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INTRODUCTION

The thick sequence of altered volcanic tuffs at the Nevada Test

Site (NTS) has been identified as a candidate location for the

proposed disposal of nuclear wastes in geologic repositories.

the U.S. Geological Survey (USGS), in cooperation with the

Nevada Nuclear waste Storage Investigations (NNWSI) and the

University of Colorado at Boulder, is conducting hydrologic,

geologic, geochemical, and geophysical studies at Yucca Mountain

and the surrounding region in order to assess the suitability of

the area for a nuclear repository.

The studies conducted by graduate students (Greg Davis and Josh

Marvil) at University of Colorado have focussed on the follow-

ing: (1) the extraction of interstitial fluids from the tuffa-

ceous rocks using centrifugation, and (2) the hydrology of the

alluvium which overlies the tuffaceous rocks at NTS.

EXTRACTION OF INTERSTITIAL FLUIDS

In an effort to better understand the movement and chemistry of

water in the unsaturated zone at NTS, Greg Davis is evaluating

the possibility of extracting interstitial fluids by means of

centrifugation of sections of drillcore. Although centrifuga-

tion has been used for removal of fluids from various geologic

materials for several decades, the emphasis of such work has

generally been on the measurement of the physical properties of

rocks rather than on the chemistry of the fluids. The present
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study is designed specifically to compare chemical and physical

results from two different methods of centrifugal extraction of

interstitial fluids.

A large body of literature exists on the subject of

centrifugation of rock cores to determine the relationship of

fluid saturation to pore water pressures, especially with regard

to rocks that serve as reservoirs for hydrocarbons and for

ground water. Recent applications include attempts to recover

the interstitial fluids for chemical analysis (Edmunds and Bath,

1976; Kinniburgh and Miles, 1983).

A centrifuge may be used for extracting interstitial fluids in

two ways, as shown in Figure 1. In the first technique, the

interstitial water is forced through a supporting porous plate

and is collected in a cup at the bottom of the centrifuge tube.

In the second method, a dense, immiscible fluid is forced

through the rock and the water floats to the surface. Both

methods utilize crushed samples of the rock core.

Although the precise distribution of forces during the extrac-

tion is difficult to define, the general physics of the removal

of fluids from porous earth materials by centrifugation is well

understood. Water is considered to be displaced only from those

pores in which the driving pressure of the centrifugal force is

greater than the capillary pressure tending to retain the water

in the pores. In theory, the volume of fluid extracted will be a

function of the weight of the sample, the distribution of sizes

of pores, the degree of Initial saturation, the dimensions and
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Fig. 1. Methods of Centrifugation.



rotational velocity of the centrifuge, and the differences in

density between the interstitial fluid and the displacing fluid.

Evaporative losses will, of course, reduce the yield.

Core Samples

Core samples for this investigation came from Wells U24 and UZ5

adjacent to Yucca Mountain at the NTS. Both wells penetrated

approximately 360 feet of unsaturated silicic volcanic tuffs of

Miocene age. Four tuff units were identified: Tiva Canyon,

Yucca Mountain, Pah Canyon, and Topopah Springs. Layers of

bedded and reworked tuff separates each of these four units; for

purposes of this report these layers are labeled BR-1, BR-2, and

BR-3 (see Table 1).

The air-rotary drillcore has a diameter of 6 cm. Samples were

wrapped in aluminum foil or placed in PVC tubing, taped, and

sealed with beeswax.

Equipment and Procedures

Extractions have been carried out using a Sorvall RC-5B high-

speed, thermostatically-cooled centrifuge. A variety of rotors

are available for this instrument to accomodate various sample

sizes and to provide different extraction pressures. Listed

below are the specifications for the rotors used in this study:

max. weight radius to
rotor max, rpm (CUP + sample) cup center

GS-3 8000 780 grams 12.80 cm

SS-34 18000 115 8.26
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TABLE I
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As shown in Figure 2, special centrifuge cups were designed to

hold geologic materials in the two rotors described above.

The fluid chosen for immiscible displacement was the halogenated

hydrocarbon l,1,2-trichloro-l,2,2-trifluoroethane, as suggested

by Kinniburgh and Miles (1983). This displacement fulfills the

desired properties of high density (1.57 gm cm 3), low solubil-

ity in water (90 mg/L), low volatility (B.P.= 470C), low toxi-

city, high chemical inertness, low price ($75 for 4 liters), and

compatiblity with polypropylene centrifuge cups.

The exact procedure adopted for work on rock samples will vary

according to the type of sample and the exact purpose of the

investigation. An overview of the procedures for this study is

given here, and a detailed outline of procedural steps is being

prepared for a USGS-NHP Quality Assurance Document.

Core samples are unpacked in a nitrogen-purged glove box,

weighed, and placed in a plastic bag. The samples are then

crushed with a hammer. The sand-size to pea-size fragments are

transferred to the centrifuge cups. Immiscible-displacement

fluid can be added at this step. The cups are then counterbal-

anced against each,And placed in the rotor. The rotor is then

installed in the centrifuge and the chamber is flooded with

nitrogen. After setting the control dials for angular velocity

and spin time, the run is begun.
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Fig. 2 Percent of Total Pore Water Extracted
as a Function of Centrifugation Time.
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A second method for preparing the core is now being tested.

Intact cores are simply cut to 50 cm length and placed in the

large centrifuge cups. Both the drainage and the displacement

methods are being tested with the whole cores.

After centrifugation the displaced water is filtered (0.45 um)

into an appropriate vial and sent to the analytical laboratory

for chemical analysis. Excess immiscible displacing-fluid, if

present, is decanted from the centrifuge cups. The remaining

solid sample is oven-dried at 1050C for 18 hours. The dry weight

is used to determine the initial moisture content.

Results

A total of 17 extractions of water have been completed on core

samples taken from Wells UZ-4 and UZ-5. Table 1 summarizes the

physical data from these runs. Two units in particular, Tiva

Canyon and BR3, contain sufficient water for multiple chemical

analyses. No water can be extracted from the Pah Canyon unit by

the centrifugal methods. The remaining rock units yield small

amounts of water, sufficient for analysis for cations only.

Past studies have usggested that 30 to 120 minutes of centrifu-

gation ensures maximum recovery of interstitial fluids at a

given RPM (Edmunds and Bath, 1976; Kinniburgh and Miles, 1983;

Gillman, 1976). Results of centrifugation on NTS tuffs, as

illustrated in Figure 2, agree with these findings. A spin-time

of 120 minutes was chosen as the standard for the project.
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Figures 3 and 4 show plots of percent moisture content versus

fluid volumes extracted from crushed rock cores. Rocks contain-

ing less than 11% moisture do not yield water by either of the

two centrifugation techniques. Greater volumetric yields appear

to be obtained by the drainage method.

As with other methods of extraction of interstitial water,

centrifugation yields somewhat less than the total amount of

pore fluid, as illustrated in Figure 5. It is important to

determine if the portion of the fluid that is extracted has the

same chemical composition as the remaining interstitial fluid.

The variation in chemical composition as a function of yield

should indicate whether or not systematic differences exist in

the composition of the fluid. The University of Colorado has

proposed a one-year extension of the study to further investi-

gate this question.
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Fig. 3. Extracted Water Volumes from Crushed Rock
by Immiscible Displacement Centrifugation. 4"-HO
Core from Wells UZ4 and UZ5. Centrifuge
Speed 18000 RPM Spin-Time 120min..
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Fig. 4. Extracted Water Volumes from Crushed Rock
by Drainage Centrifugation. 4"- HO Core
from Wells UZ4 and UZ5. Centrifuge Speed
18000RPM Spin-Time 120min..
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Fig. 5. Percent of Total Water Content Recovered vs.
Percent Moisture Content. Centrifuge Speed:
18000 RPM. Including Drainage and Immissible
Displacement Techniques.
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HYDROLOGY OF THE ALLUVIUM

The unsaturated zone beneath Yucca Mountain ranges in thickness

from 500 to 750 meters (Robinson, 1984). A number of exploratory

test holes are currently being drilled to examine the geochem-

ical and hydrologic properties of the main tuffaceous units in

the unsaturated zone. However, little quantitative data has been

collected to date concerning the alluvium which overlies the

tuffaceous rocks. The present study (by Jos., Marvil) focusses

on the geochemical and hydrologic properties of the alluvium.

The ultimate objective of the study is to understand the effects

of present and past climatic conditions on the geochemistry and

hydrology of the alluvial zone. The immediate goal is to gather

sufficient field data to obtain a preliminary understanding of

the recharge, flow, and transport of water within the alluvium.

A longer-term goal is to utilize a predictive computer model

(SEGOL) to quantify but understanding of the movement and geo-

chemistry of water within the alluvium.

Computer Modelling

Much of the first and second quarters of the past year were

spent in the modification, debugging, and testing of the com-

puter code SEGOL (Segol, 1976). This code is a Galerkin finite-

element model for contaminant transport in variably-saturated

porous media. It was our task to make SEGOL compatible with the

NHP Prime 9950 operating system, to increase the capability and

versatility of the model, and to verify SEGOL by comparison to
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other working models. Our efforts met with only limited suc-

cess. It appears that our initial hope for SEGOL may have been

overly optimistic. Although the model is designed for three-

dimensional applications, the only verification has been a one-

dimensional field experiment (Warrick and others, 1971). As our

efforts have focussed more strongly on the field program other

USGS researchers have assumed the responsibility of working with

SEGOL.

Small-plot Rainfall Simulation Studies

It is necessary to increase the data base for the processes of

infiltration, percolation, and recharge on Yucca Mountain to

permit the modeling of the effects of climatic change. In order

to do this, we have been designing and instrumenting experiments

for the small-plot simulation of rainfall. Proposals for

large-plot rainfall simulation experiments are also being

reviewed.

For our small-plot experiments, we chose a rainfall simulator

that was designed by the U.S. Bureau of Land Management. It uses

small quantities of water and is easily portable. The simulator

consists of a 3 by 3 foot precipitation chamber with 23-gauge

(0.034 cm ID) hypodermic tubing spaced on a one-inch grid.

During rainfall simulation the chamber is rotated in a small

circular pattern to prevent drop impact in the same locations.

A wind-screen, consisting of a nylon-reinforced plastic tarp,

was placed over and around the simulator to minimize the evapo-

transpiration effects of the arid environment. A water truck
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provided sufficient water for the duration of the experiment.

Water from Well J-13 was used for the preliminary experiment,

but deionized water or actual rainwater could be used in the

future. The flow entering the precipitation chamber was regu-

lated with a pressure-reducing valve in line with a flow meter

to measure the actual amount of water entering the chamber.

A hole was drilled to a depth of seven feet for instrumentation,

using an Cdex-1l5 system (Hammermeister and others, 1985). The

monitoring instruments, already attached to an eight-foot length

or aluminum. tubing, were placed in the hole and the hole was

tack-filled with screened fines. A bentonite plug was placed

around the aluminum tubing at the surface to prevent piping and

water flow down the annulus.

The downhole instruments consisted of a series of tensiometers

and thermocouple psychrometers to measure water potential and

temperature. A neutron moisture-probe was used in the aluminum

tubing to measure the content of soil moisture.

Data were gathered for several days prior to infiltration,

followed by four days of infiltration. During the infiltration

experiment saturation reached a depth of about five feet. On the

fifth day the rainfall simulator was blown over in a windstorm.

Monitoring Equipment

The instruments used to measure water potential, moisture con-

tent, and temperature for the preliminary rainfall simulation

infiltration experiment were tensiometers, thermocouple psychro-
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meters, and a neutron moisture probe. A data acquisition system

was designed to monitor the instruments. Testing was conducted

in the laboratory prior to the field experiments.

Thermocouple Psychrometers

Thermocouple psychrometers were used to measure water potential

(matric and osmotic) and temperature during infiltration. The

instruments were manufactured by Wescor, Inc. and J.R.D. Merrill

Speciality Equipment Company. Thermocouple psychrometers are

suitable for measuring water potential values in the range of -

3.0 to -70 bar. The theory of the method is described in detail

by Brown and Van Havern (1972).

The bulk of our work with psychrometers involved designing a

semi-automated system to be used for the dozens of psychrometers

purchased for use on this project and on the study involving the

drillholes (UZ4, UZ5, UZ6, UZ7, and UZ6S). The calibration

system works efficiently and accurately. It uses a Campbell

Scientific, Inc. 21X Micrologger, a circuit board for uniform

excitation, and a Neslab refrigerated circulating bath for

accurate temperature control. The circuit board was constructed

for efficiency and Accuracy during calibration and field meas-

urements. The board consists of Viking quick-disconnect plugs

for easy hookup with the psychrometer leads. A series of

switching diodes, resistors, and potentiometers have also been

included so that the excitation current passing through the

psychrometer tips can be carefully regulated. The magnitude and

delay time of the excitation current are important factors in
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calibration. The actual calibration procedure is standard and

is discussed by Brown and Bartos (1982). Briefly, Peltier

psychrometers are calibrated by determining the microvolt output

while they are suspended over a salt solution of known water

potential and temperature (Brown and Van Haveren, 1972; Brown

and Bartos, 1982). Calibration curves are generated for indivi-

dual psychrometers in the format of bars (or mbars) versus

microvolts output for a range of salt solutions and different

temperatures.

We have developed a series of interactive computer codes for use

on the Prime 9950 system to evaluate and reduce the psychrometer

data more efficiently. The data from the 21X can be dumped

directly to the computer; subsequent temperature and potential

curves are easily generated.

Tensiometers

Because psychrometers are unable to measure water potential

values in the range of 0 to -1.0 bar, tensiometer systems for

the measurement of soil matric potential were used downhole

during the infiltration experiment. The tensiometers were

constructed with l-bar, high-flow, porous ceramic tips (Soil

Moisture Equipment Inc.) and 1/8 inch Nylaflow (type H) tubing.

The tubing was cut to the desired lengths and glued into the

porous ceramic tips with epoxy cement. Great care was taken to

avoid damaging the tips and to avoid having epoxy cement run

into the cups, as this would affect the hydraulic connection

17



between the tensiometer water and the interstitial waters. In

addition, Nupro shut-off values (with 1/8 inch Swagelock fit-

tings) were connected to the loose ends of the "supply tubes to

facilitate flushing of the tensiometry systems.

Similar to the psychrometry data-acquisition system, we utilized

a Campbell Scientific 21X Micrologger to collect tensiometer

data. We purchased ten MicroSwitch differential pressure trans-

ducers which are compatible with the 21X Micrologger. These are

small, lightweight, and inexpensive. The 'read" tube of each

tensiometer was attached to the active port of the pressure

transducer and the transducer was attached differentially to the

Model 21X Micrologger. The passive port of each transducer

remained open to the atmosphere and a gage transducer was atta-

ched to the 21X Micrologger to measure relative atmospheric

pressure flucuations. The transducers were calibrated indivi-

dually with the use of an accurate pressure gauge in the labor-

atory. Known pressures were applied to the passive port and

corresponding millivolt outputs were recorded. The transducers

showed good linearity over the calibration range (0-700 mbar)

and negligible hysteresis.

Neutron Moisture Probe

A Model 503DR neutron moisture probe from Campbell Pacific

Nuclear was used to measure soil moisture content downhole

during the experiments. The theory of operation is simple - the

probe contains a source of high-energy neutrons and a slow
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(thermal) neutron detector. The probe is lowered into the two-

inch aluminum tubing in the center of the instrument hole.

Hydrogen, present in the interstitial water, slows the high-

energy neutrons for detection. The moisture data are displayed

directly on the screen of the assembly.

The neutron moisture probe data, recorded as counts per unit

time versus depth, can be run through a series of computer

programs to compare the observed data to calibration curves that

are specific for the soils and neutron moisture meter of inter-

est. The calibration curves account for the properties of the

soils of interest, thus allowing the neutron counts to be con-

verted to moisture content.

Summary

In the past year we have made progress toward understanding the

processes of percolation and infiltration under different clim-

atic conditions. We have spent much of the last six months

designing equipment and instruments and setting up small-plot

rainfall-simulation and infiltration experiments.

From the tensiometers and psychrometers we have obtained data on

the water potential, and from the neutron probes we have

gathered data on the content and flux of moisture in the test

plots. We also have analyses of soils, temperatures at the

surface and downhole, and rates of sprinkling and infiltration.
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We continue to work with new and existing computer programs to

increase the efficiency and the reliability of interpretation of

the data.

In theory, by use of simple flow equations, we should be able to

calculate the hydraulic conductivity at varying degrees of

saturation from the water potentials and the fluxes of water

into the soil over a given area. The data that we collect will

be useful for comparing infiltration rates as a function of

different chemical compositions of the water and for comparing

field and laboratory methods of determining hydraulic conductiv-

ity. If tire permits, we will also investigate the effects of

soil-type, flora, porosity, and other parameters on the infil-

tration and recharge through the alluvium. As the data base is

expanded, it will be useful for the verification of existing

computer models for unsaturated flow and, ultimately, prediction

of different hydrologic processes under varying climatic condi-

tions.
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Methods for Collection and Analysis of Samples for
Gas Composition by Gas Chromatography
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Figure 1. Packard 437A Gas Chromatograph and Keyboard.
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Figure 2. The SP4290 Computing Integrator and SP4290 Keypad
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Figure 3. Gas flow adjustment valves.
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figure 4. Methane and Carbon Dioxide Integrations



NWM-USGS-HP-160. RO
Page 14 of 33

[COULD NOT BE CONVERTED TO SEARCHABLE TEXT]



NWM-USGS-HP-160. RO
Page 13 of 33

[COULD NOT BE CONVERTED TO SEARCHABLE TEXT]



NWM-USGS-HP-160. RO,
Page 16 of 33

[COULD NOT BE CONVERTED TO SEARCHABLE TEXT]



NWM-USGS-HP-160.RO
Page 17 of 33

[COULD NOT BE CONVERTED TO SEARCHABLE TEXT]

Figure 5. - Satisfactory integration of freons and tracers.
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Figure 6. -Hydrogen Analyzer.
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Figure 7. Hewlett Packard 3390A computing integrator.
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Integrator printout for hydrogenFigure 8.
analyzer.
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Attachment 3. - Field summary Data sheet.
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Figure 2. Potential-time curve of an ion-selective electrode.

Figure 2. The speed of response depended very much on
the "state of readiness" of the device. Optimum readiness
occurred after soaking the electrodes in a nearly similar
concentration of the prime ion, resulting in short-time
response. Unprepared electrodes taken out of dry storage
or electrodes used previously under different conditions
have a much slower speed of response. The observed
differences in the time responses were probably due to
the formation or rebuilding of the active surface layer of
the sensing element. It is, therefore, necessary to allow
enough time for stabilization of the potential and this
time period has to be determined individually for each
electrode and Its application. In our experiments the
electrodes were presoaked in the double-distilled water
and the measurements were accomplished with increasing
levels of the ion of interest. The results are summarized in
Table 2. The time response was reasonably short for the
high concentration range and lengthened with the
decreasing concentration of the ion of interest. This time
period increased very rapidly as the detection limit was
approached and measurement became difficult. The
electrodes in pure standard solutions and in solutions with
constant Ionic strength behaved in a similar manner.
Practically no difference was found between the elec-
trodes of different manufacturers.

Precision

An important factor in using the ion-selective elec-
trode for direct potentiometric measurements is the
precision which can be related to the reproducibility of
the measurements. The precision as the concordance of a
series of measurements of the same quantity was deter.

Figure 1. Apparatus for measuring characteristics of ion-selective
electrodes.

RESULTS

Time Response

The time period was measured during which the
initial electrode potential was unstable and changed to a
relatively constant value. The point dividing the area of
the instability and the relatively stable potential, was
derived from the recorded potential-time curve as an
empirical point from which the electrode potential varied
due to the drift of the potential and the noise of the
instruments. A typical example of this curve is shown in
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TABLE 2.Time response in minutes
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TABLE 3. Precision In t mV
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TABLE 4. Stability of The potential in mV
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TABLE 5. Tempe rature coeff icie ntsin m

V/C
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