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Abstract

Mathematics is used in many fields of life and plays a very important role in
other science branches such as chemistry, physics, biology, and sports. In this
research, we are study mathematical applications in Geology and we focus on the
applications of statistics, statistical graphics, ratio and proportion in Hydro
meteorological data approaches such as water availability elements, monthly
rainfall variation, Monthly rainfall variation, Annual rainfall variation and
seasonal rainfall variation. Moreover, we sturdy relative humidity, water losses
elements, wind speed and sunshine duration. Moreover, we study morphometric
methods for assigning a numerical order to links in a stream network and
identifying and classifying types of streams based upon their number of

tributaries. At the end of this project we study Archie's Law and their applications.
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Introduction

Mathematics is essential in all aspects of life, including time tracking, driving,
and cooking, as well as jobs in accounting, finance, banking, engineering, and
software. These functions require a strong mathematical background, and
scientific experiments by scientists need mathematical techniques. They are a
language to describe scientists' work and achievements. Geology literally means
"study of the Earth." Geology, also known as geoscience or earth science, is the
primary earth science that studies how the earth formed, its structure and
composition, and the various processes that act on it. In this work we focus on
Mathematical applications in Geology especially the applications of statistics,
statistical graphics, ratio and proportion in Climate change, Hydro meteorological
data approaches, Hydro meteorological data approaches, Morphometric and

Stream order.

This work consists of two chapters. In chapter one we study Hydro
meteorological data approaches such as water availability elements, monthly
rainfall variation, monthly rainfall variation, annual rainfall variation and
seasonal rainfall variation. Moreover, we sturdy relative humidity, water losses
elements, wind speed and sunshine duration. In chapter two we study
morphometric especially stream order which are methods of assigning a numeric
order to links in a stream network. They can be used for identifying and
classifying types of streams based upon their number of tributaries. Furthermore,
we study Archie's Law. In both chapters we solve many examples that illustrate

the applications.



Chapter one

Statistical applications in Climate and hydrometeorology

In this chapter we study some mathematical applications in Geology and we
focus on Climate changes and Hydro meteorological data applications. In this

chapter we mainly review and highlight the works of (sulaiman, 1994), (Michael,
1988), and (Saeid, 2014).

1.1 Climate (sulaiman, 1994), (Saeid, 2014)

According to the Koppen classification, the climate of the Kurdistan region is arid
and semi-arid; it is hot and dry in summer and cold and wet in winter, with shorter
spring and autumn seasons compared to summer and winter. During the winter,
the Kurdistan region is influenced by Mediterranean cyclones that move east to
northeast over the region. The Arabian Sea cyclones move northward, passing
over the gulf carrying a lot of moisture and dumping a lot of rain on the Kurdistan
region. The region is also influenced by very cold polar air masses, which move
downward with the polar jet streams to the gulf. European winter cyclones will
occasionally move eastward to the southeast part of Turkey and over the
mountainous region of Kurdistan, bringing heavy rain and snow. Precipitation
typically falls as rain at lower elevations and as snow and rain at higher elevations.
The annual average precipitation increases from the southwest to the northeast,
ranging from 300mm in the lower part of the region to 1200mm in the highlands.
Precipitation seasons begin in mid-October and last until late November. During
the summer, the region is influenced by subtropical high pressure belts and
Mediterranean anticyclones. The subtropical high pressure system that moves
from west to north and northeast, passing over the Arabian Peninsula and
transporting sand and dust. In hot summers, the maximum daily temperature can
reach 50 degrees Celsius, while in cold winters, the minimum daily temperature

can drop to -10 degrees Celsius.



The studied area is in Duhok Governorate; Aqra city, which is part of the Greater
Zab River Basin, has a mountainous climate that is wet in winter and dry in
summer. The studied area, however, is part of the High Folded Zone. The majority
of the High Folded Zone, according to the updated World Map of the "Koppen -
Geiger Climate Classification," lies within the region of the main semiarid
climate, with steppe precipitation and hot arid temperature conditions. The High
Folded Zone lies between the arid to the savannah climate morphogenetic regions
according to the Peltier diagram. Nevertheless, during the last decades, significant
changes have occurred concerning the decrease in rainfall and increase in dust
storms. In the studied area the Climatic Data are being compiled by using the
Argo-meteorological data about Aqra station because this station is the nearest
station to the study area. The Aqra meteorological station located at (36 43 56- N)
and (43 51 56- E) and an elevation of (635) m. The data of the period (2004-2014)
used to determine the meteorological parameters for the study area. Hydro
meteorological approach for water balance is widely used when the output of a
small basin, within which urbanization occupies a part, is known. Mostly, such
output is not always available, therefore, empirical approaches were considered.
Thus the input parameters for such water balance are used to clarify a possible
period of water surplus and deficit. These parameters are mainly of two groups,
the first group represents the elements of water availability, while the second

group includes elements of water losses.



1.2 Hydro meteorological data approaches: (Michael, 1988), (Saeid, 2014)

1.2.1 Water Availability Elements:

The rainfall and relative humidity are the most important parameters of water
availability, and resources to restrict the climate and water surplus. There are no
meteorological stations in the studied area, therefore, this study used Agqra

meteorological Station.

1.2.2 Rainfall variation analysis:

Rainfall analysis is important in different domains such as agricultural
planning, water resources planning, runoff prediction, climatological studies,
environmental studies, stream flow estimation and human life activities. The
amount, intensity and areal distribution of rainfall are essential factors in many
hydrologic studies. Rainfall varies geographically, temporally and seasonally.
Regional and seasonal variation of rainfall is very important for water resource
planning. Temporal of rainfall intensity are extremely important in the rainfall-
runoff process in urban area. Rainfall is also highly affected by meteorological
elements and elevation from sea level, so simple and multiple correlations were
found between these variables. The data of the period (2004-2014) used to
determine (the mean monthly, annual, and the seasonal variation), the standard

deviation and the coefficient of variation of the studied area.



1.2.3 Monthly rainfall variation:

Varies considerably in the study area. The mean annual rainfall is the sum of
twelve months long term monthly average rainfall. The average monthly rainfall
of ten years of the period (2004-2014) is utilized for preparing rainfall variation.
Increasing trend in the rainfall during January to May, and declining trend during
May to August are noticed. Then it gradually increases from September onwards,
reach the peak value in the month of the highest mean monthly precipitation rate
is recorded in January which is (177.65mm) and the lowest mean monthly
precipitation rate is recorded in June, July, & August are (0.15mm and not
recording rainfall data in July and August). The mean, standard deviation, and
coefficient of variation using in this analysis. The Mean is the most used measures
of central tendency common to summarize a large number of values is the rate
and rate widely used in daily life an average per capita income and agricultural
production rate for a particular crop. And often referred to as the center of gravity

or balance point for a range of views.

X-=Yx/n
Where:
X —= Mean monthly rainfall for giving periods.

Y x= summation of each monthly rainfall for giving periods of one month.
N = Number of years for giving periods.

However, standard deviation is defined as a measure used to know the dispersion
of a set of specific values for the middle computational, and is extracted in all

operations take into account the distribution values. ( Hogg, et al., 2019)
SD = [}(x—x—)2/N]O0.5 where:
SD = Standard deviation.

X = Monthly rainfall for giving periods of one month.
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X — = Mean monthly rainfall for giving periods.
N = Number of years for giving periods

In order to standardize the SD for data series, it is divided by the mean value to
produce Coefficient of variation, which is a useful measure for comparative
purposes where an annual series is normally distributed and where mean totals are

not low.
C.V% = (SD / Mean) * 100

The computed mean monthly rainfall values, standard deviation (Barbara &
Susan, 2013), and coefficient of variation of Aqra meteorological station for the
period of (2004 — 2014) are given in Table (1) and shown the mean monthly

rainfall variation

Tablel: The Maximum, Minimum, Mean, Standard deviation, and Coefficient of

Variation (%) of Monthly Rainfall of Aqra meteorological station for the

period (2004-2014).

Manths Max (mm) Min (mm) Mean S NV %
Junwary 376.2 115 177.65 73.41 41,32
February 254.5 24 145,64 50,88 34,93

March 192 40 83.71 46.31 55.32

April 175 12.4 77.13 55.08 71.38
May 53.5 0.5 23.38 18.31 78.33
September 12 0 4,31 4,33 112,08
October 126 0 30.59 37.36 122,13
November 178.5 0 58.41 47.9 82
December 3119 25.4 116,53 91.11 78.19
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Figure 1.1: Mean monthly Rainfall of Aqra station for the period (2004-2014).

1.2.4 Annual rainfall variation:

The annual rainfall is the sum of twelve months long term monthly average
rainfall. The average annual rainfall of ten years of the period (2004- 2014) is
utilized for preparing annual rainfall variation. The maximum annual rainfall in
the year (2012/2013) was (932.9) mm and the minimum mean annual rainfall
shows in the period (2007/2008) are (445.6) mm. The mean annual rainfall was
(717.5mm) (Table 2 and Figure 2).



Table2: Annual Rainfall variation, mean, standard deviation and coefficient of

variation from Aqra meteorological station during period (2004-2014).

Yearly Anmmal Rathfalt AMean LAmal-meany SD Y %%
fn (mum)}

2004-2005 7325 223
2005-2006 781.6 4108.81
20062007 780.8 4006.89
2007-2008 445.6 73929.6
2008-2009 590.3 15 16179.3 IEEAG 243
2009-2010 929.6 44986.4
2010-2011 703 210.25
2011-2012 445.9 737666
2002-20m3 932.9 46397.2
2013-2014 8328 132941

Total 7175 277105

1000+ 9296 9329

® Annual Rainfall in {mm|

Annual Rainfallin (mm)

Figure 1.2: Annual Rainfall Variation in (mm) of Aqra meteorological station

for the period (2004-2014).



1.2.5 Seasonal rainfall variation : (sulaiman, 1994)

It is an important characteristic of rain in the region, according to that, the annual
rainfall can be divided into two seasons; dry season and wet season and the two
are not equal. Dry season represents four-month (summer months) which includes
June, July, August, in addition to the month of September of the autumn. While
the wet season starts from October and ends at the end of May. Depending on the
climate year in Kurdistan region, which are four seasons; each season represents
three months. The seasonal rainfall variation and (mean, standard deviation, and
coefficient of variation) over the period of (2004-2014) of the studied area has
been determined and presented in the table (3), the variation of seasonal rainfall

in the figure (1.3).

Table 3: Mean, Standard Deviation, and Coefficient of Seasonal Rainfall
Variation of Aqra meteorological station for the period (2004-2014).

Autumn Season

Years Sep Ot Moy Total Mean | (Total-Mean)® sD CV*%
204-200% il 1} 17H.h 17/8.4 (725734
200520046 ! 5.4 32.2 44.6 2372606
20062007 10.6 126 19.3 175.9 802411
2007-2008 0 11.9 28 40.9 2746.81
2008-2008 10.5 329 40 83.4 98.21
2009.2010 12 48 51.3 142.3 Axu 26062 5459 sl
2010-2011 0.5 4 0 8.5 702412
2011-2012 1.5 6.8 41 493 1936 88
2012-2013 0 60.3 654.5 125.1 1010.60
2013-2014 1 4.6 108 113.6 411.68

Total 5331 jonLp.ns

Winter Season

Years Dec Jan Feb Total Mean :fotal-k\:anf a0 CV's
20042005 265 204.5 194 323 11707
20052006 g9 144 234.5 524 L0125
20062007 144 15 130 a7 183355
20072008 26 21 44 237 47112595
2000-2009 .5 120 115 2355 450,62 2002326 £4¥.25 o
2009-2010 19 g3 201 6559 4580025
2010-2011 104.2 2054 114 124 2027
2011-2012 2543 145 113.6 254 24275 87
20122012 1859 376.2 1103 6580,4 STATET4
2013-2014 212 153 120 £55 204123

Toal 199463.06




Spring Season
Years Mar Apr Wy Total Mean (TcealMean) 2 ac CVS
2004-2005 715 35 165 125 350701
2005-2006 40 166 166 2246 165054
20002007 74 113.6 128 2004 0105
2007.2008 72.7 85 10 167.7 184.22 27201
2008-2009 141.3 B6.9 3 2114 758,05
. $0.20 21.25
2003-2010 5.4 56.5 49 1604 a33A7
2010-2011 41 175 535 7%0.5 727258
2011-2012 9.7 12,4 0.5 1126 517947
2012:2013 40.9 238 457 127.4 322351
2013.2018 102 25 72 2242 240500
Yol 18422 25205.26
£ 207~ Autumn Season M Spring Seasop
E £ 1
-~ — 150
< 150 =
3 100 + F 100 - I
z z
= H September 2 18 0h B March
il s IV
> >
Z 0 .ul ‘u B October 3 117141 i] B Aprll
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Figure 1.3: Seasonal Rainfall variation of Aqra meteorological station for the

period (2004-2014)

Generally, the series of data for which the coefficient of variation is large
indicates that the group is more variable and it is less stable or less uniform. If a
coefficient of variation is small, it indicates that the group is less variable and it
is more stable or more uniform. Coefficient of variation is used to know the
consistency of the data. By consistency we mean the uniformity in the values of
the data/distribution of the arithmetic mean of the data/distribution. A
distribution with smaller C.V than the other is taken as more consistent than the
other. According to table (1, 2, and 3) the results of coefficient of variation
analysis of monthly, seasonal and annual C.V showed that the values of Autumn
months and season were the highest among all others, the values of C.V for
(Sep., Oct., Nov., and Autumn season) were (112.08, 122.13, 82, and 58.74)
respectively. While the values for winter months and season were the minimum
among all other months and seasons, as the values for (Dec., Jan., Feb., and
Winter season) were (78.19, 41.32, 34.93, and 32.11) respectively. And the
results of spring months and season (Mar., Apr., May., and Spring) were (55.32,
71.38, 78.33, and 27.25) respectively. And the annual value of C.V equal to
(23.2). All these values of C.V indicate that the rainfall of winter and spring
seasons were nearly uniform and consistent and of less variable in their values.
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The rainfall of winter and spring is the most effective for creation of discharge
in the Gibbel stream which means that the stream discharge will reflect the same

characteristic of consistency and uniformity.

1.2.6 Relative Humidity:

The ratio of the actual vapor pressure of saturated vapor pressure called relative
humidity. It is a measure of how much moisture an air mass is holding, and it is
related reversely to temperature and evaporation. Generally, the relative humidity
of air mass is stated in percentage. Relative humidity values over 80 % indicate
humid conditions under which evaporation rates are expected to be low.
Otherwise, relative humidity values which are less than 60% indicate dry
conditions under which evaporation rates are expected to be high. The Relative
Humidity data records at Aqra meteorological station within the studied area,
which cover the period (2004-2014), are shown in Table (4) below. The computed
average, maximum, and minimum relative humidity for this station are given in
this Table. The average annual relative humidity is about (46.41 %). The highest
average monthly relative humidity occurs in winter season, which reach (74.55%)

in January, while it drops to (22.45%) in the summer period in August

Table 4: Mean monthly Relative Humidity (%) recorded at Aqra station for the
period (2004-2014)

Mognths 1LH (") Months ILH ("o Mounths RH(M) | Moaths K.H (")
Vet | 3906 Jau 74.55 Apr | seso | gw | 3247
Nany 53.458 Feb 7188 May 34961 | Aug _ 2345
Nec 653.06 Mar 61.11 Jun 18.76 Sep 2810

12
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Figure 1.4: Mean monthly Relative Humidity (%) recorded at Agra station for
the period (2004-2014).

1.3 Water Losses Elements:

1.3.1 Temperature:

The temperature is reversely correlated with rainfall and relative humidity, and
its most important factor in increasing the evaporation and evapotranspiration. In
general, temperature differs considerably between summer and winter and
between day and night. The average monthly temperature values for the period
(2004-2014) was calculated, and the maximum mean monthly temperature was
33.03/T°C in July, and the minimum mean monthly temperature was 4.99 /T°C
in January. The average annual temperature was 19.25/ T°C (Table 5) and Figure

(1.5) show the average monthly temperature for the period (2004-2014).

Table 5: Mean monthly Air Temperature (T°C) recorded at Aqra station for the
period (2004-2014)

Manths lem (lc) Aanths Lem (I¢) Manths lem (l¢) Munths Lem (1)
Ocr 21.70 Jan 4,99 Apr 1641 Jul 33.03
Nav 1336 Fel 6.9% Muy 23.72 Auy 32.43
Dec S.9n Mur 12.29 Jun 2912 Sep 2N

13
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Figure 1.5: Mean monthly Air Temperature (T°C) recorded at Aqgra station for
the period (2004-2014).

1.3.2 Wind speed:

Wind directions, dominant in the studied area as recorded in the Aqra
meteorological station are between northeast and west. The average wind velocity
is about (1.66 m/Sec) with minor variations during the year. The calculated
average and maximum wind speed values at Aqra station are given in (Table 6).
The highest average monthly wind speeds recorded in June is (3.07 m/Sec) and
lowest average monthly wind speeds recorded in February is (1.23 m/Sec). The

average annual wind speed is about (1.66 m/Sec).

Table 6: Mean monthly Wind Speed recorded at Aqra station in (m/Sec) for the
period (2004-2014)

\ : . .
Yionths ‘, 2 speqi Months b3 x'pued Maunths “.' ‘:"ml Munths ol T'“'I
B L m'sec) (usec) =t (msee) s {nr'sec)
Ot | LSS dan | 832 Apr 1.66 Jul __19%
Novy | 1.28 1'ehy 1.23 Nay 213 Aup .67
Dec 1.38 Aax 1.24 Jan J.07 Sep 147

14
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Figure 6: Mean monthly Wind Speed recorded at Agra station in (m/Sec) for
the period (2004-2014).

1.3.3 Sunshine Duration:

Sunshine shows the length of day hours. The mean monthly maximum sunshine
was 12.40 hours/day in July, while the mean monthly minimum was 4.50
hours/day which was recorded in January. The mean annual was 8.17 hours/day

for the period (2004-2014)

(Table 7). Table 1.7: Mean monthly Sun Shine duration recorded at Aqra
station in (HR/day) for the period (2004-2014).

5 Sh.D S ShId S S5hD S5 D

Months (Mridav) Months (Teidavi Months (Tirday) Months MIriday)
Ot .50 Jun .50 Apr TN Jul 1240
Noy 740 Feb S0 My 5.7 Aug 11.20
e 10 Alar .20 Jun 12110 Sep 10.30

i ation Ws 'Wionths

B S Skhinee Dacatioer |
hirfcdasy )

Sunshine Duration In (hefday)

dl
Figure 1.7: Mean monthly Sun Shine duration recorded at Aqra station in

(HR/day) for the period (2004-2014).
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Chapter two

Morphometric and Archie's Law Applications

In this chapter we study the applications of Morphometric and Archie's Law
applications and we illustrate it by solving some examples. In this chapter we
mainly review and highlight the works of (Newson, 2007), (huggett, 2004),
(Mussett & m, 2009) and (M, 2009).

2.1 Morphometric: (Newson, 2007), (huggett, 2004)

Morphometry is defined as the measurement of the shape. Morphometric studies
in the field of hydrology were first initiated by R.E. Horton and A.E. Strahler in
the 1940s and1950s. The main purpose of this work was to discover holistic

stream properties from the measurement of various stream attributes.

2.1.1. Stream order:

Stream ordering is a method of assigning a numeric order to links in a stream
network. This order is a method for identifying and classifying types of streams

based upon their number of tributaries.

Two common methods of stream ordering are those proposed by Strahler (1957)

and Shreve (1966).

2.1.2 Strahler (1957) - Stream order:

In both methods, exterior links are always assigned an order of 1. In the Strahler
method, stream order increases when streams of the same order intersect.
Therefore, the intersection of two first-order links will create a second-order link,
and the intersection of two second-order links will create a third-order link. The
intersection of two links of different order, however, will not result in an increase

in order.

16



Strahler (1957)-Stream order:

Streams ordered by the Strahler method

2.1.3 Shreve (1966)-Stream order:
The Shreve method accounts for all links in the network. Here, as with the Strahler
method, all exterior links are assigned an order of 1. For all

interior links in the Shreve method, however, the orders are additive. For example,

the intersection of two first-order links creates a second-order link,

the intersection of a first- and second-order link creates a third-order link, and the
intersection of a second- and third-order link create a fifth-order link. Because the

orders are additive.

17



Shreve (1966)-Stream order:

Streams ordered by the Shreve method

Drainage Basins
Classify patterns of streams in a basin
“ eFirst-order” streams are smallest

*Any basin will have more first-order streams than any other category.
Think of these as headwater streams.

— Where 2 similar-ordered streams come together, they increase in order.
»1&1 =2
»2&2 =3
»3&3 =4

— 2 streams of same order must be joined to increase in order.

Otherwise, keep the higher number for the next stream.

»1&2 = 2
»1&3 =3
»2&4 =4
»5&12 = 12

18



Morphometric parameters

Stream Frequency: (Fs): is a measure of number

of a stream segments per unit area.

Fs = &ENu/A

Where:

Nu = stream order

A = basin area (km?)
Morphometric parameters :

Fs = &Nu/A

A = basin area (km?)

Is determine by Dot Grid Method

e Complete square = cm?

e Incomplete square = ——cm? =

100

Area = Complete + In completed * scale

19
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469

Area = Uncompleted squares are (4.62 = To0

Scale 2.5 = 1km

lem = x

X = 04km

1cm? = 0.4 %= 0.16km?
Area = (11+ 4.62) X scale
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|
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stream order
stream order stream order Nu
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2.2 Archie's Law (Mussett & m, 2009) , (M, 2009)

Archie's law is an empirical effective in sedimentary successions. It relates

resistivity with some factors. After modification it states that:
p=079%5?p,

Where: p: the formation resistively , ¢: porosity, S: the saturation and

pw: the resistively of water in the aquifer

Example:

The following table represents of a resistively log in a certain borehole. You have

the following information:

1. The whole penetrated succession is composed of mixture of clay, silt, sand
and gravel in different ration.

2. Water table in adjacent area has a depth of 40 — 60 m.

3. The resistivity of water = 1.9 ohm.m.

4. The Porosity = 0.23.

10 19 90 47
20 23 100 55
30 18 110 30
40 27 120 26
50 20 130 37
60 48 140 27
70 43 150 35
80 58
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Required:

1. Draw the relation between the depth and resistively.

2. How many horizons you have?

3. Estimate the average resistivity values for different horizons.

4. What are the main constituents of these horizons? And detect the water

table.

hd

Estimate the degree of saturation.

6. In one cube meter, how much water could be yielded?

Resistivity
] 20 0 50 &0
e B)p = 21.40.m
" (4) Clay & Sil
4 ilt
40 (2) Horizon 1 ay &t
411
71 AL I A N O (@) 55 S w.T
. 3)p =50.20
=50.20.m
70 Aquifer p
(4) Sand & Gravel

Depth  ®0 @Horizonz

B®p =31.20.m
130 (2) Horizon 3 (®) silt & Sand

1411

Relationship between Resistivity & Depth
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®p=07¢7257%p,
50.2 = 0.7(0.23)~25721.9

50.2 = 1.33(0.23) 252

50.2 = 24.14 S7* For Checking:
50.2 Volume of porosit
2= =1997 0= f porosity
25.14 Volume of rock
1 Volume of porosit
§72 = — =1.997 0.23 = f porosity
S? 1
~ 8?2 = ; ~ Volume of porosity = 0.23 m?3
1.997 '
S ! 0.71 = 71%
= = U. = 0
V1.997

Volume of water

D Saturation =
(©) Degree of Saturation = == of porosity

V.of water

71 =
0.7 0.23

= Volume of porosity = 0.71 x 0.23 = 0.16 m?
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