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Abstract

This paper explores the establishment of transfer functions for'describing the annual oscillation of unconfined
aquifer water levels in response to effective precipitation. A'simple saturated Zoné represeéntation is developed to'
accompany the unsaturated zone mechanism. Practical examples are drawn from a sample of sites from the
chalk and the Permo-Triassic sandstones of England and Wales. Modelled water levels are in many cases: good.
The technique is most appropriate within the usual range of fluctuation of aquifer water level, with no great
change in influence of abstractions, and when it is acceptable to approximate the complex;ty of unsaturated.

zone processes in practical analysis.

Introduction

This paper addresses the timing of the change in satu-
rated zone water level of unconfined aquifers in response
to effective rainfall input. It investigates merits and
demerits of the use of a simple approach to approximate

unsaturated zone “behaviour in its role in determining -

water table levels over series of annual cycles. Such an
approach is most relevant in cases when it is appropriate
to simplify the complex hydrology of the unsaturated
zone for practical consideration.’ '

Attention is focused on the derivation and perfor—
mance of transfer functions characterising the timing of
changes in unconfined aquifer water levels in response to
changes in effective precipitation. As such, the method
also involves assumptions and/or approximations con-

- cerning the processes active above and below the unsatu-
rated zone, namely evapotranspiration and soil behaviour
on the one hand, and saturated zone flow on the other. A
standard procedure is used for the former; a sm'lple rep—
resentation is developed for the latter.

Modelling unsaturated zone transfer as a distributed
lag is unspecific as to whether the actual water and/or its
pulse is described. This need not be problematical in'a
number of types of application: it could, ‘though, c]eal‘ly
be a disadvantage with respect ‘to” the’ ‘consideration of
water quality. [Quality transfer functlons can of course
be explored in their own right.] '

Attention is directed towards examples from the two
main UK aquifers, the chalk and the Permo-Triassic
sandstones.

" Method

EFFECTIVE PRECIPITATION

The effective precipitation used in this paper is that cal-
culated on a- monthly basis by the MORECS method
(Thompsen ¢t 4l., 1981) as ‘hydrologically effective pre-
cipitation’ . for. 40 x 4@ knx grid squares. The reason for
its use 1is-its availability ‘over the whole of the Great
Britain for the: period .since 1961 and its general accept-
ability. ‘This is not to disregard drawbacks to the system
which have been noted (see, for example, Harding, 1993)
and, indeed, updating in the production of MORECS 2.0
(Hough et aly in- press). The ‘hydrologically effective
precipitation’ term of MORECS can include any lateral
transfer as- well .as-(approximately) vertical recharge: By
concentrating -in:- this: paper .on unconfined aquifer. loca-
tions, it is assumed that all hydrologically effective pre~
cipitation is ultimately recharge to the regional saturated
zone without excessive lateral dlsplacement The use of
the method should be restricted to areas where lateral
watet transfer -is insignificant compared : with (approxi-
mately).vertical recharge. Thompson-ez-al, (0p. cit.) pro~
vide. the "details of MORECS calculation -methods;  in
short,  a modified- Penman-Monteith evapotranspiration
formulation’ is used for different land . uses: and. three
classes of - dual-reservoir. : soils. = Grass:: estimates for
medium texture soil were used here.
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Unsaturated zone transfer’

The essence of the modelling in this paper is to see
whether an unsaturated zone unit response function, #,

can serve to describe unsaturated zone behaviour, albeit-

in a summarised way, giving
14
R(t) = _[Oz(r)u(t - 1)dt

where R(7) is the recharge reaching the saturated zone
over time and I(T) is the effective precipitation time

series. Does such a.convelution-integral formulation-have - .

a role to play in reproducing aquifer water level time
series and could it serve as a potential method of exten-

sion of the series over time when a rainfall, series is.

known or assumed and an extension of water levels is
sought?

This part of the modellmg is linear: this is by no
means; however, to say that the rainfall/recharge rela-
tionship:i§ so, because of the considerable non-linearities
in the rainfall/effective rainfall relationship.

In the work described in this paper the transfer func-
tion is used in discrete form, working on a monthly
basis. The total recharge to the saturated zone in month

n can be written as
R, = 2—’”-,41“;'

i=1

where %1, 42 ... u, are monthly increments of recharge ‘to
the saturated zone resulting from unit effective precipita-
tion, with '@y occurring in the same month as ;. The
value of m is determined in- the calibration process. The
monthly ‘diseretisation s well -able-to pick up annual vari-
ations for-water- resource applications and ‘is appropriate
for the type of methodology ‘involved. ‘The function u is
derived by trial" and.- errot, ‘comparing - time series : of
observed- and predicted ‘water: levels. - This ' continuous
time ‘basis avoids the problem: of definition of separate
events and of individual ' conditions of starting water
levels. Here, ihput is a given: and variation of the transfer
function is.explored:in: terms of :resultant water level at a
borehole lecation: -

SATURATED ZONE BEHAVIOUR .

Borehole water level: data  from: the Natronal Water
Archive records were used for ten:unconfined chalk -and
Permo-Triassic: sandstone “sites  (Fig. 1, table: 1): spread
over- England and Wales. ‘The frequency :of ‘water level
readings:and ‘length of record differ.-All-records were
converted, usually from more frequent . readings; to 'a
series of monthly water fevels-occurring: in: the first: week
of the month, allowing up to two months of linear inter-
polation; otherwise missing values were recorded. This
water level was compared with the result of processes
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modelled ‘up to the end of the previous month. As long a
record as posssible was used, between the 1961 beginning
of MORECS data and 1991 when Institute of Hydrology

-holdings of hydrologically effective precipitation stop.

A simple and -approximate method" for-saturated zone
behaviour was developed to summarise background con-
ditions, withéut recourse “to groundwater “catchment
modelling. The aim was to use a simple physical method
not relying on full regional modelling but, rather, with
the potential to serve such studies. Possible drlvmg vari-
ables ‘for ‘determining net saturated’zoné outflow from a
borehole location are effective precipitation and water
level. In this paper emphasis was placed on the use of
effective precipitation, with a view to the use of the pro-
cedure in predictive mode when variations in water levels

" are IrkeTy to Be nkeidwm It - was pref'érred that ‘the func—
K 'ttons were estabhshed in the same manner as it was

envisaged that they would be used: the, knowledge of
obseryed Water levels is therefore used as a means of
calibration and is not an integral part of the procedure
Over the whole period of record, in the absence. of any
very great change in initial and final water levels (at a
particular time of year), recharge to a particular location
on the water table was assumed to approximate the satu-
rated zone net outflow away from that location because
of little change in storage, as reflected in the water level
values. Ignoring any recharge lag, and any difference in
unsaturated zone storage at the two times, the total net
outﬂow over the modelled period was taken to approxi-
mate total effective precipitation over the period, The
average,monthly saturated zone outflow was weighted, on
a monthly basis,. by the ratio of the previous twelve
months’ rainfall in relation to average annual rainfall in
order to give an estimate of monthly series of net satu-
rated zone outflow at an aquifer location. The rationale
for this is that the wetter the previous period, the more
likely is a greater rate of outﬂowr there is not, . however,
the 1nformatlon to. -do other than assume a form for this
relatronshrp If the end—of—record water level is very dif-
ferent from 1mt1a1 water level it is possible to apply an
overall .gain_or loss in derrvmg the outflow term, or one
wetgh;ed towards  fimes qf changes in abstractlon or.
inputs;, thls was not ,mvoked in these examples (although’
site 8, see below, is arguably a candidate). .
Recharge from effective prec1p1tatlon, lagged in a dis-
tributed manner by the trial response function, serves to
increment the water level at the locatlon, and the local
saturated zone net outflow  subtracts from it. Values of
aquifer specrﬁc y1eld necessary for the conversion . of
changes in water storage to expression, in, terms of eleva-
tion of water table are derlved by callbratlon, Any. dlffer-
ences in spec1ﬁc yield over the zone. of water level
ﬂuctuatlon, although they can in prlncrple be mcluded
are_here approximated by a constant value, in keeprng
wrth the general level of physmal detail of the, method
Because of the great emphasis on a single water level







