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The water pressure test and steady-flow pumping test are still commonly used for measuring the permeability coeficient of rock
and soil strata. Limited by the fact that the average value of the permeability coefficient could be obtained only by this testing
method, the accuracy of the experimental results of the permeability coefficient for special rock and soil strata is not good.
Therefore, a new on-site testing method and equipment for continuously measuring the permeability coeflicient of rock and soil
strata is studied in this paper. The method is suitable for water pressure testing in borehole and the steady-flow pumping test. The
technical proposal is when the pumping test or water pressure test is carried out, the final water penetration will tend to be a stable
value, and then, the high-precision current meter probe will be placed at the bottom of the pumping test hole or water pressure test
hole. For the pumping test, the current meter will be lifted uniformly from the bottom of the borehole testing section to the stable
water level. Meanwhile, the flow rate of a differential zone of the tested section is continuously detected. For the water pressure test,
the current meter will be lifted uniformly from the bottom of the borehole test section to the top of the borehole test section, and
the flow rate of the differential section will be continuously detected. Through data analysis and processing, not only the average
permeability coefficient of the detected sections can be obtained but also the permeability coeflicient of the differential section of
the rock and soil stratum can be calculated, respectively. Furthermore, the corresponding relationship between the permeability
coeflicient and the detected location can be obtained. In view of the abovementioned reasons, the leaking point, the specific
position, and the leakage quantity of the detected section could be found out accurately, which will improve the accuracy of the
testing results obviously.

1. Introduction

The water pressure test and pumping test are common test
methods for measuring the permeability coeflicient of rock
and soil layers [1]. The water pressure test is to isolate a
certain length of the borehole test section with special water-
stop equipment and then use a fixed water pressure to
pressurize water into this section of borehole; water seeps
into the rock mass through the cracks around the borehole
wall, and eventually, the amount of water seeped will tend to
a stable value; according to the water pressure, the length of
the test section, and the stable amount of water seeped into

the rock mass, the permeability coefficient of rock mass can
be calculated. The stable flow pumping test means that the
flow rate and water level are relatively stable in a certain
period of time. The permeability coeflicient of rock and soil
can be calculated by using various theoretical formulas of
groundwater flow. However, the two methods have the
following disadvantages [2-4]: O At present, the perme-
ability coefficient obtained by the water pressure test and
pumping test is the average value of the rock and soil stratum
in a test section. The permeability coefficient of a differential
section of the rock and soil stratum in the test section cannot
be calculated, the corresponding relationship between the
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permeability coeflicient and test section cannot be obtained,
and the specific location and leakage amount of the leakage
point and section cannot be accurately identified. @ The
theoretical conditions do not agree with the actual geological
conditions. The method of the pressure water test and
steady-flow pumping test considers that the seepage water in
the test section only distributes in the rock mass between the
upper and lower ends of the test section and the two parallel
planes perpendicular to the test section. There is no hy-
draulic connection between the test sections and the bottom
of the hole. In fact, they have complex hydraulic connec-
tions. In order to overcome the abovementioned problems,
the method and equipment of continuous detection of the
permeability coeflicient of the rock and soil stratum can be
used. This method and equipment can not only detect the
average permeability coefficient of the test section but also
accurately detect the permeability coefficient along the
differential section of the rock and soil stratum along the test
section, obtain the corresponding relationship between the
permeability coeflicient and the test section, and accurately
find out the leakage point. The specific location and leakage
amount of the segment effectively improve the accuracy of
the test results.

2. Working Principle

2.1. Differential Water Pressure Test. The purpose of this
scheme is to provide a method of the single-stage differential
water pressure test with a high sensitivity and large-range
ratio anemometer, as shown in Figure 1. The testing pro-
gram is to drill the test hole in stages. After the single hole is
finished, the hole is washed and the orifice tube is placed, the
probe of current meter is put into the bottom of the hole, the
single hole orifice is sealed, and the water is supplied to the
hole to achieve the specified value. When the water flow in
the hole is stable, the stepper motor works and sends the
probe slowly and uniformly to the top of the single hole
along the axis of the test section from the bottom to top. The
probe can measure the velocity of flow at each point along
the borehole axis and convert it into flow. The flow of a
differential hole section is equal to the difference between the
flow of the upper and lower sections of the hole section. The
length of the differential test section is measured by using a
stepping motor. The pressure is derived from the measured
value of the pressure sensor installed at the hole mouth and
the static position of groundwater. The permeability of the
hole section is calculated according to formula (1) of the
pressure water test [5-7]. The absorption rate is calculated,
and the distribution map of the test data of the differential
pore section along the hole depth is drawn.

AQ
Ag=—=, 1
17 paL W
where Aq is the absorption rate of the differential section, Lu;
AQ is the water quantity pressed into rock mass of the
differential section, m’; P is the test pressure; and AL is the
test length of the differential section, m.
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F1GURE I: Layout plan of the differential water pressure test scheme.
1- drill hole; 2- turbine current meter; 3- electric cable; 4- sealing
device; 5- stepper motor; 6- water supply device; 7- pressure sensor;
and 8- computer.

2.2. Differential Steady-Flow Pumping Test. The steady-flow
pumping test is to drill a pumping test hole and several water
level observation holes at the designed position, respectively.
A pumping system is used to pump water from the pumping
test hole to form a stable flow, forming a depressing funnel-
shaped groundwater surface centered on the pumping test
hole; as shown in Figure 2, when the water flow is assumed to
flow horizontally, the cross section of seepage through the
hole should be a series of concentric cylindrical surfaces. The
pumping quantity Q is measured, and the distance between
the observation hole and the axis of the pumping test hole
are rl1 and r2, respectively. The average K value and dif-
ferential AK value of the soil layer can be obtained by
Darcy’s law [1, 8, 9].

Now, a cross section is taken around the axis of the
pumping test hole. The distance between the cross section
and the center of the pumping test hole is r, and the height of
the water surface is h. Then, the cross section area A is

A = 27rh, (2)

where A is the cross-section area, m?; r is the distance be-
tween the cross section and the center of the pumping test
hole, m; and h is the water surface height, m.

Assuming that the hydraulic gradient is constant and
equal to the gradient of the groundwater level line at this
point,

dh

i =E, (3)

where i is the hydraulic gradient at the cross section.
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FIGURE 2: Schematic diagram of continuous detection by the
steady-flow pumping test. 1- pumping test hole; 2- observation
borehole I; 3- observation borehole 1I; 4- turbine current meter; 5-
water level monitor @; 6- water level monitor @; 7- electric cable;
8- pumping device; 9- stepper motor; and 10- computer.

According to Darcy’s law, the amount of water pumped
from the well per unit time is

Q' = Aki =2nrh - k%, (4)
dr

where Q is the amount of water pumped from the pumping
test hole per unit time, m; k is the permeability coefficient,
cm/s.

The integral equation (3) is

12
Q' J % _ 2nkJ hdh. (5)
Then,

(6)

Ak =0 == 222 (7)

where Ak is the permeability coefficient of a differential
section, cm/s; AQ' is the amount of water drawn from
pumping test hole of the differential section in the unit
time, m”.

A probe of the current meter is placed at the bottom of
the pumping test hole and lifted from the bottom of the test
hole to the stable water level uniformly. It continuously
detects the flow of the differential section. Two water level
monitors are used to detect the flow from the bottom of the
hole to the stable water level test section, and two water level
monitors, which are, respectively, placed in observation hole
I and II, are used to check the water level h,and h,; By
computer system analysis and processing, the distribution of
the permeability coeflicient of the rock and soil stratum
along the depth of the pumping test hole can be obtained.

3. Hardware Design

3.1. Hardware Composition Design. The structure of the
system is shown in Figure 3 [10-16]. The system consists of
four sensors and a host computer. The host computer is
mainly composed of an 80C196 single-chip computer sys-
tem, input channel (sensor, interface circuit, and keyboard),
output channel (monitor, printer, and data transponder),
and so on. The sensors include a current meter probe, water
level monitor, displacement sensor, and pressure sensor.
Among them, the current meter probe measures the flow
velocity along the axis of the borehole and converts it into an
electric pulse signal which passes through the signal line in
the cable and the photoelectric isolator and sends it to the
microcomputer system; the pressure sensor measures the
water pressure, and the water level monitor measures the
water level of the observation hole and converts it into an
analog signal which passes through the signal line and
photoelectric isolation and sends it to the microcomputer
system. The computer processes and analyses the above-
mentioned signals to get the distribution of absorption rate
or permeability coefficient of rock and soil along the
borehole range and displays and prints them.

3.2. Interface between the Sensor and MCU. The analog
sensor signal is a 4-20mA DC current signal. The analog
signal can be directly connected with the A/D conversion
circuit integrated in the 80C196 single-chip computer
through the interface. Its interface is composed of an iso-
lator, I/V converter, low-pass filter, protection circuit, and
reference voltage. The analog current signal of 4-20 mA is
input into the interface circuit through an electromagnetic
isolator. It is converted into 1-5V DC voltage by the I/V
converter. After the interference signal is removed by using
the low-pass filter, it is fed to the A/D port of the single-chip
computer [11-14].

The pulse sensor is a high-frequency pulse signal, which
is transformed into a regular negative-tip pulse signal by
phase-sensitive rectification, coupled by a photoelectric
isolator, differential circuit, and monostable trigger, and
then transformed into a standard rectangular wave. The
80C196 microcontroller reads the corresponding port data
at the set time interval [11-14].

4. Software Design

This software adopts 80C196KB single-chip computer ¢
language for modular structure program design and sets
dozens of subprograms. The main program part of the flow
chart is shown in Figure 4 [12-16]. The software can be
divided into the following main modules by function. (1)
data acquisition module- completing the flow rate data at the
flow meter and the data of the test hole depth provided by
the servo motor and the collection of various signs; (2) test
module- completing the test according to the water pressure
test and pumping test procedures; (3) data processing
module- calculating the flow distribution data along the axis
of the test hole; process and analyze the data according to
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FIGUure 3: Host computer schematic diagram of continuous de-
tection by the steady-flow pumping test.

Darcy’s law and related calculation formulas, and obtain the
permeability coefficient along the axis of the test hole; and
(4) data printing module- the curves and tables required for
printing.

5. Simulation Test and Discussion

The porous pumping test is carried out at a certain site. The
pumping hole belongs to the diving integrity hole. The
pumping hole depth is 15.2 meters, the groundwater level is
2 meters deep, and the water level drops 3.2 meters after
pumping. The distance between observation hole I and II
from the center of the pumping test hole is observed, r1 and
r2 are 4.3 m and 10 m, respectively, and the water levels in
observation hole I and II are 12.45m and 12.72m, re-
spectively, and the permeability coefficient calculated
according to formula (6) is 5.23 m/d. Then, the current meter
probe is uniformly raised upward from the bottom of the
pumping test hole (15.2 m below the ground) to the stable
water level (5.2 m below the ground). After data processing
and analysis, the distribution curves of pumping capacity
and permeability coefficient with pumping hole depth are
obtained, as shown in Figure 5. The test results show that ®
the permeability coefficient is not a fixed value with the
change of the hole depth, but fluctuates within a large range;
the minimum is 0.48 m/d and the maximum is 24.66 m/d; @
the section with small permeability coeflicient can be judged
as an impervious section, and the section with large per-
meability coefficient can be judged as a leakage point or
section, such as points A, B, C, and D in Figure 5; and ® the
corresponding relationship between the permeability coef-
ficient and test section is obtained, and the specific location
and leakage amount of the leakage point and section are
found accurately, which effectively improves the accuracy of
test results.

The water pressure test was carried out at a certain
fractured rock mass site. The depth of the test hole was 15 m,
the depth of the pressurized water test section was 5-15m,
the test pressure was 1.0 MPa, and the water flow was 31.6 L/
min. The absorption rate is 6.32 Lu according to formula (1).
Then, the current meter probe is uniformly raised upward
from the bottom of the water pressure test hole (15.0m
below the ground) to the top of the water pressure test hole
(5.0m below the ground). After data processing and
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FIGURE 4: Main program flowchart.
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FIGURE 5: Distribution curves of the pumping capacity and per-
meation coefficient with the pumping hole depth.

analysis, the distribution curves of pressurized water flow
and absorption rate with water pressure test hole depth are
obtained, as shown in Figure 6. The test results show that O
the absorption rate is not a fixed value with the change of the
hole depth, but fluctuates within a large range, the minimum
is 1.32 Lu, and the maximum is 43.32 Lu; @ the section with
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FIGURE 6: Distribution curves of pressurized water flow and ab-
sorption rate with the pumping hole depth.

small absorption rate can be judged as an impervious sec-
tion, and the section with large absorption rate can be judged
as a leakage point or section, such as points A and B in
Figure 6; and ® the corresponding relationship between the
absorption rate and test section is obtained, and the specific
location and leakage amount of the leakage point and section
are found accurately, which effectively improves the accu-
racy of test results.

6. Conclusions

(1) This paper studies a method and equipment for
continuously detecting the permeability coeflicient
of the rock soil layer. This method is suitable for the
drilling water pressure test and steady-flow pumping
test and introduces the test principle, equipment
hardware, and software design.

(2) The method and equipment can continuously detect
the flow of the differential section of rock and soil
strata in the test section. After the data analysis and
processing, the method and the device can not only
obtain the average permeability coeflicient of the test
section but also get the microsegment permeability
coefficient of the test section; meanwhile, the cor-
responding relationship between the permeability
coefficient and the test section is obtained, the
leakage point, the specific position of the section, and
the leakage amount are accurately found, and the
precision of the test result is effectively improved.

(3) The test results show that @ the permeability co-
efficient or absorption rate varies with the depth of
the hole, sometimes not a fixed value, but fluctuates
within a large range; @ the section with small
permeability or absorption rate can be judged as
impervious, while the section with large permeability
coefficient or absorption rate can be judged as a
leakage point and section; and ® according to the
corresponding relationship between permeability or

absorption rate and the test section, the leakage
point, the specific position of the section, and the
leakage amount can be accurately found.
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