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Data Report:
Open Borehole Anemometry and In-Situ
Gas Permeability Measurements
in Boreholes 54-1001 through 54-1006,
Los Alamos Technical Area 54

I. INTRODUCTION

In support of the Operable Unit 1148 site characterization, Science and Engineering Associates
(SEA) performed a series of airflow characterization measurements in six boreholes drilled in Area G,
TA-54." The intent of these measurements was to characterize, on both the large and small scale, the
airflow nature of the mesa. The tests included open borehole anemometry and discrete in-situ straddle

acker cas permeability measurements.
P gasp )

The open borehole anemometry measurements were conducted shortly after the boreholes were
drilled in the fall and winter of 1993. For these measurements an extraction blower was placed on top of
the well, air was drawn out at a constant flow rate and a velocity probe was raised and lowered in the
boreholes to determine the velocity profile in the well. These measurements indicated, on a large scale
(tens to hundreds of cubic meters), the airflow production characteristics of the well, identifying contrasts
in permeability in the boreholes. From this data and the geologic logs, locations for subsequent discrete

gas permeability measurements were selected.

The straddle packer permeability measurements were performed at multiple depths in the holes to
characterize, on a much smaller scale (cubic meters), the effective gas permeability of the media. Air was
extracted from discrete zones isolated by pneumatic packers, and the resulting air flow rate and draw-

down pressure were used to infer an effective gas permeability.

" This work was performed as a subcontract activity for the Eastman Cherrington Environmental

Company, contract #1489-1.0013-94.
1 SEASF-TR-94-020



II. METHODOLOGY

A.  Open Borehole Anemometry

Open borehole anemometry measures air production zones in the borehole under a vacuum extrac-
tion condition. The six boreholes tested are nominally 8-inch-diameter, with actual diame ters ranging
from 7 to 9 inches. Each of the wells is cased in its top 30 feet with an 8-inch-diameter stee] casing. After
augering, the wells were measured with a 3-arm caliper, geophysical logs were run, and borehole camera

runs were conducted.

To conduct the borehole anemometry measurements, the extraction blower was configured at the
top of the well to apply approximately 6-inch water column (15 mbar) vacuum on the well. The extrac-
tion vacuum was measured with a digital transducer. During the extraction measurement, a velocity
probe was lowered in the well (located within 2 inches of the borehole center) and stopped at discrete
locations to collect velocity data. The physical configuration is indicated in Figure 1. The velocity sensor
is a TSI hot film anemometry device with a measurement range of 10 ft/min. to 1000 ft/min standard
velocity. Its stated accuracy is £1.5 percent of the reading plus 0.5 percent of its full scale indication. At
10 ft/m this yields an uncertainty of £5 ft/m, and at 100 ft/m the uncertainty is +6.5 ft/min. At each loca-
tion, pressure and temperature data were also acquired. The pressure transducer used was a SETRA
Model 270 barometric pressure transducer with an accuracy of 0.1 millibar. Temperature measurements

were accomplished by a thermocouple with an absolute accuracy of approximately 3°F.

Data was acquired and stored with a Campbell Scientific 21X datalogger located above ground. At
each measurement location, the datalogger collected 10 samples (taken once per second), averaged them
and performed standard deviation calculations. That data was then recorded and stored. The anemome-
ter was moved to the next location and the sequence repeated. Typically, measurements were conducted
every 20 feet as the anemometer was lowered in the hole; on the way out of the borehole, data was taken

every 5 feet. Data at 5-foot spacing is reported.

B.  Straddle Packer Permeability Measurements

Straddle packer permeability measurements have historically been performed to conduct air and
water permeability measurements in porous media. For this application, a spherical extraction geometry
model is used. If the air injection (or extraction) source can be approximated as a sphere, then the steady
state air flow into the source, the source equivalent radius, the source pressure, and the ambient soil gas

pressure can be used to infer the effective gas permeability k (References 1 and 2):

2 SEASF-TR-94-020
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where: 1 = dynamic gas viscosity
= universal gas constant
= absolute temperature

= gas mass flow into soil

M = gasmolecular weight
P, = absolute pressure of source

P = ambient absolute soil gas pressure
o = source radius

This model is applied in straddle packer measurements by setting ro to be the radius of the sphere
whose surface area is equal to the area of the exposed borehole wall (Figure 2).
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Figure 2. Approximation of a spherical air flow geometry with a conventional straddle
packer design for in-situ soil gas permeability measurements.

The packer system applied in this field program is depicted in Figure 3 . Packers are located
above and below the extraction zone, separated by 27 inches. This separation was selected to increase the
possibility of intersecting fractures in the extraction zone. The packers are each 6 feet in length, fabricated
of a lightweight packer material and operated at 5 psi internal pressure during the extraction measure-
ments. The primary instrumentation used in these measurements was the absolute pressure in the extrac-

tion zone, the temperature of the air being extracted, and air flow rate during the extraction. All of the
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Figure 3. Los Alamos OU-1148 air permeability measurement system.
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sensors were located in an electronics package situated above the packer system with the data

transmitted uphole to a Campbell Scientific 21X datalogger for averaging and recording above ground.

A typical record of one of these measurements is shown in Figure 4. In that figure are plotted the
extraction vacuum, flowrate, and resulting permeability. The instrument uncertainty in this measure-
ment is dominated by the mass flow measurement. This was conducted using a hot film anemometer,
which provides a point velocity measurement. The velocity sensor was located in a pipe section with
flow straighteners, as recommended by the vendor. Flow calibrations were performed before (and some-
times after) emplacement in each borehole using a Dwyer variable area flowmeter. Given the accuracy of
the Dwyer meter (+2 percent) we expect the mass flow determination to be within #5 percent. This

translates to an equivalent instrument uncertainty in the permeability determination of 5 percent..
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Figure 4. Drawdown pressure, air flow and resulting permeability
during a typical measurement sequence.
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IIl. DESCRIPTION OF PLOTTED RESULTS FROM TA-54 AIRFLOW MEASUREMENTS

For each of the six boreholes, four pages of plots are produced. At the end of each plot set is the

table of permeability measurement data. Each plot page is described below:

First page: Gas Permeability Measurements

Second page: Anemometry Measurements

Third Page: Air Velocity Measurements

Fourth page: Summary

This is a single plot of the gas permeability data
reflected in the permeability data table.

The first plot is velocity, which is the raw velocity data
recorded with an approximately 6-inch water column
vacuum on the well. Data was taken every 5 feet.

The second plot is the caliper log provided by Century
Geophysics.

The third plot is borehole airflow, which is the air
velocity times the cross-sectional area of the borehole
(using caliper data). It has been smoothed with a

5 point moving average.

The fourth plot is of air production as a function of
depth, which is a derivative the third plot with respect
to depth. It represents the air flow production at differ-
ent locations in the well.

This is a single plot of the smoothed volumetric flow
data plotted on the second page, third plot.

This is a summary page showing airflow production,
measured permeability, borehole diameter, and mois-
ture content. The moisture content data was provided
by Vince Trujillo.
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