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 It is common for water agencies to schedule groundwater extraction through a temporal sequence of

pumping rates to maximize the benefits to anthropogenic activities and minimize the environmental footprint

of the withdrawal operations.

 The temporal variability in pumping rates and aquifer heterogeneity affect dilution rates of contaminant

plumes and chemical concentration breakthrough curves (BTCs) at the well.

 Contaminant transport under steady-state pumping is widely studied but the manner in which a given time-

varying pumping schedule affects contaminant plume behavior is tackled only marginally (e.g. [1]).

 Most studies focus on the impact of Gaussian random hydraulic conductivity (𝐾) fields on transport.

 We systematically analyze the significance of the random space function (RSF) model characterizing 𝐾 in

the presence of distinct pumping operations on the uncertainty of the concentration BTC at the operating

well.

 We juxtapose Monte Carlo based numerical results associated with two models: (a) a recently proposed

Generalized Sub-Gaussian model which allows capturing non-Gaussian statistical scaling features of RSFs

such as hydraulic conductivity, and (b) the commonly used Gaussian field approximation.

 Our novel results include an appraisal of the coupled effect of (a) the model employed to depict the random

spatial variability of 𝐾 and (b) transient flow regime, as induced by a temporally varying pumping schedule,

on the concentration BTC at the operating well.

 Results contribute to determine conditions under which any of these two key factors prevails on the other.

I. Motivation

V. Conclusions Remarks

IV. Numerical Results

SASA

III. Geostatistical models

𝑮 𝒙 : stationary Gaussian function (truncated fractional 

Brownian motion and characterized by truncated power 

variogram) 

Subordinator 𝑼(𝒙): function, independent of 𝐺 𝒙 , of i.i.d. 

non-negative values at points x, lognormally distributed 

according to lnN(0, 2 − α 2 )

𝒀𝑺𝑮 𝒙 = 𝑼 𝒙 𝑮 𝒙

α 2 α=1.2 α=1.5 α=1.8

𝒀𝑮 𝒙 = 𝑮 𝒙

Sub-Gaussian 𝒀 𝒙 = 𝐥𝐧(𝐊)Gaussian 𝒀 𝒙 = 𝐥𝐧(𝐊)

a. Concentration mean and variance at the well b. Statistics of Cmax vs α

d. Probabilistic Risk Analysis

c. CDF of the maximum concentration (Cmax)

 𝐶 and 𝑉𝑎𝑟[𝐶] increase for Sub-Gaussian 𝑌 𝒙 (especially when Q varies with time)

 𝐶 and 𝑉𝑎𝑟[𝐶] tend to increase for Gaussian 𝑌 𝒙 for small times. The opposite occurs at large times

 𝐶𝑚𝑎𝑥 and 𝑉𝑎𝑟[𝐶𝑚𝑎𝑥] increase for Sub-Gaussian 𝑌 𝒙
 𝐶𝑚𝑎𝑥 and 𝑉𝑎𝑟[𝐶𝑚𝑎𝑥] increase under variable pumping

Variable pumping enhances the differences between 𝐶𝑚𝑎𝑥 and 𝑉𝑎𝑟[𝐶𝑚𝑎𝑥] of Gaussian and non-Gaussian 𝑌 𝒙
The CDF of 𝐶𝑚𝑎𝑥 has different slopes for different α values and for different pumping schemes (constant or transient)

The range of 𝐶𝑚𝑎𝑥 values increases under variable pumping  

Risk of concentration exceedance increases for Sub-Gaussian 𝑌 𝒙

𝒀𝑮 = 𝒀𝑺𝑮 𝝈𝟐𝑮 = 𝝈𝟐𝑺𝑮 𝑰𝑮 = 𝑰𝑺𝑮In our study:

 Instantaneous contaminant release in a 2D confined aquifer

characterized by heterogeneous and isotropic hydraulic

conductivity (𝐾) field.

 Analysis of Gaussian and non-Gaussian hydraulic conductivity

fields (𝑌 𝑥 = ln(𝐾)).
 Contaminant concentration (𝐶) measured at the pumping well,

subject to a constant or transient pumping regime 𝑄𝑤 𝑡 . The

same volume of water is extracted with the two pumping

strategies.

II. Problem Set-Up & Methodology

Groundwater flow and contaminant transport are respectively

solved numerically through MODFLOW and MT3DMS within the

Monte Carlo framework. More details, see Ref. [1].

Covariance model, variance and integral scale
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