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. SUMMARY

This document, addressed to members of the waste management research and development
community, summarizes reference and testing materials now available from the Materials
Characterization Center (MCC). These materials are furnished under the MCC’s charter to distribute
reference materials essential for quantitative evaluation of nuclear waste package materials under
development in the U.S.

Reference materials with known behavior in various standard waste management related tests are
needed to assure that individual testing programs are correctly performing those tests. Approved
testing materials are provided to assist the projects in assembling a materials data base of defensible
accuracy and precision.

This is the first issue of this publication. Future issues will provide updates of the characterization
status of the materials presented in this issue, and information about new standard materials as they
are acquired.



II. INTRODUCTION

In this section, the objectives of the Materials
Characterization Center (MCC), and the structure
and functions of the Nuclear Waste Materials
Characterization Organization (MCO), (of which
the MCC is a part), are briefly outlined. The pur-
pose for and information contained in this listing
of approved reference and testing materials are
described. Two classifications of standard materials
available from the MCC are defined, and the
archiving and distribution of the materials are
discussed.

The Objective of the MCC

The objective of the MCC is to assist the DOE pro-
jects for nuclear waste form production, transpor-
tation and disposal to assemble a materials data
base of defensible precision and accuracy. A major
responsibility of the MCC is to arrange for the
formulation, acquisition and distribution of refer-
ence and testing materials essential for quantitative
evaluation of nuclear waste forms and repository
systems under development in the U.S.

The Nuclear Waste Materials Characterization
Organization

The MCC is part of the Nuclear Waste Materials
Chacterization Organization (MCO). The MCO,
created by the Department of Energy (DOE), coor-
dinates the collection of a defensible materials
property data base. This data base can be used as a
recognized, referenceable source of data for waste
management systems design, integration, and
licensing.

The MCO Is coordinated by the Materials Steering
Committee (MSC) and it consists of the Materials
Integration Office (MIO), the MCC, and the Mate-
rials Review Board (MRB). The MCO is structurally
arranged as shown in Figure 1. The direction of the
MCO is determined by means of quarterly meet-
ings of the MSC in which issues affecting the over-
all program objectives are addressed and resolved.
The MIO functions to integrate the activities of the
MCC and the MRB to assure that the test methods
and materials data needed by the waste manage-
ment community are available when required.

Materials Steering
Committes (MSC)

.
Materials

integration
Otfice (M10)

Yechnical Support

1 A

" Materials
Characterization
Canter, (MCC)

Materials Review
Board, (MRB)

Figure 1. The Structure of the Materials
Characterization Organization

This Ddcument

The purpose of this document, which will be
updated periodically, is to inform members of the
nuclear waste management research and devel-
opment community about the reference and test-
ing materials available from the MCC. The
fabrication and compositions of these materials are
reported. Also reported are summaries of any
completed characterization and the intended uses
for these materials. New materials which are being
acquired or are under consideration are also
described.

Classifications of Standard Materials

MCC standard materials are intended to provide a
basis for comparison of data quality obtained in
repository development work by the DOE projects,
and to assist in verifying the accuracy and precision
of the data obtained. For that purpose, two classifi-
cations of standard materials are available from the
MCC. These are Approved Reference Materials
(ARMs) and Approved Testing Materials (ATMs).
These two types of materials are described in this
section.



Approved Reference Materials

The primary use of ARM:s is as a standard reference
and calibration material, similar to that of the SRMs
of the United States National Bureau of Standards
(NBS). The characterization of each ARM (compo-
sition, homogeneity, behavior under specific MCC
test conditions) is conducted by MCC and support-
ing laboratories such as NBS to a high level of
accuracy and precision. The ARMs are intended
especially for field calibration of MCC test
methods, and for verification by test method users
that they are conducting the test procedure in a
controlled reproducible manner. Therefore, the
primary requirement for each ARM is a well-
defined uniform composition representing a class
of waste form, rather than a specific formulation.

Only one ARM is currently available. The MCC has
no present plans for other ARMs.

Approved Testing Materdals

The purpose of ATMs is to serve as common test-
ing materials, officially endorsed by DOE, for use
in the DOE nuclear waste repository development
projects. ATMs represent specific formulations of
typical waste forms, or of other components of
proposed repository systems. Each ATM will be
characterized appropriately by MCC for composi-
tion, homogeneity and behavior under specified
test conditions. Accuracy and precision of data
regarding performance under test conditions will
be determined from consensus-average data
obtained by both the MCC and DOE projects. The
primary objective is to develop a defensible data
base of known accuracy and precision using these
commonly accepted testing materials of recog-
nized quality.

ATMs will be sufficiently numerous to allow con-
trolled testing under all reasonable conditions
required by the DOE repository development pro-
jects. The ATMs may be produced by the MCC or
by the waste-form producer. In every case the
MCC will conduct sufficient characterization to
validate the use of the material as an ATM.

Archiving and Distribution of Standard
Materials

An important function of MCC is the maintenance
of a complete archive of all MCC reference and
testing materials used in the nuclear repository
development programs, and of the characteriza-
tion documentation for those materials. Sufficient
quantities of these materials will be stored by MCC
at PNL to assure their future availability in reason-
able quantities for additional testing or resolution
of important questions raised in scheduled tests
and experiments.

The MCC will be responsive to the needs of the
waste management community for high quality
reference and testing materials. Readers interested
in obtaining any of the items listed in this docu-
ment or additional materials not listed, should
communicate their needs to the MCC. Address
requests for existing or new standard materials to:

J. E. Mendel, Manager

Materials Characterization Center
Pacific Northwest Laboratory
Richland, Washington 99352



lll. SUMMARY OF STANDARD MATERIALS

In this section, the materials available from the
MCC are summarized in tabular form. The MCC'’s
policies for acquiring, characterizing and distrib-
uting the materials are outlined.

Inventory of Available Standard Materials

Table 1 provides a summary of the reference and
testing materials available from the MCC. The
MCC plans the use of its manpower and funding
carefully to maximize the number and quality of
reference and testing materials for application to
the U.S. nuclear waste R&D programs. In addition,
funding is allotted to a careful characterization of
each material consistent with its intended use. This
characterization is an essential step in certifying
with confidence that the material is suitable for use
as a standard to verify test performance, or as a
reference point to compare materials or test
conditions.

Further acquisitions are planned. Users are
encouraged to communicate their needs to the
MCC.

Materials Policies

The MCC acquires and distributes reference and
testing materials which are of wide use to the
nuclear waste management research and devel-
opment community. These materials are provided
without charge, in reasonable amounts, to DOE
programs. Others, such as Nuclear Regulatory
Commission (NRC) users, will pay pro-rated pro-
duction costs. The materials will normally be
supplied in the form in which they were produced
(e.g., glass will be furnished as cast bars). Some
laboratory test programs require use of the mate-
rials in a special form (e.g., sized blended powders,
specially shaped monoliths, unique containment),

or with special characterization. Usually the MCC
can supply the materials in the form required, pro-
viding there is sufficient prior notice.

The MCC will characterize all reference and test-
ing materials and provide characterization results
to the users. As a minimum, the composition and
homogeneity will be determined. Statistical

TABLE 1. MCC Reference and Testing Materials

Quantity
Designation Type Purpose Fabricated
ARM-1 Reference Waste Glass, Waste Form Reference 255 kg
nonradioactive
ATM-1 76-68 glass, U-doped Repository Development Tests 4 kg
ATM-2  76-68 glass, Am-doped Repository Development Tests 0.45 kg
ATM-3  76-68 glass, Np-doped Repository Development Tests 0.45 kg
ATM-4  76-68 glass, Pu-doped Repository Development Tests 0.45 kg
ATM-5  76-68 glass, fully Repository Development Tests 3kg
radioactive
ATM-6  Barnwell glass, Repository Development Tests 3kg
radioactive dopants
ATM-101  Spent Fuel, Typical PWR Repository Development Tests 9 pins
MCC76-68 76-68 glass, nonradioactive Selected Applications 200 kg



methods will be applied to sampling procedures
and evaluation of uncertainty in the analytical data.
Additional characterization will generally be app-
lied consistent with the material’s intended use.
Reference waste form materials will be subjected
to MCC leach tests to provide reference data for
verification of users’ test performance. Microstruc-
ture and phase analyses will be conducted on solid
materials.

Documentation reports will be available for all ref-
erence and testing materials supplied by the MCC.
These reports will include details of materials fabri-
cation and the results of its characterization. Also -

included, when available, will be a statistical analy-
sis of the uniformity of the material’s composition,
phases, etc. These reports will be provided to the
requestors of a reference or testing material, or to
a program that needs to examine such a report
prior to a material request.

In order to provide materials as quickly as possible,
and because of the time required for adequate
characterization, materials are being made avail-
able before all characterization has been com-
pleted and compiled into a formal documentation.
Reports of additional characterization will be
distributed as the information becomes available.



IV. STANDARD MATERIALS DESCRIPTIONS

In the following section, the presently available reference and testing materials are described. In addition to

information on composition, the methods of fabrication, characterization and reporting of the materials are

outlined. Detailed characterization of these materials is in progress. The compositional information listed for
each material is based on nominal values or initial analyses. This. information will be updated as characteriza-
tion work progresses. :

The homogeneity of standard materials is of particular importance, and at the same time is difficult to
achieve with low concentrations of dopants added to bulk quantities of glass. In addition to the problem of
thorough uniform mixing of additives, some components of ATM glasses tend to segregate, precipitate or
crystallize under glass forming conditions. Characterization in progress on the ATMs includes a careful
determination of material homogeneity. Where such information is already available it is included here in
the narrative description of the standard material.



ARM-1

Reference Waste Glass,
Nonradioactive

This material represents a generic borosilicate reference waste glass.
It is nonradioactive. It was produced by Schott Optical Glass of
Duryea, PA in 1983, in the form of 6 x 7 x 50 cm bars.

Its composition is shown in Table 2, based on analyses by the

National Bureau of Standards. Flame atomic absorption spectrometry
and direct-current plasma emission spectrometry were used for the
analyses. Each value is based on the analysis of ten statistically ran-
dom samples of the material. Each sample was analyzed twice. Refrac-
tive index measurements confirmed the high homogeneity of the
glass.

Additional characterization of the glass will include analyses of the
residual strain and numbers and types of inclusions. The glass behav-
ior in various MCC tests will also be determined.

Current plans call for a report to be completed by March of 1384
which will cover ARM-1’s fabrication, characterization and behavior
in the 28-day MCC-1 leach test. Additional test behavior information
will be added to this document as it becomes available.



TABLE 2. Composition of ARM-1(2)

Standard

Oxide Wt% Deviation
Alz03 5.59 0.06
820; 1.3 0.25
BaO 0.658 0.008
Ca0O 2.24 0.03
CeQ; 1.51 0.04
Cs:0 117 0.03
Li:O 5.08 0.13
Mo0O; 1.66 0.03
Na;O 9.66 on
Nd:0, 5.96 0.20
P20s 0.65 0.03
SiO; 46.5 0.9
SrO; 0.453 0.005
TiO, n 0.05
Zn0 1.46 0.03
ZrO; 1.80 0.03

TOTAL 99.90

(a) Based on analysis of ten random samples,
each sample analyzed twice.



ATM-1,2,3and 4 These materials represent borosilicate glasses which incorporate
76-68 Type Glass, high-level wastes resulting from the reprocessing of commercial
- Actinide Dopants nuclear reactor fuel. Their compositions are based on 76-68 glass
(Mendel, 1977). Each contains a single actinide dopant, either natural
U, Am-241, Np-237 or Pu-239; no other radioactive species are pres-
ent. Glass compositions are given in Tables 3 and 4.

These glasses were prepared at PNL in 1983 from crushed MCC 76-68
glass to which dopants were added. Each batch was melted in plati-
num crucibles and bars were cast and annealed. The bars of ATM-1b
are ~2 x 2.5 x 17.5 cm and weigh ~275 g each. The bars of ATM-1a, 2,
3and 4 are 1.3 x 1.3 x 7.6 cm and weigh ~36 g.

TABLE3. Composition of ATM-1 (U-doped 76-68 glass)

ATM-1a(3) ATM-1b(b)
Standard Standard
Oxide Wt% Deviation Wt% Deviation

Al203 0.59 0.02 0.30 0.02
1 Am20, - . . —_ -

8203 9.06 0.01 1.3 0.25

8aO 0.55 0.00 0.66 0.01
CaO 2.37 0.04 2.30 0.01
CeO; 0.92 0.01 1.13 0.12
Cr:0;s 0.47 0.01 0.48 0.02
Cs:0 111 0.06 1.07(b) -

Fe:0y 9.56 0.13 8.7 0.06
La;0s 4.16 0.05 4.73 0.02
MoOs 1.97 0.03 2.05 0.01
Na;O 1277 1.2 12,0 0.13
Nd;O; 1.41 0.02 1.65 0.01
NiO 0.23 0.01 0.24 0.01
BNpO; —_ -— — —_

P:0s 0.80 0.16 0.70 0.06
HSPuoz — — — p—

SiO; 42.00 0.26 39.9 0.18
SrO 0.42 0.07 0.43 0.00
TiO: 3.08 0.05 2.79 0.01

uo; 3.98(¢) 3.75 0.13
Zn0 5.10 0.46 4.41 0.06
ZrO; 1.89 0.04 1.98 0.07

(a) Prepared from MCC-75-68 glass lot 3 (see Table 7); composition listed is that of the base
glass except for UO,. '

(b) Prepared from MCC 76-68 glass lot 1 (see Table 7); composition listed is the initial
analysis of the ATM.

{c) Wt% UO; added to the base glass; not yet analyzed in the ATM.

10



Alpha autoradiography has been performed on cut bar sections of
ATM-2, 3 and 4. The Pu in ATM-4 was fairly uniformly distributed ‘
within the bar. There was some layering of Np within the ATM-3. This

appears to have occurred during bar pouring. The Am in ATM-2is

very uniform in the center of the bar, but has a lower concentration

around the bar’s exterior surface.

Additional characterization of these glasses will include determining
the actual compositions of ATM-1a, 2, 3 and 4. Also, the crystallinity,
presence of phase separation and homogeneity of ATM-1 through 4
will be analyzed.

TABLE 4. Composition of ATM 2, 3 and 4 (Transuranium-doped 76-68 glass)

ATM-2(2) ATM-3(2) ATM-4(2)
Standard Standard Standard
Oxide Wt% Deviation Wt% Deviation wWt% Deviation

ALO, 0.59 0.02 0.59 0.02 0.59 0.02

#AM;O; 0.060(b) - - - - -

B:0, 9.06 0.01 9.06 0.01 9.06 0.01 |
BaO 0.55 0.00 0.55 0.00 0.55 0.00
CaO 237 0.04 237 0.04 237 0.04 :
CeO; 0.92 0.01 . 092 0.01 0.92 0.01

Cr:0s 0.47 0.01 0.47 0.01 0.47 0.01

Cs:0 1.1 0.06 1.1 0.06 1.1 0.06

Fe:O0s 9.56 0.13 9.56 0.13 9.56 0.13

La:0, 4.16 0.05 416 0.05 416 0.05

MoO, 1.97 0.03 1.97 0.03 1.97 0.03

Na,O 1277 1.2 1277 1.21 1277 1.2

Nd:0, 1.41 002 1.41 0.02 1.41 0.02

NiO 0.23 0.01 0.23 0.01 0.23 0.01

BINpO; - - 0.310(b) - - -

P.Os 0.80 0.16 0.80 0.16 0.80 0.16

2PpyO, - - - - 0.062(b) -

$iO; 42.00 0.26 42.00 0.26 42.00 0.26

srO 0.42 0.01 0.42 0.01 0.42 0.01

TiO; 3.08 0.05 3.08 0.05 3.08 0.05

uo; - - - - - -

ZnO 5.10 0.46 5.10 0.46 5.10 0.46

ZrO, 1.89 0.04 1.89 0.04 1.89 0.04

(a) Prepared from MCC 76-68 glass lot 3; composition listed is that of the base glass except
for the transuranium oxide.
{b) Based on a single measurement in the ATM.

"



ATM-5
76-68 Type Glass,

Fully Radioactive

This material represents a borosilicate glass which incorporates the
high-level waste resulting from the reprocessing of commercial
nuclear fuel. Its composition is based on 76-68 glass (Mendel, 1977).
ATM-5 is fully loaded with actual waste from the reprocessing of
commercial nuclear fuel. This waste was generated during the
Nuclear Waste Vitrification Project (NWVP) at PNL (Wheelwright,
1979).

ATM-5 was fabricated at PNL in 1983. The nonradioactive ingredients
were combined, melted and crushed to form a base glass. All subse-
quent processing was performed in a hot cell. Dried and powdered
NWVP waste was added to the base glass. The powdered waste was
made by heating NWVP waste solution to drive off water and NOx.
Oxides of Np, Pu and U were added to the batch to bring their levels
to those in the 76-68 composition. The glass was produced in the
form of cast, annealed bars ~2 x 2 x 18 cm, weighing ~180 g.

The anticipated composition of ATM-5 is shown in Table 5. This is
based on analyses of the powdered waste and nonradioactive base
glass. The actual glass composition, crystallinity, homogeneity and
phases will be determined in early 1984.

A report is presently available which covers the fabrication of ATM-5.
A supplement to this report covering characterization will be pre-
pared by late 1984.

12



TABLE5. Anticipated Composition of ATM-5(2)

Anticipated

Oxide Composition, wt%
Glass Additives
BO; 9.50
Ca0O 200
Na;0 13.01
§iO, 40.00
TiO, 3.00
ZnO 5.00
Waste
Components
Ag0 0.03(b)
820 0.84
Cdo 0.03(b)
CeO: 1.03
Cr;0y 0.54
Cs:0 1.02(b)
Eu O, 0.07(b)
Fe;O; 7.56
Gd,0, 0.05(b)
L2;0, 0.54
MoO;, 1.15
Na;,O 551
Nd.0, 161
NiO 0.29
P20 0.48
PdO 0.53(b)
Pm;0; 0.04(b)
PreOn 0.53(b)
RbO 0.13(b)
Rh;0, 0.18
RuO; 0.63
Sm;0, 0.33(b)
§$rO 034
Tc:0 0.46(b)
TeO; 0.19
Y;0, 0.21(b)
Zr0, 1.75(b)
Other 1.20{c)
Actinides
Am;O; 0.16
szO, 0.0
NpO; 0.3
PuO; 0.06
U0, 417

(2) Based on analyses of batch components; analyses
of ATM not yet completed.

(b) Component of NWVP Waste which has not yet
been analyzed. Anticipated amount in ATM-5
based on composition of PW-8 Waste
{(Mendel 1977).

{c) Minor impurities in NWVP Waste; AlO,, B;O,, Ca0,
MgO, MnQO,, 5i0;,, TiO,, BnO.

13



ATM-6
Barnwell Type Glass,
Radioactive Dopants

This material represents a borosilicate glass which incorporates the
anticipated high-level waste from the Barnwell Nuclear Fuel Plant
(BNFP) (Anderson, 1982). The glass was requested by the Basalt Waste
Isolation Project (BWIP) for use in their repository interactions testing
programs. The types and levels of radioactive dopants which it con-
tains were those specified by the BWIP. The composition of the glass
former mix (type 83-B-15) to which the simulated waste was added
was developed by the Commercial Waste Treatment Program at PNL.

ATM-6 was fabricated at PNL in 1983. It was produced in a hot cell.
Radioactive dopants were mixed with a pre-melted and crushed glass
which contained the nonradioactive components. The dopants used
included depleted U, Cm-244, Th-232, Np-237, Pu-238, 239 and 240,
Tc-99, Cs-137 and Se-75. The glass was produced as cast, annealed
bars ~2 x 2 x 18 cm, weighing ~130 g each. A portion of this glass was
crushed into two size fractions, -60+115 and -115+250 Tyler mesh,
using a motor-driven Al:Os mortar and pestle. A few grams of this
crushed material are still available.

Table 6 compares the compositions of the bar and crushed materials.
It can be seen that except for NazO nd Tc:O7 there is no significant
difference between them. This indicates that no impurity was intro-
duced by the crushing operation, nor did any significant segregation
occur during sieving. The reason for the Na:0 and Tc:O-difference is
being investigated.

ATM-6 has been examined using an SEM/microprobe. Overall, the
material was uniform in appearance and composition. No evidence
of crystallinity was seen. One small bubble, ~300u in diameter was
found in the specimens examined; flakes of Ru were found in its
interior surface. This was the only evidence of inhomogeneity in the
material.

Additional characterization of this material will include a crystallinity
determination by X-ray diffraction and a homogeneity determination
based on compositional analyses.

A report is currently available for ATM-6 which covers its fabrication
and characterization. An analysis of the homogeneity of ATM-6 will
be available as a supplement in early 1984.

14



TABLE 6. Composition of ATM-6

Approximate Compositions, wt%(@)

Bars Crushed
Standard Tyler mesh size

Oxide Average(b) Deviation -60+115 -115+250 =250
Glass Additives )
AlyO, 5.64 0. 5.42 5.54 5.52
8;0, $.19 0.4 9.09 9.36 8.72
L;0 438 0.17 4 4.38 4.24
Na,olc) 14.4 13 178 17.9 %6
$iO; 49.0 2.4 46.7 47.8 46.1
Waste Components
Ag0 -
BaO -—
Ca0 0.40 0.08 0.63 0.56 0.38
Cdo -—
CeO, 1.06 0.07 051 0.77 0.84
Cr;0, on 0.01 0.1 0n 0.10
Cs.0 074 0.04
Fe Oy .53 0.03 0.55 0.66 0.48
Gd:0, -
MnO, 0.12 0.02 0.15 0.15 0.12
MgO 022 0.05 0.35 0.33 .23
McO, 1.54 0.07 1.48 1.50 1.42
Na,O (included above)
NaCl -
N32504 bt
Nd,O3 1.62 0.06 1.26 1.7 1.44
NiO nd -— nd nd nd
P05 -
PO -
PdO -_
RbO -—
RuO, 0.z 0.15 0.29 0.33 0.34
Se0; —
Sm;0, -
Sn0O; -—
S$rO . 0.29 0.02 0.28 0.23 0.27
TeO, 0.13 0.1 0.4 0.12 0.13
TIO; 0.02 0.01 nd nd nd
Y20, -
Zn0 0.09 0.09 0.10 0.0 0.10
Zr0, 0.64 0.36 0.15 0.15 0.15
Radioactive Dopants
#Cm,0, 6.5E-5 2E-6 5.6E-S 6.4E-5 6.3E-5
1¥7Cs;0 3.CE-3 3E-4 3.0E-3 3.3E-3 ' 3.1E-3
BINpO; 0.358 0.025 0.312 0.368 0.360
BPYO, 2.5€-3 1.E-4 2.5E-3 2.7€-3 2.5E-3
23* 40Py 0, 2.0E-2 1.E-3 2.0E-2 2.2E-2 2.0E-2
55e0: 1.9t-7 6.E-9 1.6E-7 1.6€-7 1.38-7
"7c;0,(©) 0.128 0.008 0.308 0.305 0.289
U;0, 24 0.1
aThO, 1.18-2 4.E-3

(a) Based on initial incomplete analyses. Data omissions in the table indicate that the component Is present but
analyses are not yet completed.

(b) Average of three samples taken during bar pouring.

(c) Analytical discrepancy between bars and powder is under investigation.

nd = Not detected. 15



ATM-101
H. B. Robinson Spent Fuel,
Typical PWR

MCC 76-68
76-68 Type Glass, Used
for Selected Applications

This material represents the class of spent commercial nuclear reactor
fuel characterized by low burnup and high in-reactor fission gas
release. This fuel came originally from the H.B. Robinson PWR. The
fuel’s nominal burnup is 30 MWd/KgM. It was removed from the
reactor in 1973. It was received by PNL from EG&G, Idaho in
November 1983.

Prior to shipment of the rods to PNL, the rods’ fission gases were ana-
lyzed by EG&G, Idaho and Exxon Nuclear ldaho Company. Analyses
included: rod void volume, gas pressure and gas composition.
Results of these analyses will be received by the MCC early in 1984,
The rods are undergoing additional characterization at PNL. This is
expected to include transverse and longitudinal ceramography, gross
gamma scanning, inventory calculation and analytical spot-check of
inventory (selected transuranics and fission products), and a radial
distribution calculation and spot-check by SEM/microprobe or EDX.

Current scheduling calls for a report to be issued in june 1984 cover-
ing material characterization and sample preparation.

This material represents a borosilicate glass which incorporates the
high level waste resulting from reprocessing of commercial nuclear
reactor fuel. This glass is nonradioactive. [ts composition is based on
that of 76-68 glass (Mendel, 1977).

MCC 76-68 was fabricated by Penberthy Electromelt of Seattle,
Washington, in 1980. It was supplied in the form of cast, annealed
bars, 2.5 x 2.5 x 30 cm. Three lots were produced; the composition of
these lots, as determined by Inductively Coupled Plasma spectrome-
try (ICP) is given in Table 7. The observed variation in composition of
random specimens of this material is as much as 10% for some ele-
ments. MCC recommends that use of this material be limited to
application in which this inhomogeneity is acceptable. One use of
this material is as a feed stock for the production of doped ATMs
based on 76-68 glass.
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TABLE7. Composition of MCC-76-68 Glass

Compositions, wt%(2)
tot1 Lot 2 Lot3
Standard Standard Standard
Oxide W% Deviation(®)  wt% Deviation(b) W% Deviation(b)

ALO; 0.84 0.03 0.63 0.03 0.59 0.02
B:O; 8.65 0.06 8.99 0.15 9.06 0.01
BaO 0.62 0.1 0.54 0.02 0.55 0.00
Ca0 2.28 0.04 222 0.1 237 0.04
CdoO 0.05 0.01 0.05 0.01 0.05 0.01
CeO; <0.02 -_— 0.82 o1 0.92 0.01
Cr:0s 0.50 0.02 0.47 0.01 0.47 0.01
Cs.0 1.21 0.08 1.14 0.01 1.11 0.06
Dy.0; 0.01 0.00 0.01 0.00 0.01 0.00
Eu:0, 0.01 0.00 0.01 0.00 0.01 0.00
Fe 0, 9.08 0.12 9.52 0.17 9.56 0.13
Gd:0; 0.03 0.01 0.02 0.00 0.02 0.00
K:0 0.09 0.03 0.27 0.06 <0.06 | —
La;0, 4.89 0.06 4.33 0.24 4.16 0.05
MgO 0.18 0.01 0.14 0.01 0.16 0.01
MnO; 0.06 0.00 0.06 0.01 0.06 0.01
MoQO; 217 0.01 1.96 0.05 1.97 0.03
Na0 11.60 0.95 11.30 0.20 1277 1.21
Nd0; 1.65 0.01 1.47 0.08 141 0.02
NiO 0.25 0.03 0.22 0.02 0.23 0.01
P20s 0.56 0.08 0.66 0.1 0.80 0.16
SiO; 40.33 0.81 40.73 0.32 42.00 0.26
$rO; 0.49 0.01 0.42 0.01 0.42 0.01
TiO: 2.86 0.04 3.04 0.03 3.08 0.05
Zn0O 4.75 0.08 4.7¢ 0.05. 5.10 0.46
ZrO; 2.33 0.04 1.79 0.07 1.89 0.04
TOTAL 95.50 95.57 98.76

{a) Based on analysis of three bars for each lot.
(b} Standard deviation of a single analysis.
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Planned Acquisitions

a) Reference Leachates

b) A27 Cast Steel,
Basalt, Bentonite

c) Glass ATMs

d) Spent Fuel

Additional standard materials will be acquired during 1984:

a) A series of reference leachates will be made available which will
approximate the leachates resulting from various MCC test procedures.
These materials will be used to confirm that leachate analysis is being
performed correctly.

b) The BWIP has provided the MCC with samples of the A27 cast steel,
basalt and bentonite used in their testing program. These will be used as
reference materials in repository interactions tests.

18
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