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Abstract

The last climatic years have recorded a recrudescence of risk phenomena, especially floods
and droughts. Because of this reason an acute shortage of water is presently felt even in the
mountainous areas. Hydrological data have been recorded at 5 gauges distributed in the
middle and lowers sectors of the basin. Suha river basin includes a large number of
inhabitants, attracted here some time ago by mining exploitations. The closing of Ostra mine
has not led to a decrease in population, and thus water demands are higher and higher and
underground resources are used. Minimum discharge in the basin is extremely low in
comparison to the reality of other mountain catchments (at Stulpicani gauge a mean minimum
discharge of 0.611 m3/s has been recorded during 1970-2013). This situation is due first of all
to the rapid infiltration of water in the very permeable deposits (sands, gravels, boulders). An
increase in water demands is probable if the comfort of the dwellings is improved by raising
the number of baths and showers, of greenhouses for vegetables growing, of guest-houses
with pools etc. In order to preserve water resources in the area is imposed the keeping of the
present forested surfaces and the adequate control of tailings dumps so as to avoid
underground and surface water pollution. Due to practices like toilets lacking septic tanks or
gathering of manure on un-isolated platforms, the conservation of present water quality
(especially the underground one) is imperious.

Keywords: Water demands; Discharge; Surface flow; Hydrologic drought; Meteorological drought

Introduction

In order to evaluate water resources, medium annual discharge ensures a 50% error.
Minimum annual discharge represents the most important analysis in evaluating secure surface
water resources. The evaluation of minimum discharge ensures a 90% prediction of water
resources from certain areas and at the same time of quantity and quality conservation. Because
of this reason studies regarding minimum discharge are numerous, but unfortunately not for all
rivers in Romania. At the international level exists a permanent and long-time research
regarding ways of water supply control and preservation [1-14].
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Suha river basin has a reduced surface and thus hydrologic studies approaching it are
scarce. The most important analyses on the discharge regime and the conservation of water
resources in Suha basin have only been conducted during the last years [15-18]. Institutional or
private studies in Romania and implicitly in the north part of the Eastern Carpathians have
approached water quality [19-33] or the management and preservation of water resources [34-
52].

Geographic location

Suha river basin is positioned in the Eastern Carpathians and corresponds mostly to the
flysch deposits of Stanisoara Mountains. Only its western extremity includes crystalline rocks
of the Rarau Massif. It occupies the southern part of Obcina Feredeului, the south-eastern part
of Rarau Massif, the eastern part of Ostra and Suha Mts. and the north-western part of Obcina
Voroneţului. Giving the name of the basin, the main river is Suha, who springs from under
Ostra Peak at 1382 m altitude. Suha has the following tributaries: Brateasa, Botosana, Muncelu,
Gemenea (who receives in its turn Slatioara brook), Ursoaia, Valea Seaca, Doroteia, Branistea,
Negrileasa etc. (Fig. 1).

Fig. 1. Geographic location of Suha river basin

With a surface of 365 km2, Suha river basin is part of the larger Moldova basin, and is
limited by the following sub-hydrographic basins: Bahna, Salatruc, Sandru, Valea Caselor,
Chiril, Crucea, Lesu, Holda, Holdita, Cotargas, Sabasa, Suha Mare, Suha Mica and Voronet
[15-18].

Materials and methods
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Hydrological data have been provided by Siret Basin Water Administration (Bacau) and
processed in the Geoarcheology Laboratory of the Faculty of Geography and Geology from
Iaşi. Measurements have been conducted at 7 gauges: Valea lui Ion, Valea Ursului, Slatioara 3,
Gemenea 5, Gemenea 2, Gemenea 1, Stulpicani and Vadu Negrilesei. Data from the 8th gauge,
Ursoaia, have not been taken into consideration in the present study due to the short period of
observations (Fig. 2). In the analyzed basin, the observation and measurement points have
varied as location and period. The oldest observations and measurements have begun in 1970
with the commissioning of the 14 gauges emplaced on Valea Ursului, Valea lui Ion, Slatioara,
Plotonita, Gemenea, Hojda, Ostra, Baisescu, Paraul Lung, Negrileasa and Arsita rivers,
followed in 1973 by Stulpicani gauge on Suha and in 2009 by Ursoaia gauge on the same river.
In time, the number of gauges suffered some reorganization.

For the water pollution degree, data have been used from Siret Basin Water
Administration and from our own determinations conducted during 2012-2015 (already
published). Information on human settlements, number of inhabitants and land use are provided
by city halls and satellite images.

Fig. 2. Geographic location of gauges in Suha basin

Results and discussions

Minimum discharge represents a very complex phenomenon which presents different
aspects in what regards duration, territorial repartition as well as proportions. In Romania, this
phenomenon is registered most often during August-September due to reduced precipitations
and high evapotranspiration. Minimum discharge is known in domain references as base flow
(etiaj in romanian) [50]. The phenomenon is also manifested in winter, when it is amplified on
two thirds of the Romanian territory (with the exception of the south-western region). This
period presents very low discharge values because of mean temperatures generally lower than
0°C and of solid precipitations that participate in the flow process only if positive temperatures
are registered.
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Similar to the periods with high or exceptional water levels are treated and analyzed and
those with very low levels or hydrological drought. A series of laws and manuals have been
issued in Romania that synthesizes the measures of prevention, action and rehabilitation of
hydrological drought: Government Emergency Ordinance nr. 21/2004, Law nr. 7/1996, Law nr.
481/2004, Government Decisions nr. 2288/2004, nr. 1176/2005, nr. 846/2010, Government
Ordinance nr. 82/2011, Government Decisions nr. 271/2012 and 270/2012, the Common Order
of the ministries of Internal Affairs and Environment and Forests nr. 254/3403/2012 etc. [15-18,
37, 38, 43]. All these laws in fact approach ways of conserving surface or underground waters.

Drought is a hydrological phenomenon that manifests slowly, progressively and
constant, but which can have severe repercussions on population and economy. The occurrence
of this hydrologic phenomenon is mainly due to the lack of rainfall. Two periods with
precipitations deficit have been separated: dry periods in which precipitations have not been
recorded for at least 5 consecutive days, and hydrologic drought periods in which precipitations
are not recorded for at least 14 (during October-March) or 10 consecutive days (during April-
September).

The analysis of the variability of liquid discharge is needed to establish the way river
water is used and also to evidence river alimentation capacity from underground waters. From
this point of view an exact estimation on water reserves can be done and thus an adequate
utilization program. Emm. de Martone (1926) [53] has established a relation between the
distribution of precipitations and river discharge rates by introducing the K aridity index, where:
K = P/(T+10°C). In the conditions of the medium latitude temperate climate the precipitations
quantity has to be of minimum 250 mm for river network to have a permanent character. In the
case of drought are delineated several stages and parameters: meteorological drought, when P <
ETP < ETR, P → 0; pedologic drought, when RU+P-ETRv = 0, RU →0; river drought, when
Q→0; phreatic drought, when Qs→0; hydraulic reservoirs drought, when LU→0 (Lambert et
al., 1989 cited by [15-18]). Where: P = precipitation quantity; ETP = potential evaporation;
ETR = real evaporation; RU = soil available water reserve; Qs = underground discharge; Q =
river discharge; Lu = available water reserves in reservoirs. In the analysis of the situations
manifested in Suha basin, as well as for calculating occurrence probabilities, are used statistical
data rows (as in the case of maximum discharge rates).

In the periods with low precipitations rivers are alimented only from underground input,
and the quantity of water is reduced or even missing. On certain river sectors (medium and
lower), where the coarse alluvial deposits are consistent and the water quantity reduced, it
infiltrates in the floodplain bed and determines drought. The lack of water can also be due to
domestic or industrial supply. From the analysis of the precipitation quantities registered at the
gauges in Suha basin as well as in the entire Siret basin, it can be noticed that the years with the
lowest precipitation quantities have been 1969, 1974, 1978, 1983, 1987 and 2001. The
discharge rates in Suha basin have presented deficits up to September including. During the
summer, but also winter months, have been river sections with no surface runoff. October and
November have registered discharge rates much lower than the mean annual value, and lower
even than the minimum value in the recorded data.

During 1970-2013 at Stulpicani gauge has been recorded a mean annual minimum
discharge of 0.611m3/s. The mean annual minimum discharge rates have values of: 0.429m3/s in
January; 0.494m3/s in February; 1.08m3/s in March; 2.74m3/s in April; 2.75m3/s in May;
2.82m3/s in June; 2.50m3/s in July; 2.31m3/s in August; 1.33m3/s in September; 0.777m3/s in
October; 0.586m3/s in November; 0.525m3/s in December. The mean monthly minimum
discharge rates are of: 0.275 m3/s in January; 0.302 m3/s in February; 0.389m3/s in March;
1.09m3/s in April; 0.952m3/s in May; 0.905m3/s in June; 0.869m3/s in July; 0.750m3/s in
August; 0.633m3/s in September; 0.475m3/s in October; 0.372m3/s in November; 0.319m3/s in
December (Fig. 3).
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The smallest (historical) values of monthly minimum discharge rates have been
identified: January 0.035m3/s in 2004; February 0.037m3/s in 1994; March 0.080m3/s in 2006;
April 0.200m3/s in 1994; May 0.150m3/s in 1989; June 0.125m3/s in 1971; July 0.155m3/s in
1971; August 0.162m3/s in 1990; September 0.098m3/s in 1990; October 0.132m3/s in 1990;
November 0.109m3/s in 1988; December 0.043m3/s in 1989. In Suha basin the phenomenon of
hydrologic drought manifested in 1969, 1974, 1978, 1983, 1987 and 2001. These cases have
been isolated, developing on small areas: on Gemenea river at Gemenea 2 gauge the smallest
historical discharge of 0.000m3/s has been recorded of 02.03.1969 and also on 01.10.2001. On
the same river at Gemenea 1 station the minimum historical discharge was recorded on
08.12.1969. On Slatioara at Gemenea 5 hydrometric station the minimum historical discharge
of 0.000m3/s was recorded on 23-25.01.1974. At Slatioara 3 station the minimum historical
discharge recorded has been of 0.008m3/s on 13.01.1978. At Valea Ursului hydrometric station
the minimum historical discharge has been of 0.001m3/s on 15.12.1983. At Valea lui Ion station
the minimum historical discharge recorded has been of 0.006m3/s on 08-25.09.1987. On Suha
river the minimum historical discharge rates have been registered in 2001 and had values of
0.035m3/s and 0.009m3/s at Stulpicani hydrometric station on 17-24.01.2001.

Fig. 3. Oscillations of monthly annual minimum discharge rates at Stulpicani gauge (Suha river)

On Slatioara river, between Slatioara 3 (where the upstream basin surface is of 18.6km²)
and Gemenea 5 hydrometric stations (upstream basin surface of 33.5km²) are lost important
water quantities. In the case of mean monthly minimum discharge rates with a 95% insurance
the value from the Gemenea five hydrometric station is with 20.0L/s smaller than that from
Slatioara three station, although the surface of the afferent hydrographic basin is much larger,
close to double. In the case of mean daily minimum discharge rates with a 95% probability the
difference is of 8.0L/s. In certain years, during the periods with small water levels the
differences between the two hydrometric stations are much higher. For example in 1986, a
droughty year, in July and August at Slatioara three hydrometric station the mean monthly
discharge rates have been of 30.0-35.0L/s, while at Gemenea 5 in the same period they have
been of only 10.0-12.0L/s.

For the sectors with active infiltration in the floodplain bed complete drought can occur.
Still it is not a proper drying up in the sense of absence of precipitation or upstream input, but of
underground losses favored by the high permeability of the floodplain deposits. In some sectors
reduced discharge can occur, but then it again stops downstream. The minimum values ensured
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are used for different projects of water supply, for fisheries or for evacuating wastewater. The
mean minimum monthly discharge with an 80% insurance is taken into consideration for the
emplacement of fisheries, while the mean monthly minimum discharge is taken into
consideration for wastewater evacuation so as to ensure dilution (it is also named dilution
discharge).

The EU provisions do not admit drinkable water supply from surface sources, with the
exception of special situations. This fact is according to the local or regional realities. In this
case, the base for ensuring water supply is the mean daily minimum discharge with an 80%
probability. For a more detailed analysis of the drying-up phenomenon have been computing,
using the Pearson type III method, the minimum discharge rates with different occurrence
probabilities for the eight hydrometric stations in Suha basin (Tables 1, 2).

Table 1. Values of minimum monthly discharge rates with diverse occurrence probabilities
at the hydrometric stations in Suha basin

The minimum monthly flow (L/s)River Gauge Surface
(km2 ) 80% 90% 95% 97%

Slatioara Valea lui Ion 6.7 12.8 10.2 8.2 7.2
Slatioara Valea Ursului 6.1 8.5 5.8 4.0 3.0
Slatioara Slatioara 3 18.6 33.0 29.0 27.0 25.0
Slatioara Gemenea 5 33.5 21.0 13.0 7.0 4.0
Gemenea Gemenea 1 14.5 26.0 23.0 21.0 19.0
Gemenea Gemenea 2 30.4 38.0 29.0 24.0 20.0

Suha Stulpicani 131 75.0 130 105 90.0
Negrileasa Vadu Negrilesei 129 45.0 90.0 75.0 65.0

Table 2. Values of minimum daily discharge rates with diverse occurrence probabilities
at the hydrometric stations in Suha basin

Annual daily minimum flow (L/s)River Gauge Surface
(km2 ) 80% 90% 95% 97%

Slatioara Valea lui Ion 6.7 10.8 8.8 7.2 6.2
Slatioara Valea Ursului 6.1 6.0 3.4 1.4 0.6
Slatioara Slatioara 3 18.6 20.0 14.0 10.0 8.0
Slatioara Gemenea 5 33.5 8.0 5.0 2.0 1.0
Gemenea Gemenea 1 14.5 22.0 18.0 16.0 15.0
Gemenea Gemenea 2 30.4 26.0 19.0 15.0 13.0

Suha Stulpicani 131 80.0 52.0 38.0 30.0
Negrileasa Vadu Negrilesei 129 45.0 30. 28.0 15.0

Unfortunately, during the last years the frequency and intensity of climatic and
hydrologic risk phenomena have increased. Both on Suha and its tributaries have been recorded
exceptional floods in 1975, 1981, 1984, 1991, 2005, 2006, 2007, 2008 and historical droughts
in 1969, 1974, 1978, 1983, 1987, 2001. These extreme events in Suha basin are comparable to
those that usually take place in the higher area of Siret river basin (rarely influenced by some
local particularities).

Suha basin has a very high density of population, which has extended its urban and rural
area along the main river network. In 2011 the population was of 5702 inhabitants in Frasin
(town), 6201 in Stulpicani (26.5 inhabitants/km2 density) and 3241 in Ostra (28.0
inhabitants/km2) communes. The entire hydrographic basin has a population of 15144
inhabitants and a mean density of 42.5 inhabitants/km2. The mountainous areas of the Eastern
Carpathians usually have mean population densities of 10-20 inhabitants/km2 [15-18] (Fig. 4).

The reduced liquid discharge of the river is insufficient for the water supply of all the
residences. Because of this an important water quantity is exploited from underground
resources (which originate from surface flow). The supplementary water quantity is exploited
through wells. In the conditions of an increased water demand is imposed a supplementary
input from another hydrographic basin. This can be caused by the development of a high water
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consuming economic activity or by the intensification of punctual irrigations (in greenhouses),
the supply of swimming pools etc. the closure of Ostra mine, which represented the only
industrial activity in the area, has led to the elimination of a pollution source and as a
consequence to the improvement in surface and underground water quality.

Fig. 4. Distribution of localities in Suha basin with their administrative territories

Over-exploitation remains the only human-induced risk for diminishing water resources
in Suha basin, and it can be amplified by the frequent periods of climatic and hydrologic
drought.

Conclusions

The analysis of the minimum discharge rates in Suha basin led to the conclusion that
water resources are limited. The high water demand is due to the high number of inhabitants in
the basin (one of the highest human densities in the Eastern Carpathians). The development of
the mining sector at Ostra has attracted an important number of workers during the communist
period, who established in the nearby villages. The closing of the mining exploitation from the
post-communist period has led to an improvement in water quality, but did not led also to a
negative migratory flux. The present reserves of surface water are practically insufficient for
satisfying present demands. Because of this reason an intense artisanal exploitation of
underground reserves is made through local wells. The higher demands for water from the last
years are due to increasing dwelling comfort by using showers, irrigating lawns, supplying
pools from guest-houses, cultivating crops in greenhouses. In order to conserve the present
underground and surface water reserves is needed to maintain the present forestation degree in
the entire basin, installing septic tanks so as avoid underground water pollution, emplacing a
reservoir that would provide for the deficit during the minimum discharge period etc.
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