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poise. Typically, the viscosity within a melt will be close to 100 poise and the corre-

sponding melt temperature is identified as the T100P or the melt temperature at a viscos-
ity of 100 poise. Although, no actual melt temperature measurements were made during
the NTISV demonstration, the model has been validated to be accurate within £50°C for
ISV applications provided the soil/rock composition being evaluated is similar to natural
magmatic soil/rock compositions. :

The composition of the cold demonstration monolith consists of close to 90% SiO» and
Al,O; (see Table 5-1). Both of these oxides are glass-forming compounds and are con-
sidered to be refractory in nature. Thus, the temperature of the melt would be expected to
be high, which would result in a very durable product.

5.2.2 Homogeneity of the Radionuclide Surrogate Distribution

Five random samples were selected from the edge, center and upper portions of the vitri-
fied monolith and were submitted for complete digestion and radionuclide surrogate
analysis. It was necessary to completely dissolve the vitrified material to accurately de-
termine the concentration of the surrogates immobilized within the glass matrix. Because
the product is very resistant to standard digestions procedures that use strong acids, the
lithium-metaborate fusion digestion (described in section 3.7.1) was used. The digested
samples were analyzed for Cs and Ce using ICP-MS to determine the levels of the surro-
gates in the five samples. Table 5-2 presents the results of the surrogate analyses.

Table 5-2. Results of radionuclide surrogate analyses in the vitrified product

Sample Number Cesium Cerium
(ppm) (ppm)
NTISV-GB-12 33.3 249
NTISV-GB-18 33.0 249
NTISV-GB-20 32.9 249
NTISV-GB-23 334 252
NTISV-GB-26 30.9 241
Average in Vitrified 33+0.7 2483
Product
Average Background
Value in Tuff Prior to 231202 111+3
Demonstration:

The amounts of Cs and Ce surrogates added to the simulated absorption bed were based
on the need to increase the surrogate concentrations within the product to a level that
would be distinguishable above the natural background levels in the soil. This would al-
low an effective determination of how well the surrogates were distributed throughout the
resulting monolith. The targeted increase in concentration levels in the vitrified product
above the background soil concentrations were a factor of 2 increase for Ce and a factor
of 10 increase for Cs. As can be seen in Table 5-2, these levels were achieved for both
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the Ce and the Cs. The level of increase in the product above the background levels for
the Ce and the Cs were factors of 2.2 and 14, respectively.

The rise in the vitrified product concentration above the background levels is another in-
dicator that all of the contents of the absorption bed were incorporated downward into the
developing melts. Had some of the bed contents and associated surrogates not been in-
corporated into the melt, the surrogate levels in the vitrified product would have been
lower than the targeted concentration level.

The degree of homogeneity within the vitrified product can be seen in Table 5-2. Confi-
dence intervals of 248 £ 3 ppm for the Ce and 33 £ 0.7 ppm for the Cs demonstrate the
excellent mixing that occurs during melting. It should be noted that:

. the placement of the surrogates within the absorption bed was at a single depth
which was several feet above the location of the finished product. Thus, the sur-
rogates moved downward with the components of the simulated absorption bed
and fed into the top of the developing melt(s) and then were uniformly distributed
throughout the molten media.

. the samples of the vitrified product were taken from the outer portion of one
quadrant due to equipment reach limitations. This is significant in that the outer
edges of the melt are typically cooler due to heat loss to the surrounding soils. As
a result, the molten product in this region can possess a higher viscosity which
can restrict the fluid flow in the outer portions, thus working against homogeniza-
tion. This data indicates that the convective flow patterns that existed within the
cold demonstration melt served to uniformly distribute both the Ce and Cs surro-
gates, despite this possibility.

5.2.3 Surrogate Retention Efficiency

The high levels of surrogate within the glass are an excellent indication of the immobili-
zation efficiency (or retention efficiency, RE) of these compounds within the glass. Al-
though, a true mass balance is not possible due to off-gas and surrounding soil sampling
not being performed, the retention evidence derives from the fact that the concentrations
of the surrogates are at or slightly above the targeted levels. The level of immobilization
efficiency of actual radionuclides, as well as their surrogates, within a GeoMelt product is
well documented. Typically, immobilization (or retention efficiency) of the more re-
fractory radionuclides such as U, Pu, and Sr is >99.99 (Buelt et al. 1987 and Geosafe
1996).

Cesium is considered to be a semi-volatile material. Cesium oxide (Cs,0O) decomposes at
approximately 400°C, while the boiling point of cesium metal is approximately 705°C.
Since the temperature of an ISV melt is 1600°C and above, there is the potential for ce-
sium to volatilize and escape from the system during processing. However, cesium has
been shown to be readily incorporated into the glass matrix produced by the ISV process
(Spalding 1992). Some of theses evaluations include:
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In 1983, conventional top-down ISV was applied at pilot-scale to process a
staged, radioactively-contaminated soil volume at the Hanford site in Washington
state (Timmerman and Oma 1985). For this test, trace quantities of cesium, as
well as a number of radioactive materials, were staged in a plastic container ap-
proximately 0.74-m below grade. The target treatment zone was processed in ap-
proximately 23 hours. A cesium RE of 99.23% was obtained.

In a 1987 test, a simulated waste burial trench containing a mixture of actual Oak
Ridge National Laboratory (ORNL) Site soil and crushed limestone was treated
using the conventional, top-down ISV process (Carter, et al. 1987). The test was
performed at engineering scale and involved a target treatment zone staged with
non-radioactive cesium (as Cs»CQOj3) and strontium [as Sr(OH)-] to simulate the
presence of the major radioactive materials in the actual burial trench. The entire
treatment zone was processed in 8 hours. A RE of 99.996% was obtained for
both the cesium and strontium materials in this test.

Also in 1987, a pilot-scale test was performed on a 3/8-scale simulated ORNL Ra-
dioactive Liquid Waste Disposal Trench (Spalding and Jacobs 1989). This test
involved application of conventional, top-down ISV to process the simulated
trench. Non-radioactive Cs,COs and SrCO; were staged approximately 1.5-m
below grade in the simulated trench. The trench was composed of crushed lime-
stone surrounded by native ORNL Site soil. The test was conducted over a 110
hour period and produced a vitrified monolith of approximately 20 tonnes. The
cesium RE obtained for this test was 99.88%.

In 1990, conventional, top-down ISV was employed to remediate an actual con-
taminated soil site at the Hanford Site in Washington state (Luey, et al. 1992).
This site (116-B-6A) contained cesium and a number of other radioactive ele-
ments, as well as concentrations of various heavy metals (e.g — chromium[VI],
lead, and mercury). The process was completed in 288 hours of operation, and
produced a 770 tonne vitrified block. The cesium RE obtained for this test was
99.98%

Another pilot-scale test was performed at ORNL in 1991. This test involved
processing another simulated ORNL seepage trench. Trace quantities of radioac-
tive cesium-137, strontium-90, americium-241 and plutonium-239/240 were
staged in this test. An RE of 97.6% was obtained for the cesium; for the other ra-
dioactive elements, REs in excess of 99.9995% were obtained. The lower cesium
RE was attributed to several factors. Chief among these was the influence of the
PVC pipe used to stage the cesium on its ultimate volatility. A subsequent inves-
tigation (Spalding 1994) suggested that when cesium metal reacts with chlorides

~(from the PVC), the volatility of the cesium-chloride compound was greatly in-

creased over that of the cesium element alone.

In 1992, an engineering-scale test was performed to investigate the efficacy of
using conventional, top-down ISV to process a liquid waste seepage trench at the
ORNL Site (Peterson, et al. 1992). As with the 1987 ORNL engineering-scale
test, the target treatment zone was loaded with a combination of ORNL Site soil,
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crushed limestone, and non-radioactive Cs>COs to simulate the radioactive cesium
present in the actual waste trench. In addition, a significant quantity of Na,COs
was added to the simulated trench in this test to mimic conditions at the actual
ORNL trench. A cesium RE of 99.63% was obtained in this test — somewhat
lower than the value obtained in the 1987 engineering-scale test. In this test, the
cesium was staged over a larger fraction of the target treatment zone, reducing its
nominal burial depth. In addition, several ancillary investigations were preformed
in this test (e.g. — varying power level during operation). Consequently, this test
was performed over a 20 hour period. The reduction in cesium RE obtained in
this test was attributed to these two factors.

. A small (1-ton) demonstration was performed at the Brookhaven National Labo-
ratory on a simulated configuration of the chemical/animal pits and glass holes.
Neodymium, rubidium, strontium and cesium were added to simulate the presence
of radionuclides compounds. The measured RE for the radionuclide surrogates

were:
- neodymium - >99.98%
- rubidium -  >99.98
- strontium -  >99.998
- cesium - 99.97%
. A large-scale application of the conventional, top-down ISV process was per-

formed at ORNL WAG 7, Pit 1 (Spalding, et al. 1997). Radioactive materials (in-
cluding cesium and strontium) were processed in this application. The cesium RE
obtained for this test was 99.998%.

. A demonstration was performed in 1998 on a 4,500-gal tank that simulated the
configuration of one of the V-Tanks at the INEEL (Geosafe 1998). A non-
radioactive cesium surrogate was added to the sludge heel that was placed within
the tank. Characterization of the off-gas flow, deposition on the various off-gas
system components and of the surrounding soils, as well as the vitrified product,
indicated a retention level of 99.996%.

This data also indicates that the level of retention increases with scale of application (e.g,
the REs obtained for the large-scale applications were 99.98%, 99.998% and 99.996%).
This is primarily due to the depths of the melts, however other factors, such as top down
versus subsurface melting and melt temperature do play a role. This large amount of data
indicates the high likelihood for excellent Cs and other radionuclide retention efficiencies
during ISV application at the MDA-V.

5.2.4 Product Quality Testing

Two different leaching tests were used to determine the product durability as measured
by its resistance to leaching. Five samples were randomly selected and submitted for
leach testing at the Corning Engineering Laboratory, located in Corning, NY. Each sam-
ple was prepared and analyzed via the Product Consistency Testing (PCT) and Toxic
Characteristic Leach Procedure (TCLP) methods.
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5.2.4.1 PCT Evaluation of the Vitrified Product

The PCT method (ASTM C 1285-94) was developed specifically to test the durability of
high-level waste glasses during production. The method states that it can also be used to
test simulated waste glasses. This test involves grinding the glass to obtain a sample with
particle sizes in the range of 0.074-mm to 0.149-mm. A portion of this glass “powder” is
then exposed to a leachate consisting of ASTM Type I water at 90°C for a period of 7
days. The mass of leachate to which the sample is exposed is specified to be ten times
the mass of the sample. For this application, 4-g samples of the glass “powder” were ex-
posed to 40-ml of leachant. At the conclusion of the 7-day test, the concentrations of the
target analytes (in this case Cs and Ce) in the leachate was determined using ICP-MS.

Table 5-3 presents the results obtained for each of the five glass samples. As indicated,
the concentration of Cs and Ce in the leachate was less than the detection limit of the
analytical procedure for all five samples. This demonstrates the excellent leach resis-
tance and durability properties of the ISV-produced waste form.

Using the detection limit value as an upper-bound estimate of the surrogate concentration
in the leachate, the results can be recast into several forms. The Cs and Ce in the leachate
results presented in Table 5-3 (columns 3 and 7) can be used to estimate the percentage of
Cs and Ce mobilized into the leachate on a wt% basis (columns 4 and 8). This is defined
as 100 times the ratio of mass present in the leachate relative to the average value in the
product. The results of this calculation are listed in Table 5-3 for each glass sample
taken. These values are an upper bound estimate, since the Cs and Ce concentration in
the leachate were below the detection limit of 2-ppb and 6 ppb, respectively.

Table 5-3. PCT results for the cold demonstration product

Sample [Ave.Csin| Csin Cs Mo- [Normalized|Ave. Cein| Cein Ce Mobi- | Normal-

Vitrified | leachate blized |Cs Release| Vitrified | leachate lized ized Ce
Product (ppm) (wt %) (g/m®) Product (ppm) (wt %) Relea7se
(ppm) {ppm) (g/m”)

GB-1 | 33+0.7 | <0.002 | <0.061 | <0.011 | 248+3 | <0.006 | <0.024 | <0.036
GB-3 | 33+0.7 | <0.002 | <0.061 | <0.011 | 248+3 | <0.006 | <0.024 | <0.036
GB-4 | 33+0.7 | <0.002 | <0.061 | <0.011 | 248+3 | <0.006 | <0.024 | <0.036
GB-6 | 33+0.7| <0.002 | <0.061 | <0.011 | 2483 | <0.006 | <0.024 | <0.036
GB-7 | 33+0.7 | <0.002 | <0.061 | <0.011 | 248+3 | <0.006 | <0.024 | <0.036

< value indicates detection limit

An alternative representation of these results is obtained when the surrogate leachate-to-
specimen mass ratio is normalized on the surface area per unit mass for the glass “pow-
der” particles. Mathematically, this is expressed as:

Bi= l(Ci—Bi)XlOGJXp xV
mixX A
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where:  Ri= normalized release of analyte i, g/cm®

C; = concentration of analyte i in the leachate, ppm

B; = concentration of analyte i in the leachate blank, ppm
p = density of leachate, ~1-g/cm3

V = leachate volume, ml

m; = mass of analyte i in the sample, g

A = surface area per unit mass of the sample, cmZ/g

The results of performing this calculation for each of the five samples obtained from this
test are presented in Table 5-3 (columns 5 and 9). Again, these values are an upper
bound estimate as the surrogates were below the detection limit of the analytical proce-
dure.

5.2.4.2 TCLP Testing of the Vitrified Product

The five samples analyzed for PCT testing were also extracted per the TCLP test as de-
scribed in 40 CFR 261, Appendix II and in “Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods," EPA Publication SW-846. The results of the TCLP test
can be seen in Table 5-4. The TCLP is designed to determine the mobility of inorganic
(and organic) analytes present in liquid, solid, and multiphase wastes. The TCLP method
requires a 100-g sample to first be ground to <9.5-mm and then extracted using enough
extraction fluid to equal 20 times the weight of the solid. The extraction fluid used in this
procedure is reagent water mixed with acetic acid and sodium hydroxide, which results in
an acidic solution with a pH of 4.9. The extraction fluid and ground sample are in con-
tact for 18 * 2 hrs and then the solution is filtered by passing through a 0.6 to 0.8-um fil-
ter. The resulting extract is then analyzed for the target analytes (in this case Cs and Ce).

All five of the samples submitted for the TCLP test were found to have not leached Cs or
the Ce at a level above the analytical detection level. The results of both leach tests per-
formed on samples of the cold demonstration vitrified product are consistent with previ-
ous ISV leach results, which far exceed the performance of other waste forms such as
high-level waste glass. In addition, ISV glass always surpasses heavy metal land disposal
restriction standards by several orders of magnitude.

Table 5.4. Results of TCLP testing of the cold demonstration product

Sample Cs in Leachate Ce in Leachate
(mg/L) (mg/L)
GB-1 <0.29 <0.056
GB-3 <0.29 <0.056
GB-4 <0.29 <0.056
GB-6 <0.29 <0.056
GB-7 <0.29 <0.056

< value indicates detection limit
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5.2.5 Geochemical Evaluation

Samples of the vitrified product were sent to VitChem, located in Issaquah, WA, for geo-
chemical determination. The objectives of this evaluation included, to:

. evaluate the geochemistry of the vitrified product

. compare the chemistry of the product obtained on a microscopic level with that of
the whole rock analysis on bulk samples and provide an explanation of any differ-
ences (if discovered)

. determine if the vitrified product has crystallized, and if so, describe the type and
morphology of crystallized products present

. postulate how crystallization might influence the disposition of contaminant ions
for the hot demonstration

. identify, describe and specify the origin of any inclusions found in the product

. discuss the significance of inclusions with respect to the hot demonstration.

Electron microprobe analysis coupled with two forms of spectroscopy was used to docu-
ment microscopic features and facilitated quantitative analysis of discrete features in the
vitrified product. These techniques provided the capability of documenting chemical dif-
ferences within various portions of the sample. The report submitted is included as Ap-
pendix C.

The conclusions of the geochemical evaluation were:

. the cold demonstration produced a hard, durable homogenous glass product

. the high concentration of glass-forming ions has resulted in a vitrified product that
is likely to have exceptional chemical durability

. the sample: LANL-1 exhibited three different components in the vitrified product
including glass, elemental iron and small black particles believed to be carbon

. the lIow concentration of iron in the glass compared to that reported by the whole

rock analysis on bulk samples indicates that a large portion of the iron oxide in
the materials that were melted was reduced to elemental iron

. the reduction of the iron in the NTISV is believed to have been caused by distri-
bution of carbon in the melt. -
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6. PRELIMINARY COST INFORMATION

One objective of the NTISV demonstration project is to obtain cost data that will enable
estimation of large-scale remediation costs for NTISV and enable comparison of the costs
to a target level of $800/ton. Although cost data will be obtained for both the cold and
hot demonstrations, the hot demonstration will generate data that is more useful for ad-
dressing this objective because:

. the hot demonstration will be performed at a larger scale which is representative
of commercial practice, whereas the cold demonstration is not representative
(only half as large)

. the hot demonstration will involve the actual treatment of contaminated soils in-
cluding the treatment of radionuclides

. the hot demonstration will be performed in a portion of Absorption Bed #1 at

MDA-V, which is an undisturbed waste trench that received liquid effluent waste
from a laundry facility.

The results collected from the hot demonstration will be used in the preparation of an ap-
plicability analysis and large-scale cost estimate. Data gathered during the NTISV dem-
onstrations will be used to develop (or refine) the treatment concept, finalize the remedial
design and establish the necessary remedial action elements (including sampling, site
preparation, mob/demob, vitrification operations, site restoration, and post-ISV sampling
and analysis and long term monitoring needs).

Data obtained during the cold demonstration operations phase provides preliminary in-
formation regarding the costs of treating the soil types present at the LANL site, which is
a significant factor associated with the unit cost of treatment. Direct treatment costs as-
sociated with treating the simulated absorption bed volume and the underlying soil down
to a depth of 22-ft were:

starter plane injection $170/ton
ISV operations $456/ton
electrical power $ 36/ton
thermal oxidizer rental $ 1l1/ton
propane consumption $ 11/ton
Total Unit Cost $684/ton

The unit costs presented above include only those costs associated with the treatment
process and those preparation steps that are repetitive (such as the injection of the starter
planes). Not included are mobilization and demobilization costs, document preparation
and other administrative costs, equipment modifications costs, sampling and analysis and
reporting.

The comparable unit cost for the hot demonstration is expected to be equal to or lower
than that of the cold demonstration due to the experience gained during the cold demon-
stration, as well as the fact that the operational costs typically decrease with increasing
scale.

62

£ 3 E 3

E 2

E 3

2



7. REFERENCES

American Society of Testing Materials. 1994. Standard Test Methods for Determining
Chemical Durability of Nuclear Waste Glasses: The Product Consistency Test
(PCT). ASTM C 1285-94.

Brouns, R.A., J.L. Buelt, and W.F. Bonner. 1983. "In-Situ Vitrification" U.S. Patent
#4,376,598.

Buelt, J. L., C. L. Timmerman, K. H. Oma, V. F. FitzPatrick, and J. G. Carter. 1987. In
Situ Vitrification of Transuranic Waste: An Updated Systems Evaluation and Appli-
cation Assessment. PNL-4800, Suppl. 1, Pacific Northwest Laboratory, Richland,
Washington.

Carter, J.G., S.O. Bates, and G.D. Maupin. 1987. In Situ Vitrification of Oak Ridge Na-
tional Laboratory Soil and Limestone. PNL-6174. Pacific Northwest Laboratory,
Richland, WA. '

Geosafe Corporation, 1998. Treatability Study for Planar In Situ Vitrification Of INEEL
Test Area North V-Tanks. Geosafe Corporation, Richland, Washington.

Geosafe Corporation, 1996. Pillot-Scalle Treatability Testing of the in situ Vitrification
(ISV) Technology on Contaminated Soil and Debris from the Chemical/Animal Pits
and Glass Holes at Brookhaven National Laboratory. Geosafe Corporation, Richland,
Washington.

Luey, J., et al. 1992. In Situ Vitrification of a Mixed-Waste Contaminated Soil Site:
The 116-B-6A Crib at Hanford. PNL-8281. Pacific Northwest Laboratory, Richland,
WA.

Peterson, ML.E., T.D. Powell, and C.L.. Timmerman. 1992. Engineering-Scale In Situ Vit-
riﬁcation‘ of Simulated Oak Ridge National Laboratory Liquid Waste Seepage
Trenches. PNL-7988. Pacific Northwest Laboratory, Richland, WA.

Shaw, H.R. 1972. “Viscosities of Magmatic Silicate Liquids: An Empirical Method of
Prediction.” Amer. J. Sci., 272, pp. 870 — 893.

Spalding, B.P. and G.K. Jacobs. 1989. Evaluation of an In Situ Vitrification Field Dem-
onstration of a Simulated Radioactive Liquid Waste Disposal Trench. ORNL/TM-
10992. Oak Ridge National Laboratory, Oak Ridge, TN.

Spalding, B.P., et al. 1992. Tracer-Level Radioactive Pilot-Scale Test of In Situ Vitrifi-
cation for the Stabilization of Contaminated Soil Sites at ORNL. ORNL/TM-12201.
Oak Ridge National Laboratory, Oak Ridge, TN.

63



Spalding, B.P. 1994. “Volatilization of Cesium-137 from Soil with Chloride Amend-
ments during Heating and Vitrification.” Environ. Sci. Technol., 28, pp. 1116 — 1123.

Spalding, B.P., et al. 1997. In Situ Vitrification Demonstration at Pit 1. Qak Ridge Na-
tional Laboratory. Volume 1. Results of Treatability Study. ORNL/ER-425/V 1.
Oak Ridge National Laboratory, Oak Ridge, TN.

Timmerman, C.L. and K.H. Oma. 1985. “A Pilot-Scale Test Using In Situ Vitrification.”
Nuclear Technology, 71, pp. 471 — 481.

United States Environmental Protection Agency. 1986. Test Methods for Evaluating
Solid Waste. SW-846, 3rd edition, Office of Solid Waste and Emergency Response,
Washington, DC.

64

2

E

g 2

L |

Ll

il

"

il

i

i



APPENDIX A

Sample and Analysis Plan

65



Sampling and Analytical Plan

The goal of the sampling and analytical plan is to provide representative and statistically valid
data for the cold demonstration evaluation of the planar-ISV process for the simulated absorption
bed. In order to achieve this goal, adherence to strict protocol is required and provide in this
section. Thorough steps have been outlined below in regard to sample acquisition, quality
control, field sampling, and handling & sample analysis. These methods have been incorporated
to ensure that the methodology for collecting and testing representative samples is followed, that
the quality control procedures are in place to evaluate the information content of the analytical

data, and to determine the necessity or the effect of corrective action procedures.

The sampling and analytical procedure outlined in this plan is primarily targeted at performing
product quality evaluations. Thus, pre-test soil sampling and post-test vitrified product sampling
will be performed to quantify and determine the homogeneity of the surrogates used in this

testing within the vitrified product and also the products resistance to leaching.

All samples generated as a result of this testing will be labeled with the operators initials, date,
time, test number, and sample description. Section 1.1.1 provides Sample Storage Requirements,
Sample Custody Protocol, Sampling Equipment and Technique, Sampling Equipment
Decontamination Procedures, and Sample Composite procedures to be used during to

performance of this test.

1.1 ‘Sample Handling Techniques

1.1.1 Sample Storage Requirements

The sample storage requirements for all samples taken during the test are for all samples to be

placed in specially cleaned glass or plastic containers provided by the chosen analytical

laboratory_ and stored in secured ice chests at 4°C. All samples to be analyzed for chemical

characteristics shall be sent via overnight delivery to the laboratory. Additional samples not

analyzed will be held from time of collection by the analytical laboratory until data review and

issuance of the final report.



1.1.2 Sample Custody Protocol

Sample custody will be the responsibility of Geosafe personnel from the time of sample
collection until the samples are shipped to the analytical laboratory. Thereafter, custody will be

maintained by the laboratory.

Samples will be kept in appropriate containers and labeled to uniquely identify each sample. A
Field Sampling and Collection Form will provide an inventory and field sampling record for
each sample collected during test operations. A chain of Custody Record Form will provide the
formal custody record. The Request for Analysis Form documents the required analyses to the
sender and the laboratory. Sample Labels and Custody Seals are also used to ensure proper
identification and security of the samples as the custody changes during the project. Every
sample sent to the laboratory for analysis has a typed analytical result which serves as the final

stage of the custody and documentation record for the sample.

Samples will be kept at 4°C (£2°C) in an ice chest and will be shipped to the analytical

laboratory in a secured chest. Chain of Custody forms will be handled as follows:

one copy retained by the sampling team
one copy provided to the Geosafe Project Manager

original included with the sample shipment

O OO O 43

one copy retained by the analytical laboratory.

The laboratory custodian, after taking inventory of each shipment, will sign and date the original
custody from. He will make a note on the custody form of any discrepancy in the samples and
will also maintain a log in which all samples are recorded and described. The samples will be

maintained in custody until the final report is submitted and approved.
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1.1.3 Sampling Equipment and Technique

Stainless Steel Soil Trier

A trier consists of a stainless steel tube cut in half lengthwise with a sharpened tip that allows the
sampler to cut into sticky solids and loosen the soil. The trier size must be at least twice the

diameter of the particle size obtained. The following procedure shall be utilized for obtaining

every soil sample:

1. Clean the trier according to the steps outlined in Section 3.5.3.1.4.

2. Insert the trier into the soil at angle of 0 to 45° from the vertical. Rotate the trier to cut a
core of the material. Remove the trier with the concave side up.
Transfer the sample to the sample jar using a stainless steel spatula.

4. Clean the trier and spatula (Section 1.1.4) label and store the sample (Section 1.1.1).

The samples shall be obtained from the sample grid locations as described in SW-846 for
obtaining random unbiased samples. It should be noted that multiple triers of the same
dimension and construction can be used in order to avoid timely decontamination procedures.

However, once a single trier is used, it must be decontaminated before obtaining another sample.

Alternative Soil Sampling Method

Samples obtained of the surrounding soils, as well as the materials to be added to the simulated
absorption bed may be collected via random grab samples. These samples shall be collected

using a clean sample collection tool (hand trowel) or by using the sample container as a scoop.

Wipe Sample Equipment

Wipe sampling equipment consists of wiping a cheese cloth across a desired surface using teflon

coated forceps to handle the cloth. The following procedure shall be used for obtaining every

wipe sample:

1. Don clean, unused disposable latex sample gloves.
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Obtain cheese cloth and fold in half three times.

Obtain clean (see Section 1.1.4) forceps and grasp cloth with the forceps, approximately
I-cm from, and parallel to, the triple folded edge.

Saturate cloth with hexane or appropriate solvent.

Wipe surface sample vertically and horizontally (two swaths each direction).

Each swath is 5.5-cm wide, overlapping 0.5-cm (this method of wiping surface areas
provides a consistent area of 100 cm’, if desired, and eliminates cross-contamination of
surface areas).

After the surface area has been wiped, any torn fragments from the cloth remaining on
the sample surface are dabbed off using the cloth to prevent loss of recovery from the
sample area.

The cloth is then placed in an 8-ounce glass sample container and labeled appropriately.
The forceps are held over the mouth of the sample jar and rinsed with hexane, collecting
the rinsate in the jar to remove any residual surface contaminant that may have been
picked up by the forceps.

Prior to obtaining the next sample, the cleaning procedure is repeated and new sample

gloves are donned.

Note: For wipe sampling ISV off-gas system pipe, don new disposable latex gloves after

disassembly of the pipe, and follow above procedure.

Vitrified Product Sample Equipment

Precise core samples of the vitrified product will be collected to accurately map concentrations
of contaminants incorporated within the glass and illustrate the distribution. In cases where this
is necessary, a hollow tip diamond bit core drill is required. To obtain the glass sample the

following procedure should be utilized:

Spread a 10 x 10 foot plastic sheet on a flat surface to provide a clean working area.
Draw map of ISV block, locating sample points.
Perform core sampling of the ISV block.
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4. Disassemble core drill and obtain select glass pieces (approximately 2 x 2 x 2 inches) and
place in glass containers provided by the laboratory or composited as specified in section
1.1.4. Use teflon coated or stainless steel forceps for handling the samples. The forceps
and core drill should be decontaminated prior to and in between each sample according
to the procedure in Section 1.1.4.

5. Seal and label samples accordingly.

6. Archive remaining pieces of vitrified block product into plastic and prepare for return

shipment to client.

Alternative Vitrified Product Sample Equipment

For glass samples where precise location is not a requirement, physical breaking of the vitrified
block and selecting pieces of glass to be sent to the laboratory is appropriate. For obtaining a

glass sample the following procedure should be utilized:

1. Collect pieces of the vitrified product using appropriate equipment and layout such that
size reduction can be performed.

2. Don protective clothing as specified in the Safety Plan, particularly full faceshield, eye
protection, and leather gloves.

3. Use sledge hammer and wedge to break block open. (Note: Heavy Equipment may be
utilized to initially break the block and obtain large pieces of the vitrified product.)

4. Obtain select glass pieces (approximately 2 x 2 x 2 inches) and place in glass containers
provided by the laboratory. Use teflon coated or stainless steel forceps for handling the
samples. The forceps should be decontaminated prior to and in between each sample
according to the procedure in Section 1.1.4.

5. Seal and label samples accordingly, note approximate locations within the block.



1.1.4 Sampling Equipment Decontamination Procedure

All sampling instruments (soil trier, spatula, forceps) will be decontaminated prior to and in

between each sample to prevent cross-contamination according to the following steps:

1. Wipe excessive contaminant (dirt, grease, etc.) off with a towel or cloth soaked with
soapy water, hexane, or acetone, which ever is appropriate for the contaminant.
Wash with alconox until all visible contaminant has been removed.

Rinse three times with deionized or distilled water.

Rinse two times with methanol.

Rinse two times with acetone.

A

Wipe with clean laboratory wipes to remove any excessive acetone and air dry.

1.1.5 Sample Composite Procedure
The following procedure should be followed when sample compositing of soils is required:

1. Obtain a large clean stainless steel mixing bowl.

2. Place equal volume aliquots of all samples required for the composite sample into the
mixing bowl. The soil/sample material should be removed from its original sample
container through the use of a disposable wooden tongue depressor. Each sample should
have its own tongue depressor in order to prevent cross-contamination between samples.
Thoroughly mix the soil/sample material in the bow] using a clean stainless steel spatula.

4. Remove sample from mixing bowl and place in sample jar.

Decontaminate mixing bowl and spatula and dispose of tongue depressors prior to

compositing next sample.
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1.1.6  Statistical Equations for Representative Sampling

The following equations shall be used to calculate the mean concentration, the standard
deviation, and the confidence interval for the samples obtained in Sections V and VII. The
equations given are adopted from the "Test Methods for Evaluating Solid Wastes” (SW-846), 3rd

Edition, Volume II, Chapter Nine. The equations are:

Mean Sample Concentration:

X= Zin=1Xi/ n
where: X, = individual sample measurement

n = number of sample measurements.

Standard Deviation:

s =YX - (T . X)Vn)n-1]
S _ (SE)O.S
s = S/(H)U'S

Confidence Interval:

Cl=x+t,s

where: t, = student t value (for n=4 samples, t = 1.638)

.20

Number of Samples:

n=(',s)/(RT-x)’
where RT = regulatory threshold value.
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1.2 Test Sampling

Details regarding the sampling plan for each type of sample is discussed further below.

1.2.1 Pre-Test Sampling

All of the materials used in this test will be obtained from uncontaminated sources.
Surrogate compounds will be used to simulate Cs and transuranics to assist in the
determination of the vitrified product volume. Although it is unlikely that these
uncontaminated pre-test materials will contain significant amounts of the chosen
surrogates, all of the pre-test materials will be sampled for these compounds prior to

testing. This is necessary to be able to ensure a proper mass balance closure.

Pre-Test Soils Sampling

Samples of the site soils sent to Geosafe will be collected and analyzed for the surrogates
chosen. The pre-test soil stockpile will be randomly sampled with a stainless steel soil
trier that will be decbntaminated between each sample to prevent cross contamination.
Section 1.1.3 provides the instructions for obtaining the samples and decontamination of
the trier. The sample results will be used to determine if any of the surrogates are present

and if so, to determine baseline values to compare post test results with.
Samples collected of the tuff will be labeled as follows:

Sample # Parameter Method Detection Limit

NTISV-1-T1 metals 6010 0.1 mg/kg
through

NTISV-1-T5

Plus

NTISV-1-T11

A split sample will be taken of NTISV-1-T1 and will be labeled NTISV-1-T11. Samples
NTISV-1-T1 through NTISV-1-T5 and NTISV-1-T11 will be analyzed for cesium and
cerium initially. Upon completion and receipt of the analytical results, the sample mean,

variance, and 80 percent confidence intervals will be calculated and verified that 5

viil
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samples are sufficient to calculate the 80 percent confidence interval for the surrogate

metals. Section 1.1.6 provides the equations for calculating the parameters listed above.

Samples collected of the top soil will be labeled as follows:

Sample # Parameter Method Detection Limit

NTISV-1-BF1 metals 6010 0.1 mg/kg
through

NTISV-1-BF 5

Plus

NTISV-1-BF 11

A split sample will be taken of NTISV-1- BF 1 and will be labeled NTISV-1- BF 11.
Samples NTISV-1- BF 1 through NTISV-1- BF 5 and NTISV-1- BF 11 will be analyzed
for cesium and cerium initially. Upon completion and receipt of the analytical results, the
sample mean, variance, and 80 percent confidence intervals will be calculated and
verified that 5 samples are sufficient to calculate the 80 percent confidence interval for
the surrogate metals. Section 1.1.6 provides the equations for calculating the parameters

listed above.

Samples collected of the cobble used in the simulated absorption bed will be labeled as

follows:

Sample # Parameter Method Detection Limit

NTISV-1-C1 metals 6010 0.1 mg/kg
through
NTISV-1-C3

Samples NTISV-1- C1 through NTISV-1- C3 will be analyzed for cesium and cerium
initially. Upon completion and receipt of the analytical results, the sample mean,
variance, and 80 percent confidence intervals will be calculated and verified that 5
samples are sufficient to calculate the 80 percent confidence interval for the surrogate

metals. Section 1.1.6 provides the equations for calculating the parameters listed above.

X



One samples each will be collected of the gravel and sand used in the simulated

absorption bed and will be labeled as follows:

Sample # Parameter Method Detection Limit
NTISV-1-G1 metals 6010 0.1 mg/kg
and

NTISV-1- 81

Samples NTISV-1-G1 and NTISV-1- S1 will be analyzed for cesium and cerium.

Natural Oxide Content of Soil (Whole Rock Analyses)

The geochemical properties of materials to be treated by ISV are an important factor to
be considered when evaluating ISV applicability. Chemical composition of the materials
to be vitrified affects melt temperature, melt viscosity, mass of off gas generated from

fusion, characteristics of the off gas (e.g., pH) and electrical conductivity of the melt.

A whole rock analysis is used to quantify the bulk composition of the soil. Particular
attention is paid to the concentration of glass-forming ions, and ions which serve as
fluxing agents in the melt. The monovalent alkali cations (Na’, Li", K") provide electrical
conductivity in a silicate melt. The conductivity of the melt is generally proportional to
the concentration of these ions, but variations occur because of the complexity of multi-
component systems such as in soil. Experience in melting various soils has shown that if
the sum of the monovalent alkali cations is within the range of 2 to 5 wt%, ISV
processing proceeds without electrical difficulty. The presence of large cations such as
Na" and Ca™ also reduces the viscosity of the melt by physically separating the glass-
forming cations and reducing the number of glass-forming bonds in the melt. Therefore,
the addition of Na as an electrical flux also reduces melt viscosity and operating melt
temperature. Performing the whole rock analysis also provides the silica, aluminum,

iron, and calcium content.

Prior to initiating any vitrification project, the bulk chemistry of each waste component

(e.g., soil and simulated bed contents) to be treated is analyzed. These analyses are then
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used in a geochemical model that numerically mixes the components in the proportions
expected in the field and predicts the resultant product composition. This resultant
composition can then be used to predict melt temperature, viscosity, and approximate

electrical conductivity. It can also be used to predict crystallization behavior.

The temperature/viscosity prediction is made using the method developed by Shaw
(OViscosities of Magmatic Silicate Liquids: An Empirical Method of Predictionl], H.R.
Shaw, Amer. J. Sci.272:870-893). This method has been found to be accurate within

50°C for ISV applications provided the composition being evaluated is similar to natural

magmatic compositions.

The pre-test samples submitted for surrogate analyses will also be analyzed for whole

rock.

1.2.2 Post-Test Sampling

After the ISV melt test is complete, samples will be collected of the vitrified block.
All samples should be obtained under the procedures set forth in Section 1.2.2 of this

Sampling and Analytical Plan. The sampling procedure is a random sampling scheme

adopted from the Environmental Protection Agency's SW-846 Test Methods for

Evaluating Solid Waste, 3rd Edition, Volume II, Chapter Nine. In addition, all statistical

calculations will be made in accordance with the guidelines specified in SW 846, Vol. 2,

Chapter 9.
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Analyses of Tracers Remaining in Vitrified Product

Once the vitrified product has cooled sufficiently, collection of vitrified product samples
will be performed. Five vitrified product samples will be collected for analysis of the

surrogates immobilized in the product. These samples will be labeled as follows:

Sample # Parameter Method Detection
Limit

NTISV-GB-01 Metals XRF 0.1 mg/kg
through & ICP/MS
NTISV-GB-05

and

NTISV-GB-06
(split of core 1)

Submit samples NTISV-GB-01 through NTISV-GB-05 for metals analyses listed above.

In addition, one QC sample will be split into two halves and analyzed for the metal tracer.

The blind split QC sample will be labeled NTISV-GB-06. The sample locations will be
determined to samples from the center areas as well as the outer edge portions of the
block

Product Leach Testing

Samples will also be collected from the above mentioned vitrified product composites
and submitted for leach testing using either the product consistency testing (PCT) method
(ANS/ANSI Method 16.1) and the toxic characteristic leach procedure (TCLP) test (U.S.
EPA Method 1311). Samples NTISV-GB-07 through NTISV-GB-11 shall be submitted

for the following analyses:

Sample # Parameter Method Detection Limit
NTISV-GB-7 Metals PCT 0.1 mg/kg
Through & TCLP
NTISV-GB-11
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4

NTISV COLD DEMONSTRATION MELT CHRONOLOGY
4-16-99

1322 Hours, Geosafe started the control system trends and began the off-gas system

1407 Hours, the main disconnect was closed and power was turned on to the melt. The
beginning tap setting was PP-4

2317 Hours, a standard tap change was made from PP-4 to PP-6

4-17-99

850 Hours, the propane level was checked and observed to be 74% full or 8880-gal
(12000-gal x 0.74)

1003 Hours, thermocouple #50 failed meaning that it was now in the melt

1017 Hours, made a tap change back from PP-6 to PP-4 for a better power factor and
improved control

1033 Hours, minor improvements to the computer system were completed.

1910 Hours, thermocouple #51 failed

2100 Hours, thermocouple #43 failed

4-18-99

406 Hours, made a tap change to PP-3 to improve the power factor

447 Hours, determined that surge protectors are needed to protect the LPU’s

530 Hours, thermocouples #44 and #52 failed. Noted that the hood camera had
temporarily stopped operating

824 Hours, powered down to reset the hood camera

936 Hours, thermocouple #42 failed

1051 Hours, made a tap change to PP-4 as A phase was voltage limited

1211 Hours, thermocouple #45 failed

1402 Hours, thermocouples #58 and #53 failed

1415 Hours, powered down to perform a tap change to PP-6

1610 Hours, thermocouple #46 failed

1416 Hours, powered down to perform a tap change to PP-6 to improve the power factor

2300 Hours, thermocouple #47 failed

4-19-99

230 Hours, observed movement on electrodes Al and B4 from 11-ft to 16-ft and 16-ft
7-in, respectively, both electrodes were then gripped

504 Hours, electrode A2 moved and was gripped at 12-ft 10-in

720 Hours, three gallons of condensate was drained from the cooling chamber

904 Hours, thermocouple #9 failed

0907 Hours, thermocouple #54 failed

1301 Hours, thermocouple #5 failed



4-19-99 continued

1549 Hours, shut down power to re-align the contactor on the Al electrode as it was
beginning to heat up. Cleared the area and powered back up

1920 Hours, the crane arrived on site to assist in normal electrode lowering operations.
No movement was detected Electrodes Al, A2 and B4 were left in the gripped
position while electrode B3 was allowed to gravity feed and catch up to the depths
of the other electrodes. After properly clearing the area power was turned back on

2246 Hours, Shut down power to re-align the contactor for electrode A2. Also observed
that electrode B3 had been gravity feeding as is standard and was at a depth of 12-
ft 9-in

4-20-99

200 Hours, electrode B3 was observed to be at a depth of 13-ft 2-in

423 Hours, un-gripped electrode A2 to allow it to catch up with the depth of the other
electrodes. The depth of A2 is 12-ft 10-in

445 Hours, powered down to perform a tap change to PP-2 to improve the power factor

1036 Hours, drained an estimated 5 gallons from the cooling chamber

1121 Hours, observed that electrode A2 had moved to a depth of 14-ft 6-in. At this time
the A2 electrode was placed in the gripped position

1648 Hours, powered down to use the crane for electrode movement

1700 Hours, observed that the subsidence area around the electrodes was symmetrical
and uniform. Approximately 4-ft in depth

1745 Hours, Electrode B4 was lowered to a depth of 18-ft 3-in and then raised back to
17-ft. Electrode Al went to a depth of 16-ft and was adjusted to 15-ft9-in.
Electrode B3 was lowered to a depth of 19-ft 5-in and was adjusted back to 17-ft
Electrode A1l showed no movement and was gripped at 15-ft 8-in

1815 Hours, Power was turned back on and power was gradually brought up to 1100 kW

1900 Hours, observed standard off gassing around the electrodes

2209 Hours, powered down to re-align the contactors on electrode feeder Al

2300 Hours thermocouple #59 failed

4-21-99

1603 Hours, thermocouple #56 failed

1627 Powered down for electrode addition and depth observations. Electrode Al was
lowered to a depth of 18-ft 10-in and an additional electrode section was added.
Electrode A2 was lowered to a depth of 19-ft 6-in and an additional electrode
section was added. Electrode B3 was lowered to a depth of 19-ft 7-in and an
additional electrode section was added. Electrode B4 was lowered to a depth of
19-ft 4-in and an additional electrode section was added

1800 Hours, waited to turn on power while MSE collected tomography data

1825 Hours, normal pre-filter loading was observed and thought to be condensation

2028 Hours, power back on to the melt
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4-22-99

210 Hours, thermocouple #11 failed

648 Hours, drained an estimated 6 gallons of condensate form the cooling chamber

905 Hours, thermocouple #6 and #33 failed

1033 Hours, observed standard sloughing on the south side

1305 Hours, thermocouple #18 failed

1604 Valved pre-filter HEPA from bank#1 to bank #2 as the #1 bank had reached the
change out criteria of 7.0 AP

1622 Hours, turned off power for daily electrode lowering

1655 Hours, the electrodes were lowered to the following depths:

Al 20-ft 6-in
A2 20-ft 7-in
B3 21-ft 1-in

B4 20-ft 5-in

1745 Hours, new HEPA filters were installed in the pre-filter

1818 Hours, while power was down the cables from electrode A2 and electrode B3
switched to the standard Scott-Tee cross firing mode

1845 Hours, started up the wet scrubbing portion of the off-gas system to demonstrate
total system performance and to ensure that it is operable for the hot demonstration.

1939 Hours, powered down to adjust the contactors on the electrode Al feeder

2000 Hours, thermocouple #1 failed

2120 Hours, observed that the main air compressor was getting hot and so the back up
air compressor was valved in

4-23-99

45  Hours, ran the air supply for the main system from the Electrode feed system and
put the green compressor in standby

653 Hours, power is at 1100 kW

908 Hours, thermocouple #62 failed

1015 Hours, the #2 bank of pre-filter was changed out and is now ready for operation.

1300 Hours, power is at 1200 kW.

1607 Hours, power was turned off to lower the electrodes The depths of the electrodes
were as follows:

Al 21-ft 4-in
A2 21-ft 10-in
B3 22-ft 1-in
B4 22-ft

1650 Hours, power was turned back on



4-24-99

735 Hours, power was shut off to the melt as all the objectives of the cold
demonstration test were met and the test was completed
0750 Hours, electrodes were un-gripped. The depths of the electrodes were as follows:

Al 22-ft 6-in
A2 23-ft 0-in
B3 23-ft 2-in
B4 23-ft

0835 Hours, took one final electrode depth measurement. Below are the final electrode
depths
Al 22-ft 10-in
A2 23-ft 2-in
B3 23-ft 4-in
B4 23-ft 3-in

903 Hours, the #1 bank of the pre-filter reached its change-out criteria and thus, the pre-
filter was switched to bypass

1150 Hours, the thermal oxidizer was shut off and valves were placed in the off position

1205 Hours, the off-system was shut off

COLD DEMONSTRATION SUMMARY

Power on to Melt
Power off to Melt

4-16-99 @1407 hrs
4-24-99 @0735 hrs

Total melt run time 185 hrs
Total power consumed 165,600 kWh
Peak ISV Melt Power Demand 1257 kW
Electrode Depth Al 22-ft 10 -in
Electrode Depth A2 23-ft 2 -in
Electrode Depth B3 23-ft 4 -in
Electrode Depth B4 23-ft 3 -in
Electrode target depth 22-ft
Waste scrub solution transferred 0
Condensate solution 110 gal
Scrub filters used 0

HEPA filters used (pre-filter) 6

HEPA filters used (main system) 3
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GEOCHEMISTRY OF VITRIFIED PRODUCTS FROM A NON-TRADITIONAL IN
SITU VITRIFICATION DEMONSTRATION AT MDA-V SITE AT THE LOS
ALAMOS NATIONAL LABORATORY

1.0 Introduction:

This report has been prepared by VitChem in response to a request by Geosafe Corporation
for geochemical analysis of vitrified products produced from a non-traditional in situ vitrifi-
cation (NTISV) demonstration performed at the Los Alamos Laboratory (LANL). The dem-
onstration includes a “cold” and a “hot” demonstration (non-radioactive and radioactive

respectively). The cold demonstration has been completed.

The cold demonstration was performed at the Material Disposal Area V (MDA V) located at
the LANL Site. The MDA V site is located in Technical Area 21 along its northern bound-
ary, immediately east-southeast of the town of Los Alamos. The MDA V site encompasses an
area of 0.88 acre. It contains three liquid absorption beds constructed to receive waste efflu-
ent from the Delta Prime laundry facility that was previously used for cleaning clothing that
was contaminated with radionuclides. The cold demonstration was performed in an area
adjacent to the absorption beds in uncontaminated soil for purposes of demonstrating a
unique application of the technology. The hot demonstration is planned to take place within

one of the absorption beds.

A simulated absorption bed was constructed for the cold demonstration. The vitrification
process for the cold demonstration was initiated by injecting conductive starter material
(graphite slurry) in the subsurface through which an electrical current was passed to initiate
melting. Two parallel planar melts were formed and spaced so that they merged midway
through the melting period. Melting was initiated at a depth of 6.5 to 9.5-ft bgs and contin-
ued to 22-ft.

Following the demonstration, the vitrified monolith was excavated and samples of the vitri-
fied product were collected. Samples were subjected to whole rock analysis, the Product

Consistency Test (PCT), Toxic Characteristic Leach Procedure (TCLP) testing and one sam-
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ple was selected for electron microprobe analysis. These analyses were performed to evalu-
ate the homogeneity chemistry and chemical durability of the product. This report focuses on
the geochemistry of the vitrified product. The PCT and TCLP results will appear in a sepa-

rate report by Geosafe Corporation.
The objectives of this study are:
1. Evaluate the chemistry of the vitrified products.

2. Compare the chemistry of the product obtained on a microscopic level with that of whole

rock analysis on bulk samples. Describe and explain any differences (if discovered).

3. Determine if the vitrified product has crystallized and if so, describe the type and mor-
phology of crystallized products present. Postulate how crystallization might influence

the disposition of contaminant ions for the hot demonstration.

4. Identify, describe and specify the origin of any inclusions found in the product. Discuss

the significance of inclusions with respect to the hot demonstration.

2.0 Project Methods:

Geosafe provided several samples of the vitrified product. Because of the similarity of the
samples, one representative sample was selected for study. The assigned sample number is

LANL-I.
The evaluation methods on Sample LANL-1 consisted of:
1. Sample collection of vitrified material from the vitrified mass.

2. Physical description, cataloging and photography of the vitrified sample to document it’s

physical appearance including texture and color.

3. Preparation of electron microprobe thin section and electron microprobe analyses in-
cluding X-ray energy dispersive spectroscopy (EDS) and wavelength dispersive spectros-

copy (WDS) with quantitative analysis and photographs.

4. Interpretation of the data and reporting.
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Electron microprobe analysis coupled with EDS and WDS were used to document micro-
scopic features and facilitated quantitative analysis of discrete features in the vitrified prod-
uct. WDS provides enhanced detection limits for selected elements. These techniques pro-
vided the capability of documenting chemical differences within various portions of the

sample.

3.0 Sample Description:

Sample LANL-1 was collected from the interior of the vitrified mass. The sample is irregu-
larly shaped and approximately 8 cm on a side. Its color is medium dark gray (N4)!, vitreous
with a waxy appearance, and exhibits a conchoidal fracture. Few inclusions are visible,
however, when held up to the light, thin cross-sections exhibit small inclusions. The inclu-
sions are so small (<1 mm in diameter) that characterizing them in hand specimen is difficult.
The inclusions are sparse and occupy significantly less than 1% of the sample volume. No

unmelted rock particles were identified in LANL-1.

Figures 1A and 1B consist of two optical color photographs. 1A was taken at low magnifi-
cation and 1B was taken at high magnification. For both figures, the fine scale is millimeters
and the coarse scale is 1/16 in. Color and texture are accurately represented in these photo-

graphs.

The sample is physically durable, appears non-porous and is difficult to break with a
hammer. There were no cracks observed in the sample other than those created by breaking

the sample during collection.

4.0 Whole Rock Analysis:

Many samples were collected for analysis from different portions of the main body of the
vitrified mass. The samples were collected from various locations in the vitrified mass in
order to provide a representation of the mass. In addition to whole rock parameters, the
concentrations of surrogate analytes (Ce and Cs) were evaluated. Table 1 shows the normal-
ized mean composition from whole rock analysis. A discussion of the results of the Ce and

Cs analysis is provided in Geosafe’s report under separate cover.
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Table 1. Normalized Mean Bulk Composition of Vitrified Mass (wt%)

Oxide Concentration

Si02 77.11
TiO2 0.21
A1203 12.53
Fe203 1.46
MgO 0.44
CaO 0.90
Na20 3.62
K20 3.67
Cr203 <0.01
MnO 0.06
P205 <0.01

5.0 Electron Microprobe Analysis

Sample LANL-1 was subjected to electron microprobe analysis. A microprobe thin section
was prepared by mounting a slice of the sample on a glass slide, grinding it to a thickness of
30um and then polishing it with diamond paste. This slide was then examined with a JOEL

733 Superprobe electron microprobe.

Differences in shades of gray in the electron photomicrographs correspond to differences in
average atomic number of the features observed (equating to density). Lighter shades are
denser than darker shades. Differences in density can be attributed to differences in chemis-
try and/or crystallization differences. These differences were examined in part by acquiring
EDS spectra of back-scattered electrons. EDS spectra reveal the elements that are present in
the target area of the sample and semi-quantitatively identify the relative concentration of the

elements from the height of the spectral peak.

In addition to EDS, WDS analysis was performed on selected targets in the sample. WDS
provides better detection limits than EDS and better resolution of the emission peaks. EDS
resolution is about 180 eV (corresponding to about 0.2 wt% of the element) and WDS reso-

lution is about 6 eV.

Initial examination of Sample LANL-1 with the electron microprobe included identification

of the fundamental features in the sample. Several features were identified and include:
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1. Glass

2. Vesicles

3. Small particles (i.e., <100pm) of iron

4. Very small (<5um) dark irregularly-shaped particles

5. No unmelted rock or mineral fragments were observed.

Figure 2 is a backscattered electron image of Sample LANL-1. This photomicrograph shows
spherical iron droplets (I), vesicles (V), and glass. Most of the material in this image is glass
(medium gray background. The locations: G-1 and G-2 correspond to locations at which
WDS analyses were performed. The iron was identified by acquiring an EDS spectrum on
the large droplet in the center of the image. This spectrum showed only an Fe peak. This

type of feature has been observed in ISV melts in the past.

5.1 Quantitative Analvysis

Quantitative analyses using WDS was performed on the glass at locations G-1 and G-2 in
Figure 2. Table 3 shows the results of the WDS analyses at each of these locations and com-

pares these results with the normalized bulk analysis.

Table 2: Comparison of Bulk Analysis with WDS Analysis

Oxide Bulk G-1WDS G-2WDS
Analysis Analysis Analysis
Si02 77.11 79.91 78.20
TiO2 0.21 0.24 0.21
Al203 12.53 13.14 12.68
Fe203 1.46 0.34 (FeO) | 0.32 (FeO)
MgO 0.44 0.43 0.43
MnO 0.06 0.08 0.06
Na20 3.62 1.52 2.99
CaO 0.90 0.89 0.91
K20 3.67 4.06 4.17
Cr203 <0.01 NA NA
P205 <0.01 NA NA

< - Below Detection Limits

NA - Not Analyzed
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The differences between the mean bulk composition from the NTISV monolith and the WDS
analyses are relatively minor with the exception of the concentration of iron. After convert-
ing the oxide concentrations to elemental concentrations, the concentration of Fe in the bulk
analysis is 1.02% and the concentration in the glass from WDS analysis is 0.26%. This is a
significant difference and appears to be the result of iron reduction that took place during the

NTISV cold demonstration.

In Figure 2 there are numerous white spots visible in the image. During the examination of
the sample with the microprobe, 12 of these white spots were selected at random and an EDS
spectrum was acquired using a 1um electron beam. The EDS spectrum acquired from each
of the 12 white spots showed the presence of Fe only. The reduction of Fe from the melt
would result in Fe concentrations in the glass lower than that reported in the bulk analysis.
This is because the WDS analysis is acquired from one small spot on the polished surface on

the glass and does not include iron inclusions.

The image in Figure 2 is a digitized image consisting of 250,000 pixels. To estimate the true
quantity of iron present in the Figure 2 image the white and gray pixels were counted and
their sums compared. Based upon the pixelization of the image, the small spdts of Fe repre-
sent 1.27% of the area of the image. It can be reasonably assumed that the Fe spots are ran-
domly distributed so that the area occupied by Fe in Figure 2 can be assumed to be equal to
the volume occupied by Fe in the vitrified product. The average density of elemental Fe is
7.5 g/cm3 and the average density of glass produced by ISV is 2.5 g/cm3. Taking into ac-
count the density differences, the pixelization would indicate that the Fe concentration is
3.8%. This is clearly too high and probably the result of two factors. The first factor is that
the iron particle in the center of Figure 2 is by far the largest particle found in the sample and
is probably skewing the concentration. The second is that some of the Fe particles are so
small that a single pixel is probably larger than the particle. Thus, it is difficult to accurately

estimate the concentration of Fe in this product using WDS.

There are small black spots visible in Figure 2 in addition to the black vesicle. Attempts to
acquire EDS spectra were attempted on several of these spots. Each attempt resulted in a

spectrum that was characteristic of the glass. The black color on the image is indicative of a
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low atomic number or a void. Clearly, some of the circular dark areas are vesicles. How-

ever, some of the black areas do not have the morphology indicative of void space or vesi-

cles. Vesicles in this size range tend to have spherical morphology due to the very high

surface tension in this size range. It is believed that some of these dark areas consist of parti-

cles of carbon originating from the graphite starter material. There are several reasons for

this belief including:

1.

Carbon has a low atomic number and would result in a very dark gray or black spot in the
electron photomicrograph.
The detector on the electron microprobe is only capable of detecting elements with

atomic number greater than 11 (sodium). Attempts to detect elements >lighter than this
would result in spectra characteristic of surrounding media (in this case the surrounding
glass).
The black spots are finely disseminated and in some cases appear to have a flake-like
appearance. This is the morphology that would be expected from the presence of graphite
particles used in the startup procedure.

A relatively large quantity of graphite start-up material was injected into the subsurface
prior to initiating the demonstration. The vast majority of this material was incorporated
into the melt during processing.

Although reduction of Fe from the graphite electrodes has been observed in the past, this
usually results in an accumulation of small amounts of reduced iron in close proximity to
or below the electrodes and only slight reductions in Fe concentrations in the product.
The very fine dissemination of small iron particles is not characteristic of reduction

caused by electrodes.

6.0 Melt Temperature

The calculated temperature-viscosity curve shown in Figure 3 (Shaw, 19728 predicts a vis-
cosity of 118 poise for a melt with the bulk composition shown in Table 1 at a temperature of
2,100°C. No melt temperature measurements were made during the NTISV demonstration.

Consequently, the validity of the calculated viscosity curve cannot be verified. The composi-



NTISV Cold Demonstration Geochemical Evaluation August 3, 1999

tion of the NTISV monolith consists of close to 90% SiO2 and A1203. Both of these oxides

are glass-forming ions and are considered refractory. Thus, the temperature of the melt

would be expected to be high.

7.0

Conclusions:

Observations made of Sample LANL-1 result in several interpretations and conclusions.

These include:

1.

The NTISV demonstration produced a hard, durable homogenous glass product. The
high concentration of glass-forming ions has resulted in a vitrified product that is likely to

have exceptional chemical durability.

The sample: LANL-1 exhibited three different components in the vitrified product in-

cluding glass, elemental iron and small black particles believed to be carbon.

The low concentration of iron in the glass compared to that reported by the whole rock
analysis on bulk samples indicates that a large portion of the iron oxide in the materials

that were melted was reduced to elemental iron.

The reduction of the iron in the NTISV is believed to have been caused by distribution of

carbon in the melt
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Figure 1A and 1B. Sample LANL-I

This photograph shows of Sample LANL-1 at low magnification. The scale at the right
shows mm (fine scale) and 1/16™ in. (coarse scale). The sample is black to grayish black

with a waxy appearance and conchoidal fracture. Few inclusions are visible.
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Figure 2. Sample LANL-1

This electron photomicrograph shows iron (“I” and small white specks), vesicles (V) and
glass (medium gray background). The iron particle was that largest found in the sample.
WDS analyses were conducted at the locations: G-1 and G-2. Many of the tiny black parti-
cles are believed to be carbon originating from the graphite starter material that was used to
initiate the NTISV cold demonstration. Based upon whole rock and WDS analysis, this
product is homogeneous on a macroscopic level and with the exception of distribution of
iron, on a microscopic level as well.
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Figure 3. Predicted Viscosity of Cold Demonstration Molten Glass
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