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Within-bank river model (M3): Time series of rain and river data (no floodplain inundation),
Base river model (M4): Time series of rain and constant river data (no inundation and base flow only).

Table 2 shows how the rise of groundwater levels from different models is used to identify three different
forms of floodplain recharge; i.e. lateral recharge, vertical inundated recharge and rainfall recharge. The

Table 2: Computation of different recharge

Table 3: List of scenarios modelled

difference of the groundwater level rising limb
(from pre-flood groundwater levels) between M3
and M4 models gives the lateral recharge from
rising river stages during flood events. Similarly, the
difference between M1 and M3 models give the
vertical recharge from flooded areas. M2 models
does not have any rainfall component, hence rise of
groundwater levels from this model is showing total
flood recharge. Rainfall recharge can be computed from the groundwater level variations from M4 models
(i.e. no floodplain inundation and constant low river levels). This method is simplistic for handling the
complex overbank flood recharge processes but provides a first order assessment of the different forms of
overbank flood recharge. Table 3 lists the modelled scenarios that include varying the following parameters;
saturated hydraulic conductivity variations (Kaquiter), floodplain slope (i), clogging over the floodplain
(Kfioodptain) and different flood properties.

3. RESULTS

aquifer conductivity, Kaoodptain/Kaguifer

Different forms of recharge | Computation methods Sensitivity parameter Variations in  different
Vertical (inundated) recharge | M1 gwl rise - M3 gwl rise models

Lateral recharge M3 gwl rise - M4 gwl rise Aquifer saturated hydraulic | Gravel, sand, loamy sand,
Rainfall recharge M4 gwl rise conductivity, K loam, clay

flood recharge M2 gwl rise Ratio of floodplain conductivity to | 1,0.1,0.01, 0.001, 0.0001

Floodplain slope, i (positive when
river at lower elevation)

-0.003, -0.001, 0, 0.001, 0.003

Overbank flood Properties Variations in flood
properties
Flood depth (m) 2mto6m

Flood discharge (cumecs)

250 cumecs to 861 cumecs

Overbank duration (days)

1 day- 4 days

Flood intervals (weeks)

2 weeks -727 weeks

The results of the simulation of the large flood of 1975 (ARI = 40 years) are presented. It is representative of
the wider results and was derived from a model with an aquifer hydraulic conductivity, Kaquiter = 1.75 m/d,
floodplain slope (river at lower elevation) = 0.001and Kgodplain/ Kaquifer = 1. During the 1975 flood the extent
of inundation from the simulations was up to 2050 m from the river.

To show groundwater responses to the modelled scenario, groundwater hydrographs at four different
distances from the river are shown in Figure 3. Rising stage in the river during the flood causes steep

(a) Inundated bore close to river
(located at S0m from river)

(b) Inundated bore at lateral recharge
zone (at 200m from river)
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Figure 3. Groundwater hydrographs at different distances from

river.

ridging at the closest locations to
the river. As the flood recedes, the
river receives discharge from the
adjacent higher head aquifer as
return flow. M1 and M2 models
show similar groundwater rise at
50 m from the river (Figure 3(a)),
indicating that rainfall has little
effect in this zone of lateral
recharge. However, the M2 (no
rain) model shows lower
groundwater levels at both 200 m
(Figure 3(b)) and 1500 m from
the river (Figure 3(c)) (both
distances were inundated in 1975
flood) and fails to produce any
recharge at 3000 m from river
(Figure 3(d)) (not inundated in
1975 flood). The  lower

groundwater levels of M2 prior to the flood infers that during low flow conditions, the groundwater storage is
not replenished by local rainfall, resulting in lower pre-flood groundwater heads than in the M1 model. The
lower overall groundwater storage across the 1975 flood in the M2 model (most accentuated at distances
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>200 m from the river) is likely due to the lower initial groundwater heads but also the previously dry soil
store may capture more of the vertical flood infiltration from the inundated areas. Exclusion of floodplain
inundation from the M3 model reduces groundwater level fluctuations compared to the M1 model at all
distances from the river. The differences of groundwater level rises in between M2 and M3 models are
significant only at the vertical recharge zone (shown for 1500 m from river in Figure 3(c)). M4 model fails to
show significant amount of groundwater fluctuation from rainfall recharge, compared to flood recharge,
except at the furthest distance from the river (3000 m).

prrmem— P——— F.igure 4 shows the. three different forms of recharge at
0s N different times during and after the flood event. At the
E os & flood peak, because of the steep hydraulic gradient
§ L :§ 0 e S between river and adjacent aquifer, only lateral
o o o | ’ Distance ,:;Oﬁ‘,, o recharge occurs near to the river. After the flood peak,
AU_\.HM"’;""'“.L‘,’,:Q‘" cwag | ——Veticsl R——Lateral R—Rain R lateral recharge propagates across the floodplain and a
At the end of fload 30 daye siter Bood ends mound from vertical inundation recharge also forms.
= _ ‘ Rainfall recharge is not significant compared to the
_§ l S g 1 /\(\ other two forms of recharge.
S S I P o i Dimensionless plots of the ratio of the groundwater
L e e level rise to the flood depth vs. the ratio of the
- - — ~ — distances from river to the extent of inundation are
Figure 4. Different forms of recharge during shown in Figure 5. It shows the extent and magnitude
1975 overbank flood. of different forms of recharge. Lateral recharge from

increasing river stages influences groundwater levels

from near to the river to 80% of the extent of floodplain inundation and the lateral recharge ranges between
40-60% of the flood depth within 10-30% of the inundation extent. Vertical recharge from floodplain
inundation becomes measurable at 40-50% of the inundated distance, ceases close to the end of the inundated
distance and reaches a maximum (25-35% of flood depth) within 70-80% of the inundated distance. Rainfall
recharge at any distance from the river is found not to be significant during the large flood periods. Overall,
during large floods like 1975, the closest 40-60% of the inundated area from river was dominated by lateral
recharge, whereas vertical recharge was

S R R N s important for the remaining inundated
8 Gz L I sections. For the floodplain, 40-80% of the
§§ 0.2 W\ §§ 0z [\(\ inundated areas experience mixtures of lateral
oo AN T A ——— recharge and vertical recharge from overbank
5 020 1 2 3% 020 1 2 3 floods. Beyond the inundated regions, 10-15%
® Diecesanriver B € nndsion | Dl amrine Basesot i of the flood extent is influenced by the vertical
— VetalR ——LinIR —— Rk ——VatialR ——LnlR Rk inundation recharge, probably due to lateral

groundwater flow from the mound. The distal
Figure 5. Dimensionless recharges during overbank flood.  dry floodplain sections only receive diffuse
rainfall recharge.

To explore the influence of the model parameterization on the identified fluxes, Figure 6 shows the
volumetric recharge as a function of the aquifer hydraulic conductivity, Kaquifer, floodplain slope and ratio of
the floodplain to aquifer conductivity. Importantly, the recharge volume was the integral of the recharge over
the extent and duration of the flood. While one parameter is changing, the other parameters are set as default
parameters.

With regard to aquifer conductivity, Figure 6(a) shows that lateral recharge remains the dominant flux.
However, when Kaquiter > 32 m/d, lateral recharge is no longer the dominant mechanism. This is likely to be
due to the high vertical aquifer hydraulic conductivity allowing greater vertical recharge during the period of
inundation. This increases the recharge mound and reduces the hydraulic gradient between the river and
aquifer, which then reduces the lateral recharge.
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Figure 6. Recharge volume vs. (a) Kaquiter (b) floodplain slope (¢) Kioodptain/ Kaquier-

With regard to the floodplain slope, Figure 6(b) shows that lateral recharge is the dominant flux for a positive
and negative slope. When the slope is positive, lateral recharge remains a dominant mechanism even at a
slope of 0.003. Additionally, vertical recharge is only a notable flux when the slope is modest. The flat model
(with slope=0) is found as the most effective river-aquifer setting for producing the greatest amount of
recharge in any form (both lateral recharge and vertical recharge).

Figure 6(c) explores the significance of floodplain clogging by quantifying the fluxes against the ratio of
floodplain to aquifer conductivity. It shows that lateral recharge is the dominant flux, explaining most of the
total recharge. However, when the ratio is >0.1, vertical recharge increases, which most likely explains the
corresponding reduction in lateral recharge.

4. DISCUSSION AND CONCLUSIONS

To understand overbank flood recharge processes, alluvial groundwater responses are characterized in this
synthetic study. Three different forms of floodplain recharge are lateral recharge from the channel, vertical
recharge from the inundated floodplain and rainfall recharge. During overbank flood events, lateral recharge
is the dominant mechanism when aquifer transmissivity is low to moderate, after which vertical recharge
becomes significant. Rainfall recharge is not significant compared to the other two forms of recharge.

While the relationship between different overbank flood recharge
processes is nonlinear to some degree, in estimating the overbank
recharge contribution, we assume linearity. To separate different
forms of overbank flood recharges, we have developed an approach
that compares groundwater level rises from four different sets of

h— - models (M1, M2, M3 and M4). To test the assumption of linearity
-1 2 ' 2000 i 4000 among the complex overbank flood recharge processes, we
Distance from river (m) computed overbank flood recharge in two ways: one is from the
difference of groundwater level rises from M1 (rain + flood) and

Figure 7. Overbank flood recharge M4 (rain but no flood) models and the other one is from the
computed by two different ways. groundwater level rises in M2 model (flood but no rain). When
these two sets of flood recharges are compared in Figure 7 (outputs from model with default parameters),
significant difference of recharge amount can be seen in high recharge areas. This infers that the applied
method might be too simple for handling the complex overbank flood recharge processes especially in
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Overbank flood recharge
(m)

inundated areas that experience mixtures of lateral recharge and vertical o

recharge from overbank floods and provides only a first order assessment of |E , |

the different forms of overbank flood recharge. ?E 20 _/_ S —

Figure 8 shows the application of this method to decompose a groundwater ““:33 29 1 e

hydrograph at 1000 m from the river (outputs from model with default |2 28 ‘ ‘
o ; . 2 10/6/1975  10/16/1975  10/26/1975

parameters) based on the contributions from different recharge mechanisms |3 Vertical R Lateral R

during 1975 flood periods. A key challenge for the time series approach is Rainfall R Total

the validation of the component separation. The findings from this synthetic

study will be used for the development and validation of the time series Figure 8. Decomposition of

models for separating overbank flood recharge from rainfall recharge. groundwater hydrographs

ACKNOWLEDGMENTS

Thanks to DHI for providing Labkit student license for this PhD research. We would also like to thank The
University of Melbourne for providing the Melbourne International Research Scholarships (MIRS) and The

2246



Silwati et al., A synthetic study to characterize alluvial groundwater responses to overbank flood recharge

Melbourne International Fee Remission Scholarship (MIFRS) for funding this program. Special thanks to
Schlumberger Foundation Faculty for Future Program for providing partial award to support this work.

REFERENCES

Doble, R.C., Crosbie, R.S., Smerdon, B.D. Peeters, L. and Cook, F.J. (2012). Groundwater recharge from
overbank floods. Water Resources Research, 48, (W09522).

Van Genuchten, M.T. (1980). A closed form equation for predicting the hydraulic conductivity of
unsaturated soils. Contribution from AR-SEA, USDA, Riverside, CA92501, 892-898.

Goswami, M.D. (2007). Mathematical model on flow regime and water harvesting in inundation plains.
Journal of the American Water Resources Association, 43, 588-593.

Jolly, 1.D., Walker, G.R. and Narayan, K.A. (1994). Floodwater recharge processes in the Chowilla
Anabranch system. Australian Journal of Soil Research, 32, 417-35.

King, A.C., Raiber, M., Cendon, D.I., Cox, M.E., Hollins, S.E. (2015). Identifying flood recharge and inter-
aquifer connectivity using multiple isotopes in subtropical Australia. Hydrology and Earth System
Sciences, 19, 2315-2335.

Khan, S., Ahmed, A., Wang, B. (2007). Quantifying rainfall and flooding impacts on groundwater levels in
irrigation areas: GIS approach. Journal of Irrigation and Drainage Engineering. 133, 359-367.

Loddon River Environmental Flows Scientific Panel, 2002. Unpublished Report to the North Central
Catchment Management Authority and Department of Natural Resources and Environment.
Environmental Flow Determination of the Loddon River Catchment: Final Report.

Peterson, T.J., Western, A.W. (2014). Nonlinear time-series modeling of unconfined groundwater head.
Water Resources Research, 50, 8330-8355.

Rawls, W.J., Brakensiek, D.L., Saxton, K.E. (1982). Estimation of soil water properties. Transactions of the
ASAE 25 (5), 1316-1320.

Refsgaard, J.C., Storm, B. (1995). Computer Models of Watershed Hydrology. Water Resources
Publications, Englewood, USA, pp. 809-846.

Shapoori, V., Peterson, T.J., Western, A.W., Costelloe, J.F. (2015a). Decomposing groundwater head
variations into meteorological and pumping components: a synthetic study. Hydrogeology Journal.

Shapoori, V., Peterson, T.J., Western, A.W., Costelloe, J.F. (2015b). Top-down groundwater hydrograph
time-series modeling for climate-pumping decomposition. Hydrogeology Journal, 23, 819-836.

Van Genuchten, M.T. (1980). A closed form equation for predicting the hydraulic conductivity of
unsaturated soils. Contribution from AR-SEA, USDA, Riverside, CA92501, 892-898.

Wolsky, P., Sevenije, H. H. G. (2006). Dynamics of floodplain-island groundwater flow in the Okavango
Delta, Botswana. Journal of Hydrology 320, 283-301.

Workman, S.R. and Serrano, S.E. (1999). Recharge to alluvial valley aquifers from overbank flow and excess
infiltration. Journal of the American Water Resources Association, 35 (2), 425-432.

Holland, K.L., Turnadge, C.J., Nicol, J.M., Gehrig, S.L. and Strawbridge, A.D. (2013). Floodplain response
and recovery: comparison between natural and artificial floods, Goyder Institute for Water Research
Technical Report Series No.13/4, Adelaide, South Australia.

Vekerdy, Z. and Meijerink, A.M.J. (1998). Statistical and analytical study of the propagation of flood-
induced groundwater rise in an alluvial aquifer. Journal of Hydrology, 205, 112-125.

2247





