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. INTRODUCTION g

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 conneeuon with the desngn
of drainage systems in waterlogged tand and'in canal seepage lnvesllganons

The method, originated by Diserens (1934), was improved by HoocHoupT (1936) and
later by KirkHam (1945, 1948), VAN BAVEL (I948) ERNST (1950) Jounson (1952) and
KIRKHAM (1955).

' The geéneral principle is very simple: a holé is bored into the 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 switable formula
to the hydraulic conductivity (k) for the so:l ' '

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 scil layers above this impermeable layer The radms of the coiumn of soil of which
the permeability is measured is about 30-50 cm.

The use of this method is limited to-areas with a high- groundwaler 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
descnptlon of the Ialter see Appeadlx No. Il} .

This treatment is mainly for practical purposes. so that the l']i'ebry of the flow of water
into'an auger-hole has not been considered: enly 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 (1930}, 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 dlsnngulshed 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 DRlLL]NG ,OF THE HOLES : -

'T]'IIS has to be done w1th lhe mmlmum dlsturbancc lo lhe qonl :
The. reqmred c[eprk of the holes depcnda on lhe nature, lhlckness and sequence of soil
~ * layers in'the area undermveqngalmn and on the dep(h at which it is required to deter-
. ming hydraullc conductivity. If the soil is homogcncous o a great depth, a pracllcdl
drilling depth wnl] be about 60 10.70 ¢m below the water table. or preleraply ﬁomewhat
. more than lhe ]ength of the banler : :
In many cases, however the, proﬁlc consists of ruo 0F; JHOYe, imers havmg an.ap-
preciable difference in pcrmeabnl:ty 1t will often be des:rable lo know the permeability
of each layer. When using HooGHOUDT's formula (1940) or sumllar formulae for design-
ing a tile drainage system it is necessary Lo know the k-factor of the s0il above and below

the drdms If-the water table lies well. wulhln the upper layer. the hydraulic conductivity
of each Iayer can be delermmed In‘this case it will be necessary to work with o or
more holes at different depthis. The bottom of the shallow hole should be at least 10-15cm .
above the lower layer and - for practical reasom - 20 cm below the water table. The
. deep hole, which for tile drainage design purposes normally 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. .
I a very high hydraulic conductivity can be expected and the soil is comparatively homo-
geneous, a hole ataslight depth — 30 to 50 ¢cm below the water table — will be besl, in view
of the short time available for-taking reliable measurements (sec Appendix No. 1),




Despltc of‘ the fact that the testcd soil column associated with the auger holc mcthod is
. much larger than an undlslurbed LOI‘C sample laken for- laboratory tests {I400 b,

REEVE and KIRKHAM, 1951), it will be nec..ssary to repeat ‘the permeablluy detérmintions
al several pfaces, because of the differénces which always oceur in permeablllty of’ smls

- classified as one’ scnl lype For- detalled tlle-dralnage mvesllgallons onc delcrmmanon .

td every two acres will usua!ly be suﬁiment _

One. man can drill about 10-20 sets of holes a day. The auger uscd in thc thherlands
{an open blade type, see fig. 1).is very suitable for use in wet clay- soils. The closed type
B pos!hole auger commonly used in the USAis excellent in; dry sonls, but is less su1table

_ for wct clay 50115 (Sonl Survey Manual U. S. D A I951 pagc 67) AR

L. . 0t .
Yot -- . I .

" Magsuring taps with float |~ HTIRE . L TR

; h.“_u.‘.uri“.“” i o ) 'Fib.? Diagram of method followed in determini

: the’ hydraullc conductivity,. by the auger
hoie prol:edure

T it il

. "Broindwater

!ma«rntablo \ayer . ) IR

H = dep!h of the hole below the groundwaler lable . R ) _'

r?' .

. y = dustanoe between thl: groundwatcr level and the elevatton of the water surfdcc in the hole after II

removal ol‘ water at, the tume of the first’ reading.

Yo' the same al the end of the mcasuremcnl U5ually dboul 5 readmgs are lakcn

Ay .—;- ...Ayl = y.. y.,. the Tise of wuter Ievel in the hole durmg r.he time of measurcment, ‘ .

Lty = dlstarlce between the gmundwdter leve! .tnd thc averuge 1evel of the water in lhe hale durmg the
-.r lime of measuremcm : '
T ¥ )’u -
¥ = v',- !&y.
2 L .

r o=rud jus of the hole, ~

. 6 |




(|952), Rot (1954) and U.S:D.A. (1954)

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

Noto: The measwremonts shendd e rmn,u.'('u o efore v, < 3)‘4 y(, or Ay = IM 5.0

et

3. THE REMOVAL O.IF_ WATER FROM THE HOLE
This can start when equilibrium with the surréunding groundwater is attained and the
depth of the water.table has been recorded. Usually it will take 10-30 minutes to' refill -
the holein a moderately permeable soil (k = 1'm/day), some hoursina slowly pcrmeable '
soil (k = 0.10 m/day).}) . . :

* The seeping of the groundwater into the hole will also re-open son.] .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
abouit 50 to 60 cm in length, with a diameter of about 2 cm less than the diameter of -

" the auger- hole and with a valve at the bottom. This bailer can also be sedin comblnallon

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

~The water level in the hole should be reduced 20 to 40.cm (y, = 2040 cm, see fig. 2). One -

or two ballmgs are required - 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 1o increase the rate of rise; this will reduce 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 slaled by JoHNSON

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 cither-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 trregularities some

- 5 readings-are usuatly taken as-the water level rises,, - : :

_’) | m,lddy =42cm’:cm?; hiour-* =" 4.2 cm{hour =1, I6 % 10-* cmfsec = 1.16 < 10-* mfsec. =

= 1. 6 inch/hour; et¢. = 3.28 cub. I‘cetfsq feet/day = 24.5 US gallon/sq. ft./day.-




If an electric device is used, a fixed Ay is chosen. [f a float with a measuring tape is used.
either Ay or At can be measured at regular intervals, However, several stopwatches a,n_‘é
necessary for n'reasuring 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 latte'r method of
measuring is usually followed in the Netherlands -

The time interval (At) chosen depends on the permeablllty 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 -permeability (k = 0.01, ¢ = 4, Ay;‘m - +0.01 to’
+ 0.02 mm per ‘second), a Ay of about 5 mm and.a’At of some mirutes is 2 good combi-

nation.. If the soil. hasa very high permeability (k = 10, Ay/At-= about-10 mm per se-

cond) an interval of 5 s'eco_nds is observed. [t 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 needed for an interval of § seconds, whereas 10 second mtervals can easrly
be read and recorded by -one man.. : A

Due consideration should be given to the fact that it is not pérmissible to. continue the -
. measurements for.too long since the funpel-shaped drawdown of-the water table. which-

develops-about the top of the hole as the hole fills would become too large: This would- |

‘result in a decrease of the actial 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-'tm'
low a, value for k (see examplé No. 3). :

Care should be taken to ensure that not more than aboul 25 percent of lhe volume of
water removed from the hole has flowed back at the end of the measurements. l_n othet
word_s,‘lhe.m-easurement_s should be co"rnpleted before y, < 34 y, or,.which is easier to
calculdg_e. before Ay > 1/4y,. For instance: if 40 cm of water have been removed
(yo = 40) we may measure over a range of 1/4y, = 10cmoruptoy, = 30cm. Ify, = 28

the permissible range is 7.cm or up to y; = 21, assuming that the time interval between :

the removal of the water and the beginning of . the actual measurements is very short |
‘and onl)r a matter of a few seconds. _
If the drainable pore space is more than- [0 percent and the diameter of the hole is. rather

small (r = 4 cm} it is possible to obtain rellable measur¢cments overa largcr range f'or

instance up to 1/3y,.

- 2:2 times more water is needed to fill a ho!e with a 6 cm radlus than one with-a 4 cm’
radius, so that — if the holes used have a large diameter (r = 6) = the rangc for réliable -
measurements is often smaller than 1/4'y,. . .

Fromthe graphs givenforr=4andr.= Sém (see chapter 5) it can’ easnly be calculated
which rate of rise (Ay/An may be expecled for various conditions, since Ay/At — k/C. The'

order of magnitude of the rate of rise ina hole witha radius of 4 ¢ém will usually be 1-2 mm

g




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

' soil (k == IO) 1t -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 stowly permeablé soil there is no reason to hurry. A calculation of the

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

‘4.2 EQUIPMEN.T N
The equipment as onglnally used by HO-OGI-[OUDT was fan*ly heavy and compllcated
(see HOOGHOUDT 1936). Convenient electric equipment has been developed in the USA

. and is also used in Australia (MAAS[AND, 1957 In the Netherlands convement and

simple equlprnem was developed by.the late Professor M. F. Vlsser
Fig. 3.

Ruter “(2) [T Pointer 153 -

Standard 13)

-

Floot (11

Fig. 3 demonstrates schematically this equipment. A 60 cm tube contains the various
parts of the apparatus. This tube can casily be carried by hand. The bottom end of the
tube is providéd with a valve clack. By screwing a rod into the tube. we get a bailer.
The tube also contains a Roat*(1) with a commercial type light-weight steel tape (2) and -
a standard {3): which is pressed into the ground and o which a tuler (4) is attached. |

.. The upper part-of the ruler: which has-a length of .40 ¢m, starls at zeto. A poiriter (5)
attached to the steel tape moves along the ruler.,

L



The latest sirﬁpliﬁchtion'is that_the ruler and. the pbi:niér have been omitted and the
standard:somewhat modified in ordm 10 prevent dlﬂlculucs on windy days tfig. 4). The

“standard.is pressed into the: soil ap.1o a certain mark so- that thc rcadmu can bL taken at

afixed distance(40°'em) above ground level. . - -

" Fig. &, . : :

10

Figure-5 shows the ‘:cl- used for the measurement of the, hyd rau]nc conduclwuy com plctu.
wnh an auger wnh extensmn 'tnd A perforatcd metal tube.© L -

-~ 4.3 PRO(I:DURE . o R K

The standard is placed near the hole in such a way thal the ﬁoat and s.tce] tape are
exaclly perpendicular-above the hold. ..~ . - S : :
~-2..The float is lowered to ground water fevel and T.hlS Tevel is rccorded
3. The float’is c.lrefull_y hoisted from the:hole and the standard turned stdeways
_ 4. The water is: ba1lcd from the hole until the level |s rcduced ‘by about 20- 40 cm (thls
may mkc one oF two b.ulmas) S T S SR




4

s, The standard is relurned n its Forrner position and the ﬂoat placed on’the surface of
. thc water. The reading then has to be started as Soon as p0551ble. i L i
A Aboul 5 rcadmgs are taken at regular intcrvals of time. Since it somellmes happens '
© that'the stcel ldpc or float tends to stick 1o the wall of the cavity it is recommended 10 .
. tapihe steel tape |e1..ularlv All- readlngs, mcludmgsgloundwatcr level. and: depth of the:
N hole, are taken at the conductor of the tape on the standard (40 cm above growd!evel}
| S The deplh oflhe hole |s measured by use of the: baller or auger. '

The ra.:e of rise is someumes measured :mmedmtcly al‘ter the drtllmg of the hole Tlns method is urm:-
saving and also has the’ advamage that no bailer is nceded ) '
The level of the groundwater can usually be ‘measured the-same day, but if dll Id,ycrs have a very low
permeablluy the groundwater level should be measured on the I‘ollowmg 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 in. the hole
 after drilling (relatively large v,),'as the admissible amount of return fow during the time of drilting and -
" measuring should be limited to about 25 percent’ of the amount of water rembved by drilling. Moreover,
- the drilling has to be carried out with an open type of posthole auger, as thiis type gives-less puddling
1 along the wall ol the c.mty and.the dnlhng pmceeds maore’ rap:dly than with the closed type of posthole
.1uger . .

. - . o B Yl t PR
Lt v . g . Lo LT i

e T .. W ' - . Stondord
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5. COMPUTING. THE HYDRAULIC CONDUCTIV[TY FROM THE
DATA OF THE MEASUREMENTS

r

5. | GRAPHS

The- type of graph developed by BOUMANS (I953 VISSER‘, 1954) is commomy used.in the
Netherlands: . T B

Recently other graphs as developed by WESTERI-IOF { ERNST WESTERHOF, 1953) have. also
been used in combination with a Special. method of tecording; the readlngs for each
interval of time. Usmg an additional mechanism on-thestandard, a pencil pointis pressed _
at each interval of time on a slip. of | paper attached to the’ stecl tape tule, This ptcce of

paper is placcd on a.graph then-and (in combination with-a second graph) the k- factor -

can be computed, Howevcr these graphs have only been prepared for r= 4. 5 and

S > jH. : : - :

ERNsT (1950) prépared graphs for r= 4 and t = 6 both for S =0 and 5> gH These

graphs are the result.of relaxation constructlons

The relation between the k-factor and the rate of rise (Ay{At) can be expressed as follows

k=c¥ o (n
AL - :

The C value in its lurn is a function of y, H, r and S, ‘which function can be read from :

the ‘graphs, : ' ' '
Instead ofcomputmg the values ofk for each A_y‘. these measurements may be avcraged

before: evaluatmg C from the graphs;: prowded ZAy < 1/4 ¥, and the consecutive read-

mgs are reasonably consnstent '

Graph 1 (S = %H) andgraph 2 (S = 0) — included in lhls bulletin —are for an auger- hole .

" with a radius of 4 ¢m. These graphs are the same as those prepared by ERNST (1950), )
except that a Smgle loganthmnc scale has been used instead of a double one in order to’
fac1l|tate lhe readlng

Equation (1) can- be ‘solved by means of a nomograrn as given on lhe left side of the
graphs or by using a:slide rule.

If § < &l—l (8 = oo gives about the same results as § = %H) no special equation or
graph is available. Hence an estimate has to be made between the k-value for S>3iH
and § =.0. '

The dlﬂ'ercnce between the C- values for S } é!—[ and § = Q decreases with i mcreasmg
Handifyis small in relation to H. -

2




In general it can be.said"that the soil layers at-a depth greater than l!j-'—l 5 cm below the
bottom of the hole have little influence on the rate of rise of the water in the hole, and’
the graph § 2 {H can be vsed. '

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 em.
This has been done by converting the graphs for r = 4 cm. ') '

The graphs are vsed 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), L

5.2. FORMULAE

A formula is not often used for computing the hyaraulic conduétivity since convenient
graphs are available. Moreaver, unlike the formulae the graphs may be used for a wider
rangeof 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 followin_g formula has been obtained for homogeneous soil with the impermeable
layer at a certain depth, S > 1H, below the bottom of the auger-hole (ErnsT, 1950).

4000 A
k= -1 @

LRI

'} The easiest way of making this conversnon is 10 multiply the values of H and y on the graph r = 4 by
5/4 or 1.25,

For instance: H,, onr = 4
Haysonr =4
Hyonr =4

The same applies to y.

To facilitate reading the values of H and especially of y, & new graph with regular mtervals of y = 20.

25, 30, 35, etc., was constructed,

The values on the graph r — 5 l'or y = 20, 25, 30, 35, 40, 50, etc., are the same as the y-values 16, 20,

24, 28, 32, 40, etc.. on graph 1 1= 4, These y-values weré constructed in red lines on r =2 4, Alter the

conversion of the H-values, which was done in the same way, a new graph was made.

The praph for r — 4 can also be used for other radii without preparing a new graph. Using graph 4

For an auger-hole of say 1 =~ 6, we have to multiply the H and y values as measured in the actual hole

by 4’6, For instunce; r = 6, H == 60 and y -~ 30: read on graph r =="4: H,, and y... etc.

It is often somewhat difficult to remember whether in this case we should muliiply by 4/6 or by 6/4. Tt

may therefore be helpful 1o remember that the radius of the graph used forms the numerator and the

radiug of the aclual avger-hole the denominator.

’4N-20=I—lz,, onr = 5,
S W 30 = Hn__5 onr =3,
5/4 % 40 =H, onr= 5, elc.

hin
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ln this.formula k is expresscd in m/24 hours. All other quanlllles are in.cm or in sec.
= hydraulic conductwuy - Sl '
' H = depth of hole below the groundwater table ' oo :
Y = distance between groundwatcr Icvel and lhe average Ievel of lhe water in the hole
" for the time interval At. C :
12 = radius of auger-hole. :
. § = depth of the impermeable layer below the’ bottom of the hole or the Iayer “whiich
" hasa permeablllty ofabout one tenth or less of the permeablllty of the layers above

'Equatlon (2) represents an cmplrlcally derwed appmxumate cxprcsswn of the resalts of -
a -number of relaxation constructions. Herice “this formula does not show the exact
relationship that should theoretically exist between. the diﬂ'e'rent"c[hantities although the
value of k will be sufficiently accurate (maxu'num erior: 20% ) if the: folImeg conditions
are met: :

't'>3 and< ?cm;- _
. H>20  and <200cm; . .
" y »0IR;

S >H..

Ayi 1;’4)'0

' Equauon {2) can also be written in anolhcr form, Wthh facilitates calculations:

. . 2 ~ o " N ;

(H+20)( "')_

W,

When .fhe :mpermeab!e layer is at the bonom qf rhe }w.’e (S = 0) the followlng equau(m '

can’ beused e - L
K 36{)0r2‘ " Ay

| (H_,+.10r> :(27—{;)5' A

5 3. EXAMPLES

Examp]e No. I demons(rates the computallon of lhe k- factor from the dala oLIamed n
the field b'lbed on f:xed time 1ntervals (4v).

.Examp!e 2 demonslrates the computatlon of the K factor based on ftxed mterva]s
- of the rise of the water level (Ay) ' . S :

Example No. 3 illusirates some of the lrrcgularmes that may oceur in the measuremem
data. , . - .

14




-Example No.:4 shows that the k-factor computed will be too low if the- measurements
" are continued- for too ‘tong (Ay > I,-’4 Yo) ot if too ]onga period elapses belween balllng

and startmg the measuremems

EKAMPLI: No, | (Fic. 6)

' 'Nore A]l readmgs are laken 40 cm above ground lcvel (sec ﬁg 4 and ﬁg 6).

' Luca‘t'ion:; ST R .Techniciaq:._ T
D=t 240 D=200 | - - =4 kestm. = -m/day )
Wieftg  W=74 | . S=>uH kel = 066 m,"day SR

L H =126 . Ho= 126 c R _ ST
'_t N T T - .,,_i

0 452 (s ] e = W = _Ms2- =32

EECIRI LU Ay =¥5 = ¥n _EAy,. S o v
200 1428 T Ty =y, - YAY'== 312 —‘2.8 '.='-28.g-"

o sy M Co :

S e |H =126, )

40 1406 e y _::".;64 } C=460 (read from Graph I)

S0 1296 AL Av 56 Sl

e e B A Y Y I o

Cby= se s se | Acosb e e

R S k=C- 60 K 011 —066

Lo 'm

. “Note: The text prmted on the field- sheet is shown here in bold ype; the ﬁeld notes are in- uahns, and the
WOI‘k carried oul- ln thc ofﬁce is demgn.ntcd by rom.m 1ype. .

After the readmgs hdve been taken-it. is dexlrable o have some check on.the rel:ablilly
of the measurements. The _\yt of each measurement is. therefore. “¢omputed in order o '
see whcther thc consecutwe rcadmos dre reasonable consistent, 1If the value of Ayt
decrcases zradually the readlngs may be averaged up {0 Ay == If4 Yo or, in'this case,

‘ up to a Ay of 7 to 8 cm. Both CO]‘!dlllOﬂS are met here, so [hat k can be compuled

~

. EXAMPLF No 2

If 4y = 4 cm and 5 readmﬂs have been taken (4 Ay) then the d1fference between
the first and the last At should preferably be no more than 20 percent. Fiom the .

. graphg it may be seen that a difference of 4.cm of the y values resulls at the mosl
’ '»‘0% dlffcrence of [hc C—leue o ; N




When the difference-is much larger, e.g: the Jt-values being;. 27-44-36-71, then
large openings in the soil profllc are occurring {cracks, holes caused by roots, wood
or animals). In that case mcasurlng should be repeated in an'other placc .

D’ = 65 . D =125 | rn=4 o Kstm) . = (—)m./day
W' = 100 W= 60 S—}'H’ K(calc) =057 m./day
| y=¥-w=126-100 =26 o ",
s H = 65 _ z
1 61 . . At 84 84
P . U210 . . :
1 0 . o
Cian 21 . Ay S e
127 9. 9 - . K=C— =112 x 0,048 =054 .
Vo= 128 0 ' o At - '
t v Ay EXAMPLE NO 3
0 3|-‘5' . In this cxample we. see that the first Ay, is somewhat
10 00 . : :; high. This is I'rcquc:m!‘\ar the case. and is most probably
20 288 i1 caused by water dropping along the wall of the hole after
30 - 27.9 - 1.2 the water has been bailed out.
40 265 T Y ST ' ‘
50 ° 256 S '

60 24.5

Moreover 1 is very easy to make a mm crror n rcadmg the yq. The rtsr: of the measur-
ing tape may also be somewhat 1rregular at times. since the steel tape of, ﬂoat may stick
to the wall of the hole. But these ercars are sufﬁc:ently ellmmated by takmg the average
of 4-6 measurements. In the example given one would take for L\y 30.0- 24 5 = 3. 5 and.
¥ = Yo $Ay = 30.0-238 = 27.2.
For At = 50, H—80 r=4 and S>H:
C —_.9_._.0.and__ k = 9.0 ¥ 5.5/50 = 0.99. (Graph 1)"
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" EXAMPLE No 4.

Tyt Ay,
0 303
- 1.5] AyfAt =58/60 . '
15 288 |5 =274 ro=d l
o 559 - 14 C = 7.8 H =135 I .
=g k = 1.75
60 245 13 J‘,_'\;‘)'J&” "__‘__'_."4“9‘,60
752327 7
- L y = 22.0
90 21.9 :
oy ooz - 12 C =202
ol k = 1.65
120196 o Ay/At = 3.8/60
135 18.6
1so 176~ M0ty =177
165 167~ 99 =232
- 09) 0 ko= 147
180 - 158 - 08 .-G.I);’fﬂt ; 2.9/60
195 '15.0
) - 081 y = 14.3 ¢
210 1427
- 0.7 C =275
225 13.5 0.7 Kk = /.33
240 1277 S

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

for too long a ume the k- factor has been computed for each group of ﬁvc readmgs
A

Allhough r!sy/Al sh0u]d decrease, the producl Cay 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;, Hyp, Hye and Hy,, 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-HQLES IN A LAYERED SOIL

If the profile consists of 2 layers having appreciable differences in hydraulic conductivity,
the k-value of each Jayer 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

17




shallow. hole should be at least 10—15 cm above the Iower layer Iin most cases the decpl
holc is made first in order to locate the boundary of the’ two layers (ﬁg ?)

' Fig. 7. m i e o

- ﬂ . ‘,. Lo . .
at’ © [ At
" Groundwater ©

O=100 ==

" Hg=1%0

]

LR

lf we call the hydraul:c conductwlty of the upper layer k and the Iower layer k2, then
the rate of rise in the deep hole is:

. I oAyt -
Ay ok kK BT M_k1

= .__IL'"_!'_ _2 - _2 or: |k-z = ___ ) .
LS GG R

kl is computed from Ay/&t in the shallow hole and lhe C-value for Hl and yl, usmg_._-' -
graphS>éH A o '

.. A)l( is Ihe rate of rise in the dcep hole S _
' The C2-vaiue correspondmg with Hy and. _yg, can be read’ from the»graph S= 0 or.
. S = 1H, depending on the location of the impermeable layer, s

- The Co value is read from the graph § = 0, using D:and y,. The graph § =0 i 1s used-_
- in thls case. because only tiorizontal flow. has to be taken intd account in the upper '

layer of the deep hole This means, that for thls purpose we may consnder the- lower-
o Iayer being i u'nperwous :

.E.‘.-(AMPLE"-. K T " R
1) 016 'Hl:lo']' ' : |
- DR 'f Ty =30 [y =940t e
s lHI (graph 1) © K1 = 94 016 =15 s
ot = 4 : ' -
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Ay’ S _,I"= . T D =100 " :
2) &—f = 0.261) Hy _ ;30 Cy = 39 -'-y_ _ 40| Co=63
S u ) Eaph b g g ) (graph 2)
. Aj.' A | _
’ - Cots -k,
e At ,_63 026-1.5" 1.64~15 0.14 02
T Ce | - 6.3 | 7162-1 062"
o - 35"

"7, POSSIBLE ERRORS AND VARIJATIONS
The following poée'ible errors have to be taken info account.
a. The maximum error in the graphs is estimated at 5 percent.
b. The error caused by a wrong measurement of H and y is inversely proporllonal to
the magnitude of H and y. A -

.. For instancez.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 with 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 [ .cm between the diameter of the hole used for computing the k-factor

- and the actual diameter. o
d. A difference of 10 percent is quite normal when the k~l’aelor is measured several times
in the same hole.

- The vananon fn k-factors within shorl distances or between ‘soil proﬁles classified as one
sail type is often many tens of percents. On the | 'other hand. there are thousandfold |
differences in the hydraullc conductivity of. different soil types. Some soils have a very
low hydraulic conductivity (k == 0.01), whéreas others have a very high one (k = |0).
Hence the order of magnitude is more important thah an accuralcly calculated™ figure.

: Afler all, we are usually not |n1ere5lf:d in knowing the hydra ulic conductivity of the soil
in a plot | sq.m. in area, but ralher in the hydraulic conduetwny of a larger area. Con-
sequently accuracy should be oblained rather by measuring the-k-faclor in many holes

1) Wk, = 15and k, == 0, the minimum rate of rise (Ay’ ;m '}y in this ‘case will be: 0.24 provided the
- upper layer is homogeneous within short distance (k hole I =k, hole 2}. accordmg to the (ollowing
o culeulation: -

ih

=13 024

z

il
‘ .3
[
=1

-
i
5
]
il
o
L
)
o=
2l



all over the area, than blj measunng and calculatmg thls factor w1th great accuracy ina
particular hole. . U : : :

- The determination of hydrauhc conducnvny of lhe soil 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 o{' the soil, bul this correlatlon can

only be estabhshed on‘a regmnal basis. -

vy e . . [y [

RANGE OF HYDRAULIC counucnww VALUES IN THE. ;NETHERLANDS IN m/day
. (HooGHovor, 1952) . e e SR

Sands: 0.1 for fine sands to 30 in coarse sands; . - R

Clays .0.01 to more than 30. Sorhe '::la)-r soils.have. bctter permeabllll}' than coarse sandy
Soils; . L : LT J .

Peats: ,0.01 to-more than 10. Phragmltes peatis mcur.ll)r very permeable sphagnum and
carex' peat are often much less permeable . A

- . . taae . .
LR | . . STy - - v

e e, . PR . e - Lo
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APPENDIX I

TIME AVAILABLE FOR RELIABLE MEASUREMENTS(Ay < 1/4y,,)
for k = 1 mfday and r = 4cm .

yoiin cm. 5 20 25 30 40 50 0 80 90 100 120 140
Ay = 114 y,: . 371 5 625 75 10 125 15 175 20 225 25 W 35
: time in seconds
H= 30: 109 (17 131 146
H = 350 83 88 90 105 )
H= 75 60 63 e 72 78 87
H = 100; 47T 50 53 56 60 63 68 T3 19 .
H = 150: 37 W 4 43 46 48 50 52 57 63
Exampte of calculation: = 75
P C =12
y = M) -
Ay . _ .
k=C'—E--[—. Fork.=!: Al = Ay x C.

Ay or permissible range of measurement =

1/4 x 20cm = 5 cem,
At = Ay x C =5 x 12seconds = 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.

1t can be seen from the above that there is more time available for readings if H is smatl.
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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: 'AP_PENplx' II.

PER'FORATED BRASS TUBE _
I unstab]e sandy soils it is neccssary to use a perforated tube. The auger is used up to

"~ the pomt wherc the hole becomes unstable: Thc perforated tube is then lowered into, the
hole By movmg up and down the bailer - - which has a valve at the bottom - the mixture

i *f--of sand and water enters the ballcr and the tubecan be pushed downwards

e |
rl'." . ' . . .

o 'r o

DI;SCRIPTION OF THE PERFORATED BR&SS IUBE

2 mm thlck perforanons about 4 mm aparl and aboul 0. 5 mm in dlameler The screen

o |s cylmdncal 8 cm in outer. dlameier for a hole w1th a d:ameter of 8 em, and’ I' metre

Lt .
i ' S

On both. ends there isa: remf'orcemem wath a rweted rmg LA

For drawmg the tube out, of 1he borehole a kmd of drawhook is useful. Cams for ho!-
" dmg lhe drawhook are, secured 10; the top oF the screen tube. ) ST
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