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ABSTRACT 
The deltaplains of southern Bangladesh are formed from the Ganges, Brahmaputra, and 
Meghna river networks. The coastal landscape is characterized by tidal mangrove forest and 
agricultural polders. Shallow groundwater in this coastal region is primarily brackish with 
pockets of fresher water. This study examines local groundwater-surface water (GW-SW) 
interactions of fresh and saline water sources. Lithological variations and transects of 
piezometers on Polder 32, representative of the polder landscape, and in the adjacent 
Sundarbans mangrove forest suggest limited tidal channel-aquifer exchange due to low 
permeability of banks and surface sediments. Electromagnetic induction transects suggest 
lateral variability in shallow subsurface conductivity profiles. The subsurface heterogeneity 
limits deductions about differences in GW-SW interaction between the polder and natural 
environments.  

INTRODUCTION 
The Ganges, Brahmaputra, and Meghna river networks carve the low-lying deltaic plains of 
southern Bangladesh. Much of the tidal mangrove forest ecosystem of the lower delta was 
converted to poldered islands that sustain a population of 150 million though shrimp farming 
and rice production (Michael and Voss 2009). Polder inhabitants lack potable water 
resources due to pathogen laden surface water and brackish groundwater. The ubiquitous 
water stress due to polder population growth, arsenic contamination, intense seasonal 
variation in water supply, and climate change has prompted research efforts related to water 
quality and potable drinking water supply. Samples from shallow tube wells suggest 
unpredictable apportioning of freshwater in the brackish aquifers beneath the polders (Ayers 
et al. 2015; Worland et al. 2015). This study investigates groundwater-surface water (GW-
SW) interactions along the sharp interface of natural and anthropogenic landscapes. The 
objectives of this study include (1) assessing the extent of tidal channel and aquifer 
exchange, (2) exploring to possibility of detecting freshwater recharge, (3) evaluating 
differences in GW-SW interactions between the natural and poldered environment.  

Study Area 
We focus on Polder 32 (P32), which is 60 km2, about 30 km south of the city of Khulna and 
about 60 km north of the Bay of Bengal. Southwest Bangladesh experiences a humid, 
biseasonal climate with a dry season from November to May and wet season from June to 
October. The region has a shallow aquifer system contained within the massive Holocene 
floodplains, consisting of poorly developed, immature silt and clay soils that are underlain 
by Himalayan-derived sands of the Pleistocene (Worland et al. 2015).  
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Figure 1. Study sites in southwest Bangladesh on Polder 32 and in the adjacent 
Sundarbans mangrove forest. 

METHODS 
Transects of nested piezometers (near/far from tidal channel at various depths) were installed 
at two sites on Polder 32 and one site in the Sundarbans (Figure 1). Installation was 
completed by percussion drill. Sediment samples were collected every 1.5 m for detection of 
subtle lithological changes. The piezometers were equipped with Schlumberger CTD Divers 
(measuring pressure, temperature, and specific conductivity every 10 minutes) or 
HOBOware U20L (measuring pressure and temperature every 30 minutes) pressure 
transducers from May 2014 to May 2016. Similarly a Schlumberger CTD Diver was 
deployed in the tidal channel adjacent to the eastern margin of Polder 32. Amplitude of 
pressure signals and trends in salinity and temperature were compared among piezometers. 
Hydraulic conductivity and connectivity was explored through pressure lag and attenuation 
as well as slug tests (Bouwer-Rice Method). A 36-hr low-pass filter was used to assess 
seasonal and climatic trends. Temporal patterns were further analyzed using wavelet 
analysis. Shallow piezometers, exposed to the surface, are used to determine irrigation 
patterns and platform inundation frequency. 
 
The shallow aquifer tubewells and three tidal channels were sampled seasonally.  A portable 
Hydrolab 4a measured Eh oxidation-reduction potential, pH, temperature, and specific 
conductivity. Wells were purged and water samples were collected following the procedure 
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outlined by Ayers et al. (2015). Preserved aqueous samples were analyzed for metal cation 
concentrations using Vanderbilt's ICP-OES. Analyses of anions were performed on 
unpreserved samples using an IC. Finally, analyses of organic and inorganic carbon were 
completed on unpreserved samples using TOC. 
 
We explored shallow stratigraphy using a Geophex GEM-2 handheld, multi-frequency 
terrain conductivity meter in multiple transects, recording transmission frequencies of 6030 
Hz, 15030 Hz, 37410 Hz, and 93090 Hz. The electromagnetic induction (EMI) output was 
converted to apparent conductivity using Aeroquest software. 
 
An adaptation of a one-dimensional groundwater flow model (Tasich 2013) was employed to 
analyze the connectivity of the tidal channel and aquifer. The model estimated the range of 
thicknesses and the hydraulic conductivity of the confining unit adjacent to the tidal channel 
as a function of head variations in the horizontal direction due to tidal river fluctuations. We 
calibrated the model with tidal propagation data from Polder 32 and the Sundarbans. Flow 
within the aquifer was described using Darcy’s Law with the tidal boundary fluctuating 
between a maximum and minimum tidal extent.  

RESULTS 
Lithology from boreholes indicates disparity in clay cap thickness and depth to aquifer, 
ranging from depths of 10 to 45 m. Tidal channel CTD captured freshening (35 to 0.5 
mS/cm) during wet season and cooling (31 to 20°C) during winter months. Shallow 
piezometers show similar patterns but more subdued changes in specific conductivity and 
temperature. Piezometer instruments show varying pressure amplitudes and lags, 
uncorrelated with screen depth or distance from tidal channel. The piezometer pressure is 
dominated by the tidal signal and lags are explained by differences in aquifer connectivity 
and asymmetry in the tidal prism around the polder. From the slug tests, we estimate an 
aquifer hydraulic conductivity on the order of 10-3 to 10-4 cm/s. The groundwater model 
predicts a clayey silt confining unit with widths ranging from 2.5- 10 m between the tidal 
channel and aquifer. Several piezometers show a 1°C seasonal change in temperature but no 
trend in specific conductivity.  
 
Highly variable EMI output suggest lateral variation in soil conductivities, which is a 
function of clay content, water content, and salinity. The four frequencies correspond to 
multiple depths. Borehole lithology and salinity readings show relative differences 
corresponding with EMI conductivity results.  

DISCUSSION 
Tidal channel-aquifer exchange is limited as seen by little variation in aquifer salinity and 
temperature over time. Minimal exchange is likely due to the low permeability of tidal 
channel bank and the heterogeneity in aquifer sediments. Randomly distributed salinity 
concentrations suggest variation in depositional history or irregular meteoric recharge. EMI 
surveys revealed lateral variability in conductivity, which may be attributed to thinning of 
the confining unit or the presence of fresher water. However we were unable to locate areas 
of surface water recharge for validation. Piezometers revealed more about the heterogeneity 
of the landscape than any potential difference between the polder and natural environments.  
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