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Abstract

The difference flow measurement is used to obtain the following results:

1. Fresh water head in the borehole with and without pumping from the borehole.
2. Flows into or out from the borehole sections with and without pumping from the

borehole.
3. Fresh water head of the zones or fractures.
4. Hydraulic conductivity of the zones or fractures.
5. Detailed flow log with 10 cm point intervals.
6. Single point resistance log.

The fresh water head measurements were repeated to check the stability in the pressure
conditions measured with and without pumping water from the borehole. Flows were
also measured with and without pumping water from the borehole. These results can be
converted to fresh water head and hydraulic conductivity of fractures. The detailed flow
log and single point resistance log are used for exact depth determination of leaky and
non leaky fractures.
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Introduction

The Hastholmen site in Loviisa is one of the four investigation sites in Finland for the
final disposal of spent nuclear fuel. Hastholmen is an island, the bedrock is rapakivi
granite, groundwater is saline and groundwater level has went down because of the
tunnels excavated for low and medium level wastes.

The difference flow method has been used in all the five sites, however, the examples
presented here are from the Hastholmen site. The method was developed by PRG-Tec
Oy for Posiva Oy, the company which is responsible of the final disposal of spent fuel in
Finland.

2 Description of the method

The flowmeter using the difference flow method can be employed to measure
groundwater flow into or out from a given borehole section. Measurements can be
performed with or without pumping water from the hole. Hydraulic conductivity and
hydraulic head in fractures or fractured zones can be deduced from the results if certain
assumptions are made.

The new method is a development of the conventional measurement of flow along the
borehole. However, it is not the flow along the hole, but the changes of flow with depth
that are useful when interpreting the results. Measurement of flow along a hole is
problematic especially when the flow is strong because small changes in the flow may be
concealed. This problem can be avoided if the changes of flow are measured directly.

With the new flow guide, flow along the hole is directed so that it does not come into
contact with the flow sensor. The flow into or out from the borehole in the test section is
the only flow that passes through the flow sensor. Instead of inflatable packers, rubber
disks are used at both ends of the flow guide. These isolate the borehole section to be
measured, see Figure 2.1. The measurements are made essentially in open borehole
conditions including that part of the borehole which is under test, Rouhiainen and
Pollanen (1998) and Rouhiainen and Heikkinen (1998)

The interpretation of hydraulic head and hydraulic conductivity implies that the depth
sections are measured with two different fresh water heads in the borehole. In fresh
water filled boreholes the fresh water head is constant. The groundwater in the
Hastholmen site is saline and fresh water head had to be measured.
A single difference flow measurement at one depth interval normally takes 12 minutes.
This time includes waiting time for temperature stabilisation, a flow measurement by the
thermal pulse method, a flow measurement by the thermal dilution method and lifting of
the cable to the next depth interval. The thermal dilution method is used to expand the
range of measurement to include higher flow rates. The range of flow measurement is 0.1
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- 5000 ml/min. Temperature and single point resistance are measured along with the flow
rate.
For interpretation of hydraulic head and hydraulic conductivity, a static and cylindrical
flow geometry as well as a known radius of influence are assumed.

PUMP WINCH

FLOW ALONG
E BOREHO

LOGGING COMPUTER

Figure 2-1. Principle of difference flew measurement

Fresh water head in the borehole

The difference flow measurements are carried out with and without pumping water from
the borehole. In saline conditions, fresh water head during the measurements have to be
determined for interpretation of hydraulic conductivity and head.

Fresh water head in the borehole was measured with a fresh water filled nylon tube. The
water level in the tube determines fresh water head in the borehole at the lower end of
the tube.

This measurement is normally carried out during the flow measurement. However, a
different approach was tested in borehole KR4. The fresh water head measurements
were carried out before and after the flow measurements. This has an advantage that
automatic logging mode could be exploited in the flow measurements. The flow
measurements were carried out unmanned during the nights as well.

The repeated measurement showed that the amount of change of head remained at the
acceptable level both with pumping and without pumping, see Figure 3-1. The mean
value of the pair was used in the interpretation conductivity and head of fractures.
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Figure 3-1 Fresh water head in the borehole before and after flow measurements,
reference level Z= 0.89 m, Hastholmen, borehole KR4.

4 Flow and hydraulic conductivity

The measured flows are plotted using a logarithmic scale, see Figure 4-1. The flows are
shown in both directions, the left hand side of each diagram represents flow out from the
borehole within a test section and the right hand side represents flow into the borehole
within a test section. The length of the section was two metres. Flows were measured
with and without pumping, see Figure 3-1.

Fresh water head and conductivity of fractures can be calculated from the flows with the
assumptions mentioned in Chapter 2. Fresh water head can be calculated if both of the
flows at the same depth are not equal to zero, see Figure 3-2. For comparison, fresh
water head in the borehole without pumping is also plotted along with the calculated
fresh water head of fractures.

Hydraulic conductivity can be calculated if both or either of the flows are not equal to
zero. The lower limit of the calculated conductivity depends on the lower limit of the
flow range (6 ml/h), the difference between the heads used and on the section length.
The points of no flow are plotted on this line of the estimated lower limit of conductivity.

The error bars in Figure 4-2 are obtained assuming that there is always errors in the flow
and pressure measurements and that these errors sum up with the worst possible way in
the interpretation, Rouhiainen and Pollanen (1998).
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Figure 4-1 Flow rates with and without pumping, length of section 2 m, Hdstholmen,
borehole KR4.
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Figure 4-2 Fresh water head and hydraulic conductivity of fractures, length of
section 2 m, Hdstholmen, borehole KR4.
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5 Detailed flow and single point resistance logs

A detailed flow logging was performed in the boreholes with 10 cm point intervals. This
method provides the depth and thickness of the conductive zones with a depth resolution
of 10 cm. To make measurements more quickly, only the thermal dilution method was
used for flow determination.

The section length chosen was one meter. The width of a flow anomaly of a single
fracture is also one meter, respectively. If the distance between leaky fractures is less
than one meter the anomalies will be overlapped, see Figure 5-1.

The single point resistance was measured simultaneously with the detailed flow log. For
comparison, an ordinary single point resistance result is also plotted, see Figure 5-1. It is
hardly possible to detect any of the measured fractures in Figure 5-1 by the ordinary
single point resistance method. The single point resistance log of the flow meter is more
sensitive because the electrode is installed between the upper rubber disks. The rubber
disks obstruct both water and electric charge flow along the borehole.

5 Conclusions

The measurement of fresh water head in the open borehole defines the salinity
distribution in the borehole. The repeated measurements made sure the stability of the
hydraulic conditions.

The flow measurements were performed in automatic logging mode. An exceptional
feature in borehole KR4 was found at depths of 520 - 560 m and 740 - 750 m. The
measured flows were approximately equal with and without pumping, see figure 4-1. The
angles of the head curves (changes in salinity) hit to these depths, see figure 3-1. A
notably negative fresh water head in these fractures could explain the result. Such
condition is not impossible because there are tunnels for low and medium level wastes
built in the vicinity.

The detailed flow log and single point resistance log are used for exact depth
determination of leaky and non leaky fractures. This system makes it possible to find the
same fractures for example in borehole TV results. Information of separate fractures can
be combined with other data such directional information of them.



Figure 5-1 Detailed flow log with 0.1 m point interval and 1 m section length, single
point resistance logs, Hdstholmen, borehole KR4.
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