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Abstract: In-situ determination of K is important especially when the physical features of the soil system in question is to be 
characterized as accurately as possible. It gives more reliable values because there is minimal disturbance of the soil. It is more 
representative of the physical reality than the other methods. The objective of this study is therefore to review some of the in-situ 
methods of determining permeability, K of a soil, stating the conditions, advantages and disadvantages of each of the methods, 
thereby helping in proper selection of in-situ method to be adopted for a given soil, land terrain and type of aquifer. There are 
various methods of determining Saturated Hydraulic Conductivity, K of a soil. Application of each of the methods varies 
depending on the characteristics of the soil such as land terrain, soil water table and type of aquifer present. In this paper, nine in-
situ methods, which include auger hole, two types of well pumping tests, piezometer, two well, tube, four well, tracer test, point 
dilution and cone permeameter, as well as thirteen types and fifteen formulae were reviewed. The advantages and disadvantages 
as well as conditions for use of each of the nine in-situ methods were stated. Out of the nine methods studied, the non-equilibrium 
condition for determination of R for wells penetrating a confined aquifer is found to be the most reliable. It is obvious that cone 
permeameter is the fastest and simplest of measuring K at different depths in a single push without the removal of soil or water 
from the hole, K is automatically measured within 10 minutes as the device’s probe is pushed into the desired depth in the ground. 
In terms of reliability, well pumping test of the non-equilibrium type is the most reliable and produces accurate results. Every 
other method is more or less related to each other and gives acceptable values of K. 

Keywords: Hydraulic Conductivity, Confined Aquifer, Unconfined Aquifer, Water Table, Piezometer, Permeameter 

 

1. Introduction 

Saturated hydraulic conductivity, K, of a soil is a measure 
of the soil’s ability to transmit water under a hydraulic 
gradient, i. It is defined by the Darcy’s law as: 

K � �
� � V/��	

�
�                               (1) 

Where V is Darcy’s velocity, h is the hydraulic head and z 
is the vertical distance. The term coefficient of permeability 

is also sometimes used as a synonym for K. On the basis of 
Equation (1), K is defined as the ratio of Darcy’s velocity to 
the applied hydraulic gradient with the dimensions of length 
per unit time (LT –1). K depends on the soil grain size, the 
structure of the soil matrix, its stability and the type of soil 
fluid in the soil matrix. The important properties relevant to 
the solid matrix of the soil include pore-size distribution, 
pore shape, tortuosity, specific surface and porosity. In 
relation to the soil fluid, the important properties include 
fluid density and fluid viscosity ([1, 2]). 

K can also be expressed as:  
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K � kρg/μ                                     (2) 

Where k, called the intrinsic permeability of the soil, 
depends only on properties of the solid matrix and ρg/µ, 
called the fluidity of the liquid, represents the properties of 
the percolating fluid. The k has the dimensions of area (L2) 
and ρg/µ the dimensions of (L-1T-1).  

In-situ determination of K is important especially when the 
physical features of the soil system in question is to be 
characterized as accurately as possible. It gives more reliable 
values because there is minimal disturbance of the soil. It is 
more representative of the physical reality than the other 
methods [3]. In general, in-situ methods (unlike other 
methods) take into account the influences of both the vertical 
and horizontal directions and represent an average value of 
K. In-situ method is very important especially in highly 
stratified soils where the value of K measured would reflect 
the domination of the most permeable layer in the soil 
profile. Furthermore, by appropriately selecting the specific 
method to be used in the field, the in-situ values of the 
vertical and horizontal components of K could be determined 
independently in each layer of stratified soil [4]. 

The objective of this study is therefore to review some of 
the in-situ methods of determining permeability, K of a soil, 
stating the conditions, advantages and disadvantages of each 
of the methods, thereby helping in proper selection of in-situ 
method to be adopted for a given soil, land terrain and type 
of aquifer. Obtaining accurate value of K is very important in 
irrigation, modelling ground water flow, solute transport, and 
flow through earth dams, drainage design and seepage under 
sheet pile works ([5, 6]). 

2. Methods of Determining in-Situ K of a 

Soil 

2.1. The Auger-Hole Method 

The auger-hole method is a reliable method for measuring K 
of soil below a water table. It is mostly used in the design of 
drainage systems in waterlogged land and in seepage 
investigations [7]. The method was originally carried out by [8] 
and was improved [9]. 

The auger-hole method consists of preparing a cavity in the 
ground partially penetrating an aquifer with minimal disturbance 
of the soil. In the cavity, the water level in the hole is allowed to 
coincide with that of the water table. The water in the hole is 
removed completely and the rate of the rise of the water level 
within the cavity is measured [10]. The auger-hole method is 
applicable to an unconfined aquifer of homogeneous soil 
properties with shallow water table. This method provides an 
estimated horizontal value of K of the soil within the aquifer. 
But if the following four cases below does exist, it does not yield 
a reliable value of K: the cases are, if: the water table is above 
the soil surface, artesian conditions exist, layered soil structure 
exist, highly permeable small strata occurs [1]. However, the 
method is simple and has the advantage of using the soil water, 
and it is not affected so much by the presence of rocks or root 
holes adjacent to it [3]. Two formulae are used for the auger hole 
method; the [9], developed K for a homogeneous soil having no 
stratification and based on the assumption that: the water table is 
not lowered around the auger hole when water is pumped out of 
it, water flows horizontally into the sides of the auger hole and 
vertically up through the bottom of the hole (Figure 1). 

 

Source: [10] 

Figure 1. Auger Hole. 
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For a hole which does not reach an impermeable layer: 

K � �.���
���� logy�/y�                       (3) 

and for a hole which terminates at an impermeable layer: 

K � �.���
��� logy�/y�                        (4) 

Where, K is the saturated hydraulic conductivity (m day-1), 
a is radius of auger hole (m), s is a constant = [ad√(0.19)] (m-

1), d is depth of a hole below a water table (m), t is time for 
water table depth to change from y1 to y2 that is (t = t2 – t1), 
y1 is distance from water table to water level in the hole at 
time t1 (m), y2 is distance from water table to water level in 
the hole at time t2 (m) [11], examines the auger hole problem 
and with the aid of numerical analysis, developed some 
empirical equations. The formula for homogeneous soil with 
an impermeable layer at a depth below the bottom of the 
auger hole (Figure 1) is given by:  

K � 4000aΔy/ �20 ! "�
�#$ �2 % "&

�#$ yΔt          (5) 

where K, d and a are as defined in equation (4) above, ∆y is 
rise of water surface in an auger hole during the time interval 
∆t, y is distance from static water table to elevation of water 
in the hole. 

2.2. The Well Pumping Tests 

2.2.1. Equilibrium Condition for a Confined Aquifer 

Pumping test of a well is a field experiment in which the 
well is pumped at a controlled rate and water level drawdowns 
are measured in one or more observation wells sunk in the 
vicinity. The goal is to estimate hydraulic properties of the 
aquifer system [12]. Darcy’s law of laminar flow through sand 
is combined with the equation of continuity to derive a well 
discharge equation which is used to estimate the value of K 
[13]. To derive the radial flow equation (which relates the well 
discharge to drawdown for a well completely penetrating a 
confined aquifer), (see Figure 2). 

 

Source: [3]. 

Figure 2. Radial flow to well penetrating an extensive confined aquifer. 

The well discharge, Q at any radial distance, r, is: 

) � 2π*+ ,-./-,                               (6) 

Where: Q is the discharge (m3/day), 2πrb is area of the 
well (m2), b is thickness of the aquifer (m). K is as defined in 
Equation (4) above, i = dh/dr, is hydraulic gradient 
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(dimensionless). 
Furthermore, arranging equation (6) and integrating, 

yields:  

* � /01�23/24�
�π5�63764� � /01�23/24�

�π5�84783�                       (7) 

From a practical standpoint, the drawdown, s rather than 
the head, h is measured. Where: r1 and r2 are the distances of 
the observation wells from the pumped well (m), h1 and h2 
are heads of the respective observation wells (m), s1 and s2 
are the drawdowns in the observation wells 1 and 2 
respectively. 

For efficient derivation of K value, the aquifer is assumed 

homogeneous and isotropic, of uniform thickness and infinite 
areal extent; pumping must continue at uniform rate for a 
sufficient time to approach a steady state condition; the 
observation wells should be located close enough to the 
pumped well and finally, at the initial pumping, the 
piezometric surface is assumed horizontal [3]. 

2.2.2. Equilibrium Condition for an Unconfined Aquifer 

Using Dupuit assumptions, an equation for steady, radial 
flow to a well in an unconfined aquifer (Figure 3) is derived. 
The well completely penetrates the aquifer to the horizontal 
base and a concentric boundary of constant head surrounds 
the well. 

 

Source: [3]. 

Figure 3. Radial flow to well penetrating an unconfined aquifer. 

The well discharge, 

) � 9: � 9*; � 2π,*. -./-,                      (8) 

Where Q, A, r, K, i, are as defined in Equation (6). Re-
arranging equation (8) and integrating, 

* �  /01�23/24�
π�6337643�                                      (9) 

Where, r1 and r2; h1, h2 are as defined in Equation (7). 

2.2.3. Non-Equilibrium Condition for a Confined Aquifer 

If a well penetrating a confined aquifer is pumped at the 
same rate, the influence of the discharge extends outward 

with time. The discharge equals the rate at which the head 
declines times the storage coefficient added to the area of 
influence. The head will continue to decline because the 
water comes from a reduction of storage in the aquifer, as 
long as the aquifer is effectively infinite, therefore, unsteady 
or transient flow exists (see Figure 2). As the area of 
influence expands, the rate of decline, however, continuously 
decreases.  

The applicable differential equation in plane polar 
coordinates is: 

�<36 
<23 ! �<6

2<2 $ � =<6
><?                            (10) 
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Where h, is head, r is radial distance from the pumped well, S 
is storage coefficient, T is transmissivity; and t is the time 
since beginning of pumping. 

Theis obtained a solution for Equation (10) based on the 
analogy between groundwater flow and heat conduction. By 
assumption that the well is replaced by a mathematical sink 
of constant strength and imposing the boundary conditions h 
= h0 for t = 0, and h → h0 as r→∞ for t ≥ 0, the solution  

@ � /
Aπ>  B C_E FE

E
_E

E                                  (11) 

Where, 

G � 23 =
A>?                                        (12) 

S is the drawdown. 
Equation (11) is known as the non-equilibrium, or Theis 

equation. The equation permits the determination of the 
constants S and T by means of pumping tests. The equation is 
widely applied in practice and is preferred over the 
equilibrium equation because a value for S can be obtained, 
only one observation well is required, a shorter period of 
pumping is required and no assumption of steady state flow 
condition is required.  

However, for efficient determination of Equation (11) the 
following assumptions should be considered: the aquifer is 
homogeneous, isotropic of uniform thickness and of infinite 
areal extent; before pumping, the piezometric surface is 
horizontal; the well is pumped at a constant discharge rate; 
the pumped well penetrates the entire aquifer, and flow is 
everywhere horizontal within the aquifer to the well; the well 

diameter is infinitesimal so that storage within the well can 
be neglected; water removed from storage is discharged 
instantaneously with decline of head. Average values of S 
and T can be obtained in the vicinity of a pumped well by 
measuring in one or more observation wells, the change in 
drawdown with time, under the influence of a constant 
pumping rate. Mathematical difficulties are encountered in 
applying Equation (11) and for that, several investigators 
have developed simpler approximate solutions that can be 
readily applied for field applications. Three methods, by 
Theis, Cooper- Jacob and Chow are described below with the 
necessary graphs.  

In Theis method, Equation (11) may be simplified to: 

H � /
Aπ>  I �G�                               (13) 

Where W (u), termed the well function, is a convenient 
symbolic form of the exponential integral. Re-writing 
Equation (12): 

23

? � A>E
=                                      (14) 

It can be seen that the relation between W (u) and u must 
be similar to that between s and (r2/t) because the terms in the 
parenthesis in the two equations are constants. Given this 
similarity, Theis suggested an approximate solution for S and 
T based on a graphic method or superposition. A plot on 
logarithmic paper of W (u) versus u, known as a type curve, 
is prepared (see Figure 4).  

 

Source: [3]. 

Figure 4. Theis method of superposition for solution of the non-equilibrium equation. 
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Values of drawdowns are plotted against values of r2/t on 

logarithmic paper of the same size as for the type curve. The 
observed time-drawdown data are superimposed on the type 
curve, keeping the axes of the two curves parallel and 
adjusted until a position is found by trial where by most of 
the plotted points of the observed data fall on a segment of 
the type curve. Any convenient point is then selected, and the 
coordinates of these match points are recorded. With values 
of W (u), u, s and r2/t thus determined, S and T can be 
obtained from Equations (13) and (14) respectively. Hence 
the value of K is obtained from: 

* � >
5                                         (15) 

Where b is the thickness of the aquifer. 
In Cooper-Jacob method, it is noted that for small values 

of r and large values of t, u is small. Re-writing and changing 
to decimal logarithms, this reduces to 

H �  �.�J/0KL �.�M >?
Aπ>23=                             (16) 

Therefore, a plot of drawdown, s versus the logarithm of t 
forms a straight line (Figure 5). 

 

Source: [3]. 

Figure 5. Cooper-Jacob method for solution of the non-equilibrium equation. 

Projecting this line to s = 0, where t = t0 

@ � 2.25OPJ/,�                            (17) 

A value of T can be obtained by noting that if t/t0 = 10, 
then log t/t0 = 1; therefore, replacing s by ∆s, where ∆s is the 
drawdown difference per log cycle of t, Equation (16) 
becomes 

O � �.�J/
AπQ8                                   (18) 

Hence, K is estimated using equation (15). 
In Chow method of solution, he developed a method with 

the advantages of avoiding curve fitting and being 
unrestricted in its application. Also, measurements of 

drawdown in an observation well near a pumped well are 
made. The observed data are plotted on semi logarithmic 
paper in the same manner as for the Cooper-Jacob method. 
On the plotted curve (Figure 6), an arbitrary point is chosen 
and the coordinates t and s are noted, a tangent to curve is 
drawn at the chosen point and the drawdown difference ∆s 
per log cycle of time is determined. F (u) is computed from  

R �G� � H/SH                                  (19) 

And the corresponding values of W (u) and u were obtained 
from Figure (4). Finally, the formation constants S and T are 
computed using Equations (13) and (14) respectively. Hence 
K is computed using Equation (15). 
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Source: [3] 

Figure 6. Relation among F (u), W (u) and u. 

2.3. The Piezometer Method 

The piezometer method, like the auger-hole method, is 
applicable for determining the K of soils in an unconfined 
aquifer with a shallow water table. Unlike the auger-hole 
method, the piezometer method is appropriately designed for 
applications in layered soil aquifers and for determining 
either horizontal or vertical components of K. This method 
consists of installing a piezometer tube (Figure 7) into an 
auger hole drilled through the subsurface system without 
disturbing the soil. The piezometer tube should be long 
enough to partially penetrate the unconfined aquifer. The 
walls of the piezometer tube are totally closed except at its 
lower end, where the tube is screened to form a cylindrical 
cavity of radius (a) and height (L) within the aquifer [14]. 
Similar to the auger-hole method, the piezometer method is 
conducted by removing the water from the pipe and then 
measuring the rate of rise of the water within the pipe. K is 
then evaluated as a function of the geometrical dimension of 
the cavity in the piezometer tube, the dimensions of the 
aquifer, and the measured rate of rise of the water table in the 

tube. Depending on the relative height, L of the cavity as 
compared with its radius, a, the piezometer method can be 
used to determine the horizontal or vertical component of K. 
Thus, if L is large compared to a, the results obtained reflect 
the horizontal component of K. Otherwise, if L is small 
compared to a, then the vertical component of K is estimated. 
The piezometer method is especially suitable for determining 
K of individual layers in stratified subsurface systems [14]. 
[16] Developed a suitable equation for determining K in the 
form: 

* �  
πT301U4

U3
= �?3 7 ?4�                                    (20) 

where y1 is the distance from a water table to water level in 
tube or piezometer at time, t1; y2 is distance from a water 
table to water level in a tube at time, t2; a is radius of the 
tube; t2 – t1 is time for water level to change from y2 to y1; S 
is obtained from an electric analogue and from field 
measurement [17]. 
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Source: [17]. 

Figure 7. Piezometer method. 

2.4. The Two Well Method 

The two well method was carried out by [15] for non-
layered soils employing two auger holes rather than one 
(Figure 8). The two wells are of equal diameters and 
penetrate to the same depth below the water table preferably 
to an impermeable layer if one exists. Water is pumped at a 
steady rate out of one well and carried by a hose into the 
other, creating a small hydraulic head difference between the 
levels of water in the holes. An equation for determining K 
is: 

* �  /VK8 6W4  � X
3Y�

πZQ6                            (21) 

Where Q is pumping rate, L is the length of each well, a, is 
radius of each hole, d is the distance between their vertical 
axis. 

This equation is valid only if the holes penetrate to an 
impermeable layer else, an “end correction” must be applied 
to compensate for the flow entering the end of the auger hole. 
The end effect may be regarded as a flow, which in effect 
extends the length of the auger hole and, depends on the 
depth to impermeable layer as well as the dimensions of the 
hole. Childs suggest an addition of some 20 cm to the 
measured depth as an appropriate end correction for the holes 
of the radius used. The disadvantage is that, there is a 
tendency of surface sealing of the wells [16, 18]. 
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Source: [15] 

Figure 8. Two well method. 

2.5. The Tube Method 

Tube method is like the piezometer (Figure 7) method with 
a cavity of zero length [10]. The field equipment is made up 
of tubes of 0.2 m diameter, driven into the soil below a water 
table. An equipment is used for removing soil from the tube 
without puddling the soil surface. This method has these 
advantages: it can be used in-situations where there is a high 
water table; its vertical permeability can be measured, which 
is useful in drainage and recharge wells. The disadvantage is 
that, measurements are limited to a depth of approximately 
0.9 m below the ground surface. K is then computed using 
Equation (20). 

2.6. The Four Well Method 

The four well method was designed to eliminate surface 
sealing that may occur in the two well method. Where sand 
liners are not used, soil pores on the wall of a well to which 
water is pumped may clog because the pumped water may 
contain sediment in suspension. [16] Suggested that two 
more cased wells of the piezometer type could be placed 
between the two wells as used by Childs. This arrangement 
should give a measure of the K, which in theory will be 
independent of clogging effect of the walls of the wells. The 
rate of water movement between the two outer wells and 
difference in head would be measured. The ratio of the rate 
of water movement to the difference in head between the 
inner two wells would then be a measure of the K. 

This is also applicable to the wells that reach an 
impermeable layer. Otherwise, “end correction” as earlier 
discussed under two wells method should be applied to 
compensate for the water entering the end of the auger holes. 

2.7. The Tracer Test 

Tracer test is carried out by measuring the time interval for 
a water tracer to travel between two observation wells or test 
holes [19]. Using a die such as sodium fluorescein, or a salt, 
such as calcium chloride, is convenient, inexpensive, easy to 
detect and safe [3]. By this method, the tracer is injected as a 
slug in one hole (A) after which samples of water are taken 
from another hole (B) to determine the time of passage of 
tracer. Because the tracer flow through the aquifer with the 
average interstitial velocity, Va then, 

:T � */[ "6
Z#                           (22) 

where K is as defined in Equation (3), α is porosity, h is the 
difference in head in the two wells, L is distance between the 
two wells measured from the well center. The interstitial 
velocity is also given by: 

:T � \/P                                 (23) 

Where t is the travel time of the tracer between the holes. 
Equating these two Equations (22) and (23) and solving for 
K, yields: 

* �  [\�/.P                                (24) 

Although, this procedure is simple in principle, results are 
only approximations. The disadvantage of this method is that, 
if the holes are place far from each other and the travel time 
becomes long, the tracer may miss the downstream hole 
entirely ([3, 20, 21]). 
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2.8. The Point Dilution 

The point dilution method is an alternative tracer 
technique. Here, a tracer is introduced into an observation 
well and thoroughly mixed with the contained water. 
Thereafter, as water flow into and from the well, repeated 
measurement of tracer concentration is made. Analysis of 
resulting dilution curve defines the groundwater velocity. 
This together with the measured water table gradient and 
Darcy’s law, yield a localized estimate of the K and also the 
direction of ground water flow. That is: 

) � 9: � *;9 � *9-./-]                    (25) 

Rearranging Equation (25): 

) = *9(F6
F0 )                                 (26) 

Hence: 

* = )/9 "F6
F0 #                             (27) 

Where Q, A, V, and i (-ℎ/-]) are as defined in Equation 
(6) ([3], [22]). 

2.9. The Cone Permeameter 

The cone permeameter is a device used for measuring in-
situ K. It is made up of two pressure transducers, which are 
mounted inside the cone permeameter probe with ports to the 
side. One transducer is mounted 15 cm and the other is 40 cm 
from the injection zone. A removable porous filter protects 
the sensors from damage during pushing. The filter and filter 
cavity are saturated with glycerine before the push for the 
fastest and most accurate pressure response during testing. 

To measure the soil K, the probe is pushed into the ground 
to the desired depth and a test is performed. The probe can 
then be pushed to the next depth for another test. The value 
of K is automatically indicated on the device meter. No soil 
or water is removed from the hole and the entire test can take 
less than 10 minutes at a given depth. The following are the 
benefits of the cone permeameter: Multiple testing depths 

during the same push, rapid measurement, no permanent well 
placement, minimizes effect of compacted soil due to tool 
emplacement, steady state test that yields real-time output of 
K value, save some time and money, the fastest method 
available for measuring K. The disadvantage is that, it cannot 
measure K at great depth ([23, 24]). 

3. Summary 

Nine methods, thirteen types and fifteen different formulae 
for determining in-situ K were reviewed. Depending on the 
conditions of the soil, one or more formulae for determining 
K using each of the methods exists. From the review, there 
are three formulae for calculating K using auger hole, five 
formulae for pumping test of wells, and one each for the 
other remaining methods. Table 3.1 lists the summary 
highlights of the in-situ methods reviewed with their 
corresponding K formulae and the conditions for obtaining 
each formula with the advantages and disadvantages of each 
of the methods.  

4. Conclusion 

From the nine methods reviewed for determination of in-
situ K, it is obvious that cone permeameter is the fastest and 
simplest (K is automatically measured within 10 minutes as 
the device’s probe is pushed into the desired depth in the 
ground), measuring K at different depths in a single push 
without the removal of soil or water from the hole. In terms 
of reliability, well pumping test of the non-equilibrium type 
is the most reliable and produces accurate results. Every 
other method is more or less related to each other and gives 
acceptable values of K. 

5. Recommendations 

Other in-situ methods of determining hydraulic 
conductivity should be considered and reviewed. Conditions, 
advantages and disadvantages of the methods reviewed 
improved using practical experience. 

Table 1. Hydraulic Conductivity (K) values of the in-situ Methods Reviewed. 

S/No. In-situ methods Types Formulae 

1 Auger hole 
Hooghoudt’s Method 

* = �.�T8
�F�T ]^_`�/`�  

* = 2.3bH
2-P ]^_`�/`� 

Ernst Formula * = 4000bS`/ �20 + "F
T#$ �2 − "c

F#$ `SP  

2 Pumping test of wells 

Equilibrium condition for confined aquifer * = /01(23/24)
�π5(63764) = /01(23/24)

�π5(84783)  

Equilibrium condition for unconfined aquifer  K =  def(g3/g4)
π(	337	43)   

Non-equilibrium condition for confined aquifer  

K = h
i, Where,T = d

Akπ  W (u) and S = (t/r2) 4T u,u = g3 k
Ah�

 

K = h
i,where T = 2.30 Q 

4π∆s and S = 2.25TtJ/r� 

K = h
i, where T = d

Akπ  W (u) and S = (t/r2) 4T u 

3 Piezometers method - K =  
π�3efp4

p3
k (�3 7 �4)

  

4 Two well method  - K =  dqr� 	W4  ( s
3t)

πuv	
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S/No. In-situ methods Types Formulae 

5 Tube method - K =  
π�3efp4

p3
k (�3 7 �4)

  

6 Four well method - K =  dqr� 	W4  ( s
3t)

πuv	
  

7 Tracer test - K =  αL�/ht 
8 Point dilution  - Q = KA(dh

dl ) 

9 Cone permeameter  - K is automatically indicated on the device’s indicator. 

Table 1. Continued. 

S/No. Conditions Advantages Disadvantages 

1 Hole does not reach an impermeable layer 
Uses the soil water, not affected by the presence of 
rocks or root holes adjacent to it. 

Water table should not be above soil 
surface, there should be no artesian 
condition, and there shouldn’t be 
layered and permeable soil structure.  

 

Hole terminates at an impermeable layer: 

  
For homogeneous soil with an impermeable 
layer at great depth below the bottom of the 
auger hole 

2 

Aquifer is assumed homogeneous, isotropic & 
uniform thickness, infinite areal extent; pumping 
must continue at uniform rate to approach a 
steady state condition; observation wells should 
be located close enough, piezometric surface is 
assumed horizontal.  

 
It involves extra effort as logarithmic 
paper is used.  

The well completely penetrates the aquifer to the 
horizontal base and a concentric boundary of 
constant head surrounds the well. 
Aquifer is assumed homogenous, isotropic of 
uniform thickness and of infinite areal extent. 
Piezometric surface is assumed horizontal, well 
pumped at constant discharge rate, pumped well 
penetrates the entire aquifer, horizontal flow, 
well diameter infinitesimal. 

Equation widely applied. Constants S and T are 
determined. Only one observation well is required. 
Shorter period of pumping. No assumption of 
steady state flow.  

 

When mall values of r and large values of t exist. 
 

Plot on semi logarithmic paper in the same 
manner as for the Cooper-Jacob is carried out. 

It avoids curve fittings and it is unrestricted in its 
application. Measurement of drawdowns in an 
observation well near a pumped well are made. 

Mathematical difficulties are 
encountered in applying the equation 
for the non- equilibrium condition. 

3 
Unconfined aquifer with layered soil & shallow 
water table. 

Soil is not disturbed. Both horizontal and vertical 
component of K could be estimated.  

- 

4 

Non-layered soils; holes penetrate below water 
table to an impermeable layer; else, addition of 
20 cm be applied to compensate for the flow 
entering end of auger hole. 

- 
There is tendency of surface sealing of 
the wells.  

5 
High water table soil and measurements limited 
to a depth of 0.9 m.  

There is no soil puddling of the exposed surface. It 
can be used in situations where there is a high 
water table. Its vertical permeability can be 
measured.  

Measurement are limited to depth of 
approximately 0.9 m below the 
ground surface.  

6 Same as in two well method 
Clogging may occur due to presence of sediments 
in pumped water. End correction should be applied 
if well does not reach an impermeable layer.  

 

7 Wells must not be too far from each other Convenient, inexpensive, easy to detect and safe.  

If holes are place far from each other 
and the travel time becomes long, the 
tracer may miss the downstream hole 
completely.  

8 
The tracer should be thoroughly mixed with the 
well water. 

Convenient, inexpensive, easy to detect and safe.  
 

9 
Filter cavity should be saturated with glycerine 
for fastest and accurate pressure response during 
testing. 

Multiple testing depth in a single push, rapid 
measurement, no permanent well placement, 
minimizes effect of compacted soil, due to tool 
placement, steady state test that yields real-time 
output of K value, save time and money, fast,  

It cannot measure K at great depth.  
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