
RESEARCH OBJECTIVES
For the study of flow and transport in the subsurface, knowl-

edge of flow zones and their hydraulic properties is essential.
B o reholes drilled deep into the rock are often
employed to determine this information.
Coring and geophysical methods may be
able to identify the fractures themselves, but
they are unlikely to provide information on
f r a c t u re flow properties. Straddle-packer
pump testing yields fracture flow pro p e r t i e s ,
but is very time-consuming and expensive.
Flow-logging techniques are an attractive
alternative—they are sensitive to fracture
flow and are efficient to deploy in the field.
The objective of the present work is to devel-
op the theory for the multi-rate flowing fluid-
electric-conductivity (FEC) logging method
and demonstrate its application to field data. 

APPROACH
The flowing FEC logging method

involves the replacement of wellbore
water by de-ionized or constant-salinity
water, followed by constant pumping with
rate Q, during which a series of FEC logs
are taken. The logs can be analyzed to
identify depth locations of inflow, as well
as evaluate the transmissivity and electric
conductivity (salinity) of the fluid at each
inflow point. When the method is repeat-
ed with two or more pumping rates, a combined analysis of the
multi-rate data allows an efficient means of determining trans-
missivity and salinity values of all inflow points—as well as
their inherent (so-called far-field) pressure heads. 

ACCOMPLISHMENTS
Flowing FEC logging was performed in Well DH-2, very

close to the Japan Nuclear Cycle Development Institute’s MIU
(Mizunami Underground Research Laboratory) site in the Tono
area of Gifu Prefecture, Japan. Well DH-2 is about 500 m deep;
the upper 167 m penetrates tertiary sedimentary rocks, which
unconformably overlie a medium-grained biotite granite of
C retaceous age that is weathered and highly fracture d .
Flowing FEC logging was repeated three times, using pumping
rates of 10 L/min, 20 L/min, and 5 L/min. The suite of FEC
logs for each pumping rate were matched (through trial and
error) by varying feed-point strength and salinity.  Feed-point
salinity is constrained to remain the same for each pumping
rate, whereas the variation in feed-point strength with pump-
ing rate provides the basis for determining feed-point trans-
missivity and inherent pressure head.

Performing the flowing FEC logging method at diff e re n t
pumping rates has enabled us not only to estimate inflow stre n g t h s

and salinities of hydraulically conductive frac-
t u res intersecting Well DH-2, but also to com-
p a re their transmissivities and inherent pre s-
s u re heads (Figure 1). More o v e r, using thre e
pumping rates provides a consistency check on
the analysis, supplying a measure of the uncer-
tainty within the results. Comparisons against
static FEC profiles and independent chemical,
geological, and hydrogeological data pro v i d e
further checks on the validity of the multi-rate
flowing FEC logging-method results. 

SIGNIFICANCE OF FINDINGS
Flowing FEC logging provides an effi-

cient, affordable means of characterizing the
hydraulically conductive features intersect-
ing a borehole with high vertical resolution.
Such information is invaluable for character-
ization of regional groundwater flow, design
of nuclear waste storage facilities, remedia-
tion of subsurface contamination, and a host
of other issues. Moreover, it can be very use-
ful in conjunction with other subsurface site
characterization activities, such as providing
high-resolution monitoring during a tracer
test, or providing ground truth at boreholes
for crosshole geophysical imaging methods.
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F i g u re 1. Results of multi-rate flowing FEC
logging: (a) feed-point transmissivity nor-
malized by total transmissivity of the bore-
hole; (b) feed-point salinity (the black seg-
ments show independent salinity informa-
tion, which was not used in the pre s e n t
analysis); (c) normalized inherent pre s s u re
head of feed-points (IDPi = 0 corre s p o n d s
to the pre s s u re head of the wellbore as a
whole under zero pumping conditions).


