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1 Objective 3. Materiel et Method
This work examines a methodology for hydrograph separation based on high frequency water quality data. The 3.1. Study Zone
hypothesis behind the work is that, at small time scales, data can be considered as the result of the mixing of two
water sources (base flow and runoff), and that provided baseflow can be identified by a “classical” numerical ORACLE/BVRE Orgeval CZO, 42 years of water quality monitoring

‘** Table 2: Summary of the mean values,
: min and max of the chemical elements
studied from the high frequency
measurements

separation procedure, the concentration of each source can be characterized by linear regression

Qp(1) +c Q.(t)
2j
with: Q) el a—
C(t) :Stream water concentration for the time step t (mg/L)

Q,(t) : Quickflow for the time step t (m3/s) Bsalicnr
Q,(t) : Baseflow for the time step t (m?/s)

—

C 1] Avenelles Catchment
Mean Min Max
chloride mg/L 3200 400 40.00
sulfate  Smg/L 2000 400 3200
magnesium  mg/L 9.00 300 11.00

item Unit

Flaw

. i 3 Time —
g(f) :;0t3| f|0Wtf(:r thj t.llme step tt(m /fsih cation basefl n Figure 1: Classical hydrograph Dallywaterqualitymonitoring |~ e 4 sodium  mg/L 13.00 300 17.00
y  Representative daily parameter of the concentration from baseflow (mg/L) separation o Rain water qua " Sub-hourly CRITEX water uality nivates  Nmgll 200 700 180
Cy  :Representative daily parameter of the concentration from quick response runoff (mg/L) & River water quality monitoring @dm  mgl D10 500 16800
v" An iterative process is proposed as follow : * Piezometers X * River-Lab 2 G rinfall  mm/3min 005 000 1701
Assume a value for the Process with Evaluate the Assess the coherence flow /s 07 003 0
parameter of the hydrograph » hydrograph separation » composition of water * of estimated water Figure 2: Orgeval catchment with its corresponding sub-
separation algorithm (several algorithms) sources by regression sources composition catchments (source: Irstea-Antony)

N v Avenelles catchment (46 km?)
2. Hydrograph separation methods

v High-frequency measurements from River Lab [5] (approximately every 30 minutes)

v We used 4 Recursive Digital Filter methods to separate baseflow and quickflow (Table 1) from June 2015 to July 2017
v The four methods were adapted to be dependent on a single parameter T which conditions the recession v Six chemical elements measured (Table 2)
constant o me—f —— — oxp(— E) At :time step (h)
T T : characteristic drainage timescale (h), 3.2. Methodology
Table 1: Summary of hydrograph separation methods used for the study
Baseflow method Alg: rticular descriptors v 4 methods were used to separate baseflow, with a T ranging from 0 to 10 000 h,

Linear Reservoir (LR) _ B=1(l-a)—a ;w=1-11- a,); v To resolve the mixing equation we used a simple linear regression with high
o] Qt+1+T) =a; Q) + QO + wQ(t+1) T=0 (Lag time) frequency measurements at daily time step (i.e. 48 daily points and 780 couple of
values for all the period)
Lyne — Hollick (LH) [2] ) = af(t—1)+ @< )(Q([) Qt—1) f(t) = quickflow; Qy(t) = Q(t) - f(t) v Because of the primary hypothesis of concentration mass balance of the two
sources, we looked for the stability of C;; and C,;, measured using IIQR (relative inter-
Chapman — Maxwell quantile index ) and Pareto front between IIQRC,; and IIQRC;,
(CM) [3] &® =5 Qb(f -1 + Q(f)
Cove—C Cog9 : quantile 99 of C,;;/Cy; (mg/L)
i i 0.99 0.01 .
Eckhardt (EC) [4] o (1= BFlya)a;Qu(t — 1) + (1 — &z )BFlyaxQ(t) BFla = 0.80 (pereqnlal stream with 1IQR(C) = T Coor : quan.tlle 1 of Cyj/Cy(mg/L)
1= a;BFl ey porous aquifer [4]) 050 Co.s0 : median of C;/C;; (mg/L)
2 —= = 2
4. Results : Selection of parameter t and sensibility of the methods 0 ™ g 0
4

~ Each RDF method present one possible solution for the characteristic drainage timescale, whatever the ion
selected, except for Nitrates. -
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» LR and LH method, with chemical calibration give similar characteristic drainage timescale than the Master - &4,
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Recession Curve method (MRC). MRC is a referential hydrological method to calibrate the T [6]. LR and LH do not
have the same sensibility to the T parameter than CM and EC methods. N

N
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Table 3: Optimal values for t found from the Pareto front with IIQRC;; and IIQRC,; values, a values and BFI values corresponding for o ’;’ metiod T
each ions (Note that BFl is the ratio between the sum of the base flows with respect to the total flows) g s §s
| — e
baseflow | best compromise baseflow | best compromise [ h cuw &7 -
ion BFI ion BFI g g
method TIQRC1 TIQRC2 t(h) a method TIQRCI TIQRC2 T (h) @ =5 g FR T ] ettt W“ oo f
Chloride 0.57 1.05 230 0.998 0.74 Chloride 2.02 1.71 2000 1.000 0.44 ) U P
Sulfate 0.74 1.25 230 0.998 0.74 Sulfate 2.05 1.05 2000 1.000 0.44 e | v 1
R esium| 044 0.88 230 | 0998 0.74 & i 227 126 | 2000 | 1.000 | 044 w T ,;f, [ L. =V
Sodium 0.46 113 230 | 0998 0.74 Sodium 2.61 155 | 2000 | 1.000 | 044 " A g W *“‘-.\ o Nwa R e
Nitrate 037 0.80 81 0.994 0.81 Nitrate 1.67 1.52 480 | 0999 | 047 . = H 7 5
Calcium 0.42 0.85 250 0.998 0.74 Calcium 1.21 1.22 760 | 0999 | 047 o o
Chloride 0.57 1.05 230 | 0998 0.74 Chloride | 0.62 1.69 660 | 0999 | 070 2 @ v, ] vw: mww—
Sulfate 074 1.25 230 | 0998 0.74 Sulfate 0.88 1.39 970 | 0999 | 0.68 " . o v o f
L [Magnesiom| 044 0.88 230 | 0998 0.74 - i 046 121 950 | 0999 | 0.68 H
Sodium 0.46 113 230 | 0998 0.74 Sodium 0.58 1.59 660 | 0999 | 070 o5 o5
Nitrate 037 080 81 0.994 0.81 Nitrate 044 1.37 660 | 0999 | 070 et o0 ot e fos 0t et o0 ot oz o ot
Calcium 042 0.85 250 | 0998 0.74 Calcium 044 1.19 660 | 0999 | 070 i i)
Figure 3: Values of IIQR vs T (hours) for Cy; and C,, for the 4 baseflow separation method (LR
LH, CM and EC)
e e " RA Cnaprar el s 5. Conclusions & Perspectives
N T T T T I L T 1 » Hydrograph separation generally assumes that two main sources contribute to the

discharge. It assumes also that a constant value of T can be used for estimation of baseflow
and quickflow.

»  The hypothesis of a conservative mass balance (Ch and Gy stable) was validated by the LR
and LH methods, except for nitrates. Whatever the ion, an unique T parameter can be used
- for each method.

»  The CM and EC method, were significantly different than LR, LH and RMC methods.

- o g' — E' » The behavior of Nitrates is more complex: anthropogenic effect (fertilizers) and
I . N

") biogeochemical cycle.
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Figure 4: Comparison of the baseflow calculated from the optimal t (table 3; orange fill) and the t calculated from the Master Recession Chemical HF data of the River-Lab are issued from an Irstea-IPGP partnership in the framework

Curve method )[4] [6] (black line, calculated with daily mean values of streamflow, source: http://data.datacite.org/10.17180/0BS.ORACLE )

for the 4 recursive digital filtering base flow methods. of the ANR project CRITEX




