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SYNOPSIS

This paper is a contribution of a multidisciplinary research and suggests
an estimation method of low flows, to individuate the best places of minihydro
plants. In fact the low flows of a river define the period of low productivity
and they qualify the technical and economic feasibility of minihydro plants.

Particularly the localization of these plants needs large territorial
investigation and for this purpose it is necessary to evaluate the hydrologi-
cal droughts for ungaged rivers.

The research suggests an estimation methodology of low flow based on the
geomorphological and hydrological characteristics of a given basin, which can
be evaluated by hydrogeological thematic maps.

The method required the preliminary analysis of 53 gauged basins of a
region and the definition of a functional relationship between low flow
(dependent variable) and hydro-geomorphological parameters (independent
variables).

1.0 INTRODUCTION

Low flow have been investigated by different authors and particularly
the aspects of interaction between surface, ground water and low flow regime
of a basin [1,2,3,4,5:].

For this problem a very important role has the value of a Base Flow
Index (BFI) B3Jﬂ » derived by recorded flow hydrograph separation on ground
water runoff and overland runoff.

An investigation of 53 gauged basins showed that the BFI has a high
correlation with the hydrogeological characteristics of the basins. Then we
assumed BFI as an indicator of the basin hydrogeology.

This hypothesis has been verified very well in the second part of this
work when we found that BFI is the most important variable for total investi-
gated basins.
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The obtained results for discharge greater than 40 percentile,
calculated by multiple regression equations, allowed to derive the lower line
of duration curve for ungaged basins. It gives an evaluation of the hydrogeo-
logical regime of the river.

2.0 GAUGED SITES

The main characteristics of the 53 analyzed basins are reported in table
1. These basins have been chosen because they have a record years greater than
6 years and for them it is possible to define the hydrogeological characte-
ristics (*).

The investigated area is equal to 50,000 Km* and the area of gauged
basins is equal to 31,763 Km®?, about 2/3 of total.

The values of SAAR (Standard Annual Average Rainfall), BFI (Base Flow
Index) and AREA (Basin Surface) are the independent variables which showed the
best correlation with low flows.

Particularly BFI, which is calculated from annual recorded hydrograph,
and its annual values have been found to be stable. The standard deviation is
less than 5% [10] .

The correlation between BFI and hydrogeological characteristics of gauged
basins (see Tab.l) allowed to derive tab.2, where each geological complex is
associated to a BFI average value. It can be accepted at a 5% significant
level in according to t Student test of the date sample of every investigated
basins.

The reliability of the results derived also by the consideration that BFI
increases with the storage capacity of investigated geological complexes [ﬁ]
which can be gauged in the following way:

- (1) complex of marine clay, (2) argillaceous flysch complex.

Areas where both surface runoff and evapotranspiration prevail over infiltra-
tion, percolation and aquifer capacity are consequently negligible.

- (4) Volcanic complex, (5) marly-calcarenitic complex.

Areas where the values of effective infiltration are comparable to those of
runoff.

- (6) basin edge complex, (7) complex of slope deposits, (8) dolomitic
complex, (9) complex of pelagic deposits, (10) complex of carbonate shelf,
(11) carbonate shelf edge complex.

Areas  where effective infiltration prevails over surface runoff.

(*) See '"Hydrogeological scheme of Central Italy" [5,7], where it is possible
to derive the effective infiltration of various complexes
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Generally the BFI variébility for each geological complex is small (see
tab.2) and this derived by different elements, for example the thickness
complex, presence of clastic deposits, spring captation and urban drainage.

3.0 UNGAUGED SITES

By means of daily discharge of 53 gauged basins the duration curve for
each basin has been calculated.

The Q(P) discharge values have been expressed as a percentage of Average
Daily Flow (ADF) in such a way to have an homogeneous comparison between
basins with different flow regime.

Then we studied the multiple linear regression between Q(P)% and SAAR,
BFI, AREA:

VQ(P)% = a, + a, V SAAR + a, \V BFI + a, VAREA (1)

The square root has' been employed to eliminate negative value of G(P)%.

The application field of equation (1) is for the Q(P)% value of
percentage of time discharge exceeded P(QzQ; )z40%.

The obtained results suggested to divide the sample in two subsamples:

subsample A: AREA=>100 Km? (Tab.3)
subsample B: AREAsS100 Km? (Tab.4)

For A Q(P)% showed a strong correlation only with BFI, consequently
satisfactory results can be obtained by simplified equation:

V Q(P)% = b + b, V' BFT + b, BFI (2)

For B Q(P)% had a good correlation with BFI but also AREA parameter
showed sometime a relevant weight.

Finally equation alike (1) is analyzed to derive the Q(P) values without
the ADF component:

v ADF = a, + a, V SAAR + a, V BFI + a, V AREA (3)

The equations (1) and (3) have been applied to 51 basins and, then, they
have been verified for the other two basins, considered as "ungauged" sites
and with inputs only hydro-geomorphological parameters: SAAR, BFI and AREA.
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4.0 EXAMPLES

The examples studied regard two characteristic basins located along the
Appenninic Ridge in Central Italy, a great basin on river Chiani at Morrano
bridge and a little basin on river Velino at Posta village.

River Chiani at‘Morrano bridge
Characteristic data are: SAAR=962 mm., BFI=35 calculated from annual
hydrograph and catchment area 422 Km*.

Hydrogeological complex BFI
theoretic average

(1) Complex of marine clay 23
(237 Km?)
(2) Argillaceous flysch complex 32
( 47 Km?)
(3) Arenaceous flysch complex 44
(123 Km?). @
(9) Pelagic deposits 80
( 15 Km?)

BFI estimated by weighted area mean is 32, with a simple difference from BFI
calculated.
The results obtained by equations (1) and (3) with Tab.3 are:
ADFest.=4.06 cumecs ADFobs.=4.50 cumecs Zﬁ&%:Q.B

P Q(P)obs. Q(P)est. VAN
% cumecs cumecs %
40 2.30 1.94 1576
50 1.58 32 1655
60 1.04 0.89 14.4
70 0.65 0.58 10.7
80 0.38 0.38 0.0
90 0.23 0.28 -21.7
95 0.15 0.21 -40.0

River Velino at Posta village
Characteristic data are: SAAR=1017 mm, BFI=71 calculated from annual
hydrograph and catchment area 95 Km?.
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Hydrogeological complex BFI
theoretic average

(3) Arenaceous flysch complex 44
( 24 Km?)

(5) Marly-calcarenitic complex 76
( 27 Km*)

(6) Basin edge complex 80
( 44 Km?)

BFI estimated by weighted area mean is 70, with a very simple difference from
BFI calculated.
The results obtained by equations (1) and (3) with Tab.4 are:

ADFest.=1.07 cumecs ADFobs.=1.53 cumecs gf§%=30
P Q(P)obs. Q(P)est. A\
% cumecs cumecs %
40 1.32 0.96 27.3
50 1.07 0.83 22.4
60 0.91 ‘ 0.73  19.8
70 0.76 0.62 18.4
80 0.66 0.50 24.2
90 0.54 0.38 29.6
95 0.46 0.30 34.7

The results of the examples are reported graphically in figures 1 and 2.

5.0 CONCLUSIONS

. This paper suggests a mathematical model to derive an estimation of water
resources of a region. Particularly we obtained the low flow evaluation for
gauged and ungauged basins with an accuracy included on average between 10%
and 25%. This accuracy can be considered acceptable to design a minihydro
plant relating to its optimal regime.

Further developments could allow the optimization of the entire duration
curve which can define completely the hydrological regime of a given
basin. Moreover we are planning to extend the research to other regions with
different hydrogeological characteristics in such a way we can have a
confirmation of the goodness of the proposed methodology.
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Tab. 2: BFI for various hydrogeological complexes

N. hydrogeological complex . BFI
range theoretic average
(1) COMPLEX OF MARINE CLAY 16 - 30 23
(2) ARGILLACEOUS FLYSCH COMPLEX 26 - 38 32
(3) ARENACEQUS FLYSCH COMPLEX 34 - 54 44
(4) VOLCANIC COMPLEX 55 - 75 65
(5) MARLY-CALCARENITIC COMPLEX 72 - 80 76
(8) BASIN EDGE COMPLEX 78 - 82 80
(7) COMPLEX OF SLOPE DEPOSITS 81 - 85 83
(8) DOLOMITIC COMPLEX 83 - 91 87
(9) COMPLEX OF PELAGIC DEPOSITS 70 - 90 80
(10) COMPLEX OF CARBONATE SHELF 80 - 88 84
(11) CARBONATE SHELF EDGE COMPLEX 85 - 95 30
Tab. 3: a;, regression coefficients and error in estimating of
equations (1) and (3) for great basins
DURATION a, a,’ a, a, R s.e.
o = e == == .
40 0.30567  0.04562  0.85062  0.00802  0.956  0.362
50 -1.42331 0.02824 1.02005 0.00974 0.970 0.353
60 -2.48781 0.00575 1.14567 0.00968 0.965 0.429
70 -3.36114 -0.01615 125613 0.01007 0.941 0.618
80 -3.14045 -0.05650 1531633 0.00729 0.928 0.727
90 -0.47679 -0.14774 1.31319 -0.00266 0.927 Q2755
95 -0.38704 -0.15590 1.28022 -0.00226 0.912 0.817
ADF -3.87034 0.10213 0.06288 0.11417 0.938 0.522




Tab. 4: d;, regression coefficients and error in estimating of
equations (1) and (3) for little basins

DURATION a, a, a, a, R S.€e.

% e o = . =

40 2.10505 -0.01615 0.88963 0.03431 0.960 0.344
50 -0.80221 -0.03360 1.09886 0.13720 0.961 0.429
60 -3.29659 -0.05369 1.28691 0.24037 0.956 0.539
70 -5.29048 -0.05586 1.37536 0.30770 0,958 0.568
80 -8.13366 -0.02220 1.39641 0.39344 0.947 0.683
90 . =12.01316 0.03609  1.43296 0.47731 0.938 0.753
95 -15.10780 0.09569 1.45035 0.51670 0.929 0.835

ADF -3.87034 0.10213 0.06288 0.11417 0.938 0.522
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R.VELINO at Posta Village
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