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Example

K= 0.5 m/day
D=10 cm, t=6 hr
ne= 60%
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K=C-—x
At

The saturated hydraulic conductivity is calculated according to Hooghoudt (1936):

s=rlel
At



where the value C is a function of y, H, r and the distance between the borehole
bottom and the underlying impermeable layer. It is calculated according to Ernst
(1950).

Note: the values used in the following equations have to be inserted in cm and s. The

-

4000~

v[zmﬁ)(z—iJ
! r H

result K will be in m/day. 1) (i) if the impermeable layer is equal or deeper
than H/2 below the hole

(=

3600r

ol

bottom. (i1) if the impermeable layer is below the hole bottom or at the same level

C:

rv—4 cm H=120cm S=40cm
W=74cm

T (s) W+y (cm) Y (cm)

0 116.8 Y=42.8

20 115.6

40 114.4

60 113.3

80 112.2

100 37.2>=32.1=0.75*42.8
110 105 31<32.1
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Kirkham (1946) proposed a method which a tube is inserted into the
auger hole below a water table with or without a cavity at the end of

the tube.
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Saturated hydraulic conductivity: Auger hole method

Measurement of saturated hydraulic conductivity at a locality with available
groundwater level in measured layer is best operated by using the auger hole
method. This method is quick and easy and does not demand any expensive
equipment. Moreover, natural water from the place being measured is used for
the experiment.

Watch the video to see how this method is carried out.
Equipment

Soil auger with suitable diameter, extension rods with connecting pieces, bailer
or pump, folding rule, float gauge set consisting of measuring tape, measuring
tape holder and float, stopwatch, equipment for writing records, plastic foil,
optionally an equipment for soil sampling.

Measurement procedure



1) Drilling of the hole

2) Removal of the water from the hole

3) Measurement of the rate of the rise

4) Computation of the hydraulic conductivity from the measurement data

ad 1) Drilling of the hole

- The hole is bored into the soil to a certain depth below the groundwater (GW)
level

- The depth where the GW level is reached for the first time is registered

- Observe the changes in soil characteristics (color, water saturation, etc.)

- Wait until the equilibrium with the surrounding GW is reached (until the GW
level keeps constant), the stable GW level is measured

ad 2) Removal of the water from the hole

- Ground water is removed manually by using a bailer or pumped out from the
hole
- Final GW level after removal is registered



ad 3) Measurement of the rate of the rise

- Use of float gauge with a measuring tape or electrical device
- The observations are most often made at regular time intervals
- About 10 readings is recommended

ad 4) Computation of the saturated hydraulic conductivity from the
measurement data



EXAMPLE and SOLUTION with calculation of saturated hydraulic
conductivity (K)

Borehole characteristics, field observations (see Figure 1, Table 1):

Borehole depth 175 cm, radius of the borehole 5 cm, first registration of the GW
at 70 cm below the ground surface, stable GW level measured 39 cm below
ground surface, water bearing layer in the interval between 70-130 cm below the
ground surface, below 130 cm the impermeable clayey sediments begin.

Table 1. Field observations

10 cm
‘> - Time measurement | GW level’ | y (GW level-39cm)”
min sec cm cm
0 20 131.2 92.2
39 cm GW 0 40 128.9 89.9
1 00 126.7 87.7
¢ 70cm 1 20 124.0 85.0
1 40 120.8 81.8
2 00 117.5 78.5
2 20 114.6 75.6
il 2 40 112.6 73.6
g els T RN " .. Permeable layer 3 2 L1 2.5
175 cm i 5 T ‘. . 3 20 108.5 69.5
e e o e . '. < 3 40 106.2 67.2
LR R S S oy e 4 00 103.9 64.9
ST SRR W PR " 4 20 102.6 63.6
Lo b, e B 4 40 102.6 63.6
i RSP o s : 5 00 94.2 55.2
. bt I 5 20 926 53.6
- - ¢ - s 5 40 89.6 50.6
6 00 88.2 49.2
7 00 816 42.6
8 00 758 36.8
9 00 717 32.7
10 00 68.7 29.7
= S == Sl = = = = 11 00 66.3 27.3
" GW level - distance between the ground surface and GW
table level
" y—distance between the current GW table level and the
Figure 1. Borehole characteristics stable GW level

A) CALCULATION of K according to HOOGHOUDT and ERNST

Applicability and terms of use



- Borehole radius “r” is in the range 3 cm < r <7 cmm

- The depth of the water column during the steady state is in the range 20 cm < H
<200cCm

- The depth interval for the recovery observationisy > 0.2H

Observed parameters in field (see Figure 2, Table 2)

H - stable GW level [m]

Yter — depth to stable GW level from the surface [m]

Yo — GW level difference from stable GW after its removal, at the beginning of the
rise rate measurement [m]

yn — GW level difference from stable GW at the end of the rise rate measurement
[m]

y — GW level during the rise rate measurement [m]

r — borehole radius [m]



2r=10cm Tab. 2. Data from the

<« field measurement:
K y
Borehole
Vier characteristics
39 cm T H (m) 136
Y A Yier (M) | 039
A
Yn Yo {m) 0.922
. GW level
66,3-p9 LID{ Lirj r‘IJEF thiw Vs (m) 0.273
Y B—=—At recoverytest  Jrim) | o005
175cm < [ . T« J. =221 [ Permeable layer
5 Yo A PEPRT S Sl i i s

.-.1: :‘.-';‘.L._‘ -.."_-. “,'.'-71: : ; 1?5-39{:”‘ 1.-..-.:
O N pl e e e
S = S s S B iRimal GW 1Sve

after ﬂw remaova

Figure 2. Calculation according to Hooghoudt and Ernst

The saturated hydraulic conductivity is calculated according to Hooghoudt

K =C Ay

At
(1936):

where the value Cis a function of y, H, r and the distance between the borehole
bottom and the underlying impermeable layer. It is calculated according to Ernst
(1950).

Note: the values used in the following equations have to be inserted in cm and s.
The result K will be in m/day.



4000 r

(200221

1) (i) if the impermeable layer is deeper
than H/2 below the hole bottom.

L=

3600~

Ao 6-3)

(ii) if the impermeable layer is below the hole
bottom or at the same level.

(=

Yo+ ¥, 9224273
2 2

=47.465m

-}' :
Where

Considering the impermeable layer below 130 cm, our example fits the second
equation (ii) better:

C= _shb =6.175

47.465 -(10+ @J(z _ %]
5 136

X Ay =y, —y, =922-273=649m

At=t,—t, =11-60-20=640s

I

3)



X = C(E} - 6-1?5'(64‘9] =0.626 m/day = 7.25-10° m/s
At 640 '

B) CALCULATION of K according to KIRKHAM and VAN BAVEL

The validity of Kirkham's equation is not limited in the value of the depth H as it is
in the previous method A). The nomenclature of symbols is the same as for the
method A). The figures are recorded in cmands. The result Kwill be in m/day.

K=864-C2Y  (m/day)
At

where: C=0,617r [ (S H)
a geometrical characteristic S might be interpolated with acceptable accuracy based on the ni

Figure 3 (Cisler, 1967). For correct usage of the nomogram, the following values have to be ca
firstth=H-y, h/H, r/H

Figure 3. Cisler's nomogram to determine the geometrical characteristics S for the saturated |
conductivity K according to Kirkham and van Bavel calculation.

C) HVORSLEV METHOD
Applicability

- Simplest method for interpreting piezometer tests and the soil saturated
hydraulic conductivity (K) assessment

- Used in shallow saturated groundwater systems which are homogenous and
isotropic

Observed parameters in field (see Figure 3, Table 4)



H - stable GW level [m]

Ho — GW level after its removal [m]

L — thickness of the water-bearing (permeable) layer [m]
R - borehole radius [m]

r —radius of the casing (r~R if the casing is missing) [m]
y — GW level during the rise rate measurement [m]

Table 3. Data from the field measurement:

2r~2R=10cm
. S— Borehole Measurement of the
characteristics rate of the GW level rise
39 cm H (m) 1.36 time (min) | y (m)
GW Ho(m)| 0.44 1 0.877
¢ L(m) 0.6 2 0.785
~ R(m) | o0.05 3 0.715
r(m) 0.05 4 0.649
5] 0.492
- i il I - Permeable layer ! DAZG
1?5cm ---r‘ "---.r._'.. i, 8 0.368
: H 9 0.327
raatey b gt J 19530 am
it " 60Cm ‘... ..‘-'“ -_._.-.- et “IL, n:
".'l.'. .*.. L‘+L'..-I-‘l|‘..
[+ 00" . ' _ ¥ RSN X PR AR
¥ S 4 0 Sl o I
minimal GW ||:‘\-“I.-‘l
arter 1?75' remova
Ho
175-131,2 cm
Y b 4

Figure 4. Hvorslev method

The saturated hydraulic conductivity is calculated according to Hvorslev

K = ti
(1951): i



,-1.]115
4=—R
2L

where and tu is the value of time at which the experimental
curve corresponds to value y = 0.37 m given by the Hvorslev definition.

0.05% - In L0

A= 0.05 _ 0.005177 m?
2.0.6

1)

2) tu value is possible to acquire using graphical solution, see Figure 5:

A 2 3 4 & 6 ¥ R 9 Mo # {2 £(men ) "

pm) T

g1+

Figure 5. Relation between time and recovery at semilogarhitmic paper.

In our case, the ty = 7,7 min

A 0.005177
ty 7.7

K= m/min = K =1.12-107 m/s

3)

Einheit 62,5 mm, die andere in mm

eteilt  von 1 bis 104

mit  ProzentmaoBstab



Possible errors:

- Be careful about the GW level readings — while the measurements are carried out
from the ground surface, for the calculation you must convert this number into a
distance between the GW level and the bottom of the borehole.
- Pay attention to units — in field often measured in cm while the calculation
needs m.
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