Multi-scale groundwater modelling for the assessment of sustainable borehole yields under drought
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Managing an aquifer as a water resource requires a socially and environmentally acceptable balance to be maintained between supply and A multi-scale methodology has been developed which allows a Radial/\/ / / / / / / / /' The coupled SPIDERR-Z00MQ3D model is applied to a
demand. This relies on being able to quantify the total amount of water that can be extracted from an aquifer without causing any dramatic small-scale radial model of an abstraction borehole, SPIDERR, Grid oo ] ] ] ] supply borehole which is operated by Thames Water Utilities
shortages or risk to the long-term supply. For management purposes, an aquifer may be divided into a series of water resource zones, within to be coupled with the ZO00OMQ3D groundwater modelling code ] Limited. The abstraction borehole is situated in the Chalk
which all resources can be shared and are thus subject to the same risk of supply failure. The total amount of water available from a water (Jackson and Spink, 2004). ARy aquifer of the Thames Basin in southern England. The Chalk is
resource zone can be determined from the sustainable yield of each individual supply borehole within that zone. In SPIDERR, one o more radial grids are embedded within a / / / / / // 1t{hf ?rin(t:)ilpal a(1uifer In Ith(_a Lirlf pTrr(])viding arqund 40% of the i ‘
The sustainable yield of a borehole will be dependent on the antecedent groundwater levels in the aquifer. Water resources managers must single Cartesian grid (Figure 6). The hybrid finite difference / / Otal public water supply In the thames region. ; |
be able to demonstrate a supply-demand balance for both high and low level conditions. However, this becomes more critical during droughts method (Pedrosa Jr and Aziz, 1986) maintains mass balance / / / // / - / Ao Obseed OB Omerved | — b Madeled —08H odeled -
when groundwater levels are at their lowest and demand is likely to be high. Groundwater models can be useful tools in helping to determine across the boundary between the two grids. The outer ol -
the sustainable yield of a borehole, particularly where there is a lack of observed data under severe drought conditions. Cartesian grid allows the SPIDERR model to be easily linked ST 7Z7Z Caresian o
with the Cartesian grid of ZOOMQ3D. / / / / / / ’// / agfif;a
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SPIDERR Flow Model. o x ' ' : Y .
oW VIDAe 10). This model haS.B levels of refinement extent of the Cartesian SPIDERR grid; blue
a 2km and 500m grid over the eastern and boundary marks the extent of the radial
Models can be used to: | | - | o X SPIDERR Flow Model western areas of the model, respectively, SPIDERR grid. The supply borehale is located
1. Reconstruct groundwater level time-series at a supply borehole to investigate the behaviour of the borehole under historic drought e Based on a finite diff L b 70 o o and a 250m grid within the area of interest close to the River Kennet, a major tributary
conditions: ased on a finite ditference approximation to the ZU governing flow equation in : around the supply borehole (Figure 11). of the River Thames.
2. Apply climate change scenarios to investigate the potential impact of changing recharge patterns on sustainable yields; radial coordinates | | | :
3. Test abstraction management practices to determine optimum management strategies for an individual borehole or group of boreholes. . Vemcal_structure represented as a series of layers that are confined, unconfined
or inactive S
y e Specific discharge is based on the Darcy-Forchheimer equation allowing linear Figure 12 Calibration of the SPIDERR The SPIDERR model consists of a 250m resolution Cartesian grid with a 12 slice radial grid at
i and non-linear flow to be simulated model against constant rate and step its centre (Figure 11). The SPIDERR model replaces 7x7 nodes of the ZOOMQ3D model grid and
The issue of scale e Logarithmic refinement in radial dimension drawdown test data. is initially calibrated against pumping test data from the supply borehole (Figure 12).
e Represents borehole storage and seepage face development
The sustainable yield of a borehole is influenced by a number of processes operating over multiple scales. These should be represented in a e Fully or partially penetrating borehole with or without casing R evvico oo v M B —
groundwater model to provide a reliable estimate of the borehole YIe|d . | ° |ncorp0ra’[es abstraction management rules “
Figure 7 Representation of SPIDERR grid. f | A
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* Development of turbulent {non-linear) flow, e Based on a finite difference approximation to the 2D governing flow N N 'fv\\f v A FN\
particularly in fractured aquifers equation in Cartesian coordinates
e Development of a seepage face : : - S
P pag o Vertlca_l structl_Jre re_presented as a series of layers that are confined, Figure 13  SPIDERR and ZOOMQ3D are Figure 14 SPIDERR model reproduces Figure 15 Simulated groundwater levels
_ _ _ _ _ unconfined or inactive consistent at equivalent points on the operational data at the supply borehole. in the supply borehole under different
Factors influencing sustainable yield at the regional e [ncorporates horizontal grid refinement Cartesian grid when coupled through OpenMI. abstraction scenarios.
SfaSlSz:atiaI and temporal variations in recharge e Represents lateral heterogeneity, river-aquifer interaction, spatially and Y
e Vertical and lateral heterogeneity temporally varying recharge The coupled model is then run over the historic simulation period 1971-2012 (Figure 13). The data exchange process through OpenMI ensures
e Discharge to/from rivers or springs (tltlif;tutrf;e1 r3n)ass balance of the two models is the same and the simulated time-series are consistent at equivalent points on the Cartesian grids
e |nterference from other abstraction boreholes Figure 2 River Thames catchment. | _ . .
The SPIDERR model reproduces operational groundwater levels at the supply borehole over the period 2008—2012 (Figure 14). The reconstructed
Figure 8 Representation of ZOOMQ3D grid. time-series prior to 2008 provides an improved understanding of the behaviour of the source under historical drought conditions. Abstraction

scenarios are applied to the coupled model to investigate the behaviour of the source under increasing rates of abstraction (Figure 15). This provides

Figure 2 Processes around : : ) : : .
J more robust data on which to base an estimate of the sustainable yield of the source, particularly under low level or drought conditions.

an abstraction borehole.
Coupled SPIDERR-Z0OMQ3D Groundwater Model

The two models are coupled through the OpenMl interface (Moore et al., 2010). OpenMl is a standard for exchanging data cOnclusions
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S TET™ ety it between models at run-time. The two models, which are coded in different programming languages, have been made OpenMI
i s compliant. They can therefor(_a run_smultaneously Wlthln_ the O_penI\/II framework, exchangln_g data at each time-step. The data e A methodology is presented for simulating abstraction boreholes in regional groundwater models
o T JoB: T * exchange process is summarised in Figure 9. The Cartesian grids of the two models are equivalent in the horizontal but may be e The SPIDERR model represents local-scale features and processes around a borehole
2 i 2R} vertically refined in SPIDERR. This allows a more detailed representation of vertical heterogeneity around the abstraction borehole. . . .
o T . N fé?“"? ° y P Jenety e The SPIDERR model is linked with the ZOOMQ3D groundwater modelling code through OpenMI
ow F AT 0 T e The coupling methodology allows a small-scale borehole model to be linked quickly and easily to an existing regional groundwater model
— By e oy k . X e The coupled SPIDERR-Z00MQ3D model allows operational time-series to be reconstructed to investigate source behaviour during historic droughts
Scemanio | Hoowal /o ario 3 Vertical iy Abstraction Rate . . . . . o )
MEh permenaily VS g permenhily Ter Model Parameterisation e The methodology is applied to a supply borehole in the Chalk aquifer of the UK; this application demonstrates the potential use of the model
_ o _ _ _ _ _ S X for assessing the sustainable yield of supply boreholes, which is essential for effective groundwater management
Figure 4 Radial grid for simulating flow Figure 5 Typical refined Cartesian grid for regional - e Climate scenarios can also be applied to the coupled model to investigate the potential impact of climate change on the sustainable yield of
converging on a borehole. groundwater modelling. supply boreholes
| | OpenMI Interface y
Radial flow models are often used to model the flow to an Groundwater systems are commonly modelled at the regional y P
individual borehole. The radial grid may be refined down to the or catchment scale. Regional models may extend over areas of - . Refe rences
scale of the abstraction borehole (<1 metre) and the model is hundreds of square kilometres. The grid resolution of a regional . Boun(?larv Flows : - ~
nerefore able to resolve the curvature of the solution in the model may therefore be on the order of 10'-10* metres. Boreholes Diffuse and point source recharge / Internal Report. IR/04/140.
icinity of the borehole. The high grid resolution and are assigned to individual nodes and the abstraction rate is sion 2.0). The

these models are not well suited for averaged over a large area. The model is therefore unable to
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