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The Center for Nuclear Waste Regulatory Analyses (CNWRA), a federally funded
research and development center at Southwest Research Institute (SwRI), is conducting
studies of natural systems analogous to important aspects of the proposed high-level
nuclear waste repository at Yucca Mountain, Nevada, in support of the US Nuclear
Regulatory Commission (NRC). The focus of much of the work is the Nopal I yranium
deposit in the Pefia Blanca District, Chihuahua, Mexico. The primary ore mineral at
Nopal I is vraninite (nominally UO2,) which is compositionally and structurally similar
to spent nuclear fuel (the dominant waste form anticipated for the repository). The
hydrology, climate, geochemistry, and geologic structures of the Nopal I deposit are close
comparisons to those of the proposed repository site at Yucca Mountain. Uraninite at
Nopal I has altered to a suite of secondary minerals including uranyl oxides, uranyl
oxyhydroxides, and uranyl silicates. This alteration sequence may represent the long-
term corrosion products which may reasonably be expected to form from spent fuel in a
Yucca Mountain repository. The processes which govern the initial oxidation of the
uraninite and the subsequent formation of uranyl minerals are likely to be important for
spent fuel oxidation.

Previous investigations, using optical microscopy, scanning electron microscopy, and
scanning transmission electron microscopy, indicate that the uranium mineralization at
Nopal I formed as irregularly-shaped masses of fine crystalline uraninite which has been
partially altered to uranyl oxyhydroxides and uranyl silicate minerals. Microprobe
analyses indicate the uraninite has undergone some degree of oxidation; oxygen to
uranium ratios range from 2.03 to 2.48. Microprobe analyses also found significant
concentrations of Si (0.22-2.06 at. %) and Al (0.01-1.69 at. %) in all uraninite
measurements; many uraninite crystals also have substantial Ca (up to 3.16 at. %). These
elements may be incorporated in the uraninite structure or could be present as
unrecognized mineral phases that may be intergrown with the uraninite and that are too
small to be differentiated by SEM.

Preliminary TEM analyses on thin foils prepared by ion beam thinning techniques were
conducted on a Joel 2000 TEM/STEM microscope at the University of New Mexico.
The TEM micrographs show crystals of uraninite intergrown with kaolinite: the uraninite
and kaolinite identifications were confirmed by EDX microanalysis and electron
diffraction analysis. However, the oxidation state of uraninite cannot be differentiated.
Some diffraction patterns show extra spots or rings from unrecognized phases with larger
lattice parameters, and EDX spectra also indicate the presence of Si, possibly from
soddyite (a common uranyl silicate at Pefia Blanca) or other as yet unrecognized phases.
A common morphology observed was a granular structure of fine uraninite particles on
the order of 5-10 nm having a black core surrounded by a diffuse layer in various shades
of gray. We speculate that this granular structure may be associated with uraninite
alteration through either a change of oxidation state and/or phase transformation.

g .
N

Description of proposed research: (Include a statement of the project aim and its scientific
“|importance and/or technological relevance; preliminary worl; performed using trapsm18810n
-{electron microscopy and other techniques, with appropriate references;' details of t.he
proposed microscopy including the techniques you wish to use, the resolution you require,
land the microscope(s) you need. Refer to the list of techniques provided or discuss your
| proposal with Center staff if necessary). :
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Unfortunately, the fine uraninite particles were too sm_all for EDX microar}alysm and_the
EDX is also not capable of oxygen analysis. Resolution of these uncertainties requires
the application of HREM providing the capability for lattice imaging, microanalysis, and
microdiffraction to achieve atomic scale resolution.

the proposed program, we plan to use HREM to evaluate the mechanisms of uraninite
{)I;ddati%n Iz)md topseagrch for potential very small inclusions of Si/Al phases. Specifically,
for our initial HREM analyses we plan to define areas of variable oxidation state for the
UO24x series and to search for submicron secondary phases within or adjacent to primary
uraninite crystals. This will involve the use of a combination of lattice imaging, EDX
microanalysis, and microdiffraction. The VG HBSO! microscope, _whlch is capalple_of
EDX analysis for Z>5 with a 1 nm minimum probe diameter, is desirable for qualitative
and quantitative elemental analysis including oxygen; the Phillips 400ST-FEG with a 2
nm minimum probe diameter is suitable for lattice imaging and microdiffraction analysis
of the fine, granular uraninite structure.

Because the samples to be used are naturally occurring radioactive rpaterial, these
samples do not fall under any government regulations for radioactive materials.
Nevertheless, we handle this material in accordance with established guidelines for
regulated radioactive substances. The foils for TEM analysis have contact activities of
less than 0.02 mrem/hr. Consequently, the only safety requirements are that ingestion
and inhalation be avoided. We anticipate no significant problems meeting these
requirements during our HREM analyses.
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University of New Mexico

Department of Earth & Planetary Sciences
ALBUQUERQUE , NEW MEXICO 87131

TELEPHONE 505/277-7536
FAX 505/277-8843

November 5, 1993 -

Dr. Yi-Ming Pan

Materials and Mechanics Department
Engineering and Materials Sciences Division N
Southwest Research Institute
6220 Culebra Road —
P.O. Drawer 28510
San Antonio, Texas 78228-0510 -

Dear Dr. Pan, . -

Enclosed please find the preliminary data (32 TEM Bright-field and SAD negatives and 5
EDS spectra) I got with our TEM from the four samples you sent to me earlier. The
samples were all ion milled at the liquid nitrogen temperature. There are some thin areas
available in each sample for TEM/EDS analysis as shown in the negatives.

s

S

e ————

65

I have spent 4 hours on the microscope for your samples. So we will bill you totally for
$640 ($400 for sample preparation and $240 for TEM analysis).

As I told you on the phone, our new JEM2010 microscope is in the process of installation.
The new microscope will have an ultra-thin window EDS system, with that we are going to
be able to detect oxygen and carbon. Also, the new microscope's point resolution is 1.9 A,

much better than that of our current 2000FX (3.0A).

I am looking forward to more collaboration with you in the future.

Sincerely yours,

N

“ Lu-Min Wang, Ph.D.
. Senior Research Scientist

Drckee 16 Kot e Zviwe

bendlee  eitBl/.  TE M Iork

o UN M lL} /./\40 (M/ 7

EDS  spilice  oed PW@,

The results can be summarized as follows (incomplete):

(1) In sample 301, two kinds of "rods" were found in a matrix which only contains Si.
One kind of rod contains both Al and Si, the other contains mainly U which appears much

darker (lighter in the negative). Please remember our EDS system on the 2000FX can not
detect elements lighter than Na, so these rods could be UO5..

(2) In sample 30K, matrix contains also only Si and it was determined to be single
crystalline (see the SAD pattern 2876). Dark UO3 rods and blocks were found in the s
matrix (see negatives for their distribution). Also, some bright Al and Si containing -
regions (single crystailine) and a dark crystal which only has Fe and S were found.

(3) In sample 32K, some big U-rich areas with a lot of gas bubbles was observed (2881,
2882). A region with granular grains contains only Fe. U-rich phases are polycrystalline
with very small grain sizes (neg. 287%;2880, 2883).

(4) Sample 32U has large U rods and blocks. The brighter region (darker on the negative)
contains both Al and Si. At least one large U rod seemed to be single crystalline (neg.
2891). - \
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Pages _L through Q}/of this Scientific Notebook were reviewed for
compliance with QAP-001 in response to Corrective Action Request 94-
02. Corrections and clarifications were made as appropriate.. In some
cases, the date of a change will reflect the date of this revnew rath r than
the date of the original Scientific Notebook entry
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2/22/9F Siymmary oand A to o boen é Hobn
MEMORANDUM

February 27, 1995

To:

From:

James D. Prikryl ’ ’
Yi-Ming Pan/Computation Research Professionals, Inc.

Subject: CNWRA Project No. 20-5704-063

"Uranium Fixation in Fracture-Filling Materials"

Summary and Recommendation

The object of this investigation is to analyze the role of secondary mineral formation on

uranium fixation in fracture-filling materials at the Nopal deposit using transmission electron

microscopy (TEM). The major findings of this investigation may be summarized as follows:

1.

CC:

The use of energy-dispersive x-ray spectroscopy (EDS) and electron diffraction techniques
in the analytical electron microscope has characterized the major secondary minerals such as
goethite, hematite and amorphous Fe-oxide in the fracture-filling materials at the Nopal
deposit. These minerals shows distinct features in terms of phase morphology, chemical
composition and diffraction pattern.

Uranium concentrations have been measured to be sited on the goethite phase which shows
a laminar structure with a lath thickness of approximately Qﬁzg Tt'was observed that the
uranium concentrations along and normal to the laminas varied according to the total EDS
counts using a focused electron probe of about 25nm diameter. The variation of the uranium
concentrations measured normal to the laminas is greater than that seen along the laminas.

No discrete uranium-containing phase has been observed in this investigation. Nonetheless,
the inhomogeous uranium distribution within goethite mentioned above may be associated
with other fine uranium bearing phases that may not be discernible under a conventional
TEM. Detailed characterization requires the application of high resolution electron
microscopy (HREM) techniques. ﬁ

Previous analysis of natural uraninite alternation by high resolution electron microscopy has
suggested that HREM will be an effective tool in determining the mechanism of uranium
fixation in fracture-filling materials at atomic levels.

Dr. English C. Pearcy % / S

3/ 27/ g ¢~
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