Utah State University

Digital Commons@USU

Publications Utah Water Research Laboratory

5-18-2020

Simulation-Optimization for Conjunctive Water Resources
Management and Optimal Crop Planning in Kushabhadra-
Bhargavi River Delta of Eastern India

Madan K. Jha
Indian Institute of Technology Kharagpur

Richard C. Peralta
Utah State University

Sasmita Sahoo
Indian Institute of Technology Kharagpur

Follow this and additional works at: https://digitalcommons.usu.edu/water_pubs

Cf Part of the Environmental Sciences Commons

Recommended Citation

Jha, M.K;; Peralta, R.C.; Sahoo, S. Simulation-Optimization for Conjunctive Water Resources Management
and Optimal Crop Planning in Kushabhadra-Bhargavi River Delta of Eastern India. Int. J. Environ. Res.
Public Health 2020, 17, 3521. https://doi.org/10.3390/ijerph17103521

This Article is brought to you for free and open access by
the Utah Water Research Laboratory at

DigitalCommons@USU. It has been accepted for /[x\

inclusion in Publications by an authorized administrator /\

of DigitalCommons@USU. For more information, please (l .,)m_ UtahStateUniversity
contact digitalcommons@usu.edu. /'g;m MERRILL-CAZIER LIBRARY


http://library.usu.edu/










Int. ]. Environ. Res. Public Health 2020, 17, 3521

4 0f 20

(a) 85'55'E 86'1°E 86'6'E
[F20°20'N
20°20"N+ A
N N
1 Legend
@ Rainfall Station
4. River-gauging Station
® Observation Well (Aquifer-1)
+ Observation Well (Aquifer-2) Lot 10'n
20°10' N \~~River
@ Water Body
Study Area |
1 =
&
e g
Arabian H l a
Sea 2 H [-20°00'N
2000 N+ 4 H
@ :
F19°S0'N
19*50° N4 0 4km
85'S0'E 85'S5'E 86'1°E 86'6'E
(b) N
e
S
Legend

@& Pumping Well (Aquifer-1&2)
4 Pumping Well (Aquifer-2)
@ Pumping Well (Aquifer-1)

O Pumping Test Site

Figure 1. (a) Location of the study area with rainfall stations, river gauging stations and observation

wells; and (b) pumping wells in the unconfined aquifer (Aquifer-1) and confined aquifer (Aquifer-2)

(modified from [62]).
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2.2. Integrated Simulation-Optimization Framework

2.2.1. Overview

The presented integrated Simulation-Optimization methodology involves three computer models.
First, to enable predicting system response to changes in groundwater extraction is a Groundwater
Simulation Model (GSM). GSM provides the initial aquifer heads that exist, and the ability to quantify
head response to abstraction. Working with GSM, the Simulation-Optimization Groundwater Model
(S-OGM) develops surrogate simulators of head response to pumping, and then computes the spatially
distributed maximum groundwater extraction rates that will not cause saltwater intrusion from the
ocean. The soil and water Resource Optimization Module (ROM) uses those extraction rates as the
upper limits on groundwater abstraction while computing optimal cropping patterns and strategies
for the conjunctive of groundwater and surface water. Subsequent sub-sections provide more details.

2.2.2. Groundwater Simulation Model (GSM)

Figure 2 depicts a cross section of the study area. To simulate flow, this study employed the
calibrated MODFLOW-2005 groundwater simulation model reported previously [62]. The top-most
aquifer layer (Aquifer-1) is unconfined and underlain by a leaky confining layer. Inmediately below the
confining layer is the confined Aquifer-2 layer, the major source of groundwater in the area. Aquifer-2
has thickness varying from 3.1 to 80.3 m and is underlain by impermeable clay or bedrock.
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Figure 2. Conceptual model of the study area at B-B’ cross-section (adapted from [62]).

Initial estimates of aquifer parameter values came from pumping-test data of 15 sites [64], and
other sources [62]. Model calibration and validation targets included observed groundwater-levels at
24 sites from 1997 to 2006, and 2007-2011, respectively Ref. [62]. The resulting calibrated and validated
parameters are the hydraulic conductivity of Aquifer-1 and Aquifer-2, vertical hydraulic conductivity
of the leaky confining layer, specific yield of Aquifer-1, storativity of Aquifer-2, groundwater pumping,
and aquifer recharge. Ref. [62] provides details of model calibration, validation, and sensitivity analysis.

This MODFLOW-2005 implementation enabled the prediction of aquifer head response to
groundwater abstraction. The MODFLOW-2005 model supported the development of Optimization
Model-1 discussed next.

2.2.3. Simulation-Optimization Groundwater Model (S-OGM)

The goal of this model was to mathematically determine, for agriculturally productive weather
seasons, sets of spatially distributed simultaneous maximum groundwater pumping rates that could
be extracted from existing wells without causing undesirable consequences. Figure 3 shows the general



