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This study demonstrates the efficiency of the heating technique with pressure 2.5 “bar”
in treating magnesium, calcium, and total hardness of groundwater with sodium
carbonate as catalyst. When using a temperature of 100°C, the treatment rates were (89%,
88%, 92%) respectively. Meanwhile, removal rates were (73%, 74%, 80%) respectively
at a temperature of 60°C. Topographic mapping of groundwater and its direction is
essential to understand the distribution and flow of groundwater in a specific area. These
maps are used to identify locations of groundwater sources, assess their quality, and
manage their use sustainably. Additionally, its fundamental to understand the distribution
and flow of groundwater. Topographic mapping includes creating maps showing
groundwater levels, known as groundwater contour lines. The detection technique for
groundwater flow direction uses GIS, Global Mapper Civil 3D, and WMS to locate
elevation and position of groundwater. This study found changes in the natural land levels
within the study area and the disparity between the groundwater level concerning the
ground surface and the river water level. Tikrit city is characterized by relatively higher
terrain and water table than the other cities of the study area based on the above

mentioned characteristics.

1. INTRODUCTION

The area of concern in the global society is Water Supply
for Domestic Uses because of population pressure. This gap
between the availability of water and the requirement for the
water especially for human consumption can quickly become
alarming [1]. Water hardness, a popular topic of discussion
when it comes to quality of water, has been elaborated in many
papers. This probably due to the presence of positively
charged metallic ions especially calcium and magnesium ions
[2].

The cause of water hardness can be explained by the fact
that in the process of water from most of the wells passing
through calcium carbonate and magnesium carbonate rocks,
dissolved carbon dioxide plays a key role as indicated by
Knivsland [3]. Thus, the dissolution process will lead to the
formation of calcium and magnesium ions in the water and this
gives water hardness. This occurrence has a great effect on the
quality of water in use and affects various sectors, homes, and
the environment by Boonpanaid and Piyamongkala [4]. Water
hardness is usually expressed in milligrams per litre “mg/L” or
parts per million (ppm) as calcium carbonate (CaCO3) as
pointed out by Wang et al. [5]. This categorization is useful in
creating a standard way of measuring water hardness
irrespective of the source of the water or the area it is coming
from.

Numerous works have been conducted to solve the problem
of water hardness, and several methods have been suggested
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to remove the calcium and magnesium ions from the hard as
well as saline water sources like ground water and sea water.
The various methods of water treatment that are available are
chemical precipitation, electrochemical methods, adsorption,
electrolysis, reverse osmosis, Nano filtration, and ion
exchange. This is due to the fact that water purification is a
vital process, as there is a impending issue of water scarcity in
many parts of the world. According to studies [6, 7], this paper
postulates that heating and pressing as a way of removing
water hardness due to calcium and magnesium ions is efficient
and effective. However, all the methods have their own
strengths and weaknesses and the selection of the method
depends on the requirements and conditions. When applying
both of the methods, the results may be even more effective
and give the most efficient way of solving the issue with hard
water. These methods shall continue to be more effective as
technology progresses and will also be economical thus
providing better quality water for domestic and industrial
purposes, according to Ahn et al. [8].

Among those methods, carbonation is relatively an
inexpensive process which can be used to remove of calcium
and magnesium ions from hard water samples. Carbonate
hardness is extremely sensitive to temperature and can easily
precipitate. At high temperatures, Magnesium salts also
produce hard scales inside the boilers. In this paper, the
process of crystallization of precipitated calcium carbonate
(PCQC) just as well as magnesium carbonate from the hard
water samples which were investigated. In addition, the calcite
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PCC obtained could be utilized as filler material used to
enhance the mechanical properties of these composites in both,
the plastics and paper industries [9, 10].

The role of surface water, rainfall and soil layer on
groundwater has been seen to be a, rather intricate
hydrological process. The connection between surface water
and groundwater which is well illustrated by infiltration
processes during precipitation events plays a crucial role in
recharging the underground aquifers. The basic properties of
the layers of the soil significantly affect the rate of percolation
of water and the seepage that will happen in the underground.
Soil type and structure varies in the field and this affects the
water retention and transmission rate of the water through the
ground and hence the aquifer recharge rates. To construct
better knowledge on the behavior of groundwater, it is pivotal
to comprehend the interconnection of these factors, thus we
establish these impacts on water quality [11].

Out of the variables, groundwater is likely to be more
susceptible to bacterial contamination and changes in the
quality parameters that may influence the softness of water
significantly. The flow dynamics of the water concerning
sewage constituents’ infiltration and interaction is vital to
know in order to design ideal water quality management plans
[12]. It is necessary to consider the impact of the groundwater
conditions on the intended constructions regarding the
hydrological aspects. Due to the fact that groundwater is a vital
but at the same time a quite delicate and rather an intangible
resource, its discussion deserves a special attention.
Consequently, there is the need to introduce several
management measures in order to protect this vital water
source as well as the ecosystems associated with it from the
problems of salinization and pollution. To predict the amount
of the groundwater, draw down and pumping from the
proposed well systems, a simulation program was also
employed with the help of geological, hydrological and
hydrogeological data from various sources. More studies were
conducted to assess the steady and transient state flow
behavior with the help of field data from studies [13, 14].
Researches conducted by academicians and scholars like
studies [15, 16]. This paper has also identified the hydrological
status and hydraulic parameters of the groundwater aquifers
which are essential in the distribution of water resources. The
flow net was constructed and it was realized that the overall
function of an aquifer is in the mapping of some of the main
characteristics of a reservoir including movement of water and
the recharge structure especially in the case of pumping. Thus,
it is relevant to estimate the ungauged aquifer systems to
predict patterns of water resources, and floods and landslides
in the context of climate change. Hydrology mapping plays an
important role in determining new information that aid in
establishing the movement of the ground water. Therefore,
according to the information obtained, the hydrogeological
conceptual model is suggested in which two separate aquifers
are identified and their permeability coefficients are defined,
as observed by Vincent et al. [17].

2. MATERIALS AND METHODS
2.1 Study area
This study was conducted on six cities located on the

western bank of the Tigris River in Salah al-Din Governorate
in northern Irag: Al-Shirkat, Tikrit, Owainat, Mukeshefa, Al-
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Ishagi and Balad, respectively. This study area is around 8.1
“km®”, it is characterized by Diverse terrain including plains,
highlands and plateaus. The length of the Tigris River in
Saladin Governorate is 360 “km”. These cites that rely heavily
groundwater and are close to the river were chosen for the
study based on their geological order from north to south.

Processing technology: In this study, the total hardness of
groundwater, as well as the hardness of calcium and
magnesium, was performed using three factors: pressure of 2.5
“bar”, temperature, and sodium carbonate (Na;COs) at a
concentration of 150 “mg/L” as a catalyst for eliminating and
precipitating magnesium and calcium ions. Two different
temperatures were chosen for the treatment procedure with
constant pressure factors and sodium carbonate concentration:
the first 60°C, the second is 100°C using a heat source. The
study was done on 36 samples groundwater was taken from 36
wells, 6 in each of the 6 cities in this study. Where the six cities
adjacent to the Tigris River in Salah al-Din Governorate in
Irag were chosen to represent the study areas: Al-Shirkat,
Tikrit, Owainat, Mukeshefa, Al-Ishaqi, and Balad respectively.
Sodium carbonate at a concentration of 150 “mg/L” was mixed
with the water sample, then heated the sample under 2.5 “bar”
pressure using a 2 “L” reactor made of steel. The reactor
(Which uses electricity as an energy source) has been supplied
with manometer, to gage the pressure with an automatic
ventilation function (to release the pressure).

2.2 The treatment process

1. Sodium carbonate added to a water sample.
2. Head being applied to catalyze the effects of Na.CO:s as
Egs. (1) and (2):

Ca?* 4+ Na,C0;—CaCO; | +2Na* @)

Mg?* + Na,CO; + H,0—Mg(OH), | +2Na* + CO, ()

3. Leave the sample to sediment.

4. Filter the participated part away.

This process is utilized to remove Ca*? and Mg*2 [8, 9].

In the first case, the water temperature was raised to 60°C
under pressure for half an hour. In the second case, the reactor
is heated using a heat source to 100°C under pressure. 36 well
water samples were treated, with 6 samples from 6 wells in
each of the six cities in the region of the study. Physical and
chemical properties were examined, including (pH), dissolved
oxygen (DO), electrical conductivity (EC), total hardness,
calcium (Ca), magnesium (Mg). Tests were conducted
according to standard methods for testing drinking water. EC,
DO, and pH tests were measured at the sampling site, and other
tests were performed in the laboratory according to standard
water testing methods [4, 11].

2.3 Topographic maps process

The importance of mapping the topography and trend of
groundwater is in planning the sustainable use of groundwater.
It also contributes to detecting and protecting water sources
from pollution. It is used in designing water distribution
networks and construction projects. These maps provide
important data for hydrological and geological studies. To
extract topographic maps, Aerial surveys of the study area was
conducted to conduct a topographical study of the area through
engineering programs such as GIS, Civil3D and study of land



and river levels, well levels, and groundwater in this region, to
produce topographic and GIS maps. Drawing topographic
maps involves collecting water levels data from wells through
the use of hydraulic measurement techniques. In addition to
using (GIS) and data analysis programs to create digital
models of water levels and create contour maps that show the
variation in groundwater levels in the studied area. The
direction of groundwater was also determined based on the
hydraulic potential gradient, which represents the difference in
water level elevation between two points. Groundwater moves
from areas of high to low hydraulic potential. Hydraulic
potential is measured at multiple points throughout the wells,
and the data is used to draw lines representing the levels of
hydraulic potential, known as potential lines. As well as
determining the direction of groundwater flow, through
hydraulic stress gradient analysis [11, 16].

3. RESULTS AND DISCUSSION
3.1 Topography

The result includes the study net Conduct surveys of the

western bank of the Tigris River within Salah al-Din
Governorate to evaluate the topographic and hydrological
characteristics, with a special focus on the natural elevations
and groundwater levels in the analyzed area. Specialized
engineering programs were used to facilitate accurate data
collection and analysis. Figure 1 shows the study site located
in Saladin Governorate in Irag. Six cities were chosen on the
western bank of the Tigris River within Saladin Governorate.
Aerial and cadastral surveying, Civil3D and GIS programs are
adopted for data extraction DEM and mapping. Topography
plays a vital role in understanding the natural environment of
any area. It is concerned with the study of the shapes of the
Earth's surface and the distribution of elevations and
depressions, and as such provides valuable information about
how natural and human factors interact in shaping the natural
landscape. In this context, the importance of studying the
topographic characteristics of the study site is highlighted,
especially when considering the locations of the studied wells
and their impact on the surrounding land levels. Hence the
importance of drawing topographical maps of the study area
for the purpose of studying the nature of the land and the
differences in the land levels characteristics and its distance
from the Tigris River [15, 18, 19].
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Figure 2. A longitudinal section of the natural ground levels at the site of the studied wells
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Figure 2 was drawn based on the information obtained from
aerial surveys (Digital Elevation Model -DEM) and the
topographical and hydrological study of the study area, where
it shows the difference in natural land height levels for the six
cities in Salah al-Din Governorate, which are in sequence from
north to south (Al-Shirkat, Tikrit, Owainat, Mukeshefa, Al-
Ishagi and Balad). Al-Shirkat and Tikrit cities showed a
noticeable difference in height compared to the others. The
studied cities are on the bank of the Tigris River. The natural
land level in the cities of Al-Shirkat and Tikrit ranged between
110 m and 150 m, respectively, and the distance between the
two cities was about 125 km, but the depth of groundwater in
the city of Al-Shirkat is very close to the surface of the earth,
even though the surface of the Tigris River is less than 10 m,
compared to the depth of groundwater in the city of Tikrit,
which exceeds 65 m. While the distance between the city of
Owainat and Tikrit does not exceed 10 km. However, we find
that the depth of the groundwater does not exceed 13 m.

Natural land levels decrease gradually in the rest of the
study areas from north to south, and groundwater levels are
close to the surface of the earth. The average water depth in
the rest of the study areas was 13 m, except for the city of Al-
Ishagi, where the groundwater depth was approximately 24 m.
The results of the study show a significant difference between
the depth of the groundwater reservoirs in the city of Tikrit
compared to the rest of the study areas. It can be concluded
from these data that the groundwater reservoir in the city of
Tikrit is separate, with deeper levels than the rest of the cities.
The possibility of it being affected by the waters of the Tigris
River is weak, due to the distance vertically between the levels
of the Tigris River and groundwater, which may reach 33 m.
While we found that the groundwater level in the rest of the
cities is close to the river level, which led to the possibility of
feeding groundwater reservoirs from river water, thus
affecting the characteristics of groundwater. This is
demonstrated by the analysis of the direction of groundwater
flow during the current study. The effect of the Tigris River
water in raising the groundwater level is clear in most of the
areas surrounding the Tigris River within the boundaries of the
study area, except for the city of Tikrit, whose land is higher
than the river by more than 30 m. The depth of groundwater in
most areas west of the river within the study area does not
exceed 13 m. Except for the city of Tikrit, the average depth
of groundwater exceeds 65 m. This is what appears
Morphology Natural land within the boundaries of the studied
area and groundwater in Figures 1 and 2 [12, 13].

3.2 Groundwater characteristics

Figure 3 demonstrates the direction of groundwater flow
from west to east, north of the study area, which represents the
location of the cities of Al-Shirkat and Tikrit. As for the rest
of the areas towards the south of the study area, we find that
the groundwater is heading south-west. Which shows the
groundwater near the river is affected by the waters of the
Tigris River in most areas of Salah al-Din Governorate. The
effect of the river appears in raising the groundwater level in
the surrounding areas. A map of the pH values of groundwater
in Salah al-Din Governorate was produced, where Figure 4
shows the pH values of groundwater in the study area. The
effects of river Tigris are shown on the groundwater
concentrations ranged between 7.1 - 7.3, while the pH value
in the groundwater in the groundwater near the Tigris River
and affected by it ranged from 6.9 to 7.6. The basicity of
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groundwater increases to 8.2 as we move away from the
influence of river water, as the pH value increases to basicity
as the groundwater moves southwest of the Tigris River [20-
22].

:

330000
1

b
b

410000 420000
I 1

!
(2 2 T T T U U NN T S N N S A N/ s
[ T T R R N N N R T A VAV g

§-* T T NN < %y ;%;f_g

R T T T T T N A X y 4|3
L T T S N e EE ;L!i ¥ ¥
P T N N e T N NN bbb
LR T T U N N N e S N CUHE ¥ Vo ¥ ¥ ¥

%W YO N N N N N N N N N N N N x/;'g

"IN ¥ U %y ¥ NN R NN YR s AR e T
(R TR T T T ZNE N T TN ZE JNNE NN N S 2 2 2
(20N T 2 2 T T SR TR TN S SR S N A S R G

§-¢ [ T N NN NN TN T 2 T S S T ;r/xt-g
(2R A A A A A 2 A A A A A O A S
A T O T S 2 T A A A
¥R F R R F R IRV HE O FREEE R FF

1 A A A A e e

%a A N T T T T S S T TR g
i E R E R TE R E R EEE RS
PEE B F B R O F VN R YW FE RS
2 2 T S S T N T T 2N N T TN S SN I g

E4r F F b b b b V¥ b bV ¥ ¥ b Vb FF g ox o« [E

N PR EE EEE R PR R T AL
A T S 2 N T 2N TR T N R
T A T TR T T TN T N 2 TN SR SN

2_1//1 N T T T T A/_S

Bl 8 8 FEFEFEYEE LS ¥E E & PE|B
e g gy g kY ¥ Xk WY kR ¥ E
P S S 2 N T T T T T S S S T S A

IR A A 2 A N N A A A A A A A A

%1015/10’/25%"//! ;o fofoiwfffrxg

;IL,‘—‘—/‘—'?‘—‘T‘—% PP S S R S T T T W N
330000 340000 350000 360000 370000 380000 390000 400000 410000 420000

Groundwater Direction ¥

Figure 3. A topographical map of the levels and direction of
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The electrical conductivity of groundwater is a crucial
factor in understanding the distribution of groundwater in
different regions. Research results imply the electrical
conductivity of groundwater increases north of the study area,
as shown in Figure 5 shows the groundwater EC in the study
area using colored legend. The green color (north side of the
map) indicates an increase in EC between (4439.3-3701.1)
uS/cm and gradually decrease as far as we move away from
the river (both west and east) reaching (1855.4-1117.1) pS/cm.
This may be the rise is due to several factors, including: the
Configurations, the Geological, the different in this region that
may contribute to increasing groundwater conductivity. In
addition to increase pollutants industrial and Sewage that
throw it into a river Tigris. The river is also exposed to
pollutants resulting from farms surrounding the river
Groundwater resulting from fertilizer and pesticide residues.
On the other hand, the results to a decrease in groundwater
conductivity in wells located southwest or south-east of the
study area. This decrease may be due to various geological
factors that may reduce the electrical conductivity values in
this groundwater, such as the presence of non-porous rocks or
geological layers that block water flow. One of the interesting
points that the search results showed that it is the clear effect
of the Tigris River on groundwater conductivity in
groundwater in the south region of the study. The influence of
the river increases the electrical conductivity of groundwater.
This phenomenon could be due to the influence of surface
water flows on the formation and movement of geological
layers in the area. Geological and natural formations such as
sedimentary rocks and sand cause the release of fine particles
into groundwater. Some minerals and organic materials also
decompose naturally and release fine particles into the water
[8, 11, 23].
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That studying changing dissolved oxygen concentrations in
groundwater is vital to understanding the health and impact of
aquatic ecosystems Human activities on water quality.
Dissolved oxygen concentrations ranged in the area study (8.1-
2.5) mg/L, observed a decrease in dissolved oxygen
concentrations in groundwater east of the study area as shown
in Figure 6. Where the green color indicates a high
concentration of (DO) in groundwater (8.1-6.9) mg/L eastern
of the study area. Which decreases gradually westward (3.7-
2.5) mg/L. It results to the declined concentration of dissolved
oxygen depends on human and geological factors, such as
industrial and agricultural pollution. In addition to subtraction
untreated wastewater leads to an increase in nutrient and
organic loading in groundwater, leading to oxygen depletion.
Groundwater flow itself may also cause a decrease in
dissolved oxygen concentrations in groundwater. Ground
water flows fast, dissolved oxygen may not be available
because organisms in the ecosystem use it up for their
metabolism. Besides other natural changes and factors like
temperature changes and flow changes that can influence the
dissolved oxygen levels in groundwater [24-26].

3.3 Hardness treatment

Determination and evaluation of total hardness of the
groundwater is significant in assessing the quality of water and
its usage. Water hardness refers to the level of the dissolved
minerals in the water including calcium, magnesium and other
minerals that have an impact in various uses of the water such
as drinking, washing and industrial processes. Totally, the total
hardness was analyzed in six wells in six different regions. It
was also evidenced that the there were high variations in the
hardness levels in the different regions with Tikrit having the
highest levels of 1010 mg/L while Mukeshefa having the
lowest at 381 mg/L as shown in Table 1 and Table 2.



High hardness values indicate the presence of high levels of
dissolved minerals such as calcium and magnesium. This may
be a result of the nature of the soil and rocks in that area, so
the relatively low hardness values indicate the presence of a
smaller amount of these minerals, which makes the water in
this area less hard compared to the hardness of groundwater in
Tikrit. In addition, the clear and significant change in hardness
may indicate the presence of a water reservoir separate from
the Tigris River. In this case, no water exchange with the river
occurs, which prevents dilution of high hardness through river
water unlike low hardness areas [27, 28].

The results of the study also showed a direct relationship
between the concentrations of magnesium and calcium and the
total hardness values. The highest values of calcium hardness
were observed in the Tikrit area, reaching 1541.7 mg/L, as
shown in Table 1. This high value indicates a very high
concentration of calcium in the area's water, which can
negatively affect water use for domestic and industrial
purposes. High hardness water can lead to deposits forming in
pipes and appliances household, which reduces its efficiency
and increases maintenance costs. In contrast, where the lowest
value of calcium hardness is in the Al-Shirkat region as in
Table 3, it reached 89.1 mg/L. This value is considered much
lower than that recorded in Tikrit, Reflecting a large variation
in Calcium concentrations between the two regions and a
change in water quality Groundwater. As for magnesium
hardship, the highest values were also recorded in the Tikrit
(Table 1), it reached 590 mg/L. This high concentration of
magnesium can affect water quality and increases the
possibility of sediment formation in pipes. In the Owainat area,
the lowest value of magnesium hardness was 87.7 mg/L, as
shown in Table 4. This lower value indicates a lower
concentration of magnesium compared to Tikrit, which makes
the water in region Owainat more suitable for different uses
and it’s indicated in Tigris effect in groundwater levels. It can
be noted that increasing calcium and magnesium
concentrations are accompanied by an increase in total
hardness values, which reinforces the hypothesis that hardness
is closely related to the concentrations of these minerals [2, 7].
The study showed that hardness removal rates vary based on
operational conditions and chemical composition of the water.
Tables 1-6 show the rates of hardness removal in the study
areas after heat treatment by using the temperature 100°C and
pressure 2.5 bar with the addition of 150 mg/L sodium
carbonate. Removal rates were as high as 92%, while the
lowest removal rate was 80%. While it was the highest
percentage of calcium hardness removal was 88%, while 89%
of magnesium hardness was removed. This suggests that
hardness removal techniques can be effective in reducing
concentrations of these metals and improving water quality.

The percentages of hardness removal reached in the study
areas after heat treatment at temperatures of 60°C. Adding
sodium carbonate as a catalyst and a pressure of 2.5 bar led to
achieving high total hardness removal rates 80%. Hardness
was also removed at rates of 74% and 73%, the highest
percentage for removing both calcium and magnesium
respectively, which reflects great effectiveness in reducing of
minerals causing hardness. The results show that temperature
has a significant impact on the efficiency of removing
hardness from groundwater; however, chemical reactions are
more active at a temperature of 100°C and a pressure of 2.5
bar, which increases the effectiveness of sodium carbonate in
precipitating dissolved metals. The study confirms that
increasing the temperature to 100°C significantly improves the
efficiency of removing total hardness and hardness of calcium
and magnesium from groundwater when using sodium
carbonate as a catalyst and a constant pressure of 2.5 bar. But
when taking into account the difference in the energy cost used
to carry out the treatment, we find that the efficiency of
removing hardness in all its forms is very effective at a
temperature of 60°C. This variation can be explained by the
effect of temperature and pressure used in the removal process,
as the results appear in the tables above have varying removal
rates for each of the magnesium and calcium. Increasing
temperature and pressure leads to improved removal. Analysis
of the effect of temperature and pressure on hardness removal
clearly shows how operational factors can improve treatment
efficiency. By comparing the removal rates at different
temperatures, it can be seen that increasing the temperature
with the constant pressure used 2.5 bar has positive effects on
the efficiency of hardness removal. High pressure enhances
the interaction of ions in the treatment, leading to improved
removal. At higher temperatures, chemical reactions between
metal ions (such as calcium and magnesium) are more
effective, as well as increased mobility and interaction of the
ions leading to the formation of solid deposits that can be
easily removed, which contributes to improving the removal
process and pressure also accelerates chemical reactions and
increases the effectiveness of physical processes such as
sedimentation and filtration. Temperature plays an important
role in increasing the speed of chemical reactions, also the high
pressure helps speed up the deposition process and improve
removal efficiency. The results also indicate that using sodium
carbonate at a concentration of 150 mg/L under the mentioned
conditions is effective in reducing water hardness, as it was
able to remove a large portion of calcium and magnesium ions.
This is due to the reaction of sodium carbonate with calcium
and magnesium ions to form insoluble calcium carbonate and
magnesium carbonate, which can be precipitated and removed
from the water [29-31].

Table 1. Results of wells in Tikrit

No. of Well Well1 Well2 Well3 Well4 Well5 Well6

Before treatment Total hardness 900 950 1010 920 1000 929
mg/L Ca. hardness 750 790 820 810 1541.7 1133.3

Mg. hardness 410 500 510 560 520 590

%Total hardness removal  83% 90% 83% 88% 83% 84%
%Ca. hardness removal 81% 88% 82% 86% 81% 82%
%Mg. hardness removal 81% 87% 81% 85% 80% 81%
%Total hardness removal ~ 70% 72% 74% 75% 76% 68%
%Ca. hardness removal 67% 66% 70% 72% 73% 66%
%Mg. hardness removal 68% 73% 68% 69% 70% 73%

After treatment-rate of removal using 100°C

After treatment-rate of removal using 60°C

1546



Table 2. Results of wells in Mukeshefa

No. of Well Well1  Well2  Well3 Well4 Well5 Well6

Before treatment Total hardness 381.3 444.6 392.9 393.7 407.2 411.8
mg/L Ca. hardness 290 452.5 371.3 282 275.8 276.4

Mg. hardness 100 139 101.9 93.6 87.7 90.5

%Total hardness removal 88% 89% 90% 87% 89% 85%
%Ca. hardness removal 86% 87% 88% 85% 87% 83%
%Mg. hardness removal 85% 86% 87% 84% 86% 82%

%Total hardness removal 381.3%  444.6 392.9 393.7 407.2 411.8
%Ca. hardness removal 290%  4525% 371.3% 282% 275.8% 276.4%
%Mg. hardness removal 100% 139% 101.9% 93.6% 87.7%  90.5%

After treatment-rate of removal using 100°C

After treatment-rate of removal using 60°C

Table 3. Results of wells in Al-Shirkat

No. of Well Well1  Well2 Well3 Well4 Well5 Well 6

Before treatment Total hardness 615 684 604.5 684 5441  462.7
mg/L Ca. hardness 116 181 148.5 181 133.7 89.1
Mg. hardness 170 168 158 166 149 180

%Total hardness removal 90% 91% 85% 87% 88% 92%

After treatment-rate of removal using 100°C ~ %Ca. hardness removal 80% 84% 78% 79% 83% 84%
%Mg. hardness removal 81% 83% 79% 78% 82% 83%
%Total hardness removal  68% 69% 68% 2% 66% 65%
After treatment-rate of removal using 60°C ~ %Ca. hardness removal 65% 66% 67% 73% 65% 70%
%Mg. hardness removal 63% 64% 70% 2% 65% 67%

Table 4. Results of wells in Owainat

No. of Well Well1 Well2 Well3 Well4 Well5 Well 6

Before treatment Total hardness 4446  407.2 4118 610 583.3 603.3
mg/L Ca. hardness 452.5 275.8 276.4 420.8 411.7 4125

Mg. hardness 139 87.7 90.5 199.2 1867 1925

%Total hardness removal ~ 83% 86% 81% 80% 85% 86%
After treatment-rate of removal using 100°C ~ %Ca. hardness removal 83% 88% 81% 86% 83% 82%
%Mg. hardness removal 87% 88% 82% 84% 85% 89%
%Total hardness removal ~ 76% 2% 74% 70% 73% 74%

After treatment-rate of removal using 60°C ~ %Ca. hardness removal 70% 72% 73% 63% 62% 67%
%Mg. hardness removal 68% 69% 70% 62% 61% 65%

Table 5. Results of wells in Al-Ishagi

No. of Well Well 1 Well2 Well3 Well4 Well5 Well 6

Before treatment Total hardness 610 583.3 603.3 610 649.2 628.3
mg/L Ca. hardness 4208 4117 4125 41538 400 415.8

Mg. hardness 199.2 186.7 1925  209.2 250 210.8

%Total hardness removal 88% 92% 83% 90% 86% 88%

After treatment-rate of removal using 100°C ~ %Ca. hardness removal 86% 83% 82% 86% 87% 88%
%Mg. hardness removal 84% 85% 89% 85% 86% 87%
%Total hardness removal ~ 74% 78% 75% T1% 75% 76%
After treatment-rate of removal using 60°C ~ %Ca. hardness removal 70% 67% 66% 70% 72% 73%
%Mg. hardness removal 67% 68% 73% 68% 69% 70%

Table 6. Well results in Balad

No. of Well Well1 Well2 Well3 Well4 Well5 Well 6

Before treatment Total hardness 549 525 543 549 584.2 565.5
mg/L Ca. hardness 3788 3705 3713 3743 360 374.3

Mg. hardness 179.2 168 17325 188.2 225 189.8

%Total hardness removal ~ 80% 85% 86% 88% 89% 90%
%Ca. hardness removal 86% 83% 82% 86% 87% 88%
%Mg. hardness removal 84% 85% 89% 85% 86% 87%

%Total hardness removal 68% 76% 72% 74% 70% 73%
%Ca. hardness removal 66% 70% 72% 73% 63% 62%
%Mg. hardness removal ~ 549%  525%  543% 549% 584.2% 565.5%

After treatment-rate of removal using 100°C

After treatment-rate of removal using 60°C
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4. CONCLUSIONS

Search results show the efficiency of treating groundwater
hardness by heating and pressure technology. Using high
temperatures is more effective in treatment, but the energy
used in this treatment must be taken into account. The decrease
in dissolved oxygen concentrations in groundwater west study
areas indicates the presence of Environmental challenges.
Which requires a detailed study such as topography maps and
effective measures to maintain groundwater quality and the
health of aquatic ecosystems. This research recommends
taking cautions around fertilization in farms and preform
survey studies to locate the appropriate position for digging
wells by authorities.
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