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ABSTRACT

The Agricultural sector in the Gaza Strip on an average consumes around 75-80 MCM
of water annually. All amounts of water used for this purpose come from groundwater
wells. Wastewater reuse is envisaged primarily as a means to support the agricultural
sector in Gaza Strip as addressed by Palestinian Water Authority (PWA). The artificial
recharge (AR) of treated wastewater to groundwater can be achieved by means of
spreading basins the commonly used methods for infiltration purposes to unconfined
aquifers. The problem of the AR is the reduction of infiltration capacity in the
infiltration basins resulting from using partially treated wastewater due to accumulation
of suspended solids (SS) and the organic load, and the poor maintenance. The goal of
this research is enhancement of the efficiency of Infiltration Basins for effluent
recharge. Field experiments was performed in order to achieve the required objectives
such as the quality of the soil under the infiltration basin, and quality of the effluent
water to the basin. Also modeling for the unsaturated zone using the Green-Ampt model
(1911) was performed in order to predict the existing and enhanced infiltration rate. The
field and lab tests results showed that the soil strata in the infiltration basin IB1 consists
of Sand which is non-plastic and has good permeability characteristics, Clayey Sand:
which is the wide spreading layer at the top of the basin, and of low to medium
plasticity, and of low permeability, and Sandy Silty Clay which is of medium plasticity,
and of low permeability. The results showed that the infiltration rate is affected by the
soil properties; sandy soils have the highest infiltration rates and clayey soils have the
lowest infiltration rates. Also the results showed that the infiltration rate is affected by
the quality of the effluent water, operation cycles and maintenance for the top surface.
According to the results which have been supported by model; removing the upper 2.0
meters of soil layer at IB1 and replacing it with new sand martial with high permeability
introduced an efficient solution for enhancement the infiltration rate. Also penetrating
the lower soil layers with 60 piles and filling the piles with gravel fine media with high
permeability, will increase the infiltration rate for the whole basin according to the
study. Performing 35 cycles of wetting and drying during the year with 2 days of
wetting in summer and winter and 7 days of drying in summer and 12 days of drying in
winter, will help to reach the optimal infiltration rate. Soil plowing after each drying
cycle for the basin is required to maintain good infiltration rate and prevent
accumulation of the organic matter (OM) in the top soil layer.
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CAHPTER 1 : Introduction

1.1 Background

Water is essential to sustain life, and it is considered a scarce resource in Palestine.
Sustainable water management calls not only for careful use of freshwater but also for
reuse of treated wastewater (Aish, 2004). Indications of the need for changing the
current (and historical) management are seen in the lowering of the water table and the

increasing chloride and nitrate concentrations in the groundwater (SWECO, 2003).

The abstraction rates have increased remarkably over the last three decades, due to a
combination of inadequate available water imports to Gaza; the expanding population;
and the drilling and use of unlicensed wells (especially to provide irrigation for
agricultural activities). The over-abstraction has caused saline intrusion (i.e. the entry of
sea water to the aquifer from the Mediterranean Sea to the west, and also from deep
groundwater in Israel to the south-east of Gaza) (PWA, 2011).

The Gaza Strip suffers from high pressure imposed on its water resources. There is a
deficit of about 50 MCM (million cubic meters) every year, which has led to a
declination of groundwater level and deterioration of groundwater quality. New water
resources are sought to fulfill the water deficit; among them is the artificial recharge of
treated wastewater to groundwater (Hamdan, et al., 2011).

The Gaza Strip has high population density accompanied with growing water demands
that are met by groundwater as the one and only local resource. The Agricultural sector
in the Gaza Strip on an average consumes around 75-80 MCM of water annually. All

amounts of water used for this purpose come from groundwater wells (PWA, 2012).

Upon the fact that the entire existing agricultural water demand is taken from the
groundwater aquifer, of which a large proportion is brackish, Palestinian Water
Authority (PWA) addressed that the long-term target is that only minimal fresh water
will be provided for soil flushing and specific high value crops. Other low quality water
and conservation practices, including brackish water, storm water harvest, blending of

water and conjunctive use of saline and non-saline water, will be utilized to optimal
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economic and practical effect in accordance with the following targets. Ultimately, by
2020 the utilization of wastewater is planned to provide 50 % of the total required by
agriculture (PWA, 2012).

Wastewater reuse is envisaged primarily as a means to support the agricultural sector in
Gaza (PWA, 2011). The agricultural demand is almost constant since the agricultural
areas are limited or even decreasing. However, the domestic demand increases due to
the rapid growth of the population. This increases the amount of wastewater produced
and the treated effluent becomes a significant resource of water that could improve the
water balance in the region (Hamdan, et al., 2011).

Anrtificial recharge is one such idea that has emerged over the past 20 years as a major
water management tool for meeting water supply challenges. The concept of artificial
recharge is simple: return water to aquifers and increase groundwater supplies (Arroyo,
2007). Where sewage effluent is used for ground water recharge, the quality
improvement of the sewage water as it moves through the vadose zone and aquifer

becomes very significant (Bouwer, 2002).

Reclaiming waste water involves management of groundwater recharge by introducing
treated waste water into the aquifer and taking advantage of either the raised
groundwater levels or the actual water volume or a combination of the two. Artificial
recharge is a process by which surface water is directed into the ground to replenish the
aquifer either by spreading on the surface in basins, by using recharge wells, or by
altering natural conditions to increase infiltration. The objectives of infiltration includes
the quantity aspect which aimed at breaking the trend of decreasing groundwater table
(and the increasing chloride concentrations connected to that) and allowing for a water
abstraction from the aquifer for water supply (SWECO, 2003).

1.2 Problem Statement

Water scarcity is likely to become more problematic in the near future due to rapid
population growth, increasing per capita water consumption, and the draught conditions
of the world. These have forced various countries and communities to look towards
alternative water resources to meet the growing needs and to be as long term water
supplies. The artificially recharge of the groundwater is one option with extremely good

future, since the underground storage is becoming a major alternative for overcoming
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short-term and long-term seasonal differences between water supply and demand
(Abushbak, 2004).

Artificial recharge facilities or projects are constructed to control the movement and rate
of infiltration, with the purpose of adding water to the aquifer. Constructed recharge
projects require maintenance to maintain infiltration rates and ensure smooth operations
(Arroyo, 2007).

The problem of the artificial recharge is the reduction of infiltration capacity in the
infiltration basins resulting from using partially treated wastewater due to accumulation
of suspended solids and biological oxygen demand loading (BOD) in addition to poor
maintenance. The current infiltration system at Northern Gaza Storm Water and
Sewerage Project consists of nine basins distributed from (1-9). The infiltration rate for
all the basins began to deteriorate significantly since December, 2011, and infiltration
basin (1) mainly has the lowest infiltration rate since the operation of the infiltration
system. Figure (1-1) shows the average infiltration rate for the all basins with time since
July, 2009 up to March, 2013.
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Figure (1-1): Average Infiltration Rate for All Basins with Time
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1.3 Goals

The goal of this research is Enhancement of the Efficiency of Infiltration Basins for

Effluent Recharge.

1.4 Objectives

The main objectives of this research are:

» Study the soil profile underneath the infiltration basin (I1B1).
» Study the performance of the infiltration basin (1B1) under different conditions.
» Modeling the flow in the unsaturated zone.

» Propose enhancement methods and assess the impact of each method.

1.5 Methodology

It is intended to achieve the objectives of the study by the following steps:

a. Literature review
Revision of accessible references as books, studies and researches relative to the topic of
the research which may include: Artificial Recharge, Quality of soil, Quality of Effluent,

..etc.

b. Data collection
Collecting of relevant data mainly from the Palestinian Water Authority (PWA), and from

any relevant authorities were detailed information is needed.
c. Field Experiment

Field experiments was performed at infiltration basin (IB1) in order to achieve the

required objectives such as:

e Quality of the soil under the infiltration basins was tested and the following tests

was performed:

o Soil tests for the layers under the basin bed in different locations was tested
to a depth of 12m (five boreholes was performed and the soil samples was
taken each 30 cm until depth of 2.10 m, after that from 2.10m to 3.0m and
each one meter from the depth 3.0m until reaching the end of borehole).

After collecting all the samples, grain size analysis (sieve analysis), water
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content(6i), and hydraulic conductivity (K) for the different layers of the

soil was performed.

o Soil quality tests beneath the basin bed to a depth of 2.10m, and samples
were taken each 30cm (from the same five boreholes) to test the effect of
Organic Matter (OM), and Sodium Adsorption Ration (SAR) .

e Quality of the influent to the basin was tested.

d. Modeling for ground water in the unsaturated zone
For the infiltration basin (IB1) a lump-parameter model was developed based on the
Green-Ampt Model (1911) in order to predict the model which describing the real

infiltration rate, and to introduce the proposed model for infiltration after enhancement.

e. Data analysis, assessment and discussion
Determining the factors that influence the efficiency of the infiltration basins capacity, and
how to enhance the capacity of the infiltration after enhancement in order to reach a

reasonable infiltration rate.
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Figure (1-2): Methodology Flow Chart

1.6 Thesis Outline

This study consists of the following seven chapters:

1. Chapter One (Introduction):

A general background illustrating the water

situation in Gaza Strip (GS) followed by the problem statement, goals and study

objectives, methodology used in order to achieve the objectives and finally the

thesis outline.
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2. Chapter Two (Literature Review): It covers a general literature review
concerning the artificial recharge, infiltration, methods of enhancement the
infiltration rate, and finally the literature review presents modeling of
unsaturated zone.

3. Chapter Three (Study Area): Chapter three describes the location of the Gaza
Strip, climate, rainfall status, geology, study area with respect to its location and
topography, the existing situation of the infiltration basins and the related
information about the operation.

4. Chapter Four (Methodology): Chapter four discusses the methodology of
study including data collection, filed experiments, data analysis and preparation.

5. Chapter Five (Results and Discussion):
Chapter five will presents the field experiments results for the soil profile, the soil
quality parameters and the effluent quality parameters of the recharged water, also
factors that influence the efficiency of the infiltration basins capacity, behavior of
infiltration capacity under different loading conditions, and finally how to enhance
the capacity of the infiltration. Also this chapter will presents modeling for the
unsaturated zone and its applicability in the field of infiltration basins.

6. Chapter Six (Conclusions and Recommendations): The conclusions and
recommendations of the study are stated in this chapter.
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CAHPTER 2 : Literature Review

2.1 Introduction

Fresh water shortage is becoming an increasingly acute problem facing many nations in
the world. Groundwater recharge with treated wastewater is becoming more valuable
with time in developing countries because of the scarcity of water resources (Deepa,
and Krishnaveni, 2012).

Water demand in Palestine, in general and in the Gaza strip, in particular is rapidly
increasing (PWA, 1998). The Gaza Strip suffers from a disastrous situation due to poor
water quality with the Coastal Aquifer as the sole water source shared with Israel. The
aquifer is being over pumped with annual quantities that double that of the safe
pumping rate (50-60 MCM/ year); this has led to seawater and surrounding saline
aquifers intruding into this fresh water source causing salination. The Agricultural
sector in the Gaza Strip on an average consumes around 75-80 million cubic meters of
water annually. All amounts of water used for this purpose come from groundwater
wells (PWA, 2012). It is stated in the National Water Plan (NWP) that wastewater
investment costs represents about 37% of overall Palestinian investment plan for Gaza
Strip overall the period time to achieve strategies and targets outlined in the NWP.
Wastewater reuse schemes are indispensable for Palestinian in general and Gaza strip in
particular (Nassar, et al., 2009). Wastewater (WW) reuse will provide an alternative to
groundwater (GW) for irrigation when well treated wastewater (TWW) can be used for
irrigation as it is planned in the NWP by year 2000. Reuse of TWW in irrigation is
considered a priority in the GS due to a number of factors including the depletion of
GW resources and fact that reuse would increase the availability of fresh water

resources for domestic and industrial use (Nassar, et al., 2009).

The reuse of the effluent could be accomplished in two ways: either by direct irrigation
to farms and/or through artificial recharge to groundwater, which is then pumped to

irrigate farms with reclaimed wastewater (Hamdan et al., 2011).
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2.2 Artificial Recharge (AR)

Groundwater recharge with reclaimed municipal wastewater presents a wide spectrum
of technical and health challenges that must be carefully evaluated. Natural
replenishment of the vast supply of underground water occurs very slowly; therefore,
excessive continued exploitation of groundwater at a rate greater than this
replenishment causes declining groundwater levels in the long term and if not corrected,
leads to eventual mining of groundwater. To increase the natural supply of groundwater,
artificial recharge of groundwater basins is becoming increasingly important in
groundwater management and particularly in situations where the conjunctive use of
surface water and groundwater resources is being considered. (Asano and Cotruvo,
2004).

Artificial recharge is one means of conserving water by allowing storage and future use
of reclaimed water (Toze, et al., 2004). AR and water reuse are important aspects of
integrated water management where water resources management problems are solved
by considering all aspects (Bouwer, 2002). Thus moving towards attaining sustainable
water management in addition, artificial recharge can significantly contribute to water
quality improvement by natural attenuation of contaminants via passage of the water
through the aquifer. The ability to obtain an improvement in water quality would be a
major benefit of artificial recharge in less arid parts of the world where water scarcity
and quality issues are prevalent (Toze, et al., 2004). Mohammedjemal, 2006 R5 stated
that artificial recharge can be used for a number of reasons: Integrated water
management, seasonal storage and recovery of water, long-term storage or water
banking, emergency storage or strategic water reserve, short term storage, enhance well
field production, restore groundwater level, replace over draft, raise water levels, reduce
pumping cost, stop or reduce rate of land surface subsidence, improve groundwater

quality to agriculture or municipal standards.

Artificial recharge of groundwater is achieved by putting surface water in basins (Figure
2-1), furrows, ditches, or other facilities where it infiltrates into the soil and moves
downward to recharge aquifers. Artificial recharge is increasingly used for short-or
long-term underground storage, where it has several advantages over surface storage,

and in water reuse (Bouwer, 2002).
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Figure (2-1): Typical groundwater recharge system, (Bouwer, 2002)

2.2.1 Advantages and Disadvantages of Artificial Recharge

Artificial recharge has several potential advantages, namely (Bhattacharya, 2010):

The use of aquifers for storage and distribution of water and removal of
contaminants by natural cleansing processes.

Groundwater recharge stores water during the wet season for use in the dry
season, when demand is the highest.

Recharge can significantly increase the sustainable yield of an aquifer.

Recharge methods are environmentally attractive, particularly in arid regions.
Most aquifer recharge systems are easy to operate.

Recharge with less-saline surface waters or a treated effluent improves the

quality of saline aquifers, facilitating the use of the water for agriculture.

Artificial Recharge has some disadvantages, namely (Bhattacharya, 2010):

Recharge can degrade the aquifer unless quality control of the injected water is
adequate.

Unless significant volumes of water are injected in an aquifer, groundwater
recharge may not be economically feasible.

The hydrogeology of an aquifer should be investigated and understood before

any future full-scale recharge project is implemented.
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e There is a potential for contamination of the groundwater from injected surface-

water. In most cases, the surface-water is not pre-treated before injection.

2.2.2 Methods of Artificial Recharge

There are two methods of artificial recharge in general: Direct and Indirect
(Mohammedjemal, 2006).

A. Direct method

Direct methods can be divided into surface recharge techniques and subsurface recharge
techniques. In surface recharge, water moves from the land surface to the aquifer by
means of infiltration through the soil. The surface is usually excavated and water is
added to spreading basins, ditches, pits, and shafts and allowed to infiltrate.

B. Indirect methods

Indirect method include installing groundwater pumping facilities near connected
surface water bodies to lower groundwater levels and induce infiltration elsewhere in
the drainage basin. Indirect methods include modifying aquifers to enhance
groundwater reserves.

Mohammedjemal, 2006 stated that there is a third method for artificial recharge, which
is the Combination system. The mixed recharge is the combination of infiltration and
recharge wells. The advantage of this system is that the water has been pre filtered
through the soil and the perched groundwater zone, so that its clogging potential is
significantly reduced. In this way the risk of aquifer obstruction is reduced.

Table (2-1) summaries the major characteristics for various technologies used for
artificial_recharge (El Arabi, 2012)

2.2.3 Influence of Recharge Factors

Not all aquifers can be artificially recharged. The hydraulic characteristics of the
aquifer, the nature of the existing groundwater, and the characteristics of the recharge
water can have a major influence on the outcome of a recharge operation (Spandre R.,
1999).
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Table 2-1: Characteristics for Various Technologies Used for Artificial Recharge (EI Arabi,
2012).

Parameter Recharge Basin Vadose Zone Direct Injection
Injection Wells Wells
Aquifer Type Unconfined Unconfined Confined/Unconfined
Pre-Treatment Low Technology Removal of Solids High Technology

Requirements

Capacity 10030-20,000 10390-2000 20(3)0-6000
m /ha/day m /ha/day m /ha/day
Maintenance Drying and Scraping Drying and Disinfection and
Requirements Disinfection Flow Recovery
Soil-Aquifer Vadose Zone and Vadose Zone and Saturated Zone
Treatment Saturated Zone Saturated Zone

2.2.3.1 Geological and Hydrogeological Factors
The receiving aquifer must be homogeneous and isotropic as possible. One of the main

factors affecting recharge is aquifer porosity. Porosity must be as high as possible, and
this factor depends on a uniformity coefficient: where the coefficient is small, porosity
is high. Another factor is the hydraulic conductivity of an aquifer: when the hydraulic
conductivity is high, recharge is very quick. Hydraulic conductivity values tend to be
high when the aquifer grain size is large. The artificial recharge depends on
transmissivity and porosity values, and the uniformity of these parameters is very

important.

2.2.3.2 Physical and Chemical Factors
The chemical and physical characteristics of groundwater and recharge water have a

great effect on the results of artificial recharge. (Spandre R., 1999).

2.3 Infiltration Basins (1B)

One artificial recharge method commonly used is infiltration to unconfined aquifers via
pond infiltration or surface spreading (Toze, et al., 2004). Recharging basins are still

the most common method of recharge and provide excellent versatility for water
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resources planning (EI Arabi, 2012). Infiltration basins require a substantial amount of
land area with a suitable geology, allowing the water to infiltrate into the aquifer and
percolate to the groundwater table. Infiltration basins (Figure 2-2) allows for natural,
quality improving processes to take place in the surface of the infiltration ponds and
subsoil (SWECO, 2003). The spreading basins should excavated in areas of high
permeable soils, where the infiltration is most effective (Guttman, 2012)

Construction is normally comparatively simple and low cost.

Figure (2-2): Principle for basin infiltration, (SWECO, 2003).

2.3.1 Infiltration Rate (IR)

Infiltration rates are expressed as volume of water moving into the soil or aquifer per
unit infiltration area and per unit time. The dimension of infiltration rate thus is
length/time, for example, cm/h or in/h, or m/day or ft/day. For IB, this rate can be
visualized as the rate of fall of the water surface in the basin if there is no inflow to or
outflow from the basin. IR for surface infiltration recharge systems typically range from
0.3 to 3 m/day (1-10 ft/day) (Bouwer, 2002).

For surface infiltration systems in uniform soils without surface clogging, infiltration
rates will be about equal to the vertical hydraulic conductivity of the soil which has the

following approximate orders of magnitude:
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Clay soils <0.1 m/day

Loams 0.2 m/day
Sandy loams 0.3 m/day
Loamy sands 0.5 m/day
Fine sands 1 m/day
Medium sands 5 m /day
Coarse sands >10 m/day

These values can be used for preliminary site evaluation and system selection (Bouwer,
2002).

2.3.2 Factors Affecting Infiltration Rate

The infiltration rate of a natural porous body depends on its porosity and saturated
hydraulic conductivity, which in turn is a function of the intrinsic permeability of the
medium and the fluidity of the penetrating liquid (Lin, et al., 2003). Initially, soil
sorptivity is the primary factor affecting infiltration rate; but as infiltration time
increases, the hydraulic conductivity becomes the controlling factor (Lin et al., 2003).

The following factors is also affecting the IR:

2.3.3 Temperature

The infiltration rate into a soil will decrease as temperature of the system decreases,
most likely due to the increased viscosity of the percolating water. Water viscosity
changes by approximately 2% per degree Celsius in the relevant environmental
temperature range of 15-35°C. This leads to an estimated 40% change of infiltration rate
between the summer and winter months in arid regions The increase in hydraulic
conductivity with increase in temperature is commonly attributed to the decrease in

viscosity of the water (M. Braga, 2005).

Because infiltration rates vary inversely with water viscosity, temperature also affects
infiltration rates. In areas with large differences between winter and summer
temperatures, viscosity effects alone cause winter infiltration rates to be as low as about

half of those in summer (Bouwer, 2002).
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2.3.4 Basin Water Depth

Achieving a maximum infiltration rate for recharge basins is essential, especially in
urban settings where land is limited. The depth of water in recharge basins must be

selected to achieve maximum infiltration rates (M. Braga, 2005).

2.3.5 Clogged Basin Layer

Clogging is one of the most critical factors affecting infiltration performance. Clogging
may be defined as the reduction of the available pore volume of a porous media due to a
range of physical, biological and chemical processes (Nadee et al., 2010).

Physical processes are accumulation of inorganic and organic suspended solids in the
recharge water, such as clay and silt particles, algae cells, microorganism cells and
fragments, and sludge flocks in sewage effluent. Another physical process is downward
movement of fine particles in the soil that were in the applied water or in the soil itself,
and accumulation of these fine particles at some depth where the soil is denser or finer,
and where they form a thin subsurface clogging layer. The depth of this layer ranges
from a few mm to a few cm or more (Bouwer, 2002).

Biological clogging processes include: accumulation of algae and bacterial flocks in the
water on the infiltrating surface; and growth of micro-organisms on and in the soil to
form biofilms and biomass (including polysaccharides and other metabolic end
products) that block pores and/or reduce pore sizes (Bouwer, 2002).

Chemical processes include: precipitation of calcium carbonate, gypsum, phosphate,
and other chemicals on and in the soil. Sometimes, these precipitations are induced by
pH increases caused by algae as they remove dissolved CO, from the water for
photosynthesis. Bacteria also produce gases (nitrogen, methane) that block pores and
accumulate below clogging layers to create vapor barriers to infiltration (Bouwer,
2002).

Consequently, the immediate effect of clogging is to reduce the intrinsic permeability of
a system, leading to a drop in infiltration rates in the case of surface ponding. The
poorer the source water quality, the faster and more extensive the reduction in
infiltration rate, as illustrated in Figure (2-3) (Nadee et al., 2010).
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Figure (2-3): lllustration of Infiltration and clogging, (Nadee et al., 2010)

Over time, the bottom of the infiltration basin can become clogged by a layer of
inorganic and/or organic deposits creating a barrier between the basin and the wetted
perimeter as cleared on figure (2-4). As fine particles settle out and biological activity

on the bottom continues, the thickness of the clogging layer can increase until

infiltration rates eventually become so small that the function of the infiltration basin

ends. (M. Braga, 2005).
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Figure (2-4): lllustration of clogging layer, (Bouwer, 1999)

2.3.6 Sodium Adsorption Rate (SAR)

Sodic soil, or soil with excessive levels of sodium ions (Na*) relative to divalent ions

calcium (Ca®*) and magnesium (Mg?®"), can alter soil structure and reduce soil

permeability. The sodium absorption rate (SAR) is an indicator of sodicity. To calculate

the SAR of a waste or soil, determine the (Na*), (Ca*"), and (Mg®") concentrations in
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milliequivalents per liters for use in the Gapon equation which is commonly used to

determine the ratio of sodium to calcium and magnesium:

+

SAR = Na — 2.1
/Ca+++ Mg
2

The term milliequivalents per liter (meg/l) expresses the concentration of a dissolved

substance in terms of its combining weight. Milliequivalents are calculated for
elemental ions such as Na*, Ca?*, and Mg?* by multiplying the concentration in mg/l by
the valence number (1 for Na*, 2 for Ca®* and Mg?*) and dividing by the atomic weight
(22.99 for Na*, 40.08 for Ca®*, and 24.31 for Mg®").(EPA, 2013)

Too much sodium causes problems related to soil structure. As sodium percentage
increases, so does the risk of dispersion of soil aggregates, Figure (2-5).

Figure (2-5): The difference between flocculated (aggregated) and dispersed soil
structure (Horneck, et al., 2007).
Flocculation soil is important because water moves through large pores. Dispersed soil
plug soil pores and impede water movement and soil drainage in all but the sandiest soil
(Horneck, et al., 2007).
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Figure (2-6) shows sodium adsorption ratio (SAR). SAR is a ratio of bad (Na*) to good

(Ca?* and Mg?*) flocculators. When (Na*) dominates (high SAR), soil pores clog (soil

disperses), limiting water infiltration (Horneck, et al., 2007)

@@ég +—— Ca?* and Mg?*

Figure (2-6): Representation of Sodium adsorption ratio (SAR) (Horneck, et al., 2007)

According to (Waskom, et al., 2012) the following terms mean:

e Saline related to high salt content,

e Sodic related to high sodium content, and

e Saline/sodic related to high salt and high sodium content.

The following Table 2-2 shows the general classification of salt-affected soils.

Table 2-2: General classification of salt-affected soils (Waskom, et al., 2012)

Electrical Sodium Soil
Classification | Conductivity (EC) | Soil pH adsorption physical
(ds/m) ratio (SAR) | condition
Slightly Sline 2-4 <8.5 <13 Normal
Saline >4.0 <8.5 <13 Normal
Sodic <4.0 >8.5 >13 Poor
Saline-Sodic >4.0 <8.5 >13 Varies
High pH <4.0 >7.5 <13 Varies
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2.4 Maintenance and Monitoring Artificial Recharge System

Managed for optimum performance for artificial recharge system depend entirely on
local conditions of soil, hydrogeology, topography, water availability (quality,
continuous, or interrupted supply), and climate. Key factors in the design and
management of successful artificial recharge systems are site and system selection,
maintenance of adequate infiltration rates, hydraulic continuity between the recharge
system and the aquifer (no clay layers in the vadose zone), and groundwater control for
effective water recovery and prevention of undue groundwater rises in the recharge area
(Bouwer, 2002). As stated by (Guttman, 2012) recharge is most effective when there
are no clay layers between the land surface and the aquifer. Another important factor in
the selection of the type of recharge system is the pretreatment of the water required
before recharge to minimize physical, chemical, or biological clogging of the infiltrating

surface (bottom in basins and walls in trenches, shafts, and wells) (Bouwer, 2002).

Periodic maintenance of artificial recharge structures is essential because infiltration
capacity is rapidly reduced because of silting, chemical precipitation, and accumulation

of organic matter (Bhattacharya, 2010).

Infiltration rates of water through the soil can decrease as a result organic matter (OM)
accumulation and the consequential water repellency. OM accumulation in the topsoil
layer was found to be the main factor adversely affecting soil permeability, the OM
originating from the TWW has water-repellent characteristics that alter soil hydraulic
properties. The chemical nature and composition of the OM may have stronger effects
on soil water repellency than its quantity (Nadav et al., 2011).

Organic matter (OM) in the top soil layer is the main factor determining treated waste
water (TWW) infiltration into the soil. Soil plowing reduced OM content in the top soil
layer and consequently, reduced the effect of OM on the soil hydraulic properties and
restricted the reduction in TWW infiltration that occurs mainly during the winter. Soil
plowing was found to be an efficient procedure that can be employed to reduce OM
content in the top layer and maintain high infiltration rates of TWW into the soil
(Nadav et al., 2012).
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(Guttman, 2012) emphasized that the proper monitoring and maintenance is the key
factor in long term operating of the artificial recharge plant.

In order to maintain sufficient infiltration rate to satisfactory values, the clogging layer
should control periodically by drying the basins or other infiltration facility, and letting
the layer decompose, shrink, crack, and curl up (Bouwer, 2004). Rates of infiltration are
maintained mainly by ploughing (plowing) or disking of the ground between or at the
end the recharge events (Guttman, 2012).

If clogging materials continue to accumulate, they must be periodically removed at the
end of a drying period. This can be done mechanically with scrapers, front-end loaders,
graders, or manually with rakes (Bouwer, 2004).

2.5 Modeling of the Unsaturated Zone

2.5.1 The Green - Ampt Model (GA), 1911

Water infiltration is an important component of hydrological cycles. It serves an
important role on many phenomena such as irrigation, runoff generation, soil erosion,
and nutrient and contaminant transport (Ma, et al., 2011). There always has been a great
interest in the modeling of the infiltration process (Brevnova, 2001). A large number of
infiltration models, including the Green-Ampt model the Richards equation, the
Kostiakov model, the Horton model, and the Philip model have been developed in the
last century. The formulation of the Green-Ampt model is very simple and the model
parameters can be directly obtained from the physical and hydraulic properties of soil
(Ma, et al., 2011).

Green-Ampt GA (1911) developed the first physically based model. (Brevnova, 2001).
The Green-Ampt equation is one of the most widely used equations for modeling one-
dimensional vertical flow of water into soil. It was developed from an integration of
Darcy’s Law by assuming infiltration from a ponded surface into a deep homogeneous
soil of uniform antecedent water content. What makes this model ideal is its reliance on
physical parameters, most of which can be evaluated from properties of the soils
identified through field-testing (Braga, 2005).
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2.5.2 Assumptions of the GA model:

The following assumptions are made according to the Green-Ampt Model (Brikowski,
2007).

e The wetting front advances at the same rate with depth, which produces a well-

defined wetting front.

e The volumetric water contents remain constant above and below the wetting

front as it advances.

e The soil-water suction immediately below the wetting front remains constant

with both time and location as the wetting front advances.

This model employs a simple equation for describing and calculating infiltration. Green
- Ampt arrived at their simplified theory of infiltration by considering the wetting front
as a precipitous border between wetted and non-wetted soils. Figure (2-7) shows
graphical representation of the Green-Ampt infiltration model: the wetting front
penetrates to a depth L at time t, separating the saturated soil with hydraulic
conductivity K, and porosity n for the soil which has moisture content 6i below the
wetting front. There is ponded water with a depth of ho above the surface (Brevnova,
2001).

Ground Surface

Ground Surface E

Saturation Zone

Transition Zone

Transmission
Zone

_____________________ I
Wetting Zone > A6 *
Zon n
one

e

Wetting Front
Dry Soil g

v depth -

&

Dry Soil

L

Figure (2-7): Graphical Representation of the GA Infiltration Model (Brevnova, 2001)
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By applying Darcy's law to an imaginary vertical column of homogeneous soil with a
unit cross-sectional area at the top, and a control volume between soil surface and

wetting front boundary, infiltration can be expressed as the total gradient which includes

a capillary suction () effect due to dryness at lower levels (Brevnova, 2001).

ho tv +L
f:KS% 2.2

For the ponded depth, ho, considerably smaller than capillary suction and wetting front
depth, equation 2.1 can be simplified as:

v +L

f=K, 2.3

The assumption hy = 0 is usually appropriate for surface water hydrology problems
because it is assumed that ponded water becomes surface runoff.

The Green-Ampt equations for cumulative infiltration F(t) and infiltration rate f with
time are (Todd and Mays, 2005):

F(t) = Kt+yAOIn l+ﬂ 2.4
wAO
f= K(l+ V/A?Hj 2.5

The Green-Ampt infiltration equation involves parameters (see table 2-3):

1. The infiltration rate, f(cm/hr),

2. Hydraulic conductivity, K (cm/hr),

3. Wetting front capillary pressure head, y(cm), and

4. Change in moisture content A0, which is a difference between porosity 1, and initial
soil water content, ;.

Time, t (hr).

6. The cumulative infiltration, F(t) (cm)

o

Application of the Green-Ampt model requires estimates of the hydraulic conductivity

K, the wetting front soil suction head y (see table 2-3), and A®.
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The residual moisture content of the soil, denoted by 6, is the moisture content after it
has been thoroughly drained. The effective saturation (Se) is the ratio of the available

moisture (0 - 6;) to the maximum possible available moisture content (n- 6;), given as:

_ 006y

= , 2.6
n—E06r

Se

where 1 - 0, is called the effective porosity Oe.

The effective saturation has the range 0 < S < 1.0, provided 6,< 0 < n. ((Todd and
Mays, 2005).

2.5.3 Estimating of Hydraulic conductivity (K)

A variety of methods are available for estimating saturated hydraulic conductivity
values from grain size information. One of the most simple and most commonly used
approaches is the Hazen equation (Massman, 2003):

Ks = Cd%p 2.7

Where;

Ks: is the saturated hydraulic conductivity,

C :is a conversion coefficient, and

dio: is the grain size for which 10% of the sample is more fine (10% of the soil particles
have grain diameters smaller than d).

For Ks in units of cm/s and for dy in units of mm, the coefficient, C, is approximately
(1).

Table 2-4 contains some representative hydraulic conductivity for different soil types.

Table 2-3: Green-Ampt infiltration parameters for various soil classes, (Todd and
Mays, 2005)

Soil class Porosity Effective Wetting front Hydraulic
Porosity soil suction Conductivity
head
n 0, % K
(cm) (cm/hr)
Sand 0.437 0.417 4.95 11.78
(0.374-0.500)  (0.354-0.480)  (0.97-25.36)
Loamy sand 0.437 0.401 6.13 2.99

(0.363-0.506)  (0.329-0.473)  (1.35-27.94)
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Sandy loam
Loam
Silt loam
Sandy clay
Loam
Clay loam
Silty clay
Loam
Sandy clay
Silty clay

Clay

0.453
(0.351-0.555)
0.463
(0.375-0.551)
0.501
(0.420-0.582)
0.398
(0.332-0.464)
0.464
(0.409-0.519)
0.471
(0.418-0.524)
0.430
(0.370-0.490)
0.479
(0.425-0.533)
0.475
(0.427-0.523)

0.412
(0.283-0.541)
0.434
(0.334-0.534)
0.486
(0.394-0.578)
0.33
(0.235-0.425)
0.309
(0.279-0.501)
0.432
(0.347-0.517)
0.321
(0.207-0.435)
0.423
(0.334-0.512)
0.385
(0.269-0.501)

11.01
(2.67-45.47)
8.89
(1.33-59.38)
16.68
(2.292-95.39)
21.85
(4.42-108.0)
20.88
(4.79-91.10)
27.3
(5.67-131.50)
23.9
(4.08-140.2)
29.22
(6.13-139.4)
31.63
(6.39-156.5)

1.09

0.34

0.65

0.15

0.10

0.10

0.06

0.05

0.03

Table 2-4: Some Representative Hydraulic Conductivity for Different Soil Types

(Todd and Mays, 2005)

Hydraulic conductivity

Material (m/day)
Gravel, coarse 150
Gravel, medium 270
Gravel, fine 450
Sand, coarse 45
Sand, medium 12
Sand, fine 2.5
Silt 0.08
Clay 0.0002
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2.6 Enhancement of the Lower Layers Infiltration Rate

Injection piles are used in order to enhance the infiltration rate for the deep low
permeability layers. From the radial flow concept, it is apparent that as ground water
converges a well, its velocity increases. If the velocity exceeds a critical limit, finer
particles will be transported from the aquifer into the gravel filter, and the filter

subsequently plugs, this velocity is the approach velocity (Williams, 1981).

The relationship between the velocity and hydraulic conductivity of the aquifer is

expressed by Sichardt equation (Williams, 1981).:

VK
Va<ig 2.8

where V, is the approach velocity, m/s ,and K is the hydraulic conductivity of the

aquifer, m/s with safety factor for design computations of V, < 3—‘/5 (Safety factor of 2

for design considerations).

2.7 Enhancement of the Wetting Drying Cycles for Infiltration basins:

Soil Aquifer Treatment (SAT ) basin hydraulics are often controlled by the development
of a low-conductivity clogging layer at and near the ground surface. This clogging layer
has been found to be subject to compression under seepage forces exerted by infiltrating
water with a corresponding reduction in the hydraulic conductivity of the layer,
particularly when algae and/or a high concentration of particulate matter is present in
the effluent. Limiting the depth of water in the pond can help to prevent excessive
compression and a further reduction of hydraulic conductivity of the clogging layer.
Additionally, the use of fairly short wetting cycles, designed to cut down on the growth
of algae, can be helpful in minimizing the reduction of hydraulic conductivity of the
clogging-surface layer (Sandra et, al., 1999).

As suspended solids, algae growing in the infiltration basin, and microbes growing in
the soil or the basin surface components accumulate on the bottom of the basin floor to
form the clogging layer, they begin to restrict infiltration. Therefore, management of
surface and near surface basin soils through control of wetting and drying cycle times is
generally required to ensure adequate infiltration rates. Longer drying time tends to be

more effective in reestablishing infiltration rate compared to shorter drying time. Short
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drying times did not provide complete nitrification, thus allowing NH, to build up in
soil. Long enough drying times will promote complete nitrification (NH4 to NO3) and
will prevent accumulation of NH, in the soil (Abushbak, 2004).

(AWWA, 1998) emphasized that longer drying time tends to be more effective in
reestablishing infiltration rates compared with shorter drying time. It is reasonable to
expect that a more thorough surface drying with corresponding cracking and breaking

up of the surface clogging layer would increase infiltration rtae.

2.8 Research Contribution

The main enemy of the infiltration basins is the clogging on the infiltration surface
which cause severe reduction in the infiltration rate for the system. The findings of the
research will help to identify the constraints affecting the efficiency of the infiltration
process, and it will help the responsible local authorities to operate the infiltration basins
in a proper way by introducing methods of controlling and enhancement of infiltration

rate.
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CAHPTER 3 : Study Area Description

3.1 Location of the Gaza Strip

The Gaza Strip is located on the eastern coast of the Mediterranean Sea that borders
Egypt on the southwest (11 km) and Israel on the east and north (51 km). It is 41
kilometers long, and from 6 to 12 kilometers wide, with a total area of 365 km? as
shown in Figure 3-1 (PCBS, 2013).

GAZA STRIP
D Built-up area

. Refugee Camp

©  Crossing Point

Kilometres

JORDAN

Figure (3-1): Map of the Gaza Strip (Wikipedia, 2013)

The Gaza Strip is located between longitudes 34° 20” east, and latitudes 31° 25” north
(Wikipedia, 2013).
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3.2 Demographical Data

Demographic pressures in the Gaza Strip in terms of population density, growth
rate, poverty and unemployment are extraordinarily high compared to
neighboring countries

and regions. Based on estimates prepared by Palestinian Central Bureau of
Statistics (PCBS) according to the results of the Population, Housing and
Establishment Census of 2007, the estimated population of Gaza Strip totaled
1.64 million inhabitants (PCBS, 2012).

3.3 Climate

The Gaza Strip is located at the south-eastern edge of the Mediterranean and
has arid to semiarid climate. The Gaza Strip is characterized by short winter season,
the first real rain starts from October till March, rains in September and April are
occasionally and happened two times in the last decade. Therefore, the average yearly
rainfall is only distributed to five months a year. Around 30% of the rains occurs in
January (Al Najar, 2011). The annual rainfall fluctuating from 236 mm in the south
to 433 mm in the north (Hamdan, 2012).

The maximum temperature ranges between 18.1 and 29.4°C, while the minimum
temperature ranges between 10.7 and 24.6 in winter and summer, respectively. The
average humidity is 68.3% indicating high humidity in summer than in winter, as the
Gaza Strip located on a coastal zone.( Al Najar, 2011).

3.4 Geology

The ground surface in the Gaza Strip is formed of elongated ridges and
depressions parallel to the Mediterranean coast, and it is composed of
sedimentary rocks belong to Quaternary Era and divided into two main
formations, Holocene at the top is composed of continental alluvial and aeolian
deposits called continental kurkar composed of calcareous sandstone covered
by recent calcareous sand dunes accumulation lying in 1-4 km belt along the
coast which is suitable for natural water recharge. The lower formation,
Pleistocene is composed of near shore deposits and called marine kurkar. The
kurkar deposits are porous, and this makes it important as a groundwater

aquifer showing high hydraulic conductivity. The thickness of both formations
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constituting the Quaternary formation is estimated at 160 meters, where the
kurkar formation is subdivided into sub-aquifers by local aquicludes at the first
four kilometers parallel to the coast which are composed of clay and marl beds
making confined aquifers, Figure 3-2. Black shale of 100m of Pliocene age
deposits are found beneath the Quaternary sediments and known locally as
Sagiya formation which forms the base of the water bearing layer i.e. the

coastal aquifer of the Gaza Strip (Hamdan, 2012).

West East

a00ll Schematic - Not to Scale
Mediterranean Sea
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Figure (3-2): Generalized Geological Cross-section of the Coastal Plain (Greitzer, and
Dan, 1967)

3.5 Infiltration Basins Location and Topography

The site is located east of Gaza City, next to the border with Israel. The site is located
on a slope with the eastern part elevated at 70 meters above sea level (masl) and the
western part at 50 masl, Figure 3-3. The land has previously been used for agriculture.
The areas north and south of the site are used for orchards and along the western side
a cemetery is located (SWECO, 2003).

Page | 29

www.manharaa.com




Figure (3-3): The location of the Infiltration Basins

3.6 Situation, and Operation of the Infiltration Basins

3.6.1 Background

The Swedish Government has supported the Palestinian National Authority (PNA) with
assistance in funding of the Northern Gaza Storm Water and Sewerage Project
(NGSWSP) through the Palestinian Water Authority (PWA).The purpose of the project
was to provide a long-term and sustainable solution of the wastewater situation for
Northern Gaza (SEWCO, 2003).
The NGSWSP main components as stated by SWECO International:
e Pressure Mains and Gravity Sewers, which already done.
e Pumping Stations consisting of a New Terminal Pumping Station at the existing
WWTP and upgrading of the existing Beit Lahia Pumping Station, and the
project was implemented.
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e New Wastewater Treatment Plant, including inlet works with screening, grit and
grease removal, primary and biological treatment, final clarification and sludge
treatment facilities. This component is still under construction.

e Effluent Infiltration Basins for aquifer recharge, which is the subject of the
study.

The infiltration area divided into nine ponds with a total area of approximately

80.000 m% The area of each pond as per design and after construction is presented
in Table 3-1 below.

Table 3-1: Infiltration Basins Area

Area (m?) Area (m?)
Infiltration Pond according to the after construction
design (SWECO, (PWA, 2009)
2003)
1 10700 12328
2 12700 11142
3 6900 6892
4 8900 7845
5 9300 9174
6 7700 6120
7 8400 8386
8 7600 6302
9 7200 7091

The infiltration basins are distributed in three groups. Basin 1,2,3, basin 4,5,7 and basin
6,8,9, Figure 3-4. The water is distributed to one to three basins in each group at a time.
After flooding for a certain time, 0.5-2 days, the water is redirected to the next group in
order. In between flooding cycles, the basins are allowed to dry for period of 1-4 days or

longer. The relatively short flooding period and the drying periods will minimize algae
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growth and this will prevent a quick clogging of the ponds. Normally one basin is out of
operation for extended drying and cleaning (SWECO, 2003).
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Figure (3-4): Infiltration Site Layout (PWA, 2009)

3.6.2 Effluent Water Flow, and Effluent water Quality

The infiltration basins are designed to accommodate an average design flow of 35,600
m3/d which will be coming out from the wastewater treatment plant (new northern
wastewater treatment plant), Table 3-2.
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Table 3-2: The Design Flow for the Infiltration Basins (SWECO, 2003)

Design Flow Values Unit Values
Flow, population m*/d 33,960
Flow, industrial m®/d 1,640
Total flow, average m*/d 35,600
Design flow m*/h 1,975
Peak flow mh 3,600

The Effluent water quality according to the design criteria to be infiltrated and used for
unrestricted irrigation is (SWECO, 2003):

e BODs 10-20 mg/I

e SS 15-20 mg/I

e N-tot 10 mg/I

e Helminthes <1 No/l

e Fecal coliform <200 No/100 mi

The effluent water quality according to the periodic (Year 2011, 2012, and 2013) water
quality monitoring by the PWA is:

e BODs 60-95 mg/I

e SS 60-130 mg/I

e N-tot 55-75 mg/l

o Fecal coliform >1100 No/100 ml

According to the progress report (Quarter # 33 for the Period from January to March,
2013) prepared by the Projects Management Unit (PMU) at PWA, the total accumulated
quantity of the effluent transferred to the new infiltration basins from April, 2009 until
March, 2013 is about 19 MCM, with average daily flow discharged to the IB of
8,400 m®,
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Due to the partially treated effluent, and to reduce the pollution of the aquifer, both
PWA and the Coastal Municipalities Water Utility (CMWU) agreed a maximum

pumping rate of 15,000 m*/d from the Terminal pump station to the new IB.

The quantity of effluent is still below the agreed quantity between PWA and CMWU
which is 15,000 m®d. The excess quantities of effluent pumped to two emergency
ponds northern to Bait Lahia Waste Water Treatment Plant (BLWWTP).

To improve the performance of the infiltration basins, PWA starting the cleaning
activities for ponds one and two at BLWWTP during March, 2013. According to PWA
progress report the cleaning will help in decreasing the Suspended Solids (SS)
concentration, and thus may improve the quality of effluent reaching the basins and

improve the infiltration rate.

3.6.3 Infiltration Basins Efficiency

According to historical records by the PWA, the efficiency of the basins have
deteriorated with compared the average infiltration rates for all basins for the years
2010, 2011, 2012 and 2013, Figure 3-5, and the worst one is infiltration basin 1B1,
Figure 3-6, and Figure 3-7.
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Figure (3-5): Average infiltration record for all basins (1-9) from August 2010 to

March 2013 (PWA, 2013)
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Figure (3-6): Average infiltration Record from November 2009 to March 2013 for IB1

Comparing with Basins (2-9), (PWA, 2013)
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Figure (3-7): Average monthly infiltration rate for IB1 for the Years 2009, 2010, 2011,
2012,and 2013 (PWA, 2013)

The efficiency of infiltration basin IB1 is in deteriorating since the operation of the

infiltration system as shown in Figure 3-6, and 3-7 with comparing the rate of

infiltration for the basin for the years 2009, 2010, 2011, 2012, and up to March, 2013.

The basin takes long time to dry (Figure 3-8) and this is clear from the plowing periods

recorded by CMWU, the authority who perform the plowing works. It is concluded that

the problem of IBL1 is not related to operation, but it may related to geological factors.

Appendix (2) shows the schedule of plowing for the IB1, since 14.09.2011 until
13.05.2013 (the last plowing) before stopping pumping to the basin.
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Figure (3-8): General view for infiltration basin IB1(July, 2013)
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CAHPTER 4 : Methodology

4.1 Introduction

The methodology followed in this study was based on the objectives of the study as
stated in chapter 1, section 1.4. To achieve the objectives; the study was divided into
two parts: field investigations and experiment tasks (experimental methods were
employed to determine soil classification tests and soil quality) and modeling tasks for

the unsaturated zone.

4.2 Soil Classification Tests

The location of Bore holes (5 bore holes) was selected as shown in Figure 4-1, after
continuous monitoring for the basin (IB1), at the places which has low infiltration rate.

The drilling of bore holes was performed by the method of Rotary Auger, Figure 4-2.

During the drillings, disturbed samples were collected each 30cm until the depth 2.10m
and each 1.0 m until the depth of 12.0m (end of bore hole), with a total of 17 samples
for each bore hole. Samples were selected in a way representative to the soil strata
within the borehole along the depth of 12m for the infiltration basin (IB1). The samples
were checked ocular at the site with regards of the soil texture and color, and the soil
samples were placed in a clean plastic bags before transported to the laboratory. An
identity number, sample location, and depth within the borehole was identified for each
sample.

The soil classification tests executed laboratory tests which included: Sieve Analysis;
Atterberge Limits; Moisture Content, and Hydraulic Conductivity. Samples were
selected in a way representative to the soil strata within the borehole along the depth of
12m for the infiltration basin (IB1).

The tests results are shown in appendix (1). The laboratory analysis of soil samples

were carried out in the Consulting Center For Quality and Calibration.
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Tests were performed according to the international standards (American Society for
Testing and Materials (ASTM) and British Standards (BS)). The soil layers were

classified according to the Unified Soil Classification System (USCS). The following

tests with their relevant standards were performed at the laboratory, Table 4-1.

Table 4-1: Testing methods and relevant standards

Testing Method

Relevant Standard

Description and Identification of Soils

(Visual-Manual Procedure).

ASTM D 2488-93

Particle Size Analysis of Soils.

ASTM D 422-63-Reapproved 1998

Classification of Soils for Engineering
Purposes (Unified Soil Classification

System).

ASTM D 2487-98

Laboratory Determination of Water
(Moisture) Content of Soil.

ASTM D 2216-98

Liquid Limit, Plastic Limit, and Plasticity

Index of Soils.

ASTM D 4318-98, BS 1377-1990

4.3 Soil Quality Tests

Soil quality tests was conducted in order to check if soil contains high load of organic

matter (OM) and high rate of sodium adsorption ratio (SAR).

The samples from the same bore holes was taken in parallel with the soil classification

samples each 30cm until the depth of 2.10m (7 samples from each bore hole). The soil

quality samples was placed in a clean plastic bags before delivered to the laboratory. An

identity number, sample location, and depth within the borehole was identified for each

sample.

Samples were selected in a way representative to the soil depth within the borehole .

The organic matter test was conducted according to the ASTM standards, ASTM D

2974-00 at Consulting Center For Quality and Calibration.
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SAR was carried out in Bir Zeit University Testing Laboratory according to Methods of
Soli Analysis, Chemical and Microbiological Properties, Ammonium Acetate Method.
Figure 4-3, Figure 4-4, and Figure 4-5 showing some procedures during testing of SAR.
SAR was calculated according to Gapon equation as stated in Chapter 2, section 2.3.6.

Note: the soil sample for borehole (1) which related to the depth 1.80m was lost during

transportation of the samples to the laboratory.

Figure (4-3): Preparation of soil samples
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Figure (4-5): Final test of SAR -
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4.4 Water Quality Tests

Quality of the effluent (partially treated wastewater) was tested in order to determine the

parameters: Biochemical Oxygen Demand BOD, Chemical Oxygen Demand COD,

Temperature T, Total Suspended Solids TSS, Hydrogen lon Concentration pH, Total

Coliform TC, Fecal Coliform FC, and Hardness H. Tests were carried out at

Environmental and Rural Research Center (ERRC) at the Islamic University of Gaza by

the Project Management Unit at PWA. Table 4-2 shows adopted methods and used

instruments performed by ERRC.

Table 4-2: Adopted Methods and Instruments

No. Parameter Procedure Name of Instrument
1 BOD OxiTop method OxiTop
2 COD Close reflux method Spectrophotometer &
COD reactor
3 TSS Dry 105 C° Oven
4 TC Filtration technique Incubator
5 FC Filtration technique Incubator

4.5 Modeling for the Unsaturated Zone

Chapter six will explain and discuss the modeling for the unsaturated zone by using the

Green-Ampt model (1911) for infiltration. Modeling for the exiting infiltration regime,

and modeling for the enhancement will be performed by using different soil parameters.

Also this chapter will introduce method of enhancement the wetting and drying cycles

in order to maintain reasonable infiltration rate.

MS.c Thesis, B. Sirdah
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CAHPTER 5 : Results and Discussion

This chapter demonstrates and discusses the results of the collected data and their

analysis for IB1, also the modeling for the unsaturated zone.

5.1 Field Experiments Results

USCS classification system introducing the following symbols for the soil:

SP: poorly graded sand, gravely sand, little or no fines.

SM: Silty sands, sand-silt mixture.

SC: clayey sand, sand- clay mixture.

CL: Inorganic clays of low to medium plasticity, gravel clays, sand clays, silt clays, lean

clays.

5.1.1 Results of Soil Classification Tests

5.1.1.1 Grain Size Analysis for Bore Hole BH1
According to the bore hole log for BH1, the top soil form depth 0.0-0.30m is sand:

yellowish fine sand with little gravel (Kurkar) and a little fines (14.0%), and it is non-
plastic. The percentage of water content WC is 11.0%. The depth from 0.30-0.90m is
classified as clayey sand: slightly brown clayey sand with little gravel (Kurkar) and
some fines (21.6%-29.6%). The layer is of low to medium plasticity, with WC
decreasing from 12.7% to 12.0%. The depth from 0.90m until depth of 12.0m the end of
the bore hole is sand: yellowish fine sand with little gravel (Kurkar) and a little fines
(2.0%-11.9%). The layer is non-plastic, with WC from 3.80% to 8.70%. Figures 5-1, 5-
2, and 5-3 showing the geological cross section for the soil according to bore holes (1-3-

4), and (2-3-5). Also summary of the soil classification for BH1 is shown in Table 5-1.
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Figure (5-1): Section Plan at the Bore Holes for IB1
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Table 5-1: Soil Classification for BH1

Soil Fines
Depth (m) Soil Description WC (%)
Classification | Content (%)

Sand: yellowish fine sand
with little gravel

(Kurkar) and a little
fines.

0-0.3 SM 14.0 11.0

Clayey Sand: slightly
brown clayey sand with
little gravel (Kurkar) and
some fines.

0.3-0.9 SC 21.6-29.6 12.0-12.7

Sand: yellowish fine sand
with little gravel

(Kurkar) and a little
fines.

0.9-12.0 SP-SM 2.0-11.9 3.8-8.7

5.1.1.2 Grain Size Analysis for Bore Hole BH2
The bore hole log for BH2 shows that the top soil layer form depth 0.0-0.60m is sand:

yellowish fine sand with little gravel (Kurkar) and a little fines (6.3%), the soil layer is
non-plastic. The percentage of water content WC is 11.4%. The depth from 0.6-1.5m is
classified as clayey sand: slightly brown clayey sand with little gravel (Kurkar) and
some fines (18.2%-27.7%). The layer is of low to medium plasticity, with WC
decreasing from 15.6% to 14.2%. The depth from 1.5m until the depth of 8.7m is sand:
yellowish fine sand with little gravel (Kurkar) and a little fines (4.6%-9.6%). The layer
is non-plastic, with WC ranged from 5.60% to 10.5%. The depth from 8.70m up to 9.0m
is classified clayey sand: slightly light brown clayey sand with little gravel (Kurkar),
with some fines (26.5%). The WC is 10.5%. The layer is of medium plasticity. Depth
from 8.70m up to end of BH is sand: yellowish fine sand with little gravel (Kurkar) and
a little fines (3.3%), the soil layer is non-plastic, WC ranged from 4.2%-6%. Summary

of the soil classification for BH2 is shown in Table 5-2.
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Table 5-2: Soil Classification for BH2

Soil Fines
Depth . i
(m) Soil Description Classifica | Content | WC (%)
tion (%)
Sand: yellowish fine sand with little
0-06 gravel (Kurkar) and a little fines. SP-SM 63 114
Clayey Sand: slightly brown clayey
0.6-1.5 | sand with little gravel (Kurkar) and SC 18.2-27.7 | 14.2-15.6
some fines.
Sand: yellowish fine sand with little
1587 gravel (Kurkar) and a little fines. SP-SM 4696 °.6-10.5
Clayey Sand: slightly brown clayey
8.7-9.0 | sand with little gravel (Kurkar) and SC 26.5 10.5
some fines.
Sand: yellowish fine sand with little
.0-12. . . P . 4.2-
9.0-12.0 gravel (Kurkar) and a little fines. S 33 6

5.1.1.3 Grain Size Analysis for Bore Hole BH3
The bore hole log for BH3 shows that the top soil layer form depth 0.0-0.30m is sand:

yellowish fine sand with little gravel (Kurkar) and a little fines (13.8%), the soil layer is
non-plastic. The percentage of water content WC is 12.8%. The depth from 0.30-1.20m
is classified as clayey sand: light brown clayey sand with little gravel (Kurkar) and
some fines (22.9%-39.9%). The layer is of low to medium plasticity, with WC ranged
from 12.1%-15.6%. The depth from 1.2m until the depth of 6.5m is sand: yellowish fine
sand with little gravel (Kurkar) and a little fines (9.1%-11.6%). The layer is non-plastic,
with WC ranged from 6.8% to 9.0%. The depth from 6.50m up to 7.4m is classified
sandy silty clay: dark brown sandy clay with little gravel (Kurkar). The layer is of
medium plasticity. Fines content 55.6%, WC is 17.9%. The depth from 7.4m to the end
of BH is sand: yellowish fine sand with little gravel (Kurkar) and a little fines (2.3%-
6.8%), the soil layer is non-plastic, WC ranged from 3.5%-4.2%. Summary of the soil
classification for BH3 is shown in Table 5-3.
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Table 5-3: Soil Classification for BH3

Soil Fines
Depth Soil Description L Content V(\)/C
(m) Classification 0 (%)
(%)
Sand: yellowish fine sand with
0-0.3 little gravel (Kurkar) and a little SM 13.8 12.8
fines.
Clayey Sand: light brown 12.1-
0.3-1.2 | clayey sand with little gravel SM-SC 22.9-39.9 '
. 15.6
(Kurkar) and some fines.
Sand: yellowish fine sand with
1.2-6.5 | little gravel (Kurkar) and a little SP-SM 9.1-11.6 6.8-9.0

fines.

Sandy Silty Clay: dark brown
6.5-7.4 | sandy clay sand with little CL 55.6 17.9
gravel (Kurkar) and some fines.

Sand: yellowish fine sand with
7.4-12.0 | little gravel (Kurkar) and a little SP-SM 2.3-6.8 3.5-4.2
fines.

5.1.1.4 Grain Size Analysis for Bore Hole BH4
The bore hole log for BH4 shows that the top soil layer form depth 0.0-0.60m is sand:

yellowish fine sand with little gravel (Kurkar) and a little fines (5.4%-8.7%), the soil
layer is non-plastic. The percentage of water content WC is ranged from (7.2-9.2%).
The depth from 0.60-0.9m is classified as clayey sand: light brown clayey sand with
little gravel (Kurkar) and some fines (21.3%). The layer is of low to medium plasticity,
with WC of 7.7%. The depth from 0.9-1.5m is sand: yellowish fine sand with little
gravel (Kurkar) and a little fines (6.8%-10.8%). The layer is non-plastic, with WC
ranged from (6.2% to 7.8%). The depth from 1.50m up to 1.8m is classified clayey
sand: slightly light brown clayey sand with little gravel (Kurkar), fines content 20.70%.
The layer is of low plasticity, and WC is 5.1%. The depth from 1.8m to the end of BH is
sand: yellowish fine sand with little gravel (Kurkar) and a little fines (2.1%-11.4%), the
soil layer is non-plastic,c WC ranged from (4.7%-7.6%). Summary of the soil

classification for BH4 is shown in Table 5-4.
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Table 5-4: Soil Classification for BH4

Soil ;
Depth . . Fines 1 e
Soil Description Classificatio | Content o
(m) (o (%)
n 0)
Sand: yellowish fine sand with little
0-06 gravel (Kurkar) and a little fines. SP-SM S4BT | 12:92
Clayey Sand: light brown clayey
0.6-0.9 | sand with little gravel (Kurkar) and SC 21.3 7.7
some fines.
Sand: yellowish fine sand with little
0.9-15 gravel (Kurkar) and a little fines. SP-SM 68-10.8 | 6.2-7.8
Clayey Sand: slightly light brown
1.5-1.8 | clayey sand with little gravel SC 20.7 5.1
(Kurkar)
Sand: yellowish fine sand with little
1.8-12. . . P-SM 2.1-11.4 | 4.7-7.
8-12.0 gravel (Kurkar) and a little fines. SP-S 6

5.1.1.5 Grain Size Analysis for Bore Hole BH5
The bore hole log for BH5 shows that the top soil layer form depth 0.0-0.30m is clayey

sand: slightly dark brown clayey sand with little gravel (Kurkar), fines content 31.5%.
The layer is of medium plasticity, and WC is 12.3%. Depth from 0.3-0.6m is classified
as sand: yellowish fine sand with little gravel (Kurkar) and a little fines (6.1%), the soil
layer is non-plastic. The percentage of water content WC is 5.8%. The depth from 0.60-
0.9m is classified as clayey sand: light brown clayey sand with little gravel (Kurkar) and
some fines (26.5%). The layer is of medium plasticity, with WC of 11.0%. The depth
from 0.9-1.5m is sand: yellowish fine sand with little gravel (Kurkar) and a little fines
(5.3%-6.1%). The layer is non-plastic, with WC ranged from (5.5% to 5.9%). The depth
from 1.50m up to 1.8m is classified clayey sand: slightly light brown clayey sand with
little gravel (Kurkar), fines content 23.40%. The layer is of medium plasticity, and WC
IS 9.6%. The depth from 1.8m up to 8.0m is sand: yellowish fine sand with little gravel
(Kurkar) and a little fines (2.3%-5.0%), the soil layer is non-plastic, WC ranged from
(3.3%-7.5%). The depth from 8.0- 9.0m is clayey sand: slightly light brown clayey sand
with little gravel (Kurkar), fines content 20.3%. The layer is of low plasticity, and WC
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Is 3.4%. Finally, depth from 9.0m up to the end of BH is sand: yellowish fine sand with

little gravel (Kurkar) and a little fines (2.1%-3.2%), the soil layer is non-plastic, WC
ranged from (3.5%-4.0%).
BH Summary of the soil classification for BH5 is shown in Table 5-5.
Table 5-5: Soil Classification for BH5

Soil Fines
Depth Soil Description Classification | Content we
(m) (%)
(%)
Clayey Sand: slightly dark brown
0-0.3 | clayey sand with little gravel SC 315 12.3
(Kurkar).
Sand: yellowish fine sand with little
0306 gravel (Kurkar) and a little fines. SP-SM 61 >8
clayey sand: light brown clayey sand
0.6-0.9 | with little gravel (Kurkar) and some SC 26.5 11.0
fines.
Sand: yellowish fine sand with little
0.9-1.50 gravel (Kurkar) and a little fines. SP-SM 536.1 1 5559
clayey sand: slightly light brown
1.5-1.8 | clayey sand with little gravel SC 23.4 9.6
(Kurkar), fines content.
Sand: yellowish fine sand with little
1.80-8.0 gravel (Kurkar) and a little fines. SP 2350 ) 3375
clayey sand: slightly light brown
8.0-9.0 | clayey sand with little gravel SC 20.3 34
(Kurkar), fines content
Sand: yellowish fine sand with little
9.0-12.0 gravel (Kurkar) and a little fines. SP 21-32 1 3540

5.1.2 Discussion of Grain Size Analysis Test Results for Bore Holes (1-5)

According to the USCS classification system, the bore holes indicated that the soil strata

in the infiltration basin IB1 consists the following layers (soil types):
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Sand: is a poorly graded Sand, dim yellowish with little gravel (Kurkar) exist at
depths as indicated in the soil logs in the appendix (2). It contains (85%-100%)
Sand, (1%-19%) % gravel, and a little fines contents (0%-15%). The layer is non-
plastic and has good permeability characteristics.

e Clayey Sand: is a poorly graded Clayey Sand, Slightly light brown with little gravel
(Kurkar) exist at depths as indicated in the soil logs in the appendix (2). The layer is
of low to medium plasticity, contains (3%-10%) gravel, (60%-85%) sand, and
(15%-40%) fines. This layer is of low permeability.

e Sandy Silty Clay: is well graded sandy silty clay, dark brown sandy clay with little
gravel (kurkar). The layer is of medium plasticity, and contains (3%) gravel, (1-
33%) sand, (12%-28%) silt, and (16%) clay. This layer is of low permeability as
shown in Figure 4, and Figure 5.

According to Taylor & Ashcroft, 1972, sandy soils have the highest infiltration rates

and clayey soils have the lowest infiltration rates, Figure 5-4 and Figure 5-5 illustrate
soil type effects on infiltration rate.

400 F

300

200

100
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80 120 T80
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Figure (5-4): Soil type effects on accumulated infiltration (Taylor & Ashcroft, 1972)
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Figure (5-5): Soil type effects on infiltration rate (Taylor & Ashcroft, 1972)

5.1.3 Permeability Test Results for the Bore Holes from (1-5)

The hydraulic conductivity K was estimated according to Hazen equation, as stated
previously in Chapter 2, section 2.5.3. Table 5-6 illustrates the estimated hydraulic
conductivity K for the different soil types for soil samples which taken from bore holes
(1-5).

Table 5-6: Estimated hydraulic conductivity K for the testing soil samples

Estimated hydraulic conductivity (K)

Depth BH1 BH2 BH3 BH4 BH5
(m) (md) | (m/d) | (m/d) | (m/d) | (m/d)
0.3 2.68 6.14 2.73 5.18 0.04
0.6 0.26 4.85 0.20 6.86 6.18
0.9 0.09 1.93 0.19 0.29 0.09
1.2 3.46 0.08 0.02 4.03 6.13
1.5 5.59 0.09 412 581 5.94
1.8 6.92 4.83 4.78 0.34 0.17
2.1 5.44 5.49 4.76 6.57 2.18

3 5.05 5.38 4.96 4.10 7.27
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Estimated hydraulic conductivity (K)
Depth BH1 BH2 BH3 BH4 BH5
(m) (m/d) (m/d) (m/d) (m/d) (m/d)
4 5.24 6.26 2.98 5.35 7.47
5 5.26 5.58 2.35 5.55 7.14
6 6.16 5.76 3.61 6.20 8.15
7 6.59 5.94 0.01 3.71 6.07
8 6.43 6.26 7.10 5.57 6.34
9 6.88 0.92 6.09 6.42 0.38
10 5.61 7.13 6.32 6.09 7.33
11 5.76 6.81 7.19 7.57 7.03
12 7.02 8.99 7.17 7.15 7.12

According to Table 5-6, the values of hydraulic conductivity ranged between 0.01m/d,
and 8.99m/d. According to Table 2-4 in Chapter 2, the range of estimated hydraulic
conductivity is laid between the classification sand medium and clay.

(Todd and Mays, 2005), stated that the hydraulic conductivity of a soil depends on a
variety physical factors, including porosity, particle size and distribution, shape of
particles, arrangement of particles, and other factors. In general, for unconsolidated
pours media, hydraulic conductivity varies with particle size; clayey material exhibit
low values, where sands and gravel display high values. Figure 5-6 showing the

variation of hydraulic conductivity with depth.
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Figure (5-6): Variation of HC (K) according to Soil Depth for Bore Holes (1-5)
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5.1.4 Results of Soil Quality Tests

5.1.4.1 Organic Matter Test Results

Organic Matter is the carbonaceous material contained in plants or animals and wastes.

Organic matter is oxygen-demanding substances, and BOD is a measure of oxygen

consumed in biological processes that break down organic matter (EPA, 2004).

According to the test results, OM was found at variable depths with variable rates, Table

5-7 shows OM test results for bore holes from (1-5). The explanation of the existence of

OM in the soil is that the BOD load resulting from the partially treated wastewater still

high. The organic loads which are expressed by BOD and COD in the waste water are

considered the main problems and pollutants in the recharged water. The organic load

causes the following (EI Arabi, 2012):

e Increasing the organic matter content in the soil.

e Decreasing the infiltration rate of the soil by time.

Table 5-7: Organic Matter Test Results

Organic Matter (%)

Depth (m) BH1 BH?2 BH3 BH4 BH5
0.3 0.5 0.5 0.7 0.9 0.9
0.6 0.4 0.3 0.8 0.7 0.7
0.9 0.2 0.7 0.7 0.8 0.8
1.2 0.1 0.6 0.8 0.2 0.5
1.5 0.0 0.4 0.3 0.2 0.4
1.8 0.0 0.4 0.1 0.2 0.5
2.1 0.0 0.4 0.2 0.2 0.6

In general the OM still with low values and will affect soil hydraulic conductivity or

the infiltration rate. Figure 5-7 showing the variation of OM with depth.
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Figure (5-7): Organic Matter Test Results for Bore Holes (1-5)

5.1.4.2 SAR Test Results
SAR Tests results for each bore hole are shown in Tables (5-8 to 5-12).

Table 5-8: SAR, test results for bore hole (1)

Depth Ca Mg Na Ca Mg Na SAR
M mg/kg mg/kg mg/kg | meg/kg | meg/kg | meqg/kg
0.30 3607 2067 500 180.35 | 172.25 21.74 1.64
0.60 3848 2159 300 192.4 179.92 13.04 0.96
0.90 3928 2038 300 196.4 169.83 13.04 0.97
1.20 4329 1732 300 216.45 | 144.33 13.04 0.97
1.50 3928 1819 150 196.4 151.58 6.52 0.50
2.10 3687 1844 100 184.35 | 153.67 4.36 0.34
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Table 5-9: SAR, test results for bore hole (2)

Depth Ca Mg Na Ca Mg Na SAR
M mg/kg mg/kg mg/kg | meg/kg | meg/kg | meqg/kg
0.30 3607 1941 200 180.35 | 161.75 8.70 0.67
0.60 3848 1722 160 192.4 143.50 6.96 0.54
0.90 3968 1965 300 198.4 163.75 13.04 0.97
1.20 3607 2402 300 180.35 | 200.17 13.04 0.95
1.50 4008 2329 300 200.4 194.08 13.04 0.93
1.80 3848 1989 180 192.4 165.75 7.83 0.59
2.10 3848 2023 150 192.4 168.58 6.52 0.49
Table 5-10: SAR, test results for bore hole (3)
Depth Ca Mg Na Ca Mg Na SAR
M mg/kg mg/kg mg/kg | meg/kg | meg/kg | meqg/kg

0.30 4409 2086 320 22045 | 173.83 13.91 0.99
0.60 4569 2183 250 228.45 | 181.92 10.87 0.76
0.90 4569 2135 280 228.45 | 177.92 12.17 0.86
1.20 4890 2135 400 244.5 177.92 17.39 1.20
1.50 4168 2086 220 208.4 173.83 9.57 0.69
1.80 4008 2086 160 200.4 173.83 6.96 0.51
2.10 4008 2038 190 200.4 169.83 8.26 0.61
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Table 5-11: SAR, tests results for bore hole (4)

Depth Ca Mg Na Ca Mg Na SAR
M mg/kg mg/kg mg/kg | meg/kg | meg/kg | meqg/kg
0.30 4008 1989 170 200.4 165.75 7.39 0.55
0.60 4008 1795 160 200.4 149.58 6.96 0.53
0.90 3848 2038 160 192.4 169.83 6.96 0.52
1.20 3367 1941 140 168.35 | 161.75 6.09 0.48
1.50 3607 1990 100 180.35 | 165.83 4.35 0.33
1.80 4008 1941 110 200.4 161.75 4,78 0.36
2.10 3928 1989 100 196.4 165.75 4.35 0.32
Table 5-12: SAR, tests results for bore hole (5)
Depth Ca Mg Na Ca Mg Na SAR
M mg/kg mg/kg mg/kg | meg/kg | meg/kg | meqg/kg
0.30 4088 2184 400 204.4 182.00 17.39 1.26
0.60 3848 1941 140 192.4 161.75 6.09 0.46
0.90 4409 1892 260 220.45 | 157.67 11.30 0.82
1.20 4008 1989 300 200.4 165.75 13.04 0.97
1.50 4409 1892 120 220.45 | 157.67 5.22 0.38
1.80 4409 2329 250 220.45 | 194.08 10.87 0.76
2.10 4248 2111 250 212.4 175.92 10.87 0.78

SAR test results shows that the rate of SAR is less than 2. According to section 2.3.6,
Sodium Absorption Rate (SAR), Chapter 2, Table 2-2, SAR < 13, which means that the
soil physical condition is normal. Accordingly SAR will not affect the infiltration rate.

Figure 5-8 showing the variation of SAR with depth.
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Figure (5-8): Organic Matter Test Results for Bore Holes (1-5)

5.1.5 Results of Water Quality Tests

The historical records of water quality results for the influent to the infiltration basin
(Grab samples) for the first round are shown in Table 5-13. Infiltration basin 1B4 was
empty during the period of collecting samples which began on 30.06.2013 and finished
on 24.07.2013. The PH, Temperature, and Hardness were not tested during the first
round period.

With comparing contaminant strength among different infiltration basins, the extreme
difference of BOD and COD (there are no limits for the COD in the design criteria)
concentration values refer to the accumulation of pollutants at the basins which mean
that the samples are not representative (wrong sampling), also it may refer to the poor
performance of BLWWTP. According to the design criteria done by SWECO
international, 2003, the BOD concentration is still out of range (10-20mg/l), and
accordingly; the BOD and COD (150mg/l according to the Palestinian Standards for

Treated Wastewater) concentration are not suitable for the infiltration purposes.
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Figure 5-9 illustrate the variation of BOD, and COD concentration in the influent to the

basins.

Table 5-13: Water Quality Tests Results (PWA, 1% Round Report, 2013)

Location BOD(mg/l) COD(mg/l) TSS(mg/l) TC(n/100ml)
IB1 100 320 78 120
IB2 480 2000 295 1500
IB3 480 2200 145 5
IB4 - - - -
IB5 120 270 255 1900
IB6 310 720 180 5x10%
IB7 270 540 22 10x10*
IB8 370 770 170 10x10*
IB9 200 400 250 45

2400
2200 = BOD, mg/l
2200
m COD, mg/l
2000
1800
% 1600
E 1400
=)
8 1200
o
8 1000
@ 800 720 770
600 540
arn 370 400
200
200
0
IB1 1B2 IB3 IB5 I1B6 IB7 1B8 1B9

Location

Figure (5-9): Concentration of BOD and COD in the influent to the Basins
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As per design criteria the suspended solids ranged 15-20 mg/l (SWECO,2003). The TSS
concentration for the basins ranged from 22 at IB7 to 295 mg/l at IB2. The high
concentration of TSS may refer to wrong sampling, and to the poor performance of
BLWWTP. The TSS concentration still out of the design criteria. Accordingly, the TSS
concentration is not suitable for the infiltration process. Figure 5-10 shows the
concentration of TSS in the influent to the infiltration basins. Historical utilization of
infiltration basins for partially treated effluent with high TSS might have been the

reason for diminishing the infiltration capacity of the top soil layer of the basin.

350
mTSS, mg/l
300 295
255 250
250
> 200
180
= 170
7 145
— 150
100 =5
50
22
0 [ ]
IB1 IB2 IB3 IB5 IB6 IB7 IB8 IB9
Location

Figure (5-10): Concentration of TSS in the influent to the Basins

The concentration of FC ranged from 0 (No/100 ml) to 1700 (No/100 ml) According to
the design criteria the Fecal coliform (FC) should be < 200 No/100 ml (SWECO,
2003). As the treated wastewater will infiltrate to the aquifer; the concentration of FC
should be less than the design criteria in all the basins. TC ranged concentration ranged
from 5 (No/100 ml) to 100,000 (No/100 ml) and the values still high even though there
are some values still less than the FC value as per design criteria. The variation of FC
and TC concentration at the basins is refere to differnet influent batches from

BLWWTP, and to the poor treatemnt effeicncy also it may refer to wrong sampleing. In
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genral the vlaues of FC and TC are not good for the infiltration purposes according to
the design criteria and to the Palestinian standard (100-1000 No/100 ml). Figure 5-11
and 5-12 showing the values of FC, and TC at the basins.

mFC, n/100ml
1600
1400
1200
E 1000
S
S 800
Q 600
" 600
400
200
0 —
IB1 1B2 IB3 IB5 IB6 IB7 IB8 1B9
Location

Figure (5-11): Concentration of FC in the Influent to the Basins
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Figure (5-12): Concentration of TC in the Influent to the Basins
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Table 5-14 shows comparsion between the influent quality to the IB1, the design
criteria, and the Palestinina Sandrd (PS) for treated wastewater. Figure 5-13 to Figure 5-

15 illustrating the influent qualtiy with refernece to the design criteria and PS.

Table 5-14: Influent Quality with referenc to Desing criteria and PS

o FC
Description BOD(mg/l) | COD(mg/l) | TSS(mg/l) (No/100ml)
IB1 100 320 78 0
Design Criteria 10-20 - 15-20 <200
PS 40 150 50 1000
350
320 = BOD, mg/l
m COD, mg/l
300
250 1
Es)
S
8— 200
@) 150
o3 150 A
)
8 100
50 -
10-20
0
O .
IB1 Design
Description

Figure (5-13): BOD & COD concentration with reference to Design Criteria & PS
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Figure (5-14): TSS concentration with reference to Design Criteria & PS
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Figure (5-15): FC concentration with reference to Design Criteria & PS
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5.2 Modeling of the Unsaturated Zone

5.2.1 Introduction

This chapter represents the modeling of the unsaturated zone for the exiting infiltration
regime, and modeling for enhancement of the infiltration rate for IB1 by using the
Green-Ampt infiltration model (1911). The Green-Ampt model is a more physical
approach to computing infiltration losses. It is derived from physical parameters such as
hydraulic conductivity, soil moisture, and capillary suction. Because of its simplicity
and versatility, the Green-Ampt model is becoming more frequently used in models for
determining infiltration (Smemoe, et al., 2003). The Green-Ampt infiltration model

developed from an approximate theory to an exact solution (Maidment, 2010).

As explained previously in Chapter 2, section 2.5 the Green- Ampt infiltration equations

for cumulative infiltration (equation 2.4), and for infiltration rate (equation 2.5) are:

F(t) = Kt +ypAfIn 1+m , cm.
wAO

f= K(l+ V/A?Hj , cm/hr.

The modeling domain for the unsaturated zone for the existing infiltration regime, and
the modeling domain for enhancement of the infiltration rate for IB1 will be performed
for the upper two meters for the soil layer. The soil parameters used in computing the
cumulative infiltration and the infiltration rate were taken from the laboratory soil tests
results as discussed previously in this Chapter, and from Table (2-3): Green-Ampt

infiltration parameters for various soil classes.

Since cumulative infiltration is non-linear equation, which requiring iterative solution to

solve it; Excel Solver was used to solve the equation. More details are clear in appendix

(3).
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5.2.2 Modeling the existing Infiltration Regime for I1B1

Many trials was performed using different hydraulic conductivities and different soil

parameters to calculate the cumulative infiltration and the infiltration rate for the

existing infiltration regime in order to predict the model which describes the real
infiltration rate recorded by PWA. Table 5-15 and Table 5-16 showing the behavior of

cumulative infiltration and infiltration rate with time for the first and second trials.

Figure 5-16, Figure 5-17 and Figure 5-18 are the representation for the infiltration with

time for the same trials.

5.2.2.1 First Model with Minimum K (0.042cm/hr) in IB1
Table 5-15: F (t) & fat K=0.042cm/hr

t (hr) F(cm) | f(cm/hr) | f(m/d)
0.0 0 00 0
0.1 0.203 1.073 0.258
0.2 0.289 0.767 0.184
0.3 0.371 0.608 0.146
0.4 0.425 0.535 0.128
0.5 0.474 0.484 0.116
1 0.679 0.351 0.084
11 0.712 0.337 0.081
1.2 0.743 0.324 0.078
1.3 0.774 0.313 0.075
14 0.803 0.303 0.073
15 0.839 0.292 0.070
2 0.970 0.258 0.062
2.5 1.094 0.233 0.056
3 1.207 0.216 0.052
3.5 1.312 0.202 0.048
4 1.411 0.190 0.046
4.5 1.504 0.181 0.043
5 1.589 0.174 0.042
6 1.758 0.161 0.039
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t (hr) F(cm) | f(cm/hr) | f(m/d)
8 2.060 0.144 0.034
10 2.336 0.131 0.032
12 2.589 0.123 0.029
16 3.054 0.110 0.026
20 3.476 0.102 0.024
24 3.872 0.096 0.023
4
¢ F(t), cm ¢
3.6
2
3.2
2
2.8
2
o
= ®
LL
I0) L g
=
£ 1.6 0’0
2 A 4
€ 12 o
2
O *
0.8 ,
0.4 {
0 e B |
0 2 4 6 8 10 12 14 16 18 20 22 24
Time, hr
Figure (5-16): Cumulative infiltration with time, 1% Model
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Figure (5-18): Cumulative Infiltration, and Rate with Time,1* Model
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5.2.2.2 Second Model with Maximum K (37.458cm/hr) in IB1
Table 5-16: F (t) & f at K= 37.458cm/hr

t (hr) F(cm) | f(cm/hr) | f(m/d)
0.0 0 0 0
0.1 6.428 47531 | 11.408
0.2 10.934 | 43.380 | 10.411
0.3 15.180 41.724 | 10.014
0.4 19.302 40.813 9.795
0.5 22.869 40.290 9.670

1 43.085 38.961 9.351
1.1 46.975 38.837 9.321
1.2 50.853 38.732 9.296
1.3 54,722 38.642 9.274
1.4 58.582 38.564 9.255
1.5 62.435 38.495 9.239
2 81.616 38.252 9.180
2.5 100.702 | 38.101 9.144
3 119.725 | 37.999 9.120
3.5 138.705 | 37.925 9.102
4 157.653 | 37.869 9.089
4.5 176.577 37.825 9.078
5 195.480 | 37.790 9.069
6 233.241 | 37.736 9.057
8 308.639 | 37.668 9.040
10 383.930 | 37.627 9.030
12 459.155 | 37.599 9.024
16 609.476 | 37.565 9.015
20 759.690 | 37.544 9.010
24 909.834 | 37.529 9.007

Figure 5-19, Figure 5-20, and Figure 5-21 are the representation for the infiltration with

time for the same trials.
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Figure (5-19): Cumulative infiltration with Time, 2" Model
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Figure (5-20): Infiltration Rate with Time, 2" Model
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Figure (5-21): Cumulative Infiltration, and Rate with Time,2"® Model

None of the first or the second model matched the real behavior of infiltration regime
for IB1. So the trials continuing with different K's (11.167 cm/hr, 8.042 cm/hr, 1.083
cm/hr, and finally 0.833 cm/hr), and different soil parameters. It was found that the real
model for infiltration can achieved when K (0.833 cm/hr), and rate (0.98 cm/hr), and
this model approximately representing the data recorded by PWA especially for the year
2013 (rate, 0.96 cm/hr equal to 0.23 m/d) as obvious in Figure 3-7, Chapter 3.

Tables 5-17 shows the results taken from the model which representing the real
infiltration regime for IB1, also Figures 5-22, 5-23, and 5-24 representing the real

cumulative infiltration and infiltration rate for the same basin from the same model.

Figure 5-25 illustrating the modeled and measured infiltration values for IB. The
measured values is approximately closed to the data obtained by the model and with
very high correlation coefficient R® equal to (0.9951), which is considered as an
excellent value. It can be concluded that the model is representing the real infiltration
rate for the basin. Figure 5-26 shows the summary for infiltration rate with time for

different soil parameters.
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Table 5-17: F (t) & f at K=0.833cm/hr

t (hr) F(cm) | f(cm/hr) | f(m/d)
0.0 0 0 0
0.1 0.995 5.280 1.2672
0.2 1.445 3.895 0.9347
0.3 1.800 3.291 0.7899
0.4 2.109 2.931 0.7035
0.5 2.391 2.684 0.6441

1 3.553 2.078 0.4988
1.1 3.759 2.010 0.4824
1.2 3.957 1.951 0.4684
1.3 4.148 1.900 0.4559
1.4 4.337 1.853 0.4448
15 4.520 1.812 0.4349

2 5.384 1.655 0.3972
2.5 6.183 1.549 0.3717

3 6.937 1.471 0.3530
35 7.658 1.411 0.3386

4 8.350 1.363 0.3272
4.5 9.022 1.324 0.3177

5 9.676 1.291 0.3097

6 10.938 1.238 0.2971

8 13.336 1.165 0.2796
10 15.614 1.117 0.2680
12 17.811 1.082 0.2596
16 22.035 1.034 0.2482
20 26.105 1.003 0.2407
24 30.069 0.980 0.2353
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Figure (5-24): Cumulative Infiltration, and Rate with Time, the Real Model
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Figure (5-25): Measured and Model Values for Infiltration Rate at IB1
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Figure (5-26): Infiltration Rate with Time, for different Soil Parameters.

5.2.3 Enhancement the Infiltration Rate for IB1

5.2.3.1 Enhancement the Upper Soil Layer
According to the geological cross section for the soil (Figures 5-1, and 5-2, Chapter 5),

a clayey sand la layer, which is a poorly graded clayey sand, slightly light brown with
little gravel (Kurkar) exist at variable depths. The layer is of low to medium plasticity,
and contains (3.0-10.0)% gravel, (60-85)% sand, and (15-40)% fines, and this layer is of
low permeability. The clayey sand layer is spreading widely at the first two meters in
the basin. The effect of the clayey sand layer on the infiltration rate was obvious during
modeling the existing infiltration regime, as discussed previously. In order to enhance
the infiltration rate; this layer should be completely removed and should be replaced by
a new sand layer with high permeability.

Todd and Mays, 2005 mentioned that the sand can give permeability of 11.78cm/hr
(2.827m/d) as stated in Table 2-3, Chapter 2, Green-Ampt infiltration parameters for
various soil classes. A model for describing the infiltration for the proposed sand layer

MS.c Thesis, B. Sirdah Page | 77

www.manaraa.com



was performed. The output of the model is shown in Table 5-18, and Figures 5-27, 5-28,

and 5-29.

Table 5-18: F (t) & f at K= 11.78cm/hr for the Proposed Sand Layer

t (hr) F(m) | f(cm/hr) | f(m/d)
0.0 0 0 0
0.1 3.085 19.909 4.778
0.2 4.898 16.899 4.056
0.3 6.517 15.627 3.751
0.4 8.041 14.898 3.576
0.5 9.505 14.418 3.460

1 16.384 13.310 3.194
1.1 17.709 13.196 3.167
1.2 19.024 13.098 3.144
1.3 20.329 13.013 3.123
1.4 21.627 12.939 3.105
15 22.917 12.874 3.090
2 29.290 12.636 3.033
2.5 35.568 12.485 2.996
3 41.782 12.380 2.971
3.5 47.952 12.303 2.953
4 54.088 12.244 2.938
4.5 60.198 12.197 2.927
5 66.286 12.158 2.918
6 78.414 12.100 2.904
8 102.531 12.025 2.886
10 126.531 11.978 2.875
12 150.454 11.947 2.867
16 198.153 11.907 2.858
20 245.726 11.882 2.852
24 293.219 11.866 2.848
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Figure (5-29): Cumulative Infiltration, & Rate with Time for the Proposed Sand Layer

The output of the model illustrating that the infiltration rat will reach 11.866 cm/hr
(2.848 m/d) after 24 hours with cumulative infiltration of 293.219 cm, which is
approximately closed to the permeability (11.78 cm/hr) stated by (Todd and Mays,
2005).

5.2.3.2 Enhancement the Lower Soil Layers
According to the geological cross section for the soil; a layer of sandy silt clay is exists

at depth ranged from 6.40 m to a depth of 7.50 m (0.90 m thick) at the middle of IB1,
and the layer appeared only on BH3. This layer is dark brown sandy clay with little
gravel (Kurkar), and the layer is of medium plasticity, and of low permeability. The
layer contains Fine gravel (3.0)%, sand (41.50)%, silt (39.45)%, and finally clay
(16.10)%. The effect of this layer was clear on the infiltration rate during modeling the
infiltration, because this layer has the minimum hydraulic conductivity (0.042 cm/hr).
Another soil layer was found at depth ranged from 8.0 m to a depth of 9.0 m (1.0 m
thick) at BH2, and BH5 only, this layer is same as in the first two meters.

In order to enhance the infiltration rate, a group of piles should be performed and

penetrate the soil layers with a depth at least of 14 m , these piles should contain a
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media with high permeability. The piles can be implemented after the removal of the
first two meters immediately. The numbers of piles and the diameter for each pile, will

be designed in the following section.

5.2.3.2.1 Design of the Piles
As illustrated in Chapter 3, Table 3-2, Infiltration area after construction, the area of 1B1

is 12,328 m%. According to the design criteria, the infiltration basins designed to receive
35,600m°/day of treated wastewater. The amount of treated wastewater will be
distributed to three ponds according to the area of each basin. IB1 will take 14,455 m*/d.
the rate for IB1 will equal to (14,455 m®/d)/(12,328 m?) = 1.20 m/d.

According to Table 2-4, Some Representative Hydraulic Conductivity for Different Soil
Types, the Gravel fine can give hydraulic conductivity of 450 m/d (Todd and Mays,
2005). The total area of the piles will be: (14,455 m*/d)/(450 m/d) = 32 m% A pile
diameter of 60cm will be used with surface area of 0.28m?, thus lead to number of piles
=32 m?/0.28 m* = 114 pile.

Sichardt equation will be used as stated previously in Chapter 2, section 2.6 in order to
calculate the velocity of the aquifer.

K for the aquifer will be equal to 7.20 m/d (0.0001 m/s), which is the average K for
layers at depth 11.0 m, and 12.0 m, (Table 5-6, Estimated hydraulic conductivity K for

the testing soil samples).

v0.0001

V, < , Va< 0.0003 m/s, take Va = 0.00025 m/s.

The flow inside the pile Q = 2rRLV m®/s, where:

R: is the radius of the pile, m

L: is the length of pile below the clay sad layer (6.0 m), and
V: is the approach velocity, m/s.

Q=2*m+0.3m* 6m *0.00025 m/s = 0.003 m*/s (244 m*/d).
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As the pile will drainage 244 m*/d, the number of piles (114 pile) can be reduced as
following:

(14,455 m*/d)/(244 m*/d) = 60 pile, these piles will distributed at the middle area of the
basin, because the worst permeably (0.01m/d) was found at BH3 at depth 7.0m.

The piles will distributed at area of 90x50 m? from the middle of the basin, with
10x10m grid between piles center to center as shown in Figure 5-30. In order to
maintain good drainage for the infiltrated water, it is preferred to use closed UPVC 22"
in diameter with total length of 9.0 m in order to prevent clogging of the gravel media
due to entrance of the fine particles from the surrounding soil (clayey sand at depth 8-9
m, and sandy silty clay at depth 6.5-7.40 m), also perforated UPVC pipe 22 diameter
with total length of 5.0 m below the 9.0 m pipe in order to maintain good infiltrated
water to the lower strata as shown in Figure 5-31. The gravel media is designed on the
basis of seive analysis of aquifer sample.If aquifer samples from different depths show
considerable variation in gradation, the gravel should be based stable against the finer
grade samples. Uniformity coeffecient (Uc) of the aquifer is the controle in this case
(Boonstra, 1999).

Uc = dgo/d1o, Where the effective particle size is the 10 percent finer than value (dio),
and dgo is the 60 percent finer than value. A uniform material has a low uniformity
coefficient, while a well graded material has a high uniformity coefficient (Todd and
Mays, 2005).
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Figure (5-30): Distribution of Piles at 1B1
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Figure (5-31): Section A-A in the Piles
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5.2.3.3 Design of Wetting Drying Cycles
A regular drying period is essential for the successful performance of infiltration

system. For primary effluent the ratios of loading to drying periods within a single cycle
are generally less than 0.2 to allow for adequate drying, Table 5-19 presents suggested
hydraulic loading/drying periods. In all cases, to avoid excessive soil clogging, the
hydraulic loading period for primary effluent does not exceed 1-2 days regardless of

season or treatment goals (EPA, 1981).

Table 5-19: Suggested Loading Cycles (EPA, 1981)

: i Application Drying
Loading cycle Applied Season Period Period
objective Wastewater D D

Summer 1-2 5-7
Primary _
Maximize Winter 1-2 7-12
infiltration rates Summer 1-3 4-5
Secondary
Winter 1-3 5-10
Summer 1-2 10-14
Primary _
Maximize Winter 1-2 12-16
nitrogen removal Summer 7-9 10-15
Secondary
Winter 9-12 12-16
Summer 1-2 S5-7
Primary _
Maximize Winter 1-2 7-12
nitrification Summer 1-3 4-5
Secondary
Winter 1-3 5-10

For treatment goals with primary effluent are to maximize infiltration rates:
Summer period (from April to October, 241d): Wet (2d), Dry (7d), and Total (2+7) = 9d
So, summer period each cycle equal to 9d.

Cycles per season (summer) = 214d/9d = 24 cycles.
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Winter period (from November to March, 151 d): Wet (2d), Dry (12d), and Total (2+12)
=14d.

The winter period each cycle equal to 14d.
Cycle per season (winter) = 151/14 = 11 cycles.
Total cycles per year = 24+11 = 35 cycles.

Accordingly; 35 cycles of wetting and drying should be performed during the year in
order to reach the optimal infiltration rate.
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CAHPTER 6 : Conclusions and Recommendations

6.1 Conclusions

1. The results showed that the soil strata in the infiltration basin IB1 consists of Sand
which is non-plastic and has good permeability characteristics, Clayey Sand: which
is the wide spreading layer at the top of the basin, and of low to medium plasticity,
and of low permeability, and Sandy Silty Clay which is of medium plasticity, and of
low permeability. The results showed that that the infiltration rate is affected by the
soil properties; sandy soils have the highest infiltration rates and clayey soils have

the lowest infiltration rates.

2. The hydraulic conductivity of the soil layers ranged between 0.01m/d, and 8.99m/d
with the range laid between the classification of sand medium and clayey material.
Clayey material exhibit low hydraulic conductivity values, where sandy soil display

high values. The effect of hydraulic conductivity was obvious on infiltration rate.

3. OM in the soil still with low values, and will not affect the infiltration rate and soil
plowing is efficient procedure that can be employed to reduce OM content in the top

layer and maintain high infiltration rates of TWW into the soil.

4. SAR test results shows that the rate of SAR is less than <13, which means that the
soil physical condition is normal (not sodic soil) and SAR will not affect the

infiltration rate.

5. BOD and COD values are still out of range with comparing with design values, and
this refer to the accumulation of pollutants and to the poor performance of
BLWWTP. The BOD and COD concentration are not suitable for the infiltration
purposes.

6. The TSS concentration still out of the design criteria, which is not suitable for the

infiltration process, and it has a direct influence in reducing the IR in IB (2-9).
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7. The concentration of FC, and TC is facultative; sometimes less and sometimes high.
The variation of FC, and TC concentration is refere to differnet influent batches
from BLWWTP, and to the poor treatemnt effeicncy. In genral the vlaue of FC and
TC is not suitable for infiltration purposes based on the design criteria and the

Palestinian standard for ground water recharge.

8. Different models with different soil properties were developed by using the Green-
Ampt infiltration model in order to describe the existing infiltration regime for the
IB1, the existing infiltration was reached, and it was compatible with the data
recorded by PWA.

9. Penetrating the lower soil layers (after removing the upper 2.0 meters soil layer),
with 60 piles and filling the piles with gravel fine media with high permeability, will
increase the infiltration rate for hole of the basin.
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6.2 Recommendations

6.2.1 Recommendations for Good Operation

1. In order to enhance the infiltration rate; the upper soil layer with thickness of 2.0m
should be completely removed and it should be replaced by a new sand layer with
high permeability.

2. The quality of the influent water to IB1 depends on the efficiency of BLWWTP, so
increasing the performance of BLWWTP (until finishing the Northern Wastewater
Treatment Plant) will reducing the concentration of TSS, and the organic load.

3. Field measurements such as temperature, pH, and turbidity for the influent water to
the basins should be recoded daily to ensure good water quality for infiltration
process.

4. In order to reach the optimal infiltration rate; it is recommended to perform 35
cycles of wetting and drying with 2 days of flooding in winter and summer and 7
days of drying in summer and 12 days of drying in winter.

5. Soil plowing should be performed immediately after each drying cycle for the basins
in order to maintain good infiltration rate and to prevent accumulation of the OM in

the top soil layer.

6.2.2 Recommendations for the Research

1. It is recommended to perform further bore holes at the middle of IB1 in order to
ensure that the sandy silty clay layer is spreading at variable depths before the
implementation of the injection piles (60 piles).

2. As the clogging layer is subject to compression under seepage forces exerted by
infiltrating water, it is recommended to try variable water depths (for example 0.6-
1.0m) in the basin in order to determine the optimal depth which may help to
prevent excessive compression and further reduction of hydraulic conductivity.

3. OM accumulation in the topsoil layer is the one of the main factors adversely
affecting soil permeability. Up on that; it is recomnded to perfrom additional studies
in order to detrmine the chemical nature and composition of the OM and it is effect
on the soil.

4. The pumping to the infiltration basins should be stopped until reaching BOD load

suitable for infiltration purposes.
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APPENDICES




APPENDIX (1)

Schedule of Plowing for IB1 (CMWU, 2013)

Plowing Date Tool of Plowing
14.09.2011 PLOW
03.11.2011 PLOW
05.01.2012 PLOW
21.03.2012 PLOW
22.05.2012 PLOW
28.07.2012 PLOW
29.08.2012 PLOW
06.10.2012 PLOW
01.01.2013 PLOW
30.03.2013 PLOW
13.05.2013 PLOW
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APPENDIX (2)

Borehole Log (BH1)
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Borehole Log (BH2)
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Borehole Log (BH3)
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SUBSURFACE PROFILE SAMPLE
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Borehole Log (BH4)
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SUBSURFACE PROFILE SAMPLE
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Borehole Log (BH5)

SUBSURFACE PROFILE SAMPLE
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Sand with little gravel f SC | 234 31708 1.708 (0282 94
{Kurkar). The layer is of
\medium plasticity. /

2[4 l 3'" .:«i'l'.'d I- o :id ?
Yellowish fine Sand with lite M| 154 NF..[.083 1062410248 70

. i gravel (Kurkar) and a itfle
fines. Mon plastic

il B | sp |43 NP | 5453 | 0212|0409 28

3.0
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SUBSURFACE PROFILE SAMPLE
7 ] i
|8 IR
E |3 Sail Deseription 81 8| 5|3 |z|88|88)|0q|88
5 %] AARAEREAR AR
ARAN g |08 | & | 3| 8|8 |%E|82|8 |5
a () ul i 20 i = i i 02| QO |« '§
B | s |28 NP | 4811 [0742(0332| 28
0| 5P | 3 NP | 4.488 [ 0.741 [0.301] 41
n| s |23 NP | 5.202 [ 0788 |0.3m8| 23
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SUBSURFACE PROFILE SAMFLE

#

- I..? —

; 5|52 2|4 3|58y |3
= 3 . . - E E - | Ez| Ee|® £
E |3 Soil Description § o | 3 5 -E“ 8E | 82|82 {Sb

& il B
1 B EE| ]| EE
o|@|d z|oo | L |d| & |& |oa|oo|ld |2
2 | 5P | 50 NP | 3.447|0781(0.226] 41
Tl

13| s |50 NP | 4.288 | 0.747 [0.275| 50

Clayey Sand

Slightly Light Brown Clayey
Sand with litthe gravel
(Kurkar]. The layer is of low
plasticity

14 | M [ 203 14263 1.732 [ 0.21 | 34
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SUBSURFACE PROFILE SAMPLE

Soil Description

Fimves. & onvbent 6o

Plasstic Limit %

Limifcimnity {SLI

Coaficient of

& radation Cc

AarErag e Sire
DEsD

WhE e e vl
VT S

Plas ticty (| nedhmoe:
Coafficiant of

Lo raphes Loy
2]

Clas sifica Bon

L i Ll S

Deprtih {m)
El

L [+

L

: Sand

S0 | Yellowish fine Sand with litfle
_ gravel (Kurkar) and a little

J i fines. Non plastic

n
37
o

21 NP | 3880 | 0758|0279 40

100l

8 | P |27 NP | 3802 | 0762 |0262] 28

10

7] s | a1 NP | 4483 | 0.741]0301] 25

o o120

End of Barehole
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Cram Size Desmbuotion of 501l
ASTM [ 42243 {199E)

Project: Mlmler Research-Seady- (Eng. Baem Sendsh)
Bare Hele Mo BHI
Ih":lﬁ. 03 m
Muhamicsl {ieve) saaly s 5ol Type % Til. %
Save Sieve mesth Mas Poroenl  |Coares gravel Ll
il dpenmg, ous | P, g jksing, " |Mladue grined el 1] T
Fine g vl 70
il o 050 b 100 onmres el 1%
MNP 4 aTh 23 3o Meladurs nmd 06 1]
e, 10 214 20 M5 Fres il LT
Ie, 30 & TR Az Coerses ah T.01
Ie. 410 043 [ hT Y
Miadum sl .00 L
INg. 100 oS a2 157
INg. 200 0.7 12.7 140 Fee sl 9%
Fim . il ] 0% ey 4.0 408
*Pacenlaga rdalnes ko cnlrs ample S
CLAY E— R SAHD AHUAVTL e
1
NN I
. ded and L
poarty graded 3
i | 4+ 30
|  om=ezemm |
e p— I | + T
| Cu= 5974 |
T o = 0.841 &0
1 1 i 1 i ] 1 i foons 50
40
1 | ] L= 30
| Risstimated) = 3.10E-03 cmisec
T T+
_.J = J &7 milley
__,,-'o—/ [T T
[ t ¥ t i (i}
10 RN 0] ol ol 1 1] 14
Egaivalenl jram dae, d (mimn)
Page | 108
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Crain Size Distribution of Soil
ASTM [ 422463 (199K)

Pﬂjﬂli Melewier Research-Toudy- (Eag. Haoon Sendah)
Bare Hole Na. BHI
I"'I]:llh 06m
Peliofh s il | R il yaas Sial Type % T, %%
tave Sieve mesth Wass Parienl Cnarss gravel (il
RITTH apEmmy, mus | paoming, g jpatng, % |Madus grave 0 E3
F gravel 33
aw 950 15E0 .00 Coimrie sl 27
Me 4 475 1525 b Meladuz wand 1h4 L
e 10 204 14E 3 nag Firuz sl BE
g, 30 &0 1405 2 i all ToE2
P, 40 043 122 4 TS5 I &M
Me. 100 015 74 e " =
e, Dl 0.a7 3az 2la Frae 453
Fim - (v 11} 0o -l 627 4.7
¥Peracniages relalees o entas sasple fics
LAY R SAKD o
I
) |
| poorly praded clayey | | | 1l 1 &
silry 3and
] | <+ 30
| ds0=0181mm
| | | m
| Cu = 14,258
Co=2.16 | |
1 1 1 1 gl
| 1 =+ 41
30
kizstimated) = 303604 cmisec
T T 4+ Ml
= 11 2% midiey
| 1 1 =+ 10
,-r"""'f + ; } [E
3. 0] 0.1 a.01 0l 1 10 1]
Equivalenl gram dans, d (mim]
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Cram Size Distmibution of Soil

ANTM [F412-03 {19%5E]

P“jh::: Mlsilsr Rewanh-Touly- (Eag. Baem Sendah)
Bore Hole Na. BHI
Deepth 05 m
M echsaseal (s5eve) andlyas ol Type e T, %
tave Sievs mesth Sl Parienl Coaree gravel an
M sl CpEmE, muR | peeang, § pakang, " |Malus gravd il 1] .2
Fiee gravel &3
aw 050 8.k 13,00 Conirse s 19
M 4 475 12.7 L] Pelaturs womd 16.7 S
B, L0 24 41.0 o718 Fra= scimd 47
e, 30 050 153 aa (s all 1344
Fag, 400 043 &h .3 752 r
e 100 015 % 6 a0 Mladtum il oo 1%ida
I, il 047 1.7 L Fiee =t A3
Fim - @b [ [ 1. 1.
¥Peracnlagss relalees 1o enles dsple i
CLAY R AT {HLA VT2 ned
| I
J well praded clayey || . ||l 1 s
silty zand
| <+ A0
|  dsn=e172mm
| | | il
| Cu = 24,719
Co = 2.785 | i Il | D
1 1 1 1 u11]
= = - . =+ 41
k]
k(s maied]) = 8. 96E-05 cmiser
T T =+ i
= 0104 e
1 <+ 10
r/ﬂ : - : 0
0. (N1 .01 (1] ] 0l 1 L] i
Eguivalenl geain iare, d (mm)
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Craim Size Distribution of Soidl
ASTM [ 42263 (199E)

ijﬂ:: Mlmier Rewarch-Sudy- (Eng. Bawen Sendah)
Bare Heole Na. BHI
]:"'I]:llh Im
Mechanse sl (seve) andalyas Sl Type e T, %5
havE Siews iacsh L, %Y Paiiil Coaise gravel L]
M sl opEmmy, oum | peEing, kg, % |Pladas prave UL g
Fom: granved S0
g 050 TR & 1030 Cnirse sl 33
Mr 4 275 9RE 1.0 Meladurs wand Il4 il
Me. L0 24 e 877 Furas samd =4
e, 30 &0 653 o k] Ciiis all 1
Iee. 40 143 T2.0 .3 r
Me. 100 E TE T e . e
e, T 0.7 122 119 Fuie st 250
FPan - (i1} 02 [ a4 144
¥Perceniapss idddlees ko cnlas dumple i
LAY L= W Ak LHLA VD Tmed
I 1K
poorly praded sand | T %
1 T | 4 40
| d60=0268mm
I | | T
| (= 5548
Co = 0.787 | |
1 1 1 x11]
| 1 = 411
30
kiesHmated) = £ 00E13 cruiser
T T =+ i
= 3 45 miln
=< 10
1, : 8
0, 4] 0001 oo 0l 1 10 104
Equivalenl geam e, J (mm)
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CGraim Size Distribution of Sodl

ANTM 42263 (1940E)

ijﬁ:: Mlssier Fesgand-Siady- (Eng. Basemn Serdah)
Bore Hele Na. BHI
D"I]:Ilh 1.%
Pl b sl (B damciil ya s Sl Ty B T, %%
L ¥ Sievs meh LY FTeY Paien Coarse gravel o
R TE S (TR, o paEing, & pastng, "h |Mlalum prave 30 B3
Fene gravel &7
e 950 107 & 1R, 0 TR 4%
M 4 4T o o3 Blatur s man | ]
P, 10 214 926 BE 2 P il 6] 3
PFed. 30 &0 0 al3 ivaras all 3.5
PFeg. 401 043 73.2 G2 r i
N 100 1% 21 T Flatanz uk [0 it
Be. 20 007 16 Il Frie =l 1L&2
Fim —_ el ] {3 [ 5 104 100
¥Poeenipes relalive 1o enlee dassple s
LAY L- R NA kLT ned
[ I
1 umiform samd T T %0
1 | =+ 3il
[ dso=u263mm
| | | T
| Cu= 4.
Co=0.76 | =
1 1 1 1 Y u]1]
| 1 == 3]
30
EiesHmaled) = 6 2TE-DS CMUSeEC
T T =+ Tl
= 5 59 mide
=+ [
—_————— T, : : 0
0, ] 041 .01 0l 1 £1] 1]
Equivilenl geam saee, d (mim]
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Cram Size Distmibution of Soil
ASTM [3 42243 (199

P“jh:[: Mlasier Rearch-Siudy- (Eng. Baem Sendah)
Bare Hele N BHI
I"ll]:llh 1.Em
i o T = S R R T Sl Type ) T, %
e Sieve mesth LY Pariznl (oarse gravel ap
I ushei GpETE, s | peneany, g preting, %6 |Plafum grnd il ]
Fime gravel T.1
ag 050 5732 1030 i e &3
Mr 4 275 93 bl Mlalum wand =1 1 ]
e 10 2 227 B5h Fras scmud 24
e, 30 R | T3 (i sl Lk
e 40 043 59 ] , -
Ne. 100 013 1 S S B
e, Dl 037 4.0 i1 Fii =t LEs
Fim = @l 0 Cla L= L]
¥Perenlags redalses ko enlrs dample i
LR L= | ALY ned
| L
I umiform zamd [T T ¥
] = A0
| d50=0.2%8 mm
T | | il
| Cia = 4974
Co=0.733 | ™
1 1 1 1 o+ 5
= = - S _1"
30
s maied) = 8.01E-03 cmissr
T T =4
= i 97 mile
=+ 1
R : 8
0 ] .41 @01 0l 1 10 14
Eguivalent gram e, d (mm)
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ram Sre Distmibotion of Soil

ANTM 42203 {159E]

ijﬁ:: Melmilsr Rescarch-Soudy- (Eng. Baeon Sendah)
Bore Hele Na. HHI
Il'll]:llh 21lm
Mechaadeal (v aalyas Sodl Type e T, %%
Save Sieve mesth LY T Parienl Coarss gravel an
I gt g, mus | peswing, g jpreding, %G |Miadags prave i g
Fimez gravel gD
aF .50 1194 1.0 [T T 34
Mr 4 a7 Tk & 1.0 Meladuiis wand iz K13
M. 10 21 14 5 8735 Fime s m.7T
e 30 & 94 232 Cogrse all 181
B, 440 043 0.4 673 p .
e 100 018 0.7 T Melladaus ik L] {41
I+, D 0.7 %1 TE Fii st 160
Fum — b [ i3 (i 132 231
¥Perenlagss felalees 1o cnlae sissple i
CLAY KB T KA {HLAVIZ ned
I I
= |:|_'|:|i_'|'-:-:r|:n '_::|:||:|. Pom o omramr =S |j||
T | =+ 3il
| 50 =0268 mm
| | | T
| Ui = 4 304
Co=0.745 | ™
1 1 1 1 y 11
2 3 = 4
3
ki=simated) = 5. 30E03 cmisec
T T =
= 5 48 midey
=+ [il
—_—— : : 0
0, D4R 0201 .o 01 1 B} 114
Equvalenl jgeim sacs, d (mm)
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Crain Size Distoibution of Sodl
ASTM [422-63 {199K)

P“jh:t: Mlmtler Ressarid-Soudy- (Eng. Batem Sendah)
Bare Hele Na. BHI
I"ll]:llh A0 m
Mk mies il |y mdly s ol Ty e T, %5
e Sieve mesth LY P Paaenl Cioarie gravel an
M b apenmy, mus | pabing, g pakaing, " |Madaus g i HA
Fme gravel 12k
g 50 147 LR Lo s 23
Me 4 475 w7 g1z Mol wand 18.0 W2
e 10 204 EER 27 P izl B
M. 30 0& E R 2 Copdrses sl 129
e 40 043 741 i i I i
Ne. 100 015 1Lt IR e -
e, Dl 0a7 103 2.0 Fii it 182
Fim - (el 1] L ey Ziad 28
¥Percentipo sdalres ko enlre danple i
LAY =R RAKD (HLA VTS nnd
| I
I nmiform samd TTTTTI T #
| <+ A
| d&0=0.271 mm
T | | il
| U= 4864
Co=0.728 | T™
1 1 1 1 o+ &
= = - S _1"
Ell]
E(esimated) = 5 B4E-03 ciser
T T =+ Hl
= 504 mide
= [
|—‘._'--. £ - : |:
0 ] 0.1 2.0l 0l 1 B 14
Equivalenl gram iare, d (mm)
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Cram Size Distribution of Sol
ASTM [ 422-63 {199K)

Pﬂ:-jh:l:: Mlmiizr Resscarch-Soudy- (Eng. Baeem Serdah)
Bore Hole No. HEHI
Depth S0m
i (2 PP e T R Sl Type % Tid. %%
Lo Yoz meh Mo Paizen Cioarses gravel a0
Mgzl ipenny, mis | paceanyg, g pasaing, % |Madum prad a0 R
Fme grivel g7
aw 950 913 [ELERT T 3z
Mr 4 475 e i3 Felatur iind 174 =]
e, L0 2104 LR ar2 Fras sl 6l.6
M. 30 &l T4 alh Cimrsis all 411
e, 410 143 &9 EE] p .
e 100 015 5 T Peladur ik {04 AT
I, D0 a7 10 E2 Fii it 1.7
Fim - [PL 1] [ [ L3k 1
*Perccniags relalevs 1o entes susple i
CLAY 1 SAND ned
I L
- uijl:lj'm '_:]]]d, oo wa e e ol
] ] =+ 3
|  dE0=pzeamm
T | | T
| Cu= 4175
Co = 0.761 [ T
1 1 1 k1]
| 2 =+ 4]
3
Ei=stimated) = &.0E-03 cmiser
T T =4 Tl
= 5 14 mide
<+ I
|—‘~_-_-_ 4 - : |:
(RRLCLH 0041 201 Ll 1 o 104
Egquivaknl gram i, d (mm]
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Craim Size Distribution of Soil
ASTM [} 42263 {1998)

P“j.h::: Melmsier Research-Soudy- (Eng. Basen Serdah)
Bars Hele Mo, BHI
D'll]:llh S0m
Ml | sy mmalyais Sl Ty e T %%
e Sevs rmeh Ma Paizn Cioaras gravel a0
[T CpETE, M | paeang, § pakang, % |Malum gravd [PL ] L
Fime gravel &0
anr 050 1075 1.0 (e sl 13
Mr 4 aTs 13 .3 o Melafum wand .7 LI
Ie. 10 2040 o83 .4 Fires sl 62.7
Ie, 30 L] 1913 233 Coparee al 402
Ie, 400 043 Th.1 e p .
Ne 100 T TE T Motz uik [Lon .74
INg. Dia 0a7 17 El Free aall F, 1]
Fim - (P11} {0 [ 133 154
¥Paceniages relalres ko enlre wsple i
CLAY ST RAKD ed
I I
1 umiform samd I T X
] <+ 10
|  dE0=e24mm
T | T
| |: u +-.||I
Co = 0.755 | |
1 1 1 1 11
- - -+ _1."
kli}
Ei=simated) = 5.09E-03 cmiser
T T IRERE el ||
= 517 mide
=+ [0
—_— : - t - d

. HEX 0.1 0] {l | 1o pLEL

Equivalenl geaim sre, d (mm]
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Crain Size Distribution of Soidl
ASTM [ 42243 (199K

P"jh::: Mlasier Rewanh-Soudy- {Eng. Baom Sendah)
Bare Hele No. BHI
D"I]:Ilh 6.0 m
Ml il | aeEve) il vaas S Type Y T, %%
Saswe Sieve mcsih L1 P Parienl o gravel an
T H ] (g, mum | pEowing. jising, i |Mladas g ] =1
Fire gravel 1.7
ag 050 17T et i e .1
Hr 4 a7 1651 043 Ml adaurs nand .0 )
M. 10 204 1515 932 Fre il &1.E
e, 30 &0 14E5 a2%? Cidrae alt L hE
e, 411 043 1T G732 r
Ne. 100 e 124 T et " -
e, Dl 07 3 4 Fie sl 1.13
Fim = (vl 1] [ e 1.53 1A
¥Peraniages relalnes ko colrs sample fiva
CLAY &3 1 KA (HLA VIZ ned
| I
I nmiform samd T T #0
] | <+ 3i
|  ds0=ezedmm
T | | £l
| Cu=4.15
Co = 0.762 [ T ™
1 1 1 1 1]
- - -+ _1."
!l
Eiesimaled) = 7.1 3603 Cmiser
= T =+ 2l
= h L6 aiidie
<+ 10
—_— i t 2
0, W] .1 2.01 ol 1 B 14
Eguivalenl geaimn saee, d (mm]
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Craim Size Distribution of Soil

ANTM 43203 | 199E]

Pl.'-l:-j-!-cl:: Melmtier Reseeareh-Soudy- (Eng. Bawen Sendah)
Bore Hele No. BHI
Ihl]:llh Thm
Mechamstal (6eve) aaalyas ol Typee Y T, %
Lave Sieve mcsih LY P Parcnl o gravel ah
Ml apemng, mes | penming, g preng, % | Madums praed il 1] 4.3
Fme grave 49
g 050 141 1R, 0 Conirae e ir
M 4 aT5 1371 0% Mlaturs wnd ms TR
e, 10 2104 1313 1.5 Frns s 679
Ie. 30 &0 125 a%3 Crparae all 1.80
Ie. 40 043 18| 71.5 p ,
Ne. 100 e 73 T i =
P, 200 047 5.2 1& Frie =t 076
Fim — ap [ [ 1.0% LI
¥Poraniaga rdalres ko colrs dample fics
CLAY 8 1 SANID nad
[ I
| umiform zamd T T
1 | <+ 30
| de0=0248 mm
| | | il
| Cu = 3651
Co=0.772 | T ™=
1 1 1 1 11
= = - _1"
kll]
i=stimaled) = 76303 cmisec
v T =+ M
= .59 miln
=+ 10
+ et 4 t 0
01, [N ] .41 3o ] 1 10 i
Egquivalenl geam saee, d (mm)
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Crain Size Distribution of Soil

ANTM 42243 (159E)

Pn:,jﬁ::: Mlmiter Ressarch-Soudy- (Eng. Baean Sendah)
Bore Hele No. BHI
]:l'll]]lh Al0m
Ml ot h e all (seve) mmcilysis Sl Type e T %%
tave Sievs mesth Sl Parixnl Coare: gravel ]
I sl apeming, mus | peowing, g juiring, %G |Mlatas prnd L] L8 |
Fome el JE
aw 040 101.4 13,00 i s ke 4
Mr 4 aTs 97 062 Pelaturm wmd 174 714
e, 10 204 G4 azn Frus e )
Mg, 30 &0 1’7 ars i all 187
P, 410 043 Th.T %5 p .
M. 100 015 19 TN s e e
INe. DI 007 iE 3T Fie =t ]
Fim - D L [ L= LR
¥Peracnlage relalees 1o cnled sample ik
LAY R SAND nd
I I
= |:|_1:|i_‘|'-:-:r|:n '_::|:|:||:|_ Pomorowaaes [ |j||
] | <+ A0
|  dE0=ez3mm
T | | T
| Cu=34
Co=0.783 | I *
1 1 1 u11]
2 3 =+ 4]
k]l
piesimated) = 7.24E-03 Cmissc
T T <+ ]
= {43 midn
=+ [
+ . - t - d
3, (] 0411 301 ol 1 L] [E1]
Eguivalenl geam s, J (mm)
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Crain Size Distribution of Soil
ASTM [ 422443 (199E)

Pﬂjﬁli Melmiier Reswarch-Soudy- (Eng. Hasem Nendah)
Bare Heole No. BHI
D"I]:llh 90 m
M echsmssal | v amdalyaas Lol Type 1% Tid. %
by Secvs imesth L1 Y Paiial Coarse gravel n
I sl opEmmy, o | parEing, § paktng, 6 |Malus pravd [l ] ]
Fme graved TT
aw 950 [ 1.0 (e sl 1.3
Mr 4 475 9.3 OE3 Mlafurz sand 136 k]
Ise. 10 2040 5d5 g Firez sl TSI
e, 30 nEn il E B Ciias all 1.0
I, 400 043 0.7 7.2 p .
Ne. 100 E 36 T et " “
e, D0 0a7 21 10 Fri: il &z
P — a0 03 iy [L5E L]
¥Perceniagss relalrvs 1o entrs sasple fics
ELAY E R LAKD (HLA VS e
I I
I nmifors samd TTTTTm T %0
] <+ 40
|  ds0=0237 mm
T | T
| Ca= 1221
Co = 0.781 | ™
1 1 1 1 e11]
| 1 =+ 4il
30
kizstimated) = 7.96E-03 cmisec
T T =+ Ml
=/ 18 midn
=+ 10
— ! ] t i 1]
3, D] 0401 201 0l 1 L] 100
Egquivilenl gram s, J (mim]
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Cram Size Distmbution of Soil

ASTM [F42Z-03 {199E]

P“jh:t: Mesier Rewareh-Suudy- (Eng. Baeem Sendah)
Bare Heole Mo, BHI
D"I]:llh 103 i@
i PR PP e T R Sl Type 1% T %
tave Sieve imesth L1 5 Paenl g gravel (il ]
M sl ipEmm, mud | paming, § jpaking, % |Malum gravd (e ]
Fme graved T
g 950 143 1063, 0 o sl Ll
M 4 475 1.5 030 Mladurz wimd 15E ]
Ise. 10 1100 108 5 L Fine saeul 677
Ie, 30 &l 102 5 axz Coparse al 33T
Mg 40 043 149 8 744 r
e 100 015 T s Mladnis uik Il i
Mg, D0 0a7 11 6T Fuoe =t 1.42
Fim - an 0L 0l 1.93 15
¥Paenlages felalres 1 cnlbns e i
CLATY 51 NA kL] L |
| I
nmiform zamd | TH
| ] =+ il
|  ds0=ez228mm
T T | T
| Cu = 1571
Co = 0.771 | ™
1 1 1 11
| 1 =+ il
30
ki=simated) = 625603 cmiser
T T =+ M
=1 £l mide
=+ 10
|—‘.__"-- + - : |:
3, (] 00401 .01 0l 1 L] j[e1]
Equivalenl gram saee, d (mm]
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Craim Size Distribution of Soil
ASTM [ 42243 {199E)

ijﬁ:: Melgiier Reswsarch-Snady- (Eng. Basem Sendah)
Bores Heols No. HHI
I"l!]:llh 1.0 m
Ml echsnseal (v maalyas Sl Type 3 T, %
hasve e mesth b LS Panasil Cnaras gravel n
F sl apenmy, mes | pasang, g kg, % |Plafums grad L] LR |
Fum grave 3.3
i 050 1145 13, 0 Coiniisas seed 16
Mr 4 275 108 & 05 Felaturs wand a3 A1
Ie, L0 2.1 1o 5 Hin Fue sl 62.1
I<e, 30 & 570 LR Ciarss sl 136
Ie, 411 143 a8 BE 7 p
Ne. 100 015 51 T Feladars wilk AL i 7
Peg, 0 0.7 T3 6.3 Fuie sall 137
Fimi - (i1 1] Lo [ 189 1
¥ Parenlage relalres ko enlrs susple i
LAY =R SAKD e
I I
- |:|_1:||_‘|'.:.:|'|:n '_::|:|:||:|_ R B |j||
T | <+ 40
|  ds0=0263mm
| | kil
| Cu=4.11
Co = 0.763 | ™
1 1 1 1 e11]
| 1 =+ 41
30
kiesHmated) = 5.6 TE2 cmiser
T T 4+ i
= 3 Th mile
=+ 10
E——— 4 0
3 HEX] a1 .l 0l 1 L] lod
Equivalenl gram e, d [mim]
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Craim Size Distribution of Soil
ASTM [ 42263 {199E)

P“jh::: Mlmier Fesearch-Souly- (Eng. Baeen Senlah]
Bore Haole No. BHI
D"I]:llh 120 m
Mechmadeal (eve] wndlyay Sl Type e T %%
Lave Sieve mesth LY L Paienl Ciare gravel (il ]
M umhei GpEmEy, mud | peceang, § pakang, % |Madus grnd i) 4.1
Fime gravel 47
A 050 1.0 1000 Ciire dersd 50
M 4 475 2 0 033 Fiatuire wend i g1
B 10 21 .7 o3 P sl &l.0
Ive. 30 &l 83 e Coparee 1.57
. 400 043 357 i 2 r
I 1 {i (i pira, |
Me. 100 015 41 T .
e, Dl 07 17 i Foe =l L6
Fim - (P11} {3 -l 091 341
¥Fareniags redales ko enlre sample i
CLAY ST RAKD {HLA VI tand
| {1
I umiform zamd T T
T | <+ 31
| d50=0288 mm
T | | il
| Cu =422
Co=0.76 I T ™
1 1 1 1 11
2 3 =+ 3]
Eli]
Ei=simaied) = 8.13E03 cmisec
T T [ s I |
= 7103 midn
<+ I
* T : 0
3, X .41 @01 il 1 10 134
Egaivalenl jgram dacs, d (mim)
MS.c-Thesis, B.Sirdah Page | 124
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Grain Size Distribution of Soil
ASTM D 4212-63 (1998)

Project: Mazter Besearch-Study- (Eng. Basem Serdah)
Bore Hole MNo. BH2
Depth 03m
Mechanical (sieve) analysis Soil Type % Tot %
SEve Sieve mesh Mass Percent  |Coarse gravel 0.0
Number | openbg, mm | passine. g passing. Yo [Mediom gravel oo g
[Fime gravel 10
£l 2.5 1257 1004 Coarse sand ig
HNr. 4 4.75 1221 7.1 [Mzdiam sand 37.10 209
Nr. 10 1.0 1172 2311 [Fine sand 500
Nr. 30 060 103.5 13 Coarse st 314
Nr 40 043 0.7 56.2 5
Medrom st 0.0 446
Nr. 100 013 93 73 ;
Nr. 200 07 14 6.3 Fme siht 132
Pan -— 0.0 0.0 |Ch] 1.82 152
*Percentages relative to enfre sample mass
CLAY EILT EAND GEEAVEL ta=d
[T T T | At 10
AT
poorly graded zand | | K;’ #
1 A 1 : ' 80
d50=0345mm | |
1 —1 Tt T
| Cu=5.348 |
| Ce=0765 | | 18
. 11 N AR Al s
| | I | ATy
1 1 ! ! + 3':]
| klestimated) = 7.11E-03 cmisec ,
| =615 miday
,T-J .
]t 5 5
4 | ; | ; | ‘I}
000001 0.001 Q.01 0l 1 10 104
Equivalent gram size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1998)

Project: Mlazter Bessarch-Smdy- (Eng. Basem Serdah)
Bore Hole Na. BH2
Depth 05m
Mechanical (sieve) analysis Soil Type [ Tot. %
SiEve Sieve mesh Mazs Percent Coarse ravel [ X
umber OpenmE, mm | passine. g paszing, % |Medmm gravel 0.0 6
[Fime zravel 56
33" &.50 120.7 1.0 Cparse sand 4.3
Mr. 4 475 114.0 a4 4 |Bl=diam sand 253 i
Nr. 1D 2.0 108 8 a0l |Fme sand 553
M 30 (.60 034 Ta.0 Coarse st 4181
WL 40 043 783 4.0 .
Mr. 100 015 13.0 Tog | "ieamm st . B
Wr. 200 007 11.6 o6 |Fi:E silf 202
Pan — 0.1 00 |Chy a7 17E
*Percentages rehitive to enire sampls mass
CLAY ST EAND Ta=d
[T T 1T g
uniform sand &
| E| T a0
d50=0.268 mm |
T [ (L T
Cu=4915 |
ce=0721 || | T
| L 50
| 1T
' ' = | | 4 3':]
| kjestimated) = 5.61E-02 em/sec 0
J | =435miday
>l 1o
J— " | |
. ; e L
00001 0.001 001 0l 1 10 1040
Equivalent zraim size, 4 (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1998)

Project: Master Besearch-Study- (Eng. Basem Serdah)
Bore Hole No. BH2
Depth 08m

Mechamical (sieve) analysis 5nil Tvpe i Tot. %
Sieve Sieve mesh Mazz Percent  |Cioarse gravel 0o
Number | openmp mem | passing g passing, % [Mediom gravel oo B8
[Fine ravel 10
i B.50 125.0 L0e0.0 Coarse sand 4.6
Nr. 4 4.75 113.8 A1l [b=dium sand 2.3 TrR
Hr. 10 1060 108.1 B6.5 [Fine sand 48.0
Hr. 30 060 052 71.0 Coarse sii 212

e 40 0% 528 562 :
Nr. 100 015 M7 Tog | ledum sl 00 | nw

Hr. 200 007 g 18.2 Fme silt .83
Fan - 0.0 0.0 Clay 5.29 ]
*Percentages relative to enfis sanmls mass
CLAY SILT BANTY GRAVEL Y=
[LOE T 1 PR

poorly graded clayey | | -
sand r

= o

A 1
d50 = 0.237 mm |
[ ca=t25 ||

| Cc = 0.803

& 8 28 2 B8 K

| k{estimated) = 2. 73E-03 cmisec

! sy | L LILL 2
F 1 | =1e3miday

0.0001 0.001 0.01 0.1 1 10 100
Equivalent grain size, d (mm)
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Grain Size Distributon of Soil
ASTM D 422-63 (1998)

Project: Master Fesearch-5mady- (Eng. Basem Serdah)
Bore Hole No. BH2
Depth 12m
Mechanical (sieve) analysic Soil Tvpe T Tot. %
Sieve Sieve mech Maczs Percent  |Coarse gravel 0.0
Mumiher openmE mem | passing. g passmg, %o (Medrorm gravel ol 4.6
[Fme gravel 16
38" 250 1937 1000 [Coarse 1.7
Nr. 4 4.75 186.5 254 [Medium sand 16.56 &1.7
HNr. 10 2.0 183.2 936 [Fine sand 204
HNr. 30 060 1714 7.6 Coarse st 1385
B 40 043 150.8 171 N
Nr. 100 015 371 I e o
Mr. 200 007 s S 17 |FI:I! silt 582
Fan — 0.0 (1] |Ch] B03 b4
*Percentagss relative to enire sammle mass
CLAY S0T SANMD GRAVEL Ya=d
[T T TITI | A toa
[ =T | ?
well graded clayey Ii-.'__“__.----"" | | o0
silty zamd ' j
i 1 R
|  dS0=0464mm | f
[ - s 0
| Cu=15117 |
| cc=2958 | | || T 0
f . klestimated) = £.60E-05 em/sec .
Jf' | =008 miday
_,..-"Ffd f f 10
- :
- - } — o
00001 0.001 001 0.1 1 10 1049
Equivalent gram size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-53 (199%)

Project: Master Besearch-Smudy- (Eng. Basem Serdah)
Bore Hole Mo, BH2
Depth 15m
Mechanical (sieve) analysis Soil Type 2 Tot %
Sieve Sieve mesh Mazs Percent  [Coparse gravel 0.0
Number | openmg men | passing, 2 pazsing. % [Madmm pravel 00 37
[Fine gravel i7
el £.50 151.0 108 Zparse sand 13
Nr. 4 4.75 155.0 96.3 [Medim sand 11.4 g24
W 10 1.0 153.0 250 [Fine sand 558
Nr 30 0. 1263 0.9 Ciparse st 1342
Hr_ 40 043 133.0 B16 ;
Nr. 100 0.15 357 ST o we
Hr. 200 007 431 258 |Fime siit 564
Pan -— 0.1 0.0 Clay 1.78 17
*Percentags: relative to enirs sanmls mass
CLAY EILT EAND ERAVEL Y=d
: ; . 100
[T 1 P VRN 5 F##‘__..-f’
well graded elayey || | 20
silty samnd
A 31 80
|  d50=0454mm ||
1 —i HH T
| Cu=21.042 | | 5 5
| Ce=3168 | | &
; | . | | 50
{ { . | | 44
' ' f  klestimated) = 1.00E-04 crisec .
J | =0.09 miday
i — 10
T | I |
| 1 : | : | ﬂ
00001 0001 Q.01 al 1 10 1404
Equivalent zram size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-53 (1998)

Project: Master Fesearch-Study- (Eng. Basem Serdah)
Bore Hole No. BH2
Depth 18m
Mechanical (sieve) anabysis Soil Type & Tat. %
Sieve Sieve mech Mazz Percent  [Coarse gravel 0o
Wumber | openmE, mm | passing. g passing, % |Mediom gravel 0.0 24
[Fine eravel 14
S 250 1217 L0e ) Coarse sand 1o
Hr. 4 4.75 1188 7.6 [M=diom sand 218 EED
Hr 10 20D 1153 247 [Fine sand 634
Nr. 30 06D 1041 B33 Zoarse sii 4181
Hr 40 043 238 3.0
Medinm silt 0.0 &53
Nr. 100 015 13.5 111 :
Hr. 200 007 11.7 L |Ei1e silt a0
Pan — 0.0 [T |Clay T ITE
*Percentages relative 10 entie sanmle mass
CLAY EOLT SAND GRAVEL t=d
T 104
LOTOT 1 1Pl _
uniform sand 0
i - 20
d50=022T mm |
i +—1 i T
| Cu=4.01 |
| Ce=0757 | | 1l T %
| aN L 40
T l 1 - . affs . ek 30
| kiestimated) = 5.59E-03 emisec .
J | =483 miday
Yl 10
Ll M|
: : — 0
00001 0.001 Q.01 0.l 1 1] 104
Equivalent gram size, 4 (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1998)

Project: Mlazter Research-Smdy- (Eng. Basem Serdah)
Bore Hole No. BH2
Depth 2lm
Mechanical (sieve) anakysis Soil Type bl Tot. %
Sieve Sieve mech Mass Percent  [Coarse gravel 0o
Wumiber OpENmE, mm | passine. g pazsing, Y [Medmm gravel 0. 1%
Fime gravel 1%
Efl 250 ELT 100 Coarse sand id
HNr. 4 4.75 26.0 981 M=dmm sand 237 =3
M. 10 1.0 E3iD b Fine sand G146
M. 30 080 736 B Coarse st 37
N 40 043 &3 9.0
Medim s8t 0.0 5
Nr. 100 015 71 51 :
Hr. 200 007 [ 74 Fme st 1.54
Fan -— 0 0o Clay 215 215
*Percentages relfive {0 enire sanple mass
CLAY EILT EAND GEAVEL =d
| | . T 1440
LT 1 1P | 771 |
uniform sand 0
EEEA ——— ]
d50 =0.25mm |
HHH — HH 70
Cu=41T4 |
| Ce=0751 | | M e
il R
i AL T
{ { ! . | - HH 30
G.25E-02 cm'sec -
= 549 m'day
i . 14
et
- [ : Uy | 0
00001 0.0o1 0.1 0l 1 10 109
Equivalent gram size, d (mm)
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Grain Size Distribution of Soil
ASTM D 412-63 (199%)

Project: Mlazter Besearch-Smdy- (Eng. Basem Serdah)
Bore Hole Mo BHZ
Depth 3i0m
Mechanical (sieve) analysis Soil Tvpe N Tot. %
SiEve Siewe mesh Maszs Percent  |Coarse gravel 0.0
Wumber | openmp mm | passing. g paszing. ¥ |Medim gravel 0.0 34
[Fine eravel i
38 9.50 1007 1000 |Coarse sand 13
Nr. 4 4.75 96.2 946  |Medmmsand 235 68
Nr 10 200 534 91%  |Fmesand 50.5
Nr. 30 0.60 4.1 827  |Coamesit 3.88
Nr. 40 043 505 583 -
Wr. 100 015 59 Rg | edum s i =
Tr. 200 (0 79 7§ [Fmesd 163
Pan = 00 00 |chy 335 17
*Percentages relative to entire sanple mass
CLAY SILT EAND GERAVEL ta=d
[T T IO | .l-'j 10
uniform sand L [
A
T A A1 80
|  ds0=0252mm | f
R [ [T 70
| Ca=41714 |
| Ce=0748 | | T &
1T
' ' ' kfestimated) = 8.23E-03 cmisec 0
; | =539 miday
: [ ; 10
]
- } — - o

0.0001 0.001 0.01 0.1 1 10 100
Equivalent zrain size, d (mm)
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Grain Size Distribution of Soil
ASTM D 412-63 (1998)

Project: Mazter Besearch-Smdy- (Eng. Basem %Serdah)
Bore Hole Na. BHZ
Depih 40m
Mechanical (sieve) anakysis [ Soil Tvpe | 1y [ Tot %
Sieve Sieve mech Mazs Percemt  [Coarse gravel oo
Number | openmg mim | passing g passing, Y= |Meadiom gravel 0.0 104
Fme gravel 10.4
E S 050 1220 1.0 |Coarse sand 40
Nr. 4 4.75 110.1 B9.6 Medinm sand 13.8 e
Nr. 10 2,00 105.2 858 Fine sand §7.2
Nr. 30 060 101.2 813 Cparse silt A3a
W 4 043 283 718
Nr. 100 015 55 53 i sk i =
Mr. 200 007 57 46 Fme sikt 087
Fan — 0.0 [7X1] Chy 134 134
*Percentages relhinve fo enire sanmple mass
CLAY SILT EAND GRAVEL Yed
[T T T | /ﬂ‘ 1oa
nniform sand _ 20
| — | |
: o . .
T T T g0
| d50=0243mm |
i m——) 0o 70
Cu=21.703 [ |
[ Ge=0ar T t 60
i : . i ' i =+ 5
1 I = | ' | =+ 44
! | | { L 30
f k{estimated) = 7.25E-03 cmisec "
f | =627 miday
f 10
| s
J 1 } LET S 0
00001 0.001 001 0l 1 10 104
Equivalent grain size, d (mm)
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Grain Size Distribution of Soil
ASTM D 412-53 (1998)

Project: Mlazter Research-Smdy- (Eng. Basem %Serdah)
Bore Hole No. BH2
Depth 50m
Mechanical (sieve) analysis Soil Type M Tot. %
Sieve Sieve mech Macs Percent  [Coarse gravel 0o
Number | openmE, mm | passing g passing, % [Medium gravel 00 36
[Fine eravel i6
S 2.5 137.7 1000 Cparse saond E e
HNr. 4 4.75 123.1 264 |Md=diom sand 216 a4
Nr. 10 2.0¢ 118.0 L [Fine sand 4.4
Hr. 30 060 108.8 5.2 Coarse sik 348
M. 40 043 ol4 71.6 5
W, 100 015 9% I i =
Mr. 200 0.7 Ba 10 |Eil! silt 144
Pan -— 0.0 0.0 |Ch] 02 pd s
*Percentages reliive fo enirs sanple mass
CLAY ST SAND GRAVEL Ya=d
[T T T I | - 109
AT
uniform samd [ - &0
Jr""
i E R T T a0
| d50=0239mm | !
Ceeee e 70
| Cu=3.904 |
| Ce=0762 | | | T &
| | 4 50
| | 4 40
. | . 1 =+ 30
kfestimated) = & 45E-03 crisec .
f | =55Bmiday
| [ 10
..-’|" =
. : ' L o
00001 0.0a1 Q.01 ol 1 [ 104
Equivalent sraim size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (199%)

Project: Mazter Besearch-Study- (Eng. Basem %erdah)
Bore Hole Mo, BH2
Depth §0m

Mechanical {sieve) analysis Suil Type i Tot. %
Sigwve Sieve mesh Mazs Percemt  |Cioarse sravel 0.0
Number | openbp mm | passing g pazsing, Yo [Madium gravel 00 g
[Fine gravel if
3" .50 08 L0 Coparse sand 16
Hr. 4 4.75 5.8 26.1 [Medium sand 19.9 bl
Hr. 10 1.00 033 233 [Fime sand 473

Nr. 30 0.60 851 B54 Coarse sit 311

Nr 40 043 34 733 i
Nr. 100 015 71 1| viedmm skt 0.00 441

Hr. 200 007 6.2 .1 |Fime =it 1.31
Pan — 0.0 0.0 Cly 1.0 L&}

*Parcentages relative to enire sample mass
CLAY ELT SAND GRAVEL Ya=d

: : : T 100
[LLH T PRI | j i

nniform sand -

L 5
| k{estimated) = 6.67E-03 cmisec
II | =5T7miday

i M|

10

0.0001 0.001 0.01 0.1 1 10 100
Equivalent gram size, & (mem)
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Grain Size Distribution of Soil
ASTM D 412-63 (199%)

Project: Mfazter Fesearch-Study- (Eng. Basem Serdah)
Bore Hole Mo, BH2Z
Depth 70m
Mechanical {sieve) anakysis Soil Tvpe b Taot. %
Sieve Sieve mech Mazs Percemt  |Coarse pravel 0o
MWumber OpsNmE, mm | passing g paszing, Y. |Mediom gravel 0 0.8
Fime gravel 0.3
38" 2.50 043 10e0.0 Cparse sand 33
Hr. 4 475 93.7 201 bl=dinm sand 34.2 L6
Hr 1 100 ooy 24.0 |Fime sand 532
Nr. 3 060 711 7453 Coarse it 3328
Nr 40 043 36.5 0.8 .
Mediom silt 000 45
Nr. 100 015 75 79 :
Hr. 200 007 [ 6.6 Fme skt 138
Pan — (i [iT1] Cly 18] =
*Percentages relative to enfre sanople mass
CLAY 0T SANMD GRAVEL Ya=d
[T TII0 1o
&l
poorly graded sand
R 1 — &l
d50=0311mm | | - -
s - seee T
| Cu=5.208 | |
| Cc=072 H T &
: ..E i e uls wufoafs ..E.. . ek 30
| kiestimated) = &.87E-03 cmi'sec .
f | =594 miday
I A= @
' . JT ; R L
00001 0.001 Q.01 0.1 1 1] 104
Equivalent zram size, d (mm)
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Grain Size Distribution of Soil
ASTM D 412-63 (199%)

Project: Master Besearch-5tudy- (Eng. Basem Serdah)
Bore Hole No. BH2
Depth E0m
Mechanical (sieve) analysis Soil Tvpe Iy Tot. %
Sieve Sieve mesh Mazs Percent  |Coarse gravel 0.0
Humber OpenmE mm | passing g pazsing, ¥ |Meadinm gravel 0 ia
[Fime gravel il
3" 050 126.9 1004 Coarse sand 18
Mr. 4 4.75 142.2 6.5 [Medium sand 334 Q1.2
Nr. 10 2.0 137.9 230 [Fine sand 54.8
Nr. 30 060 113.7 174 Coarse silt 283
Nr. 40 043 E8.8 0.4 )
Wz 100 015 X 55 | edum st e i
Nr. 200 007 83 5.7 |[Fme st 110
Pan — 0.0 0.0 |Ehy 1.64 L5
*Percentags: relitive fo entie sample mass
CLAY SILT SAND GRAVEL %<d
[T T T | L 1o
r.aiil
uniform sand / #
[ EE 1T 20
|  d50=0307mm |
Ceeee e 70
| Cn=4981 |
| Ce=0725 | | T8
| | - i . | =+ 51
| | - | " | ol :H]
1 1 - | affs | e 30
- klestimated) = 7.24E-03 cmi/sec .
} | =626miday
| E 10
. —i M|
N ‘T | Llly | 0
00001 0.001 001 0l 1 10 104
Equivalent grain size, d (mm)
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Grain Size Dhistribuiion of Soil
ASTM D 412-53 (199%)

Project: Mlaster Eesearch-Smdy- (Eng. Basem Serdah)
Bore Hole MNo. BH2
Depth 90m
Mechanical (Seve) analysis Soil Tvpe %W Tot. %
Siewve Sieve mezh Macs Percent  |Coarse pravel oo
Whumiber OpSnImE, mum | passing. g pazsing, % |Medmm gravel 0l ia
|Fine zravel )
ey 250 180.0 1000 Cparse sand 1.6
Mr. 4 4.75 174.2 6.5 |M=diom sand 215 703
M. 10 2.0 1714 951 |Fine sand 45.2
Hr. 30 0.6 156.6 £7.0 Ciparse sil 1335
M 40 043 130.9 137 5
Nr. 100 [ 50.0 g | ednm sl .0 s
Nr. 200 07 477 26.5 |Fl.'e il 557
Pan -— 0.0 L1EH] |Ch] 168 TR
*Percentages relative to enfis sammls mass
CLAY EILT Tae=d
[T T T TI7 g
well graded clayey o
silty samd
i T T a0
d50=0.181 mm |
1 —1 Tt T
Cu = 25702 |
| Cc=2618 | | 1 %
4 50
L 4
! ! B 3':]
4
1 10
| | | Uily | o
00001 0.001 001 0.l 1 [ 104
Equivalent graim size, 4 (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (199%)

Project: Master Besearch-Study- (Eog. Basem Serdah)
Bore Hole Mo, BH2
Depth 10.0m

Mechamical (seve) analysic Soil Type % Tot %
Sieve Sieve mesh Mass Percent  |Coarse gravel 0o
Number | openng mum | passiog g passing, %o [Mediom gravel 00 ERH
Fme gravel ig
ElS .50 1154 10:0.0 Coarse saod 2.1
Nr.4 4.75 111.9 7.0 M =diom sand 2840 23.7
Nr. 10 2.0 1025 b1 Fime sand 57.5
Nr. 30 050 ong 18.7 Ciparse stk 1.65
N 40 043 0.2 0.8 5
Nr. 100 015 50 33 | edumak o =
Wr. 200 007 ES i3 Fme zilt Q.59
Pan -— 0.0 0.0 Chy 085 05
*Percentages relative to enfre sanople mass
CLAY EILT EAND GRAVEL Ya=d
: : : : 1440
HENIE R '
| A w0
uniform sand / [ [
A 1 : : 80
d50=0303mm | |
s - seee T
| Cu=4614 | |
| Ce=0737 || T %
! : HATI— L s5q
' . -| | . ' o | afi | e 44
| ' [ { { 30
| kfestimated) = 2.25E-03 emisec 0
| =713 mday
] i i 19

00001 0.001 .01 0.1 1 10 100
Equivalent zrain size, d (mm)
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Grrain Size Distribution of Soil
ASTM D 422-63 (199%)

Project: Master Eesearch-Smady- (Eng. Basem Serdah)

Bore Hole No. BH2
Depth Nom
Mechanical (sieve) analysis Soil Type 1 Tot. %
Sieve Sieve mesh Maszs Percemt  Coarse sravel oo
Number | openmg, mm | passing g passing, Y= |Medmm gravel 00 11
[Fine eravel 112
33 9.50 120.5 1000 |Coarse sand 4.6
Nr. 4 475 107.3 B85  |Medim sand 16.2 B8535
Nr. 10 100 101.8 843  |Fmesand 547
Nr. 30 0.60 06.1 W6 |Coarsesit 1.66
Nr. 40 0.43 811 55.0 -
Nz 100 01s EY; 3g | edumsd e =
Nr. 200 007 20 33 [Fmesd 0.70
Pan = 00 0.0 Chy 0.6 06
*Percentages relative to entme sanmis mass
CLAY SILT EAND SRAVEL ta=d
[T T T 10d
uniform sand P b
i 1 " : 80
d50=0.263mm | |
TRy [ s T
| Cu=3.803 | |
| Ce=0T82 || T
; | . i . i =+ 50
| | = | " i ol ;‘|.|:|
: : - k{estimated) = 7.38E-03 cmisec "
ﬁ | =681 miday
_ _ J [ = 10
. B =it : il 0
0.0001 0.001 0.01 0.1 1 10 104
Equivalent graim size, d (mm)
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Grain 5ize Distribution of Soil
ASTM D 412-63 (1998)

Project: Master Besearch-Study- (Eog. Basem Serdah)
Bore Hole No. BH2
Depth 120m
Mechanical (sieve) analysic Soil Type M Tot %
Sieve Sieve mesh Mass Percent  [Coarse sravel 0.0
Mumber opsnmg, mm | passing. g passing, Yo |Madium gravel 0.0 42
Fime zravel 42
38" &.50 103.8 1010 Coarse sand o3
HNr. 4 475 on4 958 M=diom sand 311 Q58
HNHr. 10 2.0 0o b1 0] Fine sand 545
Nr. 30 0.60 770 4.2 Coarse silt 0.0
M 40 043 6.6 545 -
Mediam siit 0.0 L
Y. 100 0.15 08 0.8 :
Mr. 200 0.07 0.0 0.0 Fme silt 0.0
Pan — 0.0 0.0 Chy 0.0 el
*Percentages relative 1o entie sanple mass
CLAY SILT EAMD %=d
[T T T T 1o
uniform sand #
A I ] a0
d50=0372mm | |
Ry [ st T
| Cu=4617 |
| cCc=o0788 | | || 1 %
| k{estimated) = 1.04E-02 cmisec "
| =002miday
i i lﬂ
| | L L | il | o
00001 0.001 Q.01 0.1 1 0 104
Equivalent sraim size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (199%)

Project: Master Besearch-Smudy- (Eng. Basem Serdah)
Bore Hole No. BH3
Depth 03im
Mechanical {sieve) anabysis Soil Type 4 Tot. %
Sieve Sieve mesh Mazs Percemt  |Coarse pravel 0.0
WNumber | openmE, mm | passing. g passing. ¥ (Medium sravel 0o 71
[Fine gravel 71
33" 250 118.7 1000 Coarse sand il
M. 4 4.75 1160.1 918 [Medium sand 18.4 TEG
Nr. 10 1 106.4 Bo.g Fine sand 56.9
Nr. 30 060 g3 B1% Coarse sif 401
Hr 40 .43 23.0 0.7 .
Medim st 0.0 28l
Nr. 100 015 18.4 155 ;
Hr. 200 0.7 16.4 13.8 |Fime stk 15
Pan - 0.0 0.0 Cly 4.0 400
*Percentages reliive 1o enife sanmls mass
CLAY ST SAND GRAVEL Y=d
[T T TIIm | j 100
-1 %
poorly graded zand | | : :
T 20
d50=0227Tmm | |
=t —t Tt T
| Cn = 5.406 | |
| Cc=0858 | | L6
| : | | =+ 51
| | | 1 o= i)

| = myuyy [ e 3

' k{estimated) = 3 16E-03 eisec
v | =173 miday

10
: oy (1]
0001 0.001 Q.01 0l 1 10 104
Equivalent zraim size, 4 (mm)
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Grain Size Distribution of Soil
ASTM D 412-63 (1098)

Project: Master Besearch-Study- (Eng. Basem Serdah)
Bore Hole No. BH3
Depth 06m
Mechamical (sieve) anakhysis Soil Tvpe iy Tot. %
Sieve Sieve mesh Mazs Percent  |Coarse gravel 0o
Number | openmE mm | passing. g paszing, Ye  [Mediom zravel 0.0 34
[Fine gravel i
33" 050 133.0 100.0  |Coarse sand 19
Nr. 4 475 1285 066  |Medium sand 15.9 T3
Nr. 10 2.0 126.0 4.7 [Fine sand 550
Nr. 30 0.60 1134 29.0 Coarse silt 11.39
Nr. 40 043 103.5 7.8 ;
. 100 013 336 253 | edmm sl a0 .
Nr. 200 007 303 A28 |Ehz silt 474
Pan -— 0.1 (1)) |Chy G50 L1
*Percentages relative fo enti: anple mass
CLAY SILT SAND GRAVEL %ed
I [ B 1o
| .--“"'"- |
well graded clayey || ! o
silty sand }
A R 80
|  d50=017Tmm | | I
e TR : : 70
| Cu=16.126 | |
| Cc=2368 | | : : 50
: i " i i 50
i i . i { 44
r--'_ k{estimated) = 2. 28E-04 cmisec -
-/ | =020 widay
L - 10
A1 | |
. . | U o
0001 0.0a1 001 0.l 1 10 104
Equivalent grain size, d (mm)
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Grain Size Distribution of Soil
ASTM D 412-63 (1098)

Project: Master Besearch-Smdy- (Eng. Basem Serdah)
Bore Hole Mo, BH3
Depth 08%m

Mechanical (sieve) anahysis Soil Tvpe [ Tot %
Sieve Sieve mesh Mass Percent  |Coarse gravel 0.0
Mumber opsnmE, mm | passing. g passing, % |Madmum gravel 0.0 i4
[Fime ravel 54
38" 0.50 181.2 100.0  [Coarse sand 1.7
Nr. 4 4.75 171.5 046  [Medium sand 16.4 7T
Nr. 10 100 1685 230  [Fime sand 516
Nr. 30 0.60 158.2 873 Coarse silt 1145
Nr. 40 0.43 138.7 76.5 )
Nr. 100 015 457 35 | e st a0 e
Nr. 200 0.07 413 219 [Fmesd 181
Par — 0.0 0.0 [Clay 6.64 S5t
*Percentagss reldtive fo enire sanmle mass
CLAY SE0T SAND GERAVEL Y<=d
I 1 T g
well graded clayey T o0
=ilty zand f‘"
T T 1 1 &0
|  d50=018mm || f
N - - i . . 70
| Cu=16.806 | | {
| cc=2348 || | T 8
- -: i - i i =+ 5
= m| i = i | -1 4':]
: IF,.--"_ k{estimated) = 2.21E-04 cmysec .
/ | =019 maay
Lt H— 10
___"_..-""' | | |
. . : Ly o
0.0001 0.001 0.01 0.1 1 10 100
Equivalent grain size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1998)

Project: Mazter Besearch-Siudy- (Eng. Basem Serdah)
Bore Hole No. BH3
Depth 12m
Mechanical (sieve) anabyzis Soil Tvpe L Tob %
Sive Sieve mesh Blazz Percent  |Coarse eravel 00
Wumber | openmg men | passing, g | passing, e |Mediom gravel 0.0 43
Fime gravel 5
3" g5 108.1 1000  [Coarse sand 11
Nr 4 4.75 103.2 95.5 Madinm sand 14.0 53.5
Nr. 10 1,00 1009 933 Fine sand 305
Nr. 30 0.6 93.1 88.0 Coarse siit 1004
Nr 4D 043 £5.8 704 :
Mediarm i .00 Bl
Nr. 100 015 56 11 .
Nr. 200 007 431 00 Fme sth 838
Pan - 0.0 ] Chy 11.58 11.56
*Percentages relafive o enire sanple mas:
CLAY 0T SAND ERAVEL %a=d
'_,_/‘ m 100
well graded clayey | | | || [ 1] pool L EHIL pg
silty zand "!“
L L LLLLL | ———— i s E':'
| d50=0116mm |
L L L LIl | HE T | - ?|:|
| Cu=3s488 |
Ce=3913 T
7 50
i 40
A 30
k{estimated) = 2. 22E-05 cmisec -
= 0,02 mday )
& 10
¥ i i } } 0
00001 0.001 0.01 0.1 1 10 100
Equivalent zram size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1998)

Project: Master Besearch-Smudy- (Eng. Basem Serdah)
Bore Hole No. BH3
Depth 15m
Mechanical (sieve) analysis Soil Trpe % Tot %
Sieve Skeve mesh Mass Percent  |Coarse gravel 0o
NWumber | openmg, mm | passing g passing, % |Medium gravel 0.0 47
|Fime zravel 47
el 450 1052 1.0 Cparse sand 13
Nr. 4 4.75 100.3 53 |Medium sand 18.2 e
Mr. 10 2.0 o7 e PER [Fine sand §4.2
Mr. 30 .64 o3 B&.0 Coarse silt iy
Nr. 40 043 73.8 748 5
Medmm st 0.0d T4
T, 100 0.15 133 126 :
HNr. 200 007 113 10.7 |Fime sit 224
Pan — 0.0 0.0 Chy il in
*Percentages relative 10 entie sanmple mass
CLAY ST SAND GRAVEL Ya=d
- : - : 100
LI 1 THRf '
A
uniform sand ',.F" 0
e 1 / 20
|  d50=021Tmm | | {
i — HH 1 1 T
| Cun=4.136 | |
| Ce=0798 | | 5
. | ' | 50
faffs | 4
i : : r 30
. kfestimated) = 4.77E-03 emisec .
J | =412 widay
! | il : ; 10
gt | | [ | 0
00001 0.001 001 0l 1 10 104
Equivalent graim sz, 4 (mem)
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Grain Size Distribution of Soil
ASTM D 422-63 (1995)

Project: Master Besearch-Study- (Eng. Basem Sendah)
Bore Hole No. BH3
Depth 15m
Mechanical (sieve) analysis Soil Type M Tot_ %
Sieve Sieve mesh Mass Percent  |Coarse gravel 0.0
Number | openmE, mm | passine. g passing, Y= |Medmm gravel 0.0 07
[Fine gravel 0.7
3" 250 1059 1000 {Cparse sand 1.1
Nr. 4 475 1052 203 [M=dmm sand 23.5 5
N 10 2.0 104.0 982 [Fime sand 4.9
Nr. 30 060 Q30 878 Coarse silt 201
WL 40 043 781 747 5
Nr. 100 0.15 122 TR 2.0 B
Nr. 200 007 104 e Fime ikt 205
Pan -— 0.0 0.0 |Chy 285 155
*Percentages reliive to enire sanmle mass
CLAY SILT SAND GRAVEL %<d
[T T I | AT 10d
uniform sand o0
| 1t a0
|  dso=022mm |
1 e e 1 70
| Cun=3882 | |
| Ce=0762 | | T 8
I
T l t - . i . i 30
_ - kjestimated) = 5 52E-02 cm/sec 0
| =478 mday
i 1
et |
peett="" L 0
00001 0.001 0.01 0l 1 10 104
Equivalent zrain size, d (mm)
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Grain Size Distribution of Soil
ASTM D 412-63 (199%)

Project: Master Eesearch-Study- (Eng. Basem Serdah)
Bore Hole No. BH3
Depth 2lm

Mechanical (sieve) analysis Soil Type b Tot. %
Sieve Sieve mesh Mass Percent  |Coarse gravel 0o
Number | opsnng, mm | passing g passing, Yo [Mediom gravel o 130
Fme sravel 13.0
e .50 230 L0 Coarse sand 14
Hr. 4 475 T6.6 B7.0 [Medmm sand 15.4 712
Hr. 10 1.0 734 B5.7 [Fine sand 57.4
Hr. 30 .60 Ga.7 781 Coarse sii 484

Nr. 40 043 50 573 _
r. 100 015 29 T3 | vednm sk 0.00 T

Hr. 200 007 8.7 Bl |Fime siit 108
Pan — 0.0 0.0 Clay 287 257
*Percentages relative fo enfre sample mass
CLAY SILT BAND GRAVEL Y=d

[T T I | 1 100
nniform sand 5 #
; =111

] 11— - 5 5
|  d50=0253mm || ,‘

| Cu=4.633 | |

81
7

| ce=oms ] L 6
| | | | .

%

5 : k(estimated) = 5.51E-03 emvsec

’ | =476 miday
5 5 - 10

0.0001 0.001 0.01 0.1 1 10 100
Equivalent zrain size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1095
Project: Mazter Besearch-Study- (Eng. Basem Serdah)

Bore Hole MNa. BH3
Depth 30m

Mechanical (sieve) anabysis Soil Type | Tot. %
Sieve Skeve mesh Mazs Percent  [Cioarse gravel 0.0
Number | ppenmp mum | passing. g passing, e [Medmm gravel oo ig
[Fime ravel 5.6
ET S 8.50 Q8.7 1000 Coarse sand 1.7
Mr. 4 4.75 932 244 [Medmum sand 18.4 £33
Wr. 10 1.0 013 217 [Fine sand f4.9
Wr. 30 050 44 B33 Coarse st 4.55
W 40 043 73.1 741
Hr. 100 0.15 113 11.7
Hr. 200 007 a1 Bl |Fime st 182
Fan - 0.1 0.0 Clay 164 T
*Percentages relative to eniie samiple mass
CLAY SILT EAND GRAVEL Y=d

[T T TTI| T 1og
o

noiform zand .r""f

3
| ds0=0224mm | | {

| Ca=3.876 |

| Ce = 0.763

. i . |. H L
. il L L L A 30
| kiestimated) = 5.74E-03 cmisec 1

| =486 miday

00001 0.001 0.01 0.1 1 10 100
Equivalent zrain size, d (mm)
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Grain Size Distribution of Sail
ASTM D 412-63 (199%)

Project: Master B esearch-Smady- (Eng. Basem Serdah)
Bore Hole MNo. BH3
Depth 40m
Mechanical sieve) anahysis [ Soil Tvpe | [ [ Tot %
Sieve Sieve mesh Mazs Percent  |Coarse gravel oo
Hhamber openmpE mm | passing g pazzing, ¥ |Mediom gravel 0l 175
[Fime zravel 176
38" 050 1312 1000  |[Coarse sand 11
Nr. 4 475 108.1 814  |Medim sand 14.9 694
Nr. 10 200 1053 803 |Fimesand 51.4
Nr. 30 0.60 005 75.8  |Coarse sit 632
Nr_ 40 043 558 65.4 )
. 100 015 18.7 T a i e
r. 200 007 17.1 130 [|Fmesit 274
Fan — 0.0 00 [Chy 378 IiT
*Percentags: relative to entre sample mass
CLAY SILT EAND ERAVEL Y=d
N I 1 ,u( 10
%
poorly graded sand | | ;
1 ! ' 80
d50=0256 mm |
R [ s 70
| Co=611 l |
| Ce=0813 | | T 8
| 30
1l | 4
n -| 1 I l T 3'3
. kfestimated) = 3.45E-03 emisec .
: _J | =108 mday
_/’F E [ 10
] d-F"-'-'-!._
- il | | LI o
0.0001 0.001 0.01 0.1 1 10 100
Equivalent grain size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1998)

Project: Master Eesearch-5tudy- (Eng. Basem Serdah)
Bore Hole MNo. BH3
Depith 50m
Mechanical [sieve) analysis Soil Type a Tot. %
Sive Sieve mesh Mazs Percent  [Coarse gravel 0o
Number | openng mm | passine. g passing. Y [Mediom gravel 0 4.6
[Fime gravel 46
33" 050 1023 1000 Cparse sand 1.0
Nr. 4 4.75 7.6 254 [M=diom sand 125 00
Nr 10 1 0 Q6.6 244 [Fine sand 6.5
Nr_ 30 060 e 908 Cioarse st 1.72
Nr 40 043 238 B1.9 B,
Nr. 100 015 173 T a0 e
Nr. 200 0.07 15.8 154 Fime sift 3325
Pan -— 0.1 0.0 |Ch] 448 443
*Percentages relative to enfrs sanmls mass
CLAY ST EAMDy GRAVEL Ya=d
[T T T | A 10
uniform sand /‘l 20
A B : : 80
|  ds0=0185mm || I ‘ ‘
——— —t HH 70
| Cu=4619 |
| Ce = 0.943 ] - S
kiestimated) = 2.T2E-03 cm'sec 2
I,.----“I | =135miday
P § = 10
T |
- - t — 0
0001 0.001 Q.01 0l 1 10 104
Equivalent graim size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1998)

Project: Mazter Besparch-Study- (Eng. Basern Serdah)
Bore Hole No. BH3
Depth §0m

Mechanical (sieve) analysis 5oil Type i Tot. %
Sive Sieve mesh Mlazs Percent  |Ciparse gravel 0.0
Number | ppenmg men | passing. 2 passing. Yo |Medium gravel 0o 6.4
[Fime gravel 6.4
e .50 104.3 Li0¢0.10 Coarse sand 1.3
Hr. 4 4.75 an.5 235 [Medinm sand 15.2 EXLD
Hr. 10 1.0 ga.1 913 [Fine sand 655

Hr. 30 .60 g7 B1.2 Coarse st 579

Nr 40 043 310 710 _
Nr. 100 015 144 T35 | edmum sk 0.00 em

Nr. 200 007 113 11.6  [Fmesidt 243
Pan = 0.0 0.0 Chy 335 335
*Percentages relitive to enfie sanmle mass
CLAY SILT SAND GERAVEL Sa=d
I | ¥ 100

uniform sand "

i e
|  d50=0208mm | | f
[ ca=a2n ||

o

a0

T

| Ce=0839 'g --|- L _é__ é X 0
| | | 1 -

40

: - kfestimated) = 4.18E-03 cmisec 0
J | =361 midy

00001 0.001 0.01 0.1 1 10 100
Equivalent graim size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1998)

Project: Mazter Besearch-Smudy- (Eng. Basem Serdah)
Bore Hole No. BH3
Depth 10m
Mechanical (sieve) analysis Soil Tvpe % Tot %
Sieve Sieve mesh Mass Percent  |Coarse gravel 0.0
Number | opsnmg mum | passing. g passing, ¥ [Medium gravel 0.0 £
[Fime gravel i0
ET Y L50 1404 1.0 Cparse sand 13
HNr. 4 4.75 136.2 9470 [Mledium sand 1.3 415
W 10 2.0 1344 57 [Fine sand 318
N 30 0.6 130.7 231 Coarse silt 17.78
N 40 043 124.1 BE4 5
Nr. 100 0.15 519 90 | Eum s o B
Nr. 200 007 T80 556 Fime sili 11.68
Pan -— 0.0 L1EH |Ch] 16.10 1610
*Percemtages relative to enfre sanple mass
CLAY SILT EANTY GRAVEL ed
: . 100
[HREI IR E -
well graded sandy siliy| | A o0
clay | /
A A 1 20
d50=0067mm | | ’z'
s - e / . T
| Cu = 30.361 | |
| Cc=76m || J T BRI S
- i | awfi | i - 510
- =l . N } | - 44
/ kiestimated) = 9.26E-06 cmisec
.-'I“l | HE 5 aEpag P Epyn T e 2
{ | =001 wday
/‘/ i e 10
' : : LIy o
00001 0.0a1 001 0l 1 10 104
Equivalent srain size, 4 (mem)
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Grain Size Distribution of Soil
ASTM D 422-63 (199%)

Project: Mazter Besearch-Stady- (Eng. Basem Serdah)
Bore Hole No. BH3
Depth E0m
Mechanical sieve) anabysis Soil Type iy Tot. %
Sieve Sieve mesh Mazs Percent  |Coarse gravel 0.0
Number | openmp men | passing, g passing, % |Medim pravel oo 1.7
[Fine gravel 117
3" 2.50 913 100.0 Coarse sand 80
Hr. 4 475 1.5 183 [Madiom sand 3l5 £3.2
Nr 10 2 7313 03 Fine sand 414
Hr. 30 0.0 573 2.1 Coarse silt 255
. 40 043 40 477
Medram st 0.0 s
N, 100 015 54 5 ;
Wr. 200 007 47 5.1 [Fime skt 107
Pan - 0.0 [T Clay 1.48 14
*Percentages relitive to eniis sanmles mass
CLAY SILT SAND EFRAVEL Ya=d
[T T T | Vil 10d
/ 20
poorly graded sand | /":
e 80
d50 =0454mm | |
HHH — HH T
Cu = 6.309 | |
| Ce=0828 | | T &
; | | | o+ 50
| | | | o i)
1 1 nm | =i | N [
' kfestimated) = 8.22E-03 cmvsec y
/ | =T710miday
f f 10
' ' ‘T : 11V o
00001 0.001 001 0.1 1 10 104
Equivalent grain size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1995)

Project: Mazter Bessarch-Study- (Eng. Basemn Serdah)
Bore Hole MNo. BH3
Depth 90m
Mechanical (sieve) analysis Soil Type % Tot %
Sieve Sieve mesh Mazy Percent  [Coarse srayel 0.0
Number | openng, mum | passing, g passing, Yo  |Medium gravel 00 1.8
[Fime gravel 11.E
3" 2.3 118.4 1000 Cparse sand gl
Mr. 4 4.75 1.6 £8.2 [Medim sand 281 £14
Nr. 10 2.0 a4 B0.0 Fine sand 241
M. 30 064 8.8 6.4 Cparse silt 341
Nr 40 043 604 508 -
Medsm st 0.0 455
Nr. 100 .15 92 79 :
Nr. 200 007 Bl 6.3 |Fme sit 144
Pan — 0.0 0.0 Clay 188 128
*Percenfagss relative to sntire sanmis mass
CLAY SILT SAMD GRAVEL %ed
I 1 /lr 100
: %0
poorly graded sand | / ;
i e 3 20
d50=0414mm | | = ‘
L i 70
| Ca=6.112 | |
| Ce=0793 | | i
i i i i =+ 5
| | 1 | o 40
! ! an | affe | e 30
. klestimated) = 7.05E-03 cmisec y
/{ | =6.00 miday
i | lﬂ
illl-‘ | |
o
. : — 0
00001 0.001 001 0l 1 | {1} 104
Equivalent zraim size, 4 (mom)
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Grain Size Distribution of Soil
ASTM D 412-63 (199%)

Project: Master Besearch-Study- (Eng. Basem Serdah)
Bore Hole No. BH3
Depth 100 m
Mechanical (sieve) analysic Soil Type % Tot %
Sieve Sieve mesh Mazs Percemt  [Coarse ravel oo
Number | openmE mm | passing g passing, Yo |Mediom gravel o 11
Fme gravel 1]
e 8.5 106.7 10014 Cparse sand 4.5
Nr. 4 4.75 1045 7.0 Medim sand 13 Q34
Mr. 10 2.0 ooy 234 Fine sand §6.45
Nr. 30 060 1.0 B13 Coarse sit 235
N 40 043 730 1.1 5
Nr. 100 0.15 7 I 0 e
1. 200 007 18 43 Fme silt 085
Pan — 0.0 0.0 Clay 1.30 130
*Percentages relafive to entIe sample mass
CLAY ST EAND GERAVEL Ya=d
A | A 1o
. : A . . o
uniform sand /’f
i s 51 20
| d0=0246mm | |
SRS - e T
Cu=3.745 | |
| ce=omes || 60
; i | I | 50
i | i 44
j  kfestimated) = 7.22E-03 em/sec .
,l | =633 miday
» T T 10
M _‘--*..T' i | i | 1]
00001 0.001 Q.01 0.l 1 10 100
Equivalent zrain size, d (mm)
Page | 156

www.manaraa.com




Grain Size Distribution of Soil
ASTM D 42263 (1895)

Project: Mazter Besearch-Study- (Eng. Basem Serdah)
Bore Hole No. BH3
Depth N0m
Mechanical (sieve) apabysis Eoil Tvpe i Tot. %
Sigwe Sieve mesh Mazs Percemt  [Coarse sravel LLE]
Number | openmE, mm | passinz. g passing, Yo |Medmm gravel 0o 11
Fme pravel 11
e 850 260 1.0 Zparse sand 56
Hr. 4 4.75 048 989 [Medium sand 269 255
Hr. 10 1.00 203 931 Fine sand 4.0
Hr. 30 0.60 81 BL3 Coarse silt 1.20
Wr. 40 043 637 6.4 -
Nr. 100 015 i3 e | e L L
Nr. 200 007 23 14 [Fmesk 0.50
Pan — 0.0 0o Clay .69 os
*Parcentages relafive to entrs sanmls mass
CLAY SILT SAND GRAVEL Y=d
1 ] 1o
j,ﬁ" [ [
uniform sand 4 B
A f g0
d30 = 0.274 mm
ot — man T
| Cu=3958 _ _ _
M 7N o 1 1
; | | | =+ 50
1 1 1 1 o A1)
: : - klestimated) = 8.22E-03 cr'sec y
| =719 miday
) e 10
‘ Iﬂl'—'g il | | 0
0001 0.001 0.01 0.1 1 1] 109
Equivalent graim size, d (mm)
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Grain 5ize Distribution of Soil
ASTM D 422-63 (1998)

Project: Mazter Bessarch-Siudy- (Eng. Basem Serdah)
Bore Hole No. BH3
Depth 1Z0m
\echanical (seve) analysis ol Trpe T Tot %
SEve Sieve mezh Maz: Percent  |Coparse gravel 00
Number | openmg mm | passing. g pazsing. Yo (Medium pravel oo 1Le
Fme pravel e
38" 850 57 100 Coarse sand 41
Nr. 4 4.75 241 981 Meadmm sand 26.7 Q38
Nr. 10 2.0d0} B0.5 239 Fine sand §4.9
Nr. 30 (.60 G0.g B4 Coarse silt 1.17
I 40 .43 T 672 .
Meadrm st 0.0 L&
W, 100 015 33 39 ;
HNr. 200 0.07 i 13 Fme st 0.49
Fan -— 0.0 0.0 Clay 0.68 0sE
*Percentapes relative to entrs sammle mass
CLAY SILT SAND GRAVEL Ya=d
[T T TIT 1o
y.d
uniform sand 7 #
It - f &0
d50=027Tmm | | : :
tr e o tee T
Cu=3.881 | |
| Ce=0782 | | T8
| | | | =+ 51
| | | | o A1)
' ' - klestimated) = 8.30E-02 cr/sec .
I | =717 miday
_ _ J 1 1 10
4 -ﬁ'—-; =t : : 0
00001 0.001 Q.01 0l 1 10 100
Equivalent graim size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1998)

Project: Mazter Besearch-Smdy- (Eng. Basem Serdah)
Bore Hole No. BH=
Depth 03m
Mechanical (sieve) analysis Soil Type 5 Tot %
Sieve Sieve mesh Mfazs Percemt  |Cooarse gravel 0.0
umber OpEnmE mum | passineE. g passing, e [Mediom gravel 0 1]
[Fime gravel 12.1
38" &5 974 1010 Coarse sand i.7
Mr. 4 4.75 856 7.0 |Mediom sand 24.1 T3
N 1 2.0} 210 B42 [Fine sand 204
Mr 30 0.6 711 4.0 Coarse silt 434
W 40 043 6.6 58.1 5
Medmm sit 0.0 &30
. 100 015 100 103 :
M. 200 007 B5 ) |Eil! silt 183
Pan -— 0.0 1] |Ch] 253 T
*Perceniages relative 10 eniTe sample mass
CLAY S0T SAND GRAVEL ta=d
N /w 10
o0
poorly graded sand -y [
j'.r-"'
I - " a0
d50=0.322mm |
1 —1 it T
Cu=51T7 |
| Ce=0.72 . H | [ &0
H ! L 30
B ! 1T
™ l 1 - . . aff . e 30
. k{estimated) = 6.00E-02 cm/sec 0
f | =518miday
| i f 10
____._,-f-——!f
. : : — L 0
00001 0.001 001 0.1 1 [} 104
Equivalent srain size, d (mem)
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Grain Size Distribution of Soil
ASTM D 422-63 (1998)

Project: Master Besearch-Study- (Eng. Basem Serdah)
Bore Hole Mo BH=
Depth 06m
Mechanical (sieve) analysis Soil Tvpe 1 Tot. %
Sieve Sieve mesh Mass Percent  |Coarse pravel 0.0
Number | openmg, oEn | passing g passing, % [Medium gravel 00 1E5
[Fime gravel 185
38 2.50 104.9 1000  |Coarse sand 73
Nr. 4 475 853 215 [Medmm sand 25.5 781
Nr. 10 2.0 778 741  |Fmesand 232
Nr. 30 0.60 65.6 615  |Coamsesdt 272
Nr. 40 0.43 510 25.6
Wr. 100 013 72 T e B
Wr. 200 007 57 ] |[Fme st 1.14
Pan = 00 00 [Chy 157 15
*Percenfages relative to entoe sanple mass
CLAY E0T EAMD GRAVEL Ya=d
[T T T | /1( g
5
poorly graded sand | | / E
I— f : -
| EEEN 1 1 1111 "l
d50=0.444 mm | d
L 111 I: : : LIl ?ﬂ
Cu=6.135 |
| Cc=0806 | | M =
1 I | 40
T l 1 am . affs . i 30
; i - kiestimated) = 7.84E-03 cmisec .
[ | =686 miday
f f E f 10
' eer—" : Ul | 0
0.0001 0.001 0.01 0.1 1 10 100
Equivalent grain size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-43 (1998)

Project: Mazter Besearch-Study- (Eng. Basem Serdah)
Bore Hole No. BH=
Depth 08m
\echanical (sieve) analysic Soil Type % Tot %
Sieve Sieve mesh Mazs Percent  [Coarse sravel 0.0
Numher | openmg men | passing. g pazzing. % |Mediom pravel 00 og
[Fine zravel [
ElS £.50 1312 1000 Cparse sand 50
Nr. 4 4.75 1154 20.2 |M=dium sand 4.0 =1
Nr. 10 2.0 1118 832 [Fine sand E1
Nr. 30 0.6 o1 4.3 Coarse st 1063
N 40 043 203 (1] I -
Nr. 100 0.15 204 Ta | emmsl 0 o
Ior. 200 007 e 3 [Fime sit 247
Pan -— 0.0 0.0 Clay 4.14 &6
*Percentages relative 10 enfre samples mass
CLAY SILT SAND GRAVEL Ya=d
[T T TTI00 /ﬂ‘ 1
well graded clayey A o]
silty sand = | |
A - ]
d50=0.262mm |
s o se T
| Cu=22278 |
| Co=1584 || 1 60
. -i i balfs | == 5
- -| | } + } o 2]
! | L 30
- kiestimated) = 3.35E-04 cmysec ,
[ =020 miy
-...-___-;_J | 14
____.--""" |
. . | Ul o
00001 0.001 001 0.l 1 10 104
Equivalent zrain size, 4 (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1995)

Project: Master Besearch-Smdy- (Eng. Basem Serdah)
Bore Hole MNo. BH4
Depth 12m

Mechanical {sieve) anabysis Snil Type i Tot. %
Sieve Sieve mesh Mazs Percent  |Coarse gravel oo
Number | openmp mm | passine g pazzing, Y:  |Medim sravel 0o 4.6
[Fine zravel 16
Ey .50 1050 L0 Coarse sand 1.7
Mr. 4 4.75 100.2 454 [Medium sand 5.6 BT
Hr. 1 1.0 274 928 [Fine sand 564
Hr. 30 .60 264 B13 Cparse sii 5.38

N 40 043 70.5 571 _
e 100 B 53 e {Mdium si 0.00 764

Nr. 200 007 113 108  |Fmesikt 116
Pan — 010 [T Cly 312 i
*Percentages relative 1o enire sanmple mass
CLAY ST EAWD GRAVEL Ya=d

: : : . 100
LT PRI | '
AT
uniform zand 4 %0
"
i A 2 80
d50=0252mm |
i —1 T i i i T
| Cu = 4989 | |
| Cc=0767 i i 60
| | . | | 50
i i . { { 40

kiestimated) = 4. 76E-03 emisec

ST =anmey 1

0.0001 0.001 0.01 0.1 1 10 100
Equivalent grain size, d (om)

Page | 162

www.manaraa.com




Grain Size Distribution of Soil
ASTM D 422-63 (1998)

Project: Master Fessarch-Study- (Eng. Basem Serdah)
Bore Hole No. BH4
Depth 15m

Mechanical (sieve) anabysis [ Soil Tvpe | 1y | Tot. %
Sieve Sieve mezh Mazs Percent  [Coarse sravel 0.0
Number | openng mm | passing g passing. ¥ |Medim gravel 0.0 2
Fme eravel g
e .50 1217 10e.0 Coarse sand 1.6
Hr.4 4.75 118.2 27.1 Iledium sand 342 203
Hr 10 1.0 115.2 953 Fme sand 545
Nr 30 LR a7.1 798 Coarse silt 341

Nr_40 043 746 513 _
Nr. 100 015 103 13 Medmum 50t 0.00 ™

Hr. 200 007 B3 6.8 Fme silt 143
Fan -— [ [iT1] Clay 158 158
*Percentages reltive to enfie sanple mass
CLAY ST EAND GRAVEL Ya=d

[T T T | i 10

poorly graded sand /

| d50=0299mm |

| Cu=5.008 | |

| Ce=0.724

E & 28 8 B

" klestimated) = 6.72E-03 emisec
/ | =38l miday

00001 0.001 0.01 0.l 1 1] L
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Grain 5Size Distribution of Soil
ASTM D 422-63 (1995)

Project: Master Besparch-Smudy- (Eng. Basem Serdah)
Bore Hole No. BH4
Depth 18m
Mechanical (sieve) analysis Soil Type iy Tot %
Sieve Sieve mesh Mazs Percent  |Coarse pravel 0.0
Number | openmpe mm | passine. g passing, %z [Medmm sravel 0.0 0
[Fine gravel 70
g .30 1313 10800 parse sand il
HNr. 4 4.75 1321 3.0 [Madiom sand 0.4 T3
Nr. 10 1.0 1182 a0.0 [Fine sand 454
Nr. 30 0.6 108.4 B4 Coarse it 10.34
Nr. 40 043 al4 §9.8 5
Nr. 100 0.15 T a7 | edmm st 0 ik
Hr. 200 0.07 173 0.7 Fime st 435
Pan -— 0. 0.0 Clay G.0d A0
*Percentages relative to eniie sanmle mass
CLAY SILT SAND GRAVEL %e=d
I I 1 10
well graded elayey | | | o0
sand -
mEEa . — 80
| ds0=0212mm | |
i s oie 70
| Cu=15380 | |
| Ce=1T76 || | L 6
. .i i i ' i =+ 50
. -| | | ' | ATy
| | - 30
| kfestimated) = 2.91E-04 emisec .
f,!" | =034 miday
i T 10
| AN AT
0.0:001 0.001 0.01 0l 1 10 104
Equivalent grain size, d (mm)
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Grain Size Distribution of Soidl
ASTM D 412-63 (199%)

Project: Mazter Fesearch-Study- (Eng. Basem Serdah)
Bore Hole No. BH4
Depth 2lm
Mechanical (sieve) anabysis Snil Type o Tot. %
Sieve Sieve mesh Mazz Percent  |Coarse gravel 0o
Numher | opsnmpg mm | passing. g pazzing. % |Medmm pravel 0o 7
[Fine gravel 17
3" 850 973 1000 Coarse sand 13
Mr. 4 4.75 247 273 [Medium sand 3.7 BLE
Hr. 10 1.4 825 231 [Fine sand 58.9
Hr. 30 0.60 78 80.0 Coarse siht 226
Nr. 40 043 61.7 634 .
Medium sit 0.0 il |
N 100 0.15 59 61 :
Wr. 200 [ 44 43 [Fme =it 0.85
Pan -— 0.0 [} Clay 1.31 131
*Percentages reltive 1o entrs sanaple mass
CLAY ST SAND GRAVEL Y=d
[ [ ; [ 120
LT 1 PPN | ,F' | |
uniform sand / #
T T T 80
d50=0288mm | |
e — T T
| Cu=4.455 | |
| Ce=0742 | | T8
; i i ' i o+ 51
' R | aaf i --i-. | st )
' '  kfestimated) = 7.60E-03 emisec .
} | =656 miday
...J f : 14
| _-——fT' { 1 i 1 ‘I}
00001 0.001 0.01 0.1 1 0 100
Equivalent grain size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-53 (1998)

Project: Mazter Besearch-Smudy- (Eng. Basem Serdah)
Bore Hole No. BH4
Depth 30m
AMechanical (eve) analysic Soil Trpe % Tot %
SEve Sieve mesh Mlazs Percemt  |Coarse gravel 0.0
humaber OpSnmE, mum | passing. g passing, % [Madiom gravel o 17
[Fime gravel 1.7
33" 250 103.8 1000 _parse sand 18
Nr. 4 4.75 102.1 983 |Medium sand 3.4 £75
Nr. 1 104 100.2 6.4 [Fime sand 48.0
Nr. 30 .60 204 174 Coarse st 539
Nr. 40 043 4.1 8.8 5
Medim s8t 0.0 T8
Nr. 100 0.15 131 116 ;
Nr. 200 007 113 10.8 |Fi.‘e il 227
Pan -— 0.0 L1EH] |Ch}' 312 in
*Percentages relative to entfe sanmle mass
CLAY ST SAMND GEAVEL Ya=d
[T T T | H 10d
poorly graded sand I”( 0
i EA R L 20
d50=0311mm |
L L1l :: : : LIl ?ﬂ
| Cu=6.279 |
| Cc=074 | | T
L 30
L 40
! ! . | affs | ek 30
' k{estimated) = 4.74E-03 crvsec y
J | =410miday
: : il ; ; 10
'__-HI—J | |
T | , (L o
000001 0.001 .01 0l 1 10 104
Equivalent grain size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (199%)

Project: Master Besearch-Study- (Eng. Basem %Serdah)
Bore Hole Ne. BH4
Depth 40m
Mechanical (sieve) analysis Soil Type N Tot. %
Sieve Sieve mesh Mass Percent  |Coarse gravel 0o
Number | openmg, mm | passine g passing, % |Medium gravel oo 0.g
[Fine gravel (1]
33" &30 1002 1000 Cparse sand 4.0
Mr. 4 4.75 100.3 29.1 [Medium sand 383 08
Hr. 10 1.00 063 9352 [Fine sand 48.5
Nr. 30 0.6 744 13.5 Ciparse silt 215
Nr. 40 043 57.5 56.8 .
Miediom st 0.0 T
Nr. 100 0.15 10.1 10.0 ;
Wr. 200 007 B4 8.3 |Eir: silt 1.74
Pan — 0.0 [ |[Clay 41 141
*Percentages relative to eniTe sanmple mass
CLAY ST SAND GRAVEL Ya=d
| | ¥ T 100
R IR ;‘F
poorly graded sand / B
I — S B0
d50=0336mm |
Ceee e 70
| Ca=5321 |
| Ce=0733 T8
1 s
| i ] v i o 4.|:]
| | i . Ui . JH 30
| kiestimated) = & 19E-02 cm/sec 1
f | =535miday
e r f 10
-
1 | : | : | ﬂ
00001 0.001 0.01 0.1 1 0 100
Equivalent grain size, d (mom)
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Grain Size Distribution of Soil
ASTM D 422-63 (1995)

Project: Mazter Besearch-Stady- (Eng. Basem Serdah)
Bore Hole No. BH4
Depth 50m
Mechamical (sieve) analysis | Soil Type | [ | Tot. %
Sieve Sieve mesh Mazz Percemt  |Coarse gravel 00
Number | openmg mm | passine g passing, ¥ [Madiom gravel oo 5.5
Fime grayel 55
ETHy 850 211 1.0 Coarse sand il
Mr.4 4.75 70 243 {Medium sand 304 69
Hr. 10 1.0 241 13 [Fine sand 533
Nr. 30 .60 .2 16.2 Zoarse st 5.80
Nr. 40 043 56.1 0.9 .
Medium it 0.00 540
Nr. 100 015 [ [E ;
Hr. 200 007 10 16 [Fime sit 1.60
Pan — 0.0 0o Clay 220 el
*Perceniages reliive o eniTe sanple mass
CLAY SILT SAND GERAVEL Ya=d
I 1 j 100
L
poorly graded sand | ] / ; ;
Tttt &0
d50=03mm | | - -
————nr — 1 T
| Cu=5.209 | |
| Ce=0718 | | 1 &
| | | | = 5
1 1 1 1 Ty
, . ST — e 30

kiestimated) = 6.42E-03 emisec

J | =s554miday
10

' | — o
00001 0.001 0.01 0l 1 10 104
Equivalent graim size, d (mm)
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Grain Size Distribution of Sodl
ASTM D 422-63 (1998)

Project: Maszter Besearch-Soady- (Eng. Basem Serdah)
Bore Hole No. BH4
Depth §0m

Mechanical (sieve) analysis Soil Tvpe B Tot. %
Sieve Sieve mesh Mass Percemt  |Coarse pravel 0o
Number | openmg mmm | passing g passing, Y. (Medmm sravel 0.0 3l
[Fine zravel il
Eil S .50 1135 100.0 Coarse sand il
Hr. 4 4.75 102.0 26.0 [Medmm sand 36.7 08
Wr. 10 2.0 104.7 231 [Fine sand 50.2
Nr. 30 D& 10 13.7 Coarse sit X
Nr. 40 043 634 6.4
Hr. 100 015 ai B0
Nr. 200 007 54 6.1 |_Fiaesih‘ 1.29
Pan -— 0.0 00 |Ch3 1.78 L7
*Percentages relative to enffe sample mass
CLAY ST SAND GRAVEL Y=d

[LHA T 1 PR =l

poorly graded sand

7
d50=0344mm | |
Ca=5.443 | |

| Cc= 0748

| k{estimated) = 7.18E-03 cmisec
/ | =620 wday
2 =

0.0001 0.001 0.01 0.1 1 10 100
Equivalent zrain size, 4 (mem)
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Grain Size Distribution of Soil
ASTM D 422-63 (1998)

Project: Mlazter Bessarch-Smady- (Eng. Basem Serdah)
Bore Hole Na. BH4
Depth 70m
Mechanical {sieve) anabysis Soil Type & Tat. %
Sieve Sieve mesh Macs Percent  |Coarse gravel oo
Number | openmE mum | passing. g passing, Yo |Mediom gravel o 131
|Fime zravel 13.1
e .50 083 1010 Coarse sand 11
Hr. 4 475 254 Ba.9 |pi=diom sand 0.2 T3
Nr. 10 1.0d 833 B47 [Fine sand 4412
Nr. 30 060 688 70.0 Coarse sit 5.70
N 40 043 6 535 .
Medimm st Q.00 ]
Nr. 100 0.15 130 133 :
Hr. 200 0oy 113 114 |Ei1e silt 234
Pan — 0 [/T1] [Chay 330 EET]
*Percentages relative to enfre saniple mass
CLAY SILT EAND GRAVEL Y=d
[T T I | 1o
poorly eraded zand i o)
,..r'"'-—
T - —— 20
|  d50=0345mm | 4
fees — fe Tl
| Ca="7.173 |
| Ce=0773 Frrm Tl T e
| | 50
| | 40
1 1 = = i | 4 30
| kiestimated) = 4 28E-02 cmisec 1
J | =37lmvday
| | I i ! 14
_'_'_,_,.iu——i"'
= il | | iy 0
00001 0.001 Q.01 0.l 1 10 104
Equivalent zraim size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-53 (1998)

Project: Mazter Fesearch-Smdy- (Eng. Basem Serdah)
Bore Hole No. BH4
Depth 20m
Mechamical (sieve) analysic Soil Tvpe W Tot ™
Sieve Sieve mesh Mazs Percent  |Coarse gravel oo
Mumber opsnng men | passing. 2 passing. %o |Mediom gravel 0.0 71
[Fime zravel 71
33" L.50 043 1000 {_parse sand 43
Mr. 4 4.75 7.6 210 |Bl=dmm sand 343 50
Nr. 1 2.0 835 B85 [Fine sand 26.4
N 30 060 52.0 121 Coarse sit 3.2
Nr. 40 .43 513 543 5
Mediom siit 0.0 57
Nr. 100 015 94 10.0 :
M. 200 007 74 T8 |I;"i:E silt 1.65
Pan -— 0.0 L1EH] |Ch] 20 237
*Percentages relative 1o enire sample mass
CLAY SILT SAMD GRAVEL Ta=d
[T T TTI0T] ' 1o
poorly graded sand B
| 1 T al
d50=0.365mm |
1 —1 it T
| Cu=5950 |
| Ce=0764 | | T %
4 50
1T
' k{estimated) = 6.45E-02 emisec 0
f | =557 miday
: 1 i 10
i | | Ll o
00001 0.001 .01 0l 1 10 104

Equivalent gram size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1998)

Project: Mazfer Bessarch-5mudy- (Eng. Basem %erdah)
Bore Hole No. BH4
Depth 90 m
Mechamical (sieve) anakbysis Soil Tvpe bl Tot. %
Sieve Sieve mesh Macs Percent  [Coarse pravel 0.0
umber OpenmE mum | passing. g paszing, % |Medmom gravel 0 10
[Fime eravel 10
38" 030 114.46 1000 Cparse sand il
Hr. 4 4.75 1123 Q8.0 [M=dim sand 36.5 SLE
M. 10 1.0 108.7 40 [Fine sand 53.0
M. 30 060 1.7 B0.0 Coarse st a7
Nr 40 043 G698 584 B,
Medim st 0.0e) 3
T 100 015 52 73 :
Hr. 200 007 [ 54 |Ei1e st 1.14
Fan -— 010 (1] |Clay 1.57 L5
*Percentages relative 10 enirs sampls mass
CLAY SILT SAND GRAVEL Ya=d
T 100
[HENI IR | f__,
poorly graded sand | / 0
i ——— R B0
d50=0.326 mm |
—HHH — HH T
Ca=5115 |
| Ce=0738 || mm T %
il 4 oan
il L 40
kiestimated) = T 42E-03 cm/sec .
| =642 miday
[ T T 10
J =t : 11— 0
000001 0.001 Q.01 0.l 1 {1} 109
Equivalent gram size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-53 (1998)

Project: Master Besearch-Smudy- (Eng. Basem Serdah)
Bore Hole Na. BH4
Depih 100 m
Mechanical (sieve) analysis Soil Type 1 Tot. %
Sieve Sieve mesh Mazs Percemt  |Coarse gravel 0o
humaber opsnmE, mm | passing. g passing, % [Medmm gravel o 12
[Fime ravel 12
33" 250 e 10:0.0 Cparse sand 58
Nr. 4 4.75 7.3 988 |M=diom sand 6.6 14
Nr. 1 2.0d E1l6 are [Fine sand 0.9
Nr. 30 0.6 G7.8 16.3 Coarse silt 31
N 40 043 0l 564 5
Mlediom sit 0.0 455
Nr. 100 0.15 74 53 :
Nr. 200 07 57 6.4 |Eil! il 135
Pan -— 0.0 0.0 |Ch] 185 185
*Percentages reliive to enire sample mass
CLAY ST SAMND GEAVEL Ya=d
[T T I 10
&0
poorly graded sand
A - 2
d50= 0344 mm |
1 —1 Tt T
| Cn=5443 |
| Ce=0732 | | T
4 50
L 4
! ! B 3':]
I 4
1 14
e
1 1 L
00001 0.001 001 104
Equivalent sram size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1995)

Project: Mlaster Besearch-Smudy- (Eng. Basem Serdah)
Bore Hole No. BH4
Depth 1N0m
Mechamical (sieve) analysis Soil Type 2y Tot. %
Sieve Siewve mesh Mazs Percent  |Cooarse pravel oo
Mumber OpENmE, MM | passine. g passing. Yo |Medmm gravel 0l in
|Fine gravel X
S &30 210 1.0 {Coarse sand 56
HNr. 4 4.75 T8.5 470 |Medinm sand 204 LR
Nr. 1 2.0 740 a3 [Fine sand 50.4
Nr. 3 060 618 T6.5 Ciparse stk 104
Nr. 40 043 04 §l.5 5
Nr. 100 015 28 I A 0 T
Wr. 200 007 1.7 a1 |Fi.'e silt 044
Pan — 0.0 0.0 |Ch] .64 a0
*Percentages relative to enire sanmie mass
CLAY ST EAND Ya=d
[T T I 100
uniform sand B
i - a0
d50= 0306 mm |
1 —1 Tt T
| Cu=4.109 |
| Cc=0744 | | T &
4 50
1T
1 1 1 1 4 31
kiestimated) = 8 TBE-02 em/sec 0
| =757 miday
J T T 10
] | ; il | | | | o
00001 0.001 .01 0l 1 10 100
Equivalent graim size, 4 (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1998)

Project: Mazter Besearch-Study- (Eog. Basem Serdah)
Bore Hole No. BH4
Depth 120m
Mechanical (sieve) analysis Soil Type M Tot %
Sieve Sieve mesh Mass Percent  [Coarse gravel 0o
Numiber OpENmE, mEm | passinge. g passing, Yo |Mediom gravel o0 g
Fime gravel ik
3" £.50 DE.6 100.0 Coarse sand 53
Nr. 4 4.75 1o 6.2 Medinm sand 3340 =1k
Nr. 10 2.0 ET0 10 Fine sand 543
Nr. 30 064 716 152 Ciparse st 181
N 40 043 6.0 58.0 B,
Medram st 0.0 25
Nr. 100 0.15 50 52 :
HNr. 200 007 35 i Fime silt 074
Pan -— 01 0.0 Clay 1.05 L5
*Percentages relafive to enfre sammle mas:
CLAY ST EAND GRAVEL Ya=d
[T T | ] 1o
uniform sand &0
e 1 20
d50=0332mm | | ' '
————ati — mat Ll
Cu=4916 | |
| Cc=0743 | | 1 e
: : {1 : Al 50
1 1 i= | FARE N ;‘H]
, , - kfestimated) = B.28E-03 em/sec y
l | =715miday
y S 10
J —!I——lrﬁ. i i ‘I}
0ol 0.001 0.1 0l 1 L1} 104
Equivalent sraim size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1998)
Project: Master Research-Study- (Eng. Basem Serdah)

Bore Hole Mo, BHS
Depth 03m

Mechanical (sieve) anabyzi Soil Tvpe k] Tot. %
Sieve Sieve mesh Mazs Percent  |Coarse gravel oo
Number | openmp mm | passing g pazzing, % |Mediom gravel 0o 43
Fme gravel 43
el 050 103.7 1.0 Coarse sand 0.8
Hr. 4 4.75 el 957 [Medium sand 17.5 1
Hr. 10 2.0 g4 40 [Fine sand 439
HNr. 30 0.6 ola 183 Cioarse siht 15.77

Nr 40 04 503 Ti4 :
Nt 100 015 350 g |l 000 | n

Nr. 200 0.07 317 315 [Fmesit 5.63
Fan -— [ 00 |Chy 113 314
*Percentages relative 1o eniie sanmle mass
CLAY LT SANL GRAVEL Ya=d
I A 1 A 100

well graded clayey - e
silty zand | / ' '

i i 1
|  d50=015mm | f

| Cu=3L028 |

0

70

| Ce=3176 s
it His. 50

a0

—/ . nesxinmed]:ﬁ.nf.Ehﬁmlsec

| mmyayye (| e M
| =004 miday

0.0001 0.001 0.01 0.1 1 10 104
Equivakent zrain size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1998)

Project: Mazter Fessarch-Smudy- (Eng. Basem Serdah)
Bore Hole No. BHS
Depth 0.6 m
Aechanical (sieve) analysis Soil Tvpe % Tot. %
Sieve Siewe mesh Mazs Percemt  (Coarse gravel 0.0
Number | openmg, mm | passing, g passing, ¥ (Meadim sravel o0 108
[Fine gravel 108
38" 2.5 270 100 Cparse sand b
M. 4 4.75 B6.5 B892 [Medram sand 278 £31
Kr. 10 2.0 230 B34 |Fine sand 516
Kr. 30 .60 T0.6 118 Cioarse sili 304
N 40 043 6.0 37.7 5
Nr. 100 0.15 71 T3 | e skt o +
Hr. 200 007 54 6.1 |Fime sit 1.28
Fan -— 0. 0.0 Clay 176 L76
*Percentages relative 10 enfie sanmis mass
CLAY SILT SAND GRAVEL Ya=d
[T T T j 1
poorly graded sand ] 7
mEEEni T .-""/ 20
d50=033mm | e
ot —t men T
| Cu=5347 |
| Ce=07M || T
+ 50
L 40
- kfestimated) = 7.15E-02 em/sec .
| =618 miday
| | lﬂ
™ |
4 - } —t - 1]
000401 0.001 Q.01 0l 1 10 104
Equivalent zram size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1998)

Project: Mlaster Besearch-Study- (Eng. Basem Serdah)
Bore Hole No. BHS
Depth 09m
Mechanical [sieve) analysis Soil Type i Tot %
Sieve Sieve mesh Mass Percemt  [Coarse gravel 0.0
Number | openmE, mm | passine g passing, Y= |Mediom gravel 0.0 16
[Fime gravel 16
ETl £.50 1044.6 1000 {_parse sand i1
Nr. 4 4.75 103.8 274 |M=diorm sand 18.3 TS
Nr. 10 2.0 101.5 952 [Fine sand 404
Nr. 30 0.6 &0 0.1 Cparse silt 1333
N 40 043 00 159 -
Mlediom sii Q.00 1579
Nr. 100 0.15 298 280 :
Wr. 200 0.07 il 265 |Fil! il 5.56
Pan -— 0.0 00 |Chy 167 TEF
*Percentages reliive 1o enifs sampls mass
CLAY SILT EAND GRAVEL Yaed
[T 1100 B e
]
well graded clayey o0
siliy sand
R i 20
|  d50=01T1mm | {
S E——m— 1 70
| Cu=23.590 |
| ce=2788 || | [ : : &
] . .
1 .| } s { | 44
= -| 1 - I l T 3':]
, f  kjestimated) = 1.07E-04 emisec 0
/ | =009 miday
f ; [ 10
. . | iy o
00001 0.0al .01 ol 1 1] LI
Equivalent zrain size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1995)

FProject: Master Fesearch-Study- (Eng. Basem Serdah)
Bore Hole MNo. BHS
Depth 12m
Mechanical (sieve) analysis Soil Tvpe el Tot %
SiEve Sieve mesh Mass Percemt  |Coarse gravel 0.0
Number OpSnmE, mm | passing, g passing, Y:  |Mediom gravel 0 T35
Fme gravel 7.5
el 250 038 10e1.0 Coarse sand 11
Nr. 4 4.75 26.0 913 [M=dinm sand 21.0 £732
W 10 10D 11 Bog [Fine sand 3.4
Nr 30 060 781 B34 Coarse si 267
N 40 043 645 8.8 .
Nr. 100 0.15 i R .0 E
Hr. 200 007 540 53 |Fi1e silt 1.12
Pan - 0.0 [iT1] |Ch3 1.34 14
*Percentages reltive to entie saniple mass
CLAY SILT SAMND GRAVEL Ya=d
I 1 4/ 1o
uniform sand &0
-
i mEa - 2
| d50=0256mm |
i +—1 it 70
Cu=4.003 |
| | L1 .| | L 3
i i - -| i = 44
1 1 = * { 30
| kiestimated) = 7.10E-02 cm/sec 0
’ | =613 mday
. . 14
L s
00001 0.001 0.0l ol 1 1] 104
Equivalent zraim size, d (mm)
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Grain Size Distribution of Soil
ASTM D 412-63 (1098)

Project: Mazter Fessarch-Smudy- (Eng. Basem Serdah)
Bore Hole No. BHS
Depth 15m

Mechanical (sieve) anabyzis Soil Type 4 Tot. %
SiEve Sieve mesh Maz: Percemi |Coarse gravel 00
Number | openmg mm | passing. g passing. Ve (Mediom pravel oo 16
Fime gravel i6
ey .50 1478 1.0 Coarse sand ik
Mr. 4 4.75 1425 264 [Medium sand 26.3 203
Nr. 10 100 1368 916 Fime sand 603

Nr. 30 060 1237 B3.7 Coarse sit ER

Nr. 40 043 PE1 56.4 -
Nr. 100 [XE 111 = [edum R 0.00 43

W, 200 07 ai fi.l |Fime st 1.28
Fan -— 0.1 0.0 Clay 1.7 176
*Percentages relative to enire sammle mass
CLAY EILT EAND GERAVEL Ya=d

AR IR P 100

nniform sand "y o0

7 i i 80
|  d0=0267Tmm | |

Cu= 4304 | |

| Ce=0.747 4 60

U 30
5 : | kfestimated) = 6.88E-03 em/sec

| = mgyEyy [ ek 1|:]
f | =504 miday
Y B11 1N 10

0.0001 0.001 0.01 0.1 1 10 100
Equivalent grain size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-53 (1998)

FProject: Mazter Research-Study- (Eng. Basem Serdah)
Bore Hole MNa. BHS
Depth 18m

Mechanical {sieve) anabysis | Soil Tvpe | [ | Tot. %
Sieve Sieve mesh Mlazs Percent  [Coarse sravel 0
Number | openmp men | passing. 2 paszing, %o [Medmm gravel 00 0.3
[Fine eravel 03
3 0.50 153.7 100.0  [Coarse sand 10
Nr. 4 475 155.2 907  |[Medium sand 403 752
Nr. 10 100 1536 987  |Fine sand 349
Nr. 30 0.60 116.6 749  [Coarse st 11.72

Nr 40 043 500 54 :
N 100 015 03 T5g | e it 000 | 18

Hr. 200 [T 36.5 134 |Fme silt 483
Pan - 0.0 [IT}] Clay (] &7
*Percentapss relitive to snffe sammls mass
CLAY SILT SANL ERAVEL Ya=d

[T T T | /-'— 100

well graded clayey 0
silty sand /

i 8 (" e 0
| d50=0282mm | |

| Cu=3L6 ||

| Co=1.708

;-"‘_ k{estimated) = I.ﬂﬁE-ﬁ-# -:m‘sec

‘d._ _1) | =u.1;? m.'dajr;

00001 0.001 0.01 0.1 1 10 100
Equivalent zrain size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (199%)

Project: Mazter Research-Smudy- (Eng. Basem Serdah)
Bore Hole No. BHS
Depth 2lm

Mechanical (sieve) analysis Soil Type i Taot. %
Sieve Sieve mesh Mazs Percent  |Coarse pravel oo
Number | openng, mm | passing g passing, Yo [Mediom gravel on 1.8
Fme zrave] 11.8
£y 850 213 L0 Coarse sand 40
Hr. 4 4.75 1.6 B&.2 [Medmm sand 18.1 TLE
N 10 1.0 623 41 [Fine sand 404
Hr. 30 .6l 63.1 14.7 Coarse sii 830

Ne 40 05 543 560 :
Nz, 100 015 148 T i 000 | mes

Wr. 200 007 13.5 16.4 Fime st 345

Pan — 0.0 [} Clay 475 475

*Percentages reldtive 1o enire sapple mass
CLAY EILT

[RE IR
poorly graded sand

Ya=d

d50=0.244 mm |

| Cu=693 |

| Ce=0.824

. kjestimated) = 2 52E.03 emisec
-4 | =118 miday

00001 0.001 0.01 0.l 1 10 100
Equivalent zrain size, d (mm)
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Grain Size Distribution of Soil
ASTM D 412-63 (199%)

Project: Master Eesearch-Study- (Eng. Basem Serdah)
Bore Hole No. BH5
Depth 3i0m
Mechanical (sieve) analysis Soil Type % Tot. %
Sieve Sieve mesh Maszs Percent  |Coarse sravel 0o
Number | openmg mem | passing, g passing, Ve |Mediom sravel oo o
Fime sravel 70
RS 8.5 101.1 1000 Cparse sapd 8.5
Hr. 4 475 ad0 3.0 [A=dinm sand il EET
W 1 1.0 B34 a3 [Fine sand 471
W 3 060 712 704 Coarse st 213
N 40 043 38 51.3 .
Nr. 100 0.15 4 55 |Eoumsi o e
Mr. 200 007 43 43 Fime silt 089
Pan — 0.0 0.0 Clay 123 113
*Percentages relative to enfie sanmls mass
CLAY SILT AW GRAVEL Ya=d
[T T T I /“‘ 1
poorly sraded sand {‘,r &)
i - R X 1 ! &
| d50-0409mm || /
ST - s T
| Cu=5483 | |
| Ce=0818 | | T &
| | | | =+ 50
| | ] | | o= 40
: :  k{estimated) = 8.41E-03 cmisec "
l | =727 miday
Rl 1
| L L | i1 ,
00001 0.0a1 Q.01 ol 1 10 1404
Equivalent srain size, d (mem)
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Grain Size Distribution of Soil
ASTM D 422-63 (1995)

Project: Mazter Besearch-Study- (Eng. Basem Serdah)
Bore Hole No. BHS
Depth 40m

Mechanical (sieve) anabyzis Snil Tvpe k] Tot. %
SiEve Sive mesh Mofazs Percemi [Coarse gravel 00
Number | openmg, mem | passing 2 passing, Ve |Medium sravel 00 g3
[Fine eravel 13
3 .50 114.2 1040 Coarse sand 6.0
Mr. 4 4.75 104.7 a7 {Madmm sand 27.5 ]
Nr. 10 1.0d 078 B3 Fime sand 553

Nr. 10 .60 4.0 73.6 Coarse sit 1.40

B 40 043 664 581 :
Nr. 100 015 28 3o edum sl 0.00 15

M. 200 007 E 18 |Fime siit 0.59
Pan — 0.0 0o Clay 081 081
*Percentapes relfive o entre sample mass
CLAY ST SAND GRAVEL ta=d

I /i‘ 10
| %

uniform sand r,r"'

4 g 7

d50=0332mm | | 'y
ey T ters T
| Cau=4311 | |

| Co=0.742

" estimated) = 8 85E.03 emisec
l | =743miday

W

: et : Ul | 0
0001 0.001 .01 0.l 1 [ 104

Equivalent gram sze, d (mm)

10
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Grain 5ize Distribution of Soil
ASTM D 422-63 (1998)

Project: Macter Besearch-Study- (Eng. Basem Serdah)
Bore Hole No. BHS
Depth 50m

Mechamnical (sieve) anabysis Soil Type 4 Tot. %
SiEve Sieve mesh Maz Percemt  |Coarse zravel 0.0

Number | opsnmg, mm | passing g passing, %o [Madiom gravel 0.0 7
[Fine gravel 17

ElS .50 108.2 1.0 Coarse sand 6.0
Mr.4 475 1053 9713 [Madinm sand 0.4 4.1
Nr. 10 1.0 gEl 213 [Fine sand 588
Nr. 30 .60 837 174 Coarse silt 157

W 40 C¥E 570 519 )
Nr. 100 015 5 33 [eduml e ==

Nr. 200 007 Y i1 [Fmeskt 0.65
Pan — 0.0 00 [Chy 001 051
*Percentages relfive to entre sanmls mass
CLAY ST EAND GEEAVEL Ya=d
I T ] 100

nmiform sand / o]

i A
d50=0301mm |
| Cu=4.468 |

| Ce=0.741

| =713 miday
1 - 10

i

0.0001 0.001 0.01 0.1 1 10 104
Equivalent grain size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-53 (199%)

Project: Mazter Besearch-Study- (Eng. Basem Serdah)
Bore Hole No. BHS
Depth §0m
Mechanical sieve) analysis Soil Type L] Tot. %
Sieve Sieve mesh Mazs Percemt  |Coarse pravel 0.0
Number | opening mm | passing. g passing. . [Medium gravel oo g1
[Fime zravel [
el .50 il L0610 Coarse sand 73
HNr. 4 4.75 232 0.8 [M=dmm sand 51.3 ERS
Hr. 10 1.0 T6.5 Bi5 Fine sand 204
Hr. 30 0.6 616 2.3 iZoarse sit 1.15
Hr. 40 043 478 52.2 -
Nr. 100 0.15 24 T A 20 HE
Nr. 200 0.07 21 13  [Fmesd 0.48
Pan - 0.0 0.0 Clay 0. b 5
*Percemtages relative to eniie sanmls mass
CLAY ST SAND GRAVEL Ya=d
N Vi 100
poorly graded sand : :
LU |
[ - 8
d50=03%8 mm |
—————= — s T
| Ca=5.102 | |
| Cc=0788 | | 80
; | | | 50
| | | | STy
! ! =u | wff | il 300
2.43E-03 crd'sec 20
= §.15 m'day
: 14
4 ' : — 0
0.0001 .1001 .01 a.l 1 1] 1404
Equivalent zraim size, d (mm])
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Grain Size Distribution of Soil
ASTM D 422-63 (1998)

Project: Mazter Besearch-Study- (Eng. Basem Serdah)
Bore Hole No. BH5
Depth 70m
Mechanical {sieve) analysis |  Soil Type | [ | Tot. %
SEve Sive mesh Mlazs Percent  |Coarse gravel 00
Number | openmg mm | passing. g passing. % |Madiom pravel oo 4.8
Fme pravel 41
g £.50 108.0 1.0 Zoarse sand 3.3
Hr. 4 4.75 103.8 252 {Medinm sand 15.7 203
Hr. 10 2,00 100.0 217 Fine sand 711
Hr. 30 .60 042 B4 Coarse silt 248
Hr 40 043 210 76.1 .
N, 100 015 55 G0 | sl 0 2
Hr. 200 0.7 54 50 |Fme siit 1.04
Pan — 0.0 0.0 Clay 1.44 14
*Percentages relive to enire snmle mass
CLAY ST EAND ERAVEL Ya=d
[T T TTT | A 100
uniform sand - &)
1 A 80
d50=0226mm | |
s e - e T
| Cu=3447 | |
| Cc=0781 | | 1 8
| | | | o+ 5i
| | | | o A1)
1 1 nm | affe | e 30
| kiestimated) = 7.03E-02 em/sec 1
f | =607 miday
J f f 14
| i .‘T } Ly | 0
0.0001 0.001 0.01 0.1 1 10 109
Equivalent zram size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1998)

Project: Mazter Besparch-Study- (Eng. Basem Serdah)
Bore Hole MNa. BHS
Depth 20m
Mechanical {sieve) anakysis | Soil Tvpe | 1y [ Tot. %
SEve Sieve mesh Mlazs Percent  [Caoarse gravel 00
Number | openmg muwn | passing, g passing. %o |Medium sravel oo 9
Fme sravel g
S 0.50 114.5 100.0  |Coarse sand 6.7
Nr. 4 4.75 111.2 071  [Madium sand 5.0 521
Nr. 10 1.00 103.3 004  [Fine sand 60.4
Nr. 30 0.60 503 80  |Coarsesilt 249
Nr. 40 0.43 749 [ )
Wr. 100 015 75 sp | edum st o a
T 200 0.07 53 50 |Fmesit 1.05
Fan — 0.0 0.0 Chy 14 14
*Perceniags: reltive to snire sanmle mass
CLAY ST SAWD EEAVEL H=d
[T T T | s 10
uniform sand / o)
s 1 0
|  d50=0275mm || - -
i — man T
| Cu=4158 | |
| Cc=0747 | | T8
: | | | 51
| | 1 1 o= 44
| | u | affs | o 30
- klestimated) = 7.34E-02 crv'sec .
i | =634miday
| | 10
_,l_..J
1 i ' | : | 0
0.0001 0.001 0.01 0.1 1 10 100
Exquivalent grain size, 4 (mem)
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Grain Size Distribution of Soil
ASTM D 422-63 (199%)

Project: Master Fesearch-Study- (Eng. Basem Serdah)
Bore Hole No. BHS
Depth 90m
Mechanical (sieve) anakysis | Soil Tyvpe | Iy | Tot.
SiEve Siewe mesh Mazs Percemf  |Coarse gravel 0.0
Wumber | openmE, mm | passine. g passmg, Yo [Medmm gravel 00 il
Fme gravel il
3" 050 1254 1.0 Coarse sand 4.0
Hr. 4 4.75 131.5 26.0 [Medium sand 215 TEE
Hr. 10 2,00 11465 210 Fine sand 50.1
Hr. 30 0.60 103.3 B14 Coarse sit 1017
Hr. 40 043 8.3 0.4 .
Nt. 100 015 263 ST N o wH
Nr. 200 0.07 155 03 Fme siit 417
Pan — 0.0 (111} Clay 589 S8
*Perceniages relitve fo enire sample mas:

CLAY SILT SAND GRAVEL Ya=d
[T T TIO T [T T Tt T
poorly graded clavey . o0

sand f""'f
I i i B0
d30 = 021 mm
=t t Hit Pl
| Cu=14.263
| Ce=1732 ' ' CTIT %
50
L 40
L 30
i kiestimated) = 4.27TE-04 cmisec -
fr = 0.38 m'day
i 10
|
t } 0
0.0001 0.001 0.01 0.1 1 10 109
Equivalent gram size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (1898)

Project: Mazter Resparch-Soudy- (Eng. Basem Serdah)
Bore Hole MNa. BHS
Depth 10.0m

Mechanical (sieve) anabysis | Soil Tvpe | 1 | Tot. %
SEve Sieve mesh Mazs Perceni  [Coarse gravel 0.0
Wumber | openmE mm | passing. g paszing. o |Medmum zravel 0.0 15
|Fime zravel 13
HES 050 105.2 1000  [Coarse sand 34
Nr. 4 4.75 102.6 975  |Madium sand 284 954
Nr. 10 100 00 941  [Fine sand 3.8

Hr. 30 .60 264 £11 Cioarse st 1.05

W 40 EE 51 57 :
Nr. 100 015 32 T 0w | e

Mr. 200 007 a2 11 Fime siif 044
Pan -— 0.0 0.0 Clay .61 .61
*Percentages relafive to enirs sanmle mass
CLAY SILT SAMLY GERAVEL ta=d

[T T TTO | 1
uniform sand 4

i 1 ; 1 80

d50=0273mm | | j j
| i i 70
| Cu=3980 | | ' '

| Ce=0.758 I

' klestimated) = 8 48E-03 em/sec

g

= 733 miday
00001 0.001 9.01 0.1 1 10 104
Equivalent zraim size, d (mm)

10
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Grain Size Distribution of Soil
ASTM D 422-63 (1995)

Project: Mazter Research-Study- (Eng. Basem Serdah)
Bore Hole No. BHS
Depth 1lim
Mechanical (sieve) analysis Soil Type 1 Tot. %
Seve Sweve mesh Mass Percent  |Coarse gravel 0.0
Wumber | opsnDp, mm | passinz. g passing, ¥ |Medium zravel 0.0 11
Fme pravel 13
38" .50 1214 L0s0 ) Coarse sand ig
Hr. 4 4.75 119.9 988 [Medmm sand 7.4 R4
Hr. 10 1.0 115.2 4.8 Fine sand 4.7
Nr 3 060 1013 B34 Coarse sif 1.34
Nr 40 043 e §7.5 B,
Nr. 100 015 37 I o H
Nr. 200 [, i3 17  [|Fmesik 0.57
Pan - 01 0.0 Clay 0.7 o
*Percentages reliive to enire sanmle mass
CLAY SILT SAND GRAVEL %cd
[ [ - T 100
LI 1 PTTT ;"'-i
uniform sand f,r" )
A ] — i)
d50=0268mm | |
T 7
| Cu=23300 | |
| Ce=0762 | | T8
: | | | =+ 5
| | | | SRl
: - klestimated) = 8.14E-02 cmisec .
| =7 may
_J = = 10
' s It : i 0
00001 0.0a1 001 0l 1 [[1] 1404
Equivalent grain size, d (mm)
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Grain Size Distribution of Soil
ASTM D 422-63 (199%)

Project: Mlazfer Besearch-5mdy- (Eng. Basem Serdah)
Bore Hole No. BHS
Depih 120m

Mechamical (sieve) anabyzis Soil Type i Tot. %
SEve Sewe mesh Mazs Percemt  |Coarse sravel 00
Wumber | openmg mm | passine g pazsing. % |Medim gravel 0o 48
Fme gravel 48
3B .50 106.4 1.0 Cparse sand 44
Hr.4 475 101.3 951 [Medium sand 289 )
Hr. 10 1.0 Q6.6 Q0.2 [Fine sand 58.46

HNr. 10 .60 218 159 Coarse sif 1.60

Nr 40 043 658 518 )
Nr. 100 015 15 33 | edumsdt o =

M. 200 007 34 33 |Fime it 067
Pan -— 0.0 .0 Clay 0.03 k]
*Percentages relative 10 enire sammles mass
LAY ST SANLD GRAVEL Ya=d

LU T TP | ’J&H‘ E 108
uniform sand / 1 .

A A B
d50 = 0.301 mm |
[ cCa-sam |

| Co=0.741

. k{estimated) = 8.24E-03 cmisec ,
| =T12miday

i

0.0001 0.001 0.01 0.1 1 10 100
Equivalent grain size, d (mm)
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APPENDIX (3)

Modeling Calculations
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Model (1), K =37.458cm/hr

K (cm/hr) | w(em) | t(hr) n Or Oe AO F (cm) | f (cm/hr) | f(m/d) Kt F (t) | Equation Ln
37.458 | 4.950 0.0 0.430 | 0.042 | 0.388 0.349 0 0 0 0.000 0.000
37.458 | 4.950 0.1 0.430 | 0.042 | 0.388 0.349 6.428 | 47531 | 11.408 | 3.746 6.428 3.746 1.552
37.458 | 4.950 0.2 0.430 | 0.042 | 0.388 0.349 10.934 | 43.380 | 10.411| 7.492 | 10.934 7.492 1.991
37.458 | 4.950 0.3 0.430 | 0.042 | 0.388 0.349 15.180 | 41.724 | 10.014 | 11.238 | 15.180 | 11.238 2.281
37.458 | 4.950 0.4 0.430 | 0.042 | 0.388 0.349 19.302 | 40.813 9.795 | 14.983 | 19.302 | 14.983 2.499
37.458 | 4.950 0.5 0.430 | 0.042 | 0.388 0.349 22.869 | 40.290 9.670 | 18.729 | 22.869 | 18.279 2.655
37.458 | 4.950 1 0.430 | 0.042 | 0.388 0.349 43.085 | 38.961 9.351 | 37.458 | 43.085 | 37.458 3.255
37.458 | 4.950 1.1 0.430 | 0.042 | 0.388 0.349 46.975 | 38.837 9.321 | 41.204 | 46.975 | 41.204 3.338
37.458 | 4.950 1.2 0.430 | 0.042 | 0.388 0.349 50.853 | 38.732 9.296 | 44.950 | 50.853 | 44.950 3.415
37.458 | 4.950 1.3 0.430 | 0.042 | 0.388 0.349 54722 | 38.642 9.274 | 48.696 | 54.722 | 48.696 3.486
37.458 | 4.950 1.4 0.430 | 0.042 | 0.388 0.349 58.582 | 38.564 9.255 | 52.442 | 58.582 | 52.442 3.552
37.458 | 4.950 1.5 0.430 | 0.042 | 0.388 0.349 62.435 | 38.495 9.239 | 56.188 | 62.435 | 56.188 3.614
37.458 | 4.950 2 0.430 | 0.042 | 0.388 0.349 81.616 | 38.252 9.180 | 74.917 | 81.616 | 74.917 3.876
37.458 | 4.950 2.5 0.430 | 0.042 | 0.388 0.349 100.702 | 38.101 9.144 | 93.646 | 100.702 | 93.646 4.082
37.458 | 4.950 3 0.430 | 0.042 | 0.388 0.349 119.725 | 37.999 9.120 | 112.375 | 119.725 | 112.375 | 4.252
37.458 | 4.950 3.5 0.430 | 0.042 | 0.388 0.349 138.705 | 37.925 9.102 | 131.104 | 138.705 | 131.104 | 4.397
37.458 | 4.950 4 0.430 | 0.042 | 0.388 0.349 157.653 | 37.869 9.089 | 149.833 | 157.653 | 149.833 | 4.524
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K (cm/hr) | w(em) | t(hr) n Or Oe AO F (cm) | f (cm/hr) | f(m/d) Kt F (t) | Equation Ln
37.458 | 4.950 4.5 0.430 | 0.042 | 0.388 0.349 176.577 | 37.825 9.078 | 168.563 | 176.577 | 168.563 | 4.636
37.458 | 4.950 5 0.430 | 0.042 | 0.388 0.349 195.480 | 37.790 9.069 | 187.292 | 195.480 | 187.292 | 4.737
37.458 | 4.950 6 0.430 | 0.042 | 0.388 0.349 233.241 | 37.736 9.057 | 224.750 | 233.241 | 224.750 | 4.912
37.458 | 4.950 8 0.430 | 0.042 | 0.388 0.349 308.639 | 37.668 9.040 | 299.667 | 308.639 | 299.667 | 5.190
37.458 | 4.950 10 0.430 | 0.042 | 0.388 0.349 383.930 | 37.627 9.030 | 374.583 | 383.930 | 374.583 | 5.408
37.458 | 4.950 12 0.430 | 0.042 | 0.388 0.349 459.155 | 37.599 9.024 | 449.500 | 459.155 | 449.500 | 5.586
37.458 | 4.950 16 0.430 | 0.042 | 0.388 0.349 609.476 | 37.565 9.015 | 599.333 | 609.476 | 599.333 | 5.868
37.458 | 4.950 20 0.430 | 0.042 | 0.388 0.349 759.690 | 37.544 9.010 | 749.167 | 759.690 | 749.167 | 6.088
37.458 | 4.950 24 0.430 | 0.042 | 0.388 0.349 909.834 | 37.529 9.007 | 899.000 | 909.834 | 899.000 | 6.268
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Model (2), K =11.780cm/hr

(Cmfhr) wem) | t(hr) " 0i AO F (cm) (Cmf/hr) fid) | Kt F (1) Eq. Ln

11.780 | 4.95 00 | 0430 | 0000 | 0430 0 0 0 0.000 | 0.000
11780 | 4950 | 01 | 0430 | 0000 | 0430 | 3085 | 19.909 | 4778 | 1178 | 3085 | 1.178 | 0.896
11780 | 4950 | 02 | 0430 | 0000 | 0430 | 4898 | 16899 | 4056 | 2356 | 4898 | 2356 | 1.194
11780 | 4950 | 03 | 0430 | 0000 | 0430 | 6517 | 15627 | 3751 | 3534 | 6517 | 3534 | 1.402
11780 | 4950 | 04 | 0430 | 0000 | 0430 | 8041 | 14898 | 3576 | 4712 | 8041 | 4712 | 1564
11780 | 4950 | 05 | 0430 | 0000 | 0430 | 9505 | 14418 | 3460 | 5890 | 9.505 | 5890 | 1.698
11.780 | 4.950 1 0430 | 0000 | 0430 | 16384 | 13310 | 3.194 | 11.780 | 16.384 | 11.780 | 2.163
11780 | 4950 | 11 | 0430 | 0000 | 0430 | 17.709 | 13196 | 3.167 | 12.958 | 17.709 | 12.958 | 2.232
11.780 | 4950 | 1.2 | 0430 | 0000 | 0430 | 19.024 | 13.098 | 3144 | 14136 | 19.024 | 14.136 | 2.296
11780 | 4950 | 1.3 | 0430 | 0000 | 0430 | 20329 | 13.013 | 3123 | 15314 | 20329 | 15314 | 2.356
11.780 | 4950 | 14 | 0430 | 0000 | 0430 | 21.627 | 12.939 | 3105 | 16.492 | 21.627 | 16.492 | 2.412
11780 | 4950 | 15 | 0430 | 0000 | 0430 | 22917 | 12.874 | 3.090 | 17.670 | 22.917 | 17.670 | 2.465
11.780 | 4.950 2 0430 | 0000 | 0430 | 20290 | 12.636 | 3.033 | 23560 | 29.200 | 23560 | 2.692
11780 | 4950 | 25 | 0430 | 0000 | 0430 | 35568 | 12.485 | 2996 | 20.450 | 35568 | 29.450 | 2.874
11.780 | 4.950 3 0430 | 0000 | 0430 | 41.782 | 12380 | 2971 | 35340 | 41.782 | 35340 | 3.027
11780 | 4950 | 35 | 0430 | 0000 | 0430 | 47.952 | 12303 | 2.953 | 41230 | 47.952 | 41230 | 3.158
11.780 | 4.950 4 0430 | 0000 | 0430 | 54088 | 12244 | 20938 | 47120 | 54.088 | 47.120 | 3.274
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(Cmfhr) wem) | t(hr) " 0i A0 F (cm) (Cmf/h o | |k F (1) Eq. Ln
11780 | 4950 | 45 | 0430 | 0000 | 0430 | 6098 | 12197 | 2927 | 53.010 | 60.198 | 53.010 | 3.377
11.780 | 4.950 5 0430 | 0000 | 0430 | 66.286 | 12.158 | 2918 | 58.900 | 66.286 | 58.900 | 3.470
11.780 | 4.950 6 0430 | 0000 | 0430 | 78414 | 12100 | 2904 | 70.680 | 78.414 | 70.680 | 3.633
11.780 | 4.950 8 0430 | 0000 | 0430 | 102531 | 12.025 | 2886 | 94240 | 102531 | 94.240 | 3.895
11780 | 4950 | 10 | 0430 | 0000 | 0430 | 126531 | 11.978 | 2.875 | 117.800 | 126.5306 | 117.800 | 4.102
11.780 | 4950 | 12 | 0430 | 0000 | 0430 | 150454 | 11.947 | 2.867 | 141.360 | 150.4536 | 141.360 | 4.272
11780 | 4950 | 16 | 0430 | 0000 | 0430 | 198.153 | 11.907 | 2.858 | 188.480 | 198.1526 | 188.480 | 4.544
11780 | 4950 | 20 | 0430 | 0000 | 0430 | 245726 | 11.882 | 2.852 | 235.600 | 245.7262 | 235.600 | 4.757
11780 | 4950 | 24 | 0430 | 0000 | 0430 | 293219 | 11.866 | 2.848 | 282.720 | 293.2193 | 282.720 | 4.933
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Model (3), K = 8.042cm/hr

K (cm/hr) | w(cm) | t(hr) n or Oe A0 F (cm) | f(cm/hr) | f(m/d) Kt F(t) Eqg. Ln
8.042 20.880 | 0.0 0.460 | 0.156 | 0.304 0.195 0 0 0 0.000 0.000
8.042 20.880 | 0.1 0.460 | 0.156 | 0.304 0.195 3.118 18.520 4.445 | 0.804 3.118 0.804 0.570
8.042 20.880 | 0.2 0.460 | 0.156 | 0.304 0.195 4,757 14.909 3.578 | 1.608 4.757 1.608 0.775
8.042 20.880 | 0.3 0.460 | 0.156 | 0.304 0.195 6.163 13.342 3.202 | 2.413 6.163 2.413 0.923
8.042 20.880 | 0.4 0.460 | 0.156 | 0.304 0.195 7.448 12.428 2.983 | 3.217 7.448 3.217 1.041
8.042 20.880 | 0.5 0.460 | 0.156 | 0.304 0.195 8.658 11.815 2.836 | 4.021 8.658 4.021 1.141
8.042 20.880 1 0.460 | 0.156 | 0.304 0.195 14.133 | 10.353 2.485 | 8.042 | 14.133 | 8.042 1.499
8.042 20.880 1.1 0.460 | 0.156 | 0.304 0.195 15.160 | 10.197 2447 | 8.846 | 15.160 | 8.846 1.554
8.042 20.880 1.2 0.460 | 0.156 | 0.304 0.195 16.173 | 10.062 2415 | 9.650 | 16.173 | 9.650 1.606
8.042 20.880 1.3 0.460 | 0.156 | 0.304 0.195 17.173 9.944 2.387 | 10.454 | 17.173 | 10.454 1.654
8.042 20.880 1.4 0.460 | 0.156 | 0.304 0.195 18.162 | 9.840 2.362 | 11.258 | 18.162 | 11.258 | 1.699
8.042 20.880 1.5 0.460 | 0.156 | 0.304 0.195 19.142 | 9.748 2.340 | 12.063 | 19.142 | 12.063 | 1.743
8.042 20.880 2 0.460 | 0.156 | 0.304 0.195 23.923 | 9.407 2.258 | 16.083 | 23.923 | 16.083 | 1.930
8.042 20.880 | 25 0.460 | 0.156 | 0.304 0.195 28.568 | 9.185 2.204 | 20.104 | 28.568 | 20.104 | 2.083
8.042 20.880 3 0.460 | 0.156 | 0.304 0.195 33.119 | 9.028 2.167 | 24.125 | 33.119 | 24.125 | 2.214
8.042 20.880 | 35 0.460 | 0.156 | 0.304 0.195 37.603 | 8.910 2.139 | 28.146 | 37.603 | 28.146 | 2.328
8.042 20.880 4 0.460 | 0.156 | 0.304 0.195 42,034 | 8.819 2117 | 32.167 | 42.034 | 32.167 | 2.429
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K (cm/hr) | w(cm) | t(hr) n or Oe A0 F (cm) | f(cm/hr) | f(m/d) Kt F(t) Eq. Ln
8.042 20.880 | 45 0.460 | 0.156 | 0.304 0.195 46.425 | 8.745 2.099 | 36.188 | 46.425 | 36.188 | 2.520
8.042 20.880 5 0.460 | 0.156 | 0.304 0.195 50.781 | 8.685 2.084 | 40.208 | 50.781 | 40.208 | 2.603
8.042 20.880 6 0.460 | 0.156 | 0.304 0.195 59.417 | 8.5901 2.062 | 48.250 | 59.417 | 48.250 | 2.749
8.042 20.880 8 0.460 | 0.156 | 0.304 0.195 76.467 | 8.469 2.033 | 64.333 | 76.467 | 64.333 | 2.987
8.042 20.880 10 0.460 | 0.156 | 0.304 0.195 93.323 | 8.392 2.014 | 80.417 | 93.323 | 80.417 | 3.177
8.042 20.880 12 0.460 | 0.156 | 0.304 0.195 110.050 | 8.339 2.001 | 96.500 | 110.050 | 96.500 | 3.335
8.042 20.880 16 0.460 | 0.156 | 0.304 0.195 143.254 | 8.270 1.985 | 128.667 | 143.254 | 128.667 | 3.591
8.042 20.880 20 0.460 | 0.156 | 0.304 0.195 176.241 | 8.227 1.974 | 160.833 | 176.241 | 160.833 | 3.793
8.042 20.880 24 0.460 | 0.156 | 0.304 0.195 209.088 | 8.198 1.967 | 193.000 | 209.088 | 193.000 | 3.960
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Model (4), K =1.083cm/hr

K (cm/hr) | w(cm) t (hr) 7 or Oe A0 F(cm) | f(cm/hr) | f(m/d) Kt F () Eq. Ln
1.083 20.880 0.0 0.460 0.127 0.333 0.250 0 0 0 0.000 0.000
1.083 20.880 0.1 0.460 0.127 0.333 0.250 1.135 6.063 1.455 0.108 1.135 0.108 0.197
1.083 20.880 0.2 0.460 0.127 0.333 0.250 1.652 4.502 1.081 0.217 1.652 0.217 0.275
1.083 20.880 0.3 0.460 0.127 0.333 0.250 2.064 3.821 0.917 0.325 2.064 0.325 0.333
1.083 20.880 0.4 0.460 0.127 0.333 0.250 2.423 3.415 0.820 0.433 2.423 0.433 0.382
1.083 20.880 0.5 0.460 0.127 0.333 0.250 2.752 3.136 0.753 0.542 2.752 0.542 0.424
1.083 20.880 1 0.460 0.127 0.333 0.250 4.118 2.455 0.589 1.083 4.118 1.083 0.582
1.083 20.880 1.1 0.460 0.127 0.333 0.250 4.362 2.379 0.571 1.192 4.362 1.192 0.608
1.083 20.880 1.2 0.460 0.127 0.333 0.250 4.595 2.313 0.555 1.300 4.595 1.300 0.632
1.083 20.880 1.3 0.460 0.127 0.333 0.250 4.823 2.255 0.541 1.408 4.823 1.408 0.655
1.083 20.880 14 0.460 0.127 0.333 0.250 5.047 2.203 0.529 1.517 5.047 1517 0.677
1.083 20.880 1.5 0.460 0.127 0.333 0.250 5.264 2.156 0.518 1.625 5.264 1.625 0.698
1.083 20.880 2 0.460 0.127 0.333 0.250 6.296 1.981 0.475 2.167 6.296 2.167 0.792
1.083 20.880 2.5 0.460 0.127 0.333 0.250 7.254 1.862 0.447 2.708 7.254 2.708 0.872
1.083 20.880 3 0.460 0.127 0.333 0.250 8.163 1.775 0.426 3.250 8.163 3.250 0.942
1.083 20.880 3.5 0.460 0.127 0.333 0.250 9.034 1.709 0.410 3.792 9.034 3.792 1.005
1.083 20.880 4 0.460 0.127 0.333 0.250 9.873 1.656 0.397 4.333 9.873 4.333 1.062
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K (cm/hr) | w(cm) t (hr) 3 or Oe A0 F(cm) | f(cm/hr) | f(m/d) Kt F () Eq. Ln
1.083 20.880 4.5 0.460 0.127 0.333 0.250 10.690 1.612 0.387 4875 | 10.690 | 4.875 1.115
1.083 20.880 5 0.460 0.127 0.333 0.250 11.487 1.575 0.378 5.417 11.487 5.417 1.164
1.083 20.880 6 0.460 0.127 0.333 0.250 13.031 1.517 0.364 6.500 13.031 6.500 1.252
1.083 20.880 8 0.460 0.127 0.333 0.250 15.979 1.437 0.345 8.667 15.979 8.667 1.402
1.083 20.880 10 0.460 0.127 0.333 0.250 18.796 1.384 0.332 | 10.833 | 18.796 | 10.833 1.527
1.083 20.880 12 0.460 0.127 0.333 0.250 21.524 1.346 0.323 13.000 | 21.524 | 13.000 1.635
1.083 20.880 16 0.460 0.127 0.333 0.250 26.796 1.294 0.311 17.333 | 26.796 | 17.333 1.815
1.083 20.880 20 0.460 0.127 0.333 0.250 31.901 1.260 0.303 21.667 | 31.901 | 21.667 1.963
1.083 20.880 24 0.460 0.127 0.333 0.250 36.892 1.236 0.297 26.000 | 36.892 | 26.000 2.089
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Model (5), K =0.833cm/hr

K (cm/hr) | w(cm) t (hr) n or Oe A0 F(cm) | f(cm/hr) | f(m/d) Kt F () Eq. Ln
0.833 20.880 0.0 0.460 0.121 0.339 0.254 0 0 0 0.000 0.000
0.833 20.880 0.1 0.460 0.121 0.339 0.254 0.995 5.280 1.2672 | 0.083 0.995 0.083 0.172
0.833 20.880 0.2 0.460 0.121 0.339 0.254 1.445 3.895 0.9347 | 0.167 1.445 0.167 0.241
0.833 20.880 0.3 0.460 0.121 0.339 0.254 1.800 3.291 0.7899 | 0.250 1.800 0.250 0.292
0.833 20.880 04 0.460 0.121 0.339 0.254 2.109 2.931 0.7035 | 0.333 2.109 0.333 0.334
0.833 20.880 0.5 0.460 0.121 0.339 0.254 2.391 2.684 0.6441 | 0.417 2.391 0.417 0.372
0.833 20.880 1 0.460 0.121 0.339 0.254 3.553 2.078 0.4988 | 0.833 3.553 0.833 0.512
0.833 20.880 1.1 0.460 0.121 0.339 0.254 3.759 2.010 0.4824 | 0.917 3.759 0.917 0.535
0.833 20.880 1.2 0.460 0.121 0.339 0.254 3.957 1.951 0.4684 | 1.000 3.957 1.000 0.557
0.833 20.880 1.3 0.460 0.121 0.339 0.254 4.148 1.900 0.4559 | 1.083 4.148 1.083 0.577
0.833 20.880 14 0.460 0.121 0.339 0.254 4.337 1.853 0.4448 | 1.167 4.337 1.167 0.597
0.833 20.880 15 0.460 0.121 0.339 0.254 4.520 1.812 0.4349 | 1.250 4.520 1.250 0.616
0.833 20.880 2 0.460 0.121 0.339 0.254 5.384 1.655 0.3972 | 1.667 5.384 1.667 0.700
0.833 20.880 2.5 0.460 0.121 0.339 0.254 6.183 1.549 0.3717 | 2.083 6.183 2.083 0.772
0.833 20.880 3 0.460 0.121 0.339 0.254 6.937 1471 0.3530 | 2.500 6.937 2.500 0.836
0.833 20.880 3.5 0.460 0.121 0.339 0.254 7.658 1411 0.3386 | 2.917 7.658 2.917 0.893
0.833 20.880 4 0.460 0.121 0.339 0.254 8.350 1.363 0.3272 | 3.333 8.350 3.333 0.945
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K (cm/hr) | w(cm) t (hr) n or Oe A0 F(cm) | f(cm/hr) | f(m/d) Kt F () Eq. Ln
0.833 20.880 4.5 0.460 0.121 0.339 0.254 9.022 1.324 0.3177 | 3.750 9.022 3.750 0.993
0.833 20.880 5 0.460 0.121 0.339 0.254 9.676 1.291 0.3097 | 4.167 9.676 4.167 1.038
0.833 20.880 6 0.460 0.121 0.339 0.254 10.938 1.238 0.2971 | 5.000 10.938 5.000 1.119
0.833 20.880 8 0.460 0.121 0.339 0.254 13.336 1.165 0.2796 | 6.667 13.336 6.667 1.256
0.833 20.880 10 0.460 0.121 0.339 0.254 15.614 1.117 0.2680 | 8.333 | 15.614 | 8.333 1.371
0.833 20.880 12 0.460 0.121 0.339 0.254 17.811 1.082 0.2596 | 10.000 | 17.811 | 10.000 1.471
0.833 20.880 16 0.460 0.121 0.339 0.254 22.035 1.034 0.2482 | 13.333 | 22.035 | 13.333 1.639
0.833 20.880 20 0.460 0.121 0.339 0.254 26.105 1.003 0.2407 | 16.667 | 26.105 | 16.667 1.778
0.833 20.880 24 0.460 0.121 0.339 0.254 30.069 0.980 0.2353 | 20.000 | 30.069 | 20.000 1.897
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Model (6), K = 0.042cm/hr

K (cm/hr) | w(em) | t(hr) ] or Oe AB F (cm) | f(cm/hr) | f(m/d) Kt F () Eq. Ln
0.042 23.900 0.0 0.480 | 0.179 | 0.301 0.211 0 0 0 0.000 0.000
0.042 23.900 0.1 0.480 | 0.179 | 0.301 0.211 0.203 1.073 0.258 | 0.004 0.203 0.004 0.040
0.042 23.900 0.2 0.480 | 0.179 | 0.301 0.211 0.289 0.767 0.184 | 0.008 0.289 0.008 0.056
0.042 23.900 0.3 0.480 0.179 0.301 0.211 0.371 0.608 0.146 | 0.013 0.371 0.013 0.071
0.042 23.900 0.4 0.480 0.179 0.301 0.211 0.425 0.535 0.128 | 0.017 0.425 0.017 0.081
0.042 23.900 0.5 0.480 | 0.179 | 0.301 0.211 0.474 0.484 0.116 | 0.021 0.474 0.021 0.090
0.042 23.900 1 0.480 | 0.179 | 0.301 0.211 0.679 0.351 0.084 | 0.042 0.679 0.042 0.126
0.042 23.900 1.1 0.480 | 0.179 | 0.301 0.211 0.712 0.337 0.081 | 0.046 0.712 0.046 0.132
0.042 23.900 1.2 0.480 | 0.179 | 0.301 0.211 0.743 0.324 0.078 | 0.050 0.743 0.050 0.138
0.042 23.900 1.3 0.480 0.179 0.301 0.211 0.774 0.313 0.075 | 0.054 0.774 0.054 0.143
0.042 23.900 1.4 0.480 | 0.179 | 0.301 0.211 0.803 0.303 0.073 | 0.058 0.803 0.058 0.148
0.042 23.900 15 0.480 | 0.179 | 0.301 0.211 0.839 0.292 0.070 | 0.063 0.839 0.063 0.154
0.042 23.900 2 0.480 | 0.179 | 0.301 0.211 0.970 0.258 0.062 | 0.083 0.970 0.083 0.176
0.042 23.900 2.5 0.480 | 0.179 | 0.301 0.211 1.094 0.233 0.056 | 0.104 1.094 0.104 0.197
0.042 23.900 3 0.480 | 0.179 | 0.301 0.211 1.207 0.216 0.052 | 0.125 1.207 0.125 0.215
0.042 23.900 3.5 0.480 0.179 0.301 0.211 1.312 0.202 0.048 | 0.146 1.312 0.146 0.232
0.042 23.900 4 0.480 | 0.179 | 0.301 0.211 1.411 0.190 0.046 | 0.167 1.411 0.167 0.247
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K (cm/hr) | w(em) | t(hr) ] or Oe A F (cm) | f(cm/hr) | f(m/d) Kt F () Eq. Ln
0.042 23.900 4.5 0.480 | 0.179 | 0.301 0.211 1.504 0.181 0.043 | 0.188 1.504 0.188 0.261
0.042 23.900 5 0.480 | 0.179 | 0.301 0.211 1.589 0.174 0.042 | 0.208 1.589 0.208 0.274
0.042 23.900 6 0.480 | 0.179 | 0.301 0.211 1.758 0.161 0.039 | 0.250 1.758 0.250 0.299
0.042 23.900 8 0.480 | 0.179 | 0.301 0.211 2.060 0.144 0.034 | 0.333 2.060 0.333 0.343
0.042 23.900 10 0.480 0.179 0.301 0.211 2.336 0.131 0.032 | 0.417 2.336 0.417 0.381
0.042 23.900 12 0.480 0.179 0.301 0.211 2.589 0.123 0.029 | 0.500 2.589 0.500 0.415
0.042 23.900 16 0.480 0.179 0.301 0.211 3.054 0.110 0.026 | 0.667 3.054 0.667 0.474
0.042 23.900 20 0.480 | 0.179 | 0.301 0.211 3.476 0.102 0.024 | 0.833 3.476 0.833 0.525
0.042 23.900 24 0.480 | 0.179 | 0.301 0.211 3.872 0.096 0.023 | 1.000 3.872 1.000 0.570
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APPENDIX (4)

Palestinian Standards for Treated Wastewater

Descrption Discharge to see Recahrg to Ground
mg/I (500)m Water by Infiltration
BOD: 60 40
COD 200 150

DO >1 >1
TDS - 1500
TSS 60 50

pH 6-9 6-9

Color (PCU) - -
Fat Oil & Grease 10 0
Phenol 1 0.002
DETERGENTS 25 5)
Nos (N) 25 15
NH, (N) 5 10
Organic N 10 10
PO, (P) 5 15

CL - 600
SOy 1000 1000

Na - 230
Mg - 150

Ca - 400

Al 5 1

Ar 0.05 0.05

Cu 0.2 0.2

Fe 2 2
Mn 0.2 0.2

Ni 0.2 0.2

Pb 0.1 0.1
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Descrption

Discharge to see

Recahrg to Ground

mg/I (500)m Water by Infiltration

Se 0.02 0.02

Cd 0.01 0.01
Zn 5 5

CN 0.1 0.1

Cr 0.5 0.05

Hg 0.001 0.001

Co 1 0.05
B 2 1

FC /100ml 50000 1000
Pathoens - -
Amoebo & Gardia - -
) g <1
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