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Blending between desalinated water and other sources
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ABSTRACT

Desalinization may be a crucial component in solving the water resource development of coastal areas.
The possibility to detect useful systems to correct and balance water quality needs, as necessary for
the intended users, has been a fundamental target of recent desalination projects. Other sources may
be locally available and can be retained as a complement to decrease the production cost and to cor-
rect the water quality parameters as per the WHO requirements. In coastal areas were groundwater
of lower quality may be available, blending two or more sources are the winning solution. However,
blending needs constant monitoring and continuous adjustments of proportions in the final mix. In
order to meet this target, the operators need a decisional tool that enables the correct blending between
different water sources. A simple but comprehensive blending tool, integrated by a hydrogeologi-
cal dynamic verification tool for a better management of the overall system, was developed by Lotti
Ingegneria, Italy. The blending tool, with methodological approach is reported herein, is an operational
instrument aimed at calculating the chemical parameters concentration at blending reservoir level, on
the basis of input and control data, by warming as well as in case of possible critical situations. The
tool is based on a groundwater database spreadsheet described in terms of actual and target quality
parameters and blending points (blending reservoirs) where the blending will be between desalinated
water and other water sources. It was developed to be interfaced with supervisory control and data
acquisition and allows easy monitoring and prompt evaluation of corrective actions as needed. Water
obtained by a desalination process is extremely low in terms of salt concentration, for this reason it is
necessary to pay attention to the aggressiveness and the taste of tap water. The solution to improve the
flavor of tap water is blending desalinated water with available local water sources.
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1. Blending between desalinated water and other resources

In the arid areas where the freshwater sources are non-
plenty to satisfy the human needs the blending with desalted
water become one of the main tool to supply safe waters to
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their inhabitants [1,2]. In the Gaza strip the lack of freshwater
and the increase of population caused an overexploitation of
groundwater allowing the pollution by seawater intrusion in
many areas of the country [3,4].

Furthermore water obtained by a desalination process is
extremely low in terms of salt concentration, for this reason
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Fig. 1. Blending tool — flowchart.

it is necessary to pay attention to the aggressiveness and the
taste of tap water [5].

One of the solution to improve the flavor of tap water
is blending desalinated water with available local freshwater
sources [6,7].

In order to meet the targets, the contribution of the dif-
ferent and blending forecast must be calculated at reservoir
level, providing the requested detailed data needed for the
hydraulic analysis performances for conveying to the blend-
ing reservoirs the water designing dedicated transmission
pipes. In particular, for each reservoir the final concentration
of chloride (or other chemical parameters) in output must be
evaluated in order to comply the standard limits of chloride,
nitrate and other critical parameters concentration indicated
by the World Health Organization (WHO) [8]. To achieve this
goal the “blending tool” was designed.

The blending tool is an operational instrument aimed at
calculating the chemical parameters concentration at reser-
voir level, on the base of input and control data, by warming
as well as in the case of possible critical situations.

Summarizing by steps the operating principles of the
tool, in Fig. 1 is shown in the flowchart related to the blend-
ing tool.

The following input and output data can be pointed
out:

(a) Input data:
> Total water production
> Allocated water demand at reservoir level

> Selection of the wells which are included in the sys-
tem on the basis of the hydrogeological study
> Projections of chloride (or other chemical parame-
ters) concentration for all the wells included in the
system
Water well production forecast
Water production from all the sources at reservoir
level
(b) Processing:
> Calculation of desalinated water needed
> Calculation of chloride (or other parameters) con-
centration related to the blended water at reservoir
level
e Verification 1:
- Are the reservoir water demands satisfied?
o Yes: end of the verification
o No: adjustment of water well production
required at reservoir level
e Verification 2:

— Are blending reservoir chloride (or other
chemical parameters) concentration limits
satisfied?

o Yes: end of verification
o No: adjustment of water well production
required at reservoir level
(c) Output data:
> Parameters for hydraulic model related to water
needed from the different sources at reservoir level
> Quality of blended water at reservoirs level

>
>
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2. Method of calculation

Once completed the input process, the blending tool
performs automatically the calculation of water needed
from desalination plants in order to comply with the total
water production and blending chloride (or other param-
eters) concentration at reservoirs level. The desalinated
water came out from the following equation calculated at
reservoirs level:

Desalinated water = Total water production
— Other sources — Water wells production

The quantity of waters from each source has to be taken
into account to evaluate the final quality of waters in terms of
chloride and nitrate following the WHO indications [4]. The
blending will be done into the reservoirs, where water from
different sources will be mixed.

For the different scenarios, it has to be considered different
amount of waters, to lead the aims to rationalize and optimize
the water wells abstractions. Thus, depending on the source
used, also the concentration of chloride in output would be
changing. On the basis of the water provided by each avail-
able source at reservoirs level, the quality of blended water
has to be analyzed taking into account the water quality of the
groundwater resources as well as by other available sources.

The final chloride concentration of the blended water at
reservoirs level is calculated considering the molar ratios of
several sources involved in the blending [9].

The formula applied to calculate the blending chlo-
ride concentration [9] is shown in the following equation.
Moreover, the standard deviation by final concentration is
calculated for each reservoir or group of reservoirs.

Vsource, x Csource
Cl (mg/L) output concentration = E( - ) *
Total V

where Cl: chloride; V: volume in MC/d; C: concentration in
mg/L; SD: standard deviation of molar ratios.

It can be noted that several water sources are conveyed
in each reservoir and this can be used as a dynamic system.
In other words, the output chloride concentration is depen-
dent by the initial concentration of every source used, thus
can be calibrated by changing the amount of each source
in input the final concentration. Moreover, it is important
to stress that the strength of this tool is the ability to do
continuous and constant monitoring activity. Should one or
more sources in arrival to the reservoir show sign of wors-
ening parameters, a quick correcting action can be done at
once.

3. Verification of conditions and alert

As shown in the Fig. 2, the blending tool is devised for
making verification automatically at two main levels:

® Satisfaction of required water demand at reservoir level;
e Satisfaction of chloride (or other parameters) require-
ments at reservoir level.

If both requirements were satisfied, the outputs of the
blending tool could be input in the hydraulic model.

If one of or both requirements were not satisfied, there
is a need for some adjustment of water well production
required at reservoir level through sound hydrogeological
approach [9,10].

Breakdown Structure of the Blending tool
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Fig. 2. Blending tool — verification of condition of alert.
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Chloride (or other parameters) concentration projections
are updated automatically by the blending tool, once inte-
grated new WQ data.

Water well production forecast will be updated manually
through sound approach depending on the warning raised
by the blending tool.

Once verified the results at reservoirs level, the blending
tool will be able to provide with the needed input for hydrau-
lic modeling;:

e Desalinated water needed at reservoir level;
® Quality of blended water at reservoirs level.

4. Management of the system — hydrogeological dynamic
verification tool

The “Hydrogeological Dynamic Verification Tool” was
devised as a comprehensive instrument of support to the
groundwater production planning [11] and subsequent
groundwater balance control [12] through a continuous
updating and verification of results on the basis of the moni-
toring program [13,14].

The main purposes of this tool are:

* Automatically providing warning for measure values
mismatching with the predictions;

* Automatically providing warning in case of the updated
predictions mismatches with the current projections;

* Automatically providing warning for unexpected and
unforeseen trend of the behavior of the aquifer;
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e Supporting the decision-makers in planning future
scenarios.

Fig. 3 shows the flowchart related to the hydrogeological
dynamic verification tool.

5. GIS integration with the Tools

The blending tool is designed to be embedded in GIS
and to run interactively with the spatial data and their attri-
butes. However, the experience of integrating the blending
tool with GIS reveal some issues that has to be accounted for.
Using such a tool requires a comprehensive spatial database
that involves the water resources in addition to the associ-
ated assets. The tool must involve a precheck of the data
completeness prior to running the analysis. All null data or
unlinked tables/entities shall be identified for intervention.
Furthermore, the structure of the spatial database has to be
designed to accommodate any futuristic development of the
water system and any changes in the status or characteristics
of different assets; and to maintain the service of data entry
by different firms. In addition, the structure of the geodata-
base was redesigned according to the blending tool require-
ments to consider the emerging data and relations when
applying the blending tool.

The use of GIS adds the privilege of utilizing the
“location” characteristics of the entities. Additionally, it pro-
vides a direct utilization of the data as they are updated by
different stakeholders. Topological analysis is used in order
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Fig. 3. Hydrogeological dynamic verification tool — flowchart.
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Fig. 4. GIS-based blending tool.

to update the demand at the reservoirs level. The demand
is updated according to the attributes of the administrative
maps, which include the population of each distribution
zone. The record of the groundwater quality at the pump-
ing and monitoring wells is updated regularly in the geo-
database. The tool is flexible with regards to the changes
in the operational schemes since they are governed by the
built-in relations that governed the geodatabase structure.
Furthermore, any changes in the status of the system com-
ponents are detected at the beginning of the analysis process.

The blending tool would be part of the analysis process
of the GIS-based decision-making cycle, as shown in Fig. 4.
The analysis processes are conducted through GIS models.
These GIS models involve the blending tool (including the
blending verification tool), and the hydrogeological dynamic
verification tool. These two tools are strictly interconnected
with each other and interact with the hydraulic model. The
tools are programmed according to the flowcharts that were
elaborated in previous sections. Warnings will be raised
once, any unbalanced water budget is detected, or any qual-
ity standards are violated [15]. The entities that require inter-
vention will be highlighted on the map in order to facilitate
amendments of the operational schemes.

Despite that the graphical user interface was simplified
as possible, the blending tool that described by the current
paper was designed to be used by water resources experts
who have basic knowledge with GIS. The tool will be used
to examine different management scenarios in order to
achieve the best operational schemes, which is mainly gov-
erned by the experience in the field. The results of the analy-
sis and calculations performed through the hydrogeological
dynamic verification tool are then reported to the deci-
sion-makers for implanting the potential mitigation actions
as required [16-18]. The final results will be used to amend
the parameters used for the hydraulic model.

Albeit the team achieved a very important result, there
is still a great opportunity for developing the blending tool
in the future. Using GIS allows for integration with data
from other sectors, and to examine other governing param-
eters, such as energy, spatial expansion of urbanization, etc.
Furthermore, the use of GIS helps adopting other techniques

Retrieval

Dynamic Hydrological

Blending Tool Verification Tool

for decision-making with regards to the required interven-
tion. For example, the blending tool can be integrated with a
hydrogeological model [12,19] or adopt mathematical mod-
eling for decision-making [20]. Such integrations are recom-
mended for future research.

6. Conclusions

In those difficult environments, characterized by short-
age of water resources, energy, affordability, the leader vari-
ables of the system are those related to the water quality and
provision of an equity service. In order to make the man-
agement of the system sustainable, blending two or more
sources are the winning solution in order to satisfy demand
with affordable tariffs.

The constant monitoring of the blended water along the
bulk water supply system and in all water distribution net-
works is a necessary requirement to ensure a correct man-
agement of water quality. The blending tool is an easy and
flexible interface to ensure the correct management.

The targets of the monitoring are not only to record a spe-
cific number or concentration but can be read as a suggestion
to operate with a good practice to prevent the worsening of
the water quality related to existing available groundwater
source.

References

[1] N. Ghaffour, TM. Missimer, G.L. Amy, Technical review and
evaluation of the economics of water desalination: current
and future challenges for better water supply sustainability,
Desalination, 309 (2013) 197-207.

I.A. Al-Khatib, H.A. Arafat, Chemical and microbiological
quality of desalinated water, groundwater and rain-fed
cisterns in the Gaza strip, Palestine, Desalination, 249 (2009)
1165-1170.

J. Pedersen, S. Randall, M. Khawaja, Growing Fast: The
Palestinian Population in the West Bank and the Gaza Strip,
Fafo Institute for Applied Social Science, 2001.

E. Weinthal, et al., The water crisis in the Gaza strip: prospects
for resolution, Groundwater, 43 (2005) 653-660.

V. Garcia, M. Paraira, Assessment of the improvement on the
flavor of tap water obtained by advanced treatments, Affinidad,
70 (2013) 257-262.

2]

3]

[4]
[3]



(6]

(71

8]

(%1

[10]

(11]

(12]

[13]

A. Podda et al. | Desalination and Water Treatment 102 (2018) 76-81 81

C. Fabrellas, R. Devesa, L. Matia, Effect of blending two treated
waters on the organoleptic profile of Barcelona’s supply, Water
Sci. Technol., 49 (2004) 313-319.

M.J. Mc Guire, K.F. Arnold, ]J. Biggs, M.S. Pearthree, Using
a Consumer Panel as a Tool for Making Water Resource
Blending Decisions, Proc. AWWA Water Quality Technology
Conference, 2007.

World Health Organization, Guidelines for Drinking-Water
Quality, Vol. 1, World Health Organization, 2004.

Y.K. Cohen, Problems in Water Distribution: Solved, Explained
and Applied, CRC Press, Boca Raton, Fl, USA, 2002.

A. Al-Yaqubi, Sustainable Water Resources Management of
Gaza Coastal Aquifer, Palestine, The Second International
Conference on Water Resources and Arid Environment,
2006.

J.S. Al-Dasht; Hydrogeological Evaluation of the Aquifer in the
Southern Part of the Gaza Strip, Palestine, AL-Azhar University,
Institute of Water and Environment (IWE), (2012) 23-33.

A. Aish, Estimation of water balance components in the gaza
strip with GIS based WetSpass model, Civil Environ. Res., 6
(2014) 77-84.

K. Qahman, A. Larabi, D. Ouazar, A. Naji, A. Cheng, Optimal
extraction of groundwater in Gaza coastal aquifer water
resource and protection, J. Water Resour. Prot, 1 (2009)
249-259.

(14]

[15]

[16]

[17]

(18]

[19]

[20]

Z.Qahman, Monitoring of Seawater Intrusion in the Gaza Strip,
Palestine, First International Conference on Saltwater Intrusion
and Coastal Aquifers Monitoring, Modelling, and Management,
Essaouira, Morocco, 2001.

B. Shomar, S. Fakher, A. Yahya, Assessment of groundwater
quality in the Gaza strip, Palestine using GIS mapping, ]. Water
Resour. Prot., 2 (2010) 93-104.

A. Saleh, Impact of Pumping on salt water intrusion in Gaza
Coastal Aquifer, Palestine — An Najah National University,
Faculty of Graduate Studies, Nablus, Palestine, (2007) 64-77.
Porsch & Partns Cons. Eng — Water Supply to Gaza — Preparatory
Study for a Seawater Desalination Plant, for Palestinian Water
Authority, funded by European Investment Bank, (2012) 8-18.
H. Sirhan, M. Koch, Prediction of Dynamic Groundwater Levels
in the Gaza Coastal Aquifer, South Palestine, using Artificial
Neural Networks, Kassel University, Germany, Department
of Geohydraulics and Engineering Hydrology Faculty of Civil
Engineering, (2013) 7-10.

A. Aish, B. Okke, F. De Smedt, Distributed recharged estimation
for groundwater modeling using WetSpass model, Arabian ]J.
Sci. Eng., 35 (2010) 155-163.

A.Selmi, Water Management and Modeling of a Coastal Aquifer,
Case Study (Gaza Strip), University of Milan Bicocca, Faculty
of Mathematics, Physics and Natural Sciences Department of
Earth and Environmental Science, Milan, Italy, (2013) 70-109.



