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I. INTRODUCTION

The auger-hole method is a rapid, simple and reliable method for measuring hydraulic
- conductivity of soil below a water table. It is mostly used in connection with the design
of drainage systems in waterlogged land and'in canal seepage 1nvest1gatlons ‘

The method, originated by DIiserens (1934), was improved by HooGHouDT (1936) and
later by KirRkHAM (1945, 1948), VAN BAVEL (l948) ERNST (I950) Jounson (1952) and
KIRKHAM (1955).

~ The general principle is very simple: a hol“e"is"bored into thé soil to a certain depth below
the water table. When equilibrium is reached with the surrounding groundwater, a part
of the water in the hole is removed. The water seeps.into the hole again, and the rate
at which the'water rises in the hole is measured and then converted by a surtable formula
to the hydraulic conductivity (k) for the sorl ‘ '

The auger-hole method gives'the average permeability of the soil layers extending from
the water table to a small distance (a few decimetres) below thé bottom of the hole. If
there is an impermeable layer at the bottom of the hole, the value of k is governed by
the soil layers above this impermeable Iayer The radlus of the column of soil of which
the permeablllty is measured is about 30-50 cm.

The use of this method is limited to'areas with a high- groundwater table (at least during
part of the year) and to soils where a cavity of known shape can be maintained through-
out the test. Hence in certain. sandy soils it is necessary to use a perforated tube (for
description of the latter see Appendlx No. Il)

This treatment is mainly for practical purposes, so that the t’n'e:ory of the flow of water
into an auger-hole has not been considered : only some background information is given,
in order to make clear the reasons underlying the instructions and recommendations.
The graphs and formulae given are largely based on Ernst’s publication (1950), having
the least limitations, especially as regards the quantity of water that has to be removed
from the hole. Moreover, with the help of these graphs the k-value can be computed
quickly and easily. -

In measuring hydraulic conductivity in the field, four. phascs can be distinguished, each
having its own problems:

~ The drilling of the holes.

— The removal of the water from the hole.

- The measurement of the rate of rise.

- The computation of the hydraulic conductivity from the measurement data.
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2 THE DRlLLlNG ,OF THE HOLES : ce e

t

‘Tlns has to be done w1th the mlmmum dlsturbance to the sod o
,The reqmrcd a’eprh ofthe holes depends on the nature, thlckness and sequence of soil

- layers in the area undermvestlgatlon and on the depth-at which it is required to deter-
mine hydrauhc conductivity. 1f the soil is homogeneous to a great depth, a practlcal
drilling depth wxll be about 60 to.70 ¢cm below the water table, or preferably somewhat

. more than the length of the baller

1
' ‘

In many cases, however, the proﬁle consists of tuo Lor: more. Iavers havmg an.ap-
preciable difference in permeablhty It will often be desnrable to know the permeability
~of each layer. When using HooGHOUDT's formula (I940) or snmllar formulae for design-
- ing a tile drainage system it is necessary to know the k-factor of the soil above and below
the drams If. the water table lies well, wnthm the upper layer. the hydratilic conductivity
of each layer can be determmed in“this case it will be necessary to work with 1wo or
more holes at different depths The bottom of the shallow hole should be at Jeast 10-15 cm .
above the lower layer and - for practical reason_s - 20 cm below the water table. The
. deep hole, which for tile drainage design purposes'nornlélly has a depth of 2 meters, is
- drilled first and the various soil layers are examined and described. The depth of the
shallow hole is determined on the basis of this profile investigation.
If a very high hydraulic conductivity can be expected and the soil is comparatively homo-
geneous, a hole ataslight depth — 30to 50 cm below the water table - will be best, in view

of the short time available for taking reliable measurements (see Appendix No. I).

Fig. 1.
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Desplte of the fact that the’ tested sorl column‘ assocrated wrth the auger -hole method is
. much larger than an ‘undisturbed- core sample taken for laboratory tests (1400

- classified as one’ sorl type - For- detalled tile- dralnage mvestlgallons one determmatton'
to every two acres will usually be sufﬁcrent S ' s
One. man can-drill about'10-20 sets of holes a day. The auger used in the Netherlands
[(an open blade type, see fig. 1) is very suitable for use in ‘wet clay- soils. The closed type’

‘posthole auger commonly used in the USA' is excellent in dry sonls but is léss su1tab1e
‘ for wet clay so1ls (Sonl Survey Manual U S. D A

: REEVE and KIRKHAM, 1951), it will be neccssary to repeat 'thé permeablllty determlnatlons’ s
af several places because of the differences Wthh always occur in permeabrlrty of sonls‘ :
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“.. . Measufing tape with tloot. '
R .fu.s}’r ng» L > Flg 2 Dlagram of method, followed in determumn

hole procedure

impermeable loyer ° v ' : Lo '
, H = depth of the hole- below the groundwater table ‘ e o

Yo

A "" removnl ol‘ water at the tlme of the first reading. _
) Yo = the same at the end of the measurement Usually about 5 readmgs are taken
Ay = uAy. = yn Yo the rise of water Ievel in the hole durlng the ume of measurement l ‘
. Ly = dlstance between the groundwater leve! dnd the aver uqc level of the water in the hole durmg the
Co-,< timeof’ measurement - : .
‘ '. ! y yu ‘ . ' . o Lo
y = ——t,'= Yoo AAy ‘ '

ro = radius of lhe hole. "~

-the " hydraulic conductivity. . by the auger-'- L

dnstance between the groundwater level’and the elevanon of the water surface in the hole after




S = .depth of the impermeable layer below the bottom of the hole. -

Note: The measurements should be ('oi}ip/vlml'bcfprc Yn < 3/4 yo or Ay > 1/4 Yo

Lot
N

3. THE REMOVAL OF WATER FROM THE HOLE

-
B . st

This can start when equilibrium with the surrounding groundwater is attained and the
depth of the: water. table has.been recorded. Usually it will take 10-30 minutes to’ refill

the hole in a moderately permeable soil (k = ' m/day); some hours.in.a slowly permeable ’
soil (k = 0.10 m/day).1) . : ' '

* The seeping of the groundwater into the-hole will also re-open soil -pores in the wall -

of the hole that.may have been closed by. the auger. If an open blade:type of auger is’
used, it is unnecessary to remove the water from the hole 2 or 3 times for this purpose. "

~ The most effective way of removing the water is with-a bailer, viz.: a thin-walled pipe of

about-50 to 60 cm in length, with a diameter of about 2 ¢m less than the diameter of -

"the auger- -hole-and with a valve at the bottom. This bailer can also be used:in combmatlon

with a perforated tube for making ahole in the unstable sandy soils.

. The water level in the hole should be reduced 20 to 40.¢m (y, = 20—40 cm, see fig. 2). One -

or two ballmgs are requ1red depending on the length and diameter of the bailer used.
If the soil has a very low hydraulic conductivity, it will be better to bail at least 40 cm
of water from the hole in order to increase the raté of rise; this will redice the time
required for taking a reliable measurement. For measuring high hydraulic conductivity
values, a -y, of 20 cm is better. When using the graphs given in"this paper there is no
obligation to work with a nearly empty hole or one that is half full, as stated by JOHNSON

1952), RoE (1954) and U.S.D.A. (1954)

fan . . Tt

4. THE.MEASUREMENT OF THE RATE OF RISE . -

4.1, INTERVAL AND RANGE . .
The measurement properly consists in determining the rate at which the water rises in.
the hole. The observations are made either-with a constant time interval (At) or with
fixed intervals for the rise, of the water (Ay,). depending on the equipment available. In
order to increase the accuracy of the results and reduce the effect of irregularities some
5 readings.are usually taken as the water level rises.,

l) 1 m/day = 4.2cm® : cm~? : hiour-! = 4.2 cm/hour = 1. 16 10-* cm/sec. = 1.16 X 10-* m/sec. =

C = 1 6 lnch/hour etc. = 3 28 cub. feet/sq. feet/ddy = 24.5 US gallon/sq. ft./day.-




If an electric device is used, a fixed Ay is chosen. If a‘float with a measuring tape is used.
either Ay or At can be measured at regular intervals. However, several stopwatches’ are -
necessary for measuring with a fixed Ay, whereas if measuring is done at regular intervals
of time it is sufficient to use one watch with a good second hand. The latter method of
measurmg is usually followed in the Netherlands ' :

“The time interval (At) chosen depends on the permeabrhty of the soil and is usually
5-10-15 or 30 seconds. A At is usually observed to be correspondmg to a Ay of about
one cm.. For soils with a very low- permeabllrty (k =:0.01,r = 4, Ay/At - +0.01 to
© 0.02 mm per second), a Ay of about 5'mm and.a At of some miriutes is a2 good combi-

nation..If the soil hasa very high permeability (k = 10, Ay/At = about.10 mm per se-
cond) an interval of 5 seconds is observed. It will be clear that for-soils with a-high
permeability Ay greatly exceeds 1 cm and only one or two reliable readings-can be taken.:
Two men are ne‘eded»for an intérval of 5 seconds, whereas 10 second interl/als can easily
be read and recorded by -one man. » e
Due, consideration 'should be given to the fact that ir is not: permrswble to .continue the
measurements for.too long since the funnel-shaped drawdown of the water table’ which
develops-about the top of the hole as the hole fillswould become too large. This would " -
“result in a decrease of the actual H-value and consequently in a decrease of the rate of
rise. and if the k -factor were computed from the original H-value this would give-‘tOO'
low a, value for k(see example No.-3). : ' .
Care should be taken to ensure that not more than about 25 percent of- the volume of
water removed from the hole has flowed back at the end of the measurements. In othet
words, the.measurements should be completed before y, < 3/4 Yo or,.which 1 is easier to
calculate before Ay > 1/4y,. For instance: if 40 cm of water have been- removed
(yo = 40) we may measure.over a range of 1/4 y, = 10cmoruptoy, = 30cm.Ify, = =28
the permlssrble range is 7.cm or up to y, = 2, assummg that the time interval between :
the removal of the water and the beginning of . the actual measurements is very short
‘and only a matter of a few seconds. _
If the drainable pore space is more than- 10 percent and the diameter of the hole i is: ‘rather
small (r = 4 cm) it is possible to obtain relrable measurements overa larger range for "
instance up to-1/3 y,. ’ ’ ‘
- 272 times more water. is needed to fill.a hole with a 6 cm radlus than one with-a 4 cm”
radlus, SO that if .the holes used have a large\dlameter (r 6) - the range for reliable
measurements is often smaller than 1/4'y,. : Lo

o
‘

From the graphs givenforr=4andr = 'S ¢t (see chapter 5) it can’ easily. be calculated:
which rate of rise (Ay/At) may be expected for various conditions, since Ay/At = k/C. The
order of magnitude of the rate of rise in a hole with a radius of 4 ¢m will usually be 1-2 mm

g




per second for a moderately permeable soil (k = Im/day), 0.01-0.02 mm for a very
slowly permeable soil (k = 0.01) and some centimetres per second for a highly permeable

~soil (k == IO) It will be clear.that in the case of a highly permeable and. moderately per-

meable soil we should start the measurements as soon as possible-after bailing, whereas
in the case of- a slowly permeable soil there is no reason to hurry. A calculation of the

“time available for reliable measurements is given in Appendix I.

‘4.2 EQUIPMEN‘%
The equipment as orlgmally used by HOOGHOUDT was falrly heavy and compllcaled
(see HOOGHOUDT 1936). Convenient electric equipment has been developed in the USA

. and is also used in Australia (MAASLAND 1957). In the Netherlands convement and’

simple equ1pment was developed by. the late Professor M. F. Vlsser

- Fig. 3.

T Ruler ‘(4) Pointer (5} *

Stondord (3)

Fig. 3 demonstrates schematically this equipment. A 60 cm tube contains the various
parts of the apparatus. This tube can easily be carried by hand. The bottom end of the
tube is provuded with a valve clack. By screwing a rod into the tube'we get a bailer.
The tube also contalns a float (l) with a commercial type light-weight steel tape (2) and -
a standard (3), which is pressed into the ground and to" which a tuler (4)is attached.

.. The upper part-of the ruler; which. has-a length of .40 cm, starts at- zero. A: pointer (5)
-attached to the steel tape moves along the ruler. :



‘The latest simplification ‘is that.the ruler and.the pbivmver-have been omitted and the
standard:somewhat modified 1 in order 'to- prevent dlﬂlcultles on windy days (fig: 4). The
“standard.is pressed into the: sorl up.to a.certain mark so- that lhc readmgs can be taken-at
.a fixed distance (40 cm) -above &round level. e C
Figure-5 shows the set: used for the measurement of the hydraullc Conductlvny complete -
wnh an auger wrth extensmn and a perfor‘ned metal tube. - .

'Fig.i. R . -

43PROC!:DURE A R - S

! P . : +

The standard is placed near- the hole in such a way that the float and stcel Iape
exaclly perpendicular-above the holé. ..~ . P - o
2. The float is lowered to ground water level .and IhlS level is recorded o
"~ . 3. The float’is carefully Ahomcd from the hole and the standard turned sldeways
4. The'water s balled from the hole until the level 1s reduced ‘by -about 20- 40 em (thrs

may IdkL one or two bailings). . e R




s The standard is returned n its. former posrtlon and the ﬂoat placed on'the surface of
‘ the water. The reading then has to be startcd as soon as possrble ' s .
6 About 5 rcadings are taken at regular intervals of tife. Since it sometrmes happens o
* that'the steel tapc or float tends to stick to the wall of the cavity it is recommended to
. tapthe steel tape les.ularly All readlngs mcludrngxgloundwatcr level .and depth of the
hole, are taken at the conductor of the tape on the standard (40 cm above groundlevel)
A 7. The depth of the hole 1s measured by use,of the baller or auger '

The rate of rise i$ sometlmes measured rmmedlately after the dnlllng of the hole Thls method is time-
saving and also has the advantage that no bailer is needed : '
The level of the groundwater can usually be ‘measured the-same day, but if all layers have a very low
permeablllty the groundwater level should, Jbe measured on the followmg day.

. However, it should be noted that this method of measuring the rate of rise immediately: after dnllmg
can.only be used in slowly. permeable to ‘moderately, slowly permeable soils with little water iin the hole

~ after drlllmg (relafively large y,),"as the admissible amount of return flow durmg the time of drilling and -

" measuring should be limited to about 25 percent of the amount of water removed by drilling. Moreover,
_the drilling has to be carried out with an open type of posthole auger, as this’ type gives less puddling

i along the wall of the cavrty and: the drrllmg proceeds more raprdly than with the closed type of posthole

auger . - . . '

s v . PR . Lk Caet o

. DR ' S Standard
*, N L IR oo T

8T g Wt ‘ N . “ R . A

' o ’ V ) : ) . *Megsuring tope with float

R B . o . ——=T

777 .ZW377W/W/WW/W/W/

lmpermeable loyer
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5. COMPUTING. THE HYDRAULIC CONDUCTIVITY FROM THE
DATA OF THE MEASUREMENTS o : .

cae t " N . - .o N : Lo
5.1 GRAPHS

The: type of graph developed by BOUMANS (l953 VlSSER l954) is commonly used.in the
Netherlands: -+ .- ‘ G Co o

Recently other graphs as developed by WESTERHOF (ERNST WESTERHOF 1953) have. also
been used ‘in combmatron with a special . method of fecording the readrngs for each
interval of time. Usmg an addrtronal mechamsm on-the:standard, a ppencil point is pressed :
at each interval of time on a shp of | paper’; attached to the’ steel tape rule. This prece of

paper is placed on a:graph then: and (in combination witha. second graph) the k- factor o

can be computed.” However these graphs have only been prepared for r-= 45 and
S > J~H ' , ‘ r
ERNsT (1950) prepared graphs for r= 4 and T = 6 both for S =0 and S > iH. These
graphs are the result.of relaxation constructrons
The relation between the k-factor and the rate of rise (Ay/At) can be expressed as follows
k- | B (1)
At ' _ '
The C value in its turn is a function of'y, H, r and S, whrch function can be read from. -
the 'graphs. .+ . . 4
Instead of computmg the values of k for each Ayt, these measurements may be averaged
before; evaluatmg C from the graphs;: provrded ZAy, < l/4 Yo and the consecutive read-
mgs are reasonably consrstent ' :

Graph 1 (S ll-l) and graph 2 (S = 0) —~included in thts bulletin - are for an auger hole’ ,

' with a radius of 4 em. These graphs are the same as those prepared by ERNsST (1950), _
except that a smgle logarrthmrc scale has been used instead of a double one in order to"
facrlltate the readmg '

Equation (1) can- be solved by means of .a nomogram as given on the left side of the
graphs or by using aslide rule. -

If § <4H (S = oo gives about the same results as S = 4H) no special equation or

graph is available. Hence an estimate has to be made between the k-value for S > 1]—1'
and.S =.0.

The difference between the C- values for S lH and S = 0 decreases with mcreasmg
H and if 'y is small in relation to H. -

2




In general it can be.saidthat the soil layers at a depth greater than 10415 cm below the
bottom of the hole have little influence on the rate of rise of the water in the hole, and
the graph S > {H can be used. . S

B

The graphs prepared by ERNST can also be used for an auger-hole with a radius other

than 4 or 6 cm. Augers are often used, which have a radius of 5 cm or a 4-inch diameter.
Graphs 3 and 4, included in this bulletin, have therefore been prepared for r = 5 cm.
This has been done by converting the graphs for r = 4 cm. ') '

The graphs are used as follows:

C is read from the 'diagrams as a function’of y and H H is found at the abcissa in cm.
Using the line with the proper y value. C can be read as the.ordinate (see also example
in graph 1). : :

5.2. FORMULAE

A formula is not often used for cdmputing the hyaraulic conduétivity since convenient
graphs are available. Moreover, unlike the formulae the graphs may be used for a wider
range of yand H values and they are more accurate. The difference may amount to 20 per-
cent. For the sake of completeness the formulae, which can be used when no graph is
available, will be given here.

The following formula has been obtained for homogeneous soil with the impermeable
layer at a certain depth, S > }H, below the bottom of the auger-hole (ERNST, 1950).

4000 A
Kk — Loy | @)

B

') The easiest way of maklng this conversnon is to multlply the values of H and y on the graph r = 4 by
5/4 or 1.25. .

For instance: H,, onrr-4=5, X 20 =H,; onr =5,
'Haoonr=4=5/4» 30 = Hy 3 onr =5,
Hyonr =4 = 5/4 x 40 = H;, onr =5, etc.

The same applies to y.
To Tfacilitate reading the values of H and especmlly of y, a new graph with regular mtervals of y = 20,
25, 30, 35, etc., was constructed.

The values on the graph r = 5 for y.= 20, 25, 30, 35, 40, 50, etc., are the same as the y- -values 16, 20,
24, 28, 32, 40, etc., on p,rdph r == 4. These y-values weré constructed 'in red lines on r =: 4, After ‘the
conversion of the H-values, Wthh was done in the same way, a new graph was made.

The graph for r = 4 can also be used for other radii without preparing a new graph. Using graph 4
for an auger-hole of say r == 6, we have to multiply the H and y values as measured in the actual hole
by 4,6. For instance: r = 6, H == 60 and y =~ 30: read on graph r =="4: Hy, and y,. etc.

1t is often somewhat difficult to remember whether in this case we should muitiply by 4/6 or by 6/4. It
may therefore -be helpful to remember that the radius of the graph used forms the numerator and the
radius of the actual auger-hole the denominator.

13

|



In this.formula k is expressed in m/24 hours. All other quantltles are'in cm or in sec.
"k = hydraulic conductrvrty B L Ly e e ‘
* H = depth of hole below the groundwater table ' REE :
y .= distance between groundwater level and the average level of the water in the hole
""" for the time interval At. f
r- == radius of auger-hole.
S = depth of the 1mpermeable layer below the bottom of the hole or the layer Wthh
“ hasa permeablllty of about one tenthor less of the permeablhty of the layers above

'Equatlon (2) represents an empmcally denved approxrmate expressnon of the results of -
a -number of relaxation constructions. Herice “this formula does not show the' exact
relationship that should theoretically exist between. the différent quantities, although the
value of k will be sufficiently. accurate (maxnmum error 20 ) if the: followmg conditions

are met: ‘ -
r >3 ‘ and< "7cm;
. ,H>20' and < 200 cm; .
' ¥ >02H; .t
) S.> H;.
‘ Ay<1/4y0

~ Equation (2) can also be written in another form, which facilitates ealc'ulatio.ns': '
| S 4000w Ay o
k= — W o .(2a)

RS At
S T e 200 (2—%))' |

‘

Tt

When the lmpermeable layer is at the borrom of the hole (S = 0) the followmg equatlon '
can’ be used

002" Ay
v o By | )

Cy\ AL
: I(H.-{-,]Or) ,(2--_%>y .

5.3.. EXAMPLES | '

Example No. l demonstrates the computatlon of the k- factor from’ the data obtained in
the ﬁeld based on f:xed time 1ntervals (At)

F'Example 2 demonstrates the computatron of the K factor. based on fnxed intervals
- of the rise' of the watér level’ (Ay) . : : \

Example No. 3 illustrates some of the |rregularlt|es that may occur in the measurement
data. ' ' ‘

14




<;Example No.:4 shows that the k- factor computed will be too low if the: measurements
‘are continued. for too long (Ay > 1/4 Yo) Of if too long a period elapses between ballmg

and startmg the measurements

. ‘EXAMPLI: No. 1 (FiG. 6) ‘ = :
’ ‘Not,e A]l readmgs are taken 40.cm above ground level (see ﬁg 4 and ﬁg 6).

‘No’.l:‘ AR . = Date. L -

' Location:.. .. - .. Technician: ‘ . o R
DL 240 . D=200-| - r=4 . Kestm.'= . m/day
W= 14 W= T4 | .S =>4H kcale. = 0.66 m/day

=126 = 126 ' - T T
t y‘, ‘, AYt t ¢
0 1452 R yo"‘:.— W= 1452114 = 312

L0 1440 ""I"7" . Ay = yo ~¥Yi = EAyt =567 Y '
20 14280 Ty =y "»Ay-~— 312-28'= 284
S T T S ¥ f 12,

40 140.6 f : —28.4 C =60 (read from Graph I)

s R W | y = :
S0 139.6 . . . R B Lo
e E : Ay 5.6 | S RN

- = = 0l '
Ay = 5.6 5.6 At 50
R T T k=Cl = 6.0 % 011" = 0.66 -
U A -

“Note: " The text prmted on the field:sheet is shown here in bold type; the ﬁeld notes are in- ltahcs, and the

work carried out- m the ofﬁce Is designated by roman type. :

After the readlngs have been taken-it is desnrable to have some check on. the rellablhty

‘of the: measurements. The Ayt of edch’ measurement is. ‘therefore” -computed in order 1o’

see whether the comecutlve readlnos are reasonable consistent. If the value of Ayl

, decreases aradually the readmgs ‘may be averaged up 0 Ay = 1/4 Yo or, in'this case, -
' up to a Ay of 7to 8 cm. Both condmons are met Here, so that k can be computed

. EXAMPLE No. 2. :
If Ay = 4 cm and 5 readmos h'lve been taken “4 Ay) then the dlfference between
_the first and the last At should preferably be no more than 20 percent. From the .
. graphs it may be seen that a difference of 4 cm of the y-values results at the most
' 70% dlfference of the C. ~value ' A . :

» N K e . . . e . 5 ¢
S - TR bR
. [N . - . . .




C of 4-6 measurements. In the example given one would take for Ay 30.0-24. 5 = 5. 5 and‘

When- the difference-is much larger, e.g: the At-values being:. 27-44-56- 71, then
large openings in the soil proflle are occurring (cracks, holes caused by roots, wood
or animals). In that case measurmg should be repeated i in an ‘other pl'lCC

=125 |, rn=4 = K(estm) = (=) m. / day, |

D' = 165 D I
W' = 100 W= 60 | S=>!H K(ale) - = 057m./day -
‘H = 65 H = 65 : _ : R ‘
N . — :
1" y=¥-w=12-100 = 26 ol '12.
o L Ay 4 400 B
Ya)= 124 84 0 a0 = 0048
- 125 61 . . At 84, 84 .
126 o 2 o . .
‘]‘27 TR 21 . = lAy . c e .
9. 9 - K=C— =112 x 0,048 =054 -
Yo = 128" 0 ' - At : )
t - "y Ay EXAMPLE No 3
0 31'.54 . In this example we. see that the first Ay, is somewhat
10 300 . : :; high. This is frequently the case, and is most probably
20 _ 28.8 B "‘ caused by water dropping along the wall of the hole after
30 2717 the water has been bailed out.
40 - - 26.5 0"9 S ’ '
50 - 25:6 - l.l ,
60 24.5 o s

Moreover it is very easy to make a 1 mm error in readmg the y,. The rise of the measur-
_ing tape may also be somewhat 1rregular at tlmes since the steel tape or ﬂoat may stick
to the wall of the hole. But these. €rrors are suﬂicxently ellmmated by. takmg the average

'y——yo-—Ay--300 2.8 = 27.2.
ForAt——SO H—80 r=4 and S>H:
c.=4r9,.0 and k = 9.0 X _5.5/50 0.99. (Graph 1)
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" EXAMPLE No 4.

t Yt ) A)’t
0 903 _\s5) ayar =s8/60 -
s 288~ " oY =
30 2737 1 y =24l S > IH graphl
15 259 - 14 C=178 HZis |
T 14 k=175 :
60245 ) 3y Ay/At = 4.9/60
75 232
-~ 13 y =220
90 219
05 207~ 12 C =202
1 k = 1.65
120196101 Ay/At = 3.8/60
135 186
1so 17.6 - 1OL Ly = 177
165 167 09 C =232
- 09 ok o= 147
180158 o8 Ay/at =29/60 S
195 150 |
: - 081, y = 143 e e
210 1422 3 ,
-~ 07 C =215
25 135 0 Y
240 12770 =1

In order to demonstrate which errors are introduced if the measurements are continued

for too ]ong a tlme the k- factor has been computed for each group of five readmgs
A

Although Ay/At should decrease the product CKtZ and hence k should be constant,

but it can be seen that this is not the case here. '

The decrease in the «calculated k-factor is caused by the funnelshaped drawdown of the
water-table around the hole and the corresponding decrease in the H-valué. In example
No. 4 all C-values have been calculated for H = 35 cm, but in this case the apparent
H-values will have been Hy;, Hyy, Hyg and Hy,y, respectively: If these H-values had been
used; each of the four calculations would have given the same k-factor (k' = 1.75).

6. AUGER-HOLES IN A LAYERED SOIL

If the profile consists of 2 layers having appreciable differences in hydraulic conductivity,
the k-value of each layer can be determined if the water-table lies well in the upper layer.
It will be necessary to work with two holes of different depth, and the bottom of the
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shallow. hole should be at least 10—15 cm above the lower layer Ih most cases the deep.
' hole is made first in order to locate the boundary of the two layers (ﬁg 7)

* Fig. 7. m -

Groundwuter

lf we call the hydraulrc conductlvrty of the upper layer k and the lower layer kz, then
b'the rate of rise in the deep hole is: :

Atk ko Soar
@Aﬁ;§% 2 Co . @’Egﬂpl’:o'u

: Gt e . R < B - BN
k is computed from Ay/At in the shallow hole and the C- value for H and yl, usmg,l .
‘graphS> FH. e e R ! ’

”

Zil— is the rate of rise in ‘the deep hole

' ‘The C2-value correspondmg with- Hy and. y2, can be read’ from the\graph S = 0 or.
. S =.>1H, depending on the location of the impermeable layer,: o -
The C -value is read from the graph § = 0, using D.and y,. The graph S — -0 1s used[
in th1s case, because only Horizontal flow has to be taken into account.in the- upper '
‘layer of the deep hole This means, that for thrs purpose we may. consrder the- lower, 4
layer bemg 1mperv1ous -

EﬂMnE3l"drli“ Lo e ey
Mg ho L
D Ac T T vy =300 Cp =9.4. ok :94/ 016 —.1.5 . .

b S S > AH ‘ (graph I - RL s e
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Ay’ . .,": . : ‘
2) —A—tZ; = 0.261) '; _ 150 ¢, - 39 .-;’ - 1000 63
Sz> 1H (graph D g (graph 2)
e °AU T 63 026-15 1.64-15 0.14 022
PG | - 6.3 | T2 1. 062 E

c; T397

'7. POSSIBLE ERRORS AND VARIATIONS

- calculation:
i H

» . y s
S =

The following possible errors have. to be taken into account.
a. The maximum error in the graphs is estimated at S percent.
b. The error caused by a wrong measurement of H and y is inversely proportlonal to
the magnitude of H and y. , o
.. For instance:.a | .cm:error in the measurement of H causes a 2 percent error in the
k-value if H =50"and a | percent error if H ='100. The same is true of. y. This
shows that there is no need to measure H and'y wlth an accuracy of millimetres.
c. If a wrong figure is used for the radius r the order of magnitude of the error is usually
“about 20 percent for half a centimetre difference.in radius, or 20 percent for the dif-.
' ference of 1.cm between the dlameter of. the hole used for computing the k-factor
~and the actual diameter. . ' :
d. ‘A difference of 10 percent is quite normal when the k- factor is measured several times
in the same hole.

.-

* The variation in kfacrors within short distances or between ‘soil proﬁles classified as one
soil type is often many tens of percents. On the other hand, there are thousandfold '
differences in the hydrauhc conductivity of different soil types. Some soils have a very
low hydraulic conductivity (k == 0.01), whereas others have a very high one (k = 10).
Hence the order of magnitude is more important than an accuratcly «calculated™ figure.

: After all, we are usually not mterested in knowing the hydrauhc conductivity of the soil
in a plot | sq.m. in area, but rather in the hydraulic conductivity of a larger area. Con-
sequently accuracy should be obtained rather by measuring the k-factor in many holes

Y If k, = 1.5 and k, == 0, the minimum rate of rise (Ay’ /At:) in this .case' will be: 0.24 provided the
Cupper layer is homogeneous within short distance (k, hole 1 = k, hole 2) accordmg to the following

= 10
= 4

0, L y
o lc=e63 Ay ks
0 J o At C 63
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all over the area, than bl_] measunng and calculatmg thlS factor with great accuracy ina
particular hole. . SRR : -
- The determination of hydraullc conductmty of the 5011 in a certain area should always
be combined with a soil survey. There often is.a close correlation between the soil
characteristics as seen in the field and the k- factor of the soil, but this correlatlon can
only be established on‘a reglonal basis. -

P ' Coedn o . 1 . LA

RANGE OF HYDRAULIC com)ucnvny VALUES IN THE NETHERLANDS IN m/day
(HOOGHOUDT 1952) o : :

Sands: 0.1 for fine sands to 30 in coarse sands o R SRRT

Clays: -0.01 to more than 30. Some clay soils have better permeablllty than coarse sandy
‘ soils; R T T : R S co

Peats: ,0.01 to- ‘more than 10. Phragnmes peat s, mostly very: permeable sphagnum and

Ia

-+ carex peat are often-much: less permeable g i

P P




APPENDIX |

TIME AVAILABLE FOR RELIABLE MEASUREMENTS(Ay 1/4y0),
fork—lm/day and r =4cm . :

Yo:in cm. 15 200 25 30 40 50 60 70 80 90 100 120 140

Ay =1/4 y,: 375 5 62575 10 125 15 175 20 225 25" 30 35

time in seconds
109 117 131 146 3 v
83 88 90 105 , ‘ N
60 '63 66 72 18 87 - i
47 50 53 56 60 63 68 73 79 : C
37 39 41 43 46 48 50 52 57T 63 .

TITTT
o
88288

—_—

Example of calculation: H = 75

y =20 jc=n

Ay .
k=C‘—B--t—. Fork = 1: At = Ay x C.

Ay or pérfnissible range of measurement = 1/4 X 20 cm = 5 cm.

At = Ay x C = 5 x 12 seconds = 60 seconds.

For the case that H = 75 and y = 20 cm and k = Im/day, there are 60 seconds available
for reliable measurements, or, if k = 0.1 m/day, the time available is 600 seconds =
10 minutes.

For a second bailing, the extra time involved is about 10 seconds.

It can be seen from the above that there is more time available for readings if H is small.
Hence if the soil has a high permeability, H should be made as small as possible, and
where the soil has a very low permeability it should be made as large as possible.
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PER’FORATED BRASS TUBE -

Sl n unstable sandy sor]s it is necessary to use a perforated tube The auger is used up to
" the pomt where the hole becomes unstable: The perforated tube is then lowered into. the

: . N R ‘. i
o hole By moving up and down the bailer - whrch has a valve at the bottom the mixture
i «nof sand and water enters the baller and xhe tube can be pushed downwards o ‘-‘
DI:SCRlPTlON OF THE PERFORATED BRASS TUBE L L ' I ;

.

. 2 mm thlck perforatlons about 4 mm apart and about 0 5rmm in dlameter The screen
. sy lS cyhndrrcal 8 cm in outer dlameter for a hole w1th a drameler of 8 cm, and I‘ métre
S ey ine Iength : ' e '

For drawmg the tube out of the borehole a kmd of drawhook is useful Cams for hol-
dmg the drawhook are, secured “to: the' top of the screen tube 1.

A

On' both ends’ there isia: remforcement wrth a rlveted rmg
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