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DIFFICULTIES IN SOME FIELD MIHODS OF
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DIFFICULTIES IN SOME FIKLD METHODS OF
MEASURI:G HYDRAULIC CO:DUCTIVITY!

by
R. Williom Nelson2

In recent years considerable emphasis has been placed upon
rational approaches to drainage design. Imperative to any rational
approach is the development and utilization of measurement methods to
determine the magnitude of acting variables, Hydraulic conductivity
being one of the more important factors has received considerable
attention. However, with the exception of pumping tests, only during
the past decade have in situ measurements based upon sound potential
theory been proposed,

The inherent variability of eoils along with the wide range
of hydraulic conductivities found poses serious problems in defining
adequate measurement. Various 1nvestigatofs have reported values of
hydraulic conductivity from less than 0,001 in. per hour to over 1000
in, per hour. This represents a relative range of ons to a million.
Essentially any method of measurement is positidning transmitting ability
of a soil on this scale., It may be asked, how close must one position

a particular soill on a scale of one to a million? Obviously as close as

4 Contribution from the U. S. Department of Agriculture, Agricultural

Research Service.

2 Drainage Engineer, Western Soil and VWater Management Section, Soil
and Watler Conservation Resecarch Branch, Agricultural Research Service,
U. S. Department of Agriculture, ‘

o £ R 57RUNIARR

\ \‘\



e

-

possible. However, usually as the precision increases, so does fhe
expenditure of time and money. whetﬁer or not this additional expendi-
ture can be justified depends upon the manner in which the measurement
is to be used. If five or six measurements on a small segment of the
erea is the basis of design for an enﬁire area, then more precision

is required and more time can be justified in getting greater accuracy.
On the other hand; if many me;surements are averaged or used only in a
qﬁalitative sense, then much less precisidn and accordingly less time
in getting walues can be justified,

| The writer's interest is in more precision in measurement
since work is currently undef way which indicates that stsibly a
detailed knowledge of hydraulic conducfivity on a small area can be
rationally extended to the larger problem area without assuaing soil
uniformity. Accordingly, the purpose of this study was to exumine

the reproducibility of four field methods of measuring hydraulic
cohductivity, making particular note of possiﬁle causes of measgurement
1nadequacies. As indicated previously, the accuracy required depends
upon the use to which the measurement is to be put. Accordingly, the
decision of method adequacy must be left completely to the judgment of

the individual investigator to be used as seen fit.

Procedure
Hydraulic conductivity measurements were made by four methods

in the laminated lacusterine sub-soils which characteristically underla&
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the agricultural area between Yarsing and ﬁomedale, Idaho. The

» sub—soil is a silt loam, platity structure with some cracks betwsen
the plates. A& less pervious strata was found at a depth of from

10,5 to 12 ft spparently of the same texture but of massive structure,
During.the observations, the depth to water table was recorded
continuously and remained relatifely constant at 5.5 to 6 ft.

' Treatuments made up'of four measurement methods of hydraulie
conductivity were laid out in a randomized bl&ck decign to ellow ninz
replications, The measurement locations were spaced at 10 ft intervals
making fﬁe over=-all dimensions of the experimental site 50 x 50 ft.
Originally the four methods used included the 1 in, and 4 in. plezomster,
auger hole,‘and 2-hole methods., Becauée of difficulties in obtaining
reliable data with the 1 in. piezometqr1 and the auger hole? nethods,
only the 4 in. piczometef and 2-hole methods can be discussed with

SEaies .

an adequatefofreliance.

1 Tne rate of inflow to a plezometer cavity increases approximately
linearily with its diameter d, yet the storage volume in the
pipe depends upon the area (proportional to d?) as well as the
rate of rise. Accordingly in highly pervious soils, rates of
water level change can be diminished by increasing the piezomeler
diamster. The rate of rise in the 1 in. piezometer was too rapid
for good measurement accuracy where as the 4 in. did allow good
measurenent which is consistent with the above reasoning.

Water flowed into the auger hole so rapidly that either continuous
purping was required thereby obwviously invalidating the ascumpilons
of a level water table; or if the hole was simply bailed the rate
of recovering was go rapid that incremenits of head change per unit
time were difficult to measure accurately. Complete data is
availeble based upon the second case., Howsver, it is not believed
reliable enough to allow direct comparison, »
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Piezometer Method (4 in.)

A length of 4 in. aluminum irrigaticn pipe was alternately

augered and driven to the desired depth below the water table, Cavities

of about 3.62 in, in diameter and from 4 to 6 in. long were augercd

below the bottom of the aluminum pipe. After pumping the water fronm

the pieiomater several times to help clean the soil pores, watler was

raised inside the pipe thereby causing flow from the cavity into the

surrounding soil.1 Two stop watches and an electricul depth gage -

were used to measure the rates of fall of the free water surface in

the pipe,

The rate of {ree fall was converted to standard units of

hydraulic conductivity through the equation for this case as darived

by Kirkham (4), namely:

Let Hy = Hy when ¢, =0, then Eq 1 can be written as

‘ Hp
K= 222 (a0 o)

E 1)
or in general form
: H
K= ~1§r2 1n Hay

E t v ‘

(1)

(2)

1 Gurviture like that shown in figure: 1 was found by E. R. Hore
(Porsonal Communication, 1956) for the case of water flowing

. fronm the soil into the piezometer cavity.
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vhere K = hydraulic conductivity of soil (r/7)
2r = inside diameter of piezometer ‘ (L)

" H = effective head in plezometer at any time t (L)

H, = effective head in piezometer when t =0 (L)

t

elapsed time since H = H, (1)
in = natural logarithm |
E= shaée or geometric factor (originally this
wag called the A-function, however, Xirkham
has suggested changing it to E-function
since the tendency to call it an area function
is misleading.) ' (L)
Subscripts 1 and 2 specify related valuss of head and
tine,

Figure 1 is a plot of ths logarithm of head ratios against
time for the observations for this method, A plot utilizing the
head ratio has the edvantage of allowlng the direct comparison of
consecutive observation even if the inltial heads are at slighily
different levels. On semi-log paper this plot of head ratios
against time will be a straight line, of which the slope times a
constant is hydraulic conduetivity, if the conditions assumed in
deriving the measurement equatibn are net., Some of the curves |
in Fig. 1 are not linear and with successiye observations at a
given location the curve migrates. Since thé observations were

made in the field, sdequate control could not be exercised to

separate with certainty various factors. Thus, only clues are
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available.as'to which causss of error arénacting. The following

are possible causes of disagreement between the experimental recsults

and the theory:

Possible Causes of Non—linearity:

1.

2

3.
b

Curvature could be cauéed by the tendency for a
water mound‘to develop near the plezometer, thereby
causing deviations from the assumed conditlon of a
level watcr table. Kirkham and Vaa Bavel (5) have

shown analytically using reasonable walues that this

- inconsistency is of only minor importance in the

auger hole method and it would be expected to be
even less important in the piezomster method.
Howsver, Reeve and Kirkham (7) pointed out that

vertical channels in the soil may acceniuate this

-problem. Y¥adir (3) attributed most of the curvature

to this mounding effect.
Closely related to the previous item is the possibi-

1ity of energy being dissipated dues to unsaturated

flow above the water table., Daring ons obsgervation

small dust elouds appeared ét the soil surface
indicating that air was belng displaced around the
piezometer, IR

Leakage elong the conduit well may occur,

Darc&'s law may not adsquately describe the flow

which could be turbulent through the fissures in

this soill.

i
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Curvature may be caused by'deposition of sediment
suspended in the water~which tends to clog pores énd
channels as the water moves from the cavity into

the soil.1

Air bubbles may exist below the water table which

Hould.change volune depending upon the head applied,

Possible Causes of Curve Migration

1.

2.

3.

Curve migration may be an interaction with the
characteristic non-linecarity described in the previous
topic. This would assume little or no migration
would-éccur it the-time-head ratio plot were a
straight line, ‘

The cavity changes shape as successive tests afe'
made, éccordingly the geometry factor or E-function
increases so the apparent observed hydraulic condﬁcti—
vity increases. |

The hydraulic conductivity actually increases since
the soil fines are washed into the cavity with
successive runs, This would necessarily assume that»
the decrease in hydraulic conductivity due to the‘
accunulation of fines in the béttom of the cavity

would be much lsss than the increase dus to thelr

lesving the acquifer,

~eeor

1 This 1s not very likely in view of the clozging data presented
later in connection with Childs' 2-hole method since such a small
volumne, less than 1 ft3, of water flowed during an observation.
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4. A thin film on the cavity wall caused by forming
the cavity may graddally be removed, thereby increasing
the hydraﬁlic conductivity as successive measurements
are made, This is rather unlikely since the wsll was
punped continuously for an extended length of time
prior to measurement. Kirkham (4) in theoretical
considérations indicates this to cause maximum errors
of 5 to &%,

In fhis group of possibilities, two types of changes are
apparenf. Type 1 is an irreversible change;.for example, if one
glde of the soil cavity were to collapse, any effect it had would
be permanent. In contrast, Type 2 woﬁld be those where variations
are reversible, Keeping thase two possibilities in mind, consider
the successive measﬁrements made at Row 1, Column 3 in Fig, 1,
which shows the‘widest deviation:of all of the data taken,

» QObservations No, llthrough Nos 10 for Row 1, Column 3
in Fig., 1 in general falls into two distiﬁct classes, the first
group made up of obserVation; 1, 5, 7 end 9 and the second_group
composed of Hos. 2, 4, 6 and 10 with No. 3 falling midway between
the two groups. Differences bstween the gfoups correspond in every
case with the initial height from which the Qater level in the pipé
was allowad to fall, For group one the initial helght was apprégim
matelybtwice that for group two while the initial height for

observation o, 3 was about nidway between the previous two groupse
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The remaininé obseration Nos; li, 12, 14 and 15 mékes ﬁp a group

in which the initial head was low where as for observitions Nose 16,
17 and 18, had approximately twice thaﬁ of the low group. If the
latter group of observaiion Nos. 11 through 13, are plotted on a
geporate gheet of paper, then ﬁlaced over observation Nos. 1 through
10, rotating it slightly, it is seen that they represent esscntially
the same family of curves. This would indicate a distinct change
between observation Nos, 10 end 11 and apparently once the change
oceurred there was no tendency to return to the originai condition,
8ince this was the only irreversisle change encountered in all

of the observations, there is condgiderable doubt that Item 5 under
®¥Possible Causes of lon-linearity™ and Items 2, 3, and 4 under
®Possible Causes of Curve Migration® are the causes of deviations
from theory,.

Returning to the discussion of Row 1, Colusn 3 we still
need an explanation for tﬁé effect of iﬁitial head which may be
acting independenily of ths migration. |

| Careful consideration of the remaining possibilities
for disagreemené of the experimental data with theory as previously
listed; reveals thal each item falls into one of two catagories,
either the E-function i1s sltered or affected or the hydraulic

conductivity is changed,.
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Althouzh it is impossible to explicitly separate these
two catagories in the data at hand, perhaps by further considering
these two larger groups, indications can be'fotxd concerning which
is the greater of the two effects acting, |

If Bg 2 36 rearranged to the forn

H
t (3)

It is apparent that if the hydraulic corductivity X and the geometry

factor E are true constants 25 assumed, the product of the two also

mist be a eonstant, thereby requiring the right hand member of Eq 3
to be a constant, Plotting head (H) as abscissa and th§ product of
K, and E as determined from Eq 3 as ordinails, the curve should
be a straight line parallel to the horizontai axis if K and E
aras constants, Figure 2 is such a plot and 1t is seen that the
product of hjdraulicvconductivity and the geometry factor is
dependent both upon head and on the initial height from which ther
observation startsd. Sinece this product changes with head, either
the geometﬁy factor or hydrawlic eondﬁctivity must be related to

hezd., Acsume for the moment that E is a eonstant and that all

the effect in Fig, 2115 due to K varying.

Congider=ticn of a plot like figure 2 will indicatle where the
theory %s most nearly approeched; ihereby suggesting what part
of the curve ss in figure 1 ghould be used to calculate a most
repregentative hydraulic conductivity.
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This essentially would regquire iitem 4 under "Possible
Causes of.ﬂbn—linearity) bydravlic conductivity K to change by
passing'fnmn the turbulent flow range at the initially high head
to laminar flow at a lower head later during the oﬁservation. If we
take an equal increment of head change (equal energy applisd) in
both turbulent and laminer flou, mére flow will occur in the laminar
range than in the turbuient; Therefore, if we use Darcyts law to
describe fIow in the turbulent range, this observed K would be
less than the K in the laminar range, Accordingly, in going fron
& high head in the pipe (turbulent flow) to a low head (laminar
flow) the hydrsulic conductivity K must £ncrease. Then if X
renains constani as assumed, the product XE would incrcase as
the head deereased. Returning to Fig. 2 it is seen that as head

decreases ths product of K decreasests Therefore, E in most

1 The plot for KB and head such as in Fqg. 2 will have a positive
slope for each observation shown in Fig. 1, which curves upward
or has positive value for the rate of change of slope (i.e.
B ) i ﬁ_
QE.L;@EEE_1~ is positive). If in Fig. 1 Q%.iigaﬂg_l = 0 vhich
at~ , -
Ri , o
required 400707 = congtant (see Row 3, Coluan 1, Fig. 1), then

at

for & plot &s in Fig. 2 K& would bo a constant end the theory is
satisfied completi=ly. '

ﬂ >
When _g? {in 5 ) -becomes negative as for Row 1, Column 1 in Fig. 1
2 /
a ncgative slope oceurs in a plot like Fige 2 therchy indicating that
K 1s causing the greater affect on K&, In considering Row 1,
Colunn 1 im this manner, it should be bora in mind that experimental
technique eould bave caused the negative chanze in slope,

e
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cases shown in Fig. 1 has overcome any affect K would have caused
in the product of K and E. B

This result'essentially pointe to the greaﬁer error offect
being In E and suggeste parhaps a coxbinztion of Items 1 and 2
listed under "Pocsible Causes of Non=linearity® above, namely: the
developnent of a water mound and possibly closely ascociated is
flow in the unsaturated zons above ths phreatic surface,

Kirkhan (4) has showm that the shape of equipotentials»
and streamlines (accordingly E) surroundinz the piezometer cavity
is indepeadent of the head inside the pipe for & level water table,
This 1s ths case end by a like method, it can be shown that for
any steady state chape of water‘table,.the configurations of
equipotentials and streamlines will be independent of head. MHowever,
in the detail) concideration of the measurement of Pow 1, Coluwm 3,
and in Fig. 2, 1t was found that the initlal head did affect the
glope of the heat ratio-iime plot, TFurther in every cate, sawve A
one, after it was realized that initil head had an effect! it
was found that the higher the initisl head the flatter the zlope
of thae head ratice-time plot. The difficulty is that a sieady
state condition does not exist., The water table shape goes through
e cycle from a level water table just before'flow starts (condition

of high head), then as head in the pipe drops, a water mound

1 unsle conducting the first three measurements, it was not realized
that the initial head affected the observed hydraulic condieitivily.
On the third measuremsnt the initial houd effect was noted so
subsequent data included this information.

-
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gradually builds up and sometine later aé the head diminishes, the
mdund begins to recede toward the level water table again, For this
nah—steady stale condition, necessarily the shape of eguipotentials |
and streamlines; therefore E, would change as the nouad grew and
then reccdsd, Since the mound development is dependent upon the
head in the pipe then B also is dependent on head and probubly
provides ah explanation for the greatest effect shown in Fig. 2.

Jvo-hole Meticd

The two-hole method was used on the Churchill sits with
3 f{ between the two suger holes of about 3.42 in, diameters. Both
of the holes penetrated toc the legz pervious layer at a depth of
10,5 to 12 £t. A small pump driven by a Zas englne pumped water
out of one hole and into the second thereb  ersating a difference
of water levels in the two auger holes of from 0425 to 0,7 {'t.
Head differences of this awount were large enough to allow reasonable
precision in mesasurement and yet not enough to cause undus flow
above the original equilibriuvm water lovel, No liners of gravel
or screen were useq on thie study. These ébservgticns vere reduced
to unit values of hydraulic‘conductivity by utilizing the equations
presented by Childs (1), namely:

PR . S -
K Ahl (4) »

where cosh <% A
F o= - 2r

T'.
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K = hydraulic conductivity (1/7)
Q = volimie of water being eirculated per unit time (L°/7)
4oh = difforence in head in two auger holes (1.)

1l = length of auger holes below the equilibrium
vater surfzce (L)

d = center to center distance botween auger holes (L)
2r = diameter of auger holes (L) .
F = geometry or shape factor (dimensionle:s)
On preliminary work before the main obgervations were
made, it was found impossible to gel a constant flow betw:en the
pair of holes siuply by using a valve on the discharge side of the
PUmpe Accordingly, 8 fiQe gallon open'top bucitet with float valve
and a short hose in the bucket bottom served as a conctant level
reservolr, Tae dischargs could be changed by ralsing or lowering
the ressrvoié level with resgpsct to the outlet end of the discharge
hose, Pore clogging difticulties resulted if the water wes pumped
directly into the receiving auger hole. Tnis was overcoue by
directing the water down a 2 in. pipe to below the vater surfuce
then‘outward tarough several small holes.
Water was circulated for approxim-tely three tinmes as
Jong es was usually required for a éteady state conditioﬁ to be
apprecached. The resulting curve showa in Fig. 3 falls into three
general zonhse, Zone 1 represents the {ransient ccndifion in aprroaching

the steady state condition found in Zone 2. In Zone 3 the conductance

CA



i A5~

(discharge per unit difference in head) decreases practically linearly
with the cumlative quantity of water circulated. It is believed
the docrease was caussd by the sccwrlation of suspended material
in the soil pores.

.Such pore clozging restricts the number of observations
to one or two at a locaticn, OSubsequent to the takinz of this date,
Kirkham suggested what might be called a 4=hole nmethod vhich would
overcoms the difficulty found in pore clogging (6)s By placing
two holes betwsen the initiai pair the gradient can be obgerved
independent of the clogging and sluffing occurring in the outer holes.
As will bs discussed later, ¥irkhsm's idea may have much more merit

than just to alleviato the sediment problems

F=function Inadeauacies

The F=function! used by Childs is based wpon Smythe's (2)
derivation for the capacitance betwzen two circular conductors in
the segment isolated when two parallel planes of infiﬁite'extent
cut the conductors at right anglesz. ,

It is further assuwsed that the épace isolated has uniform
dialectric:properties and is of infinite arsal extent, If those

conditions are wet and a chargs, q, is placed on ons conductor,

1 A differentiation has been made botueen the shape factor E used
for the piezometer method and F, the geometry faclor or function
for the 2-hole method, This would seem desirable since E contains
a length parameter where as F 1is dinensionless, The analogous
expression for E in the 2-hole method would be £/F,.

Isolated as used here requires the exclusion of zll other charpe
sourcos from the enclosed space exceplt the charge found upon iie
tvo conductors.

C
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the equilibrium charge on the second conductor will be - g Taking
these conditions to the anslagous physical quantities in the soil
water system; the following conditions must be met respectively:
| l. The water teble and impervious layer must be
horizontal (i.e. perpendicular to the holeg) and
the énly bydraulic gradient pressnt must be that
between the two holes,
2. The hydraulic conductivity of the gone bounded
by the_water table and impervious layer must be
uniform (requires homogeneous material),
Essentially then it must be gssumed, in order to mathemae
tically determine the ghape factor ¥F, that the water table is a
plane surface which cannot explicitly be the case by the very nature
of the procedure of raising the water level in one well vhile
lowering 1t in the other to inducs flow, ?urthe} unsaturated flow
above the water tabléhzg nofﬂéonéidered. Considering Items 1 and
2 above, it is evident that if the increase in water level ir ons
.hole does no? equal the decrease in the second; then the aésumption
of uniforn material is not met, Figure 4 is a bar graph of the
relative magnitﬁde of head increase to decrcase for the observations

made,! It is apparent thut in only cne case did they approach

1 This type 6f difficulty was perhaps the cause of the dipcrepancy
mentioned near the end of Childs (2) papere

N
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equality, therefore, these deviations could be attributed to none
unifernities in hydraulic conductivities.j The possibility of pore

clogzing causing some of the cases of higher rise than fall should

ndt be overlooked, Yet it is also noted that in several cases ths

fall exceeded ﬂhe rise considerably, a case which would not be
expected to be caused by pore clogging,

Since the difference in the absolute value of ths rise
end fall at the two holes is a result of heterogensity of hydraulie
conductivity in the sampled soil umass, thils difference is a measure
of soil variability, Considering further the data at hand, there
are deviatfons at only two points (the 2-holes). Reasonably then,
the volume sampled can be broken only into two different values
of hydraulic conductiviiy; whers ag the possibilily exists for
an infinite nuber of combinations of portions of the entire szmple
volune and relative hydraulic conductivities which could give the
composite result as witnessed by differences in water levels between
holes. The maximum hydrauvlic conductivity based on two different
walucs in the sgystem would result when ths volume sampled vas
assumed to be made wuwp of an impermeable part and a permsable 19&11'%,.?3
As would bs expected, values for this limiting case tended to over-

emphasize differences,

1 It should be noted that escentially the same assunptions of soil
uniformity are used in deriving the equations for the plezometsr
mothod discussed earlizsr. Althouzh ths observatlon sesquence of
the piezometer method does not allow direct cbservations ol this
gource of error, the possibility of this introducing discrepancies
should mol be overlooked,

E-function for this case has bassn determinsd for two combinaticns
of hole sizes and spacings, '

R
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The hydraulic conductivity found in the field with twe
obéervationipoints Jies belwsen the lower linit of ascuming a
uniforn soil and the upper limit fouﬁd wien the gampled volume is
divided into a pervious part and the remainder is considered
impervious., This assumes that pore clozgzing hag act been the cause
of differences betweén rise and full in the two auger holes,
Firkham's sugzgestion to utilizs obsarvations of water levale in
holes placed bstween the pair whish water is be&ng celrculated
between, would secem to overcome ths pors clogzing problem, Addie-
tioual cbsorv;ticn holes could be ussd to indicate eoll variability
equally as well as the original pair,

Messurenent of Soil Anisotropy
by Differences

- Cowbination of the.2—hole nethod and piezometer mathed
to obiain estimates of anisotropy with respsct to hydrauvlic
conductivity in the vertical and horizontal plenes was proposed
by Childs (1). Cbservations of iils soil sezm to Iadieste so
muck natural variability that moving over even véry ghort distances
would ianvolwe the hazafdous aggumption of wniforuzity. Accordingly,
attiibuting the differences between a piezometsr observation and
a twc well deteraination even when spaced closely is certainly
open to question., If one vanted to use thig epproach it is
believed meaaﬁrement with the piezoneler method sghonld be made

first, then the casing rcﬁoved, and the cavity extended to be used

"y
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for one of the two wells in the 2-hole metﬁod; Only then could it

be Justified and even in this case perhaps the feasibility should

be questioncd.

Summary - Yeaknesces and Advantages

FPlezometor Moetnod

Weaknesses:

1.

2e

3e

de

Cavitiss cannot be observed so prediciing E-funciion
from cavily shapes involvss assumption concerning |
thelr true shape.

The falling head measurement in some solls causes

a non-steady state flow problen for which adequate
geonetry factore (F~function) are not available,
Smaller volwmss of soil sampled than is often desired.
Ho indications can be had of variability in the

soll mass sampled,

- Advantages:

1.
2.

A minimm of equipment is required for determinastions.

Only moderate expenditure of time required,

Two=hole Mzthod

Weaknosses:

1.

Auger hole chapes cainot ba observed so predicting
F-functions from their size iavolves assum;tions
concerning their true shapes and degree of pere

clogginge.

CN
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2, F-functions pregently esvailable are not able to
consicder perturbation of the vater level around
“holes not unsaturated flow adove the saturated
surface,
3s F-function presentlfvas;umas impervious lesyer
at botton of holes or rather extersive assumptions
are reguired to account for rartial penetration.
he Isrger soil rasces rempled would be desirablo.
5¢ Elaborate equipmaht and nere tinms is required
per neaguraerent, . V“*f{
Advantages (altiouzh rot originally proposed, cepoble
of attainnment)

1, Pore clogzing difficulty can be overcome by utilizing
Kirkhan's proposal,

2. Teols type of eppreach 1llows an eztimate of ecil
variabllity providing additional effort is used
in oblaining head measurements,

3. OBince an sstimate of soil variability is obtainable
puch larger szmples could ba expected to be
rationally examined.

Conclusions

Soils are-certaiﬁly 10 bo expectad to bs oxtremely

varigble insofar as hydravlic conductivity is concerned.

Experience indicates high expected variation in terms of per

1N
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cent of mean value from measurement methods, However, the

manner In which the measurement is to be uesed, dictates the

accurzey required and therelore the amount of time and effort

- which can be justified in obtaining precision,

With thece ideas in nind, the observations and diffi-
culties found in utilizing the piezometer and 2-hole method
in a structured soil have been discussed. Detailed considera=
tion was fell necessary since ths pbssibilities of sgeveral
factors acting is always found in field work. The primary
difficulty in the piezometer method seems to be in the
E-function not baing a true constant due to the non-steady
condition associated with water {table mouading around the
plezometer, Closely related is ths multiplicity of c¢lozging
and sluffing fecltors which may introduce error, The two=hole
nethod suffers similarly with function difficulties, pore
clogging snd other discrepancies in auger hole ghape, Kirkham's
sugzgestion for observing head exterior to the wells bstwsen
which water is being circulated probably woui& overcome pore
clogginge. Since being a steady statle condition, this methed
allows observition of head oul in the sampled soil mass, therefore;
indications and possibly functions can be found to jield
expressions tb-consider the effect of goil variability on
geomsiry factors., If wvariabllity functions are obtained,
much larger volume of soil can be examined ratién&lly without

hazardous assumptions of soll uniformity.
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Fron the wesknssses and strong polints of these two
methods, the writer envisions what might be called a double
trench or parallel pit method for messuring hydrawlie conduce
tivity, Wator could be circulated atl a steady rate beilween
two parallel pits penetrating belou the water table, Cavitly
or trench shapes could be deterained as accuraicly as desired
by common purveying procedures, Noneunifermities in the much
larger soil mass could be congldered by utilizing plezometers
as dosired to deteraine deviatlons fron oxpsoted head ab tha
plezomstier location, Pore clogging can be overcome by utilizing
the pilezomsters or obsorwvation wells usad for head measuremsnis.
Although the proposed mathod would prohably he mzatizfactlory
in materials widich tead to slough, it should werk well ln
cobble and stony solls, Standard excavation equipmsnt could
be used to consiruct nucessary trenchs thersby reducing the

- Ay
copb of installation. It wouwld require & grealor expesditurs

&
in time and effort, yet in this wuriter's opinion, it would fill

the need to characiorize, in some detail; larger soil rnsses.
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