 5 mg/1.74 kg in 45 years

6.4E-08 per year

Subsequent dissolution

40 liters of ater per year

3140 kg U2 per package

Rate (5 mg/l 40 1 ) / 3140 kg

6.4E-08 per year



CESIUM RELEASE RATE CALCULATION

MODEL ASSUMPTIONS

1, Following cladding breach, the release rate is 0.5%
for the first year and decreases by 1 order of magnitude per
year until the matrix dissolution rate of 6 x 10-8 per
year is reached.

2. Cladding breach rate is 0.1 per year,

RESULTS

First year - 0,001 x 0.005 = 5 x 10-6 per year

Second year - 0.001 x 0.005 0.001 x 00005 5.5 x 10-6 per year

Third year - 0001 x 0005 0.001 x 00005 + 0.001 x 0.00005

5.55 x 10-6 per year

Etc,

Release rate will be about 5.55 x 10-6 per year until all
cladding is breached. (Under the model assumptions, this ill
take 1000 years). Then rate will drop to the matrix dissolution
rate.



IMPLICATIONS OF A RLEASE RATE OF 1 PART IN 10,000,000 PER YEAR

PWR SPENT FUEL ASSEMBLY RADIONUCLIDE RELEASE per 1000 MTIHM



Candidates for Sorption, Solubility, or Isotope Exchange Control

Element Factor to reduce ratio to 0.05

Americium 20

Plutonium 80



TEST SERIES FOR DETERMINING THE CONTROL OF RELEASE RATE
FROM SPENT FUEL WHICH IS CONTAINED IN ZIRCALOY WITH MINOR DEFECTS

Completed: (250C)

DETERMINE THE RELATIVE RELEASE RATE FROM BARE FUEL VS. FUEL IN
ZIRCALOY CLADDING WITH PIN HOLE AND SLIT DEFECTS IN DEIONIZED WATER.

IN PROGRESS:

CONDUCT CORROSION TESTS IN YUCCA MOUNTAIN GROUNDWATER TO DETERMINE

THE DEGRADATION RATE OF THE DEFECTS IN CLADDING (900C).

CONDUCT RELATIVE RELEASE RATE TESTS IN REFERENCE GROUNDWATER (250C).

DETERMINE OXIDATION RATE FOR SPENT FUEL UNDER REPOSITORY CONDITIONS.



TEST SERIES FOR DETERMINING THE CONTROL OF RELEASE RATE
FROM SPENT FUEL WHICH IS CONTAINED IN ZIRCALOY WITH MINOR DEFECTS

PLANS:

DETERMINE DEPENDENCE OF RELEASE RATE ON FUEL TO WATER RATIO.

INVESTIGATE RELEASE RATE FROM BWR AND HIGH GAS RELEASE FUEL RODS.

CONDUCT CORROSION TESTS OF ZIRCALOY UNDER CONDITIONS RELEVANT TO

INTACT CONTAINMENT BARRIER WITH WATERLOGGED FUEL PIN.

CONDUCT TESTS AT HIGHER TEMPERATURES TO DETERMINE VARIATION OF
RELEASE RATE WITH TEMPERATURE.

CONDUCT STRESS CORROSION CRACKING TESTS ON IRRADIATED ZIRCALOY

CLADDING.

CONDUCT RELEASE RATE TESTS USING OXIDIZED SPENT FUEL.



WHY STUDY SPENT FUEL OXIDATION?

U02 409 U307 U308 UO3

U02 WILL OXIDIZE TO U0 3 UNDER TUFF REPOSITORY
CONDITIONS GIVEN ENOUGH TIME

LOWER DENSITY U 30 8 FORMATION CAN SPLIT
CLADDING AND EXPOSE MORE FUEL TO
GROUNDWATER

HIGHER OXIDES OF U02 MAY LEACH FASTER
THAN U0 2

HEDL 85O32.7



OUTSTANDING QUESTIONS

RATE OF OXIDE FORMATION AND MIXTURE OF
PHASES AS FUNCTION OF TIME AND TEMPERATURE

OXIDATION MECHANISMS OPERATIVE AT REPOSITORY
TEMPERATURES

EFFECT OF HUMIDITY AND FUEL VARIABILITY ON
LONG-TERM, LOW-TEMPERATURE MECHANISMS

RADIOLYSIS EFFECTS IN MOIST INERT HIGH
TEMPERATURE ATMOSPHERES

HEDL 60-032.2



RE 1. Phase Diagram for Uranium-Oxygen System Adapted from References
15 and 16.

3.0



POSSIBLE OXIDATION MECHANISM

GRAIN BOUNDARY DIFFUSION

BULK DIFFUSION

NUCLEATION AND GROWTH

CRITICAL OXIDE LAYER THICKNESS

MANY OTHERS

HEDL 8502032.4



TGA SYSTEM



TABLE 3
TEST PARAMETERS



TGA TEST SAMPLE WEIGHT CHANGES



EXAMINATION TECHNIQUES

CERAMOGRAPHY

SEM

X-RAY DIFFRACTION

ELECTRON MICROPROBE

ION MICROPROBE

GAS ANALYSIS

HEDL 8502-032.5



PRELIMINARY CONCLUSIONS FROM
INITIAL TGA TESTING

TGA SYSTEM SUFFICIENTLY STABLE FOR OXIDATION
STUDIES

SIZE OF SAMPLE DOES NOT APPEAR CRITICAL. GRAIN
BOUNDARY DIFFUSION OPENS MOST GRAIN
SURFACES TO OXIDIZING ATMOSPHERE

3 TO 16,000 ppm MOISTURE CONTENT OF AIR HAS
ONLY MINOR EFFECT ON SHORT-TERM OXIDATION
RATES



ZIRCALOY CLADDING CORROSION

H.D. SMITH

WESTINGHOUSE HANFORD COMPANY

GALVANIC CORROSION
AND CREVICE CORROSION

CRUD

ZIRCALOY CLADDING

UNIFORM CORROSION

STRESS CORROSION



OBJECTIVES

IDENTIFY ACTIVE CORROSION PROCESSES ON
ZIRCALOY SPENT FUEL CLADDING UNDER TUFF
REPOSITORY CONDITIONS

ESTABLISH CORROSION RATES (OR UPPER BOUNDS)
FOR POTENTIAL CORROSION PROCESSES. FOR SCC,
STRESS INTENSITY FACTOR THRESHOLD VALUES ARE
TO BE DETERMINED.

HEDL 8602-022.5



OVERVIEW OF APPROACH

1. ANALYZE ENVIRONMENTAL TIME LINE OF THE
REPOSITORY FOR CRITICAL CORROSION
ENVIRONMENTS.

11. IDENTIFY POTENTIAL CORROSION MECHANISMS.

111. DEVELOP BASIC EXPERIMENTS TO EVALUATE
CLADDING CORROSION IN THE CRITICAL
ENVIRONMENTS.

IV. PLAN AND IMPLEMENT EXPERIMENTAL PROGRAM TO
EVALUATE CORROSION IN THE CRITICAL
REPOSITORY ENVIRONMENTS.

HEDL 852-022.6



EXPECTED - RADIATION - PRESSURE - TEMPERATURE -

TIME RELATIONS IN A TUFF REPOSITORY



CORROSION ENVIRONMENTS



CORROSION TEXT MATRIX



PLANNED CORROSION EXPERIMENTS

ELECTROCHEMICAL

1. SCOPING EXPERIMENT

EXPOSE DEFUELED CLADDING TO PERIOD 111
ENVIRONMENT
PRODUCE BASELINE DATA, REFINE TECHNIQUE

2. PERIOD 111 ENVIRONMENT

EXPOSE FUELED CLADDING

3. PERIOD 11 ENVIRONMENT

EXPOSE FUELED CLADDING USING AUTOCLAVE

HEDL 8502-022.7



CORROSION CELL (NOT TO SCALE)



ELECTROCHEMICAL CORROSION SCOPING
TEST RESULTS



FIGURE 5. Schematic Cross Section of the Autoclave with the Spent Fuel Cladding Bundle
in Place.



PLANNED CORROSION EXPERIMENTS

STRESS CORROSION CRACKING

1. SCOPING EXPERIMENT

STRESS DEFUELED CLADDING IN PERIOD 111
ENVIRONMENT

PRODUCE BASELINE DATA USING "C-RING" SYSTEM

2. PERIOD 111 ENVIRONMENT

EXPOSE PRESSURIZED FUELED CLADDING

3. PERIOD 11 ENVIRONMENT

EXPOSE PRESSURIZED FUELED CLADDING USING
AUTOCLAVE

HEDL 85O 022.8



"C-RING" CLADDING SPECIMEN



"C-RING" STRESS CORROSION CRACKING EXPERIMENT



NNWSI PROJECT/NRC WASTE PACKAGE TECHNICAL MEETING

UPDATE ON DESIGN, FABRICATION, PROTOTYPE TESTING

(WBS 2.2.4)

EDWARD W. RUSSELL

JULY 23, 1985



KEY SITE ENVIRONMENTAL CHARACTERISTICS

TO THE OVERALL DESIGN APPROACH

THE PROPOSED REPOSITORY HORIZON IS LOCATED IN THE UNSATURATED ZONE

SEVERAL HUNDRED FEET ABOVE THE WATER TABLE IN A RELATIVELY STRONG

ROCK THAT DOES NOT EXHIBIT SIGNIFICANT CREEP PROPERTIES AT PLANNED

REPOSITORY TEMPERATURES.

THE ANTICIPATED FLUX OF WATER MIGRATING FROM THE SURFACE TOWARD THE

WATER TABLE IS EXTREMELY SMALL ( <1 MM/YEAR), WITH THE PRINCIPAL FLOW

OCCURRING IN THE ROCK MATRIX.

THE WATER CHEMISTRY IS EXPECTED TO BE REASONABLY BENIGN; THE PH IS

7-8 AND THE IONIC STRENGTH IS LOW. THE PRINCIPAL DISSOLVED SOLIDS

ARE BICARBONATES AND THE CHLORIDE CONCENTRATION IS A FEW PPM.



GIVEN THIS ENVIRONMENT,

SEVERAL WASTE PACKAGE DESIGN PARAMETERS ARE SUGGESTED

THE LONG-LIFE DISPOSAL CONTAINER IS NOT REQUIRED TO RESIST

SIGNIFICANT EXTERNAL HYDROSTATIC OR LITHOSTATIC PRESSURE LOADS.

THE LOW WATER FLUX WILL RESULT IN A NEARLY DRY LOCAL ENVIRONMENT

AROUND THE CONTAINER AS LONG AS THE ROCK TEMPERATURE EXCEEDS ABOUT

100°C. THE CORRODING FLUID IS STEAM OR HUMID AIR DURING THIS PERIOD.

AFTER THE LOCAL TEMPERATURE DECLINES TO <1006C, LIQUID WATER CAN

AGAIN CONTACT THE CONTAINER, BUT ONLY IN LIMITED AMOUNTS THE WATER

CHEMISTRY IS COMPATIBLE WITH CORROSION RESISTANT MATERIALS SUCH AS

AUSTENITIC STAINLESS STEELS.



REFERENCE VERTICAL EMPLACEMENT DRIFT AND BOREHOLE CONFIGURATION

(SNL84-2242, DRAFT).



HORIZONTAL EMPLACEMENT DRIFT AND BOREHOLE CONFIGURATIONS

(SNL84-2242, DRAFT)



CONCEPlUAL DESIGN REPORT (UCRL-53595)

REFERENCE DESIGNS (NOVEMBER, 1984)



SINCE NOVEMBER, 1984, DESIGN STUDIES HAVE BEEN UNDERWAY PREPARATORY TO THE

FORMAL INITIATION OF THE ADVANCED CONCEPTUAL DESIGN PHASE.

THE ADVANCED CONCEPTUAL DESIGN CRITERIA (UCID-20449) WHICH IS UNDERGOING

HEADQUARTERS' REVIEW, IS THE PREREQUISITE TO INITIATION OF THIS DESIGN PHASE.



Waste Package Design Studies for Spent Fuel



NUCLEAR WASTE PACKAGE



NUCLEAR WASTE PACKAGE



NUCLEAR WASTE PACKAGE



COS1-EFFECTIVENESS CONSIDERATIONS

MINIMIZE THE QUANTITY OF PREMIUM MATERIAL REQUIRED.
MINIMIZE COMPLEX FORMING OR JOINING OPERATIONS, ESPECIALLY THOSE TO

BE CONDUCTED REMOTELY (HOT CELL OPERATIONS).

MINIMIZE THE NEED FOR CLOSE FABRICATION TOLERANCES.

MINIMIZE THE NUMBER OF DESIGNS REQUIRED;TO ACCOMMODATE THE VARIOUS

WASTE FORMS AND CONFIGURATIONS.



A POTENTIALLY SIGNIFICANT DESIGN FEATURE

ELIMINATES MULTIPLE SETS OF SURFACE AND UNDERGROUND HANDLING EUIPMENT

PERMITS STANDARDIZATION OF EMPLACEMENT HOLE AND LINER SIZES.

BUI, OPTIMIZATION OF CONTAINER TEMPERATURE HISTORIES AND TRANSPORTATION

CONSIDERATIONS COMPATIBLE WITH POSSIBLE MRS OPERATING SCENARIOS MAY INVOLVE A

SMALLER DIAMETER CONTAINER FOR SPENT FUEL (THAN FOR WV/DWPF PACKAGE).



STRUCTURAL ANALYSIS

TO DETERMINE IF REGULATORY REQUIREMENTS WILL BE MET UNDER NORMAL AND

ACCIDENT CONDITIONS; STRUCTURAL ANALYSIS MUST ADDRESS LARGE

DEFORMATION, INELASTIC STATIC AND DYNAMIC RESPONSES OF THE DISPOSAL

CONTAINER TO PLAUSIBLE REPOSITORY OPERATING SCENARIOS.

DYNA3D, A THREE-DIMENSIONAL FINITE ELEMENT COMPUTER CODE (J. 0.

HALLQUIST, 1982), IS BEING USED.



SPENT FUEL DISPOSAL CONTAINER DESIGN STUDY

FULLY LOADED HORIZONTALLY ORIENTATED CONTAINER (66-CM DIAMETER)

DROPPED 7 FEET ONTO A MILD STEEL SQUARE TUBE (4 IN X 1/4 IN WALL). THE

TUBE AXIS AT RIGHT ANGLES TO THE CONTAINER AXIS, WITH IMPACT OCCURRING AT

THE CONTAINER MIDPOINT.



TEST PROBLE FOR CANISTER DROP - LUMPED MASS WITH RAIL
TIME = 0.



TEST PROMBLEM CANISTER DROP - LUMPED MASS WITH ALL



CASK DROP ON RAIL



U.S. DEPARTMENT OF ENERGY

OUR RESULTS INDICATE THAT FAILURE PROBABLY WILL NOT OCCUR FOR THE

AFOREMENTIONED HARSH ACCIDENT-SCENARIO SIMULATION.

FUTURE STRUCTURAL MODELING WILL INVOLVE INCORPORATING MORE DETAIL TO THE

INTERNAL COMPARTMENTATION AND UPDATING OUR DESIGN TO REFLECT CURRENT MRS

OPERATING SCENARIOS.



U.S. DEPARTMENT OF ENERGY

THERMAL ANALYSES OF SPENT
FUEL WASTE PACKAGES

WERNER STEIN

23 JULY 1985



U.S. DEPARTMENT OF ENERGY

PRESENTATION WILL DISCUSS:

CURRENT APPROACH

PREVIOUS APPROACH

ANALYSIS RESULTS FOR CURRENT DESIGN



THERMAL ANALYSES ARE NECESSARY TO PREDICT:

PEAK SPENT FUEL CLADDING TEMPERATURE

NOT EXCEED 3500C

CONTAINER WALL TEMPERATURE

PREDICT CORRODING FLUID STATE

TUFF SURROUNDING TEMPERATURES

HYDROLOGIC BEHAVIOR





REPOSITORY LAYOUT FOR VERTICAL CONTAINER EMPLACEMENT.



U.S. DEPARTMENT OF ENEROY

CURRENT DISPOSAL CONTAINER DESIGN STUDY

66 CM DIAMETER
INNER COMPARTMENTS

o SIX ALONG CAN WALL

o CENTRAL REGION

STORE FUEL RODS OR NON-FUEL HARDWARE



Consolidated spent fuel rods
or non fuel assembly hardware



THERMAL MODELING APPROACH

o PREVIOUS MODEL APPROACHES USED 2-D MODEL WTH A:

MODIFIED MESH TO ACCOUNT FOR 3-D
HOURGLASS MODEL"

o RESULTED IN HIGHER BOREHOLE WALL TEMPERATURE

APPROACH REPLACED BY CURRENT, IMPROVED TECHNIQUE

TWO PARTS TO CALCULATIONS

o 3-D MODEL OF BOREWALL & SURROUNDING TUFF
HEAT SOURCE INSIDE BOREHOLE

o OBTAIN BOREHOLE WALL TEMP. HISTORY

2-D MODEL OF CONTAINER INSIDE BOREHOLE
APPLY 3-D MODEL WALL TEMPERATURE HISTORY AS A BOUNDARY
CONDITION
3-D CALCULATION SHOWS THAT 2-D MODEL IS SATISFACTORY



3-D MODEL OF TUFF"

o TACO-3D COMPUTER CODE (W. E. MASON, SAND83-8212)
FINITE ELEMENT MESH
REQUIRES DATA FOR SOIL

DENSITY
THERMAL CONDUCTIVITY
SPECIFIC HEAT

TUFF THERMAL PROPERTIES VARY WITH TEMPERATURE
o BELOW 100°C - 80% WATER SATURATED

ABOVE 1000C - DRY TUFF CONDITIONS
PROPERTIES FROM SNL KEYSTONE 6310-85-1



3-D MODEL OF TUFF

o 25 C AMBIENT TUFF TEMPERATURE

HEAT SOURCE INSIDE BOREHOLE VOLUME

POWER VARIES WITH DECAY CURVE

ISOTROPIC MATERIAL OF HIGH

CONDUCTIVITY TO RESULT IN UNIFORM

BOREHOLE WALL TEMPERATURE



2-D MODEL OF WASTE PACKAGE

o TAC02D COMPUTER CODE (. J. BURNS, UCID-17980)

TEMPERATURE DEPENDENT THERMAL PROPERTIES

APPLY 3-D) MODEL TEMPERATURE BOUNDARY CONDITION

MODEL THE SPENT FUEL, INTERNAL FRAME, & AIR
SPACES

SPENT FUEL MODELED AS AN ISTOTROPIC MATERIAL
EQUIVALENT THERMAL CONDUCTIVITY

R. L. COX, ORNL-5239
BASED ON ANALYSIS



SPENT FUEL CONDUCTIVITY

RECENT REPORT BY BATELLE SHOWS CONDUCTIVITY IS
HIGHER THAN GIVEN BY COX

EPRI NP-3764

BASED ON ANALYSIS

PRELIMINARY EXPERIMENTAL VERIFICATION OF
BATELLE ANALYSES ARE GOOD.

o MAY RESULT IN LOWERING PEAK CLADDING
TEMPERATURE BY - 30°C



ANALYTICAL RESULTS FOR A DESIGN STUDY

o 60 CM CONTAINER

3610 WATTS DECAY POWER
10 YEAR OUT-OF-CORE FUEL
19 ASSEMBLIES BWR FUEL

8 M CAN PITCH & 100 FT DRIFT PITCH

MESH AS SHOWN

PEAK CLADDING TEMPERATURE IS 2960C
o PEAK CONTAINER TEMP. IS 1930C

PEAK BORE HOLE TEMP. IS 1710C



FUEL



U.S. DEPARTMENT OF ENEROY



U.S.DEPARTNENT OF EROY

SMALLER DIAMETER WASTE PACKAGE

MODIFICATION OF INNER STRUCTURE COMPATIBLE WITH MRS OPERATING

SCENARIOS AS THEY DEVELOP.

EFFECTS OF SPENT FUEL AGE (5-25 YEARS OUT OF REACTOR).

EFFECTS OF HIGHER BURN-UP SPENT FUEL.



CONTAINER MATERIAL TESTING PRESENTATION

AT NNWSI/NRC WASTE PACKAGE MEETING

JULY 23, 1985

INTRODUCTION, ENVIRONMENT, CANDIDATE MATERIALS, CORROSION MODELS

R. D. MCCRIGHT

LOCALIZED CORROSION TESTING, IRRADIATION EFFECTS, ELECTROCHEMICAL TESTING

R. S. GLASS

STRESS CORROSION TESTING, METALLURGICAL PHASE STABILITY, ALLOY EFFECTS

M. C. JUHAS

SUMMARY, FUTURE PLANS, SCHEDULES

R. D. MCCRIGHT



ELEMENTS OF 1OCFR60 WHICH PERTAIN DIRECTLY TO CONTAINER MATERIAL SELECTION

AND PROCESS SPECIFICATION

REQUIREMENT

1. CONTAIN THE WASTE

FOR 300-1000 YEARS

MATERIAL PROPERTIES AFFECTED

1. OVERALL CORROSION/OXIDATION RESISTANCE OF

CONTAINER MATERIAL: WELDABILITY OF

CONTAINER MATERIAL TO ACHIEVE HIGH-INTEGRITY

WELD.

2. MAINTAIN RETRIEVABILITY

FOR 50 YEARS AFTER EMPLACEMENT

3. NO COMPROMISE OF LONG-TERM

PERFORMANCE FROM EXPECTED

TRANSPORTATION HANDLING,

EMPLACEMENT SEISMIC LOADS

4. SURVIVE "DROP TEST"

(FALL 2 HEIGHT ON UNYIELDING

SURFACE AT MINIMUM ANTICIPATED

TEMPERATURE)

5. SURVIVE "FIRE TEST"

(30 MINUTES AT 8000C)

2. COMPATIBILITY OF CONTAINER MATERIAL

AND BOREHOLE LINER MATERIAL.

3. MECHANICAL PROPERTIES, E.G. YIELD

STRENGTH, TENSILE STRENGTH. IMPACT

STRENGTH.

4. IMPACT STRENGTH AT "LOW TEMPERATURES".

5. "HIGH TEMPERATURE" YIELD STRENGTH.



ADDITIONAL DESIRABLE WASTE PACKAGE DESIGN FEATURES

USE STANDARDIZED COMPONENTS WHENEVER POSSIBLE

EMPHASIZE SIMPLICITY AND EASE OF FABRICATION

BE TECHNICALLY CONSERVATIVE

USE CONVENTIONAL MATERIALS AND FABRICATION TECHNIQUES

BE COMPARABLE WITH ALL WASTE PROCESSING TRANSPORTATION, AND EMPLACEMENT

OPERATIONS

BE COST EFECTIVE WITHOUT COMPROMISING DESIGN REQUIREMENTS

USE COMMON CONTAINER DIAMETERS AND LENGTHS FOR VARIOUS WASTE FORMS WHEN

POSSIBLE



ENVIRONMENTAL PARAMETERS IMPORTANT

TO CORROSION

1 PHYSICAL STATE OF CORROSION MEDIUM

2. COMPOSITION

3. TEMPERATURE

4. PRESSURE

5. pH

6. OXYGEN POTENTIAL

7. FLOW RATE

8. RADIATION



EXPECTED INITIAL ENVIRONMENT

(BEFORE WASTE EMPLACEMENT)

1. PHYSICAL STATE OF FLUID MEDIUM-

TWO-PHASE, MOIST AIR-LIQUID WATER, 65 19% SATURATION

2. COMPOSITION

A. SOLID

ROCK - WELDED, DEVITRIFIED TUFF WITH ABOUT 14%

POROSITY AND NUMEROUS FRACTURES

MINERALS - QUARTZ, CRISTOBALITE, FELDSPARS, AND OTHERS

CHEMICAL COMPOSITION (R. A. ZIELINSKI, USGSOFR-83-480):

OXIDE

S102

AL203

K20

NA20

FE203

CAO

MGO

TiO2

MNO

Loss ON IGNITION

APPRox. WT.

75.2

12.4

4.8

3.1

1.8

0.5

0.2

0.1

0.06

1 .0

TOTAL 99-16



EXPECTED INITIAL ENVIRONMENT
(CONT'D-)

2. COMPOSITION (CONT'D.)

B. GAS AIR (100% REL. HUMIDITY)

C. LIQUID VADOSE WATER WITH DISSOLVED SOLIDS

AND GASES.

J-13 WELL WATER

(IC, ICP-OES, & TECHNICON AUTOANALYZER)

SPECIES

HCO3

SO4

N03

CL

F

NA

CA

K

MG

SI





EXPECTED INITIAL ENVIRONMENT
(CONT'D )

3. TEMPERATURE



Figre 15. Temperature histories of waste package components and host rock for horizontally emplaced
precosoldated (boxed) PWR spent fuel (caes 22).

Figure 16. Temperature histories of waste package components and host rock for horizontally emplaced
WV/DHIW canister (cae 2).
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THERMAL AND PHYSICAL CHANGES EXPECTED TO

BE CAUSED BY WASTE EMPLACEMENT

1. TEMPERATURE OF PACKAGE SURFACE WOULD RISE TO A MAXIMUM

AFTER 9 TO 40 YEARS AND WOULD THEN DECREASE.

2. PEAK TEMPERATURE WOULD NOT EXCEED 2700C.

3. BOILING POINT IS ABOUT 950C AT REPOSITORY ELEVATION

4. NO LIQUID WATER COULD EXIST NEAR PACKAGES FOR OVER 100 YEARS

FOR DEFENSE WASTES AND FOR OVER 1,000 YEARS FOR 10-YEAR-OLD

SPENT FUEL.

5. CORROSION MEDIUM WOULD BE SINGLE-PHASE AIR-STEAM MIXTURE FOR

AT LEAST. 100 YEARS FOR DEFENSE WASTES AND FOR THE ENTIRE

CONTAINMENT PERIOD FOR INITIALLY YOUNG SPENT FUEL

6. AFTER THE 95 C ISOTHERM MOVED BACK TO PACKAGES, CONDENSATION

COULD PRODUCE SOME LIQUID WATER NEAR THEM, AND INFILTRATION

OF VADOSE WATER COULD RESUME. A TWO-PHASE AIR-WATER MEDIUM

COULD EXIST.



WHEN LIQUID WATER RETURNS, HOW MIGHT ITS COMPOSITION

DIFFER FROM THAT OF THE INITIAL GROUNDWATER, AS A

RESULT OF THERMAL PROCESSES?

1. POSSIBLY HIGHER CONCENTRATION OF THE MORE SOLUBLE SPECIES,

BECAUSE OF RE-SOLUTION WITH LESS WATER OR BECAUSE OF

DISTILLATION

2. HIGHER S0 2 CONCENTRATION (PERHAPS BY A FACTOR OF 2)

3. HIGHER PH, BECAUSE C02 WOULD BE DRIVEN OFF, AND INORGANIC

CARBON EQUILIBRIUM WOULD SHIFT (PRESENCE OF GROUT WOULD

ALSO TEND TO INCREASE PH.)

4. LOWER CA AND MG CONCENTRATIONS, BECAUSE OF RETROGRADE

SOLUBILITIES OF THEIR CARBONATES.

5. POSSIBLE CONSEQUENCES FOR CORROSION:

A. HIGHER HALIDE ION CONCENTRATIONS (DETRIMENTAL)

B. LOWER BENIGN ION CONCENTRATIONS (DETRIMENTAL)

C. HIGHER PH (BENEFICIAL)

D. DEPOSITION OF CARBONATES ON PACKAGE SURFACE

(COULD BE EITHER BENEFICIAL OR DETRIMENTAL)



WHAT ARE ATTRACTIVEN CANDIDATE METALS?
WHAT ARE THEIR ADVANTAGES/LIMITATIONS?

CARBON STEELS

ALLOY STEELS

400 STAINLESS STEELS, HIGH CR FERRITIC

300 STAINLESS STEELS

HIGH NICKEL STAINLESS STEELS

NICKEL-BASE ALLOYS

Ti AND T-BASE ALLOYS, ZIRCONIUM

Cu-BASE ALLOYS



BASIS FOR SELECTION OF AUSTENITiC STAINLESS STEELS FOR REFERENCE CONTAINER
MATERIALS IN CONCEPTUAL DESIGN

EXCELLENT CORROSION/OXIDATION RESISTANCE IN AIR, IN STEAM, AND IN
NON-SALINE, NEAR-NEUTRAL PH WATER (FOR EXAMPLE, J-13 WELL WATER) IN
THE TEMPERATURE RANGE EXPECTED IN A TUFF REPOSITORY.

EXCELLENT FRACTURE TGHNESS (RESISTANCE TO IMPACT LOADS)
CONTAINERS READILY HANDLED AND EMPLACED IN THE REPOSITORY.

READILY FABRICATED AND WELDED - MANY CHOICES FOR PROCESSES
PROCESSES CAN BE EASILY ACCOMMODATED IN REMOTE HANDLING FACILITIES.



REFERENCE AND ALTERNATIVE CONTAINER MATERIALS FOR TUFF REPOSITORY --
CONCEPTUAL DESIGN LEVEL

AUSTENITIC STAINLESS STEELS SERVE AS REFERENCE MATERIALS,

PARTICULARLY:

TYPE 304L STAINLESS STEEL - MOST TESTING SO FAR HAS BEEN FOCUSED

ON THIS MATERIAL AS THE REFERENCE GRADE

TYPES 316L, 321 STAINLESS STEEL AND HIGH-NICKEL ALLOY 825 -

THESE ALTERNATIVE GRADES ARE MORE RESISTANT TO SPECIFIC

LOCALIZED/STRESS-ASSISTED FORMS OF CORROSION

COPPER AND COPPER BASE ALLOYS SERVE AS AN ALTERNATIVE ALLOY SYSTEM TO

THE STAINLESS STEELS



POSSIBLE NON-UNIFORM CORROSION DEGRADATION MODES IN AUSTENITIC
STAINLESS STEELS CAN BE PLACED INTO TWO CAUSATIVE CATEGORIES

DEGRADATION MODES CAUSED BY A "SENSITIZED MICROSTRUCTURE" WHICH

DEVELOPS FROM PROCESSING OR STORING THE CONTAINER AT AN ELEVATED

TEMPERATURE.

RESULT COULD BE INTERGRANULAR CORROSION OR INTERGRANULAR STRESS

CORROSION CRACKING.

CONTACT OF THE CONTAINER WITH AN AQUEOUS ENVIRONMENT WHICH IS

SIGNIFICANTLY MORE CONCENTRATED IN ELECTROLYTES THAN IS J-13 WELL

WATER.

RESULT COULD BE PITTING OR CREVICE CORROSION, OR TRANSGRANULAR

STRESS CORROSION CRACKING.

THESE POSSIBILITIES ARE ADDRESSED IN THE NEXT GROUP OF SLIDES.



LOCATIONS OF WELDS
WASTE CONTAINER

IN PROTOTYPE



Time-temperature-sensitization curves indicate
chromium carbide formation

700

Temperature



Localized corrosion of type 304 stainless steel in
water as a function of temperature and chloride
concentration





Alloy composition for reference and alternative
canister and overpack materials

Chemical composition (weight per cent)

Common alloy
designations

Carbon
(max)

Manganese
(max)

Phosphorus
(max)

Sulfur
(max)

Silicon
(max)

Chromium
(range)

Nickel
(range)

Other
elements

304L

316L

321

825

0.03

0.03

0.08

0.05

2.0

2.0

2.0

1.0

0.045

0.045

0.045

not
specified

0.03

0.03

0.03

0.03

1.0

1.0

1.0

0.5

18-20

16-18

17-19

19.5-23.5

8-12 N: 0.1 max

10-14 Mo: 2.0-3.0
N: 0.1 max

9-12 Ti: 5 X C min

38-46 Mo: 2.5-3.5
Ti: 0.6-1.2
Cu: 1.5-3.0
Al: 0.2 max



Alloy selection to solve localized/stress corrosion
problems with stainless steel

321
SS

Increasing
resis tance
to IG, IGSCC
(low temperature

sensitization)

Further
increasing
resistance to
pitting, crevice
attack, IG corrosion

Increasing resistance
to pitting, crevice
attack in concentrated
electrolytes







Cracking Susceptibility of Austenitic Stainless Steels



CONTAINER CLOSURE WELD PRESENTS TECHNICAL CHALLENGES

INTEGRITY OF WELD (CRACKS, POROSITY, PENETRATION)

ADVERSE EFFECT OF HEAT AFFECTED ZONE (HAZ) ON CONTAINER PERFORMANCE

RESTRAINTS IN MAKING CLOSURE WELD

WELD POST-WELD INSPECT REMOTELY

PRECLUDE POST-WELD HEAT TREATMENTS, STRESS RELIEFS

CONSIDERATIONS

HOMOGENEITY

DEPTH OF PENETRATION

H.A.Z. (SIZE, GRADIENT)

POSSIBLE WELD PROCESSES

GAS

GAS

GTA

METAL ARC (GMA)
TUNGSTEN ARC (GTA)
+ GMA

RESISTANCE

ELECTRON BEAM

LASER BEAM

PLASMA BEAM ARC

FRICTION



Table 78. General corrosion rates of candidate austenitic stainless steels
and stainless alloys n J-13 water at different temperatures



Corrosion Test Results for ROOi Temperature irradiated and
on-Irradiated 304L Coupons (3750 Hrs Exposure)



NNWSI COPPER TEST PLAN

COPPER DEVELOPMENT ASSOCIATION (CDA) -

INTERNATIONAL COPPER RESEARCH ASSOCIATION (INCRA)

RECOMMENDED LIST OF ALLOYS

ALLOY DESCRIPTOR COMMENTS

CDA 102 OXYGEN FREE, HIGH-

CONDUCTIVITY PURE

COPPER

ALUMINUM BRONZE

LOW STRENGTH, EXCEEDINGLY DUCTILE

MATERIAL, REFERENCE MATERIAL FOR SWEDISH

KBS SPENT FUEL CONTAINER PROGRAM IN

GRANITE.

MORE CORROSION RESISTANT THAN CURE CU IN

OXIDIZING ENVIRONMENTS.

CDA 613

CDA 715 70/30 CUPRONICKEL PROBABLY MOST CORROSION RESISTANT CU-BASE

ALLOY IN OXIDIZING ENVIRONMENTS.



TECHNICAL ISSUES ON USE OF CU AND CU-BASE ALLOYS AS NUCLEAR WASTE CONTAINER
MATERIALS FALL INTO THREE ENERAL CATEGORIES

1. COMPATIBILITY OF CU/CU ALLOYS WITH GEOCHEMICAL ENVIRONMENT

- RADIATION INDUCED GENERAL CORROSION (EFFECTS OF NITRATE,

AMMONIA, HYDROGEN PEROXIDE)

- LOCALIZED CORROSION (PITTING, CREVICE, SELECTIVE LEACHING OF

ALLOYS)

- STRESS CORROSION (RADIATION INDUCED EFFECTS OF AMMONIA)

2. COMPATIBILITY OF CU/CU ALLOYS WITH PROCESSES PROPOSED FOR FABRICATING

AND CLOSING NUCLEAR WASTE CONTAINERS

- LOWER STRENGTH METALS/ALLOYS, THICKER CONTAINERS

- WELDABILITY OF COPPER, ESPECIALLY IN THICK SECTIONS

- ALTERNATIVE FABRICATION TECHNOLOGIES. I.E.. HOT ISOSTATIC

PRESSING

3. COMPATIBILITY OF CU/CU ALLOYS WITH OTHER COMPONENTS IN WASTE PACKAGE

- GALVANIC EFFECTS BETWEEN CU AND ZIRCALOY CLADDING (SF)

- GALVANIC EFFECTS BETWEEN CU AND STAINLESS STEEL POUR CANISTER

(DHLW)

- EFFECTS OF COPPER CORROSION PRODUCTS ON GLASS AND ON SPENT

FUEL LEACHING



FORMS OF CORROSION TO CONSIDER IN EVALUATING CU/CU ALLOY CONTAINER

GENERAL CORROSION IN STEAM, IN J-13 WATER, WITH AND WITHOUT GAMMA
RADIATION FIELD

LOCALIZED CORRISION (PITTING AND CREVICE ATTACK)

SELECTIVE LEACHING OF THE ALLOYS

STRESS CORROSION CRACKING OF THE ALLOYS

EXPECTATIONS:

CORROSION RATE FOR PURE CU WILL INCREASE WITH THE CONCENTRATION OF
OXIDIZING SPECIES IN THE ENVIRONMENT

CDA 613, CDA 715 SHOULD BE MORE RESISTANT IN THE OXIDIZING
ENVIRONMENTS

LOCALIZED, STRESS CORROSION BEHAVIOR DIFFICULT TO PREDICT WITHOUT
SOME EXPERIMENTAL WORK ACTIVE/PASSIVE BEHAVIOR, RADIATION INDUCED
CHANGES IN THE ENVIRONMENT



CORROSION SURVEY TESTS

EMPHASIS ON TESTING IN IRRADIATED ENVIRONMENTS RELEVANT TO THE TUFF

GEOPHYSICAL AND GEOCHEMICAL ENVIRONMENT

EMPHASIS ON CDA 102, CDA 613, AND CDA 715

BEGIN EXPOSURE TESTS OF STRESSED AND UNSTRESSED SPECIMENS IN

APPROPRIATE IRRADIATED AND NON-IRRADIATED ENVIRONMENTS

TO ACQUIRE AS MUCH DATA IN AS TIMELY A AY AS POSSIBLE, WE PLAN TO
CONDUCT A LARGE NUMBER OF ELECTROCHEMICAL INVESTIGATIONS

SOME ELECTROCHEMICAL INVESTIGATIONS IN GAMMA RADIATION FIELD, SOME IN

SIMULATED RADIOLYZED ENVIRONMENTS

ELECTROCHEMICAL TECHNIQUES USEFUL FOR GENERAL CORROSION MEASUREMENTS,
PREDICTIONS ON PASSIVE FILM STABILITY AND BREAKDOWN MODELING OF
PERFORMANCE BASED ON CORROSION POTENTIALS



DESIGN CONSIDERATIONS

MAY REQUIRE THICKER CONTAINER SECTIONS WITH COPPER/COPPER ALLOYS

LOWER YIELD STRENGTH, CORROSION ALLOWANCE FOR POSSIBLY HIGHER GENERAL

CORROSION RATE

RADIATION SHIELDING EFFECT OF HEAVIER SECTION LITTLE OVER TWO
INCHES OF COPPER WOULD REDUCE GAMMA DOSE RATE BY FACTOR OF TEN

DESIGN SURFACE FACILITIES FOR HANDLING AND CLOSURE WELD OF SPENT FUEL
PROCESSES FOR WELDING THICK CONTAINERS





METAL BARRIER SUB TASK ORGANIZATION

ONE WORK BREAKDOWN STRUCTURE (WBS) ELEMENT, BUT WE MAINTAIN TWO ACCOUNTS

(STAINLESS STEEL, COPPER) FOR THE TWO PARALLEL EFFORTS

NO FORMAL ORGANIZATION BELOW SUB-TASK LEVEL BUT IDENTIFY AREAS" FOR EACH

PRINCIPAL INVESTIGATOR

MAINTAIN SUB-CONTRACTS (FY85)

STAINLESS STEEL

PNL (WESTERMAN) - SCC IN RADIATION FIELD/SLOW STRAIN RATE TESTS
SRI (MACDONALD) - CORROSION PERFORMANCE MODELING BASED ON CHANGES

OF CORROSION POTENTIALS

COPPER
WESTINGHOUSE, HANFORD (KNECHT) - CORROSION SURVEY IN RADIATION FIELD

UNIV. OF MINNESOTA (SMYRL) - ANALYSIS OF RADIATION-INDUCED CORROSION

PROCESSES

CDA (LYMAN) - OVERALL INDUSTRIAL SUPPORT ADVISORY



HOW WILL METAL BARRIER TEST DATA BE USED TO DEMONSTRATE ACHIEVEMENT OF
"SUBSTANTIALLY COMPLETE" CONTAINMENT

NEED TO FORMULATE PLAN/STRATEGY FOR THIS DEMONSTRATION

PLAN TO SHOW SIGNIFICANCE OF INTERPRETING CORROSION DATA WHICH IS

OFTEN GENERATED FROM SEVERE AND AGGRESSIVE CONDITIONS

PLAN TO SUGGEST WAYS FOR FUTURE DATA ACQUISITION AND HOW TO PRESENT

THESE DATA



SOME THOUGHTS ON ITEMS IN THE DEMONSTRATION PLAN

PHENOMENA WHICH CAN COMPROMISE CONTAINMENT OBJECTIVE OCCUR ABOVE

"CRITICAL THRESHOLDS"

MICROSTRUCTURAL

ENVIRONMENTAL

MECHANICAL

NEED TO DETERMINE PROBABILITY OF EXCEEDING THESE THRESHOLDS, LOCALLY

OR IN BULK

EXAMPLES:

MICROSTRUCTURAL - NUMBER OF GRAIN BOUNDARIES THAT WILL SENSITIZE, IN

WHAT TIME, SURFACE AREA AFFECTED, NUMBER OF CONTAINERS AFFECTED

ENVIRONMENTAL AMOUNT AND STATISTICAL DISTRIBUTION OF WATER ENTERING

WP ENVIRONMENT, DISTRIBUTION ON CONTAINER SURFACE RESIDENCE TIME,

IONIC CONTENT OF WATER, CHANGES OF IONIC CONTENT WITH TIME IN THERMAL

AND RADIATION FIELDS

MECHANICAL - MAGNITUDE OF STRESS, STRESS DISTRIBUTION,

FABRICATION/WELDING DEFECTS (SIZE, DISTRIBUTION), STRESS-INDUCED

CHANGES IN MICROSTRUCTURE



Use fracture mechanics test methods to predict stress
corrosion crack propagation rate



Use extreme value statistics to predict pitting
penetration



APPROXIMATE GAMMA RAY
DOSE RATES AT CANISTER SURFACE

(5 YR. DECAY)

1. DEFENSE HIGH LEVEL WASTE

(BAXTER, SRP, 1982)

2. COMMERCIAL SPENT FUEL

(WILCOX & VAN K., UCRL 53159, 1981)

3. COMMERCIAL HIGH LEVEL WASTE

(SLATE ET AL, PNL-3838, 1981)

5 X 103

1 X 104

2 x 105

FOR COMPARISON:

1. NATURAL RADIOACTIVITY IN EARTH'S CRUST 2 x 10 4

2. MINIMUM OBSERVED DOSE RATE FOR
NOTICEABLE INCREASE IN CORROSION RATE

OF IRON IN HUMID AIR IN 100-HOUR TEST.

(BYALOBZHESKI , 1970)
4 X10

3. TYPICAL 60CO FACILITY UP TO 107

4. CORE OF OPERATING REACTOR > 109



Calculated Dose Rates n Climax Spent Fuel Test

FIG. 5. The absorbed dose rate (rad/b to granite) outside the iron liner as a function of radius from the center
line of the fuel assembly. The values plotted are averages over the central 2.44 m (8 ft) of the fuel assembly. The
gap between the liner and the granite was assumed to be VOID, or filled with WATER or COMPACTED BEN
TONITE or a SAND/BENTONITE mixture, as shown in the legends of the plots. The parameter is time elapsed
since discharge of fuel from reactor. (from UCRL-53159)



RADIATION - CHEMICAL EFFECTS EXPECTED

1. SINGLE PHASE, GASEOUS, WATER VAPOR AND AIR SYSTEMS

A. PURE WATER VAPOR

1. SMALL STEADYSTATE CONCENTRATIONS OF H2, 02, AND

H2 02

2. H202 IS UNSTABLE, AND BOTH C AND FE ARE CATALYSTS

FOR DECOMPOSITION'

3. SCAVENGING COULD CAUSE RADIOLYSIS TO PROCEED, BUT

PRODUCTION RATE TOO SMALL TO PRODUCE SIGNIFICANT

GENERAL CORROSION POSSIBLE DEGREE OF HYDROGEN

EMBRITTLEMENT OF HOLE LINERS AND PACKAGES REMAINS

TO BE DETERMINED

4. EFFECTS OF H202 ON STRESS CORROSION CRACKING OF

AUSTENITIC STAINLESS STEELS IN DRY STEAM NOT YET

KNOWN.



RADIATION - CHEMICAL EFFECTS EXPECTED
(CONT D)



RADIATION - CHEMICAL EFFECTS EXPECTED
(CONT'D.)

II. TWO-PHASE, AIR-GROUNDWATER SYSTEM:

1. DOSE RATE WOULD BE MUCH LOWER WHEN THIS EXISTED

2. MAIN EFFECT - PRODUCTION OF NOx AND HNO3 IN GAS

PHASE AND DISSOLUTION IN LIQUID PHASE, FORMING

HN03 AND HN02 IN SOLUTION.

3. FOR A SEALED SYSTEM (BURNS ET AL., 1982),

N = 2 CR [1 - EXP (-1.45 X 10-5 GDT)l

WHERE N

CO

R

G

D

T

IS CONC. OF HN03 (M)

IS INITIAL CONC OF N2 IN AIR (M)

IS RATIO OF VOL OF AIR TO VOL OF WATER

IS THE YIELD ( 1 9)

IS THE DOSE RATE (MRAD/HOUR)

IS THE TIME (HOURS)

4. NOTE IMPORTANCE OF R FOR EXAMPLE WITH LARGE AIR VOLUME

AND WATER FILM ON METAL.



RADIATION - CHEMICAL EFFECTS EXPECTED
(CONT'D-)

II. TWO-PHASE, AIR-GROUNDWATER SYSTEM (CONT'D-):

5. IN THE WATER PHASE, THE IRRADIATION WOULD PRODUCE

OH, EAQ H202 H H2, AND H02 AS PRIMARY PRODUCTS

6. WITH DISSOLVED 2 AND NEUTRAL OR ALKALINE PH, EAQ

H, AND H 2 WOULD BE CONVERTED TO °2, LEAVING H2 AND

THE OXIDIZING SPECIES (02, H202, OH, AND O) IN

SOLUTION

7. IF OXIDIZABLE METAL (E.G. FE OR CU) WERE PRESENT, H2

WOULD SURVIVE OTHERWISE, IT WOULD BE OXIDIZED.

8. THE N20 WOULD PROBABLY BE REDUCED TO N2 BY EAQ IN

THE WATER.

9. FOR WATER IN CONTACT WITH TUFF, ION EXCHANGE AND

BUFFERING WOULD OCCUR, LEAVING ALKALI NITRATES AND

NITRITES IN THE SOLUTION



RADIATION - CHEMICAL EFFECTS EXPECTED
(CONT 'D-)

II. TWO-PHASE, AIR-GROUNDWATER SYSTEM (CONT'D.):

10. FOR WATER NOT IN CONTACT WITH TUFF, PH COULD MOVE

INTO ACID REGION, PARTICULARLY WITH LARGE R VALUE AND

THERMAL GRADIENT, TO GIVE PREFERENTIAL DEPOSITION OF

ACID IN SMALL REGIONS ON SURFACES OF PACKAGES

11. AUTOCATALYTIC OR CHAIN-TYPE REACTIONS OF HN03 ON CU AND

FE COULD MAKE SMALL AMOUNTS OF ACID MORE SIGNIFICANT

12. COMBINED EFFECTS OF HN03, HNO2, AND H202 ON STRESS

CORROSION CRACKING OF AUSTENITIC STAINLESS STEELS

UNDER WET CONDITIONS NEED TO BE ASSESSED

13. IRRADIATION OF AERATED BICARBONATE SOLUTIONS CAN

PRODUCE OXALIC ACID, (COOH)2. NEAR 100'C, THIS HAS

A SIGNIFICANT VAPOR PRESSURE, AND IT DOES NOT DECOMPOSE

UNTIL ABOUT 1600C. AT LOWER TEMPERATURES, IT SHOULD

PRECIPITATE AS CALCIUM OXALATE. FORMIC ACID FORMS

UNDER LOW PH CONDITIONS, BUT APPARENTLY NOT IN AERATED,

ALKALINE SOLUTIONS. (DISPLACEMENT IRRADIATION OF SOLID

CARBONATES AND BICARBONATES, FOLLOWED BY DISSOLUTION,

HAS ALSO BEEN REPORTED TO YIELD FORMIC AND OXALIC ACIDS,

AS WELL AS GLYOXYLIC AND GLYCOLLIC ACIDS.)



CONCLUSIONS

1. WE EXPECT A GASEOUS, OXIDIZING, STEAM-AIR ENVIRONMENT

DURING AT LEAST A SIGNIFICANT PORTION OF THE REQUIRED

CONTAINMENT PERIOD FOR MOST OF THE PACKAGES. IN THIS

ENVIRONMENT, THE RADIOLYTICALLY-GENERATED SPECIES OF

CONCERN ARE H, H2, H202, AND NOx.

2. AFTER COOLING, A TWO-PHASE, AIR-GROUNDWATER SYSTEM COULD

EXIST. ALTHOUGH THE DOSE RATE WOULD GENERALLY BE MUCH

LOWER AT THIS TIME, RADIOLYTIC PRODUCTION OF HN02, HN03,

AND H202 COULD BE IMPORTANT, PARTICULARLY IF DEPOSITION

WERE CONCENTRATED IN SMALL REGIONS OF THE PACKAGE SURFACES.

3. DISSOLVED HALIDE IONS COULD BECOME MORE CONCENTRATED THAN

IN THE ORIGINAL GROUNDWATER

4. THE IMPORTANCE OF CARBOXYLIC ACIDS REMAINS TO BE DETERMINED



Corrosion Considerations for Nuclear Waste
Disposal in a Tuff Geologic Repository

Corrosion Rates and Mechanisms for
Container Materials



NUCLEAR WASTE STORAGE IN TUFF

Austenitic stainless stoels are prospective
candidates for long-term (300-1000 yrs)
high-level waste encapsulation.

1. What are
mechanisms

2. What are
on corrosion

potential long-term degradation
(pitting, crevice, SCC)?

effects of gamma radiolysis
rates/mechanisms?



Results from electrochemical experiments:

1. Accurate and quick in-lab experiments for assessing
environmental stabilities of materials under a wide range
of conditions - corrosion rates from Tafel extrapolation,
linear polarization resistance, ac impedance

2. Anodic polarization curves - characterize response of
a system to external perturbation (i - E relationship) -

regions of active corrosion, passivity, pitting

3. Occluded cell experiments - crevice corrosion resistance

4. Detail models for corrosion mechanisms - long-term
predictability



What is corrosion?



Fig. 24. Electrochemical reactions
occurring during corrosion of zinc

) in aerated hydrochloric acid.



Eight forms of corrosion:

1. Uniform

2. Galvanic

3. Crevice corrosion

4. Pitting

5. Intergranular corrosion

6. Selective leaching

7. Erosion corrosion

8. Stress corrosion



Fig. 3-9. Crerice Corrosion initial stage. Fig. 3-10. Crevice corrosion-later stage.



Fig. 3-19. Autocatalytic processes occurring in a corrosion pit.



Figure 3-3. A schematic polarization curve for a stainless steel in a sulfuric acid solution.



1. GENERAL ELECTROCHEMICAL BEHAVIOR OF AUSTENITIC STAINLESS STEEL ALLOYS IN

J13 AD RELATED EVIRONMENTS.

2. COMPARATIVE BEHAVIOR OF L AND LN AUSTENITIC STAINLESS STEEL ALLOYS AD

EFFECT OF ALLOY CLEANLINESS."

3. GAMMA RADIATION EFFECTS ON THE ELECTROCHEMISTRY OF AUSTECITIC STAINLESS

STEELS I AQUEOUS MEDIA.

4. ELECTROCHEMISTRY OF COPPER ALLOYS IN J13 AND RELATED EVIRONMENTS.

5. GAMMA RADIATION EFFECTS O COPPER ALLOYS IN J13.

2703L (6/18/85)



Radiation effects on the corrosion process

On the metal itself

On the protettive oxide layer

On the corrodant itself (the chemical environment)



TABLE 1. Measured Analyses of the Electroce Materials





Species in water containing dissolved oxygen,
10-8 sec after irradiation





Radical and molecular product yields in irradiated water and water vapor





Reactions producing H 2 0 2 :



Reactions destroying molecular products:



GFOCHEMISTRY AND ENVIRONMENTAl SCIENCE



Corrosion Test Results for Room Temperature Irradiated and
Mon-lrradiated 3L Coupons (760 Mrs Exposure)



Figre 1: Schematic of the electrochemical cell used in this work.
Details are provided in the text.



Figure 2: Corrosion potential behavior for 31b1 stainless steel in
10X concentrated J-13 well water under gamma irradiation.
The Solution was not exposed to irradiation prior to
initiation of the first "on/off" irridiation cycle.



TABLE 3. Possible Redox Reactions in Gamma-Irradiated Solutions







316L in gamma
J 13, 3.3 Mrad/hr



316L IN J13 W/H202
PROCRESSIVE ADDN"S OF HYDROGEN PEROXIDE



316L IN J13 W/ADDN'S OF H202

3. 3Mfrad/hr gamma



Cathodic reactions neutral to basic):



Oxidations of Fe+2 by radiolysis products:





316L IN J13 W/H202 & H2



Figure 11: Comparison of the potentiostatic anodic polarization
behavior for 316L stainless steel in 650 ppm C solution
in deionized water with and without gamma irradiation. The
polarization curves were scanned anodically starting from
the corrosion potential in each case. Upon reaching the
anodic limit, the scans were reversed to more negative
potentials. In this figure, Ecor and E represent
values of the corrosion potential and pitting potential,
respectively, for the unirradiated case. The corresponding
values for the irradiated experiment are indicated on the
figure as Ecorr and Ep.



CONCLUSIONS:

1. Gamma radiation increases the oxidizing nature of the
environment (H202); preliminary evidence suggests the
oxido film changes are negligible.

2. OH(ads) + - OH- may be an important equilibrium
(analogy to Pt); mituation complex.

3.Positive potential shifts appear generic to
austenitic steels and electrolytes related to J1 3.

4.Equlllbrium processes responsible for for Ecorr shifts
occur in near-surface solution layers.

5. Ecorr of stainless steel is more sensitive to H202
than bulk H2.

6. Preliminary results suggest radiation does not
Incroaoa pitting susceptibility.



5. GAMMA RADIATION EFFECTS O COPPER ALLOYS in J13.



Measured analyses of copper alloys



CDA 102 IN J13

3. 3 MRADS/HR



CDA 102 W/H202 IN J1 3



Exp.
durat ion



CATALYTIC AUTODISSOLUTION OF COPPER





`







2. COMPARATIVE BEHAVIOR OF L AND LN AUSTENITIC STAINLESS STEEL ALLOYS AND

EFFECT OF ALLOY "CLEANLINESS,"



TABLE 1. Analyses of Alloys Used









Potential (volts vs SCE)





TABLE 1. Analyses of Alloys Used

Eleaments











Corrosion Tests in 10,000 mg/l













Critical Potentials for Crevice Corrosion





Conclusions:

1. Differences in localized corrosion resistance exist between L and
LN steels

Generally, 316LN(F) > 316LN > 316L > 304LN > 304L
a. Increased nitrogen
b. Small variations in other alloying constituents
c. "Cleanliness"

2. With regard to the enhancement of corrosion resistance, 316LN
appears to show a more marked improvement with respect to
316L than (relatively) 304LN does with respect to 304L.
Synergism between Mo and N?

3. Not all commercial 316LN stainless steels are created equal.
"Small" increase in N, Ni, Mo and Cr coupled with fewer
inclusions leads to dramatic improvement.



Future Work

1. Continue radiation studies

a. Higher temperature electrochem

b. Crevice effects

C. Ex-situ modeling-stressed samples 
with impressed potential; SRI

d. Long-term exposure testing - LLNL, MEDL, Univ. inn.

2. Localized corrosion - both copper and alloys, and 
stainless steels -

effect of minor variations 
in alloying constituents; 

cleanliness

3. AC impedance studies in thin films 
- LLNL, Univ. inn.
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"SCC and other metallurgical

concerns with austenitic stainless steels"

Mary C. Juhas

June 1985



WHAT ABOUT PHASE SABILITY?

LOW TEMPERTURE SENSITIZATION (LTS)

SIGMA PHASE

o EFFECTS OF COLD )RK

WHAT CAUSES THESE MICROSTRUCTURAL CHANGES?



WE MUST SEPARATE MICROSTRUCTURAL CHANGES INTC ...

LONGTERM

SHORTERM

... AND ADDRESS THE QUESTIONS.

HOW DO WE TEST FOR THESE CHANGES IN THE LABORATORY?

CAN SOME PROCESSES BE ACCELERATED?

WHAT IS THE SMALLEST DETECTABLE MICROSTRUCTURAL FEATURE

THAT WOULD ALERT US OF THE ONSET OF SCC?



Schematic section through the boundary of two austenite
grains of an 18-8 stainless steel. A carbide particle
(CrFe) 23C 6 is precipitated at the boundary.





TIME - TEMPERATURE - SENSITIZATION CURVES INDICATE CHROMIUM CARBIDE FORMATION



Time-temperature-sensitization curves indicate
chromium carbide formation







Analysis of canister thermal history
and long-term sensitization in stainless
steel indicates that canister will
not sensitize



CONSTITUIION DIAGRAM FOR STAINlESS SEEL WELD METAL



Cracking Susceptibility of Austenitic Stainless Steels



E316L-15 WITH CONTROLLED FERRITE



SCC tests now underway:

BOIL DOWN

Periodic wet/dry environment to concentrate ionic species
on specimen surface.

BENT BEAM

Used as a screening device to detect relative susceptibility
to SCC.

SSR - SLOW STRAIN RATE
Determines amount of environmental degradation induced by the
testing conditions.

U-BEND

Used to augment the effects of localized deformation and stress
on a sensitized microstructure.

SLOW CRACK GROWTH

Predicts crack growth rate at fixed stress levels.



Stress Corrosion Cracking Test Results from Uend Secimens
Exposed to Irradiated J-13 ater, Crushed Tuff Rock, and
Water Vapor.

No. of Specimens Cracked/No. of Specimens Tested

Environment



304 U BEND SPECIMENS

200pm









TABLE 3. Compositions of Steal Plate Used In SR Tests



Results of Slow Strain Rate Tests of 304 Stainless Steel at I50C

Kill Annealed Speciems



Results of Slow Straim Rate Tests of Stainless Steel at 150C



FRACTOGRAPH
STRAIN RATE

OF 304L SlOw STRAIN RATE SPECIMEN TESTED AT 1500C IN

1 x 10'/s. YS 29.4 KSI UTS = 68 KSI ELONG
AIR.
= 49%

304L SLOW STRAIN RATE SPECIMEN TESTED AT 150 0C IN J-13 WELL WATER.

YS = 29.6 KSI UTS = 9.1 KSI EONG 51.6%















MODEL 351 001B
CORROSION MEASUREMENT SYSTEM 20 JUN 1985











FUTURE WORK

IRRADIATED SLOW STRAIN RATE TESTS

SLOW CRACK GROWTH STUDIES, DA/DT

* INITIATION STUDIES, Kcc



Use fracture mechanics test methods to predict stress
corrosion crack propagation rate







IMPORTANT MILESTONES IN METAL BARRIERS SUB-TASK

FY 85 REPORT ON FEASIBILITY OF COPPER/COPPER ALLOYS FOR WP CONTAINERS

IN TUFF

DECISION ON WHETHER TO PURSUE ADDITIONAL WORK ON COPPER

RECOMMEND CANDIDATE(S) FOR ADVANCED DESIGN WP CONTAINERS

FY 86

FY 87
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WXWSI WASTE FORM TEST METHOD FOR UNSATURATED DISPOSAL CONDITIONS

John K. Bates and Thomas J.Gerding
Argonne National Laboratory

97OO South Cass Avenue
Argonne, Illinois 60439

ABSTRACT

A test method has been developed to measure the release of radionuclides from the waste package under
Simulated NKWSI repository conditions, and to provide information concerning materials interactions that
my occur n the repository Data are presented from Unsaturated testing of simulated Savannah River
Laboratory 165 glass completed through 26 weeks. The relationship between tese results and those from
parametric and analog testing are described. The data indicate that the waste form test is capable of
producing consistent, reproducible results that will be useful in evaluating the role of the waste
package in the long-term performance of the repository.

INTRODUCTION

The Nevada uclear Waste Storage Investigations
Project (NWSI) is investigating the volcanic tuff
beds of Yucca Mountain, Nevada as a potential
location for a high-level radioactive waste reposi-
tory. One of the topics to be addressed during this
Investigation is the performance of the waste package
components in the repository at the termination of
the containment period, .e... following the 300-1000
year period during which containment of high level
waste within the waste package will be substan-
tia1ly complete.

The containment period is followed by the
Isolation period during which the potential for
canister breach and subsequent groundwater/waste form
contact s significant. Radionuclide release from
the waste package would then be possible, although
in acord with Nuclear Regulatory Commission regula-
tions the total release rate must be less than
one part n 10 5 per year of the total repository
Inventory of a particular radionuclide after the
1000 year period.

To measure this radionuclide release, a test
method is required that ncorporates the interactions
between the waste package components and the ground-
water under realistic repository conditions. Release
results obtained in this fashion could then be used
as source term data in modeling the long-term behavior
of the repository. NSI is developing such water-
ials interaction tests and using them to produce
waste form release data.

The first test is a rock cup total submersion
test 2 while the second test, termed Unsaturated
Test, is a more realistic simulation of conditions
expected n the unsaturated zone n tuff. This
report sumarizes the Unsaturated Waste Form Test
procedure. It also describes parametric and analog
tests that provide support data, and then discusses
the relationship between the data from the three
types of tests.

NWSI UNSATURATED TEST

Purpose and Description

The purpose of the NWSI Unsaturated Test is to
obtain data on the release of waste components from
the waste package in the NNWSI repository environment
as t is expected to be after the currently envisioned
300/1000 year containment period has elapsed. Speci-
fically, the test will provide information to be used
by the INWSI project in licensing the EWWSI repository
site. The test procedure will (1) provide data that
describe the release of radionuclides from a specifi-
cally designed glass/container assemblage under
strictly controlled test conditions, and (2) provide
information concerning synergistic effects that may
occur between waste package components. Inherent n
this goal is that a specific and reasonable descrip-
tion of the waste package and repository at this time
period is available so that aging effects can be
Incorporated into the test procedure.

The utility of the data depends on the selection
and restriction of the repository conditions and on
the materials interactions that are incorporated nto
the test. The rationale used for selecting test
conditions and variables was to address those mater-
ials interactions that may exist in a repository
during the isolation period. The materials consist
of the waste form and the canister overpack. No
packing material s ncluded because it is not part
of the reference waste package. The interactions
are promoted by contact between water and air and the
waste package components. The test provides for
several interactions to occur and allows the experi-
menter to assess the importance of each. During
actual repository disposal, each waste package may
not be subjected to all possible materials inter-
actions. The experimental design simulates
interactions but does not attempt to model the
current waste package conceptual design. A complete
description of the development of the test and of ts
uses and limitations is presented elsewhere. 3

Apparatus

The test apparatus is shown diagramatically n
Fig. 1. The components are the test vessel, which
provides for collection and containment of liquid and
support of the waste package; the waste package



Fig. 1. test apparatus used for NWWSI Unsaturated
testing. Groundwater is introduced through
tubing (not shown) that enters the essel
through the feedthrough fitting.

assemblage, which consists of the waste form and
metallic components representing the canister; the
tuff cup, which acts to collect the solution that
drips directly from the waste package assemblage and
which interacts with vapor; the tuff cup supporting
ring, which separates the tuff cup from the test
vessel; and a solution feed system to inject test
water.

The waste package assemblage is contacted
intermittently by dripping repository water. The
mature and degree of radionuclide release from the
assemblage is determined by collection and analysts
of the water that has contacted the package and by
surface analysis of the assemblage components.
Materials interactions are noted, and secondary
alteration products, which influence the nuclide
release from the assemblage, are identified.

The test schedule incorporates batch and con-
tinuous testing. In the batch mode, tests are
terminated at selected 13 week time intervals. The
test apparatus is disassembled, and analyses of both
the solution and camponents are performed. In the
continuous mode the waste package assemblage (in-
cluding liquid associated with the assemblage) is
transferred to a new test vessel, and the test s
continued. Analyses can be done on the solution n
the old vessel. Using the continuous testing matrix,
replication of solution analysis can be achieved.
investigation of the test components is possible at
the termination points yet the test can continue for
an unspecified number of test periods or until
information most useful to repository evaluation s
obtained. A detailed description of the apparatus
and test procedure is provided by Bates. 3

INTERIM UNSATURATED TEST RESULTS

A series of tests using the Unsaturated procedure
are in progress. These tests are being one at 9oC
with SRL 165 frist borosilicate glass that is doped
with uranium, cesim, and strontium. The glass
composition s given n Table 1. These tests should
provide an indication of the degree of reaction
expected and the type of interactions that are
important, but since no transuranic elements have
been incorporated, this series of tests cannot
provide data on the behavior of these important
radionuclides. The tests have been completed through
the 26 week period using the batch testing mode and
through five 6.5 week sampling periods using the
continuous testing mode.

It s useful to assess the test results based on
a) general observations as to what types of inter-
actions occur. 2) what trends can be established from
solution analyses and what release can be attributed
to the waste form, and 3) the degree of degradation
of waste package components as determined by surface
analytical techniques.

General Observations

1. A prori it can be judged that the extent of
the water/glass contact will greatly affect the
amount of release that occurs. Any aspect of the
test design that influences this contact is, there-
fore, a critical test parameter. The appearance of
the test components at both the termination and
sampling points provides an indication as to how ad
where interactions occur. When the vessel is opened,
the top surface of the test assembly is usually
covered by a thin layer of water which evaporates
within 30 seconds of opening the test vessel. The
sides of the glass are watermarked and there is a
considerable amount of standing water around the
bottom of the assembly. From these observations, the
method of contact between the water and the waste
form can be ascertained. After initial contact with
the test assembly, the water spreads rapidly over the
top surface and down the sides of the glass. Little
standing water remains on the top surface becauseflow is promoted by the tght fit that exists between
the perforated 304 L stainless steel s) metal
section and the glass (Fig. 1). However, at the

TABLE I

Composition of SRL 165 Class
Used in the Unsaturated Test



bottom interface more water collects and some inter-
action occurs. Thus, to some degree the test incor-

porates water reaction with the test components via
both thin file nd standing water interactions.
These types of interactions are expected to exist
during the isolation period.

2. There is considerable reaction between the
glass and the bottom as section as evidenced by
discoloration of the glass and the metal. The
same type of reaction was also seen in earlier tests.4
This reaction is focused mainly, but not exclusively.
around the weld-affected area of the metal. A
considerable amount of rust colored flakes are
present n the solution. A more complete description
of the alteration of the glass and metal s presented
later.

3. When tuft is present n the tests, standing
water s found inside the tuff cup. This is important
because it demonstrates that some water is being
removed from the waste form assemblage by
dripping process, as opposed to an evaporative
process. It is likely that both processes will be
operative n the repository. This also offers an
opportunity to analyze the interaction between
standing water and tuff.

The following sections on solution and solid
components analyses expand on these general observa-
tions and are presented, not as detailed explanations
of the reaction processes but as overviews to
illustrate important aspects of the test.

Solution Ana1yses

At the termination of a test (13 and 26 weeks),
the samples are rinsed with deionized water so that
all of the liquid that has contacted the glass
assemblage can be analyzed. For the 6.5 week
continuous test series only the liquid that s
collected n the test vessel is analyzed. Thus, a
difference in measured elemental release is expected
between the two test types, but the effect of this
difference should be minimized in the longer test
periods.

Another difference between the test types s
that in the terminated 13- and 26-week tests the
liquid as contacted the tuff cup while n the
continuous tests no tuff is present. The tuff cup
allows the interaction and migration of nuclides with
the tuff to be studied, but complicates the nter-
pretation of waste for dissolution data because the
tuff, itself, interacts with the liquid and only
selected elements can be identified as having been
released uniquely from the glass. The total release
of important radionuclides can be determined n tests
which contain tuff by completely dissolving the rock,
if necessary. However, the total radionuclide
release can be obtained more easily from the con-
tinuous test series, where no tuff s present. One
key n analyzing the experiments s to establish the
relationship between the two types of tests.

Selected results for both the continuous and
terminated tests are sown in Tables 1l and 111. The
data n Table 11 show the amount of each element that
was detected in solution, corrected for the contri-
bution due to -J13 water added during the test. The
amount for most elements n solution has increased
with time. Exceptions to this are a and Si in the
continuous tests, which are ctually being extracted
from solution. In no case does the sum of the short
continuous tests equal that of the longer term,
terminated tests. The ramifications of this, and the

interpretation of these results, are discussed later
in relation to the analyses of the solid components
of the test.

Table III presents the concentration of elements
in the solutions that were collected in the tuff cup
at the end of the 26-week test period. The water
collects in the tuff as it drips from the glasses
waste assemblage. The amount that remains in the
tuff cup depends on the porosity of the tuff. As
this is not constant, so the aount of water collected
varies between tests. The concentration of elements
in solution depends on what s released from the
waste assemblage and what interactions occur with the
tuff. While this interplay requires more data for a
complete interpretation, the elemental concentrations
in the solution are very similar, which s indicative
that the same reactions and interactions are occurring
in each test.

Solid Component Analyses

Those components available for study at the
termination of a test include the glass waste form,
the top and bottom sections of the perforated s
waste form holder, and the tuff cup. No component
analyses can be done on the continous test series
until the test has been terminated.

Weight change measurement provide an initial
indication as to the degree of reaction that has
occurred. These data for the glass waste form and
both sections of perforated ss are given in Table I,
together with the normalized weight loss, KL)wt,
for the glass. This value was calculated using
standard methods5 and utilized the entire surface
area of the glass (%13 cm) n the calculation.
This was done because, although the degree of reaction
associated with each type of surface, e.g.. side,
top, or bottom, may be different, the entire surface
was contacted by water. The consequences of this
approach are being studied in ongoing parametric
tests.

The weight loss for replicate glass samples is
quite consistent with the total weight loss increasing
%72 between 13 and 26 weeks. The weight changes n
the perforated s sections are less constant, with
the observed changes being close to the instrument
precision, but indicate the top section has a tendency
to lose weight while the bottom section gains weight.
These observations correspond well to what is observed
when the sections are examined optically or with
the scanning electron microscopy SE).

Optically the top section of the ss appears
unreacted, but with the SEM Fig. 2) a general. Si
rich, coverage is observed on that section of the s
that was in contact with the glass.

In solated areas, additional reactions have
occurred resulting in discrete products containing
Fe/Si, 3a41/Ca. and Si. The distribution of these
products are random and limited, and to date they
have not been identified. The region of the top s
section where there has been glass contact appears
unreacted after 13 weeks, but some Fe/Si products are
evident after 26 weeks.

Visual observation reveals that the bottom
section has reacted. The bulk of the reaction occurs
in the weld-affected area where the vertical support
rods are attached (Fig. ). The weld-affected area
is not uniform between samples and likely introduces
some variance to the results. Reaction n this
region results in extensive coverage of iron and



TABLE I I

Solution Analyses for the NWWS1 Unsaturated Test

Element

Test Typed I C Li No NA S1 Sr U

13 week, terminated 3.9 21.5 5.9 4.4 (8.0) (13.8) 0.4 0.1
13 week, terminated 5.9 30.3 6.2 5.8 27.7 27.0 0.6 0.3
Sum of two 6.5 week continuous 3.3 3.8 10.0 1.2 (31.7) (27.7) (0.3 (0.05

26 week, terminated 15.1 35.5 10.9 7.4 46.9 107.1 0.6 1.1
26 week, terminated 15.5 35.7 11.1 7.5 61.6 112.5 0.7 0.7
Sum of four 6.5 week continous 4.4 7.3 16.4 2.1 (60.2) (50.4) 0.3 0.1

Solutions were analyzed by ICP except for U which was done by fluorescence.
The results are presented as the total of each element (l) analyzed in solution.
The results have been corrected for the elemental ontribution due to -J13 water added during the test,

Indicates less of an element is in solution than originally added.
Duplicate tests were terminated at 13 and 26 weeks. Duplicate tests were also run in the 6.6-week
continuous test series, and an average of two tsts s reported.

TABLE 111

Concentration of Water Contained in the Tuff Cup

Element ppm)

Solution ype B Ca L1 Mg KA Si Sr U

E-J13 0 1 40 0.06 0.39 46.60 35.30 0.03 0:004
26 week terminated
26 week terminated

4.2
4.2

9.9
88.

2.3
2.3

1 .
1.5

50.3
50.3

76.2
76.6

0.17
0. 15

0.07
0.06

TALE IV

Component Weight Changes in NWSI Unsaturated Tests

Weight Change, gm (IL}wt. 9m2

Test I Test Description Top s Bottom s Class class

1 13 week terminated (160) 360 (350) 0.26
2 13 week terminated 40 20 (350) 0.25
3 26 week terminated (50) 80 (630) 0.47
4 26 week terminated (20) 30 (530) 0.40

a(Values) indicate weight loss estimated precision ±20 wgm.

Chromium silicate nodules (Fig. 3). However, SEM
examination reveals that some degree of reaction is
widespread outside the weld-affected regions. Here,
the surface s continuously covered with small
S1-rich deposits (Fig. 4) and intermittently covered
with other reaction products. The s that has not
contacted the glass s covered by reaction products
to much lesser degree.

Visual observation also reveals that the bottom
of the glass s reacted, especially n regions where
there s corresponding reaction on the s. Examples
of the type of reaction products observed are shown
in Fig 5. where Si-rich strands are shown covering a
region of ron silicate modules. There is widespread
appearance of a uranium containing phase (Fig. 6).
This phase contains Ca3?4p, U. and S1, as determined
by energy dispersive ray analysis (EDS). but to
date, X-ray diffraction has not yielded a pattern,
and the phase s unidentified. Figure shows the

surface in a region not affected by any localized
reaction. The surface is enriched n Fe. Mg, and Al
and depleted n Wa and Si. The circular forms are an
outgrowth and have the same composition as the
surface.

The top surface of the glass generally shows
less evidence of localized reaction and alteration
product formation than the bottom and has the
appearance shown n Fg. 7. The identification of
all the reaction products is an important part in
understanding the alteration process that will likely
control the eventual release of radionuclides. A
more cmp ete description of these phases s being
prepared.6

Discussions

Testing in this matrix has been completed
through 26 weeks so only a preliminary interpretation
of the results is warranted. However, several
important ssues can be addressed and other issues
that merit close attention can be identified.



Fig. 2. Dual photomicrograph of the alteration
that occurs on the top ss section that
has contacted the glass. Magnification
1000 and 10,000.

Fig. 3. Modules that form on the weld-affected
region of the bottom ss section.
Magnification 2500. 12.500X.

The reproducibility of the reaction process as
determined from the physical ppearance of the test
Components, the weight loss of the waste form and
the solution analyses of both the terminated and
continuous tests is good enough so that credence can
be given to the data, and that observed trends my be
interpretable. Trends would provide some easure of
the extent of reaction with time, so that t can be
determined whether the data can be fit into models
that will establish the behavior of the repository
for lonG time periods.

Equally important are that 1) the interactions
between the test components (glass. ss, water, tuff)
appear to affect and control the reactions that occur
and 2 that a relationship between what s found n
solution and what is observed on the test components
can be established. For example, the extent of
reaction of the glass can be estimated by the (wt.
Yet a value obtained n this fashion must be tempered

Fig. General coverage on the bottom ss section
that was n contact with the glass.
Magnification SOOX.

Fig. 5. A photomicrograph of alteration that occurs
on the bottom surface of glass that as been
in contact with the weld-affected s.
Magnification 3000X.

by the possibility that reaction products may form
that incorporate components from the ss and the water
and these products could increase the final weight.

It would be useful to identify a marker element
that s not ncorporated into alteration products and
that does not interact with the tuff. One possibility
is Li. The amount of Li found in the water in both
the continuous and terminated tests correlates well
with what would be expected for an element that does
not interact. L1 levels found in the continous tests
are greater than that found n the terminated tests
because of water is retained n the tuff and
remains unanalyzed. However, for the other elements
the evidence s that they may be retained on the
glass/ss waste assemblage or come from the tuff. It
will be necessary to correlate the results of surface
science analysis of the reacted surfaces with the
solution results to adequately assess the degree of



with no contact with perforated as sections. The
test is being one a Teflon vessel, and the waste
form is positioned on a Teflon stand so that the
release of a1l elements can be monitored. Otherwise,
the test parameters are identical to the Unsaturated
Test. This test has been completed through 39 weeks,
and selected results are given in Table V.

The striking points in these data are that the
waste form is gaining weight likely due to the
extraction of Ca Mg. and Si from the J13 water, and
that except for Fe. M, and S1, the total amount of
elemental release is similar in the continuous and
terminated tests.

Fig. 6. A photomicrograph of a uranium-containing
phase surface of glass. Magnification
10000x.

The first point is confirmed by visual examina-
tion of the top glass surface which has a white,
crusty appearance, and with SEM where large quantities
of Ca-, Mg-, and S1-containing deposits are observed.
These deposits form because without any ss present
the water is able to remain on the top surface
longer, and since the Teflon vessels do not maintain
a leak-tight atmosphere, may be subject to evaporative
forces.

These observations help interpret data from the
Unsaturated Test where the elemental release n the
continuous and terminated tests do not match. It
appears that Ws, S, and Fe may be forming phases on
the glass that are washed off during the rinsing
process. In fact, the remnant of an unstable
Wa/Si phase as been observed on the glass surface
with the SEM. This would suggest that in the Un-
saturated Test the variances for the other elements
are caused by interaction with the tuff.

ANALOG EXPERIMENT

Fig. 7. A photonicrograph of the general surface of
reacted glass. Magnification 2000X.

waste form reaction. However, based on these pre-
liminary data the release from the waste assemblages
after 26 weeks s 0.43 s/r 2 based on weight loss,
O58 g/m2 based on L1 release, and 0.08 G/m2 based
on U release.

Parametric Testing

The NNWSI Unsaturated Test requires that a rigid
set of controls be placed on the test conditions.
yet there are many aspects of the test that need to
be further studied, including the effect of removing
the perforated s sections varying the ratios of the
top and bottom surface area that of the sides, or
varying the rate and amount of water that contacts
the waste form. Changes in these process parameters
are being studied in parametric tests.4

The first set of parametric tests4 is investi-
gating the release from a glass waste form only. The
goal is to establish a known release from the glass

In order to establish the relationship between
the Unsaturated Test and the repository, an analog
test s being performed. The analog test attempts to
more closely simulate anticipated repository condi-
tions than the Unsaturated Test and s necessary
because some of the constraints required n the con-
trolled Unsaturated est procedure may not exist in a
repository. If these test constraints cause a
significant deviation between the analog and Un-
saturated Test results, then the date obtained by
use of the Unsaturated Test may not be a reasonable
repository simulation and should be questioned if
used n repository modeling.

The analog test3 utilizes a tuff rock core the
shape of a right circular cylinder, 5' n length and
2-1/20 in diameter, as a reaction vessel. Each core
is cut diametrically to give two sections. A cavity
is machined in the larger section to accomodate a
test assembly similar to that used n the Unsaturated
test. The dimensions of the cavity are similar to
the inside of the Unsaturated test vessel, except
that the upper section of tuff, which acts as the
vessel lid, had a flat lapped surface.

The test is initiated by placing the waste
package n the cavity and placing both sections of
J-13 saturated tuff nto a Teflon sleeve. The
mating surfaces of both tuff sections have lapped
faces which produce a good seal. The Teflon sleeve
is placed in a stainless steel holder and end caps
secured over the top and bottom of the tuff core.
The end caps are tapered so they only contact
the tuff along the outside edges. The end caps
are connected to inlet and outlet tubing. The
Teflon containment is sealed by water which



TABLE V

Parametric lst Results



Test Vessel















60.135(b)(1) EXPLOSIVE, PYROPHORIC,
AND CHEMICALLY REACTIVE MATERIALS

THE WASTE PACKAGE SHALL NOT CONTAIN EXPLOSIVE OR PYROPHORIC

MATERIALS OR CHEMICALLY REACTIVE MATERIALS IN AN AMOUNT THAT

COULD COMPROMISE THE ABILITY OF THE UNDERGROUND FACILITY TO

CONTRIBUTE TO WASTE ISOLATION OR THE ABILITY OF THE GEOLOGIC

REPOSITORY TO SATISFY THE PERFORMANCE OBJECTIVES.



§60.135(b)(2) FREE LIQUIDS

THE WASTE PACKAGE SHALL NOT CONTAIN FREE LIQUIDS IN AN

AMOUNT THAT COULD COMPROMISE THE ABILITY OF THE WASTE

PACKAGES TO ACHIEVE THE PERFORMANCE OBJECTIVES RELATING

TO CONTAINMENT OF HLW (BECAUSE OF CHEMICAL INTERACTIONS

OR FORMATION OF PRESSURIZED VAPOR) OR RESULT IN SPILLAGE AND

SPREAD OF CONTAMINATION IN THE EVENT OF WASTE PACKAGE

PERFORATION DURING THE PERIOD THROUGH PERMANENT CLOSURE.



HOW RELIABLE DOES THE WASTE PACKAGE CONTAINMENT HAVE TO BE?

VUGRAPHS FOR A TALK TO BE PRESENTED BY E.A. WICK AT AN NEA/OECD

WORKSHOP IN ALBUQUERQUE, NEW MEXICO, NOVEMBER 13-15, 1984. THE

WORKSHOP IS ENTITLED, "SOURCE TERM FOR RADIONUCLIDE MIGRATION FROM

HIGH-LEVEL NUCLEAR WASTE OR SPENT NUCLEAR FUEL UNDER REALISTIC

REPOSITORY CONDITIONS."



No. 1

RC's RESPONSIBILITY

UNDER THE ENERGY REORGANIZATION ACT OF 1974, NRC HAS

RESPONSIBILITY TO LICENSE DISPOSAL OF HLW BY DOE

THE NUCLEAR WASTE POLICY ACT OF 1982 STATES THAT IT IS FEDERAL

RESPONSIBILITY TO PROVIDE FOR HLW AND SPENT FUEL REQUIRING

PERMANENT DISPOSAL.

THUS, DOE HAS RESPONSIBILITY FOR DISPOSAL OF HLW AND SPENT FUEL

AND NRC HAS RESPONSIBILITY TO LICENSE THE DOE REPOSITORY OR

REPOSITORIES.



No. 2

REGULATORY REQUIREMENT FOR CONTAINMENT

10 CFR 60 (TECHNICAL CRITERIA) SPECIFIES (PARAGRAPH 60.113) THAT

THE ENGINEERED SYSTEM OF BARRIERS SHALL BE DESIGNED SO THAT,

ASSUMING ANTICIPATED PROCESSES AND EVENTS, CONTAINMENT OF THE HLW.

WILL BE SUBSTANTIALLY COMPLETE DURING THE PERIOD WHEN RADIATION

AND THERMAL CONDITIONS IN THE ENGINEERED BARRIER SYSTEM ARE BEING

DOMINATED BY FISSION PRODUCT DECAY. (300 TO 1000 YEARS)



No. 3

REGULATORY REQUIREMENT FOR RELEASE AFTER THE CONTAINMENT PERIOD

10 CFR 60 (PARAGRAPH 60.113) ALSO SPECIFIES THAT THE RELEASE

RATE OF ANY RADIONUCLIDE FROM THE ENGINEERED BARRIER SYSTEM

FOLLOWING THE CONTAINMENT PERIOD SHALL NOT EXCEED ONE PART IN

10,000 PER YEAR OF THE INVENTORY OF THAT RADIONUCLIDE CALCULATED

TO BE PRESENT AT 1000 YEARS FOLLOWING PERMANENT CLOSURE, OR SUCH

OTHER FRACTION OF THE INVENTORY AS MAY BE APPROVED OR SPECIFIED

BY THE COMMISSION,



No. 9

HOW MANY WASTE PACKAGES CAN FAIL?

DEPENDS UPON:

1. ESTIMATED RATE OF RELEASE FROM A FAILED PACKAGE

2. WHEN FAILURE OCCURS



EXAMPLE CALCULATION OF ACCEPTABLE RELEASE



No. lOB

EXAMPLE CALCULATION OF ACCEPTABLE RELEASE

(CONTINUED)

TOTAL ACTIVITY IN CURIES OF INVENTORY IN ONE BWR SPENT FUEL ROD

10 YRS 300 YRS 1000 YRS

960 11 4.6

THIS EXAMPLE IS ALSO TRUE ON A RELATIVE BASIS OF THE TOTAL

INVENTORY OF SPENT FUEL WASTE PACKAGES IN THE REPOSITORY AT

10, 300 AND 1000 YRS.



No. 10

EXAMPLE CALCULATION OF ACCEPTABLE RELEASE

(CONTINUED)

THEREFORE, THE PERMISSIBLE ANNUAL RELEASE AT 10 YEARS AFTER

EMPLACEMENT MAY BE CALCULATED AS A FRACTION OF THE TOTAL

RADIONUCLIDE INVENTORY AT THAT TIME.

FOR EXAMPLE,



No. 11A

EXAMPLE CALCULATION OF ACCEPTABLE NUMBER OF WASTE PACKAGE FAILURES

ASSUMPTIONS:

1. No. OF SPENT FUEL WASTE PACKAGES IN THE REPOSITORY
10,000

2. A FAILED PACKAGE RELEASES 1 X 105/YR OF INV, IN THE
PACKAGE

THUS, THE FRACTIONAL RATE OF RADIONUCLIDE RELEASE ROM A FAILED

WASTE PACKAGE WOULD BE:

1 X 10-5/YR X NUMBER OF CURIES
PACKAGE



No. 11B

EXAMPLE CALCULATION OF ACCEPTABLE NUMBER OF WASTE PACKAGE FAILURES

(CONTINUED)

THEREFORE, THE NUMBER OF WASTE PACKAGE FAILURES THAT COULD

BE TOLERATED 10 YRS AFTER EMPLACEMENT IN A REPOSITORY

CONTAINING 10,000 WASTE PACKAGES IS:

ACCEPTABLE RELEASE (4.8 X 10-8/YR)

RELEASE PER PACKAGE (1 X 10-9 /YR)

= 48

THEREFORE, 48 PACKAGES COULD FAIL WTH A RELEASE RATE OF 1 X

1O-5/YR PER PACKAGE



No. 12

CONCLUSIONS

NRC HAS NOT DEFINED "SUBSTANTIALLY COMPLETE" CONTAINMENT.

SOME OF THE IDEAS BEING CONSIDERED ARE:

A. A RADIONUCLIDE RELEASE RATE THAT DOES NOT EXCEED THE

ABSOLUTE QUANTITIES PERMITTED IN THE POST CONTAINMENT

PERIOD, I.E.. 1 X 10-5/YR OF THE RADIONUCLIDE INVENTORY

OF THE REPOSITORY AT 1000 YEARS.

B. SINCE THE RADIONUCLIDE INVENTORY IS LARGER DURING THE

CONTAINMENT PERIOD, THE FRACTIONAL RELEASE OF

RADIONUCLIDES AT THE TIME OF CONTAINMENT FAILURE MUST

BE CORRESPONDINGLY SMALLER.


