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USE OF ELECTROMAGNETIC BOREHOLE FLOWMETER
TO DELINEATE GROUNDWATER PRODUCING FRACTURES

J.E. Nyquist, G.K. Moore, S.C. Young!, and R.B. Clapp
Environmental Sciences Division
Oak Ridge National Laboratory?
Oak Ridge, Tennessee CONF-9109234--7

INTRODUCTION DE92 003559 \

Ground water flow on the Oak Ridge Reservation (ORR) is dominated
by permeable fractures within the relatively impermeable rocks.

It is possible to detect the fractures which intersect a borehole
using conventional logging tools (electrical, sonic, acoustic
televiewer, caliper, temperature), but not with any certainty which
of these fractures are permeable and are part of a connected
network. This poses a problem for the groundwater modeler. Should
all known fractures be included in the model? Only major fractures?

ELECTROMAGNETIC BOREHOLE FLOWMETER

Recently, we have been experimenting with a new electromagnetic
borehole flowmeter, designed by researchers at the Tennessee Valley
Authority (TVA), which measures the vertical flow of water within
a screened or open-hole interval while water is pumped in or out of
the well. Changes in flow between depths indicate an interval
where water is entering or exiting the well.

The system has three primary components: the flow probe, the packer
assembly, and the electronics package. The flow probe includes an
electromagnet, two electrodes on opposite sides of the cylinder,
and an amplifier, all cemented in a water-tighht epoxy and covered
with a stainless steel jacket. Water moving through the hollow
core of the flowmeter in the presence of the magnetic field created
by the electromagnet induces a voltage directly proportional to the
flow rate, which is measured across the two electrodes.

The probe will fit into a 2 inch diameter well. For wells 2-3.5
inches in diameter a plexiglass collar is fitted to the probe to
force flow through the hollow core. For uncased wells or 3.5-10
inch wells a packer is used. The entire probe and packer assembly
has no moving parts, so the probe is durable and rarely needs
recalibration.

The probe transmits the flow-induced voltages through a waterproof
cable to the electronics package at the surface. A portable
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computer converts the voltage into units of flow and. records the
raw and processed data. The entire system is compact and easily
mounted in a van or truck. For more detail on the system see Young
and others (1991).

DATA COLLECTION

The flowmeter is progressively positioned at intervals down the
well and vertical flow is recorded while water is being pumped into
or out of the well. Changes in vertical flow with depth indicate
water entering or leaving the well. Assuming horizontal, unbounded
flow to the well, the equations developed by Coocper and Jacob
(1946) can be used to calculate an hydraulic conductivity profile
(Figure 1).

RESULTS

In most wells tested on the ORR, more than 70 percent of the total
discharge is from less than 20 percent of the total screened
interval. In the open holes tested to date, most of the flow
enters and exits the well at one or two fractures over a several
hundred foot interval (Figure 2). Over the same interval
conventional logging tools show many more fractures (Figure 3).

Although these data are preliminary and more wells need to be
logged, our results to date suggest that the number of fractures in
ORR rocks detected by geophysical means and by geologic mapping far
exceeds the number of highly permeable conduits; equivalent porous
media and stochastic network fracture flow models are likely to
work poorly, and every effort must be made to develop the
capability to 1locate and map the few fracture that are

- hydrogeologically significant in areas of groundwater

contamination.
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Figure 2: Borehole flowmeter survey of corehole 2. A single
flowing fracture was detected in this survey.

ORNL BOREHOLE FLOWMETER SURVEY

Well Corehole II, 5/16/91, Natural Flow
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States

Government.

Neither the United States Government nor any agency thereof, nor any of their

employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or

mendation, or favoring by the United States Government or any agency thereof. The views

process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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