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1. Introduction

Streamflow generation proccsses have been the subject of many previous studies in order to deternünc 
streamflow cbmponents in various cat .chments under different environ.mental conditions (e.g. Pinder and 
Jones, 1969; Pearce, 1990). Generally such studies use chemical tracers in a two or three-component 
mixing mode! for hydrograph separation, and are supposed to estimate tbe contribution;; from t\YO or 
three reservoirs (surface runoff, sub•surface flow and groundwater) (Hooper et al., 1990; Ogunkoya 
and Jenkins, 1993; Buzek et al., 1995). Other studies have used water stable isotopes (H, 180) to 
distinguish pre-event Ivater from event ,vater (as example : McDonnell et al., 1990). Recently, some 
authors ,(Kennedy et al., 1986; Wels et al., 1991) have tentatively compared the results obtained using 
isotopie and chemical tracers. 

Since the different tracers used in the above studies do not identify tbe same streamflow 
components, the present study has tentatively used simultancously hydrological measurements, stable 
isotopes (180, �H) and geochemical tracers. The aim was to invcstigatc the origin of the water in a small 
catchment by identifying the temporal (pre-event and event water) and spatial comp_onents (contributing 
areas) to the total streamflow du ring a major storm event. 

In tbis paper, hydrograph separation was perfom1ed in three different ways: (1) using 
hydrological measurements of the different tributaries to estimate the subcatchment contributions to the 
total streamflow; (2) using 180 and "H to detennine the proportiog of event water; and (3) using 
dissolved organic carbon (DOC) and silica which have been selected among several other measured 
chemicai tracers to identify the contributing areas. 

2. Material and 1\.'Iethods

The Strengbach forested catchment (80 ha) at Aubure is locâted at the eastem side of the Vosges 
mountains (north-eastem France), 58 km south-west of Strasbourg (Probst et al., 1990} Tt ranges from 
883 m at the outlet to 1146 m at the top (Fig. 1). This catcbment mainly lies on a base-poor granitic 
bedrock (the Brezouard granite). Soils are acidic, sandy and stony; brown acid and podzolic soils have 
developed on the south- and north-faci.ng slopes respectively. In the valley bottom, a small saturated 
area with permanent hydromorphic conditions covers ~2 % of the basin area (Probst et al., 1992)_ The 
catchment is completely forested: Norway spruce covers two-thirds of the catch.ment area (mainiy as old 
trees), and mixed beech and silver fir take up the rcst. The climatc is tcmperate-oceanic-mountainous. 
The mean annual precipitation (1986:..1989) is 1553 mm with 25 % falling as snow (Probst et al., 
1992). The 111ean arnmal discharge is 1051 111111; the highcst flow period generally occurs during 
snomnelt (spring) and the lowest flow period is always in autumn (September-October). 

Du.ring the stom, event of 18 May 1994, bulk precipitation (PS) and throughfall (TF) have been 
collected regularly in PVC funnel collectors and in replicate 2 m long open gutters, rcspectively. 
Throughfall and zero tension soil solutions (SS) wcre collcctcd in an old spruce stand. Stream discharge 
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Figure I: .\.fap of the Strengbach basin and locmion of dijJerent sampling sites. 

was monitored at a pennanent gauging station (RS) cquippcd with an H-flume weir and at t\\'O non
pennanent sites (RAZS and Rl). Water s:unples were frcqucntly and regularly taken simultaneously at 
the outlet (RS), along the main stream (R.AZS, R l )  and at the adjacent tribu taries (BH, RH). The smaLI 
saturated area has also been sampled using several piczometers and a gauging pipe (RUZS) (Fig.!). 
Samples were collected ih polyethylene bottles and filtrated through a 0.45 µrn Millipore membrane. 
For pH, electrical conductivity, alkalinity, silica, SO/, NO3·, Cl', Na�, K+, Ca!-, Mg2+

, NH/ and 
dissolved organic carbon (DOC), classical analytical methods \\'ere used (Krempp, 1988). Oxygen-18 
analysis \Vere carried out by the standard CO

2 
equilibration method (Eipsten and Mayeda, 1953) and 

deuterium analysis by reduction of water to hydrogen over zinc at 540°C following a standard method 
(Coleman et al., 1982). Results are expressed Ln per mil (%0) difference relative to the standard mean 
ocean water (SMOW) as defined by (Craig, 1961). Deuterium analyses have been nonnalized according 
to the V-SMOW-SLAP scale (Gonfürntini, 1978). 

For both chemical and isotopie tracers. the hydrograph scparation \\'as perfonncd using a 
classical two-componcnt mixing mode! (Pindcr and Joncs. 1969). This approach assumes that the 
mixing of the fluxes coming frorn different sources is conscrvative and that thcre is no chcmical 
interaction between the different components. In the modcl, equations cou Id be solved at each step of the 
hydrograpb separation by using the concentrations and the discharges measured in the different 
cornponents. 

3. Results and discussion

3.1. Hydrology 

At the outlet of the Strengbach catchment, the hydrograph generared by the stom1 event of 18 May 199-+ 
(40 mm in 19 hours) is characterized by two peaks of di.scharge (35 l/s and 28 1/s) in response to two 
successive rainfall events (respectively 26 mm and 14 mm). Figure 2 represents the hydrographs of the 
main stream (RS, RAZS and RI) and of the different tributaries (BH, RH and RUZS), and the 
corresponding hyetograph. In Fig. 2, it can be seen that the discharge rneasured at the pipe of the 
saturated area (RUZS) reaahes its maximum during the first peak of the total streamflow. Whereas 
RAZS which controls the upper subcatcbment presents. its maximum discharge during the second peak 
of the hydrograph. However, the water table measurernents in the piezometers of the saturated area 
indicate an increase of water height du ring the second period of the storm evcnt which means thac the 
contribution of the deep flow increases_ During the frrst part of the event, the surface flow was 
important in the saturn.tcd area, 
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Figure 2: Hydrographs of the stream al the out/et (RS) and of the different tributaries, and corresponding 
hyetograph du ring 1he storm evenr of I 8 A,Jay I 99-1. 

For the \\"hole event, the hydrological measurements •indicate chat the amount of water supplied by the 
upper subcatchment RAZS represents 40% of the total strcamflow with a specific discharge of 3.5 
lis/km�. The do\rnstream subcatchment (between RAZS and RS) contributes the remaining 60% with a 
·specific discharge of 5.7 l/s/km

2
• However on the whole, the hydrological budget indicates that about

40% of the total streamflow cou Id not be gauged because ôf uncontrollable drainage areas.
This hydrological approacb allows determination of the geographical origins of the streamflow 

but it must be coupled with chemical and isotopie tracers to detem1ine the contribution, in space and in 
time, of the different reservoirs. 

3.2. Isotopie traeers

The isotopie signatures of the rainfall-runoff event show that the initial oxygen-18 content in 
streamwater (-9 .43 %0) is nearly identical to that of groundwater (-9.49 %0), considering the uncertainty 
(Fig. 3). During the event, the temporal variation of oxygen-l8 content measured at the outlet (RS) is 
Jow but significant compared to that observed in the open-field precipitation. The isotopie content of the 
streamwater is fluctuating around the mean O i8O of spring water and returns to the initial value during 
the recession period. This temporal evôlution of 0180 measured in streamwater is mainly due to a 
contribution of event water (rainfall). However, these results show that only a very small amount of 
rainfall contributes directly to the storm runoff. 

The temporal isotopie variation of event rainfall may complicate the choice of appropriate 
signature for hydrograph separation. So, the event water composition has been derived using the 
incremental weighted mean method in order to integrate the temporal variability of 0 180 in rainfall 
(McDonnell et al., 1990). The hydrograph separation (Fig. 4) takes into account two distinct rainfall 
events and a constant pre-event isotopie composition supposed to be equal to that of the mean spring 
water content which is rèlatively constant. 

The hydrograpb separation indicates that pre-event water is the major component for this event. 
The instantaneous event contributions are nor very important, ranging from a minimum value of 2 % at 
the beginning of the stormflow to a maximum value of 12 % at the main peak flow. The determination 
of the total event contribution for the entire stonnflow period is around 277 m3 ± 51 m3

. The area 
contributing new water determinated from the isotopie separation is 0.87 ha ± 0.16 ba. This result 
suggests that the contributing areas. calculated by the isotopie method could represent the saturated 
areas located in the vicihity of the main stream (1.06 ha before the stom1flow). Thu�, for this _event, it is 
suggested that nearly ail the precipitation on the surface of the saturated areas have contributed to the 
stormflo•w. 
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Figure 3: Rainfa/7 intensity and stream discharge at the 
ourlet_ Rainfall and streamwater isotopie variations (880) 
during the storm evenl of 18 May 1994. 

3.3. Chemical tracers 
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F;gure -1: Hydrograph separatian 
performed using isotopie tracer (880). 

During the storrn event, the rainwater is slightly acidic (pR = 5.1), very diluted and dominated by 
ammonium, protons, sulfate and nitrate. Concentrations dccrease during the first part of the event. 
During the second part, concentrations were higher (particularly for acid compounds). ThroughfaU is 
more acicüc (pH = 4.6) and more concentrated than open-field precipitation. Streamwater is 
circumneutral (pH between 6 and 6.7); calcium and sulfate dominate the chemical composition as 
previously observed in this catchment{Probst et <1/., 1990). 

According to their concentration beha.viour ,,�th respect to discharge variations in the 
mainstream and in the adjacent tributaries, four groups of chemical parameters could be identified 
during the storm event: 

- parameters for \\·hich the concentrations are highly diJuted with increasing discharge at al!
sampling stations (conductivity, S04, Cl, Na, Ca, Mg and silica); 

- elements for which the concentrations are weakly diluted (K, pH and alkalinity);
- cüssolved organic carbon (DOC) for which the concentration increases ,ùth discharge for ail

sampling stations; and 
- N03 which is diluted during the füst flow and concentrated in the second part of the storm

event. 
The linear mixing diagram between DOC and silica (Fig. 5) exhibits the contribution of two 

obvious end-members to the total streamflow discharge: one is characterized by low silica 
concentrations and high DOC contents and the other by high silica concentrations and low DOC 
contents. The first one corresponds to waters draining the upper layers of the saturated area (RUZS 
pattern) and the second corresponds to waters draining dcep layers of the hillslopes (spring water 
pattern). It is important to note that, as confirmed by mixing diagrams using other major elements, the 
soi! soJution (SS), the open-field rain water (PS) and the throughfall (TF) are not on the mix.ing line_ 
Consequently, they contribute only -very weakly to the chemical c0mposition of the stream water. 

Betause oftheir clearly identified origin and of the good relationship bet\veen concentration and 
discharge, hydrograph separation was performcd using DOC (Fig. 6) and silica. We idcntified two 
contributing areas; the hillslopes and the saturated areas. During this stonn event, the main water 
contribution to the total stream discharge is supplied by the hillslope (75% oftotat stream flow). 
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Figure 6: Hydrograph separation using DOC 
as a chemical tracer. 

Nevertheless, this contribution is slightly low.er during the first period (70%) than during the second one 
(77%). The results obtained using DOC and silica as geochemical tracers are very close and arc 
consistent with those obtained using isotopie tracers. We consider that the major part of the hillslope 
contribution is dominated by pre-event water. 

4. Conclusion

Contrary to many comparable studies where event waters were found to highly influence stream water 
composition, the hydrograph separation of a main storrn in the sm:.11 Strengbach catchrnent presents a 
different pattern of results. 

The hydrological measurements indicate a major contribution of the upper subcatchment 
{upstream source area) to total stream flow. The isotopie tracers ( 180, 1H) point out that the direct
influence of rain water on streamwat,er is very low (2% to 10%). Arnong several measured chemical 
elements, silica and DOC appeared to be the more efficient tracers to identify contributing areas. 
Streamflow hydrochemistry is highly controlled by a mixing of l\vo contributing areas; the hi!Jslope 
(75%) and the saturated area (25%). The simultaneous use of geochemical and isotopie tracers shows 
that pre-event water draining hillslopes was the main contribution to total streamflow. 

This approach combining hydrological, geochemical and isotôpic measurements 1s 
recommended for streamflow component separation in other case studies. 
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