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CONSULTING: ULTRAMICROANALYSIS ¢ MICROSCOPY e SMALL PARTICLE PROBLEMS e SOLID-STATE CHEMISTRY

7 August 1992

Mr. John D. Wood

Advanced Sciences, Inc.
11003 Hamilton-Cleves Road
Ross, Ohio 45061

Dear Mr. Wood:

McCrone Associates has completed the polarized light microscopy
and x-ray diffraction analysis of the 20 soil sample cores from
Fernald, Ohio. The work was performed under DOE contract number
DE-ACO5-860R21659 and was authorized by your purchase order
number 0045117.

The attached report summarizes the analytical methods used to
determine the mineralogy of the soil samples and the results of
our analysis. The thin sections and residual materials are being
forwarded under separate cover.

Thank you for consulting McCrone Associates. If you have any
questions, please do not hesitate to contact me.

Sincerely,

?M 7). &Q‘sz&
Jessica M. Elzea, Ph.D.
Senior Research Scientist
JME:jc

Enclosure
Ref: MA21576; P.O. 0045117
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MINERALOGY OF S8OIL CORE SAMPLES
FERNALD, OHIO

INTRODUCTION

Twenty soil core samples were examined by optical
microscopy and x-ray diffraction to determine soil
mineralogy. Mineralogy of the bulk soil and the silt and
clay fractions was determined and/or quantified using either
standard poiht counting techniques or x-ray diffraction

techniques.

SAMPLE PREPARATION

Thin Sections

Thin sections, prepared by National Petrographic
Services, Inc., were cut from the middle of and perpendicular
to the long axis of the core. Prior to cutting, the core was
impregnated with epoxy. The thin sections were stained for
calcite and potassium feldspar minerals.

Preparation for X-Ray Diffraction

Splits of each core, taken near the center of the core,
were disaggregated in water, ultrasonicated, and dispersed
with hexémetaphosphate. The dispersed sample was then passed
through a 230 mesh sieve. A portion of the <230 mesh
fraction wés dried in a 110°C oven, powdered, and packed in
shallow plastic holders for x-ray diffraction analysis.
Another portion was allowed to settle and the <2 um fraction
was pipetted and dispersed onto a zero background holder to

produce an oriented mount for x-ray diffraction. The

mccrore@%éiafes, iNnc.
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oriented mounts were air-dried prior to analysis. Selected

samples were also ethylene glycol solvated and heated.

ANALYTICAL METHODS

Optical Microscopy

The mineralogy of each section was determined and
quantified using standard petrographic techniques. Minerals
were identified on the basis of their optical and physical
properties. These properties include birefringence,
reflectance, morphology, color in transmitted light,
pleochroism, twinning, 2V, optic sign and color from
staining. Malachite green stain was used as an aid for
identification of clay minerals.

Quantification was performed with a polarizing light
microscope at a magnification of 100X using a Chalkley ocular
array. A minimum of 400 non-empty points were counted for .
each section. Two replicate analyses were performed. Sample
101403 was not point counted because the grain size was too
small (<5 pm).

X-Ray Diffraction

Portions of the clay and silt fraction (<230 mesh) were
analyzed by x-ray diffraction using a Siemens D5000 x-ray
diffractometer equipped with a long fine focus copper source
and a solid state Si(Li) Peltier cooled detector. Each of
the oriented air-dried samples was scanned from 2 to 45° 20
using a step size of 0.05° 20 and a data collection time of

3 seconds per step. Five of the oriented samples were then

-2 - mecrone associgtes, inc.
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solvated with ethylene glycol in a desiccator for at least 48
hours and re-analyzed from 2 to 45° 20. This procedure was
performed to determine whether or not montmorillonite might
be present in the samples. The same five samples were then
heated to 550°C for one hour. This test was performed to
distinguish clay minerals that have essentially identical
diffraction patterns prior to heating. For example, kaolin
and chlorite have very similar x-ray diffraction patterns.
Upon heating, however, the kaolin structure collapses and
becomes amorphous to x-rays. Chlorite, on the other hand, is
largely unaffected by heating, but may show minor shifting
and changes in the intensity of some peaks. The test can
also be used to aid in the identification of mixed layer

minerals.

RESULTS

Clay Mineral Identification

Clay minerals in the <2 um fraction of the soils include
illite and a mineral identified as mixed layer.chlorite/
smectite or vermiculite/smectite with a high percentage of
non-swelling layers. Other mixed layer minerals, such as
illite/smectite may be present in very small quantities but
absence of superlattice peaks makes it very difficult to
identify thesé minerals with confidence.

These identifications are based on diffraction patterns
obtained from air-dried, ethylene glycol solvated, and heated

mounts. Diffraction patterns of heated mounts are shown in

-3 - mecrone associates, inc.
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Figures 1 through 20. Results of glycolation and heating are
shown in Figures 21 through 25 and Table I.

Illite was identified on the basis of three major
reflections at approximately 10 A, 5 A and 3.3 A and a series
of minor reflections. The major reflections correspond to
hkl's of (001), (002) and (003) and closely match JCPDS-ICDD
(Joint Committee on Powder Diffraction Standards -
International Centre for Diffraction Data) card #26-0911.

The heated and glycolated patterns confirm this
identification.

The mixed layer clay mineral was identified based on
peak position, peak breadth, and changes in the diffraction
pattern as a result of glycolation and heating. For eXample,
the 14 A peak near 6.2° 206 sharpened and shifted a small
amount as a result of glycolation. The amount of shift is
too small for montmorillonite or some other smectite group
mineral which typically show a shift to 17 A after solvation
with ethylene glycol. Some of the major smectite reflections
are also missing. This slight shift as a result of
glycolation and the position of peaks with non-integral
spacings suggest a mixed layer chlorite/smectite. However,
this mineral collapses to 10 A after heating, as shown in
Figures 21 through 25. 1It, therefore, may be concluded that
this mineral is mixed layer vermiculite/smectite because
vermiculite collapses as a result of heating and chlorite
does not. However, the overall diffraction pattern is

consistent with chlorite/smectite and not vermiculite/

-4 - mccrone associates, inc,
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smectite. Because the identification of this mineral is
somewhat ambiguous, it will be referred to as corrensite.
Trace amounts of calcite, dolomite and quartz were also
observed in the <2 um fraction. These minerals were not
quantified.

Modal Mineralogy

Results obtained from the optical examination of the
thin sections and quantification are summarized in Table II.
The major mineral phases present in most of the cores are
calcite, dolomite, quartz and potassium feldspars (microcline
and anorthoclase). Minor mineral components in the soil
cores include chlorife, biotite, hornblende and iron oxides.
Magnetite and hematite are the iron oxide minerals present.
Humic material (decayed organic matter) is also present in
each of the soil cores.

Figure 26 is a carbonate-clay-quartz and feldspar
ternary diagram prepared from the data in Table II. The
diagram shows that the majority of the cores are composed of
carbonates, quartz and potassium feldspars in proportions
ranging from predominantly carbonates to predominantly quartz
and feldspars. Cores 100567 and 100552 are composed
primarily of clays, quartz and potassium feldspars.

‘All 20 soil samples are comprised of the same minerals
but in varying proportions. The amount of each clay was
estimated using peak areas. The 001 illite peak at
apprdximately 8° 20 and the corrensite peak at approximately

6.2° 20 were selected for quantitative analysis. Each peak
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was fit with a Gaussian function and peak areas were
calculated. Ratios of these peak areas were then used to
estimate percentages. Results are summarized in Table III.
Two percentages are reported in this table. One is the
percentage of the clay fraction that each mineral
constitutes. The other is the percentage reported on a whole
rock basis. 1Illite is the most abundant clay mineral ranging
from 55 to 80% of the clay fraction and 1.29 to 65% of the
bulk soil. Corrensite abundance ranges from 15 to 50% of the

clay fraction and 0.84 to 35% of the bulk soil.

QUALITY ASSURANCE AND QUALITY CONTROL

To assess the reproducibility of the point count data,
replicate thin sections were made and point counts performed
on one of the samples. Results, shown in Table IV, indicate
good reproducibility for some phases and not others. This
variation is probably due to sample inhomogeneity.

To assure the quality of the x-ray diffraction data, a
quartz standard was analyzed prior to actual sample analysis.
This scan was performed to check instrument calibration by
examining peak position and intensity. An example of a
quartz standard diffraction pattern is shown in Figure 27. .
The quartz standard runs indicated that the instrument was in

alignment and required no adjustments.

SUMMARY

Twenty soil samples were examined by optical microscopy

-6 - meccrone associates, inc.
GCGUio




~6443

and x-ray diffraction to determine soil mineralogy. The
soils contain quartz, calcite, dolomite, K-sbar, oréanics,
iron'oxides, chlorite, biotite, hornblende, illite and mixed
layer chlorite (vermiculite?)/smectite. These minerals occur

in varying proportions.

Respectfully submitted,

Jessica M. Elzea, Ph.D.
Senior Research Scientist

-7 - mecrone associates, inc.
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TABLE I
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100882 - 14.4689 14.4689 10 0 100
100704 | 13.2859 14.0257 10 0.73 90
101285 13.7882 14.2330 10 0.44 90
101403 14.0992 15.4341 10 1.33 80
100719 13.2523 14.0202 10 0.78 90

Ref:

Ad = change in d-spacing (A)

MA21576
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TABLE IIIX

101295 80 20 2.73 0.68
100690 50 50 2.19 2.19
101366 55 45 1.55 1.27
100719 60 40 5.20 3.47
100677 85 15 4.72 0.84
100844 76 24 1.22 0.38
100732 75 . 35 4.29 1.44
100813 70 30 2.21 0.95
101329 65 35 2.97 1.60
101277 65 35 1.66 0.89
100787 55 45 1.73 1.43
100758 55 7 45 1.78 1.45
100704 ' 65 35 2.50 1.34
101234 65 35 1.63 0.88
100771 80 20 1.29 0.32
101285 55 45 1.89 1.14
100567 75 35 45.29 15.1
100882 75 35 2.56 0.86
100552 70 30 31.76 13.62
101403 65 35 65 35

Ref: MA21576
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CLAYS

CARBONATES QUARTZ AND FELDSPAR

FIGURE 26
Carbonate-clay-quartz/feldspar ternary diagram.
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SIEMENS Diffrac_/ AT
Online nddusrnent Progran N
i

[

id. QUARTZ

Position _1 .
Retation $.C., spin

Detector 60.0868
Tube 30. 386L|
Chi
Phi {
aXu j
Osecil. None f
Anpli tude ;
Speed
Divengence slit 0.996
Antiscatter slit 6.996
Detector slit
ube uxndou Closed
26.208 S$: 9.020° Cps MT 27.388
Measuring channel Pointer status
Amplification 2 Cancel: Select:
High valtage 750
Base level 9.880 ning mode Nornmal oougled sgan
¥3£§r level 2.0060 Data collection Stopped
vol tage Direct command to D3608Q
Tube ourrent Evalpation Store data Adjust reference EXIT

McCrone Associates
EVA Version 3.0
Data file: C:\D5000\DATA\QUARTZ.RAW QUARTZ

26.200 to 27.300 Step: 0.020 Time: 6.600

Measured range:

‘Auto Background
2-theta ¢ 26.260 - 27.160 Peak: 26.688
Background: 114.0 - 81.4 Peak: 18950.2
Raw Area : 2647.36 - 87.93 Net : 2559.43
FWEM : 0.1210 Integral Width : 0.1358

: 26.699 Gravity center : 26.696

Chord .
{

FIGURE 27
Scan across primary quartz peak of quartz standard.
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¥ E FERNALD REQUEST FOR ANALYSIS AND CHAIN OF CUSTODY RECORD
5 RI/FS . Page 1 of _2
™
- PROJECT/TASK NAME FEmMmPe R\/ FS EuWmMmE DATE SAMPLES SHIPPED S-2(-9a BILL TO: Advanced Sciences, Inc.
q‘ PROJECT/TASK NO. GO .03.01. 61 CARRIER/WAYBILL NUMBER  ~£EDEX 09 3345490 6739 Academy Drive, N.E.
Q@ PROECT MANAGER  _Toun/  u¥sob LAB DESTINATION Mo CRONE.  peSocRTES oRiGNaL  Albuauerave, NM_§7109
“ | SAMPLE TEAM LABORATORY CONTACT tiT ESSICA BLZEA DATA REPORT: Advances-Sciences, Inc. Attn: Pam Rajic
MEMBERS VARIOUS - DE& ol CC . .
A. DATE REPORT REQUIRED _L 1o - qD\ . . 165 Mitchell Road, Oak Ridge, TN 37830
. PROJECT CONTACT  Tom TANe. / pRicy Attz - - - sos G T
PURCHASE ORDER NUMBER  .-:=% EDT TO:~ ASI, 11003 Hamllton-Cleves ‘Road
PHONE NUMBER 512 738~ 300 /5&5’ 262-28006 e ‘
- P.O, Box 475 Ross ‘Ohio 45061 /Aun: Database Mgt.
OPERABLE UNIT NO. oU-S
..... . Co - : CONDITION ON
SAMPLE SAMPLE LOCATION AND DATE TIME SAMPLE -| °NO. OF - SAMPLE - | -- "TAL -~-REQUESTED ANALYSES CLP RECEIPT (INITIALS DISPOSAL
NUMBER DESCRIPTION TYPE CNTNRS. . V(:LU}]:;E s+ eoeaeane. | NUMBER ) Pkg. AND DATE) RECORD NO.
_ Y Cend o o . . !
Y |lobemla-130  17- 1257 01-09:93] s¥30| sosL / 150 m/ NbXJs; 3.22F| pem, XRD N
’ L N . e o SUUTUPY S . . R s —ef al-
)g 10%3 R-1732 19-19.8 o/-09-R| 0743 . I - '
S "
AAllroogs | R-173Y Y -4.5 0/-08-92] 0820
/ MRS N T f T R heaialiido- T i ST ‘::‘,,:_
/:Z/.{é_ﬁ 8-1737 5-598 0/-06-92) i45S] i
P\ 06787| 81738 #.5-5° 0/-029 s0/5 =
/887241 B-17%0  47-17.5° /2-21-9/ | 7330 ) - ]
)7 L@{;‘S’ B-1740 6.5-7 ! [2-21-9/| 16/ R N S Rk M Rk M - )
A . . Vs . LS P - - - PR
79 167529 | B-174] 25-28.S /2-20-9/| 0940 B s Bl
g /45159 B-1742 __5-5.57 (2-18-9/| 1125 R I e - R Rt S I
/[g( D732 B-1T¥2  76.-5-17 ’ /2 -18-9/ | 1620 a v v K : Aotz nm e e #r
/ omgmiie T Fov St g s T et =1 A2 B
blror 2851 &-1743 44-%.5 2-18-/| ¢400| SoIL / 150 ml NONE 3227 | pm, xRD N
7
NOTE: If more than 11 lines are needed for one sample number, use a separate RFA/CC for the remaining sample parametéih. Specml Instrucuons AL SAMPLES WERE SCREENED DR RLPHA AND BETR RAD
GLBEATR ﬂcr;wry AN D bt-:'razm;m—:b 70 6.: AT NatURAL BAKGRIUMND LEVELS.
EWEIJ : l ) ! 4 A .
Possible Sample Hamrds 0 Radxonuchdes D Volatile Organics "Sample DisEosal: Turnaround.Time Required
Non-hazard Flammable [ Skin Irritant O Poison B O Return to Client @ Disposal by Lab [J Normal Rush O
1. Relinquished by 5 1. Received by . Y] .
(Name, Company, Date, Time)&(éamm, KSt S-21491 1560| (Name, Company, Date, Time) G b F‘ . (SO{ ,wo P e gf’ﬂﬁ’t s /P /300
7 7 7 - 7 vy
2. Relmgulshed by 2. Received by R '
(Name, Company, Date, Time) (Name, Company, Date, Time)
3. Relinquished by 3. Received by . .
(Name, Company, Date, Time) (Name, Company, Date, Timey ~ ~ °~ - [RT4TH T q q
Comments:
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