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ABSTRACT 

This paper presents some of the results from the ACC Dar Project, an EU cofunded project, 

leaded by Sapienza, University of Rome in partnership with Ardhi University of Dar Es 

Salam (Tanzania). The aim of the project was to improve the effectiveness of municipal 

initiatives for supporting coastal peri-urban populations in their efforts to adapt to Climate 

Change (CC) impacts, thus contributing to the implementation of the National Adaptation 

Programme of Action (NAPA) of the United Republic of Tanzania. The overall objective of 

this part of the project was to explore the current degree of seawater intrusion into Dar es 

Salaam’s coastal aquifer, and its relationships with climatic conditions and urbanization 

processes, in order to identify the areas of the city with the highest priority for adaptation 

action implementation. Subsequently, saltwater intrusion of coastal aquifers will accelerate 

due to the reduction of groundwater recharge. The objective of this study is (i) to explore the 

current degree of seawater intrusion into Dar es Salaam’s coastal aquifer, and its 

relationships with climatic conditions and urbanization processes, (ii) to identify the 

relationships with environmental parameters, related to climate variability, and 

anthropogenic factors, related to changes in land cover and the population’s water demand. 

Starting from the analysis of a database of more than 400 monitoring boreholes physical – 

chemical analysis results, referred to the period 2001-2010, in 2012 two large specific 

monitoring campaigns have been driven on about 80 monitoring wells, where samples have 

been taken to make laboratory analysis, and three in situ monitoring campaigns on about 35 

boreholes have been carried on to build an updated assessment of seawater intrusion in the 

area under study. Here are presented the results of the elaborations and the interpretation. 

INTRODUCTION 

The use of groundwater resources is increasing due to population rise, economic growth, 

intensified agricultural development, and the loss of surface water due to contamination. 

Climate change impacts the water supply management and groundwater quality in the 

coastal aquifers (Essink et al., 2010). The influence of climate changes on groundwater 

levels and salinity due to sea level rise and changes in precipitation and temperature 

(Kundzewicz et al., 2008). Since saltwater intrusion is directly related to the recharge rate of 

the groundwater, this allows for other factors that may contribute to the encroachment of 

seawater into the freshwater aquifers. The ACC Dar Project aims to improve the 

effectiveness of municipal initiatives for supporting coastal peri-urban populations in their 

efforts to adapt to Climate Change (CC) impacts, thus contributing to the implementation of 

the National Adaptation Programme of Action (NAPA) of the United Republic of Tanzania. 

Starting from a database of physical – chemical analysis results referred to more than 400 

monitoring boreholes, investigated between 2001-2010, in 2012 two large specific 

monitoring campaigns have been driven on about 80 monitoring wells, where samples have 

been taken to make laboratory analysis, and three in situ monitoring campaigns on about 35 

boreholes have been carried on to build an updated assessment of seawater intrusion in the 

area under study, which has a surface of approximately 260 km
2
, 40 km stretch along the 



coastline to the north of the City centre and is bordered to the east by the Indian Ocean. The 

western boundary is the Dar es Salaam Plateau, which rises west of the Ocean along the 

entire study area up to the Pugu Hills. The hydrogeological boundaries are the Mzinga River 

to the South and the Nyakasangwe River to the North. 

 

METHODS 

On the basis of the information gathered during a preliminary phase of recognition of 

historical information, a data collection methodology was defined. That methodology 

consisted of two main activities: collection of historical data from a variety of existing 

sources, and the execution of groundwater monitoring campaigns (June 2012 - January 

2013), in order to compile a set of historical and current data that will be useful when 

evaluating the evolution of seawater intrusion. 

Groundwater monitoring activity 

Given the morphological and geological characteristics of the Dar es Salaam Region, the 

first step was the assessment of the study area in order to design a borehole monitoring 

network. That network includes the coastal sandy plain (Mjema 2007), progressing from the 

Indian Ocean towards inland, and including the entire metropolitan area as well as some 

peri-urban areas (not located in the plateau) within the Kinondoni, Ilala and Temeke 

districts. 

A subset of boreholes located in the study area was chosen for the monitoring network from 

the database of 400 georeferenced boreholes, with consideration for uniformity of spatial 

distribution: the network consists of 79 boreholes, uniformly distributed with a frequency of 

about 1 borehole per 3 km
2
. 

The study area and the boreholes monitoring network are shown in Fig. 1. The monitoring 

procedures consisted in a variety of survey activities depending on temporal scale (long-term 

and monthly surveys) and the type of data to be collected (in situ and laboratory measures). 

 

 
Figure 1 – The study area and the monitoring boreholes network 

 



The monitoring campaigns were performed following the scheme in Table 1. In order to 

manage the large quantity of data collected during the monitoring campaigns and to assure 

its consistency and maintenance over time, a specific relational database for the ACC-Dar 

Borehole Monitoring Network Storage was built in MS Access (ACC-Dar BMD) 

(http://www.planning4adaptation.eu/042_Maps.aspx). 

 

Monitoring campaigns Frequency Data collected 

Long-term monitoring 

activity involving the 

entire borehole network 

(79 boreholes) 

Twice in 6 months: 

- June 2012 (after the 

“long rainy season”) 

- November 2012 (before 

the “short rainy season”) 

SWL measure (using contact 

meters) 

Physical parameters in situ 

measure (using multiparametric 

probes): T, pH, EC, TDS 

Chemical parameters lab 

measure (laboratory analysis of 

collected water sample): Ca++, 

Mg++, Na+, K+, HCO3-, SO4-, 

Cl-, NO3--, F-, NH4+ 

Monthly monitoring activity 

involving a sub-group of the 

borehole network (33 bore-

holes, mainly located in the 

area close to the coastline) 

Monthly: 

- September 2012 

- October 2012 

SWL measure (using contact 

meters) 

Physical parameters in situ 

measure (using multiparametric 

probes): T, pH, EC, TDS 

Table 1 – Scheme of the monitoring campaign driven in 2012 

 

Data Analysis Methods 

In the aim of evaluating the seawater intrusion and its evolution in the last ten years, the 

study has proceeded according to the following steps: 

• Elaboration of distribution maps for various parameters (TDS, Cl, SO4, and EC); 

• Graphical representation in the form of a Piper diagram, in order to distinguish water 

types and identify the most significant groups; 

• Data analysis using Cl-Y diagrams (cross plots) related to the theoretical freshwater-

seawater dilution line; 

• Hydrochemical facies analysis by Stuyfzand (1986, 1993) classification. 

The joint use of these methods allows for the comparison of water samples according to two 

end members (a freshwater and a salt one), involved in the mixing represented by a line. The 

∆ionics, which overlap simple mixing between fresh water and salt water and recognise the 

presence of other salt sources, were calculated in order to qualitatively and quantitatively 

study the processes. 

Once the chemical composition of the two presumptive end-members of mix are defined, the 

cross plots of each constituent vs. chloride will allow comparison of the data with the 

theoretical mixing line. 

RESULTS 

Geological and hydrogeological settings 

The geological setting of the Tanzanian coastal area can be divided into different regions, 

depending on their distinctive tectonic development (Kent et al. 1971). 

In the area of concern, two main geological units are recognized: Quaternary and Neogene. 



 
Figure 2 - A geological cross section of the study area (Msindai, 1988) 

 

Neogene sandstone formations, interbedded with siltstones and mudstones, occupy the 

upland zone south and west of the city centre. Within Neogene formations, several distinct 

varieties are recognizable. Various types of sandstone occupy over three-quarters of the 

region (Msindai 2002). The Quaternary: an upper unconfined sand aquifer and a lower semi-

confined sand aquifer, separated by a clay aquitard. The sediment type for both aquifers 

consists of Quaternary deposits from Pleistocene to the recent age. The recent 

hydrogeological assessment of this area (Mjema 2007) reports that the groundwater active 

recharge of the aquifer is produced, in large part, by coastal plain infiltration. 

 

Present assessment 

First of all, to identify the facies of Dar es Salaam’s coastal groundwater, all samples related 

to the June 2013 campaign have been plotted in a Piper diagram and, generally, all the 

waters are located in the areas corresponding to chlorinate or sulphated facies. The 

distribution of the representative points of the samples on the anionic triangle, facilitated 

differentiation of three groups, corresponding almost exactly to the three districts in the 

study area: Kinondoni, Ilala, and Temeke. 

To understand the relative importance of chlorinated and sulphated facies on overall salt 

content, the respective relationships between these parameters are shown below. In Figure 3, 

TDS is compared with the sum of chlorides and sulphates, revealing a strong linearity among 

the samples represented. It therefore appears that the salinity of a majority of the samples 

depends mainly on Cl and SO4 ions. Despite the possibility that aquifer waters reflect a 

mixing process between three water types, the present hydrochemical study assumed that the 

principal process occurring in the aquifer is the mixing of intruding seawater and freshwater 

that feeds laterally. The main process that takes places in detrital aquifers is the ionic 

exchange, which implicates mostly the major cations Ca, Mg, Na, and K. 
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Figure 3 – TDS vs Cl+SO4 in samples collected in 2012 
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Figure 4 – Ca and Na vs Cl concentration, distinguished by districts 
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Figure 5 – Mg and K vs Cl concentration, distinguished by districts 

 

DISCUSSION AND CONCLUSIONS 

The analysis of the distribution of the samples shows that a small group of them follows the 

conservative mixing line, instead, an important group, taken mainly in the Kinondoni 

district, highlights an enrichment of calcium ions and a depletion of Na, K, and Mg, typical 

of an inverse cation exchange. By plotting the same ratio for single districts, specific sectors 

of the study area can be identified. The Kinondoni group reflects behavior attributable to 

inverse ionic exchange for the following boreholes: KIN01, KIN02, KIN09, KIN010, 

KIN011, in the NE sector; KIN033, KIN037, KIN038, and KIN039 for the SW sector, and 

KIN023 in the SE sector. Sectors affected by seawater intrusion appear to be fewer in Ilala 

and Temeke: samples from ILA002, ILA004, ILA017, ILA009, and ILA011 for the former 

and TEM06, TEM008, TEM009, TEM011 and TEM025 for the latter. For these two groups, 



it is interesting to observe that the first follows the phenomenon observed in Kinondoni, 

while Temeke shows intrusion only along the coast. All sectors affected by seawater 

intrusion are highlighted in the map shown in Figure 6. 

 

Figure 6 – Sectors affected by seawater intrusion 
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