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USAID Water Reuse and Environmental Conservation Project
Russeifah Site (Areas 1 and 2) Design Report

1 Introduction

The USAID Water Reuse and Environmental Conservation Project works throughout Jordan
in institutional capacity building, pollution prevention for industries, solid waste and
wastewater management, and water reuse. The project goal is to protect and conserve
scarce resources through regulation, education, and coordination with industry, local
communities and the private sector. The project is implemented by AECOM and a team of
international and Jordanian partner firms. This five-year project has four primary tasks:

Task 1 — Institutional and Regulatory Strengthening

Task 2 — Pollution Prevention and Industrial Water Management

Task 3 — Disposal sites Rehabilitation and Feasibility Studies

Task 4 — Water Reuse for Community Livelihood Enhancement , including biosolids

As part of Task 3, this Design Report for the Remediation of Russeifah Areas 1 and 2 has
been prepared. This Design Report succeeds the Feasibility Assessment (FA) submitted by
the USAID Water Reuse and Environmental Conservation Project (WRECP) in January 2012
and presents the Remediation Design for the Russeifah Site Areas 1 and 2. This submittal is
to be read alongside a set of drawings entitled Russeifah Area 1 (Landfill) and Area 2 (Pit)
Remediation Design Drawings, consisting of drawings 1 through 38. This Design Report
addresses and outlines the technical requirements of the remediation project and
demonstrates that the remedies designed meet the remedial goals for the remediation
project.

In the early 1980s, Area 1 was a large open pit left behind after phosphate mining. Area 1
(Landfill) was first used for solid waste disposal by the Greater Amman Municipality (GAM) in
1986. This area was later referred to as the Russeifah Landfill. The landfill, considered one of
the largest landfills in Jordan, sits on approximately 800 donum and served Amman, Zarga,
Russeifah and other adjacent cities, receiving about 2,100 metric tons/day of solid waste until
final waste acceptance in 2003. In addition, from 1986 through 1994 the southwest portion of
the landfill was used by GAM for liquid waste disposal (RSS, 1995). Prior to the closure of
the solid waste landfill, Jordan Biogas Company (JBC) had established the Russeifah Biogas
Plant (RBP) in 1998. The RBP included an organic waste digestion unit, a landfill gas (LFG)
collection system and an electrical generation facility.

Area 2 (Pit), also the result of open pit mining, has been used for Construction and
Demolition (C&D) waste disposal by GAM since April 2010 and will continue to be used as
such until it reaches full capacity. Approximately 377,000 m* of C&D have been disposed of
and the site has an estimated remaining capacity of 5,670,000 m ® as of 10/10/2011.

1.1 Site Issues

1.1.1 Areal (Landfill)

Area 1 (Russeifah Landfill) received large amounts of waste from the Amman and Zarqa
areas for 17 years but was never designed or constructed as an engineered sanitary landfill.
It is comprised of a large partially covered landfill with a partially operational landfill gas
collection system, limited site drainage controls and intermittent landfill fires. There is no
bottom liner and no leachate collection system. Furthermore, the groundwater level in the
area of the landfill is considered shallow (30 to 50 m) below local ground level. Since the
depth of the landfill waste is 10 to 25 meters, the waste is in close proximity to the top of the
groundwater. The geologic layer immediately beneath the waste mass is relatively
permeable and contains an aquifer which is used as a primary source of potable water in the
kingdom.
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The landfill perimeter is generally uncontrolled with access to foot traffic at almost any point.
In many areas only fence posts are present; however, many are broken. Access to the site
is somewhat controlled by a gated entrance to the Landfill Biogas Plant. The onsite access
road is poorly maintained and there is evidence that illegal dumping of waste (consisting
mainly of C&D debris) continues to occur.

In addition, there was little to no waste compaction and only a rudimentary final cover was
installed, thus leading to a considerable amount of differential settlement with cracks and
fissures randomly crossing the landfill. This allows LFG to escape and allows air to penetrate
the waste, thus increasing the potential for landfill fires. As recently as May, 2014 there was
evidence of subsurface waste combustion occurring in various parts of Area 1. There is also
significant evidence of stormwater infiltrating into the waste mass due to the absence of a
stormwater management system, further exacerbating landfill settlement.

The current LFG management system at the site is not considered efficient as the site is not
considered properly capped, which allows air infiltration into the waste mass. Since LFG
collection pipes are lying directly on the landfill cap, they follow the undulations caused by
the differential settlement. Since condensate collects in the low points of LFG collection
pipes, the efficiency of the LFG collection system is further reduced by the need to manually
drain condensate from the collection pipes. The indiscriminate, illegal dumping that
continues to occur onsite is burying and damaging portions of the above grade LFG
collection system, decreasing its efficiency and increasing its cost of operation. In addition,
the blower which pulls the LFG through the wells and pipes, also subjects the waste mass to
a partial vacuum which in turn pulls air into the landfill through the cracks and fissures in the
final cover. The presence of air in the landfill slows down methane production and increases
the risk of spontaneous combustion landfill fires.

An additional significant issue specific to Area 1 is that although the landfill is not lined, there
may be areas or pockets of “perched” leachate accumulating under the waste. If, upon
implementation of remedial activities such areas are found, the leachate should be pumped
out to reduce the potential for contamination of the groundwater aquifer.

1.1.2 Area?2 (Pit)

Area 2 (Pit) is located immediately adjacent to and east of Area 1. It is a large excavation left
behind after phosphate mining. Area 2 poses no significant threat to the environment.
However, is considered to be unsafe if left unattended as it contains steep slopes and cliffs
along its sides.

While the upper portion of Area 2 (Pit) is accessible from the Amman-Zarga Highway, there
is no access road leading to the base of the pit. C&D waste is currently dumped from the top
of an unprotected steep working face, which is 15 to 20 meters high, into the open pit. There
is no formal curb or tire stops at the top of the working face, and trucks have been observed
to place their rear tires very close to the edge prior to tipping their loads. Because the waste
is placed in a continuous deep lift with no compaction, a slip plane failure at the top of the
working face seems to be inevitable. As is the case with Area 1, the perimeter of Area 2 is
generally uncontrolled with access to foot traffic at almost any point, and the little fencing in
existence is in need of serious repair or replacement.

Furthermore, the current site waste acceptance criteria is not clear. It was observed that
Kamkha liquid waste and other potentially unacceptable waste materials are disposed of at
the site. Additionally, since GAM appears to have plans to fully fill the pit with C&D waste; the
issue of allowing for a portion of the pit to be dedicated for a retention pond (an option for
managing onsite drainage) must be coordinated with GAM.
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1.2 Authorization

This report is prepared as a sub-task of the USAID Jordan WRECP to provide consulting
engineering services to the Government of Jordan (GoJ) at specific targets consistent with
USAID's Strategic Objective to achieve “Enhanced Integrated Water Resources
Management”.

Work on the Project is authorized under Order Number 4 in accordance with USAID Contract
Number EDH-I-00-08-00024-00 FOR Global Architect-Engineering Infrastructure Services,
as issued to AECOM Technology Corporation (AECOM).

1.3 Purpose of Submittal

The proposed Russeifah Areas 1 and 2 site remediation was prepared in general accordance
with the U.S. Environmental Protection Agency (USEPA) Subtitle D requirements for solid
waste landfills.

The purpose of this Design Report is to:

e Provide a description of the current site conditions;

e Present a discussion of the Remedial Design strategies for Russeifah Area 1
(Landfill) and Russeifah Area 2 (Pit);

¢ Identify the design criteria for the Remediation Design; and,

e Present design analyses and evaluations, in addition to drawings illustrating the
components of the Remediation Design.
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2 Remedial Design Strategy

This Design Report for Russeifah landfill final closure (Area 1) and the construction and
demolition landfill at the Russeifah pit (Area 2) is submitted to USAID and GoJ and
addresses the following components:

e Access control for the site;

¢ Re-grading of the landfill site to correct settled areas and to allow surface water
drainage for Russeifah landfill (Area 1);

Final cap and storm water management system for Russeifah landfill (Area 1 and 2);
Landfill Gas Management System for Russeifah landfill (Area 1);

Liner Design and Leachate System for Russeifah new C&D landfill (Area 2);

Cost Estimates; and,

Supplementary Studies.

This remediation design was prepared in general accordance with the USEPA Subtitle D
requirements for solid waste landfills. The design strategy is based on achieving the following
objectives:

¢ Reduce the amount of infiltration of stormwater through the landfilled waste in
Russeifah landfill (Area 1) by
a) Re-shaping the currently random landfill surface into a surface that will drain water
away from the waste
b) Capping the landfill surface with an evapotranspiration (ET) cover, and
¢) Installing a surface water management system consisting of open channels,
chutes, culverts, and a lagoon.
¢ Minimize potential landfill fires and control LFG migration by installing additional
landfill gas wells and collection pipes in capped Area 1.
e Contain leachate produced in the unfilled areas of the Russeifah C&D pit (Area 2) by
installing a liner and leachate collection system.
o Reduce the amount of infiltration of stormwater through the C&D landfill (Area 2) by
capping the landfill surface with an ET cover, and by installing a surface water
management system consisting of open channels, chutes, culverts, and a lagoon.
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3 Access Control

There are currently minimal access restrictions at the site. A gated entrance to the Landfill
Biogas Plant controls vehicle access to the plant from the adjacent public road. There are
fence posts in some areas of the facility, but many are broken.

3.1 Access Controls
Access controls that will be implemented to eliminate unauthorized access to the facility will
consist of perimeter fencing and signage.

Administrative measures will consist of the education of authorized personnel on site-specific
security and health and safety concerns. Furthermore, a health and safety plan must be
developed by the site operators.

3.2 Security and Fencing

Access to the site will be controlled by installing a boundary wall surrounding the entire site
with a security gate to be closed and locked when the landfill is not operating in order to
prevent the entry of unauthorized people and livestock. Details of the boundary wall and
security gate can be seen on Drawing 23. For the C&D landfill, a proper office which cannot
be bypassed (i.e. perimeter control fencing, walls, gates, etc. are also required) is to be built
at the entrance, and waste entering is to be assessed by the staff and records maintained.
Additional fencing may need to be placed around the blower/flare system and the
segregation pad in order to restrict access and reduce potential vandalism. Regular
inspection of boundary walls, gate(s) and fencing must be conducted and damage
immediately repaired.

An adequate number of well-trained staff must be available onsite when the facility is open
and the entrance shall be closed and locked during non-operation hours.

3.3 Signage

A sign must be permanently posted at the site entrance stating the name and purpose of the
facility as well as the contact information for the responsible Owner/Operator. The sign must
also include the hours of operation and a list of wastes not allowed to be received or handled
in the facility.

Appropriate signage should also be placed around the C&D landfill perimeter, stating the
following:

e Unlawful entry and unauthorized scavenging are prohibited;

e The appropriate locations at which specified waste may be deposited and any
requirements as to the deposition of such waste;

e The waste which is permitted to be deposited at the C&D landfill facility and that
which may not be deposited; and,

¢ No smoking, burning or littering is allowed.

Additional guidance signage may be necessary at the segregation pad.
Following is the proposed list of prohibited waste for the C&D landfill (Area 2):

Household garbage and organic and compostable wastes;
Animal carcasses;

Waste grains and seeds;

Asbestos;

Soluble wastes (fly ash, salts...);

Bulk liquids;
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Sludge;

Batteries and PCBs (polychlorinated biphenyl);
Pesticides and pesticide containers;

Oil and used/waste oil;

Hazardous wastes;

Biomedical and infectious wastes;

Corrosive, reactive and toxic wastes;
Electronic wastes;

Industrial and special wastes; and,
Radioactive material.

10
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4 Re-grading Russeifah Landfill (Area 1)

Currently, the Russeifah landfill (Area 1) is not graded for drainage control, nor was an
engineered “Landfill Cap” installed. Coupled with inconsistent compaction efforts during
waste placement, these factors have led to a considerable amount of differential settlement.
Cracks and fissures randomly cross portions of the landfill, allowing surface water to enter
the waste mass and LFG to escape directly to the atmosphere. Thus, the first step of the
Landfill Cap design is to re-grade and re-slope the surface of the site to eliminate
depressions (settled areas) and to provide a smooth surface suitable for cover installation
that is capable of draining stormwater into a system of engineered drainage structures.

Original grading of the landfill surface is vastly irregular and random, thus making re-grading
necessary. The current topography and grading can be seen on Drawings 2, 3, 4and 5. To
prepare the landfill surface for capping, waste and topsoil will be relocated and
reconsolidated within the landfill to promote positive drainage to engineered surface water
management controls. Surficial soils will be removed within the proposed disturbance limit
and segregated for reuse. Waste will be relocated and compacted to fill depressions and to
provide the revised slope configuration/grading. The removed soil will then be placed and
graded in 30cm (maximum) lifts.

The re-grading has been designed to support and sustain efficient and controlled stormwater
runoff in addition to incorporating the access roads in such a way that their slopes are
uniform, easily traversed by landfill traffic, and of sufficient minimum slope and width to
accommodate drainage ditches. The final cover of Area 1 and the base grades of Area 2 can
be seen on Drawing 7. The re-graded site will be developed into three distinct peaks with
approximate top slopes of 5%. Side slopes have been designed to mimic natural terrain and
will be approximately 5H:1V with limited areas of 6H:1V and 4H:1V.

Four access roads have also been integrated above the final cover surface. These are
shown on the Roads Layout Plan on Drawing 11 and the profiles can be seen on Drawings
13 through 15. The access roads have been designed with a 10,000mm (10m) top width to
accommodate 2-way traffic and are sloped to adjacent drainage ditches. The access road
will consist of a 50mm (minimum) thick wearing course, underlain by a 200mm (minimum)
thick base course and a 200mm (minimum) thick sub-base course. The details of the access
roads can be seen in Detail 1 on Drawing 22.

11
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5 Final Cap and Storm Water Management System for Area 1

5.1 Design Strategy

The main purposes of the final Landfill Cap design are to provide long-term minimization or
elimination of stormwater infiltration into the waste, to reduce direct exposure to the waste, to
minimize air intrusion into the landfill, and to help minimize fugitive LFG emissions from the
landfill.

Historically, waste was randomly placed in the landfill with inconsistent compaction efforts
and with no planned final grade. As a result, the existing landfill cover is composed of
randomly graded porous materials; primarily construction waste. In addition, indiscriminate,
illegal dumping of predominantly C&D waste on top of the final cover continues to occur. The
existing limited soil cover allows both LFG to escape into the atmosphere and air to enter into
the landfill. In addition, stormwater infiltrates readily through the cover into the waste mass as
a result of the lack of engineered slopes for drainage.

After preparation of the surface grades as discussed in section 4.0, a monolithic ET cover will
be installed using the overburden soil piles from a nearby location in Russeifah referred to as
Area 6. The surface of the ET cover will then be covered with an aggregate layer for erosion
control.

The ET cover was chosen due to its proven suitability in arid and semi-arid areas, its limited
long-term maintenance requirements, as well as its economic feasibility.

5.2 Stormwater Management System

Surface water catchment areas from within the site (runoff) and from outside the site draining
into it (run-on) were identified in order to determine the volume and flow rate of surface water
that must be managed. Based on the evaluation of these catchments, all runoff has been
designed to drain into the access road ditches or berms (often identified as benches or
terraces) which will direct surface water through drop inlets (where appropriate), chutes, and
culverts and into a surface water basin at the low point on the eastern side of the facility.

The final cover benches serve the purposes of drainage and erosion control. The benches
are used to intercept the flow from side slopes constructed at slopes steeper than 5H:1V.
These benches have a width of 3m and a cross-sectional slope of 20H:1V. Perforated PVC
pipes will be located beneath the low point of the benches to intercept infiltrated water (see
Detail 1 on Drawing 29) and convey it to drainage chutes. The slope of the perforated pipes
will vary to convey the calculated runoff such that that the maximum pipe diameter does not
exceed 300mm. The perforated pipe profiles can be seen on Drawing 28. The minimum
cover over the top of the pipe is to be 250mm (0.25 m) while the maximum cover is to be
1000mm (1m).

The benches and perforated pipes will drain into concrete or grouted riprap chutes. The
chutes will discharge to a grouted riprap or concrete end section integral to the v-ditches on
the side of access roads. Drainage chute details are shown on Drawings 30 through 33.
Details of drainage ditches can be seen in Details 2 through 6 on Drawing 29.

The surface water basin will be located at the low point along the eastern side of the site and
will ultimately receive runoff from Areas 1 and 2 in addition to runoff from an outside wadi.
Based on meteorological data obtained from the years of 2001-2010, calculations for rainfall,
runoff and evaporation rates it was determined that a basin volume of 200,000m? will be
needed to manage surface water from the facility. Details of the surface water basin can be
seen on Drawing 19.

12
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A variable depth drainage ditch will be constructed around the upper edge of the basin,
which will direct runoff from adjacent slopes to engineered low points to minimize
erosion/rutting of the basin interior slopes. These ditches, along with the access road No.1
drainage channel will drain to drop inlets and reinforced concrete culverts connected to
drainage chutes along the basin crest. Culvert profiles can be seen on Drawings 24 and 25,
culvert reinforcement details can be seen on Drawing 26, and culvert details can be seen on
Drawing 27.

There are two sideslope risers: one for the Area 2 leachate collection system and one for the
surface water basin as can be seen on Drawing 7. The surface water system and the
leachate system will both pump to a truck loading station as shown in Detail 4 on Drawing
20. This is explained in more details in Section 6.2.2, “Sideslope Riser and Pump”.

5.3 Description of the ET Cover

The ET cover design is monolithic; consisting of a minimum of 1350mm (1.35m) of cover soail
on top of the existing cover soil. The design also includes a minimum layer of 150mm of
aggregate on top of the cover soil for erosion control. The slope of the final cover varies
depending on the final re-grading. Temporary termination of the cover occurs where it meets
the berms. Details of the final cover can be seen in Details 1 and 3 on Drawing 21.

The choice of using ET cover was influenced by the fact that the area is considered an arid
region and the fact that precipitation in the study area rarely exceeds 150mm/year (Amman
Airport Metrological Station). ET covers rely on the water balance components at a site;
these include: the water storage capacity in the soil, precipitation, surface runoff,
evapotranspiration and infiltration. Soil from the overburden pile in Area 6 will be used as a
means of cost saving.

13
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6 Optional Liner and Leachate Collection System for Area 2

6.1 Design Strategy

Area 2 (Pit) is currently being used as a dump site for C&D waste and will be operated going
forward as an engineered C&D landfill. Based on site surveying done by Al Mehwar Survey
Office on 10/10/2011, the remaining capacity of the Area 2 C&D Landfill is approximately
5,670,000m®. Depending upon the review and approval time-frame for this Design Report
and the extent of filling at that time, the remainder of Area 2 (Pit) may be graded and a
portion of it may be covered with a liner and equipped with a leachate system.

According to RCRA, C&D wastes are a component of solid wastes. However, C&D landfills
generally have less stringent landfill design requirements due to the inert nature of the waste
deposited and therefore have a lower likelihood of adverse impacts to the community and to
the environment. Thus, C&D landfills may be exempt from some or all of the requirements for
liners and leachate control, if the applicant demonstrates that no significant threat to the
environment will result from the exemption. However, as the groundwater aquifer is near to
the bottom of the waste level in Area 2 and as Kamkha liquid waste (and other potential
unacceptable or non-inert wastes) are currently being disposed of within Area 2, it is
recommended that a liner be installed to reduce potential groundwater contamination risks.

6.2 Description of the Liner Design and Leachate System

The liner and leachate system are to be placed at the lowest level of Area 2 (pending actual
filling status at the time of acceptance of the design and forecasted construction date) as the
rest of the area has either been filled with C&D waste or is high and will thus drain into the
lowest point.

6.2.1 Base Grades, Liner System and Pipes

The current profile and configuration of the bottom of the landfill are such that gravitational
flow is towards the low point. It is proposed that the base of the pit will be graded at a
minimum slope of 1% with leachate collection piping installed perpendicular to the main flow
line to promote rapid conveyance of collected leachate to the sump area. Drawing 7 depicts
the base grades and general layout of the site.

The proposed composite liner system will consist of a 1.5mm (60mil) HDPE geomembrane
liner and overlying 1,080g/m? nonwoven geotextile cushion placed on top of 2000mm (1m)
thick compacted low permeability soil layer with a maximum hydraulic conductivity (k) of
1x107"cm/s. Due to the arid local climate, it may be difficult to maintain optimum soil moisture
content and compacted density necessary to achieve the required hydraulic conductivity. If
that is found to be the case, a GCL (geosynthetic clay liner) may be substituted for the
1000mm thick compacted low permeability soil layer in the composite liner.

A 300mm (minimum) thick granular drainage layer with a hydraulic conductivity (k) of at least
1x10™cm/s will be installed on top of the nonwoven geotextile cushion and will be covered
by a geotextile filter. The proposed liner cross-section is depicted on Detail 1 on Drawing 20.
A composite liner anchor trench will be installed along the perimeter of the proposed liner
area as a means of securing the liner in place as indicated in Detail 2 on Drawing 20.

Two leachate collection pipes will be installed within granular drainage layer to intercept the
leachate flow and convey it rapidly to the sump location for removal (Refer to Drawing 7 for
configuration). The leachate collection pipes will be 180mm diameter perforated SDR 17 PE
(or an equivalent PVC pipe if approved by the engineer). Perforations will be drilled along the
lower half of the pipe at 60° angles from the pipe invert. The holes will be alternately
staggered and are to have a diameter of 6 or 10mm (typical values). A minimum layer of

14
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230mm of granular drainage material must cover the crest of the collection pipes as indicated
on Detail 1 of Drawing 20.

6.2.2 Sideslope Riser and Pump

There are two sideslope riser systems proposed: one for Area 2 leachate management and
one for the surface water basin, as can be seen on Drawing 7. A submersible pump within
the riser in the surface water system and the leachate system will pump to truck loading
station as shown in Detail 4 on Drawing 20.

Within Area 2, the two perforated leachate collection pipes will terminate at the low point of
the leachate collection system at a sump with a slideslope riser. The sump will be lined with
additional non-woven geotextile and filled with 40mm gravel. A perforated 630mm diameter
PE pipe (12mm perforations, 150mm on-centers in rows 150mm apart) section will be
installed within the sump area to house the submersible pump and will be connected to the
solid 630mm diameter riser pipe. A submersible pump (EPG model WSDPT 15-7 or an
equivalent) and discharge piping is lowered through the solid riser into the perforated sump
section by support cables. It is anticipated that the pump will operate at about 246 Liters per
minute (65 gallons per minute) and 49 meters (160 feet) of total dynamic head. A copy of the
pump curve is provided in Appendix A of this Report. The sideslope riser will terminate at its
upper end with a blind flange with a stainless steel back up ring approximately 600mm above
ground level. The pump discharge for the leachate collection system will be connected
through the riser termination to the truck loadout and to a 63mm diameter PE pipe placed
inside a 160mm PE pipe (i.er. dual-containment forcemain) which will discharge to a leachate
holding tank. The surface water basin discharge pump will only be connected to a truck
loading station. Details of the sideslope riser can be seen in Detail 3 on Drawing 19 while
the details of the storage tank can be seen in Detail 3 on Drawing 36.
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7 Final Cap System for Area 2

A monolithic ET cover equivalent to the Area 1 ET cover discussed above will be also be
installed over the Area 2 C&D landfill using the overburden soil piles from a nearby location
in Russeifah referred to as Area 6. The surface of the ET cover will then be covered with an
aggregate layer for erosion control. The ET cover was chosen due to its proven suitability in
arid and semi-arid areas, its limited long-term maintenance requirements, as well as its
economic feasibility.
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8 Landfill Gas Management System

8.1 Design Strategy

The LFG Management System at the Russeifah Landfill (Area 1) site has been designed to
control the release of LFG to the atmosphere onsite and to prevent the migration of LFG
away from the site. The LFG extracted and collected will be flared as a backup disposal
measure while a connection will also be provided to transfer LFG to JBC as the primary
means of disposal. The LFG management system is designed in accordance with USEPA,
Subtitle D specifications.

The proposed LFG management system will consist of approximately 222 vertical extraction
wells, condensate collection and handling facilities, a blower to draw the LFG from the wells
and a flare to reduce atmospheric emissions. There is an existing LFG system in place over
a portion of Area 1; however, not all of the LFG wells are currently producing gas. Only
about one third of the existing wells are active and the rest have been closed because the
methane content was too low to produce electricity. There are anecdotal reports that waste in
the north half of Area 1 was burned, reducing its residual organic content. Proper measures
will be undertaken for the abandonment of existing LFG wells which cannot be incorporated
into the final LFG collection system.

As described previously, uneven settlement in Area 1 has also limited the effectiveness of
LFG laterals and header piping as condensate collects in low points within the system and
must be periodically manually drained. Therefore, we anticipate that the existing LFG piping
and condensate drains will be replaced with trenched piping and self-draining condensate
traps as shown on the accompanying Drawings.

The design strategy undertaken was to design a new LFG management system to be
installed and to abandon the majority of the current system. This strategy was adopted due
to the following reasons:

. It is too costly to conduct reliability tests for the existing wells and most are expected
to fail;
o The existing landfill soil cover is not representative of a true landfill closure cap nor

was it properly graded for drainage control when it was installed. Cracks and fissures
randomly cross portions of the landfill thus allowing LFG to emit directly into the
atmosphere;

. Since the LFG secondary (laterals) and main collection pipes lie directly on the landfill
cover soil, they follow the undulations in the improperly graded topography and
resultant grades from uneven differential settlement;

. The efficiency of the LFG collection system is further reduced by condensate
collecting in the low points of the pipes and the need for it to be manually drained;

. The waste mass is subjected to a partial vacuum by the blower which pulls the LFG
through the wells and pipes. This vacuum currently pulls air into the landfill through
the cracks and fissures which slows down the anaerobic process producing methane
and also increases the risk of spontaneous combustion landfill fires.

Given the above limitations, however, we recommend that close coordination with JBC occur

prior to and during construction of the proposed LFG collection system to determine whether
any of the existing LFG wells can be incorporated into the final LFG collection system.
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8.2 LFG Management System Description

8.2.1LFG Generation

There was an estimated 12 million tons of waste placed at the site during its 17 years of
operation and the depth of the buried waste varies from 10 to 25m. The classification of the
solid waste dumped is as follows: 56% organic, 16% paper and paper board, 13% plastic,
7% glass, 5% metal and 3% other (UNFCCC Report, 2006).

The annual future potential of the landfill to generate LFG was calculated using the EPA
landfill gas modeling equation presented in the USEPA Landfill Gas Emissions Model
(LandGEM). The equation is as follows:

n
QT = z 2kL,M ie Kt
i=1

For the Russeifah Landfill, the following inputs were used in the equation:

Mi= Mass of waste accepted at the site in the i year, estimated (based on the population
of Amman) as ranging from about 457,000 tons of municipal solid waste in 1986 to
about 878,200 tons in 2003 (total waste in site approximatelyl2 million tons)

Site specific values of k and Lo were estimated based on local annual precipitation, using
methodology developed by SWANA (the Solid Waste Association of North America). The
resulting values are:

k= Site specific LFG Collection (methane generation rate) = 0.024yr*
L,= Site specific LFG Collection (methane generation potential) = 84 m? per Mg

The above data were used to run the USEPA LandGEM model. The results are included
within Appendix B of this Report.

8.2.2 Existing LFG Well Abandonment
As mentioned previously above, the existing LFG wells will be abandoned. This will generally
be accomplished as follows:

o A 2000mm (2m) pit will be excavated at the existing LFG well and the LFG pipe will
be cut 2000mm (2m) below the existing grade;

o Then a friction fit PVC-U cap will be placed on the LFG well pipe;

o The existing LFG well head and well pipe will then be removed and a filter geotextile
of 270g/m? placed along the bottom of the pit;

o The pit will then be backfilled with excavated soil compacted in 300mm (maximum)
lifts;

o Compacted soil will be mounded above the existing grade.

Details of existing LFG well abandonment can be seen in Detail 2 on Drawing 37.

8.2.3 Vertical Gas Wells and Gas Collection Pipes

The layout and density of the vertical gas wells has been designed for efficient extraction and
transmission of landfill gas from all portions of the landfill. The layout configuration employed
has approximately 41m of equilateral spacing between wells such that their zones of
influence overlap. The well spacing is based on “typical” North American municipal solid
waste industry LFG well spacing of about 2.5 wells per hectare. The radius of influence used
for the design is around 25m. The complete layout of the gas wells can be seen on Drawing
10. The LFG well design data can be found in Appendix B whereas the gas distribution
network analysis can be found in Appendix C.
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The minimum LFG well borehole diameter will be 2000mm (1m) and the pipe casing for the
wells will have a diameter of 225mm (0.225m). 222 vertical gas wells are proposed of which
31 wells are designated as “uphill” landfill gas wells. These uphill wells require an uphill LFG
well connection as indicated on Detail 2 of Drawing 34. The well depth varies but falls within
the range of 21-30m with most wells having a depth of 30m. Wells are drilled to maximum
depth of 3000mm (3m) above the landfill base. Detailed LFG well design data can be found
on Drawing 35. The wellheads are equipped with quick change orifice plate assemblies and
a precision control valves as can be seen in Detail 4 on Drawing 36.

The LFG laterals and header piping will be installed within a compacted backfill layer with a
minimum of 150mm of compacted backfill above and below each pipe. This provides
structural support to the pipe. A minimum 600mm (0.6m) thick layer of general backfill with
an embedded utility identification tape will be installed above the compacted backfill, followed
by the final cover soil.

All LFG pipes shall be PE 100 polyethylene, standard dimension ratio 17 (SDR 17) unless
noted otherwise; the minimum bend radius for these shall be 27 times that of the pipe’s outer
diameter or 100 times that of the pipe’s outer diameter when fittings fall on the bend. The
minimum lateral pipe size shall have a minimum nominal diameter of 160mm while the
minimum nominal diameter of the header pipes will be 315mm. The contractor shall ensure
that the LFG pipe slope is maximized while pipe depth is minimized. The minimum LFG pipe
slope placed above waste shall be 2%.

Changes in horizontal and vertical alignment of PE LFG pipes shall be accomplished by
taking advantage of the flexural properties of the PE pipes whenever possible. The PE pipes
shall be installed in accordance with the pipe manufacturer’'s recommendations.

The LFG header pipe system will facilitate efficient LFG control by employing a looped piping
system to provide an even distribution of blower vacuum to the vertical extraction wells. All
LFG header pipes are designed with positive gravity flow to the condensate knockouts. LFG
header valves will be distributed along the system as indicated on Drawing 10 and in Detail 4
on Drawing 36; these are to be butterfly valves or an equivalent. Where required, LFG
header casing will be either Corrugated Metal Pipe Casing (CMP) or Reinforced Concrete
Pipe Casing (RCP) and the casing pipe inside diameter shall be a minimum of 100 mm larger
than the LFG pipe outside diameter. The details can be more clearly seen in Detail 5 on
Drawing 36.

Gas conveyance piping was designed to the appropriate minimum diameter that will convey
flow at no greater than the selected maximum velocities for concurrent and countercurrent
flow. Based on experience, the following maximum LFG flow velocities were used: 5m/s
when LFG and condensate flow in opposite directions (counter-current flow) and 10m/s when
LFG and condensate flow in the same direction (concurrent flow).

8.2.4 LFG Gas Condensate Management

Based on assumed temperature, the amount of condensate generated was calculated to be
a total of approximately 6,540L/d. The LFG system piping will be sloped at a minimum of 2%
to convey condensate to engineered low points in the system. To handle condensate
production, five condensate knockouts have been designed along the perimeter of the
header pipe system; these are depicted as black triangles on Drawing 10. The condensate
knockouts are vertically oriented with a diameter of 1200mm (1.2m) SDR 32.5 PE single-
walled pipe. The PE knockout shall be rated at a minimum of 28kPa vacuum for test periods
of not less than 24 hours and it shall be pressure tested at 14kPa pressure for one hour in
conjunction with the header pipe. Detail 1 on Drawing 36 shows a detail of a condensate
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knockout. Near the bottom of the knockout about 200mm above the base, is a 110mm
diameter SDR 17 PE condensate pipe connected to a condensate drain.

There are five condensate storage tanks; one at each condensate knockout. The condensate
drains will be connected to the condensate holding tanks via 110mm SDR 17 PE pipes. In
addition to the condensate, one of the tanks will receive the leachate pumped from the
leachate riser of Area 2. Tanks will be installed underground with at least 2000mm (1m) of
native soil cover over the crest as well as the final cover. Tanks are designed to be double-
walled steel construction in accordance to the STI Act 100 specifications or other similar
specifications. They are designed to operate under earth loads and at elevations below the
grade shown on Drawing 36 with a minimum of 150% safety factor. All the pipe connections
on the tanks shall be flanged and piping shall be PE unless otherwise noted. Exposed
metallic piping and metallic piping in the tanks shall be primed and coal tar epoxy painted.
The details of the design of a condensate holding tank can be seen in Detail 3 on Drawing
36. Condensate holding tanks are to be emptied by manual pumping through a suction pipe
via a vacuum truck. The specified tanks are 37,850 liters (10,000 gallons) each, making the
actual storage capacity approximately 29 days based on anticipated condensate production.

8.2.5 New Blower and Flare System

The extracted LFG will be transferred via pipes to the proposed blower/Flare station which is
to be located southwest of the site as can be seen on Drawing 10. The details of the station
can be seen in Detail 1 on Drawing 37.

The enclosed flare stack will rest on a concrete foundation and will have a height of
approximately 15,250mm (15.25m). The system will include a flame arrester, a condensate
drain port and a gas flow meter between the blower and flare to measure the flow rate.

The operational vacuum is to be a minimum of 0.254m (10 inches) of water column at each
well. The blower capacity is to be 141.6m*min at a total differential pressure of 1.143 of
water column. The blower differential pressure calculation is the sum of the required
minimum vacuum at each well, the pressure losses in the LFG piping and pressure losses
through the flare and a dirty flame arrestor, in addition to an extra 0.127m in water column to
be conservative. This adds up to the minimum approximate blower vacuum of 1.016m (40
inches) of water column.

8.2.6 LFG Monitoring System

The LFG monitoring system will consist of five gas probes installed around the site perimeter.
These gas monitoring probes will allow measurement of the gas concentrations at regular
intervals. They are to have a minimum diameter of 200mm and all pipe connections are to be
threaded. A minimum of 3000mm (3m) of the 32mm diameter PN16 PVC-U is to be
perforated with holes of 5mm diameter. The borehole depths will vary and must be field
verified prior to drilling. Details of the gas monitoring probes can be seen in Detail 2 on
Drawing 38.
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9 Cost Estimates

Cost estimates were conducted for the various components of each of the two areas as is
briefly discussed next. The detailed and exact cost estimates can be found in Appendix D.

9.1 Cost Estimates for Area 1 (Landfill) Rehabilitation
The cost estimate for Area 1 (Landfill) rehabilitation constitutes of the following components:

e Mobilization/Demobilization

e Site Preparation; this includes site clearing, electrical access and the construction of
access roads as needed

e Final Cover Construction; this includes site re-grading, and fill material in addition to
the cover material and soll

e Surface Water Management System; this includes the surface water basin and
drainage system including their components

e Gas Management System; this includes all gas wells, pipes, blower and flare and
additional required equipment

¢ A Boundary Wall, Security Gate and Guard Posts

The overall estimated cost for the landfill closure and rehabilitation of Area 1 (Landfill) adds
up to a total of $21,534,633.

9.2 Cost Estimates for Area 2 (Pit) Rehabilitation
The cost estimate for Area 2 (Pit) construction constitutes of the following components:

e Mobilization/Demobilization

e Site Preparation; this includes site clearing, electrical access and the construction of
access roads as needed

e Liner Construction; this is either clay or HDPE depending on availability

e Leachate Management System; this includes the granular drainage layer, leachate
storage tanks, pumps and controls, storage tanks and the riser pipe

¢ Final Cover Construction; this includes the gravel material and cover soil which will be
obtained from the neighboring overburden pile

e Surface Water Management System; this includes the relevant excavations, drainage
structures, riprap and relevant materials

e A Boundary Wall and Safety Barrier

The overall estimated cost for the construction of a proper C&D landfill in Area 2 (Pit) adds
up to a total of $3,714,805.

21



USAID Water Reuse and Environmental Conservation Project
Russeifah Site (Areas 1 and 2) Design Report

10 Supplementary Studies

10.1 Geotechnical Investigation

A geotechnical investigation was conducted at the site by ACES, a specialized geotechnical
firm in Jordan, in order to provide sufficient geotechnical parameters for the design and
construction of the proposed project. The purpose of the geotechnical investigation was to
determine the subsurface conditions at Areas 1 and 2 in addition to determining the physical
and chemical properties of the ground materials.

More specifically, the investigation in Areas 1 and 2 aimed firstly to verify through in-situ
exploration the soil-rock strata, water table elevation in the boreholes and quality of available
water for the project site and secondly, to identify any groundwater table or any liquid present
in Areas 1 and 2 and to identify the depth of waste at the desired location. The study can be
found in Appendix E. Figure 10.1 displays the general location of boreholes in the relevant
areas while Figure 10.2 presents the geological map of the site.

1".

Figure 10.1: General location of boreholes in Areas 1 and 2
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Figure 10.2: Geological map of the site

10.1.1 Field Exploration and Laboratory Testing

As can be seen in Figure 10.1 above, six boreholes were drilled at the location of Areas 1
and 2 between 7 October and 29 October 2013 at depths ranging from 18.5m to 39m below
the existing ground surface. Additionally, five monitoring wells, also seen in Figure 10.1
above, were drilled at the site between 24 August and 25 November 2013 at depths ranging
from 60m to 78m below the existing ground surface. The following tables, 10.1 and 10.2,
show the details of the boreholes and monitoring wells respectively.

Table 10.1: Boreholes Details

Borehole No. Elevation (m) Qoordmates , Depth (m)
Northing Easting
BH-01 665 32.00121 36.05566 20
BH-02 662.5 32.00224 36.05395 18.5
BH-03 667.5 32.001 36.05367 18.5
BH-04 645.7 32.00865 36.04912 26
BH-05 641.2 32.0077 36.04867 39
BH-06 644.0 32.0065 36.04752 37
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Table 10.2: Monitoring Wells Details

M\?Vnitoring Elevation (m) (?oordinates _ Depth (m)
ell No. Northing Easting
MW 1 646.5 32.00962 36.04787 60
MW 2 645.0 32.00965 36.0494 60.5
MW3 646.25 32.01066 36.05249 71
MwW4 663 32.00089 36.05201 78
MW5 659 32.00034 36.06032 71

Disturbed but representative samples were obtained from the drilled boreholes at regular
intervals in the fill and alluvial deposits (granular soils) using the split spoon samplers with
open driving shoe. Standard Penetration Tests (SPT) were performed in accordance with BS
1377: 90: Part 9, Clause 3.3. Percussion drilling techniques (using tricone rock bit) were
used at intervals where neither SPTs nor undisturbed sampling were carried out. Disturbed
samples were obtained during this process. Details can be found in Appendix E.

10.1.2 Laboratory Testing

Laboratory tests were performed on the recovered samples in order to identify the physical,
mechanical and chemical properties of the encountered materials. The following laboratory
tests were performed on selected samples:

1. Classification and index tests: moisture content, specific gravity, bulk density, and particle
size distribution.

2. Strength tests: uniaxial compressive strength, point load strength and direct shear.

3. Chemical tests: pH, sulfate, chloride and carbonates organic matter

Tests were performed according to the relevant American Society for Testing and Materials
(ASTM) Standards and/or British Standards (BS). Table 10.3 presents the tests and the
applicable corresponding standards while Table 10.4 presents the results.

Table 10.3: Laboratory Tests and Corresponding Standards

No. | Test | Standard Number | Title of Standard
1 Classification and Index Tests
. Standard Test Method for Laboratory
Moisture

1.1 D 2216-05 Determination of Water (Moisture) Content of
Content .
Soil and Rock by Mass

Standard Test Method for

1.2 | Particle Size D 422-63 (2007) Particle-Size Analysis of Soils

Standard Test Methods for Specific Gravity of

1.3 Specific Gravity | D 854-06 Soil Solids by Water Pycnometer

Standard Test Method for Laboratory
1.4 Bulk Density D 7263-09 Determination of Density (Unit Weight) of Soll
Specimens

2 Strength Test

Standard Test Method for Direct Shear Test of

21 Direct Shear D 3080-04 Soils under Consolidated Drained Conditions
3 Chemical Tests
3.1 pH Value Eirtlgfélause 9, 1990 Determination of the pH value
3.9 Sulfate Content BS 1377: Determination of the Sulfate Content of Soil
Part 3, Clause 5, 1990 and Groundwater
33 Chloride BS 1377: Determination of Acid-Soluble Chloride
) Content Part 3, Clause 7.3, 1990 | Content
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Table 10.4: Area 1 and 2 Laboratory Test Results

BH- Depth M.C. Atterberg Limits Grain Size Distribution
No. (m) (%) | LL(%) | PL(%) | PI(%) | G(%) | S(%) | M(%) | C(%)
BH-01 15-16.5 8.04 34.3 20.1 14.2 26.6 44.0 19.3 10.1
18-19.5 35.0 20.9 14.1 26.2 49.4 16.3 8.1
BH-02 15.0 16.62 31.6 35.8 22.1 10.5
18.0 18.35 38.4 31.2 18.0 12.4
12-13.5 7.92 43.1 43.4 9.2 4.4
BH-03 | 15-16.5 | 12.36 19.2 45.4 22.5 12.8
18.0 14.22 40.2 21.1 191 25.4 33.3 - -
BH-04 9.0-10.5 | 9.34 38.5 19.5 19.1 21.6 50 19.3 9.2
18-19.5 4.50 2.8 94.9 2.0 0.3
7.5-9.0 9.83 0.0 56.6 26.7 16.8
BH-05 36.0 27.15 30.1 54.4 - -
37.5 19.82 56.0 38.4 4.5 1.1
BH-06 1.5-3.0 | 18.46 24.8 23.5 1.3 0.5 61.7 26.3 115
10.5-12 2.19 0.1 73.5 23 34
36.0 10.47 28.1 52
28-30 3.45 0.2 88.6 9.7 1.4
MW1 43-45 3.51 0.0 71.3 20.0 8.7
53-55 26.09 0.0 63.4 25.5 111
0.0-5.0 2.27 34.9 17.5 17.4 14.3 60.8 19.9 5.0
MW3 9.0-12 5.18 34.3 20.5 13.8 9.7 78.6 9.8 1.6
18-20 9.74 37.2 20.8 16.4 1.7 68.1 22.4 7.9
40-43 35.49 0.0 69.8 26.3 3.9

10.1.3 Subsurface Conditions: Ground Materials

The geological description of the ground materials at the site and the approximate average
depths at which they were encountered in the boreholes are presented in the logs of the
boreholes in the appendices of Appendix E and are as follows (presented in order
encountered):

Fill Materials (Gravel and Cobbles)
Fill Materials (Sand Size)

Fill Materials (Mixture)

Fill Materials (Silty Clay)

Fill Materials (Silty Clay Mixture)
Fill Materials (Chalky Marl)
Garbage Materials

Alluvial Deposits

. Intercalated Materials

10. Chalky Marlstone

11. Chalky Limestone

©CoNOOrLWNE

10.1.4 Hydrogeology/ Groundwater

The project area falls within the Amman-Zarga Groundwater Basin which is one of the most
renewable groundwater basins in Jordan. Its extent is large and continuous with a relatively
high permeability. It constitutes of two main aquifers: the Amman/Wadi Sir formation (known
as the Upper Aquifer) and the Hummar formation (known as the Lower Aquifer).

The waste in the unlined landfill of study Area 1 sits approximately 20 to 30 m above the

groundwater table. The geologic layers under the waste are relatively permeable thus
allowing leachate from the waste to readily seep into the groundwater.
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The National Water Master Plan estimated the safe yield of the basin to be in the range of
60-70 MCM/year. The static water levels recorded in 2006 at various groundwater wells near
the Russeifah landfill site were found to range between 30 and 60 m (El-Naga et al., 2006).
Recent static water level data was obtained from the Water Authority of Jordan (WAJ,2010)
for the Amman-Zarga basin and found to range from 30 to 50 m.

10.1.5 Groundwater Monitoring and Chemical Testing

Standpipe piezometers were installed at the five monitoring wells locations (MW1 through
MWS5). Further details on groundwater monitoring can be found in Appendix E. Chemical

tests were conducted for the groundwater; the results are presented in Table 10.5 below.

Table 10.5: Groundwater Chemical Tests Results

Parameter | Test Method Unit MW1 MwW2 MW3 Mw4 MW5
pH SM 4500 - H+B 8.09 7.88 8.19 8.06 8.11
EC SM 2510B uS/cm 1398 1374 1433 1461 1441

TDS SM 2540C mg/L 822 803 835 948 942
COD SM 5220B mg/L 245 233 262 1045 1033
NH3-N ISE mg/L 0.20 0.20 0.20 <0.20 <0.20
Nitrite Nitrite (NO2) mg/L 1.50 1.49 1.50 2.92 2.81
Nitrate SM 4110B mg/L 12.10 11.90 12.30 154.5 152.7
T-lron SM 4110B mg/L 41.3 39.10 46.30 0.74 0.83
TOC CHO-TOC mg/L 2.80 2.93 2.76 1.07 1.16
CL- SM 4110B mg/L 266.1 266.5 264.70 312.6 315.4
Hg AAS-HG mg/L <0.001 | <0.001 <0.001 <0.001 <0.001
Sh SM 3113B mg/L <0.001 | <0.005 <0.005 <0.005 <0.005
As SM 3120B mg/L <0.01 <0.01 <0.01 <0.01 <0.01
Ba ICP-AES mg/L 0.220 0.220 0.210 0.284 0.259
Be SM 3113B mg/L <0.10 <0.10 <0.10 <0.10 <0.10
Cd SM 3113B mg/L 0.051 0.048 0.058 0.001 0.004
Cr SM 3113B mg/L 0.06 <0.010 0.319 0.017 0.02
Co SM 3113B mg/L <0.02 <0.02 <0.02 <0.02 <0.02
Cu SM 3113B mg/L 0.22 0.21 0.25 <0.05 <0.05
Pb SM 3113B mg/L 0.018 0.018 0.020 <0.005 <0.005
Ni SM 3113B mg/L 0.07 <0.01 0.30 0.02 0.03
Se SM 3120B mg/L <0.01 <0.01 <0.01 <0.01 <0.01
Ag SM 3111B mg/L <0.10 <0.10 <0.10 <0.10 <0.10
Ti SM 3120B mg/L <0.01 <0.01 <0.01 <0.1 <0.1
V SM 3113B mg/L 0.531 0.434 0.620 <0.1 <0.10
Zn SM 3111B mg/L 0.88 0.72 0.96 0.06 0.09

10.1.6 Groundwater Levels and Cavities

Groundwater was encountered at depths ranging from 35m to 68.41m below the ground
surface. The groundwater level varied as indicated in Table 10.6 below. No cavities were
encountered during drilling.
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Table 10.6: Groundwater Levels

Date Piezometer Water Depth (m)
MW1 MW2 MW3 MW4 MW5
08/09/2013 53.50
15/09/2013 53.55
22/09/2013 53.71
29/09/2013 53.88
07/10/2013 54.10
23/10/2013 52.50 54.47
27/10/2013 52.64 54.60
03/11/2013 52.67 54.63
10/11/2013 52.69 54.62
20/11/2013 52.75 52.08 54.60
26/11/2013 52.66 52.05 54.55 68.80 66.00
04/12/2013 52.35 52.10 54.17 68.41 65.85
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APPENDIX A: PUMP CURVE

SarePump™ Horizontal & Vertical Sump Drainers

SERIES 15 SurePump™
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APPENDIX B: LFG WELL DESIGN DATA

LFG Well Geometry oW sFen02 R
Clie.nt: USAlD_ oy_tolle) paeoTEE ! Subject LFé k\ere OroveTRy, ahwotNo__ | of _Ze
Site: Russeifah Area 1 kA Hy 11ata ‘:—";[}.fl[,"_’j,filjl/l/‘}‘ s @ Proj, No
Date: 31 Oct 2012 e 25in X Min
Radius of Influence (ROI)=R= 118.11 feet (ft) = 36.000 m
Overlap= 17.30% Percent (%) szt
LFG Well Spacing (cltocl)=  195.35  ft, use => 195 ft 60 m 4
Horizontal Row Spacing=r = 97.68  ft, use => 98 ft 30 m
Horizontal Well Spacing=r*2= 19535 ft, use => 195 ft 60 m =
Vertical Row Spacing=  169.18  ft, use => 169 ft 52 m -
Vertical Well Spacing=  338.36  ft, use => 338 ft 103 m -~ N
Setback= 2043 fuse=> 20 f 6 m / \
Notes: PRl
1) User Input k T /
2) Based on specified ROL = 41 J
o,
Estimate ROI given LFG Well Spacing N
\
\
East/West Adjacent Row Spacing = 60 ft 1829 m + ‘
North/South Adjacent Row Spacing = 120 ft 3658 m G\ /
LFG Well Spacing= 134.16  ft-or-> 0 ft 4089 m f
ROI= 8111 ft 81.11 ft 2472 m
—— i
Estimate LFG Wells per Acre given ROl ? 7= Iy S e e S A
Aoans DuerLag YEF
LFG wells per acre = 0.994
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FIG. 20-3
Water Content of Hydrocarbon Gas
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SITE SPECIFIC "K" AND "L," CALCULATION

Lo Novds vl knma
client:[UsaID Date:|18-Sep-12
Site:|Russeifah, Jordan By: |piw
Project:|Areas 1 & 2, Closure Check:

Site Specific i i i 7 LFG
Mean Annual LFG Collection ] LFG Collection Generation
Precipitation Rate @75 %

(inches / year) 23 (m’/yr)

CAA Defaults
Arid 002 170 34
Conventional 0.05 170 85
Inventory Defaults
Arid 0.02 100 2 267
Conventional 004 100 4 533
wet (Bioreactor) 0.7 96 67.2 896
Notes:

1) Use average of annual average precipitation
for years landfill was open. Precipitation in
years after dosure shall be weighted 0.5
times pracipitation in years landfill was open.
Precipitation is total (rainfall + snowfall).
2} Using the dimate definitions below, enter
site-specific precipitation in appropriate row
in column "B".
Very Dry: <14 infyr
Dry: 14-17 infyr
Moderate: 17-20 in/yr
wet: 20-41 infyr
Very Wet: >41 infyr
3} Based on SWANA "Landfill Gas Generation and Modeling Manual of Practice®,
Final Draft: February 2005, p. 35.

|  UserSpecified value |




LFG Well Design Data
Oleat:  UWSAK Jerdan
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Appendix C: Gas Distribution Network Analysis

jordani

RS

GAS2010 Version 2.0 ***
GAS DISTRIBUTION NETWORK ANALYSIS
COPYRIGHT 2010 - DON J. WOOD, SRINI LINGIREDDY
LEXINGTON, KY
Updated March 2010

INFUT DATA FILE NAME FOR THIS SIMULATION c:\jordanl.KYP\jordani.DAT

CUTPUT DATA FILE NAME FOR THIS SIMULATION

c:\jordanl.KYP\jordanl .OT2

1=07=2013
7:77

DATE FOR THIS COMPUTER RUN :
START TIME FOR THIS COMPUTER RUN : 15:46:

SUMMARY OF DISTRIBUTION SYSTEM CHARACTERISTICS:

NUMBER OF PIPES - 441
NUMBER OF JUNCTION NODES = 433
UNITS SPECIFIED - ENGLISH

PROPERTIES OF THE GAS FOR THIS ANALYSIS ARE:

QPERATING TEMPERATURE

REFERENCE DENSITY (8 STD. PRESSURE)
GAS MOLECULAR WEIGHT

GAS SPECIFIC GRAVITY

RATIC OF SPECIFIC HEATS

GAS CONSTANT

ABSOLUTE VISCOSITY

USER SPECIFIED FLOW UNITS (USFOU)
USER SPECIFIED PRESSURE UNITS (USPU)

P-24

70.000 DEGREES FAHRENEEIT
.78E=01 POUNDS/CUBIC FOOT
30.010
1.03¢
1.300
51.494
.280E-06 POUND SECONDS/SQUARE FOOT

- SCF / MIN.
INCHES OF WATER (GAUGE)

TEE FOLLOWING LINES ARE CLOSED FOR THIS SIMULATION:

£1>

PIPE NODE NODE LENGTH DIAM. ROUGHNESS SUM-M PUMP ELEVATION

NAME #1 §2 (FT.) (IN.) (MILLIFEET) FACT. 1ID CHANGE

P-1 J-1 J-125 62,0 5.8 100 .4 0 .0

P-2 J-3d J-168 5.0 5.8 100 .4 0 .0
Pipe2010 Analysis Report
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jordani

p-3 J-3 J-3d 197.0 5.8 .100 .4 0 .0

p=4 J=10 J=168 60.0 32.2 -100 0 0 .0
) J-6 J-5  190.0 8.1 -100 L0 0 L0
P-g GW-3 J-5 197.0 5.8 .100 1.1 0 .0
P=7 J=5 J=1 197.0 8.1 <100 0 0 .0
P-8 J-9 J-1 197.0 5.8 .100 .4 0 .0
p-3  GH-18 J-3d  15%4.0 5.8 .100 1.1 0 .0
P=10 J=8 J=3 197.0 5.8 100 .4 0 .0
P-11 GW-9 J-3  200.0 5.8 .100 1.1 0 .0
p-12 J-29 J-10 197.0 8.1 .100 .0 D .0
P-13 J=46 J=10 197.0 16.1 <100 .4 0 .0
P-14 J-26 J-1z 33.0 5.8 .100 .4 0 .0
P-15 J-31 J-12 184.0 14.5 .100 .0 O .0
P=-16 J=-158 J=13  203.0 5.8 .100 0 0 +0
P-17 J-22 J-14 66.0 10.1 .100 .0 0 .0
p-18 J-16 J-4 190.0 8.1 .100 .0 0 .0
P=19 J=209 J=4 125.0 8.1 .100 .4 0 .0
P-20  GW-66 J-4 69.0 5.8 .100 1.1 0 .0
P-21 J-18 J-l6 177.0 8.1 .100 .0 0 .0
P=22  GH=67 J=16 92.0 5.8 100 1.1 0 .0
P-23  J-208 Jg-16 102.0 5.8 .100 .4 0 .0
P-24 Lo Pt-1 J-1e 95.0 8.1 .100 .4 0 .0
P=25 J=21 J=18 79.0 5.8 100 .4 0 .0
P-26 J-4 J-2z 194.0 10.1 .100 .0 0 .0
p-27 J-15 J-22 105.0 5.8 .100 .4 0 .0
p=28 J=14 Hi Pt-3 74.0 11.4 -100 .8 0 .0
P-29 J-17 J-23 46.0 5.8 .100 .4 0 .0
P-30 J-164 J-23 154.0 8.1 .100 .0 0 .0
P=31 GHW=-12 J=5 194.0 5.8 <100 1.1 0 .0
P-32  GW-20 J-7  194.0 5.8 .100 1.1 0 .0
P-33 J-7 J-29  200.0 8.1 .100 .4 0 .0
P-34  GW=-28 J=29 194.0 5.8 .100 1.1 0 .0
P-35 J-23 J-31 217.0 12.9 .100 .0 0 L0
P-36 J-24 J-31 20.0 5.8 .100 .4 0 .0
P=37 J=166 J=31 180.0 8.1 -100 .0 0 .0
P-38 J-38 J-12  157.0 8.1 .100 .00 .0
P-39 GW-83 J-35 19%4.0 5.8 .100 1.1 0 .0
P=40 J=36 J=35 108.0 5.8 100 0 0 .0
P-41  GW-T2 J-36  246.0 5.8 .100 1.1 0 .0
P-42 J-214 J-3¢€ 85.0 5.8 .100 .0 0 .0
P=43 J=35 J=38 128.0  25.8 100 .4 0 .0
P-44 J-40 J-38 46.0 8.1 .100 .0 0 .0
P-45  GW-95 J-40 49.0 5.8 .100 1.1 0 .0
P=46 J=43 J=40  138.0 8.1 <100 0 0 .0
p-47  GW-94 J-43  115.0 5.8 L100 1.1 0 .0
pP-48 J-44 J-43 33.0 8.1 .100 .0 0 .0
P=49 GW-104 J=44 75.0 5.8 100 1.1 0 .0
P-50 J-44 J=-74 177.0 8.1 .100 .0 0 .0
P-51 J-48 J-10 197.0 29.0 .100 .4 0 .0
P=52 J=-41 J-48 190.0 5.8 .100 .4 0 .0
P-53 J-52 J-48  197.0 29.0 .100 0 0 .0
P-54  GH-60 J-50 184.0 5.8 .100 1.1 0 .0
P=55 GW=T1 J=50 197.0 5.8 100 1.1 0 .0
P-56 J=50 J-52 197.0 5.8 .100 WA 0 L0
P-57 J-53 J-52 112.0 29.0 .100 .0 0 .0
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p-58  GW-T0 J-53 174.0 5.8 .100 1.1 0 .0
P=59 J=55 J=53 85.0 29.0 -100 0 0 .0
P-60  GW-57 J-55  197.0 5.8 .100 1.1 0 .0
P-61 J-57 J-55 125.0 29.0 .100 .0 0 .0
P=62  GW=-80 J=57 177.0 5.8 100 1.1 0 .0
P-63 J-59 J-57 75.0  29.0 .100 .00 .0
P-64  GW-g&8 J-59  197.0 5.8 .100 1.1 0 .0
P=65 J=61 J=59 85.0 29.0 -100 .8 0 .0
P-66  GW-T8 J-61 171.0 5.8 .100 1.1 0 .0
pP-67 J-92 J-61 82.0 28.¢0 .100 .0 0 .0
P=68  GW=90 J=63 92.0 5.8 .100 1.1 0 .0
P-69 J-66 J-63 56.0 12.9 .100 .00 .0
P-70 J-47 J-6€  105.0 5.8 .100 .4 0 .0
P=71 J=67 J=66 118.0 12.9 .100 L0 0 .0
P-72 J-45 J-67 26.0 5.8 .100 .4 0 .0
P-73 J-69 J-67 92.0 11.4 .100 .0 0 .0
P=74 GW=105 J=69  174.0 5.8 -100 1.1 0 .0
P-75 J-11 J-69 98.0 11.4 .100 000 .0
P-76 GW-106 J-71 43.0 5.8 .100 1.1 0 .0
P=77T GW=101 J=71 157.0 5.8 100 1.1 0 .0
P-78 Lo Pt-2 J-71 151.0 11.4 .100 .4 0 .0
P-79 J-11 J-74 43.0 5.8 .100 .4 0 .0
P=80 J=174 J=75  220.0 8.1 100 .0 0 .0
P-81 J-37 J-75 141.0 5.8 .100 .4 0 .0
P-B2 J-39 Lo Pt-2 43.0 8.1 .100 1.1 0 .0
P=-83 J=101 Lo Pt=2  246.0 8,1 -100 1.1 0 .0
P-84 GW-139 J-79  128.0 5.8 .100 1.1 0 .0
P-B5 J-79 J-80 141.0 8.1 .100 .0 0 .0
P-B6 GW=-153 J=80 95.0 5.8 .100 1.1 0 .0
P-87 J-80 J-83 95.0 8.1 .100 .00 .0
p-Bg J-56 J-83 102.0 5.8 .100 .4 0 .0
P=B9 J=83 J=85  108.0 8.1 100 .0 0 .0
P=90 aJ-71 J-85 89.0 5.8 .100 .4 0 .0
P-91 J-85 J-87 85.0 8.1 .100 .0 0 .0
p=9%2 J=60 J=87 108.0 5.8 .100 4 0 .0
P-93 J-87 J-88  102.0 9.0 .100 .0 0 .0
P-94 J-78 J-88 85.0 5.8 .100 .4 0 .0
P=95 J=88 J=97 85.0 10.1 .100 .0 0 .0
P-%6  GW-87 J-90 171.0 5.8 .100 1.1 0 .0
P-97 J-90 J-49 26.0 22.9 .100 .0 0 .0
P=9% J=63 J=-92 118.0 12.9 <100 .0 0 .0
P-99 J-93 J-92 85.0 22.9 .100 .00 .0
P-100 J-94 J-2  223.0 22.9 .100 .4 0 .0
P=101 J=51 J=94 49.0 5.8 .100 .4 0 N
p-102 J-95 J-94  233.0 14.5 .100 .4 0 .0
P-103 J-97 J-64 1i8.0 20.3 .100 .4 0 .0
P=104 J=99 J=97 121.0 10.1 .100 .0 0 .0
pP-105 J-112 J-49 66.0 8.1 .100 0000 .0
P-106 J-65 J-99 66.0 8.1 .100 4 0 .0
P=107  J=101 J=79 95.0 8.1 100 .0 0 .0
pP-108  J-103 J-101 486.0 8.1 .100 .8 0 .0
P-109 GW-167 J-103  164.0 5.8 .100 1.1 0 .0
P=110  J=125 J=103  213.0 8.1 .100 000 .0
P-111 GW-113 J-95  200.0 5.8 .100 1.1 0 .0
p-112 J-106 J-95 197.0 12.9 .100 .4 0 .0
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P-113
P-114
P-115
P-116
P=117
P-118
pP-119
P=120
P-121
p-122
P=123
P-124
p-125
P=126
P-127
p-128
P=-129
P-130
pP-131
P=-132
P-133
P-134
P=135
P-134%
P-137
P-138
P-139
P-140
P=141
P-142
p-143
P=144
P-145
P-146
P=147
P-148
P-149
P=150
P-151
pP-152
P=153
P-154
P-155
P=156
P-157
P-158
P=159
P-160
P-161
P=162
P-163
P-164
P=165
P-166
P-1867

GW-121
GW=112
J-109
GW-120
GW=111
J-183
GW-135
J=115
J-68
GW-134
J=118
J-117
J-120
J=114
J-122
J-133
J=124
J-128
J-126
GW=179
J-127
J-82
J=130
GW-201
J-84
J=132
J-89
J-135
J=91
J-136
GW-220
Lo Pt=3
GW-222
J-140
GW=-221
J-142
GW-219
J=142
cwW-214
J-144
GW=-218
J-1486
J-96
J=149
cw-217
J-150
GW=206
J-152
GR-212
J=154
GW-211
J-157
GW=196
J-102
J-161

J-106
J=106
J-106
J-109
J=109
Hi Pt-5
J-112
J=112
J-115
J-115
J=115
J-118
J-118
J=120
J-120
J-122
J=122
J-124
J-124
J=1
J-125
J-127
Hi Pt-8
J-130
J-130
J=130
J-132
J-132
J=135
J-135
J-136
J=136
J-139
J-139
J=140
J-140
J-142
J=144
J-144
J-14¢€
J=146
J-149
J-149
J=150
J-150
J-152
J=152
J-154
J-154
J=100
J-100
J-100
J=157
J-157
Hi Pt-9

164.0

174.0
131.0

62.0
155.0
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P-168 GW-203 J=-161 105.0 5.8 .100 1.1 a] .0
P=169 J=105 J=161 89.0 5.8 100 .4 0 .0
P-170 J-161 J-162 171.0 8.1 .100 .0 0 .0
P-171 GW-202 J-162 161.0 5.8 .100 1.1 0 .0
P=172 J=107 J=162 30.0 5.8 100 .4 0 .0
P-173 J-162 J-165 177.0 8.1 .100 .0 0 .0
P-174 J-129 J-126 164.0 5.8 .100 .4 i) .0
P=175 J=169 J=126 171.0 8.1 100 .0 0 W0
P-176 J-123 J-169 43,0 5.8 .100 .4 0 L0
P-177 J-170 J-169 121.0 8.1 100 .0 o .0
P=-178 GW=173 J=170 92.0 5.8 .100 1.1 0 .0
P-179 J-170 J-119 128.0 5.8 100 .4 0 .0
P-180 J-173 J-170 151.0 8.1 .100 .0 la] .0
P=-181 GW=-158 J=173 207.0 5.8 100 1,1 0 .0
P-182 J-148 J-173 59.0 8.1 .100 .0 0 .0
P-1B3 GW-184 J-165 174.0 5.8 .100 1.1 o .0
P-184 J=165 J=176 174.0 8.1 100 .0 0 .0
P-185 GW-192 J-176 98.0 5.8 100 1,1 0 .0
P-1B6 J-176 J-179 174.0 8.1 .100 .0 1] .0
P=187 J=145 J=179 33.0 5.8 100 .4 0 .0
P-188 J-179 J-180 167.0 8.1 .100 .0 0 L0
P-1B9 GW-181 J-180 43.0 5.8 .100 1.1 ] .0
P=190 GW=170 J=180 154.0 5.8 .100 1.1 0 .0
P-191 GW-119 J-183 102.0 5.8 .100 D % § 0 L0
P-192 GW-110 J-183 98.0 5.8 100 1.5 1] .0
P=193 J=185 J=183 259.0 14.5 .100 +0 0 .0
P-194 GW-118 J-185 194.0 5.8 L100 1.1 0 .0
P-195 J-187 J-185 184.0 12.9 .100 .0 ] .0
P-196 GW=108 J=187 46.0 5.8 L100 1.1 0 .0
P-197 J-121 J-187 1594.0 5.8 .100 .4 0 0
P-198 J-172 J-187 177.0 12.9 .100 .0 ] .0
P~199 J=189 J=172 177.0 11.4 100 .0 0 .0
P-200 J-113 J-189 69.0 5.8 .100 .4 0 L0
P-201 J-199 J-189 174.0 10.1 .100 .0 [a] .0
p=202 J=180 J=194 177.0 8.1 100 W0 0 W0
pP-203 J-143 J-194 79.0 5.8 L100 .4 0 .0
P-204 J-194 J-185 171.0 8.1 .100 .0 ] .0
P-205 GW=155 J=195 203.0 5.8 100 1.1 0 .0
P-206 J-195 Lo Pt-4 $0.0 8.1 100 W0 0 .0
P-207 GW-154 J-188 €9.0 5.8 .100 1.1 a] .0
P=-208 J=198 J=202 305.0 8.1 100 .0 0 .0
P-209 J-156 J-199 171.0 5.8 100 .4 0 L0
p-210 J-200 J-199 243.0 9.0 100 .0 u] .0
P-211 GW=126 J=200 115.0 5.8 .100 1.9 0 W0
pP-212 J=202 J=-200 223.0 9.0 100 W0 0 .0
P-213 J-137 J-202 200.0 5.8 100 1.1 0 .0
pP-214 GH=26 J=3d 16.0 5.8 100 1.1 0 0
pP-215 ow-17 J-3 10.0 5.8 100 1.1 0 .0
P-216 GW-1 J-8 157.0 5.8 .100 1.3 la] .0
P=-217 GW-8 J=8 7.0 5.8 100 1.1 0 .0
pP-218 cW-27 J=-29 7.0 5.8 L1100 1.1 0 .0
P-219 GW-2 J-9 197.0 5.8 100 1.1 0 .0
P=220 GW=10 J=9 7.0 5.8 100 1.1 0 W0
pP-221 GH-11 J-5 13.0 5.8 .100 1.1 0 .0
p-222 GH-19 J-7 13.0 5.8 100 1.1 0 .0
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p-223 J-13 J-6 194.0 8.1 .100 .8 o] .0
P=-224 GW=4 J=6 10.0 5.8 .100 1.1 0 .0
P-225 GW-5 J-13 7.0 5.8 .100 1.1 0 .0
pP-226 J-25 Hi Pt-1 86.0 8.1 .100 .4 0 .0
P=227 GW=6 J=25 7.0 5.8 . 100 1.1 0 .0
P-228 J-28 J-27 197.90 5.8 -100 .0 0 .0
p-229  GW-22 J-28 7.0 5.8 .100 1.1 0 .0
P=230 J=20 J=25 200.0 8.1 100 .0 0 .0
P-231 GW-7 J-20 7.0 5.8 .100 1.1 0 .0
p-232  GW-14 J-19 197.0 5.8 .100 1.1 0 .0
P=-233  GW=-23 J=19 7.0 5.8 +100 1.1 0 .0
P-234 J-30 J-159 197.0 8.1 .100 ] 0 .0
pP-235 GH-16 J-30 7.0 5.8 .100 1.1 o .0
P=236 J=203 J=30 200.0 8.1 .100 .8 0 N
P-237 GW-25 J-203 10.0 5.8 .100 1.1 0 .0
p-238  GW-24 J-205 1597.0 5.8 .100 1.1 0 .0
P=239 GH-33 J=205 10.0 5.8 .100 1.1 0 .0
P-240 J-206 J-203  197.0 8.1 .100 .8 i] .0
P-241 GW-34 J-206 10.0 5.8 .100 1.1 0 .0
P=242  J=207 J=206  200.0 8.1 <100 .4 0 .0
P-243 GHW-35 J-207 13.0 5.8 .100 b 5% | 0 .0
P-244 GW-44 J-21 194.0 5.8 .100 1.1 0 .0
P=245  GW=55 J=21 13.0 5.8 <100 1.1 0 .0
P-246 J-151 J-208 197.0 5.8 .100 .0 0 .0
P-247 GH-54 J-208 10.0 5.8 .100 L2l 0 .0
P-248  J=210 J=209 200.0 5.8 -100 .0 0 .0
P-249 GW-53 J-209 10.0 5.8 .100 5y | 0 .0
P-250 J-141 J-210 197.0 5.8 .100 .0 o .0
P-251 GH=42 J=210 10.0 5.8 .100 1.1 0 .0
pP-252  g-201 J-211  197.0 8.1 .100 .00 .0
P-253  GHW-45 J-211 7.0 5.8 .100 1.1 0 .0
P-254 J=211 J=212 197.0 8.1 100 .0 0 .0
P-255 GHW-56 J-212 7.0 5.8 .100 1.1 0 .0
P-256 GH-T7 J-15 197.0 5.8 .100 1.1 0 .0
P=257  GH=65 J=15 16.0 5.8 -100 1.1 0 .0
pP-258 GW-76 J-17 194.0 5.8 .100 13 0 .0
P-259  GH-64 J-17 10.0 5.8 .100 1.1 0 .0
P-260 GH=-86 J=24 194.0 5.8 .100 1.1 0 .0
P-261 GW-T5 J-24 7.0 5.8 .100 1.1 0 .0
pP-262  GH-96 J-26 197.0 5.8 .100 1.1 0 .0
P-263  GW-85 J=26 10.0 5.8 -100 1.1 0 .0
P-264 J-12 J-32 164.0 16.1 .100 .0 0 .0
P-265 GH-T4 J-32 13.0 5.8 .100 1.1 0 .0
P-266 J=32 J=213 1%4.0 16.1 +100 .0 0 .0
P-267 CH-62 J-213 7.0 5.8 .100 1.1 0 .0
P-268  GH-61 J-214 194.0 5.8 .100 B § 0 .0
P=269 GW-T73 J=214 7.0 5.8 100 1.1 0 .0
pP-270  GW-84 J-35 13.0 5.8 .100 1.1 0 .0
pP-271 J-33 J-11 194.0 5.8 .100 .0 0 .0
P-272 GW-103 J=11 10.0 5.8 -100 1.1 0 .0
pP-2713  GW-82 J-33 200.0 5.8 .100 1.1 0 .0
P-274 GHW-93 J-33 7.0 5.8 .100 A 0 .0
P=275 GHW=92 F=37 194.0 5.8 100 1.1 0 .0
pP-276 GW-102 J-37 10.0 5.8 .100 1.1 0 .0
P-277 J-75 J-39 118.0 8.1 .100 .0 0 .0
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pP-278 GW-107 J-39 7.0 5.8 .100 121 a] .0
P=-279 GH=-81 J=42 194.0 5.8 100 1.1 0 .0
P-280 GH-91 J-42 7.0 5.8 .100 p B 0 .0
pP-281 J-42 J-45 203.0 5.8 .100 .0 ] .0
P-282 GW=-100 J=45 7.0 5.8 100 1.1 0 .0
P-283 GW-89 J-93 10.9 5.8 .100 1.1 4] .0
pP-284 GH-98 J-47 15%4.0 5.8 .100 131 o .0
P=-285 GW=-99 J=47 7.0 5.8 100 1.1 0 L0
P-286 J-49 J-93 154,40 22.9 .100 W0 0 L0
p-287 GH-28 J-49 10.0 5.8 .100 1.1 ] .0
P-288 GW=122 J=95 10.0 5.8 100 1.1 0 .0
P-289 GW-114 J-51 197.0 5.8 L100 1.1 0 .0
P-290 GW-123 J-51 7.0 5.8 .100 1.1 o .0
P=-291 J=64 J=94 151.0 20.3 . 100 .0 0 .0
P-292 GW-136 J-64 7.0 5.8 100 1.1 0 .0
P-293 J-70 J-65 197.0 8.1 .100 .0 a] .0
P=-29%4 GW=150 J=65 10.0 5.8 100 1.1 0 .0
P-295 J-73 J-68 197.0 5.8 100 .0 0 .0
P-296 GW-149 J-68 7.0 5.8 .100 21 [a] .0
P=-297 J=81 J=70 197.0 8.1 100 .0 0 .0
P-298 GW-164 J-70 7.0 5.8 L100 ) B | 0 .0
P-299 GR-178 J-72 197.0 5.8 .100 1.1 u] .0
P=300 GW=-165 J=72 7.0 5.8 100 1.1 0 N
P-301 J-116 J-73 197.0 5.8 L100 .0 0 L0
P-302 GW-163 J-73 7.0 5.8 .100 1.1 [a] .0
P-303 GW=166 J=77 197.0 5.8 100 1.1 0 .0
P-304 GW-152 J-77 7.0 5.8 100 p B B 0 .0
P-305 J-72 J-78 197.0 5.8 .100 .0 o .0
P-306 GW=-151 J=78 13.0 5.8 .100 1.1 0 .0
P-307 J-62 J-81 197.0 8.1 .100 .00 .0
P-308 GW-177 J-81 7.0 5.8 .100 1.1 u] .0
P=-309 GW=-191 J=127 10.0 5.8 .100 1.1 0 N
P-310 GW-189 J-82 197.0 5.8 100 LA 0 L0
P-311 GW-190 J-82 10.0 5.8 .100 b (55 2] .0
P-312 J=86 J=84 190.0 5.8 100 .0 0 .0
P-313 GW-200 J-84 13.0 5.8 .100 b e B 0 .0
P-314 GW-198 J-86 200.0 5.8 .100 1.1 la] .0
P-315 GW=-199 J=-86 10.0 5.8 .100 1.1 0 .0
P-316 GW-208 J-89 194.0 5.8 .100 1.1 0 .0
P-317 GWK-209 J-89 10.0 5.8 .100 1+1 o .0
P-318 GW=-215 J=91 194.0 5.8 100 1.1 0 .0
P-319 GW-216 J-91 10.0 5.8 L100 1.1 0 L0
P-320 GW-207 J-96 194.0 5.8 .100 1.1 0 .0
P-321 GW=-213 J=96 13.0 5.8 100 1.1 0 .0
pP-322 J-100 J-98 49,0 9.0 .100 .4 0 .0
P-323 GW-205 J-98 7.0 5.8 .100 1.1 o .0
P=-324 GW=210 J=102 197.0 5.8 100 1.1 0 L0
P-325 GW-204 J-102 10.0 5.8 .100 1.1 0 L0
P-326 J-98 J-104 200.0 5.0 100 .0 o .0
P-327 GW=197 J=104 10.0 5.8 100 1.1 0 .0
P-328 GW-186 J-105 194.0 5.8 100 1.1 0 L0
P-329 GW-195 J-105 10.0 5.8 .100 1.1 u] .0
P=330 GW=-185 J=107 203.0 5.8 100 1.1 0 .0
P-331 GW-194 J-107 7.0 5.8 L100 1.1 0 .0
P-332 GW-175 J-114 200.0 5.8 100 1.3 1] .0
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P-333 GW-162 J-114 7.0 5.8 .100 1.1 o .0
P=334 GW=-187 J=116 194.0 5.8 100 1.1 0 .0
P-335 GW-176 J-116 7.0 5.8 100 1.1 0 L0
P-33¢6 J-119 Hi Pt-6 184.0 5.8 .100 .0 o .0
P=-337 GW=159 J=119 7.0 5.8 .100 1.1 0 0
P-338 GW-145 J-123 194.0 5.8 100 1.1 0 .0
P-339 GW-160 J-123 7.0 5.8 .100 1.1 o .0
P=-340 GW=-174 J=128 197.0 5.8 L100 1.1 0 .0
P-341 GW-161 J-128 7.0 5.8 100 1=1 0 L0
P-342 GW-131 J-129 200.0 5.8 .100 1.1 s} .0
P=-343 GW=-146 J=129 7.0 5.8 100 1.1 0 N
P-344 J-131 J-110 190.0 5.9 100 L0 0 .0
P-345 GW-144 J-131 10.0 5.8 .100 s () | o .0
P-346 GW=-132 J=133 200.0 5.8 100 1.1 0 .0
P-347 GwW-147 J-133 10.0 5.8 .100 1.1 0 .0
P-348 GW-133 J-117 194.0 5.8 .100 1.1 o .0
P=-349 GW-148 J=117 13.0 5.8 100 1:1 0 .0
P-350 GW-130 J-121 200.0 5.8 100 1.1 0 .0
P-351 GW-117 J-121 10.0 5.8 .100 1.1 a] .0
P=-352 GW=-109 J=185 7.0 5.8 100 1.1 0 .0
P-353 J-108 J-172 112.0 10.1 100 .4 0 .0
P-354 GW-116 J-108 13.0 5.8 .100 1.1 0 .0
P=355 J=110 J=108 207.0 5.8 100 .0 0 0
P-356 GW-129 J-110 10.0 5.8 100 1.1 0 .0
P-357 GW-143 J-111 197.0 5.8 .100 p 15 | u] .0
P-358 GW=-128 J=111 7.0 5.9 100 1.1 0 .0
P-359 J-111 J-113 197.0 5.8 100 .0 0 .0
P-360 GW-115 J-113 10.0 5.8 .100 1.1 [u] .0
P=-361 GW=157 J=134 200.0 5.8 .100 1.1 0 0
P-362 GW-142 J-134 10.0 5.8 .100 1.1 0 .0
P-363 GW-141 J-137 197.0 5.8 .100 1.1 la] .0
P=-364 GW-140 J=137 13.0 5.8 100 1.1 0 .0
P-365 GW-168 J-145 7.0 5.8 100 1.1 0 .0
P-366 GW-156 J-143 200.0 5.8 100 1.1 u} .0
P=-367 GW=169 J=143 10.0 5.8 100 1.1 0 .0
P-368 GW-171 J-145 197.0 5.8 100 1.1 0 .0
P-369 GW-182 J-145 10.0 5.8 .100 1.1 o] .0
P=370 GW=193 J=165 20.0 5.8 .100 1.1 0 0
P-371 J-176 J=-147 98.0 8.1 100 .4 0 .0
P-372 GW-183 J-147 10.0 5.8 .100 1.1 u] .0
P=-373 Hi Pt=7 J=148 40.0 8.1 100 0 0 .0
P-374 GW-172 J-148 13.0 5.8 100 1.1 0 .0
P-375 GH-58 J-52 13.0 5.8 .100 1.1 o} .0
P=376 GH=5% J=50 10.0 5.8 100 1.1 0 .0
P-377 CH-46 J-48 13.0 5.8 L1100 1.1 0 .0
P-378 GH-48 J-41 200.0 5.8 .100 11 0 .0
P=379 GH=47 J=41 7.0 5.8 100 1.1 0 +0
P-380 CH-36 J-10 10.0 5.8 .100 131 0 .0
P-381 J-54 J-46 197.0 16.1 .100 .0 u] .0
P-382 GH=37 J=46 7.0 5.8 100 1.1 0 .0
P-383 J-160 Hi pr-2 151.0 16.1 L100 .8 0 .0
P-3B4 GW-38 J-54 10.0 5.8 .100 1.1 a] .0
P=365 GH=-29 J=34 200.0 5.8 .100 1.1 0 .0
P-3B6 GW-39 J-34 7.0 5.8 100 1.1 0 .0
P-38B7 J-138 J-58 197.0 5.8 100 .0 a] .0
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p-388  GW-40 J-58 7.0 5.8 .100 1.1 0 .0
P=389 GHW=-21 J=138  200.0 5.8 .100 1.1 0 .0
P-39%0  GW-30 J-138 7.0 5.8 .100 1.1 0 .0
P-391 J-27 J-153  203.0 5.8 .100 .0 0 .0
P=392  GW=31 J=27 7.0 5.8 .100 1.1 0 .0
P-393 J-19 J-141  200.0 5.8 .100 .00 .0
P-3%4  GW-32 J-141 7.0 5.8 .100 1.1 0 .0
P=395  J=205 J=151  200.0 5.8 <100 .0 0 .0
P-396  GW-43 J-151 13.0 5.8 .100 1.1 0 .0
pP-397  J-153 J-155  190.0 5.8 .100 .0 D .0
P=398  GH=41 J=153 10.0 5.8 -100 1.1 0 W0
P-399  J-155 J-14 49.0 5.8 .100 1.1 1] .0
P-400 GH-52 J-155 7.0 5.8 .100 1.1 0 .0
P=401  J=134 J=156  194.0 5.8 +100 0 0 .0
P-402 GW-127 J-156 10.0 5.8 .100 1.1 0 0
p-403  J-158 J-28 194.0 5.8 .100 .0 0 .0
P=404  GW-13 J=158 10.0 5.8 .100 1.1 0 .0
P-405  J-159 J-20 194.0 8.1 .100 .8 0 .0
P-406  GW-15 J-159 7.0 5.8 .100 1.1 0 .0
P=407  J=213 J=160  194.0 16.1 +100 .0 D 0
P-408  GW-49 J-160 7.0 5.8 .100 1.1 0 .0
P-4038 J-34 J-163 197.0 5.8 .100 .0 0 .0
P=410  GH=50 J=163 10.0 5.8 .100 1.1 0 .0
P-411 J-58 J-164 197.0 5.8 .100 .0 0 .0
pP-412  GH-51 J-164 10.0 5.8 .100 1.1 0 .0
P-413 J-163 J=166  197.0 5.8 +100 .0 0 .0
P-414  GW-63 J-166 10.0 5.8 .100 1.1 0 .0
P-415 GH-69 J-55 10.0 5.8 .100 1.1 1] .0
P-416  GW=T9 J=59 10.0 5.8 .100 1.1 0 .0
P-417 GW-125 J-56  200.0 5.8 .100 1.1 0 0
P-418 GW-138 J-56 7.0 5.8 .100 1.1 0 .0
P-419% GW=-124 J=60 197.0 5.8 L100 1.1 0 .0
P-420 GW-137 J-60 7.0 5.8 .100 1.1 0 .0
P-421 J-104 Bi Pt-10 138.0 9.0 .100 .0 0 .0
P=422 GW-188 J=62 13.0 5.8 .100 1.1 0 .0
P-423 GW-180 J-1 1.0 5.8 .100 1.1 0 .0
P-424 J-2 Hi Pt-d 37.0 22.9 .100 .4 0 .0
P=425  GW=-97 J=2 4.0 5.8 .100 1.1 0 .0
P-426 Lo Pt-4 J-198  103.0 8.1 .100 .4 0 .0
P-427 Hi Pt-9 J-157 28.0 8.1 .100 .0 0O .0
P-428 J-13% Lo Pt-3 53.0 8.1 <100 .8 0 .0
P-429 Hi Pt-§ J-127 41.0 10.1 .100 .00 .0
P-430 J-167Blower Sy 202.0  32.2 .100 1.1 0 .0
P-431 J-168 J=167 3.0 32.2 100 .4 0 .0
P-432H1 Pr-10 J-62 56.0 9.0 .100 000 .0
P-433 J-147 Hi Pt-7 163.0 8.1 .100 .0 0 .0
P-434 J=212 Lo Pt-1 128.0 8.1 +100 .0 0 N
P-435 Hi Pt-5 J-109 68.0 14.5 .100 .0 0 .0
P-436 Hi Pt-4 J-90 147.0 22.9 .100 .0 0 .0
P-437 Hi Pt=2 J=54 49.0 16.1 +100 L0 0 .0
P-438 Hi pPt-1 J-13  108.0 8.1 .100 .0 0 .0
P-439 Hi Pt-3 J-23  146.0 11.4 .100 .0 0 .0
P-440 Hi PL-6 J=131 16.0 5.8 100 .0 0 .0
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JUNCTION NODE DEMAND EPN
NAME TITLE (USFU) PRESSURE
Blower Sy Blower .00 -15.00
Gh=1 =-23.00
GW-2 -23.00
GW-3 -23.00
Ghl=4 =23.00
GHW-5 -23.00
GW-6 -23.00
GH=7 =23.00
GH-8 -23.00
GH-9 -23.00
GW=10 =23.00
GW-11 -23.00
GW-12 -23.00
GW=13 =-23.00
GW-14 -23.00
GW-15 -23.00
GW=-16 =23.00
GW-17 -23.00
GW-18 -23.00
GW=-19 =23.00
GW-20 -23.00
GW-21 -23.00
GW=22 =23.400
GW-23 -23.00
GW-24 -23.00
GW=-25 =-23.00
GW-26 -23.00
GW-27 -23.00
GW-28 =23.00
GW-29 -23.00
GW-30 -23.00
GW=-31 =-23.00
GwW-32 -23.00
GW-33 -23.00
GW=34 =23.00
GW-35 -23.00
GW-36 -23.00
GW=37 =-23.00
GW-38 -23.00
GW-39 -23.00
GW=40 =23.00
GW-41 -23.00
GW-42 -23.00
GW=43 =-23.00
GW-44 -23.00
GW-45 -23.00
GW=-46 =-23.00
GW-47 -23.00
GW-48 -23.00
GW=-49 -23.00
GW-50 -23.00
GW-51 -23.00
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GW-52
GW=53
GW-54
GW-55
GW=56
GW-57
GW-58
GW=59
GW-60
GW-61
GW=62
GW-6€3
GW-64
GW=65
GW-66
GW-67
GW=68
GW-69
GW-70
GW=71
GW-172
GW-73
GW=74
GW-175
GW-7€
GW=77
GW-178
GW-79
GW=-80
GW-61
GW-82
GW=-83
GW-64
GW-85
GW=-86
Gw-87
GW-88
GW=-89
GW-90
GW-591
GW=92
GW-93
GW-94
GW=-95
GW-96
GW-97
GW=-98
GW-99
GW-100
GH=101
GH-102
GW-103
GH=104
GW-105
GH-106

-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-19.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=19.00
-23.00
-23.00
~23.00
-23.00
-23.00
=23.00
-23.00
-22.00
=20.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=19.00
-15.00
-23.00
=23.00
-23.00
-18.00
=23.00
-23.00
-20.00
=15.00
-23.00
-18.00
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GW-107
Gh=108
GW-109
GW-110
GH=111
GH-112
GW-113
Gh=114
GW-115
GH-116
Gh=117
GH-118
GH-119
GH=120
GW-121
GH-122
Gh=123
GH-124
GW-125
Gh=126
GW-127
GH-128
Gh=129
GW-130
GH-131
GW=132
GW-133
GH-134
GH=135
Gi-136
GH-137
GH=138
GW-139
GW-140
GW=141
GW-142
GH-143
GH=144
GW-145
GH-146
GW=147
GW-148
GH-1489
GH=150
GW-151
GH-152
GW=153
GW-154
GH-155
GH=156
GW-157
GH-158
GW=159
CH-160
GH-161

-14.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
~23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-21.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
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GH-162
GH=163
GH-164
GH-165
GH=166
GW-167
GH-168
GH=-169
GW-170
GH-171
Gh=172
GH-173
GH-174
Gh=175
GW-176
GH-177
GH=178
GH-179
GW-180
Gh=181
GW-182
GW-183
Gh=184
GW-185
GH-186
GH=187
GW-188
GH-189
GW=190
GH-191
GH-192
GH=193
GH-194
GW-155
Gh=1%6
GW-197
GH-198
GW=199
GW-200
GH-201
GW=-202
GW-203
GH-204
GW=205
GW-206
GH-207
GH=-208
GW-209
GH-210
GH=-211
GW-212
GW-213
GH-214
GW-215
GH-216

-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-21.00
=22.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=19.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=23.00
-23.00
-18.00
=23.00
-23.00
-23.00
=~23.00
-23.00
-23.00
=23.00
-23.00
-23.00
=19.00
-23.00
-23.00
=23.00
-23.00
-23.00
~23.00
-23.00
-19.00
=23.00
-23.00
-23.00
=23.00
-23.00
-22.00
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GH-217
Gh=-218
GW-219
GW-220
GH=221
GW-222

Hi
Hi
Hi
Hi
Hi
Hi
Hi
Hi
Hi

Pt-1
Pt=-2
Pt-3
Pt-4
Pt=5
PL-6
Pt-7
Pt=-8
PL-9

Hi Pt-10

J=1

J-2

J-3

J=4

J-5

J-€

J=7

J-8

J-9
J=10
J-11
J-12
J=13
J-14
J-15
J=16
J-17
J-18
J=19
J=-20
J-21
J=22
J-23
J-24
J=25
J-26
J-27
J=28
J-29
J-30
J=31
J-32
J-33
J=34
J-35
J-36
J=37
J-38
J-39

Hi
Hi

Hi
Hi
Hi
Hi
Hi
Hi

Pt-1
Pt=2
PL-3
Pt-4
Pt=5
Pt-6
Pt-7
Pt-8
PL-9

Hi Pt-10

-20.00
=22.00
-23.00
-23.00
=15.00
-16.,00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.ao0
.00
.00
.00
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J-40 .00
J=41 .00
J-42 .00
J-43 .00
J=44 .00
J-45 .Q0
J-4de .00
J=47 .00
J-48 .00
J-43 .00
J=50 .00
J-51 .00
J-52 .00
J=53 .00
J-54 .00
J-55 .00
J=56 .00
J-57 .00
J-58 .00
J=59 .00
J-60 .00
J-61 .00
J=62 .00
J-63 .00
J-64 .00
J=65 .00
J-66 .00
J-67 .00
J=68 .00
J-69 .00
J-70 .00
J=71 .00
J-172 .00
J-73 .00
J=74 .00
J-175 .00
J-77 .00
J=18 .00
J-179 .00
J-80 .00
J=81 .00
J-82 .00
J-83 .00
J-04 .00
J-85 .00
J-06 .00
J=87 .00
J-§8 .00
J-89 .00
J=90 .00
J-91 .00
J-92 .00
J=93 .00
J-94 .00
J-95 .00
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J-9&

J=97

J-98

J-99
J=100
J-101
J-102
J=103
J-104
J-105
J=106
J-107
J-108
J=109
J-110
J-111
J=112
J-113
J-114
J=115
J-116
J-117
J=118
J-119
J-120
J=121
J-122
J-123
J=124
J-125
J-126
J=127
J-128
J-129
J=130
J-131
J-132
J=133
J-134
J-135
J=136
J-137
J-138
J=139
J-140
J-141
J=142
J-143
J-144
J=145
J-146
J-147
J=148
J-149
J-150

.00
.Q0
.00
.00
.00
.00
.00
.00
.Q0
.00
.00
.00
.Qo0
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.Q0
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.ao
.00
.00
.00
.00
.00
.00
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J-151
J=152
J-153
J-154
J=155
J-156
J-157
J=158
J-159
J-160
J=161
J-162
J-163
J=164
J-165
J-166
J=167
J-168
J-169
J=170
J-172
J-173
J=176
J-179
J-180
J=183
J-185
J-187
J=-189
J-194
J-195
J=198
J-199
J-200
J=202
J-203
J-205
J=206
J-207
J-208
J=209
J-210
J-211
J=212
J-213
J-214
J=3d
Lo Pt-1
Lo Pt-2
Lo Pt=3
Lo Pt-4

Lo Pt-1
Lo Pt-2
Lo Pt=3
Lo Pt-4

.00
<00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.ao
.00
.00
.00
.00
.00
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RESULTS FOR THIS SIMULATION FOLLOW

Solution was obtained in 14 trials
Flow Accuracy = .1723E=04[ < .500E=-02]
RV Accuracy = L.0000E+00[ < .100E-0D2]
PIPE NCDE NODE FLOW LOSS VELOCITY DENSITY FRICTION AREA
NO. 11 i2 (USFU) (USPU) (FT/5) (#/CF ) FACTOR RATIO
P-1 J-1 J-125 46.000 .02 4.40 .075 .0271 ,007
p=-2 J=3d J=168 138.000 .02 13.28 075 .0213 .021
P-3 J-3 J-3d 92.000 .17 8.85 .075 L0231 .014
P-4 J-10 J-168 4871.999 .02 15.21 .075 .0145 .024
pP=5 J=6 J=5 228.045 17 11.33 L075 .0204 .018
P-§ GW-3 J-5 23.000 .02 2.21 .075 .0324 .004
P-7 J-5 J-7 297.045 .28 14.7¢6 .075 .01%4 .024
p=-8 J=9 J=7 46.000 .05 4.42 075 L0271 .007
P-9 GW-18 J-3d 23.000 .02 2.21 .075 L0324 .004
P-10 J-8 J-3 46.000 .05 4.43 .075 .0271 .007
P=11 GN=-9 J=3 23.000 .02 2.21 .075 L0324 .004
P-12 J-29 J-10 435,045 .56 21.87 .075 L0181 .035
P-13 J-4& J-10 1073.402 Ch kv 13.39 .075 .0170 .021
P-14 J=26 J=12 37.000 .01 3.56 075 .0286 .006
P-15 J-31 J-12 749,955 .08 15553 075 L0179 .018
P-16 J-158 J-13 -24.955 .02 2.39 .075 .031¢ .004
P=17 J=22 J-14 337.000 .04 10.57 075 .01% .017
P-18 J-16 J-4 157.000 .08 T.80 .075 L0220 .012
P-19 J-209 J-4 115.000 .03 S5:72 .075 .0235 .009
p=20 GW=66 J=4 23.000 .01 2.21 L075 L0324 .004
p-21 J-18 J-186 46,000 .01 2.29 .075 L0293 .004
p-22 GW-67 J-16 15.000 .01 1.82 .075 .0341 .003
p=-23 J=208 J=16 92.000 .09 8.83 075 L0231 .014
LINE NO. P-24 IS SHUT OFF
pP-25 J-21 J-18 46.000 .02 4.41 .075 .0271 .007
P=26 J=4 J=22 295.000 .09 9.25 .075 .0201 .015
p-27 J-15 J-22 42.000 .02 4.03 L075 L0277 L0086
p-28 J-14 Hi Pt-3 476.955 .07 11.77 .075 .0187 .019
P=29 J=17 J=23 46.000 .01 4.42 .075 0271 .007
p-30 J-164 J-23 92.000 .03 4.58 .075 L0247  .007
P-31 GW-12 J=-5 23.000 .02 2.21 075 .0324 .004
P=-32 GW=20 J=7 23.000 .02 2.21 .075 .0324 .004
P-33 J=1 J-29 389,045 .49 19.35 .075 .0185 .031
P-34 GW-28 J-29 23.000 .02 2.21 .075 .0324 .004
P=35 J=23 J=31 614,955 12 11.96 .075  .0182 .019%
pP-36 J-24 J-31 43.000 .01 4.13 L075 L0275 007
P-37 J-166 J-31 92.000 .03 4.58 .075 .0247 .007
pP=-38 J=38 J=12 171.447 .08 8.53 075 L0216 .014
pP-39 GW-83 J-35 23.000 .02 2.21 L0795 .0324 .004
P-40 J-36 J-35 69.000 .05 6.63 .075% .0246 .011
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P-41 GW-72 J-36 23.000 .02 2.21 .075 .0324 .004
P=-42 J=214 J=36 46.000 .02 4.42 075 L0271 .007
P-43 J-35 J-38 115.000 .00 .56 .075 L0311 .001
P-44 J-40 J-38 56.447 .00 2.81 .075 .0278 .004
P=45 GW=95 J=40 19.000 .00 1.83 075 .0341 .003
P-46 J-43 J-40 37.447 .00 1.86 L075 .0309 ,003
pP-47 GW-94 J-43 23.000 .01 2.21 075 .0324 .004
p=48 J=44 J=43 14.447 00 .72 075 L0407 .001
P-49  GW-104 J-44 15.000 .00 1.44 .075 L0365 .002
pP-50 J-44 J-74 .553 .00 .03 .075% .0215 .000
P=51 J=48 J=10 3340.552 .06 12.87 .075 L0152 .021
P-52 J-41 J-48 46,000 .05 4.43 075 L0271 . 007
P-53 J-52 J-48 3271.552 .04 12.60 .07% .0153 .020
P=54 G=60 J=50 23.000 .02 2.21 075 .0324 .004
P-55 GW-7T1 J-50 23.000 .02 2.21 075 L0324 ,004
P-56 J-50 J-52 £9.000 .10 6.64 .075 .0246 .011
P=57 J=53 J=52 3179.552 .02 12.25 075 .0153 .020
P-58 GW-70 J-53 23.000 .01 2.21 075 L0324 .004
P-59 J-55 J-53 3156.553 .02 12.16 .075 .0154 .019
P=60 GH=57 J=55 23.000 .02 2.21 075 L0324 .004
P-61 J-57 J-55 3110.553 .03 11.98 L0795 .0154 .019
P-62 GW-80 J-57 23.000 .01 2.21 075 .0324 .004
P=63 J=59 J=57 3087.553 .02 11.89 075 L0154 ,019
P-64 GW-68 J-59 23.000 .02 2.21 .075 L0324 ,004
P-65 J-61 J-59 3041.553 .04 11.71 .075 .0155 .01%
P=66 GW-78 J=61 23.000 .01 2.21 075 .0324 .004
P-67 J-92 J-61 3018,.553 .02 11.62 .075 .0155 .019
P-€38 GW-50 J-63 23.000 .01 2.21 .075 .0324 .004
P~69 J=66 J=63 597.265 .03 11.63 +075 .0183 .019
P-70 J-47 J-66 46.000 .03 4,47 075 L0271 .007
P-71 J-67 J-66 551.265 .05 10.73 075 .0186 .017
p=72 J=45 J=67 64.000 .01 6.15 075 L0251 .010
P-73 J-69 J-67 487,265 .06 12.04 075 .0186 .019
P-74 GH-105 J-69 23.000 .01 2.21 .075 .0324 .004
p=15 J=71 J=69 464.265 .06 11.47 075 .0188 .018
p-76  GHW-106 J-71 18,000 .00 1.73 075 .0346 .003
p-77 GW-101 J-71 23.000 .01 2.21 .075 .0324 .004
P-78 Lo Pt=2 J=71 423.265 .08 10.46 .075 0191 .017
P-79 J-11 J-T4 66,000 .02 6.34 .075 .0249 .010
P-80 J-74 J-75 66.553 .02 3.31 .075 .0267 .005
P-81 J=37 J=T5 46,000 .04 4.42 075 L0271 ,007
pP-82 J-39 Lo Pt-2 126.553 .02 6.30 .075 L0230 .010
p-83 J-101 Lo Pt-2 296.711 .40 14.76 .075 .015%4 .024
p-84 GW=139 J=79 23.000 .01 2.21 075 L0324  .004
pP-85 J-79 J-80 119,220 .04 5.93 L0795 L0233 .009
P-86 GH-153 J-80 23.000 .01 2.21 .075 .0324 .004
P=87 J=80 J=83 142.220 .04 T.07 075 0224 .011
P-88 J-56 J-83 46,000 .03 4.42 075 L0271 007
P-89 J-83 J-85 188.220 .07 9.36 .075 .0212 .015
P=-90 J=17 J=85 46.000 .02 4.42 075 L0271 .007
P-91 J-85 J-87 234,220 .08 11.65 075 L0203 .019
P-92 J-60 J-87 46.000 .03 4.42 .075 .0271  .007
P=93 J=87 J=-88 280.220 .08 11.13 075 L0199 .018
P-94 J-18 J-88 689,000 .05 6.63 075 0246 .011
P-95 J-88 J-97 349.220 .05 10.96 .075 .0195 .017
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P-96 GW-87 J-90 23.000 .01 2.21 .075 .0324 .004

P=-97 J=90 J=49 2352.289 .01 14.55 075 0156 .023

P-98 J-63 J-92 620,265 .07 12.08 075 L0182 .019

pP-99 J-93 J-92 2398.289 .03 14.84 075 .0156 .024
P=-100 J=94 J=2 2306.288 .10 14.2% 075 L0157 .023
P-101 J-51 J-94 46.000 .01 4.42 .075 L0271 .007
P-102 J-95 J-94 943.948 R [} 14.51 075 .0171 .023
P=103 J=97 J=64 1293.341 .04 10.15 075 L0170 .016
P-104 J-99 J-97 944,121 .46 29.62 .075 L0164 047
P-105 J-112 J-99 514.727 .25 25.58 .075 .0176 .041
B=106 J=65 J=99 429.394 .22 21.34 075 .0182 .034
P-107 J-101 J-79 96.220 .02 4.78 .075 .0245 .008
pP-108 J-103 J-101 392.931 1.20 19.51 .075 .0184 .031
P=-109 GW=-167 J=103 23.000 01 2.20 075 0324 ,004
P-110 J-125 J-103 369.931 .45 18.33 075 .0186 .029
P-111 GW-113 J-95 23.000 .02 2.21 .075 .0324 .004
P-112 J=10€¢ J=95 897.948 .24 17.46 075 L0170 .028
P-113 GW-121 J-106 23.000 .00 2.21 075 L0324 ,004
p-114 GW-112 J-106 23.000 .01 2.21 .075 .0324 .004
P=-115 J=109 J=1086 851.948 .20 16.56 075 L0172 .026
P-116 GW-120 J-109 23.000 .00 2.21 .075 .0324 .004
P-117 GH-111 J-109 23.000 .01 2.21 .075 .0324 .004
P-118 J=183 Hi Pt=H 805.948 .08 12.37 075 +017¢ ,020
P-119 GW-135 J-112 23.000 .01 2.21 075 L0324 .004
P-120 J-115 J-112 491.727 .62 24.41 .075 .0178 .03%
P-121 J=68 J=115 92.000 .01 8.81 075 L0231 .014
P-122 GW-134 J-115 23.000 .01 2.20 .075 0324 ,004
pP-123 J-118 J-115 376.726 .38 18.68 .075 .0186 .030
P-124 J=117 J=118 46.000 .01 4.40 075 0271 .007
P-125 J-120 J-118 330.726 A4 16.39 L0759 L0190 026
P-126 J-114 J-120 46.000 .04 4.40 .075 .0271 .007
p=-127 J=122 J=120 284.726 .13 14.10 075 L0195 ,023
P-128 J-133 J-122 46,000 .03 4.40 .075 L0271 .007
P-129 J-124 J-122 238.726 .14 11.82 .075 .0202 .01%9
P=-130 J=-128 J=124 46.000 02 4.40 075 0271 .007
P-131 J-126 J-124 192.72¢ .03 9.54 .075 .0211 .015
p-132 GW-179 J-1 23.000 .02 2.20 .075 .0324 .004
P-133 J=127 J=125 323.921 «33 16.03 L0795 .0191 .026
P-134 J-82 J-127 46,000 .05 4.39 .075 L0271 ,007
P-135 J-130 Hi Pt-B 254.931 .05 7.95 .075 .0207 .013
P-136 GH=201 J=130 23.000 .01 2.20 075 .0324 .004
P-137 J-84 J-130 659,000 .07 6.59 .075 .024¢6 .011
pP-138 J-132 J-130 162.931 .09 8.06 .075 .0218 .013
P-139 J=89 J=132 46.000 .02 4.39 075 0271 .007
P-140 J-135 J-132 116.931 .04 5.78 .075 .0234 .009
P-141 J-91 J-135 45.000 .01 4.30 .075 0272 .007
p=142 J=136 J=135 71.931 .02 3.56 075 0262 .006
P-143 GW-220 J-136 23.000 .01 2.20 075 .0324 ,004
P-144 Lo Pt-3 J-136 48.931 .01 2.42 075 .0288 .004
p=145 GW=222 J=139 16.000 .00 1.53 075 .0358 ,002
P-146 J-140 J-139 32.931 .01 1.63 075 .0320 .003
pP-147 GH-221 J-140 15.000 .00 1.43 075 .0365 .002
P=148 J=142 J=140 17.931 .00 .89 075 L0381 .001
P-149 CW-219 J-142 23.000 .01 2.20 .075 L0324 ,004
P-150 J-142 J-144 5.069 .00 .25 .075 .0178  .000
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P-151 GW-214 J-144 23.000 .01 2.20 075 .0324 .004
p=-152 J=144 J=146 28.069 .00 1.39 075 .0334 .002
P-153 GW-218 J-146 22.000 .00 2.10 ,075 L0327 ,003
P-154 J-14¢& J-149 50.069 .01 2.48 075 .0286 .004
P=155 J=96 J=149 46.000 .02 4.39 075 L0271 .007
P-156 J-149 J-150 96.069 .01 4.75 075 L0245 .008
P-157 GHW-217 J-150 20.000 .01 1.91 .075 .0336 .003
P-158 J=150 J=152 116.069 .02 5.74 075 L0234 009
P-159 GW-206 J-152 23.000 .01 2.20 075 L0324 ,004
P-160 J-152 J-154 139.0€9 .02 6.88 .075 .0225 .011
P-161 Gh=212 J=154 23.000 .00 2.20 075 0324 ,004
P-162 J-154 J-100 162.069 .08 8.01 .075 .0218 .013
P-163 GHW-211 J-100 23.000 .01 2.20 .075 .0324 .004
P-164 J=157 J=100 106.325 .04 5.26 075 .0239 .008
P-165 GW-196 J-157 23.000 .01 2.20 075 L0324 .004
P-166 J-102 J-157 42.000 .01 4.01 .075 .0277 .006
P=187 J=161 Hi Pt=-9 41.325 .01 2.04 075 .0301 .003
P-168 GW-203 J-161 23.000 .01 2.20 .075 .0324 ,004
P-16€9 J-105 J-161 46.000 .02 4.39 .075 .0271 .007
p=170 J=161 J=162 27.675 .00 1.37 075 L0336 .002
P-171 GW-202 J-162 19.000 .01 1.81 .075 L0341 .003
p-172 J-107 J-162 46.000 .01 4.39 075 .0271  ,007
P=173 J=162 J=165 92.675 .03 4.58 075 .0247 .007
P-174 J-129 J-126 46.000 .04 4.40 .075 L0271 ,007
P-175 J-169 J-126 146.72¢€ .07 T7.26 .075 .0223 .012
p=176 J=123 J=169 46.000 .01 4.40 075 .0271  .007
P-177 J-170 J-169 100.726 .02 4,94 .075 .0242 .008
P-178 GW-173 J-170 23.000 .01 2.20 .075 .0324 .004
p=179 J=170 J=119 92.263 «11 8.82 075 L0231 .014
P-180 J-173 J-170 169.990 .08 8.41 075 L0216 .013
p-181 GH-158 J-173 23.000 .02 2.20 .075 .0324 .004
pP-182 J=148 J=173 146.990 .02 T.27 075 L0223 .012
P-183 Gh-1684 J-165 23.000 .01 2.20 .075 L0324 ,004
P-184 J-165 J-176 138.675 06 6.86 .075 .0226 .011
p=-185 GW=192 J=176 18.000 .01 1.72 075 .0346 .003
P-186 J-176 J-179 55.685 .01 2.75 .075 .0279 .004
p-187 J-145 J-179 46.000 .01 4.39 075 0271 .007
p-188 J=179 J=180 101.685 .03 5.03 075 .0242 .008
P-189 GW-181 J-180 19.000 .00 1.81 075 .0341 .003
P-150 GH-170 J-180 23.000 .01 2.20 .075 .0324 .004
P-191 GH=-119 J=183 23.000 .01 2.21 075 .0324 .004
P-192 GW-110 J-183 23.000 .01 2.21 075 L0324 ,004
P-193 J-185 J-183 759.948 .12 11.66 .075 .0178 .019
P=194 GH=-118 J=185 23.000 .02 2.21 075 .0324 .004
P-195 J-187 J-185 713.948 .13 13.86 075 L0177 .022
P-196 GH-108 J-187 23.000 .00 2.20 .075 .0324 .004
P=-197 J=121 J=187 46.000 .04 4,41 075 L0271 .007
P-198 J-172 J-187 644,948 .10 12.52 075 L0180 .020
P-199 J-189 J-172 460.685 .10 11.35 .075 .0188 .018
P=-200 J=113 J=189 69.000 .04 6.61 075 .024¢ .011
p-201 J-199 J-189 391.685 .13 12.25 .075 .0191 020
P-202 J-180 J-194 143,685 .07 7.11 075 .0224 .011
P=203 J=143 J=194 45.000 .02 4.30 L075 L0272 .007
P-204 J-194 J-195 188,685 .11 9.34 .075 .0212 .015
P-205 GH-155 J-195 23.000 .02 2.20 .075 .0324 .004
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P-206 J-195 Lo Pt-4 232.685 .08 11.52 .075 .0203 .018
P=207 GiW=154 J=198 21.000 .01 2.01 075 0332 .003
P-208 J-198 J-202 253.685 .32 12.57 .075 L0200 .020
pP-209 J-156 J-199 £9.000 .05 6.61 075 .0246 .011
P=210 J=200 J=199 322.685 .23 12.78 075 L0194 .020
P-211 GW-126 J-200 23.000 .01 2.20 075 L0324 ,004
p-212 J-202 J-200 299.685 .18 11.86 075 .0197 .019
P=213 J=137 J=202 46.000 .05 4.40 .075 0271 .007
P-214 GW-26 J-3d 23.000 .00 2.21 075 L0324 004
p-215 GW-17 J-3 23.000 .00 2.21 075 .0324 .004
P=216 GN=1 J=8 23,000 .02 2.21 075 0324 .004
P-217 GW-3 J-8 23.000 .00 2.21 .075 L0324 ,004
p-218 GW-27 J-29 23.000 .00 2.21 .075 .0324 .004
p=-219 GWN=2 J=9 23.000 .02 2.21 075 L0324 .004
P-220Q GW-10 J-9% 23.000 .00 2.21 075 L0324 004
p-221 GW-11 J-5 23.000 .00 2.21 .075 .0324 .004
p=-222 GW=19 J=17 23.000 00 2.21 .075 L0324 004
P-223 J-13 J-6 205,045 .16 10.18 075 L0208 .016
pP-224 GWN-4 J-6 23.000 .00 2.21 .075 .0324 .004
pP=225 GW=5 J=13 23.000 .00 2.20 075 .0324 ,004
P-226 J-25 Hi Pt-1 207.000 .07 10.27 075 .0208 .016
p-227 GN-E J-25 23.000 .00 2.20 .075 .0324 .004
p=-228 J=28 J=27 70.955 .10 6.80 075 L0245 .011
P-229 GW-22 J-28 23.000 .00 2.20 .075 L0324 ,004
P-230 J-20 J-25 184.000 .12 9.13 .075 .0213 .015
P=-231 GWN=7 J=20 23.000 .00 2.20 075 0324 .004
P-232 GW-14 J-19 23.000 .02 2.21 .075 L0324  ,004
p-233 GW-23 J-19 23.000 .00 2.21 075 .0324 .004
P=-234 J=30 J=159 138.000 .08 6.84 075 .0226 011
P-235 GA-16 J-30 23.000 .00 2.20 075 .0324 .004
P-236 J-203 J-30 115.000 .06 5.70 075 .0235 .009
P-237 GW=25 J=203 23.000 .00 2.20 .075 L0324 .004
P-238 GW-24 J-205 23.000 .02 2.21 .075 L0324 ,004
p-239 GW-33 J-205 23.000 .00 2.21 .075 .0324 .004
P=240 J=206 J=203 92.000 .04 4.56 075 0247 .007
pP-241 GW-34 J-206 23.000 .00 2.20 .075 L0324 ,004
P-242 J-207 J-206 £9.000 .02 3.42 .075 .0265 .005
P-243 GW=35 J=207 23.000 .00 2.20 075 .0324 .004
pP-244 GW-44 J-21 23.000 .02 2.21 .075 L0324 .004
pP-245 GW-55 J-21 23.000 .00 2.21 .075 .0324 .004
P=246 J=151 J=208 69.000 .10 6.62 .075 0246 011
pP-247 GW-54 J-208 23.000 .00 2.21 075 L0324 ,004
p-248 J-210 J-209 92.000 .17 8.83 075 .0231 .014
P=-249 GAW=53 J=209 23.000 .00 2.21 075 .0324 .004
P-250 J-141 J=-210 659,000 .10 6.62 075 .024¢ ,011
pP-251 GW-42 J-210 23.000 .00 2.21 .075 .0324 .004
P-252 J=207 J=211 =46.000 .01 2.28 075 0293 .004
P-253 GW-45 J-211 23.000 .00 2.20 L0795 L0324 004
P-254 J-211 J-212 -23.000 .00 1.14 075 .0354 .002
P=255 GW=56€ J=212 23.000 .00 2.20 .075 L0324 .004
P-256 GW-177 J-15 19.000 .01 1.82 075 .0341 .003
pP-257 GW-65 J-15 23.000 .00 2.21 .075 .0324 .004
P=258 GW=7€ J=17 23.000 02 2.21 075 0324 .004
P-259 GW-64 J-17 23.000 .00 2.21 075 L0324 ,004
P-260 GW-8€ J-24 20.000 .01 1.92 .075 .0336 .003
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p-261
P=-262
P-263
P-264
P=265
P-266
pP-267
P=268
P-269
pP-270
P=271
P-272
P-273
P=274
P-275
pP-27¢
P=277
P-278
P-279
p=280
P-281
p-282
pP=-283
P-204
p-285
P-266
P-287
p-288
pP-289
P-290
pP-291
P=-292
P-293
P-294
P=-295
P-296
P-297
pP=-298
P-299
P-300
P=301
P-302
P-303
P=304
P-305
P-306
p=307
P-308
P-308
P=310
P-311
P-312
P=313
P-314
P-315

GW-15
GW=96
GW-85
J-12
Gh=T74
J-32
GW-62
GW=-61
GW-13
GW-84
J=33
GW-103
GW-82
GW=93
GW-92
GH-102
J=15
GW-107
GW-81
GW=91
J-42
GW-100
GW=-89
GW-98
GW-99
J=49
GW-88
GHW-122
GW=114
Gi-123
J-€4
GW=136
J-70
GH-150
J=73
GW-149
J-81
GW=-164
GW-178
GH-165
J=116
GCW-163
GH-16€E
GW=152
J-72
GH-151
J=62
GW-177
GH-191
GW-189
GW-190
J-8€
GW=200
GW-198
GH-199

J-24
J=26
J-26
J-32
J=32
J-213
J-213
J=214
J-214
J=-35
J-11
J-11
J-33
J=33
J-37
J-37
J=39
J-39
J-42
J=42
J-45
J-45
J=93
J-47
J-47
J=93
J-49
J-95
J=51
J-51
J-94
J=64
J-65
J-65
J=G8
J-68
J-70
J=70
J-72
J-72
J=73
J-73
J-77
J=77
J-78
J-78
J=81
J-81
J-127
J=82
J-82
J-84
J=84
J-86
J-B6

23.000
15.000
22.000
958.402
23.000
981.402
23.000
23.000
23.000
23.000
46.000
20,000
23.000
23.000
23.000
23.000
112.553
14,000
23.000
23.000
46.000
18.000
23.000
23.000
23.000
2375.289
23.000
23.000
23.000
23.000
1316.341
23.000
406.394
23.000
69.000
23.000
3B83.394
23.000
23.000
23.000
46.000
23.000
23.000
23.000
46.000
23.000
360.394
23.000
23.000
23.000
23.000
46.000
23.000
23.000
23.000

.00
.01
.00
07
.00
.08
.00
.02
.00
.00
.05
.00
.02
.00
.02
.00
.03
.00
.02
.00
.05
.00
.00
.02
.00
.08

.00

2.21
1.44
2.11
11.94
2.21
12.23
2.21
2.21
z2.21
2.21
4.42
1.92
2.21
2.21
2.21
2.21
5.60
1.35
2.21
2.21
4.42
1.73
2.21
2.21
2.21
14.69
2.21
2.21
2.21
2.21
10.33
2.21
20.18
2.21
6.61
2.20
19.01
2.20
2.21
2.21
4.40
2.20
2.21
2.21
4.42
2.21
17.85
2.20
2.20
2.20
2.20
4.39
2.20
2.20
2.20

.075
075
075
.075
075
.075
.075
075
075
.075
.075
075
.075
075
075
.075
075
075
.075
075
075
.075
075
075
.075
075
075
.075
075
075
075
075
075
.075
075
075
.075
075
075
.075
075
075
.075
.075
.075
.075
.075
075
.075
075
075
.075
+075
075
.075

.0324
.0365
L0327
.0174
L0324
L0173
.0324
.0324
L0324
.0324
L0271
.0336
.0324
L0324
L0324
.0324
L0236
L0372
.0324
L0324
L0271
.034¢
L0324
L0324
.0324
L0156
L0324
.0324
.0324
L0324
.0170
L0324
.0183
.0324
L0246
L0324
.0185
L0324
L0324
.0324
L0271
L0324
.0324
L0324
L0271
.0324
.0187
L0324
.0324
.0324
L0324
L0271
L0324
.0324
.0324

.004
.002
.003
.019
004
.020
.004
.004
.004
.004
.007
L003
.004
.004
L0049
.004
.009
002
.004
.004
.007
.003
009
004
.004
.023
.004
.004
004
.004
.016
.004
032
.004
.011
.004
.030
004
.004
.004
007
.004
.004
.004
. 007
.004
.028
L0049
.004
.004
L0049
.007
.004
.004
.004
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P-316 GW-208 J-89 23.000 .02 2.20 .075 .0324 .004
P=317  GW=-209 J=89 23.000 .00 2.20 075 L0324 .004
P-318  GW-215 J-91 23.000 .02 2.20 L075 L0324 .004
P-319 GW-21¢6 J-91 22.000 .00 2.10 .075 .0327 .003
P=320  GW=207 J=96 23.000 .02 2.20 075 L0324 .004
P-321 GW-213 J-96 23.000 .00 2.20 .075 L0324 004
p-322 J-100 J-98 291.394 .05 11.51 .075 .0198 .018
P=323  GW=205 J=98 23.000 .00 2.20 075 .0324 .004
P-324 GW-210 J-102 19.000 .01 1.81 .075 .0341 .003
p-325 GW-204 J-102 23.000 .00 2.20 .075 .0324 .004
pP=-326 J=98 J=104 314.394 .18 12.42 075 L0195 .020
P-327 GW-197 J-104 23.000 .00 2.20 .075 L0324 .004
p-328 GH-18¢€ J-105 23.000 .02 2.20 .075 .0324 .004
P=329  GW=-195 J=105 23.000 .00 2.20 075 L0324 .004
P-330 GW-185 J-107 23,000 .02 2.20 .075 L0324 ,004
P-331 GH-194 J-107 23.000 .00 2.20 .075 .0324 .004
P=332 GW=-175 J=114 23.000 .02 2.20 075 .0324 .004
P-333 GW-162 J-114 23.000 .00 2.20 .075 L0324 .004
P-334 GW-187 J-116 23.000 .02 2.20 .075 .0324 .004
pP=335  GW-17& J=116 23.000 .00 2.20 075 L0324 .004
P-336 J-119 Hi Pt-6 115.263 .23 11.02 .075 .0221 .018
p-337 GH-159 J-119 23.000 .00 2.20 .075 .0324 .004
P=338  GW-145 J=123 23.000 .02 2.20 .075 .0324 .004
P-339 GW-1€0 J-123 23.000 .00 2.20 075 L0324 .004
P-340 GH-174 J-128 23,000 .02 2.20 .075 .0324 .004
pP=341  GW-161 J=128 23.000 .00 2.20 .075 L0324 .004
P-342 GW-131 J-129 23.000 .02 2.20 .075 L0324 ,004
pP-343 GH-14€ J-129 23,000 .00 2.20 .075 .0324 .004
P-344 J=131 J=110 138.263 .33 13.23 075 .0213 .021
P-345 GiW-144 J-131 23.000 .00 2.20 075 L0324 004
P-346 GH-132 J-133 23.000 .02 2.20 .075 .0324 .004
P=347  GW=-147 J=133 23.000 .00 2.20 075 .0324 .004
P-348 GW-133 J-117 23.000 .02 2.20 075 L0324  .004
P-349 GH-148 J-117 23.000 .00 2.20 .075 .0324 .004
P=350 GW-130 J=121 23.000 .02 2.20 075 L0324 004
P-351 GW-117 J-121 23.000 .00 2.20 .075 L0324 004
P-352 GH-109 J-185 23.000 .00 2.21 .075 .0324 .004
P=353 J=108 J=172 184.263 .02 5.77 075 .0222 .009
P-354 GHW-116é J-108 23.000 .00 2.20 .075 L0324 004
P-355 J-110 J-108 161.263 .47 15.45 .075 .0207 .025
P-356 GW-129 J=110 23.000 .00 2.20 075 .0324 .004
P-357 GW-143 J-111 23.000 .02 2.20 .075 .0324 .004
P-358 GW-128 J-111 23.000 .00 2.20 .075 .0324 .004
P-359 J=111 J=113 46.000 .05 4.41 075 L0271 .007
P-360 GW-115 J-113 23.000 .00 2.20 .075 L0324 004
P-361 GH-157 J-134 23.000 .02 2.20 075 .0324 .004
P=362 GW-142 J=134 23.000 .00 2.20 .075 L0324 .004
P-363 GW-141 J-137 23.000 .02 2.20 .075 L0324 004
P-364 GH-140 J-137 23.000 .00 2.20 075 .0324 .004
P=365  GW-168 J=195 21.000 .00 2.01 075 .0332 .003
P-366 GW-156 J-143 23.000 .02 2.20 .075 L0324 004
P-367 GH-169 J-143 22.000 .00 2.10 075 .0327 .003
P=-368 GW-171 J=145 23.000 .02 2.20 075 0324 .004
pP-369 GW-182 J-145 23.000 .00 2.20 .075 L0324 004
P-370 GH-193 J-165 23.000 .00 2.20 .075 .0324 .004
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pP-371
P=372
P-373
P-374
P=375
P-376
pP-377
P=378
P-379
p-380
P=381
P-362
p-383
p=-384
P-385
P-386
P=387
P-368
p-389
P=390
P-391
P-392
P=393
P-394
P-395
P=356
P-397
p-398
P=-399
P-400
P-401
P=402
P-403
P-404
P=405
P-406
P-407
P-408
p-409
P-410
P=411
P-412
P-413
P=414
P-415
P-416
P-417
P-418
P-419
P-420
P-421
pP-422
P-423
p-424
P-425

J-17¢6
GW=-183
Hi pt-7
GW-172
GW=58
GW-59
GW-4¢
GW=48
GW-47
GW-3¢
J=54
GW-37
J-1€0
Gr=38
GW-29
GW-39
J=138
GW-40
GW-21
GW=30
J-27
GW-31
J=19
GW-32
J-205
GW=43
J-153
GH-41
J=155
GAW-52
J-134
GW=127
J-158
GW-13
J=159
GW-15
J-213
GH=49
J-34
GW-50
J=-58
GW-51
J-163
GW=-63
GW-69
GA-79
GW=125
GW-138
GH-124
GH=-137
J-104
GH-188
GW=180
J-2
GW-97

J-147
J=147
J-148
J-148
J=52
J-50
J-48
J=41
J-41
J-10
J=46
J-46
Hi Pt-2
J=54
J-34
J-34
J=58
J-58
J-138
J=138
J-153
J-27
J=141
J-141
J-151
J=151
J-155
J-153
J=14
J-155
J-156
J=156
J-28
J-158
J=20
J-159
J-160
J=160
J-163
J-163
J=164
J-164
J-166
J=166
J-55
J-59
J=56
J-56
J-60
J=60
Hi Pt-10
J-62
J=1
Hi pPt-4
J-2

100.990 .02
23.000 .00
123.990 .01
23.000 .00
23.000 .00
23.000 .00
23.000 .00
23.000 .02
23.000 .00
23.000 .00
1050.402 .10
23.000 .00
1027.402 .10
23.000 .00
23.000 .02
23.000 .00
46.000 .05
23.000 .00
23.000 .02
23.000 .00
93.955 .18
23.000 .00
46.000 .05
23.000 .00
46.000 .05
23.000 .00
116.955 .24
23.000 .00
139.955 .13
23.000 .00
46.000 .05
23.000 .00
47.955 .05
23.000 .00
161.000 .10
23.000 .00
1004.402 .09
23.000 .00
46.000 .05
23.000 .00
69.000 .10
23.000 .00
£9.000 .10
23.000 .00
23.000 .00
23.000 .00
23.000 .02
23.000 .00
23.000 .02
23.000 .00
337.394 .14
23.000 .00
23.000 .00
2329.289 .03
23.000 .00

4.99
2.20
6.13
2.20
2.21
2.21
2.21
2.21
2.21
2.21
13.10
2.21
12.81
2.21
2.21
2.21
4.42
2.21
2.21
2.21
9.01
2.21
4.41
2.21
4.41
2.21
11.22
2.21
13.44
2.21
4.41
2.20
4.60
2.20
7.98
2.20
12.52
2.21
4.42
2.21
6.63
2.21
6.63
2.21
2.21
2.21
2.21
2.21
2.21
2.21
13.33
2.20
2.20
14.40
2.21

.075
075
075
.075
075
075
.075
.075
075
.075
075
.075
.075
.075
075
.075
075
075
.075
075
.075
.075
075
075
.075
075
075
.075
075
075
.075
.075
075
.075
.075
075
.075
075
.075
.075
.075
075
.075
075
.075
.075
.075
075
.075
075
075
.075
.075
.075
.075

0242
L0324
L0231
.0324
L0324
L0324
.0324
L0324
.0324
.0324
L0171
L0324
L0171
L0324
L0324
.0324
.0271
L0324
.0324
L0324
L0230
.0324
L0271
L0324
L0271
L0324
L0220
.0324
L0213
L0324
.0271
L0324
L0268
.0324
L0219
L0324
.0172
L0324
0271
.0324
L0246
L0324
.024¢€
L0324
L0324
.0324
L0324
L0324
.0324
L0324
L0192
.0324
L0324
L0156
.0324

.008
.004
.010
.004
.004
L004
.004
.004
L004
.004
.021
.004
.020
.004
.004
.004
007
.004
.004
.004
.014
.004
007
.004
.007
004
.018
.004
.021
.004
.007
.004
.007
.004
013
.004
.020
.004
007
.004
.011
L004
.011
. 004
.004
.004
L0049
.004
.004
.004
.021
.004
004
L023
.004
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P-426 Lo Pt-4 J-198 232.685 .10 11.52 .075 .0203 .018
P=-427 Hi Pt-9 J=157 41.325 .00 2.04 075 .0301 .003
P-428 J-139 Lo Pt-3 48,931 .00 2.42 075 L0288 .004
P-429 Hi Pt-8 J-127 254.931 .01 7.95 .075 .0207 .013
P=430 J-167Blower Sy 5009.999 .12 15.64 075 .0144 ,025
P-431 J-168 J-167 5009.999 .02 15.64 075 L0144 .025
P-432 Hi Pt-10 J-62 337.394 .06 13.34 .075 .0192 .021
P=433 J=147 Hi Pt=7 123.990 .05 6.13 .075 .0231 .010
P-434 J-212 Lo Pt-1 .000 .00 .00 .075 L0000 .000
P-43% Hi Pt-5 J-109 805.948 .03 12.37 .075 .0176¢ .020
P-436 Hi Pt-4 J=90 2329.289 .06 14.41 075 .0156 .023
P-437 Hi Pt-2 J-54 1027.402 .02 12.81 .075 L0171 020
P-438 Hi Pt-1 J-13 207.000 .08 10.27 .075 .0208 .016
P-439 Hi Pt=-3 J=23 476.955 .09 11.78 075 .0187 .019
P-440 Hi Pt-6 J-131 115.263 .02 11.02 075 0221 .018
Blower SyBlower SyBlower Sy -5009.999% .00 .02 .075 .0300 .000
JUNCTION NODE DEMAND PRESSURE PRESSURE PRESSURE DENSITY
NAME TITLE (USFU) (USPD) (PSIA} (PSICG) $#/CF
Blower Sys Blower .00 -15.00 14.16 -.54 075
GH-1 -23.00 -14.55 14.17 -.53 .075
GH=-2 =-23.00 -13.72 14.20 =-.49 075
GW-3 -23.00 -13.49 14.21 -.49 075
GW-4 -23.00 -13.34 14.22 -.48 .075
GW=5 =23.00 -13.18 14.22 =-.47 075
GA-6 -23.00 -13.03 14.23 -.47 .075
GH-T -23.00 -12.91 14.23 -.47 .075
GW-8 =-23.00 -14.61 14.17 =-.53 075
GW-9 -23.00 -14.64 14.17 —e D3 075
GH-10 -23.00 -13.73 14.20 -.49 .075
GW=-11 =23.00 -13.51 14.21 -.49 075
GW-12 -23.00 -13.49 14.21 -.49 075
GH-13 -23.00 -13.20 14.22 -.48 .075
Gh=-14 =-23.00 -13.42 14.21 -.48 075
GH-15 -23.00 -12.81 14,23 -.448 075
GH-16€ -23.00 -12.73 14.24 -.46 .075
GH=17 =-23.00 -14.66 14.17 =53 075
GH-18 -23.00 -14.82 14.16 -.53 .075
GW-19 -23.00 -13.78 14.20 -.50 .075
GW=-20 =23.00 =13.77 14.20 =.50 075
GW-21 -23.00 -13.88 14.20 -.50 075
GH-22 -23.00 -13.25 14.22 -.48 075
GW=-23 =-23.00 -13.43 14.21 -.48 075
GH-24 -23.00 -13.44 14.21 -.48 L075
GH-25 -23.00 -12.68 14.24 -.46 075
GW=-26 =-23.00 ~14.83 14.16 =.53 075
GW-217 -23.00 -14.28 14.18 -.51 .075
GH-28 -23.00 -14.26 14.18 -.51 075
GW=-29 =-23.00 =-13.99 14.19 =.50 075
GW-30 -23.00 -13.89 14.20 -.50 .075
GHW-31 -23.00 =13435 14.21 -.48 075
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GW-32 -23.00 -13.48 14.21 -.49 .075
GW=33 =-23.00 =-13.46 14.21 -.43 .075
GW-34 -23.00 -12.64 14.24 -.46 075
GW-35 -23.00 -12.62 14.24 -.45 .075
GH=36 =23.00 -14.84 14.16 =-.53 075
GW-37 -23.00 -14.72 14.17 -.53 L075
GHW-38 -23.00 -14.62 14.17 =53 .075
GW=39 =23.00 =14.01 14.19 =-.50 075
Gi-40 -23.00 -13.94 14.19 -.50 075
GHW-41 -23.00 =13:53 14.21 -.49 075
GW=42 =23.00 =-13.58 14.21 -.49 075
GiW-43 -23.00 -13:51 14.21 -.49 075
GH-44 -23.00 -13.865 14.20 -.49 .075
Gi=45 =23.00 =-12.61 14.24 =-.45 075
Gi-46 -23.00 -14.78 14.16 <oy .075
GHW-47 -23.00 -14.73 14.17 -.53 .075
Gi=-48 =-23.00 -14.71 14.17 =-.53 075
GH-49 -23.00 -14.50 14.17 -.52 075
GH-50 -23.00 -14.05 14.19 —o L .075
GW=51 =23.00 -14.04 14.19 =51 075
GHW-52 -23.00 -13.77 14.20 -.50 075
GH-53 -23.00 -13.75 14.20 -.50 .075
Gh=54 =-23.00 =13.60 14.21 -.49 075
GW-55 -23.00 -13.87 14.20 -.49 075
GH-56€ -23.00 -12.60 14.24 -.45 .075
GH=57 =-23.00 -14.68 14.17 -.53 .075
GW-58 -23.00 -14.73 14.17 -.53 075
GH-59 -23.00 -14.63 14.17 -.53 .075
GH=60 =23.00 ~14.61 14.17 -.53 .075
GH-61 -23.00 -14.09 14.19 =291 075
GH-62 -23.00 -14.42 14.18 -a52 .075
Gh=-63 =-23.00 =-14.15 14.19 =25l 075
GiW-64 -23.00 -14.05 14.19 -.91 075
GH-65 -23.00 -13.85 14.20 -.50 .075
GH=-66 =-23.00 =-13.78 14.20 =-.50 .075
GW-67 -19.00 -13.69 14.20 -.49 075
GH-68 -23.00 -14.64 14.17 -.53 .075
GH=-69 =-23.00 =14.69 14.17 =-.53 .075
GW-70 -23.00 -14.70 14.17 -.53 L075
GH-T71 -23.00 -14.61 14.17 =53 .075
GW=T72 =23.00 -14,11 14.19 =-+51 075
GW-73 -23.00 -14.11 14.19 =451 .075
GH-74 -23.00 -14.33 14.18 - 52 .075
GH=75 =-23.00 =-14.18 14.19 =51 075
GW-76 -23.00 -14.04 14,19 -.51 075
GH-77 -19.00 -13.84 14.20 - (] .075
GW=-78 =23.00 =14.60 14.17 =-.53 075
GW-79 -23.00 -14.865 14.17 -.53 075
GW-80 -23.00 -14.65 14.17 -.53 075
GW=81 =-23.00 =-14.37 14.18 =-.52 075
GH-82 -23.00 -14.09 14.19 -.51 075
GW-83 -23.00 -14.17 14.19 -.51 .075
Gh=84 =23.00 =-14.18 14.19 =51 075
GH-85 -22.00 -14.26 14.18 =51 075
GH-86 -20.00 -14.17 14.19 =51 .075
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GH-87 -23.00 -14.46 14.18 -.52 075
GW=-88 =23.00 =-14.48 14.17 -.52 075
GH-89 -23.00 -14.56 14.17 -.52 075
GH-90 -23.00 -14.52 14.17 -.52 L0785
GH=91 =23.00 =-14.38 14.18 -.52 075
GW-92 -23.00 -14.15 14,19 -.51 .075
GW-93 -23.00 -14.10 14.19 -.51 075
Gh=94 =-23.00 =-14.17 14.19 -.51 075
GW-95 -19.00 -14.18 14.19 -.51 075
GH-96 -15.00 -14.25 14.18 -.51 075
GH=97 =23.00 =-14.38 14.18 -.52 075
GW-498 -23.00 -14.46 14.18 -.52 .075
GH-99 -23.00 -14.47 14.17 -.52 075
GW=100 =18.00 =-14.43 14.18 -.52 075
GW-101 -23.00 -14.32 14.18 -.52 .075
GW-102 -23.00 -14.16 14.19 -.51 075
GW=102 =-20.00 =-14.15 14.19 -.51 075
GW-104 -15.00 -14.17 14.19 -.51 L075
GW-105 -23.00 -14.38 14.18 -.52 075
GW=106 =1B.00 =-14.33 14.18 -.52 075
GW-107 -14.00 -14.23 14.18 -.51 075
GW-108 -23.00 -13.30 14.22 -.48 075
GW=-109 =23.00 =-13.43 14.21 =-.48 075
GW-110 -23.00 -13.54 14.21 -.49 075
GW-111 -23.00 -13.65 14.20 -.49 075
GW-112 -23.00 -13.85 14.20 -.50 075
GW-113 -23.00 -14.09 14.19 -.51 075
GW-114 -23.00 -14.25 14.18 -.51 075
GW-115 -23.00 -13.05 14.23 -.47 L075
GW-116 -23.00 -13.17 14.22 -.47 075
GW-117 -23.00 =13.26 14.22 -.48 075
GW-118 -23.00 -13.42 14.21 -.48 075
GW-119 -23.00 -13.54 14.21 -.49 075
GW-120 -23.00 -13.66 14.20 -.49 075
GW-121 -23.00 -13.87 14.20 -.50 075
GW-122 -23.00 -14.11 14.19 -.51 .075
GW-123 -23.00 -14.27 14.18 -.51 .075
GW-124 -23.00 -14.04 14.19 -.51 L075
GW-125 -23.00 -13.90 14.20 -.50 L0175
GW-126 -23.00 -12.72 14.24 -.486 075
GR=-127 -23.00 -12.87 14.23 -.46 075
GW-128 -23.00 -13.01 14.23 -.47 L0758
GW-129 -23.00 -12.69 14.24 -.46 .075
GW=130 -23.00 -13.25 14.22 -.48 075
GW-131 =-23.00 -12.04 14.26 -.43 .075
GW-132 -23.00 -12.22 14.26 -.a4 L0758
GW=-133 =-23.00 =12.47 14.25 -.45 .075
GW-134 -23.00 -12.86 14.23 -.46 075
GW-135 -23.00 -13.48 14.21 -.49 L075
GW=136 =-23.00 =-14.25 14.18 -.51 075
GW-137 -23.00 -14.05 14.19 -.51 075
GW-138 -23.00 -12.91 14.19 -.50 L0758
GW=139 =-23.00 =-13.85 14.20 =-.50 075
GW-140 -23.00 -12.49 14.25 -.45 075
GW-141 -23.00 -12.48 14.25 -.45 075
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GW-142 -23.00 -12.82 14.23 -.46 .075
GW=-1432 =23.00 -12.99 14.23 -.47 075
GW-144 -23.00 -12.36 14.25 -.45 075
GW-145 -23.00 -12.00 14.26 -.43 075
GW-146 =23.00 -12.05 14.26 -.43 075
GwW-147 -23.00 -12.23 14.26 -.44 L0795
GW-148 -23.00 -12.49 14.25 -.45 075
GW=-149 =-23.00 -12.86 14.23 -.46 075
GW-150 -23.00 -13.52 14.21 -.49 .075
GW-151 -23.00 -14.11 14.19 -.51 075
GW=152 =23.00 -13.98 14.19 =-.50 075
GW-153 -23.00 -13.90 14.20 -.50 075
GW-154 -21.00 -12.22 14.26 -.44 .075
GW=155 =-23.00 -12.02 14.26 -.43 075
GW-156 -23.00 -11.90 14.27 -.43 L0175
GW-157 -23.00 -12.81 14.23 -.46 .075
GW=-158 =23.00 -11.91 14.27 -.43 075
GW-159 -23.00 -12.12 14.26 -.44 075
GW-160 -23.00 -12.01 14.26 -.43 .075
GW=-161 =23.00 =-12.11 14.26 -.44 075
GW-162 -23.00 -12.35 14.25 -.44 075
GW-163 -23.00 -12.77 14.24 -.46 .075
GW=164 =23.00 -13.03 14.23 -.47 075
GW-165 -23.00 -14.06 14.19 -.51 075
GW-166 -23.00 -13.97 14.19 -.50 .075
GW=-167 =-23.00 -12.63 14.24 -.45 075
GW-168 -21.00 -12.04 14.26 -.43 075
GW-169 -22.00 =11:.91 14.27 -.43 .075
GW=-170 =-23.00 -11.86 14.27 -.43 .075
GW-171 -23.00 -11.81 14.27 -.43 075
GW-172 -23.00 -11.90 14.27 -.43 .075
GW=173 =-23.00 -11.99 14.26 -.43 .075
GW-174 -23.00 -12.09 14.26 -.44 075
GW-175 -23.00 -12.34 14.25 -.44 075
GW=-176 =-23.00 =12.72 14.24 -.46 075
GW-177 -23.00 -12.59 14.24 -.45 075
GW-178 -23.00 -14.05 14.19 -.51 .075
GW=179 =-23.00 =12.17 14.26 -.44 075
GW-180 -23.00 -12.18 14.28 -.44 .075
GW-181 -19.00 -11.86 14.27 -.43 .075
GW-182 =-23.00 =-11.82 14.27 -.43 075
GW-183 -23.00 -11.84 14.27 -.43 L0758
GW-184 -23.00 -11.75 14.27 -.42 .075
GW-185 =-23.00 =11.70 14.27 -.42 .075
GW-186 -23.00 -11.69 14.28 -.42 075
GW-187 -23.00 -12.70 14.24 -.46 075
GW=-188 =23.00 -12.20 14.26 -.44 075
GW-189 -23.00 -11.80 14.27 -.43 075
GW-190 -23.00 -11.82 14.27 -.43 075
GW=-191 =23.00 -11.87 14.27 -.43 075
GW-192 -18.00 -11.82 14.27 -.43 075
GW-193 -23.00 -11.76 14.27 -.42 075
GW=194 =23.00 -11.72 14.27 -.42 075
GW-195 -23.00 -11.70 14.27 -.42 075
GW-196 -23.00 -11.72 14.27 -.42 075
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GW-197 -23.00 -12.00 14.26 -.43 075
GW=-198 =23.00 =11.867 14.28 -.42 075
GW-199 -23.00 -11.68 14.28 -.42 075
GW-200 -23.00 -11.73 14.27 -.42 075
GW=-201 =23.00 =-11.80 14.27 -.42 075
GW-202 -19.00 -11.72 14.27 -.42 L0975
GW-203 -23.00 -11.72 14.27 -.42 075
GW=204 =23.00 =11.72 14.27 =-.42 075
GW-205 -23.00 -11.82 14.27 -.43 075
GW-208& -23.00 -11.66 14.28 -.42 075
GW=207 =23.00 =11.60 14.28 -.42 075
GW-208 -23.00 -11.867 14.28 -.42 075
GW-209 -23.00 -11.69 14.28 -.42 .075
GW=210 =-19%9.00 =11.71 14.27 =-.42 L0175
GW-211 -23.00 -11.786 14.27 -.42 L075
GW-212 -23.00 -11.69 14.28 -.42 075
GW=-213 =23.00 =11.61 14.28 -.42 075
GW-214 -23.00 -11.62 14.28 -.42 .075
GW-215 -23.00 -11.65 14.28 -.4z .075
GW=-216 =-22.00 =-11.66 14.28 =-.42 075
GW-217 -20.00 -11.64 14.28 -.42 .075
GW-218 -22.00 -11.63 14.28 -.42 .075
GW=-219 =-23.00 =11.62 14.28 -.42 075
GW-220 -23.00 -11.64 14.28 -.42 075
GW-221 -15.00 -11.63 14.28 -.42 .075
GW=-222 =-16.00 =11.64 14.28 -.42 075
Hi Pt-1 Hi Pt-1 .00 -13.11 14.22 -.47 075
Hi Pt-2 Hi Pt-2 .00 -14.60 14.17 -.53 075
Hi Pt-3 Hi Pt=3 .00 =-13.98 14.19 =.50 075
Hi Pt-4 Hi Pt-4 .00 -14.42 14.18 -.92 .075
Hi Pt-5 Hi Pt-5 .00 -13.63 14.20 -.49 .075
Hi Pt=6 Hi Pt=-6 .00 =12.35 14.25 -.44 075
Hi Pt-7 Hi Pt-7 .00 -11.89 14.27 -.43 .075
Hi Pt-8 Hi Pt-8 .00 -11.85 14.27 -.43 .075
Hi Pt-9 Hi Pt=9 .00 -11.73 14.27 -.42 075
Ei Pt-10 Hi Pt-10 .00 -12.14 14.26 -.44 075
J-1 .00 -12.18 14.2¢ -.44 075
J=2 .00 =14.39 14.18 -.52 075
J-3 .00 -14.68 14.17 -.53 075

J-4 .00 -13.78 14.20 -.50 .075
J=5 .00 =13.51 14.21 -.49 075
J-6 .00 -13.34 14.22 -.48 .075
J-7 .00 -13.78 14.20 -.50 .075
J=8 .00 =-14.61 14.17 -.53 075
J-9 .00 -13.73 14.20 -.49 075
J-10 .00 -14.84 14.16 =53 075
J=11 .00 =-14.15 14.19 =451 075
J-12 .00 -14,27 14.18 -.51 075
J-13 .00 =-13.18 14.22 -.47 .075
J=14 .00 =13.91 14.19 =-.50 075
J-15 .00 -13.85 14.20 -.50 075
J-16 .00 -13.70 14.20 -.49 075
J=17 .00 =-14.05 14.19 =.51 075
J-18 .00 -13.69 14.20 -.49 075
J-19 .00 -13.43 14.21 -.48 075
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J-20 .00 -12.91 14.23 -.47 L0785
J=21 .00 =-13.867 14.20 =-.49 075
J-22 .00 -13.87 14.20 -.50 .075
J-23 .00 -14.07 14.19 =51 .075
J=24 .00 -14.18 14.19 =51 075
J-25 .00 -13.03 14.23 -.47 L075
J-26€ .00 -14.2¢6 14.18 -.51 075
J=27 .00 =-13.36 14.21 -.48 075
J-28 .00 -13.25 14.22 -.48 L075
J-29 .00 -14.28 14.18 =5l 075
J=30 .00 =-12.74 14.24 -.46 075
J-31 .00 -14.19 14.18 -.51 .075
J-32 .00 -14.33 14.18 -.52 .075
J=33 .00 =-14.10 14.19 =.51 075
J-34 .00 -14.01 14.19 -.50 075
J-35 .00 -14.18 14.1%9 e E .075
J=36 .00 =-14.13 14.19 =-.51 075
J-37 .00 -14.16 14.19 =51 075
J-38 .00 -14.18 14.19 -5l .075
J=39 .00 -14.23 14.18 =-.51 075
J-40 .00 -14.18 14.19 -.51 .075
J-41 .00 -14.73 14.17 -a53 .075
J=42 .00 -14.38 14.18 -.52 075
J-43 .00 -14.18 14.19 -.51 075
J-44 .00 -14.18 14.19 —.81 .075
J=45 .00 -14.43 14.18 =52 .075
J-46 .00 -14.72 14.17 -.53 075
J-47 .00 -14.47 14.17 =852 .075
J=48 .00 -14.78 14.16 =-.53 .075
J-49 .00 -14.448 14.17 bt A .075
J-50 .00 -14.63 14.17 -.53 .075
J=51 .00 -14.27 14.18 =51 075
J-52 .00 -14.73 14.17 -.53 .075
J-53 .00 -14.71 14.17 -=23 .075
J=54 .00 -14.63 14.17 =-.53 .075
J-55 .00 -14.69 14.17 -.53 075
J-56 .00 -13.91 14.19 -.50 .075
J=57 .00 ~-14.67 14.17 -.53 .075
J-58 .00 -13.94 14.19 -.50 075
J-59 .00 -14.65 14.17 -.53 .075
J=60 .00 =14.06 14.19 =-+51 075
J-61 .00 -14.61 14.17 -.53 L075
J-62 .00 -12.20 14.26 -.44 .075
J=63 .00 -14.53 14.17 -.52 075
J-64 .00 -14.25 14,18 -.51 .075
J-65 .00 -13.53 14.21 =49 .075
J=66 .00 -14.50 14.17 -.52 075
J-67 .00 -14.45 14.18 -92 075
J-68 .00 -12.87 14.23 -.46 075
J=-69 .00 =-14.39 14.18 =-.52 075
J-70 .00 -13.03 14.23 -.47 075
J-71 .00 -14.33 14.18 — e FZ 075
J=72 .00 ~-14.06 14.19 =-.51 075
J-73 .00 -12.77 14.24 -.44 075
J-74 .00 -14.18 14.19 - 2§ .075
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J-75 .00 -14.20 14.18 =51 075
J=77 .00 =-13.98 14.19 =-.50 075
J-78 .00 -14.11 14.19 -+51 075
J-79 .00 -13.86 14.20 -.50 075
J=80 .00 =13.90 14.20 =-.50 075
J-81 .00 -12.59 14.24 -.45 .075
J-82 .00 -11.82 14.27 -.43 075
J=83 .00 =-13.94 14.19 -.50 075
J-84 .00 -11.73 14.27 -.42 075
J-85 .00 -14.01 14.19 -.50 075
J=86 .00 =-11.68 14.28 =-.42 075
J-87 .00 -14,08 14.19 -.51 L0975
J-88 .00 -14.186 14.19 =Bl .075
J=89 .00 -11.69 14.28 -.42 075
J-90 .00 -14.47 14.17 -.52 075
J-91 .00 -11.66 14.28 -.42 .075
J=92 .00 =-14.60 14.17 -.53 075
J-93 .00 -14.56 14.17 -.52 075
J-94 .00 -14.28 14.18 -.51 .075
J=95 .00 -14.11 14.19 =51 075
J-96 .00 -11.862 14.28 -.42 075
J-97 .00 -14.21 14.18 b0+ 1 B .075
J=98 .00 -11.82 14.27 =-.43 075
J-99 .00 -13.75 14.20 -.50 075
J-100 .00 =11.77 14.27 -.42 075
J=101 .00 =13.85 14.20 =-.50 L0785
J-102 .00 -11.72 14.27 -.42 075
J-103 .00 -12.64 14.24 -.46 .075
J=104 .00 =12.00 14.26 -.43 075
J-105 .00 -11.70 14.27 -.42 .075
J-106 .00 -13.87 14.20 -.50 .075
J=107 .00 -11.72 14.27 -.42 L0175
J-108 .00 -13.17 14.22 -.47 075
J-109 .00 -13.67 14.20 -.49 .075
J=110 .00 =12.70 14.24 -.46 L0758
J-111 00 -13.01 14.23 -.47 075
J-112 .00 -13.49 14.21 -.49 .075
J=113 .00 -13.06 14.23 =-.47 075
J-114 .00 -12.35 14.25 -.44 075
J-115 .00 -12.88 14.23 -.46 .075
J=116 .00 -12,72 14.24 -.46 075
J-117 .00 -12.49 14.25 -.45 075
J-118 .00 -12.50 14.25 -.45 .075
J=119 .00 -12.12 14.26 =-.44 075
J-120 .00 -12.3% 14.25 -.45 L0175
J-121 .00 -13.26 14.22 -.48 .075
J=122 .00 =-12.26 14.25 =-.44 075
J-123 .00 -12.02 14.2¢ -.43 075
J-124 .00 -12.13 14.26 -.44 075
J=125 .00 =-12.20 14.26 -.44 075
J-126 .00 -12.09 14.26 -.44 075
J-127 .00 -11.87 14.27 -.43 .075
J=128 .00 -12.11 14.26 -.44 .075
J-129 .00 -12.05 14.2¢ -.43 075
J-130 .00 -11.80 14.27 -.42 .075
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J-131 .00 -12.37 14.25 -39 075
J=132 .00 =-11.71 14.27 =-.42 075
J-133 .00 -12.23 14.2¢ -.44 L0785
J-134 .00 -12.83 14.23 -.46 075
J=135 .00 =-11.67 14.28 -.42 075
J-136 .00 -11.865 14.28 —<42 L0975
J-137 .00 -12.45% 14.25 -.45 075
J=138 .00 -13.89 14.20 =.50 075
J-139 .00 -11.64 14.28 -.42 075
J-140 .00 -11.63 14.28 -.42 075
J=141 .00 =-13.48 14.21 =-.49 075
J-142 .00 -11.63 14.28 -.42 075
J-143 .00 =11.91 14.27 -.43 .075
J=144 .00 =-11.63 14.28 =-,42 0758
J-145 .00 -11.82 14.217 -.43 .075
J-146 .00 -11.63 14.28 -.42 .075
J=147 .00 =-11.84 14.27 -.43 075
J-148 .00 -11.90 14.27 -.43 .075
J-149 .00 -11.64 14.28 -.42 .075
J=150 .00 =11.65 14.28 -.42 075
J-151 .00 -13.51 14.21 -.49 075
J-152 .00 -11.67 14.28 -.4z .075
J=153 .00 -13.53 14.21 =-.49 075
J-154 .00 -11.69 14.27 -.42 .075
J-15% .00 -13.78 14.20 -.50 .075
J=156 .00 -12.87 14.23 =-.45 075
J-157 .00 -11.73 14,27 -.42 075
J-158 .00 -13.20 14.22 -.48 .075
J=159 .00 -12.81 14.23 =-.46 075
J-160 .00 -14.50 14.17 o Y 4 .075
J-161 .00 =11.72 14.27 -.42 .075
J=162 .00 -11.73 14.27 =-.42 075
J-163 .00 -14.08 14.19 -.51 .075
J-164 .00 -14.04 14.19 =51 075
J=165 .00 =-11.76 14.27 -.42 075
J-166 .00 -14.15 14.19 =51 L0975
J-167 .00 -14.88 14.1¢6 —a b4 075
J-168 .00 -14.85 14.16 =-.54 075
J-169 .00 -12.03 14.26 -.43 075
J-170 .00 -12.00 14.26 -.43 .075
J=172 .00 =13.20 14.22 -.48 L075
J-173 .00 -11.93 14.27 -.43 075
J-176 .00 -11.82 14.27 -.43 .075
J=179 .00 =-11.83 14.27 -.43 075
J-180 .00 -11.87 14.27 -.43 075
J-183 .00 -13.55 14.21 -.49 075
J=185 .00 =-13.43 14.21 -.48 075
J-187 .00 -13.30 14.22 -.48 .075
J-189 .00 -13.09 14.22 -.47 .075
J=194 .00 -11.93 14.27 -.43 075
J=-145 .00 -12.04 14.2¢ -.43 075
J-198 .00 -12.23 14.26 -.44 .075
J=199 .00 =-12.96 14.23 =-.47 .075
J=-200 .00 -12.73 14.24 -.448 .075
J-202 .00 -12.55 14.24 =45 075
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J-203 .00 -12.68 14.24 -.d6 .075
J=205 .00 =-13.46 14.21 -.48 L0785
J-206 .00 -12.64 14.24 -.46 .075
J-207 .00 -12.862 14.24 -.45 075
J=208 .00 -13.61 14.21 -.49 075
J-209 .00 -13.75 14.20 -.50 L0975
J-210 .00 -13.58 14.21 -.49 .075
J=211 .00 =12.61 14.24 =.45 075
J-212 .00 -12.61 14.24 -.45 .075
J-213 .00 -14.42 14.18 -.52 075
J=214 .00 -14.11 14.19 =-.51 075
J-3d .00 -14.83 14.16 -.53 .075

Lo Pt-1 Lo Pt-1 .00 -12.61 14.24 -.45 .075
Lo Pt=2 Lo Pt=2 .00 =14.25 14.18 =-.51 075
Lo Pt-3 Lo PL-3 .00 -11.64 14.28 -.42 .075
Lo Pt-4 Lo Pt-4 .00 -12.12 14.26 -.44 .075

* This designates the use of default density in a low pressure region

TEE NET SYSTEM DEMAND (USFU} = -5010.000

SUMMARY OF INFLOWS (+) .AND.OQUTFLOWS (=) :

NAME FLOW (USFU) FPN TITLE
Blower 8 -5010.0 Blower Syste
MAXTIMUM MACH NUMBER - .03 IN LINE NO.P-104

MINIMUM MAXTMUM
Blower $§ .02 P=104 29.62
pP-50 .03 P-105 25.58
P-150 .25 P-120 24.41
P=43 .56 P=12 21.67
p-48 .72 P-1086 21.34

SUMMARY OF MINIMUM.AND.MAXIMUM LOSS/1000. (PST )

MINIMUM MAXTMUM
Blower $ .00 P=105 .14
P-50 .00 P-104 .14
pP-150 .00 P-120 .13
P=43 .00 p=12 .10
p-48 .00 p-106 .10
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SUMMARY OF MINIMUM.AND.MAXIMUM PRESSURES (USFU)

MINIMUM MAXIMUM
Blower S -15.00 GW-207 -11.60
J=167 -14.88 GHW=-213 =-11.61
J-168 -14.85 0GW-214 -11.62
J-10 -14.84 J-96 -11.62
GW=36 -14.84 GW=-219 ~-11.62
Kbk h e AR AR AR R bR ARk Ak END

DATE FOR THIS COMPUTER RUN
START TIME FOR THIS COMPUTER RUN

OF KYGAS STIMULATION

.

1-07-2013
15:46: 7:80

R
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APPENDIX D: COST ESTIMATES
PART 1: COST ESTIMATES FOR AREA 1

Russeifah Construction Cost Estimate / Area 1
Prepared: August, 2014

. Rate
ItBel(rjn Description Units Quantity Rate (USD) Amount (USD) Comments | Source (See
notes)
includes
protection of
1 Mobilization/Demobilization L.S. 1 $11,775 $11,775 environment, Experience
site prep.,
etc.
2 Site Preparation
RS Means,
Site
clearing
Site Clearing and Grubbing ha 102 $63.16 $6,442 Entire site with dozer,
311110.10
9000 &
9100
Provide RS Means,
electrical wood
access to poles,
Electrical L.M. 1,000 $100 $100,000 surface erecting
water and pole,
leachate backfiling,
pump areas guy




from road at | anchors,
north east conductors
corner of the | and
site(1,000 m | conductor
or 3,300 ft). handling,
Assume dead end,
power poles | clipping,
every 70 m insulators
(230 ft.) and
handling;
337116.20
0100, 0200,
0220, 0500;
337139.13
0110, 0150,
0300, 0500,
0920, and
1000.
Based on
drawing 11;
3354 200 sub base,
Access Road ’ c $35.00 $1,174,075 200 base and
50 wearing
course as per
drawing 22
3 Area 1 Final Cover
Construction
Second phase of construction (Area
1)
) . 1,760,7 $5,282,22 | For cover
Site re-shaping for Area 1 40 $3.00 0 construction
Fill Material 319'42 $5.00 $1’527'42




150 mm

. 3 152,94 thick, see

Cover Gravel Material m 5 $5.00 $764,725 detail 1,
drawing 21
1,350 mm

Cover Soil - to be obtained "

from the near overburden m> 1,376,4 $3.00 »4,129,47 th|ck‘,see

ile 90 0 detail 1,

P drawing 21

Surface Water Management
based on

Surface Water basin detail 2,
drawing 19

Granular Foundation 150mm | m® 5,875 $18.00 $105,750

Protective Granular layer m? 11,750 $18.00 $211,500

HDPE 1.5mm m? 39,155 $10.00 $391,550

Non- woven cushion

ceotextile 300 g/m? m’ 39,155 $3.00 $117,465

Non- woven cushion

geotextile 1080 g/m? m’ 39,155 $7.00 $274,085

Drainage System

Structural Excavation m? 190 $15.00 $2,850

Class (25) concrete (drainage 3

chute, and structures). m 160 5190.00 230,400

Clas?s (15) concrete for o3 10 $140.00 $1.400

drainage structures.

High tensile steel bar

1 1 . 1

reinforcement (Grade 60). Ton > »1,300.00 »19,500

PE pipe 250mm. m 670 $110.00 $73,700

PE pipe 300mm. m 190 $140.00 $26,600




Gravel for drainage berms as

3

per MPWH specifications. m 380 $20.00 $7,600

Loose riprap or stone any

Size at up and down stream m? 10 $60.00 $600

for culverts as per drawings

G.routed riprap for drainage m? 4,390 $70.00 $307,300

ditches.

Gas Management System
The actual
required
"222" no.,
"120" of
them in
north-west
area willnot
be required
because

Gas Extraction Well ea 80 $2,500 $200,000 | W3ste has
been burned,
south-east
area "102'
required
minus "22"
assumed
operational
from existing
so need "80
no."

Similar
Wellhead Assembly ea 80 SO S0 project,

Illinois




5 probes,

Gas Monitoring Probe L.M. 150 $0.00 SO Zispir:z? 30 Experience
m
Previous
based on estimate,
LFG lateral PE Pipe (160 mm) | L.M. 4,245 $50 $212,250 drawing 10 "Pipes -
HDPE dia. 6
inch"
LFG lateral PE Pipe (225 mm) | L.M. 1,900 $75 $142,500 | P3sedon
drawing 10
Previous
. estimate,
;:ri)header PE Pipe (315 LM. 310 $100 $31,000 Zf:;?n‘;nlo "Pipes -
HDPE dia.
12 inch"
Assumed
based on
LFG header PE Pipe (355 mm based on previous
or 400 mm) LM. 600 »150 290,000 drawing 10 estimate
for "Pipes -
HDPE ..."
Assumed
based on
LFG header PE Pipe (500 mm based on previous
or 630 mm) LM. 0 2250 20 drawing 10 estimate
for "Pipes -
HDPE ..."
Assumed
based on
LFG header PE Pipe (800 mm based on previous
or 900 mm) LM. 850 2300 »255,000 drawing 10 estimate
for "Pipes -

HDPE ..."




Assume

. reinforced RS Means
LFG header casing (260 mm || 125 $178.13 $22,266 | Class Il 3341 13.60
min)
concrete 2610
pipe
Assume
. reinforced RS Means
LFG header casing (410mm | | 15 $205.54 $3,083 | Class Ill 33 4113.60
min)
concrete 2030
pipe
Assume
. reinforced RS Means
LFG header casing (S00mm | |\, 85 $241.16 $20,499 | Class Ill 3341 13.60
min)
concrete 2060
pipe
LFG Gas Valve ea $157.00 $1,256 Experience
Blower and controls LS $39,250 $39,250 Experience
Flare LS $62,800 $62,800 Experience
Similar
condensate knockouts ea 3 $12,560 $37,680 project,
Illinois
37,800 L Estimate
(10,000 from
gallon) ACT Modern
100, Type |, Welding.
condensate holding tanks ea 3 $46,982 $140,946 | interior Assume
coated, installation
double wall costs are
underground | 33% of tank
tank. costs.
Vertical Pumps and controls ea 3 $18,840 $56,520 Experience

Miscellaneous Site Features




Boundry wall

L.M.

4,358

$140

$610,120

Boundry wall
include;
blocks,
reinforced
concrete
foundations
1.00x1.00,
beams
(30x60)cm&
columns
(20x20)cm ,
expansion
joints every 5
span, refers
to drawing
23

Security Gate and guard

posts

ea

$3,500

$3,500

Double leaf
gate opening
10m , include
gate
postsrefers
to drawing
23

Subtotal:

$16,565,1

02

Engineering/Contingency (30% of  $4,969,53

1

$21,534,6

33




PART 2: COST ESTIMATES FOR AREA 2

Russeifah Construction Cost Estimate / Area 2

Prepared: August, 2014

Bid
Ite Description Units | Quantity Rate (USD) Amount (USD) Comments Rate Source
" (See notes)
includes
protection of
1 Mobilization/Demobilization L.S. 1 $3,925 $3,925 environment, Experience
site prep.,
etc.
2 Site Preparation
RS Means,
Site clearing
Site Clearing and Grubbing ha 36 $63.16 $2,274 Entire site with dozer,
311110.10
9000 & 9100
Provide RS Means,
electrical wood poles,
access to erecting
surface water | pole,
and leachate | backfiling,
Electrical L.M. 250 $100 $25,000 pump areas | guy anchors,
from road at | conductors
north east and
corner of the | conductor
site(1,000 m handling,
or 3,300 ft). dead end,




Assume clipping,
power poles | insulators
every 70 m and
(230 ft.) handling; 33
7116.20
0100, 0200,
0220, 0500;
337139.13
0110, 0150,
0300, 0500,
0920, and
1000.
Access Road 0 $35.00 SO
Area 2 Liner Construction
RS Means,
cut & fill
clay, 105 HP,
43,700mz, | 300"haul8
lifts, 4
assumed 1m passes
Clay Liner if available or HDPE 43,700 $10 $437,000 thlckness, 61030 125
(1.5mm) Limit of Area .
, 2150; 8 mile
2 base liner,
haul, 30
see Dwg 7. . .
min. wait,
20 mph ave,
312323.30
0436
Leachate Management System
Granular Drainage Layer 13,110 $20.00 $262,200 0.3m




thickness

over the
compacted
clay liner
75,700 L
(20,000
gallon)
Leachate Storage Tanks ea 1 $20,000 $20,000 reinforced
concrete
underground
tank.
Pumps and Controls ea 1 $18,840 $18,840 Experience
Includes 2
leachate
. . collection
Leachate Collection Pipe (180 LM. 265 $60 $15,900 lines and 2
mm)
cleanouts, PE
Pipe; see dwg
4
630 mm PE
Leachate Riser Pipe (630 mm) L.M. 70 $200 $14,000 pipe; see
detail 3/10
RS Means,
Forcemain L.M. 50 $173.47 $8,674 ?Zomprg ;;;':e giololaln‘a’fs
0200
5 Area 2 Final Cover
Construction
Second phase of construction (Area 2)
150 mm
Cover Gravel Material m? 47,865 $5.00 $239,325 ::f:” Sfe

drawing 21




1350 mm

Cover Soil - to be obtained 3 430,77 thick, see

from the near overburden pile m 5 53.00 21,292,325 detail 1,
drawing 21

6 ‘ Surface Water Management
Second phase of construction (Area 2)
Structural Excavation m* 440 $15.00 $6,600
Class (25) concrete (drainage, 3
4 190. 4

chute, and structures). m 340 5190.00 »64,600

Class (15) concrete for o3 55 $140.00 $7.700

drainage structures.

High tensile steel bar

reinforcement (Grade 60). Ton 30 »1,300.00 239,000

Loose riprap or stone any Size

at up and down stream for m? 40 $60.00 $2,400

culverts as per drawings

Grouted riprap for side & 3

variable ditches. m 1,000 »70.00 570,000

7 Miscellaneous Site Features

Boundry wall
include; Estimate
blocks, from Weiser
reinforced Concrete.
concrete Assume

Boundry wall L.M. 1,452 $140 $203,280 foundations | shipping and
1.00x1.00, installation
beams is 25% of
(30x60)cm& | material
columns( cost.
20x20)cm




expansion
joints every 5
span, refers
to drawing 23

RS Means,
. Barrier 347113.26
Safety Barrier LM. 830 5150.00 »124,500 around basin | 0400 and
1150
Subtotal: $2,857,542
. . . o
Engineering/Contingency (30% $857,263

of subtotal):

Total:

$3,714,805
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Messrs.:. AECOM Implementing Partner Ref.: S13000078/B-Rev.2
Amman - Jordan Date: 03 August 2014

Subject: USAID Water Reuse And Environmental Conservation Project — Russiefah (Area
1&2)
Zarga - Jordan

Dear Sirs,

Arab Center for Engineering Studies (ACES) is pleased to submit this subsurface investigation for
the proposed USAID Water Reuse and Environmental Conservation Project — Russiefah
(Area 1&2). This investigation was carried out in accordance with the tender document provided
by the client ref. no. EDH-I-00-08-00024-00 Order No. 04, dated 18 April 2013.

This report includes the results and findings of the site investigation Along with the laboratory
testing to aid in the design and construction of the proposed landscaping for the proposed project.

In the event that additional information or clarifications are required, please contact our office at
your convenience. We would like to take this opportunity to thank you for your confidence and
look forward to be of service to you in the near future.

Sincerely yours,
Arab Center for Engineering Studies (ACES)

Regional Manager
Dr. Amjad Barghouthi



USAID Water Reuse And Environmental Conservation Project — Russiefah (Area 1&2) /é“l'ﬂc
py B

TABLE OF CONTENTS

1.0 INTRODUGCTION ..eettttttetteeeteeeeeeeaeeeaeesasseseesesseesssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsnssnnns 1
1.1 PURPOSE OF STUDY .tttuuttieiitetittiie e e e et ettt e e e e et e ettt s e e e e et ettt bb e r e e e aaeeeeabbbnaaeeeaaeeenebnannnes 1
1.2 SCOPE OF WORK ...ttt ettt e ettt e ettt ettt o e e e ettt ettt e e e e e e e e et ettt e e e e e e e eenbaba e e eeaaas 1
2.0 PROJECT DESCRIPTION. .. uuuuuuuuuuuutuuuuuunsunuunsnnnnnssnsnnssnnnssssssssnssssssssssssssssssssssssssssnsssssssssssnnnnnnns 1
3.0 SITE DESCRIPTION ...uuuuuuuuuuuuiuuuuuuuunnunnnnnsnnnnssnsnnssssssessssssssssssssssssssssssssssssssssssssssssssssnssssssnnnssnnns 4
4.0 GEOLOGY OF THE AREA ... ..o a e e e 4
4.1 ALLUVIAL DEPOSITS .cttttttittttieete ettt ettt ettt ettt ettt ettt ettt ettt ettt ettt ettt e et e e ee e e e e teeeeaeeeaeees 5
4.2 AMMAN SILICIFIED LIMESTONE FORMATION (ASL) & AL HISA PHOSPHORITE (AHS).................. 5
4.3 WADI UMM GHUDRAN FORMATION (WG)...cuiiiiiii i eee ettt e e e e 5
4.4 WADI AS SIR LIMESTONE FORMATION (WSL) ..ceiiiiiiiiiiiiiiiiiieieeeeeeee ettt 5
5.0 STRUCTURAL GEOLOGY ...utuuuuuiuuuiuuiuuuutiuuuusussussssssssssssessssssessessssssessssssssssssssssssssssssssssssssssmnne 5
6.0 SEISMICITY AND EARTHQUAKES ..ottt bnesssbenennennes 6
7.0 FIELD EXPLORATION AND LABORATORY TESTING ......uuuutiiiiiiiiiiiiniiiinniiemninennnnnnennnnnnnennns 8
7.1 BOREHOLES DRILLING . ...tttutututttsstsussssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnnnnnnns 8

711 Area L&2 DrilliNg ...ccooe e 8
7.2 SAMPLING 1.ttt et ettt 8

7.2.1 UNdiSturbed SamPIES.......oovviiiiiiiiiiiieeieiee e 8

7.2.2 DiStUrbed SAmMPIES ..ouuei e 9
7.3 IN=SITU TESTING ..tttttuuuuuuuuunnnnnnnssssnnssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssnnssnnnnnnnnns 9

7.3.1  Standard Penetration TeSt (SPT) ....ccooiiiiiiieieeeee 9
7.4 GROUNDWATER MONITORING .....cciiiiiieeeee ettt a e e e e e e e e e e e e e e e e e e e e aaaa s 10
7.5 LABORATORY TESTING ...uuuuuuuuuuuuunssnnnnsnsssnnsssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnnnns 10
8.0 SUBSURFACE CONDITIONS.....uuuuuuuuuutuutuuuuuuusuuunsssssnnssssnesnssrseneesessses.....——..—————————————————————. 11
8.1 GROUND MATERIALS ...ttt et e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaas 11
8.2 MATERIAL PHYSICAL PROPERTIES ....uttutuuuuuuuuususssnsssnnnnnnnnnssnnsssnnnnsssssssssssssssssssssssnnnsnssnnssnnnnns 12

8.21  Areal&2 TeSt RESUIS ......ccooeeieeeeeeeeeee 13
8.3 GROUNDWATER CHEMICAL TESTS . iiiiiee ettt 14
8.4 GROUNDWATER LEVELS AND CAVITIES ... et i i ee e ettt 15
9.0 STANDARD OF CARE . ..o e e e e e eaaa s 15

S13000078/B-Rev.2-Factual Final Report



USAID Water Reuse And Environmental Conservation Project — Russiefah (Area 1&2) /‘ I'CC
//-/ R "H

TABLE OF CONTENT
(cont’d)

List of Appendices

Appendix A: Logs of Boring
Appendix B: Laboratory Test Results
Appendix C: Sample Photos
Appendix D: Piezometers Details
Appendix E: Seismicity & Earthquake

S13000078/B-Rev.2-Factual Final Report



USAID Water Reuse And Environmental Conservation Project — Russiefah (Area 1&2) /‘ I'CC
//-/ R "H

1.0 INTRODUCTION

This report presents the results and findings of the site investigation conducted for the proposed
Russaifah project areas to evaluate available material within the project area. It is noted that Area
3 report was submitted separately, this report presents findings of Area (1&2).

Arab Center for Engineering Studies (ACES) is pleased to submit this subsurface investigation and
slope stability report for the proposed USAID Water Reuse and Environmental Conservation
Project — Russiefah (Area 1&2). This investigation was carried out in accordance with the tender
document provided by the client ref. no. EDH-1-00-08-00024-00 Order No. 04, dated 18 April 2013.
The project involved drilling of boreholes at Four different areas and excavating eleven (11) trial
pits, conducting in-situ testing (including standard penetration test), obtaining disturbed and
undisturbed samples, and laboratory testing as determined by the client and ACES.

1.1 Purpose of Study

The purpose of the investigation is to determine the subsurface conditions at the project site, along
with the physical and chemical properties of the ground materials in order to provide sufficient
geotechnical parameters for the design and construction of the proposed project.

1.2 Scope of Work

The scope of wok consisted of the following:

1. Collecting available information and maps pertaining to the project site such as public
services, site plans, land use maps, topographical and geological maps.

2. Conducting site visits to the project site in order to identify the present land use, surface
topography and geological features.

3. Dirilling of six (6) boreholes to obtain disturbed and undisturbed samples and to carry out the
required and appropriate field tests.

4. Dirilling of five (5) monitoring wells, installation of standpipe and ground water monitoring and
sampling.

Conducting field tests such as Standard Penetration Test (SPT).
Providing daily survey logs, daily progress reports, and interim field reports.
Conducting the necessary and applicable laboratory tests.

© N o Ou

Providing factual site investigation report.

2.0 PROJECT DESCRIPTION

The project site location is in and around Russaifah (Figure 1) and comprised of four (4) areas as
shown in (Figure 1), the project areas are located at the entrance of Russaifah city. Al Zarqa —
Amman Highway is passing from in the middle of the project areas. The site is accessible but
location of boreholes as specified were not accessible, pneumatic shovel was used to open
access roads most of the locations of boreholes.

S13000078/B-Rev.2-Factual Final Report Page 1 of 16
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Figure 1: General Project Areas
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USAID Water Reuse And Environmental Conservation Project — Russiefah (Area 1&2)

Figure 2: General Location of Area 1&2
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3.0 SITE DESCRIPTION

The project site is located about 10km east-north of Amman Downtown (Russiefah Area), the site
includes four areas as follows:

= Area 1&2 is bordered by asphalted roads from the northern and western sides, it used to be a
Landfill site so it is totally covered by Fill materials, There is an organic gas station at the
southern part of this area.

Figure 3: General Site Photos of Area 1&2

4.0 GEOLOGY OF THE AREA

The project site is mostly covered by artificial fill materials composed of old excavated phosphate
mines waste product with approximate thickness ranging from (1) to (40)m. However, according to
the available geological maps of the project area at scale of 1: 50,000 (AZ ZARQA sheet no.3254-
lll, Geology by: Mohammad Abu Qudaira, 2001), the geological formations at the project area
belong to the Late Cretaceous Ajlun and Balga groups. Quaternary Pleistocene & Holocene

sediments also cover part of project area; a geological map for the project site is presented in
Figure 4.
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4.1 Alluvial Deposits

The superficial deposits comprise of alluvial (wadi) sediments. The thickness, distribution,
physical, chemical and mineralogical properties of the superficial deposits depends mainly on the
type of the parent material, time, climate and topography.

The soil deposits are formed by the dissolution of Cretaceous bedrock, and consist of three parts
(upper, middle and lower parts). The upper part of the soil is dark to grayish brown, soft to stiff silty
clay, containing gravel, cobbles and boulders of chert and silicified limestone. The middle part of
the soil is brown, soft to firm silt. The lower layer is reddish brown, soft to firm silty clay containing
angular gravel, cobbles and boulders of chert.

4.2 Amman Silicified Limestone Formation (ASL) & Al Hisa Phosphorite (AHS)

These formations consist of grey to brown, thin to medium bedded chert, exhibiting variety of
texture ranging from homogenous to brecciated, interbedded with limestone, dolomitic limestone,
marl, silicified chert and phosphate. The thickness of Amman formation is up to 40.0m.whereas
the exposed part of Al —Hisa formation is up to 20.0m .The Amman formation is characterized by
synedimentary andulations which were caused by tectonic processes contemporaneous with
sedimentation .The decreasing of chert content and increasing of trace fossils characterize the Al-
Hisa Phosphorite formation include fossils of bivalves, gastropods and ammonites. The two
formations were deposited in sub tidal to shallow shelf environment.

4.3 Wadi Unm Ghudran Formation (WG)

This formation is named after Wadi Umm Ghudran Ed Dib, south east of Irbid. Wadi Umm
Ghudran formation consists of two parts (lower and upper). The lower part consists of thinly
bedded yellow to white grey locally pink grey, soft, massive chalky limestone while the upper part
consists of limestone and chalky marl typically pink to yellow grey, hard, medium to thin bedded,
fossiliferrous to coquinal limestone with thin bands or concretions of chert, alternating with yellow
to white grey chalky marl.

This formation forms distinctive yellow to white grey gentle slopes between the underlying Wadi As
Sir and the overlying Amman Silicified Formation.

4.4 Wadi As Sir Limestone Formation (WSL)

This formation is named after Wadi As Sir town, west of Amman, and it is consists of three units.
The lower unit comprises dolomite, dolomitic limestone and locally recrystallized limestone and
due to secondary iron oxides the bed of this unit is characterized by the red color, the middle unit
consists of relatively soft marly limestone and limestone and the upper unit consists of thick
bedded to massive limestone including fossilferous beds. Wadi As Sir formation is rich in calcite
veins and thin beds of oysters. The formation forms a steep slopes and cliffs of limestone of grey-
weathering colors intercalated with marly limestone and marl.

5.0 STRUCTURAL GEOLOGY

The study area is located in Zarga, which is characterized by a complex tectonic framework and
has a high density of structural elements (Faults, folds and graben). According to the geological
map (Figure 4), the site area may be controlled by two main fault systems as follows:

1. Amman Hallabat Fault (NE-SW): This fault is probably formed due to two main stress fields;
the Dead Sea stress that is trending ENE and the Syrian Arc stress trending W to WNW.
Amman Hallabat Fault is the most distinctive fault in Zarga area, it is mainly extends from
Siyagha in the northeastern part of the Dead Sea towards Qasr Al-Hallabat crossing the
southern part of Amman area.
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2. Birin Fault (E-W): This fault is mainly composed of normal fault passing westwards to Baga’a.

The geological map indicates that the proposed project area may be controlled by several faults,
but it is not exposed at the surface because of superficial cover of recent deposits, as follows:

» Faults with a trend of NW-SE, which might be exist in the middle, northern and northeastern
parts of the proposed project site area.

= Faults with a trend of NE-SW, which might be exist in the northwestern and the northeastern
parts of the proposed project site area.

= Fault with a trend of E-W, which might be exist in the northern part of the proposed project site
area.

6.0 SEISMICITY AND EARTHQUAKES

According to the Jordanian seismic code (published by the ministry of public works and housing in
Oct. 2005), the site lies within zone (2A); with a seismic zone factor Z= 0.15. The encountered
materials at the project site are classified as (Sg) type. The seismic factor related to the
acceleration C,= 0.30, whereas the seismic factor related to the velocity C,= 0.50. These factors
should be used in the design of the proposed project. For more information see Appendix E
(Seismicity and Earthquake Factors & Map).
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7.0 FIELD EXPLORATION AND LABORATORY TESTING
7.1 Boreholes Drilling

A total of thirty four (34) boreholes were drilled at the project site between August and December
2013. Nineteen (19) of these boreholes were drilled on Area 3, Six (6) boreholes were drilled in
Area 1&2, Two (2) boreholes were drilled in Area 6, five (5) monitoring wells were drilled in Area
1&2 and two (2) monitoring wells in Area 4.The locations, numbers and depths of these boreholes
were determined by the client.

7.1.1 Area 1&2 Drilling

Six (6) boreholes were drilled at Area 1&2 between 7 October and 29 October, 2013, to depths
ranging from 18.5m to 39m below the existing ground surface, Also Five (5) monitoring wells were
drilled at Area 1&2 between 24 August and 25 November 2013, to depth ranging from 60m to 78m
below the existing ground surface. Boreholes details are presented in Table 1, Monitoring wells
details are presented in Table 2, and are also shown on the site plan Figure 2. The exact
borehole locations and top elevations were marked in the field by a professional surveyor using
GPS.

Table 1: Area 1&2 Borehole Details

Location BH Elevation (':oordinates : Depth Boring Boring
No. (m) Northing Easting (m) Started Completed
BH-01 665 32.00121 36.05566 20 27/10/2013 | 29/10/2013
BH-02 662.5 32.00224 36.05395 18.5 24/10/2013 | 26/10/2013
Area 1&2 BH-03 667.5 32.001 36.05367 18.5 22/10/2013 | 23/10/2013
BH-04 645.7 32.00865 36.04912 26 19/10/2013 | 21/10/2013
BH-05 641.2 32.0077 36.04867 39 07/10/2013 | 12/10/2013
BH-06 644.0 32.0065 36.04752 37 08/10/2013 | 12/10/2013
Table 2: Area 1&2 Monitoring Wells Details
Location BH Elevation (;oordinates _ Depth Boring Boring
No. (m) Northing Easting (m) Started Completed
MW 1 646.5 32.00962 36.04787 60 6/10/2013 | 23/10/2013
MW2 645.0 32.00965 36.0494 60.5 27/10/2013 | 06/11/2013
Area 142 MW3 646.25 | 32.01066 36.05249 | 71 | 24/8/2013 | 7/9/2013
MW4 663 32.00089 36.05201 78 19/11/2013 | 25/11/2013
MW5 659 32.00034 36.06032 71 09/11/2013 | 25/11/2013
Borehole drilling was executed using rotary drilling method utilizing air flush as drilling media.

Drilling was completed with the following rigs:

= Edeco-35 rotary rig, mounted on Mercedes truck 911, with capacity of 220m.

= Toho-2 rotary rig, mounted on Mercedes truck 1417, with capacity of 400m.
= Toho-3 rotary rig, mounted on Mercedes truck 1417, with capacity of 400m

= Edeco-80 rotary rig, mounted on Mercedes truck 911, with capacity of 220m

7.2 Sampling

7.2.1 Undisturbed Samples

Rotary coring was carried out in boreholes (Area 1&2) to obtain undisturbed core samples using
single and double tube core barrel, with tungsten carbide (TC) core bits. The nominal diameter of
the boreholes drilled was 102mm. Coring was attempted in accordance with ASTM D 2113 and
continuous core recovery was carried out. However, due to the weak, highly fractured nature of the
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fill materials the core sampling yielded in relatively small recoveries in most cases where most of
the retrieved samples were small broken pieces with zero RQD%. Recovery and RQD values

7.2.2 Disturbed Samples

Disturbed but representative samples were obtained from all drilled boreholes at regular intervals
in the fill and alluvial deposits (granular soils) using the split spoon samplers with open driving
shoe. SPT test was performed in accordance with BS 1377: 90: Part 9, clause 3.3.

Samples retrieved from the SPT split spoon were visually described, preserved in watertight bags
to maintain the moist content, properly marked with borehole name, sample number and depth,
described and photographed by our site engineer.

Percussion drilling techniques (using tricon rock bit) were used at intervals where neither SPTs nor
undisturbed sampling were carried out. Disturbed samples were obtained during this process.

Field logging of soil and rock samples was carried out for all boreholes and detailed daily field
records of each boring were provided to the client. Field records included daily progress reports,
daily drilling reports and daily borehole logging reports.

7.3 In-situ Testing
7.3.1 Standard Penetration Test (SPT)

Standard Penetration Tests (SPT) were performed in Area 1&2 drilled boreholes in the fill layer to
obtain approximate dynamic resistance of the ground materials. The test was carried out at regular
intervals of 1.5m to the bottom of the boreholes (in accordance with the project requirements as
specified by the client).

The test was performed in accordance with BS 1377: 90: Part 9, clause 3.3. The SPT equipment
used in this project consisted of an auto-trip hammer (63.5kg weight) and 45cm long split tube
(5.0cm diameter) with a hammer drop of 760mm.

SPT penetration resistance value (N-value) is the number of blows required to achieve a
penetration of 300mm below an initial seating drive of 150mm. Several empirical correlations have
been established to relate the SPT blow counts (N) with relative density and friction angle for
granular materials, and with consistency and undrained shear strength for cohesive materials. The
definition of SPT and useful SPT correlations for granular and cohesive soils are presented in the
legend to boring logs (Appendix A).
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7.4 Groundwater Monitoring

Standpipe piezometers were installed at five (5) locations, namely MW1 through MW5. The
standpipe employed threaded 50mm diameter, schedule 80 polyvinylchloride (PVC) piping. Slotted
screen intervals were installed in each borehole as requested and designed by the client engineer.
Filter materials (sand with gravel mix graded) were provided in bottom and surrounding the pipe.
Bentonite chips were placed on top of the mixed materials, and cement was placed above the
bentonite to the top of borehole. Detailed Sketches (As Built Drawings) are presented in Appendix
D (Piezometer Results).

7.5 Laboratory Testing

Laboratory tests were performed on the recovered samples in order to identify the physical,
mechanical and chemical properties of the encountered materials. The following laboratory tests
were performed on selected samples:

1. Classification and index tests: moisture content, specific gravity, bulk density, and
particle size distribution.

2. Strength tests: uniaxial compressive strength, point load strength and direct shear.
3. Chemical tests: pH, sulphate, chloride and carbonates organic matter.

Tests were performed according to the relevant American Society for Testing and Materials
(ASTM) Standards and/or British Standards (BS). Table 3 presents the applicable standards along
with some photographs for these tests. Note that all the test schedules were provided by the client.

Table 3: Standards for the Performed Lab. Tests

No. | Test llustration >tand§rod Title of Standard
1. Classification and Index Tests
<
2 0 Standard Test Method for
11 8 g aboratory Determination of Water
' © < (Moisture) Content of Soil and
3 N Rock by Mass
K (a)
o
S
<
[} o
N S
12 n o Standard Test Method for
: 2 1 Particle-Size Analysis of Soils
b= N
@ N
o <
a)
2
& Q Standard Test Methods for
1.3 o < Specific Gravity of Soil Solids by
£ & Water Pycnometer
S a)
o
)
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Table 3: Standards for the Performed Lab. Tests (cont’d)

No. Test lllustration standard No. Title of Standard
2 o Standard Test Methods for
14 2 I Laboratory Determination of
' a © Density (Unit Weight) of Soil
= ™~ Specimens
3 )
a]
3. Chemical Tests
[}
[}
=]
I
O o
¢ 3
3.1 © R Determination of the pH Value
> =)
I -
Q. N~
N~
™
—
|5 o9
€ R}
3.2 8 0 ' etermination of the Sulphate Content of
' P 'r: o Soil and Ground Water
IS ]
g o
a )
|5 o8
€ G . .
33 8 AR Determination of Acid-Soluble
' o N Chloride Content
S m D
5 =2
< n o
@) 00O

8.0 SUBSURFACE CONDITIONS
8.1 Ground Materials

The geological description of the ground materials at the site and the approximate average depths
at which they were encountered in the boreholes are presented in logs of boreholes Appendix A,
and are as follows (presented in order encountered):

= FILL MATERIALS (Gravel and cobbles)
Uncompacted fill materials composed of gravel, cobbles and some boulder sizes crushed

phosphatic (limestone and Chert), with medium to coarse sand sizes crushed phosphatic
(limestone and chert).
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* FILL MATERIALS (Sand size)

Uncompacted fill materials composed of fine to coarse sand sizes crushed phosphatic (limestone
and chert) with gravel and cobbles sizes crushed phosphatic (limestone and chert).

= FILL MATERIALS (Mixture)

Uncompacted fill materials composed of approximately 50% gravel, cobbles and some boulder
sizes crushed (limestone and chert) with medium to coarse sand sizes crushed phosphatic
(limestone and chert).

» FILL MATERIALS (Silty Clay)

Uncompacted Fill materials composed of brown silty clay with approximately 10 -20 % gravel,
cobbles of limestone and chert with occasionally some garbage materials.

» FILL MATERIALS (Silty Clay Mixture)

Uncompacted Fill materials composed of brown silty clay with approximately 40% gravel and
cobbles of limestone and chert.

* FILL MATERIALS (Chalky Marl)

Uncompacted fill materials composed of disintegrated chalky marl with fragments of crushed
limestone and chert.

= GARBAGE MATERIALS

Fill materials composed of a mixture of loose to medium dense, dry dumped garbage wastes
(mainly of plastic and wood remains) with approximately 10-40% brown silty clay and gravel,
cobbles of limestone and chert.

= ALLUVIAL DEPOSITS

Pleistocene (Alluvial ) deposits composed of a mixture of creamish brown disintegrated chalky
marl and some silty clay with high percent of rounded to subrounded gravel, cobble and
occasional boulders of chert and limestone.

» |INTERCALATED MATERIALS

Intercalated material composed of grayish white, fractured, moderate strong to strong phosphatic
to silicified limestone; grayish brown to rosy, weak chalky to phosphatic marlstone and some thin
brown, very weak chalky to clayey marl bands; chert and silicified limestone.

= CHALKY MARLSTONE

Creamy to rosy, fractured, moderately weak chalky marlstone intercalated with off-white
moderately weak chalky limestone.

= CHALKY LIMESTONE

Creamy, fractured moderately weak chalky limestone intercalated with white weak chalky
marlstone and some thin layers of chert.

8.2 Material Physical Properties

Laboratory test results are presented in Table 4 and 5, Classification tests results Table 4,
Chemical test results Table 5. Laboratory test sheets are presented in Appendix B.
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Only basic index and classification tests were performed on the encountered samples retrieved
from the SPT split spoon and percussion samples. However, the grain size analyses performed
on the available materials (mostly gravelly samples) may not be representative, since the gravel
cobbles and boulders were crushed and broken into small pieces.

Bulk densities for samples tested for direct shear strength, were calculated based on field density
results. Remolded samples were based on their natural moisture content. In addition, all pieces
over 10mm were removed during sample preparation.

8.2.1 Area 1&2 Test Results

Table 4: Area 1&2 Laboratory Test Results

Atterberg Limit Grain Size Distribution
Depth M.C
BH-No. (m) (%) LL G s M c
PL (%) Pl (%)
(%) (%) (%) (%) (%)
15-16.5 8.04 34.3 20.1 14.2 26.6 44.0 19.3 10.1
BH-01
18-19.5 - 35.0 20.9 141 26.2 49.4 16.3 8.1
15.0 16.62 ) i NP 31.6 35.8 221 10.5
BH-02
18.0 18.35 i i NP 38.4 31.2 18.0 124
12-13.5 7.92 ) i NP 43.1 43.4 9.2 4.4
BH-03 15-16.5 12.36 40.2 211 19.1 19.2 45.4 225 12.8
18.0 14.22 ) i NP 254 333 - -
9.0-10.5 9.34 38,5 195 19.1 21.6 50 19.3 9.2
BH-04
18-19.5 4.50 2.8 94.9 2.0 0.3
- - NP
7.5-9.0 9.83 ) i NP 0.0 56.6 26.7 16.8
BH-05 36.0 27.15 ) i NP 30.1 54.4 - -
375 19.82 ) i NP 56.0 38.4 4.5 11
1.5-3.0 18.46 24.8 235 1.3 0.5 61.7 26.3 115
BH-06 10.5-12 2.19 ) i NP 0.1 73.5 23 3.4
36.0 10.47 ) i NP 28.1 52 i i
28-30 3.45 ) i NP 0.2 88.6 9.7 1.4
MW 43-45 3.51 ) i NP 0.0 71.3 20.0 8.7
53-55 26.09 ) i NP 0.0 63.4 255 111
0.0-5.0 2.27 34.9 17.5 17.4 14.3 60.8 19.9 5.0
9.0-12 5.18 34.3 20.5 13.8 9.7 78.6 9.8 1.6
MW3 18-20 9.74 37.2 20.8 16.4 1.7 68.1 224 7.9
40-43 35.49 ) i NP 0.0 69.8 26.3 3.9
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8.3 Groundwater Chemical Tests
Table 5: Ground water Chemical tests results
Parameters | oo Unit | MW-1 | MW-2 | MW-3 | MW-4 | MW-5
method
pH SMHL_l'_E)é)O_ 8.09 7.88 8.19 8.06 8.11
EC SM 2510B | uS/cm 1398 1374 1433 1461 1441
TDS SM 2540C mg/L 822 803 835 948 942
COD SM 5220B mg/L 245 233 262 1045 1033
NH3-N ISE mg/L 0.20 0.20 0.20 <0.20 <0.20
Nitrite '(\'[\'ltcr)'g mg/l | 150 1.49 1.50 2.92 281
Nitrate SM 4110B mg/L 12.10 11.90 12.30 154.5 152.7
T - 1ron SM 4110B mg/L 41.3 39.10 46.30 0.74 0.83
TOC CHO-TOC mg/L 2.80 2.93 2.76 1.07 1.16
CL- SM 4110B mg/L 266.1 266.5 264.70 312.6 3154
Hg AAS-HG mg/L <0.001 <0.001 <0.001 <0.001 <0.001
Sh SM 3113B mg/L <0.001 <0.005 <0.005 <0.005 <0.005
As SM 3120B mg/L <0.01 <0.01 <0.01 <0.01 <0.01
Ba ICP-AES mg/L 0.220 0.220 0.210 0.284 0.259
Be SM 3113B mg/L <0.10 <0.10 <0.10 <0.10 <0.10
Cd SM 3113B mg/L 0.051 0.048 0.058 0.001 0.004
Cr SM 3113B mg/L 0.06 <0.010 0.319 0.017 0.02
Co SM 3113B mg/L <0.02 <0.02 <0.02 <0.02 <0.02
Cu SM 3113B mg/L 0.22 0.21 0.25 <0.05 <0.05
Pb SM 3113B mg/L 0.018 0.018 0.020 <0.005 <0.005
Ni SM 3113B mg/L 0.07 <0.01 0.30 0.02 0.03
Se SM 3120B mg/L <0.01 <0.01 <0.01 <0.01 <0.01
Ag SM 3111B mg/L <0.10 <0.10 <0.10 <0.10 <0.10
Ti SM 3120B mg/L <0.01 <0.01 <0.01 <0.1 <0.1
\ SM 3113B mg/L 0.531 0.434 0.620 <0.10 <0.10
Zn SM 3111B mg/L 0.88 0.72 0.96 0.06 0.09
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8.4 Groundwater Depth and Cavities

The groundwater was encountered at depths ranging from 35m to 68.41m below the ground
surface. The groundwater level varied as shown in Table 6. below. No cavities were
encountered during drilling.

Table 6: Water Depths

Piezometer Water Depth (m)

BH No.

MW-1 MW-2 MW-3 MW-4 MW-5
Date
08/09/2013 53.50
15/09/2013 53.55
22/09/2013 53.71
29/09/2013 53.88
07/10/2013 54.10
23/10/2013 52.50 54.47
27/10/2013 52.64 54.60
03/11/2013 52.67 54.63
10/11/2013 52.69 54.62
20/11/2013 52.75 52.08 54.60
26/11/2013 52.66 52.05 54.55 68.80 66.00
04/12/2013 52.35 52.10 54.17 68.41 65.85

No cavities were encountered in any of the boreholes down to the drilled depths.

9.0 STANDARD OF CARE

Arab Center for Engineering Studies has endeavored to provide services in a manner that reflects
professional engineering, current standards of practice, and the level of care and skill exercised by
members of the profession. No other representation, expressed or implied, is included neither
intended in this document.

The borings indicate the subsurface conditions at the locations, dates, and depths indicated and it

is not warranted that they are strictly representative of the materials and conditions at other
locations, times, and greater depths than indicated.
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Appendices

Appendix A: Logs of Boring
Appendix B: Laboratory Test Results
Appendix C: Sample Photos
Appendix D: Piezometers Details
Appendix E: Seismicity & Earthquake
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Borehole Log

[I CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 Au:Auger

Y Ground Water Table

Fl: Fracture Index

TCR: Total Core Recovery
SCR: Solid Core Recovery
RQD: Rock Quality Designation

UCS:Unconfined Comp. Strength

standards (BS 5930; ASTM D2488).

Project: USAID Water Reuse and Enviromantal conservatjon Project
) orehole No.

Project Ref. No.: S13000078 BHO1

Location: Russeifah-Zarga, Jordan

Client: AECOM Implementing Partner Sheet 1 of 2

Total Depth (m): 20 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 665.0 Boring Started: 10/27/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N= 32.00 Boring Completed: 10/29/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 15

E= 36.06 Rig:  Driller: AN Water Depth (m): Nill
Samples SPT Records Core Recovery

Scal Field Record ucs Depth [ Reduced

((r:s)e Type and| Depth ield Records N |Tcr|scr|RaD| ¢ (MPa Description of Strata (Thickness)| Level [Legend

Number | (m) | 018 | 1539 | S04 [Blows| (%) | (%) | (%) (m) (m)
X— X

L Fill Materials ( Silty Clay) rav
[ uncompacted Fill materials composed of brown >
[ silty clay with some gravel and cobbles of e
- P 0-15 limestone and chert. (1.5) Ik~ <
L - b
_1 P> =
L — b
B I X
F 1.5 663.50 [, =< _ 7
5 spT |M15-195| 5 | 5 | 3 | 8 Garbage Materials ,
[ Fill materials composed of a mixture of loose to
2 medium dense, dumped garbage wastes (
B mainly of plastic and wood remains ) with
- P 1.95-3 approximately 10% brown silty clay and some
- ’ gravel and cobbles of limestone and chert.
[ **SPT at 1.5m depth ( No sample recovered)
-3
N SPT 3-3.45 4 5 4 9
4 P 345-45 (5)
E SPT 45-495| 13 | 5 3 8 **SPT at 4.5m depth ( No sample recovered)
:_5
- P 495-6
nd
N SPT 6-6.45 7 5 5 10
- 6.5 658.50
u Fill Materials (Gravel and Cobbles)
[ uncompacted fill materials composed of
—7 P 6.45-7.5 gravel, cobbles and some boulder sizes
- crushed phosphatic (limestone and Chert) , (1.5)
- with medium to coarse sand sizes crushed
- phosphatic (limestone and chert), and some
N SPT 75-795( 15 25 40 65 garbage remains.
N 8 657.00
8
N Garbage Materials
[ Fill materials composed of a mixture moist,
[ cs 7.95-9 1010 0 loose to medium dense, dumped garbage
- wastes ( mainly of plastic and wood remains )
- with approximately 30% brown silty clay and
9 some gravel and cobbles of limestone and
N SPT 9-9.45 18 9 13 22 chert.
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

* The samples were described in accordance with appropriate

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Project Ref. No.: S13000078

Project: USAID Water Reuse and Enviromantal conservatjon Project

orehole No.

. . BHO1
Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner Sheet 2 of 2
Total Depth (m): 20 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush
Ground Level (m): 665.0 Boring Started: 10/27/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):
Coordinates: N=32.00 Boring Completed: 10/29/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 15
E= 36.06 Rig:  Driller: AN Water Depth (m): Nill
Samples SPT Records Core Recovery
Scale Field Records ucs - Depth | Reduced
Type and | Depth N |Tcr|scr|raD Description of Strata (Thickness)| Level |Legend
(M| Number | (m) | 015 [15-30 [ s045 g o Lo oy | FI(MPa m) (m)
(cm) | (cm) | (cm) Blows ( o) ( o) ( o)
C P 945-105
E SPT 10.5- 10 12 14 24
L 1095
11
:— P 10.95-12 7)
12
N SPT 12-12.45( 11 1 1 22
[ 13 P 12.45 -
[ 135
. SPT 135- [ 10 | 10 | 12 | 22
14 13.95
:— P 13.95-15
:_1 5 15 650.00
- SPT 15 - 15.45|50/10 R Alluvial Materials
[ pleistoceone (Alluvial ) deposits composed of
- mixture creamish brown disentigrated chalky
i marl and some silty clay with rounded to
B _ subrounded gravel, cobble and occassional
:_16 cs 1?; g 1000 boulders of chert and limestone.
: SPT ‘ 165- | 18 | 25 | 35 | 60
s 16.95
17
- cs ||16.95-18 150 |0 5)
18
N SPT 18-18.45| 29 31 37 | 68
19 P 18.45 -
[ 19.5
: SPT 195-
[ 20 645.00

Undisturbed Sample Key: | Disturbed Sample Key:

Abbreviations:
Y Ground Water Table

TCR: Total Core Recovery
SCR: Solid Core Recovery

[I CS: Core Sample M P:Percussion

SPT:Standard

m DB: Drive Barrel Penetration Test

Fl: Fracture Index

[l sH: sheiby Tube [ AU:Auger

RQD: Rock Quality Designation

UCS:Unconfined Comp. Strength

Remarks:

* The samples were described in accordance with appropriate

standards (BS 5930; ASTM D2488).

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservat
Project Ref. No.: S13000078

on Project

orehole No.

. . BHO02

Location: Russeifah-Zarga, Jordan

Client: AECOM Implementing Partner Sheet 1 of 2

Total Depth (m): 18.5 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 662.5 Boring Started: 10/24/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N= 32.00 Boring Completed: 10/26/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 14

E= 36.05 Rig:  Driller: AN Water Depth (m): Nill
Samples SPT Records Core Recovery

Scale Field Records ucs I Depth |Reduced

(m) Type and | Depth N |TCR|SCR|RQD| ¢ |MPa Description of Strata (Thickness)| Level [Legend

Number | = (m) | 015 | 1559 | 3045 [Blows| (%) | (%) | (%) (m) (m)

L X — X 4
[ Fill Materials ( Silty Clay) o X —
[ uncompacted Fill materials composed of brown f7x_
_— silty clay with some gravel and cobbles of x___ x|
N P 0-15 limestone and chert. (1.5) S
L - b
_1 P> H—
B — b
L I X
F 1.5 661.00 | =< 3
: SPT 15-195( 2 3 5 8 Garbage Materials
[ Fill materials composed of a mixture of loose to
—2 medium dense, dumped garbage wastes (
5 mainly of plastic and wood remains ) with
- p 195-3 approximately 10% brown silty clay and some
- : gravel,cobbles of limestone and chert.
-3
N SPT 3-3.45 3 5 6 1
:—4 P 3.45-45
- (6)
N SPT 45-495| 6 6 8 14
-5
:— P 495-6
nd
N SPT 6-6.45 [ 10 18 13 | 31
7 P 6.45-75
I_ 7.5 655.00
L X — X 4
- SPT 75-795| 15 | 12 | 20 | 32 Fill Materials ( Silty Clay) X —
C uncompacted Fill materials composed of brown ==
—8 saturated silty clay with some gravel and x__ x|
- cobbles of limestone and chert with e X =
- cs 795-9 151 0 0 approximately 30% garbage remains. L T
x ’ VIR
N Ix  x
[ x o
9 IX X
- el
: SPT 9-9.45 13 21 27 | 48 §:><_
- Xx— X 1
B |
[ — x ]
= - X —
L X X |}

Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations:
Y Ground Water Table

|] CS: Core Sample M P:Percussion

Fl: Fracture Index

TCR: Total Core Recovery

e SPT:Standard SCR: Solid Core Recovery
m DB: Drive Barrel Penetration Test | RQD: Rock Quality Designation

l SH: Shelby Tube I]] AU:Auger UCS:Unconfined Comp. Strength

Remarks:

* The samples were described in accol
standards (BS 5930; ASTM D2488).

rdance with appropriate

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Location: Russeifa
Client: AECOM Im

h-Zarga, Jordan
plementing Partner

Project: USAID Water Reuse and Enviromantal conservat
Project Ref. No.: S13000078

on Project

orehole No.
BHO02

Sheet 2 of 2

[I CS: Core Sample

WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

Fl: Fracture Index

1 Au:Auger

Y Ground Water Table

TCR: Total Core Recovery
SCR: Solid Core Recovery
RQD: Rock Quality Designation

UCS:Unconfined Comp. Strength

standards (BS 5930; ASTM D2488).

* The samples were described in accordance with appropriate

Total Depth (m): 18.5 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 662.5 Boring Started: 10/24/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N=32.00 Boring Completed: 10/26/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 14

E= 36.05 Rig:  Driller: AN Water Depth (m): Nill
Samples SPT Records Core Recovery
Scale Field Records ucs I Depth |Reduced
Type and | Depth N |Tcr|scr|raD MP. Description of Strata (Thickness)| Level |Legend
(m) Number (m) 0-15 | 15-30 | 30-45 |g; (%) | (%) | (%) Fl a (m) (m)
(em) | (em) | (cm) |P1OWS| V7o) | 170} 10

N P 945-105 vl
s x_—_ x|
-~ (6) % %)
- SPT 105- [ 10 | 18 | 22 | 40 S
- 1095 =
—11 P =
N — b
N Ix  x
- X R
— P 10.95-12 < " X
- X x
- DR
—12 g
N SPT 12-1245( 8 15 18 33 X?X ]
- Ix % ]
L [ X ___
N x__ x|
B X
L3 P 12.45 - e
[ 135 e >
L — b
- 135 649.00 px  x—
- SPT 13.5- 23 | 27 | 28 | 55 Alluvial Materials
[ 13.95 pleistoceone (Alluvial ) deposits composed of a
—14 mixture of creamish brown disentigrated chalky
- marl and some silty clay with rounded to
- p 13.95-15 subrounded gravel, cobble and occassional
- ' boulders of chert and limestone.
[ (percussion samples were completely
[ 15 saturated)
- **from 14.0 to 18.5m percussion samples were
i SPT |M15-1545| 27 | 46 | 38 | 84 completely sturated .
= **SPT at 15.0m depth ;slightly moist greyish
[ brown silty clay with some fine marl (sandy
[ matrix)
[16 Cs 15.45 - 151 0 0 (5)
: 16.5 **SPT at 16.5m depth; highly moist,fine marl
[ with plastic silty clay
5 SPT 165- | 15 | 22 | 33 | 55
:_1 7 16.95
:— P 16.95- 18
18
- SPT 18-1845| 24 | 20 | 25 | 45 **SPT at 19.0m depth; saturated silty clay with
C some fine marl 185 | 644.00
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

Logged By: M.H.B

Checked By: M.H
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Borehole Log

M P:Percussion

SPT:Standard
Penetration Test

[I CS: Core Sample
WDB: Drive Barrel

[l sH: sheiby Tube [ AU:Auger

Y Ground Water Table

TCR: Total Core Recovery
SCR: Solid Core Recovery
RQD: Rock Quality Designation

Fl: Fracture Index

UCS:Unconfined Comp. Strength

standards (BS 5930; ASTM D2488).

Project: USAID Water Reuse and Enviromantal conservatjon Project
) orehole No.
Project Ref. No.: S13000078 BHO3
Location: Russeifah-Zarqa, Jordan
Client: AECOM Implementing Partner Sheet 1 of 2
Total Depth (m): 17.65 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush
Ground Level (m): 667.5 Boring Started: 10/22/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):
Coordinates: N=32.00 Boring Completed: 10/23/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 12
E= 36.05 Rig:  Driller: AN Water Depth (m): Nill
Samples SPT Records Core Recovery
Scal Field Record Depth |Reduced
((r:r?)e Type and | Depth e’ ecores N [TCR[SCR|RQD| g Description of Strata (Thickness)| Level [Legend
Number | (m) | 018 | 1539 | S04 [Blows| (%) | (%) | (%) (m) (m)
[ Fill Materials (Mixture)
[ uncompacted fill materials composed of
- approximately 50% gravel,cobbles and some (1)
B P 0-15 boulder sizes crushed (limestone and chert) -
> with medium to coarse sand sizes crushed 1 666.50
- phosphatic (limestone and chert) and some
[ garbage remains.
[ Eill Materials (Gravel and Cobbles)
N uncompacted fill materials composed of
- SPT 15-195| 3 5 8 13 gravel, cobbles and some boulder sizes
= crushed phosphatic (limestone and Chert) ,
[ with medium to coarse sand sizes crushed
N phosphatic (limestone and chert) and some
— P 1.95-3 garbage remains.
B (3.5)
-3
N SPT 3-3.45 4 6 7 13
:—4 P 3.45-45
I_ 4.5 663.00
: sPT |M45-495| 3 | 5 | 6 | 11 Garbage Materials
[ Fill materials composed of a mixture of loose to
5 medium dense, dry dumped garbage wastes (
N mainly of plastic and wood remains ) with (1.5)
B P 495-6 approximately 40% brown silty clay and gravel
- : ,cobbles of limestone and chert.
:—6 6 661.50
- SPT 6-6.45 | 9 9 8 14 Garbage Materials
[ Fill materials composed of a mixture of loose to
[ medium dense, dry dumped garbage wastes (
5 mainly of plastic and wood remains ) with
B ) approximately 10% brown silty clay and gravel
-/ P 6.45-75 ,cobbles of limestone and chert.
E SPT 75-795] 10 12 15 27
-6
:— P 795-9
-9 (6)
: SPT m 9-945 12 17 25 | 43
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

* The samples were described in accordance with appropriate

Logged By: M.H.B

Checked By: M.H
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Borehole Log

[I CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion
SPT:Standard
Penetration Test

Fl: Fracture Index
] au:Auger

Y Ground Water Table
TCR: Total Core Recovery
SCR: Solid Core Recovery
RQD: Rock Quality Designation

standards (BS 5930; ASTM D2488).

Project: USAID Water Reuse and Enviromantal conservatjon Project hole N
. orenoie NO.
Project Ref. No.: S13000078 BHO3
Location: Russeifah-Zarqa, Jordan
Client: AECOM Implementing Partner Sheet 2 of 2
Total Depth (m): 17.65 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush
Ground Level (m): 667.5 Boring Started: 10/22/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):
Coordinates: N=32.00 Boring Completed: 10/23/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 12
E= 36.05 Rig:  Driller: AN Water Depth (m): Nill
Samples SPT Records Core Recovery
Scale Field Records ucs - Depth | Reduced
Type and | Depth N |Tcr|scr|raD Description of Strata (Thickness)| Level |Legend
(m) 0-15 | 15-30 | 30-45 FI [MPa (m)
Number | (m) | 015 [ 1630 [a045 [ (%) | (%) | (% m
C P 945- 105
: SPT 105- | 15 | 15 | 20 | 35
s 1095
11
:— P 10.95-12
12 12| 65550
- SPT |@12-1245| 15 [ 15 | 18 | 33 Alluvial Materials
[ pleistoceone (Alluvial ) deposits composed of a
- mixture of creamish brown disentigrated chalky
[ marl and some silty clay with high percent of (1.5)
B rounded to subrounded gravel, cobble and
:_1 3 cs 1?; g ) 1010 0 occassional boulders of chert and limestone.
:_ 135 654.00
: SPT 135- | 20 | 20 | 22 | 42 Alluvial Materials
[ 13.95 pleistoceone (Alluvial ) deposits composed of a
—14 mixture of creamish brown disentigrated chalky
- marl ;high percent of disintegrated phosphatic
a P 13.95-15 marl and some silty clay with rounded to
: ’ subrounded gravel, cobble and occassional
x boulders of chert and limestone.
:—1 5 (3)
N SPT 15-15.45| 19 20 15 | 35
16 P 15.45 -
[ 16.5
:_ 16.5 651.00
5 SPT 165- [ 12 | 22 | 21 | 43 Alluvial Materials
[ 16.95 pleistoceone (Alluvial ) deposits composed of a
17 mixture of creamish brown disentigrated chalky [ (1.15)
N p 16.95 - marl ;high percent of disintegrated phosphatic
- 17.65 marl and silty clay , with rounded to
5 i subrounded gravel, cobble and occassional 17.65 | 649.85
boulders of chert and limestone.
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

* The samples were described in accordance with appropriate

UCS:Unconfined Comp. Strength

Logged By: M.H.B

Checked By: M.H
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Boreho

le Log

Project: USAID Water Reuse and Enviromantal conservatjon Project
) orehole No.
Project Ref. No.: S13000078
. . BH04

Location: Russeifah-Zarga, Jordan

Client: AECOM Implementing Partner Sheet 1 of 2

Total Depth (m): 13.65 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 645.7 Boring Started: 10/19/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N= 32.01 Boring Completed: 10/21/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 26

E= 36.05 Rig:  Driller: AN Water Depth (m): Nill
Samples SPT Records Core Recovery

Scal Field Record ucs Depth [ Reduced

([r:r?)e Type and| Depth ield Records N |Tcr|scr|RaD| ¢ (MPa Description of Strata (Thickness)| Level [Legend

Number | (m) | 018 | 1539 | S04 [Blows| (%) | (%) | (%) (m) (m)

X Fill Materials (Silty clay Mixture) s 0]
[ uncompacted fill materials composed of brown ?Té: ﬁé
n silty clay with approximately 40% gravel and Q) f2:%
5 p 0-15 cobbles of limestone and chert. -0-4-4
F 1 644.70 [6576.7
: Garbage Materials
[ Fill materials composed of a mixture of loose to
— medium dense, dry dumped garbage wastes (
5 SPT 15-195( 3 5 5 10 mainly of plastic and wood remains ) with
- approximately 10% brown silty clay and some
2 gravel and cobbles of limestone and chert.
:— P 1.95-3
-3
- SPT 3-345 | 2 | 4 | 5| 9
:—4 P 3.45-45
- (7)
N SPT 45-495] 18 12 18 30
-5
:— P 495-6
nd
N SPT 6-645 [ 18 10 8 18
L7 P 6.45-75
: sPT |M75-795| 7 | 17 | 19 | 36
[ o 8 637.70
s . A A
5 Intercalated Materials I~
[ Interclalated materials composed of weathered e
— P 7.95-9 grayish brown to rosy, silty to sandy texture, SIS
- very weak phosphatic marl; black, strong chert; |  (1.5) F24 1’?1
- high percent of white, weak chalky marlstone ’EA"EI’
_9 . .
- and some grayish brown, very weak, plastic PANYAY
N SPT 9-9.45 7 14 1 25 marly clay bands. K A A
a 9.5 636.20 [~
: Intercalated Materials N 7
[ Interclalated materials composed of weathered ] I_J

Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations:
Y Ground Water Table

|] CS: Core Sample M P:Percussion
SPT:Standard SCR: Solid Core Recove

Fl: Fracture Index

TCR: Total Core Recovery

m DB: Drive Barrel Penetration Test | RQD: Rock Quality Designation

l SH: Shelby Tube I]] AU:Auger UCS:Unconfined Comp. Strength

Remarks:

standards (BS 5930; ASTM D2488).
ry

* The samples were described in accordance with appropriate

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Project Ref. No.: S

Project: USAID Water Reuse and Enviromantal conservat

13000078

Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner

on Project

orehole No.
BHO04

Sheet 2 of 2

Total Depth (m): 13.65 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 645.7 Boring Started: 10/19/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N= 32.01 Boring Completed: 10/21/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 26

E= 36.05 Rig:  Driller: AN Water Depth (m): Nill
Samples SPT Records Core Recovery

Scal Field Record ucs Depth |Reduced

((r:s)e Type and | Depth e’ ecores N [TCR[SCR|RQD| ¢ {MPa Description of Strata (Thickness)| Level [Legend

Number | (m) | 018 | 1539 | S04 [Blows| (%) | (%) | (%) (m) (m)

B P 945-105 ]
s grayish brown to rosy, silty to sandy texture, Fﬂ%ﬂ
[ very weak phosphatic marl; high percent black, [l
o strong chert; white, weak chalky marlstone and s
5 SPT 10.5- 8 15 | 15 | 30 some grayish brown, very weak, plastic marly (2.5) 2 A
11 1095 clay bands. e
N VA AY
N ér:-{/—
— P 10.95-12 EEaE
:_1 2 12 633.70 ;:
- SPT 12 -12.45|50/15 R Intercalated Materials
[ Interclalated materials composed of weathered [
- grayish brown to rosy, silty to sandy texture, Y EES
B very weak phosphatic marl; black, strong chert; 165 2 A
B white, weak chalky marlstone and high percent (1.65) i
13 P 1245 - grayish brown, very weak, plastic marly clay s
- 13.65 bands. L
- =
~ 13.65 | 632.05 [ZE 24
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

[I CS: Core Sample

WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 Au:Auger

Y Ground Water Table

TCR: Total Core Recovery

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

* The samples were described in accordance with appropriate
standards (BS 5930; ASTM D2488).

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservat
Project Ref. No.: S13000078

Location: Russeifah-Zarqa, Jordan
Client: AECOM Implementing Partner

on Project

orehole No.
BHO5

Sheet 1 of 4

[I CS: Core Sample

WDB: Drive Barrel

M P:Percussion

SPT:Standard
Penetration Test

[ s+ shelby Tube

1 AuAuger

Y Ground Water Table

TCR: Total Core Recovery

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

* The samples were described in accordance with appropriate

standards (BS 5930; ASTM D2488).

Total Depth (m): 37 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 641.2 Boring Started: 10/7/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N= 32.01 Boring Completed: 10/12/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 39

E= 36.05 Rig:  Driller: KMQ Water Depth (m): Nill
Samples SPT Records Core Recovery

Scald Field Record ucs Depth |Reduced

((r:n) Type and | Depth ¢ Recoras N [TCR|SCR|RQD| g (MPa Description of Strata (Thickness)| Level [Legend

Namber | ()| 15 | 1539 |5 [pows) 00| )| 4 m

[ Fill Materials (Gravel and Cobbles)
[ uncompacted fill materials composed of
- gravel, cobbles and some boulder sizes
B P 0-15 crushed phosphatic (limestone and Chert) ,
- with medium to coarse sand sizes crushed
- phosphatic (limestone and chert) and some
[ garbage remains.
- ®3)
N SPT 15-195| 3 4 6 10
-2
- P 1.95-3
N 3 638.20
—3 X — X ]
- SPT 3-345 | 2 3 5 8 Eill Materials (silty Clay) =X —
C uncompacted Fill materials composed of brown = 4
- silty clay with approximately 20% gravel , X__ X ]
- cobbles of limestone , chert and some garbage e %
4 p 345-45 remains. L=
N x_x-x_)
2 ™ x ]
B X
- SPT |f45-495| 3 [ 3 | 7 | 10 X~ x|
-5 ekl
- X — X
- - X —
- P 4.95-6 XX
L X X
C YTY_-
:—6 - b
- SPT 6-645 | 2 | 4 | 5| 9 ™ e ™
L X X—
3 z<_&><_z
N x
L7 P 6.45-7.5 ®) ii:_
n XX
o vl
o X__ X |}
N SPT 75-795] 3 6 8 14 = X =
:_8 <
L - b
- I
o P 7.95-9 e ]
- = -
= X X
Fo =
: sPT [l 9-945 | 4 | 7 | 9 | 16 = ]
- ]
L X__ X |}
N X
[ Ix X
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

Logged By: M.H.B

Checked By: M.H
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Borehole Log

|] CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 AuAuger

Y Ground Water Table

TCR: Total Core Recovery
SCR: Solid Core Recovery
RQD: Rock Quality Designation

Fl: Fracture Index

UCS:Unconfined Comp. Strength

standards (BS 5930; ASTM D2488).

Project: USAID Water Reuse and Enviromantal conservatjon Project
) orehole No.
Project Ref. No.: S13000078
. . BHO05

Location: Russeifah-Zarga, Jordan

Client: AECOM Implementing Partner Sheet 2 of 4

Total Depth (m): 37 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 641.2 Boring Started: 10/7/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N= 32.01 Boring Completed: 10/12/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 39

E= 36.05 Rig:  Driller: KMQ Water Depth (m): Nill
Samples SPT Records Core Recovery

Scal Field Record ucs Depth [ Reduced

cae Type and | Depth 1ec ecores N |TCR|SCR|RQD MPa Description of Strata (Thickness)| Level [Legend

(m) Number (m) 0-15 | 15-30 | 30-45 Blows| (%) | (%) | (%) Fl (m) (m)

(cm) | (cm) | (cm)

N P 945-105 el
' Ix % ]
5 L x __
-_ X_ X ]
- SPT 105- |50/ R *At 10.5; spt sample was not recovered. S
:_1 4 1095 11 630.20 | =<
C Garbage Materials
[ Fill materials composed of saturated,
[ cs 10.95-12 1510 0 completely decomposed garbage wastes;
- intermixed with approximately 30% silty clay
5 and some crushed (limestone, chert )
12 fragments.
[ SPT ‘ 12-1245| 5 11 16 | 27 *From (12.0-16.5); no samples were recovered
- except the SPT samples
[ 13| P 12.45 - ()
[ 135
. SPT 135- | 3 | 6 | 8 | 14
- 13.95
14
- P 13.95-15
15 15 | 626.20
- SPT 15-1545| 4 8 9 | 17 Garbage Materials
[ Fill materials composed of saturated,
- completely decomposed garbage wastes;
- intermixed with approximately 20% silty clay
C p 15.45 - and some crushed (limestone, chert )
16 165 fragments.
5 SPT 165- | 3 | 7 [ 10] 17 (3.5)
- 16.95
17
:— P 16.95-18
18
N SPT 18-18.45( 2 3 5 8
- 18.5 622.70
- Garbage Materials
[ Fill materials composed of saturated,
—19 P 1845 - completely decomposed garbage wastes;
s 19.5 intermixed with approximately 10% silty clay
5 and some crushed (limestone, chert )
- fragments.
: SPT 19.5 - 3 5 7 12
- 1995
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

* The samples were described in accordance with appropriate

Logged By: M.H.B

Checked By: M.H
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Boreho

le Log

Project: USAID Water Reuse and Enviromantal conservatjon Project
. orehole No.
Project Ref. No.: S13000078
. . BHO05

Location: Russeifah-Zarga, Jordan

Client: AECOM Implementing Partner Sheet 3 of 4

Total Depth (m): 37 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 641.2 Boring Started: 10/7/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N= 32.01 Boring Completed: 10/12/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 39

E= 36.05 Rig:  Driller: KMQ Water Depth (m): Nill
Samples SPT Records Core Recovery

Scal Field Record ucs Depth [ Reduced

((r:ra])e Type and | Depth ield Records N |Tcr|scr|Rap| ¢ fwPa Description of Strata (Thi((:kn)ess) Level |Legend

- - - 0 0 0, m
Number (m) ?C:nf'; 1@ rg;) 3(2 rﬁf Blows| (%) | (%) [ (%) (m)

:— P 19.95 - 21
21
- SPT |M21-2145| 2 5 | 6 | 11 (5.5)
[ oo P 21.45-
N 225
- SPT 25- | 3 | 4| 7|1
23 2295
- P 22.95-24
:_24 24 617.20
- SPT |M24-2445| 4 6 7 | 13 Garbage Materials
[ Fill materials composed of saturated,
- completely decomposed garbage wastes;
- intermixed with approximately 20% silty clay
5 p 24.45 - and some crushed (limestone, chert )
3 5 255 fragments.
: SPT 255- | 3 | 5| 7|12
26 2595
:— P 25.95-27
|27
N SPT 27-2745| 2 3 5 8
- (7.5)
[ o8 P 27.45 -
[ 28.5
: SPT 285- | 2 |3 |6 |09
F 20 2895
:— P 28.95-30

Undisturbed Sample Key: | Disturbed Sample Key:

Abbreviations:

|] CS: Core Sample M P:Percussion

o SPT:Standard
m DB: Drive Barrel Penetration Test

[l sH: sheiby Tube [ AU:Auger

Y Ground Water Table

TCR: Total Core Recovery
SCR: Solid Core Recovery
RQD: Rock Quality Designation

Fl: Fracture Index

UCS:Unconfined Comp. Strength

Remarks:

* The samples were described in accordance with appropriate
standards (BS 5930; ASTM D2488).

Logged By: M.H.B

Checked By: M.H
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Borehole Log

[I CS: Core Sample

m DB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 Au:Auger

Y Ground Water Table

Fl: Fracture Index

TCR: Total Core Recovery
SCR: Solid Core Recovery
RQD: Rock Quality Designation

UCS:Unconfined Comp. Strength

Project: USAID Water Reuse and Enviromantal conservatjon Project
) orehole No.
Project Ref. No.: S13000078 BHO5
Location: Russeifah-Zarqa, Jordan
Client: AECOM Implementing Partner Sheet4 of 4
Total Depth (m): 37 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush
Ground Level (m): 641.2 Boring Started: 10/7/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):
Coordinates: N= 32.01 Boring Completed: 10/12/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 39
E= 36.05 Rig:  Driller: KMQ Water Depth (m): Nill
Samples SPT Records Core Recovery
Scale Field Records ucs I Depth | Reduced
(m) Type and | Depth N [TCR|SCR|RQD| g (MPa Description of Strata (Thickness)| Level [Legend
Number | (m) | 015 | 15:30 | 3045 oyl (%) | (%) | (%) @ (m)
E SPT 30-3045| 3 7 9 16
[ 31 P 30.45 -
[ 31.5
:_ 31.5 609.70
: SPT 31.5- 6 12 | 15 | 27 Fill Materials (Gravel and Cobbles)
[ 31.95 uncompacted fill materials composed of
—32 gravel, cobbles and some boulder sizes
N crushed phosphatic (limestone and Chert) ,
- p 31.95-33 with medium to coarse sand sizes crushed
N ) phosphatic (limestone and chert) and some
[ garbage remains.
33
N SPT 33-3345| 4 6 8 14
- (4.5)
L 34 P 33.45-
[ 34.5
E SPT 34.5- 12 20 25 | 45
s 3495
35
:— P 34.95 - 36
:—36 36 605.20 £
- SPT 36-36.45| 13 | 18 | 27 | 45 Inercalated Materials T~
[ Intercalated materials composed of grayish [l
[ brown, fractured, strong to very strong chert (1) e
N P 36.45 - 37 and silicified limestone; with some grayish 2 1’§1,
- - white, moeretly strong chalky to phosphatic 37 604.20 B4
37 limestone.
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

* The samples were described in accordance with appropriate
standards (BS 5930; ASTM D2488).

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservatjon Project hole N
. orenoie NO.
Project Ref. No.: S13000078 BHO6
Location: Russeifah-Zarqa, Jordan
Client: AECOM Implementing Partner Sheet 1 of 4
Total Depth (m): 37 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush
Ground Level (m): 644.0 Boring Started: 10/8/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):
Coordinates: N= 32.01 Boring Completed: 10/12/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 37
E= 36.05 Rig:  Driller: AN Water Depth (m): Nill
Samples SPT Records Core Recovery
Scal Field Record ucs Depth [ Reduced
((r:r?)e Type and | Depth 1e’d ecores N [TCR[SCR|RQD| ¢ (MPa Description of Strata (Thickness)| Level [Legend
Number | (m) | 018 | 1539 | S04 [Blows| (%) | (%) | (%) (m) (m)
X— X
L Fill Materials ( Silty Clay) rav
[ uncompacted Fill materials composed of brown f7_
_— silty clay with some gravel and cobbles of x___ x|
- p 0-15 limestone and chert and approximately 10% S
B garbage remains. S
_1 P> =
N — b
N Ix  x
- @) 5_jx_z
- SPT |M15-195| 3 | 6 [ 5 | 11 X~ x ]
2 X
- X — x
= - X —
- P 1.95-3 "7 x
. % %
L X
5 3 641.00 [x ~ %
C SPT 3.345 | 2 4 4 8 Fill Materials (Gravel and Cobbles)
[ uncompacted fill materials composed of
- gravel, cobbles and some boulder sizes
N crushed phosphatic (limestone and Chert) ,
- with medium to coarse sand sizes crushed
4 P 3:45-45 phosphatic (limestone and chert) and
[ approximately 20% silty clay and garbage
o remains. 3)
: spT |f45-495| 4 | 6 | 5 | 11
-5
:— P 495-6
5 6 163500 S
- SPT 6-645| 3 | 5 | 5 | 10 Fill Materials ( Silty Clay Mixture ) 0.5.0.
C uncompacted Fill materials composed of brown ~0. g ~0.<
- silty clay with approximately 40% gravel and ~°g~ 99@
[ cobbles of limestone and chert . 0 70 4
L7 | cs |l645-75 15010 0 <%0
N LO0.9.0.
- 20 9¢
N SPT 75-795] 6 7 9 16 o~0~ <>~<
: . .0. .O' .0.
e L2
: (4.5 2=,
[ P 7.95-9 -0 %4
s °0.5.
- 500
| . .0. .O' .0.
: SPT 9-945 | 50/3 R 2074
- 20
- 20.5.0.
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:
Y Ground Water Table * The samples were described in accordance with appropriate
: mpl P:Percussion - :
|] CS: Core Sample N TCR: Total Core Recovery standards (BS 5930; ASTM D2488).
e SPT:Standard SCR: Solid Core Recovery
m DB: Drive Barrel Penetration Test | RQD: Rock Quality Designation
) FI: Fracture Index
. SH: Shelby Tube |]] AU:Auger UCS:Unconfined Comp. Strength
Logged By: M.H.B Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservatjon Project
) orehole No.

Project Ref. No.: S13000078

. . BHO06
Location: Russeifah-Zarqa, Jordan
Client: AECOM Implementing Partner Sheet 2 of 4
Total Depth (m): 37 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush
Ground Level (m): 644.0 Boring Started: 10/8/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):
Coordinates: N= 32.01 Boring Completed: 10/12/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 37

E= 36.05 Rig:  Driller: AN Water Depth (m): Nill
Samples SPT Records Core Recovery
Scale Field Records ucs I Depth |Reduced
((r:r?) Type and | Depth N [TCR|SCR|RQD| g (MPa Description of Strata (Thickn)ess) Level |Legend
- - - 0 0 0, m
Number | (m) | 015 [ 1530 [a045 [ (%) | (%) | (% ™o
P 945-105 .
10.5 633.50 |;
SPT 105- | 8 | 10 | 12 | 22 Eill Materials (Gravel and Cobbles)
1095 uncompacted fill materials composed of
11 gravel, cobbles and some boulder sizes
crushed phosphatic (limestone and Chert) , (1.5)
p 10.95-12 with medium to coarse sand sizes crushed
’ phosphatic (limestone and chert).
**At 10.5;SPT sample was not recovered

19 12 632.00

12-1245| 5 9 11 | 20 Garbage Materials
Fill materials composed of saturated,

completely decomposed garbage wastes;
intermixed with approximately 10% silty clay
12.45 - and some crushed limestone, chert

13.5 fragments.
' *From (12.0-12.5); moist garbage.
*From (12.5-33.5); saturated samples ( higher
water accumulation).

SPT

SPT 135- 8 12 | 13 | 256

13.95

Cs 13.95-15 0 0 0

SPT 15-15.45| 10 13 | 16 | 28

15.45 -
16.5

SPT 16.5 - 12 12 | 14 | 26

16.95

16.95-18

RQELS
18 | 626.00 KRR

18-18.45| 8 15 | 18 | 33 Fill Materials (Gravel and Cobbles)
uncompacted fill materials composed of

gravel, cobbles and some boulder sizes
crushed phosphatic (limestone and Chert) ,

SPT

AR RRRN LR AR LARAS RS LA AR SRR LR CARRE RRRAS SR LARAS RLARE RARAS RS RARAS ULRRE RN
[« [$,]
o

with medium to coarse sand sizes crushed
19 CS 1?; g ) 010 0 phosphatic (limestone and chert) and some
' garbage remains.
SPT 19.5 - 20 26 28 54 (3.5)
1995
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

Y Ground Water Table * The samples were described in accordance with appropriate

: P:Percussion :
|] CS: Core Sample N TCR: Total Core Recovery standards (BS 5930; ASTM D2488).

e SPT:Standard SCR: Solid Core Recovery
m DB: Drive Barrel Penetration Test | RQD: Rock Quality Designation
. FI: Fracture Index
. SH: Shelby Tube |]] AU:Auger UCS:Unconfined Comp. Strength

Logged By: M.H.B Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservatjon Project hole N
. orenoie NO.
Project Ref. No.: S13000078
: . BHO06

Location: Russeifah-Zarga, Jordan

Client: AECOM Implementing Partner Sheet 3 of 4

Total Depth (m): 37 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 644.0 Boring Started: 10/8/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N= 32.01 Boring Completed: 10/12/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 37

E= 36.05 Rig:  Driller: AN Water Depth (m): Nill
Samples SPT Records Core Recovery

Scale Field Records ucs : Depth |Reduced

(m) Type and | Depth N [TCR|SCR|RQD| g (MPa Description of Strata (Thi((:kn)ess) Level

- - - 0 0 0, m
Number (m) ?C:nf; 1@ n?? 3(2 rﬁf Blows| (%) | (%) | (%) m)
:— P 19.95-21
21
N SPT 21-21.45] 18 30 33 | 63
N 21.5 622.50
- ) R
- Garbage Materials L
C Fill materials composed of saturated, :0:
—22 cs 2145- 0 0 0 completely decomposed garbage wastes; .:.
N 25 intermixed with approximately 30% silty clay
- and some crushed limestone, chert
- fragments.
N SPT 225- 13 17 21 38
23 2295
- P 22.95-24
24
: SPT 24 -24.45| 12 15 18 33
Fo5 | P 2445 -
N 255
: SPT 255- | 13 | 13 | 16 | 29
26 2595
:— Cs 25.95-27 0 0 0
|27
N SPT 27 -27.45| 15 17 19 36
~ (12)
[ o8 P 27.45 -
[ 285
: SPT 285- | 13 | 16 | 18 | 34
F 20 28 95
:— P 28.95-30
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:
[I CS: C S | M P-Percussion ¥ Ground Water Table * The samples were described in accordance with appropriate
. Core sample . TCR: Total Core Recovery standards (BS 5930; ASTM D2488).
e SPT:Standard SCR: Solid Core Recovery
m DB: Drive Barrel Penetration Test | RQD: Rock Quality Designation
) FI: Fracture Index

. SH: Shelby Tube |]] AU:Auger UCS:Unconfined Comp. Strength

Logged By: M.H.B Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservat
Project Ref. No.: S13000078
Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner

on Project

orehole No.
BHO06

Sheet 4 of 4

Total Depth (m): 37
Ground Level (m): 644.0

Drilling Method: Rotary and Percussion
Boring Started: 10/8/2013

Drilling Medium: Air Flush
Boring Dia. (mm): 12.7

Core Dia. (mm):

|] CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 AuAuger

Y Ground Water Table

TCR: Total Core Recovery

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

* The samples were described in accordance with appropriate

standards (BS 5930; ASTM D2488).

Coordinates: N= 32.01 Boring Completed: 10/12/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 37
E= 36.05 Rig:  Driller: AN Water Depth (m): Nill
Samples SPT Records Core Recovery Denth
- ep Reduced
Scale Type and | Depth Field Records N |[TcR[scr|rRaQD l,\J/"(::,S Description of Strata (Thickness)| Level [Legend
(M) | Nimber (m) | 015 [ 15-30 | 3045 [ @) | ) | @) | P! a (m) (m)
(em) | (em) | (cm) [PIOWS| V7o) [ 170} 10
E SPT 30-30.45| 11 14 17 31
[ 31 P 30.45 -
N 31.5
5 SPT 315- | 13 | 15 | 19 | 34
:_32 3195
:— Cs 31.95-33 101 0 0
33
N SPT 33-33.45| 17 22 26 48
- 33.5 610.50
L Intercalated Materials Fﬂrﬁﬂr
[ Intercalated materials composed of grayish [l
34 P 3345- brown, fractured, strong to very strong chert ey
N 34.5 and silicified limestone; with some grayish P24 1’§1,
- white, moderately strong chalky to phosphatic ’IA";':I’
N limestone. NI
[ SPT 34.5 - 14 | 28 | 28 | 56 A
s 3495 =
35 EEaE
- (35) NN
- cs [||34.95-36 10|00 i@”
: A
- ol
36 /_,:EA*,_A,_
- SPT |M36-36.45| 22 | 27 | 30 | 57 AT
[~ X 1__Ar
- iﬁg
- P 36.45 - 37
C 37 | e07.00 [FEZAH
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

Logged By: M.H.B

Checked By: M.

H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservatjon Project
) orehole No.
Project Ref. No.: S13000078

. . MW-1
Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner Sheet 1 of 6
Total Depth (m): 60 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush
Ground Level (m): 646.5 Boring Started: 10/6/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):
Coordinates: N= 32.01 Boring Completed: 10/22/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 33
E= 36.05 Rig:  Driller: Ab Water Depth (m): 52.0
Samples SPT Records Core Recovery
Scale Field Records ucs Depth | Reduced
(m) Type and | Depth N [TCR[SCR|RQD| ¢ (MPa Description of Strata (Thic(:kn)ess) Level [Legend
- - - 0 0, 0, m
Number (m) ?c:nf; 1(22;) 3(2 n‘:)5 Blows| (%) | (%) | (%) (m)
u Alluvial Materials ( Chalky Marl )
[ pleistocone (Alluvial ) deposits composed of a
- mixture of creamish brown disentigrated chalky
i marl and some silty clay with rounded to
B subrounded gravel, cobble and occassional
:_1 boulders of chert and limestone.
-2
-3
4
-5
-6
-7
-8
-9
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:
Y Ground Water Table * The samples were described in accordance with appropriate
: P:Percussion iy .
|] CS: Core Sample N TCR: Total Core Recovery standards (BS 5930; ASTM D2488).
e SPT:Standard SCR: Solid Core Recovery
m DB: Drive Barrel Penetration Test | RQD: Rock Quality Designation
] Fl: Fracture Index
. SH: Shelby Tube |]] AU:Auger UCS:Unconfined Comp. Strength
Logged By: M.H.B Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservatjon Project
) orehole No.
Project Ref. No.: S13000078

. . MW-1
Location: Russeifah-Zarqa, Jordan
Client: AECOM Implementing Partner Sheet 2 of 6
Total Depth (m): 60 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush
Ground Level (m): 646.5 Boring Started: 10/6/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):
Coordinates: N= 32.01 Boring Completed: 10/22/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 33
E= 36.05 Rig:  Driller: Ab Water Depth (m): 52.0
Samples SPT Records Core Recovery
Scale Field Records ucs I Depth |Reduced
(m) Type and | Depth N [TCR|SCR|RQD| g (MPa Description of Strata (Thickn)ess) Level |Legend
- - - 0 0, 0, m
Number | (m) | 015 [ 1530 [a045 [ (%) | (%) | (% ™o
11
12
13
14 (28)
15
16
17
18
19
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:
Y Ground Water Table * The samples were described in accordance with appropriate
: P:Percussion iy :
|] CS: Core Sample N TCR: Total Core Recovery standards (BS 5930; ASTM D2488).
e SPT:Standard SCR: Solid Core Recovery
m DB: Drive Barrel Penetration Test | RQD: Rock Quality Designation
) Fl: Fracture Index
. SH: Shelby Tube |]] AU:Auger UCS:Unconfined Comp. Strength
Logged By: M.H.B Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservatjon Project
) orehole No.
Project Ref. No.: S13000078

. . MW-1
Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner Sheet 3 of 6
Total Depth (m): 60 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush
Ground Level (m): 646.5 Boring Started: 10/6/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):
Coordinates: N=32.01 Boring Completed: 10/22/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 33
E= 36.05 Rig:  Driller: Ab Water Depth (m): 52.0
Samples SPT Records Core Recovery
Scale Field Records ucs Depth |Reduced
(m) Type and | Depth N [TCR[SCR|RQD| ¢ {MPa Description of Strata (Thi?kn)ess) Level |Legend
- - - 0 0, 0, m
Number (m) ?c:ns) 1(2:;) 3(2 r:)s Blows| (%) | (%) | (%) (m)
21
22
23
24
25
26
|27
Fos 28 618.50
s Alluvial Materials (Chalky Marl
[ pleistocone (Alluvial ) deposits composed of a
- mixture of creamish brown disentigrated chalky
- marl and silty clay with rounded to subrounded
- gravel, cobble and occassional boulders of 2
29 chert and limestone. @)
[ 30 616.50
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:
Y Ground Water Table * The samples were described in accordance with appropriate
: P:Percussion iy :
|] CS: Core Sample N TCR: Total Core Recovery standards (BS 5930; ASTM D2488).
e SPT:Standard SCR: Solid Core Recovery
m DB: Drive Barrel Penetration Test | RQD: Rock Quality Designation
] Fl: Fracture Index
. SH: Shelby Tube |]] AU:Auger UCS:Unconfined Comp. Strength
Logged By: M.H.B Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservatjon Project

. orehole No.
Project Ref. No.: S13000078 MW-1
Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner Sheet 4 of 6

Total Depth (m): 60 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 646.5 Boring Started: 10/6/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N= 32.01 Boring Completed: 10/22/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 33
E= 36.05 Rig:  Driller: Ab Water Depth (m): 52.0

Samples SPT Records Core Recovery Denth
- ep Reduced
S((F:;e Typeand| Depth |FedRecords T T T T o [ ‘“JA%Z‘ Description of Strata (Thickness)| Level |Legend

Number | (m) | 018 | 1539 | S04 [Blows| (%) | (%) | (%) (m) (m)

P 0-60 -
Intercalated Materials Fﬂrﬁﬂ

Intercalated material composed of grayish [l

white,fractured,moderate strong to strong s

phosphatic to silicified limestone; grayish 2 A

brown to rosy, weak chalky to phsphatic ’I‘g

&
@

marlstone and and some thin brown, very Ay

weak chalky to clayey marl bands with high A A

percent of white chalky silicified limestone. =

&
¥}

WINE:
)|
Al

&
1
Ly

LELELEL B
—_
~
~

®
S
dl

Al

&
|

3y
5

A
S|
d|

)

&
4

37 609.50 A
=

Intercalated Materials
Intercalated material composed of grayish 1]
white,fractured,moderate strong to strong | LR
phosphatic to silicified limestone; grayish 2 1@,
brown to rosy, weak chalky to phsphatic i
maristone and and some thin brown, very PAYYA
weak chalky to clayey marl bands ; chert and A A
silicified limestone. sl

&
&

o
©

(4.5) A,

WINE;
N
Al

Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

Y Ground Water Table * The samples were described in accordance with appropriate
TCR: Total Core Recovery standards (BS 5930; ASTM D2488).

SPT:Standard | SCR: Solid Core Recovery
Penetration Test | RQD: Rock Quality Designation

) Fl: Fracture Index
. SH: Shelby Tube |]] AU:Auger UCS:Unconfined Comp. Strength

[I CS: Core Sample M P:Percussion

WDB: Drive Barrel

Logged By: M.H.B Checked By: M.H

Appendix A Page 28/78



Borehole Log

Project: USAID Water Reuse and Enviromantal conservatjon Project
. orehole No.
Project Ref. No.: S13000078

. . MW-1
Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner Sheet 5 of 6
Total Depth (m): 60 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush
Ground Level (m): 646.5 Boring Started: 10/6/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):
Coordinates: N= 32.01 Boring Completed: 10/22/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 33
E= 36.05 Rig:  Driller: Ab Water Depth (m): 52.0
Samples SPT Records Core Recovery
Scale Field Records ucs Depth |Reduced
(m) Type and | Depth N [TCR[SCR|RQD| ¢ (MPa Description of Strata (Thickness)| Level [Legend
- - - 0 0, 0, m
Number | (m) | 015 [ 1630 [a045 [ (%) | (%) | (% ™o
i A A
i =
- |
— =S
C 2 A
u i g
41 Ay
: KA
- 415 605.00 [~
[ Intercalated Materials ~ G
[ Intercalated material composed of grayish 1]
42 white,fractured,moderate strong to strong | LR
5 phosphatic to silicified limestone; grayish 2 1@,
- brown to rosy, weak chalky to phsphatic i
- maristone and and some thin brown, very NS
[ weak chalky to clayey marl bands with high A A
[ 43 percent of limestone. ;gc
: NV
C A A
. =
: %
- ol
44 A
C ralra|
B A 1__A
o =)
[ PAyay,
: KA
45 T,
N 7y, N
i AR
- N
C Ao
C ANy
46 =
N A
C AN
— —x x
- A
C D
N R A
47
¥ 77
[ AEX
o A A
C ==
N 41
—48
. (13.5) E=YES)
F A A
- % %
49
- L~
i A A A
L Al
i L)
L ==
i R A A
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:
. Y Ground Water Table * The samples were described in accordance with appropriate
: P:Percussion y :
|] CS: Core Sample N TCR: Total Core Recovery standards (BS 5930; ASTM D2488).
e SPT:Standard SCR: Solid Core Recovery
m DB: Drive Barrel Penetration Test | RQD: Rock Quality Designation
) FI: Fracture Index
. SH: Shelby Tube |]] AU:Auger UCS:Unconfined Comp. Strength
Logged By: M.H.B Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservatjon Project

. orehole No.
Project Ref. No.: S13000078 MW-1
Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner Sheet 6 of 6

Total Depth (m): 60 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 646.5 Boring Started: 10/6/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N= 32.01 Boring Completed: 10/22/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 33
E= 36.05 Rig:  Driller: Ab Water Depth (m): 52.0

Samples SPT Records Core Recovery Denth
- ep Reduced
S((F:;e Typeand| Depth |FedRecords T T T T o [ ‘“JA%Z‘ Description of Strata (Thickness)| Level |Legend

Number | (m) | 018 | 1539 | S04 [Blows| (%) | (%) | (%) (m) (m)

£
1 T

3 X,

4 o~

55 | 501.50 [AAl

5

Intercalated Materials
Intercalated material composed of grayish [l
white,fractured,moderate strong to strong s
phosphatic to silicified limestone; grayish F2d 1’§1,
brown to rosy, weak chalky to phsphatic A
6 .

marlstone and and some thin brown, very N
weak chalky to clayey marl bands with high KA
percent of chert and silicified limestone.

7

8 X,

9 o~

LR S S L S L S L S L P S L P S LV SN R

60 | 586.50 [AAl

Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

Y Ground Water Table * The samples were described in accordance with appropriate
TCR: Total Core Recovery standards (BS 5930; ASTM D2488).

SPT:Standard | SCR: Solid Core Recovery
Penetration Test | RQD: Rock Quality Designation

) Fl: Fracture Index
. SH: Shelby Tube |]] AU:Auger UCS:Unconfined Comp. Strength

[I CS: Core Sample M P:Percussion

WDB: Drive Barrel

Logged By: M.H.B Checked By: M.H
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Borehole Log

[I CS: Core Sample
m DB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

] au:Auger

Y Ground Water Table

Fl: Fracture Index

TCR: Total Core Recovery
SCR: Solid Core Recovery
RQD: Rock Quality Designation

UCS:Unconfined Comp. Strength

standards (BS 5930; ASTM D2488).

Project: USAID Water Reuse and Enviromantal conservatjon Project
) orehole No.
Project Ref. No.: S13000078
. . MWwW-2

Location: Russeifah-Zarqa, Jordan

Client: AECOM Implementing Partner Sheet 1 of 7

Total Depth (m): 60.5 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 645.0 Boring Started: 10/22/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N= 32.01 Boring Completed: 4/11/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 11

E= 36.05 Rig:  Driller: AB Water Depth (m): 52.3
Samples SPT Records Core Recovery

Scal Field Record ucs Depth | Reduced

((r::)e Type and | Depth e’ ecores N [TCR[SCR|RQD| ¢ (MPa Description of Strata (Thickness)| Level [Legend

Number | (m) | 015 | 1530 | 3045 oy (%) | (%) | (%) @ (m)
X— X

L Fill Materials ( Silty Clay) rav
[ uncompacted Fill materials composed of U=
- grayish brown silty clay with some gravel and (1) x___ x|
N cobbles of limestone and some S
C asphalt,concrete fragments. 1 644.00 | =
L Alluvial Materials (Marl
[ pleistoceone (Alluvial ) deposits composed of
[ grayish brown to brown,disintegrated marl with
[ silty clay and gravel,cobbles of chert
-2
-3
~ (5)
4
-5
:—6 6 639.00
[ Alluvial Materials (Silty Clay)
[ pleistoceone (Alluvial ) deposits composed of
- brown silty clay with disintegrated marl and
- some gravel of chert. (1.5)
-7
I_ 7.5 637.50
L Alluvial Materials (Marl
[ pleistoceone (Alluvial ) deposits composed of
—8 grayish brown to brown,disintegrated marl with
[ silty clay and gravel,cobbles of chert
-9 3)
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

* The samples were described in accordance with appropriate

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservat
Project Ref. No.: S13000078

Location: Russeifah-Zarqa, Jordan

Client: AECOM Implementing Partner

on Project

orehole No.
MW-2

Sheet 2 of 7

Total Depth (m): 60.5
Ground Level (m): 645.0

Drilling Method: Rotary and Percussion
Boring Started: 10/22/2013

Drilling Medium: Air Flush
Boring Dia. (mm): 12.7

Core Dia.

(mm):

[I CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 Au:Auger

Y Ground Water Table

TCR: Total Core Recovery

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

* The samples were described in accordance with appropriate

standards (BS 5930; ASTM D2488).

Coordinates: N=32.01 Boring Completed: 4/11/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 11
E= 36.05 Rig:  Driller: AB Water Depth (m): 52.3
Samples SPT Records Core Recovery

Scal Field Record ucs Depth | Reduced

ca Type and | Depth €d Records N |Tcr|scr|raD MPa Description of Strata (Thickness)| Level [Legend

(m) Number (m) 0-15 1 15-30 | 30-45 |3l (%) | (%) | (%) Fi (m) (m)

(cm) | (cm) | (cm)
2 105 | 634.50
x Alluvial Materials (Silty Clay)
[ pleistoceone (Alluvial ) deposits composed of
—11 brown silty clay with approximately 40%
5 gravel,cobbles and some boulders of chert.
12 @)
E P 0-255
13
- 135 | 631.50
- Intercalated Materials T~ 7
[ Intercalated material composed of ahigh [l
—14 percent , grayish white,fractured, moderate s
I strong to strong phosphatic to silicified P24 1@,
- limestone and chert; grayish brown to rosy, :‘l/'f""j
- weak chalky to phosphatic marlstone and NS
[ some thin brown, very weak chalky to clayey A
F s marl bands. Z¥ gc
- YN
5 A 7] A
- =
: A
- ol
_—1 6 ,_;EAJ_/_LJA/_
[ aYAN|
- o]
o s
N AL D
: KA
47 i
N 7y, O
[ AN
- A A A
B sy
[ ANy
18 =
C A
[ A Al
— iy~
i 7~ A
C A
- “RA7]
—19 =~
- 2 A4
3 AEX
- (12) LA
[ — T
B B4
ey v

Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Project Ref. No.: S13000078
Location: Russeifah-Zarga, Jordan

Project: USAID Water Reuse and Enviromantal conservat

Client: AECOM Implementing Partner

on Project

orehole No.
MW-2

Sheet 3 of 7

Total Depth (m): 60.5

Ground Level (m): 645.0
N=32.01
E=36.05

Boring
Coordinates: Boring

Rig:

Drilling Method: Rotary and Percussion

Started: 10/22/2013
Completed: 4/11/2013
Driller: AB

Drilling Medium: Air Flush
Boring Dia. (mm): 12.7
Casing Dia. (mm): 12.7
Water Depth (m): 52.3

Core Dia. (mm):
Casing Depth (m): 11

Samples SPT Records

Core Recovery

Scale

(m)

Field Records

0-15 | 15-30 | 30-45
(em) | (em) | (cm)

Type and
Number

Depth
(m)

N
Blows|

TCR
(%)

SCR
(%)

RQD

(%) Fl

ucs
MPa

Description of Strata

Depth
(Thickness)
(m)

Reduced
Level

(m)

LB LRI RN RLLI LR
N

S
N

| B
N
w

LRI IR |
N
N

S
o

SPT 255 -

2595

50/9cm]

LI I
| | |
N N
~ [e)]

25.95-30

| R B
N N
© [e4]

Y]

255 619.50

Intercalated Materials

Intercalated material composed of grayish
white,fractured,moderate strong to strong
phosphatic to silicified limestone ; grayish
brown to rosy,weak chalky to phosphatic
marlstone and some thin brown, very weak
chalky to clayey marl bands and high percent
of chert and rosy chalky marlstone.

28.5 616.50

Intercalated Materials

Intercalated material composed of grayish
white,fractured,moderate strong to strong
phosphatic to silicified limestone ; grayish
brown to rosy,weak chalky to phosphatic
marlstone and some thin brown, very weak
chalky to clayey marl bands with high percent
of silicified limestone and rosy marlstone.

Undisturbed Sample Key: | Disturbed Sample Key

| Abbreviations:

M P:Percussion
SPT:Standard

[I CS: Core Sample

WDB: Drive Barrel

[l sH: sheiby Tube [ AU:Auger

Penetration Test

Y Ground Water Table

Fl: Fracture Index

TCR: Total Core Recovery
SCR: Solid Core Recovery
RQD: Rock Quality Designation

UCS:Unconfined Comp. Strength

Remarks:

standards (BS 5930; ASTM D2488).

* The samples were described in accordance with appropriate

Logged By: M.H.B

Checked By: M.H
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Borehole Log

[I CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 AuAuger

Y Ground Water Table

TCR: Total Core Recovery

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

* The samples were described in accordance with appropriate

standards (BS 5930; ASTM D2488).

Project: USAID Water Reuse and Enviromantal conservatjon Project hole N
. orenoie NO.

Project Ref. No.: S13000078 MW-2

Location: Russeifah-Zarga, Jordan

Client: AECOM Implementing Partner Sheet 4 of 7

Total Depth (m): 60.5 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 645.0 Boring Started: 10/22/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N= 32.01 Boring Completed: 4/11/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 11

E= 36.05 Rig:  Driller: AB Water Depth (m): 52.3
Samples SPT Records Core Recovery Denth
n ep Reduced
S((r:s;e Type and | Depth Field Records N [TCR[SCR|RQD| g l'\Jm(:Z’g Description of Strata (Thickness)| Level [Legend
Number | (m) | 018 | 1539 | S04 [Blows| (%) | (%) | (%) (m) (m)
- 3) AL A
N SPT 30 - 30.4556/6¢m R .
- 1]
- payray
- 2 A
[ 31 [ 5E
N VA AY
- s
- 31.5 | 61350 [~
[ Intercalated Materials ~ A
[ Intercalated material composed of grayish 1]
32 white,fractured,moderate strong to strong | LR
B phosphatic to silicified limestone ; grayish (1.5) F24 1’?1
- brown to rosy,weak chalky to phosphatic i
: marlstone and some thin brown, very weak s
i P 30.45-35 chalky to clayey marl bands and high percent KA
33 of gray silicified limestone . 33 | 612.00 [~
[ Intercalated Materials ~
[ Intercalated material composed of grayish 1]
[~ white,fractured,moderate strong to strong | LR
I phosphatic to silicified limestone ; grayish 2 1@,
B brown to rosy,weak chalky to phosphatic ’EA"EI’
34 marlstone and some thin brown, very weak
) YAYAY

[ chalky to clayey marl bands and high percent A
[ of white chalky marlstone and some chert . ®) =
L /EE g =
- NN
[ A 7] A
35 ~
- SPT | M35 - 35.4580/10cm R Zeems
5 ol
- e ]
[ =2y way
[ aYAN|
[ 36 36 609.00 -
[ Intercalated Materials ~
[ Intercalated material composed of grayish [l
__ white,fractured,moderate strong to strong e
B phosphatic to silicified limestone ; grayish 2 1’§1,
[ 37 brown to rosy,weak chalky to phosphatic ’j/f"j
a maristone and some thin brown, very weak NI
[ chalky to clayey marl bands and high percent KA A
- of chalky to silicified limestone. @3) kit
[ S|
N P 35.45-40 NN
[ A A
_—38 ~F
5 A
i oI
- ]
[ ey =ay
[ AN
[ 39 39 606.00 .
[ Intercalated Materials ~
[ Intercalated material composed of grayish [l
__ white,fractured,moderate strong to strong e
I phosphatic to silicified limestone ; grayish (1.5) F2d 1@
B brown to rosy,weak chalky to phosphatic oy
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

Logged By: M.H.B

Checked By: M.H
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Borehole Log

M P:Percussion
SPT:Standard

[I CS: Core Sample

WDB: Drive Barrel

[l sH: sheiby Tube [ AU:Auger

Penetration Test

Y Ground Water Table
TCR: Total Core Recovery
SCR: Solid Core Recovery
RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

standards (BS 5930; ASTM D2488).

Project: USAID Water Reuse and Enviromantal conservatjon Project hole N
. orenoie NO.
Project Ref. No.: S13000078
. . MwW-2

Location: Russeifah-Zarga, Jordan

Client: AECOM Implementing Partner Sheet 5 of 7

Total Depth (m): 60.5 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 645.0 Boring Started: 10/22/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N= 32.01 Boring Completed: 4/11/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 11

E= 36.05 Rig:  Driller: AB Water Depth (m): 52.3
Samples SPT Records Core Recovery Denth
- ep Reduced
S((r:s;e Type and | Depth Field Records N [TCR[SCR|RQD| g l'\Jm(:Z’g Description of Strata (Thickness)| Level [Legend
Number | (m) | 018 | 1539 | S04 [Blows| (%) | (%) | (%) (m) (m)
C - A
- SPT 40 - 40.4550/8cm R marlstone and some thin brown, very weak T~
C chalky to clayey marl bands and high percent 405 | 604.50
— of rosy chalky marlstone. A
N Intercalated Materials /_':L/ B,
- Intercalated material composed of grayish
41 white,fractured,moderate strong to strong ;A ﬁ
C phosphatic to silicified limestone ; grayish =
- brown to rosy,weak chalky to phosphatic )
B marlstone and some thin brown, very weak AN
- chalky to clayey marl bands and high percent ﬁﬂ{/—
:_42 of silicified limestone. (3) 25 g
- NN
C A ] A
- el
C R i\wase
i P 40.45 - 45 ol
a3 ==p
C a7
- 43.5 601.50
B Intercalated Materials ~ G
[ Intercalated material composed of grayish [l
44 white,fractured,moderate strong to strong e
N phosphatic to silicified limestone ; grayish P24 1’§1,
- brown to rosy,weak chalky to phosphatic ’IA";':I’
- marlstone and some thin brown, very weak NS
[ chalky to clayey marl bands and high percent KA A
[ 45 of white chalky and silicified limestone. o gc
: SPT |45 - 45.45011crh R NN
C A 7
- =
: A
- ol
46 CEeA
C valra|
- —_ 1__Ar
C =)
N AR A
: KA
47 i
N 7y, O
C AN
[ A A
C sy
C D4
48 ©) z
- /—ﬂ,i—ﬂ
C AN
— —
i 7~
i g
19 b A
: 77
- AL
3 oS
- — =
: iyws Y
et Las

Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

* The samples were described in accordance with appropriate

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservatjon Project
Project Ref. No.: S13000078

Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner Sheet 6 of 7

orehole No.
MW-2

Total Depth (m): 60.5

Ground Level (m): 645.0
Coordinates: N= 32.01

Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Boring Started: 10/22/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):
Boring Completed: 4/11/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 11
E= 36.05 Rig:  Driller: AB Water Depth (m): 52.3

Samples

SPT Records

Core Recovery

Scale
(m) Type and | Depth

Number (m)

Field Records

0-15 | 15-30 | 30-45
(em) | (em) | (cm)

N

Blows| (%) [ (%) | (%)

ucs Depth |Reduced
TCR[SCR(RQD| £ (MPa Description of Strata (Thi((:rl;r;ess) L(evt)al Legend
m

1

2

3| P 4545 -
60.5

4

5

6

7

8

9

LR S S L L S L S L S L P S L P S LV S AR

525 1 592.50 [“F9

Intercalated Materials
Intercalated material composed of grayish 1]
white,fractured,moderate strong to strong | LR
phosphatic to silicified limestone and chert; 2 1451
grayish brown to rosy, weak chalky to 2

. . i3
phosphatic marlstone and some thin brown, PANYAY
very weak chalky to clayey marl bands. A A

(moist samples , very poor recovery) 2

g

.
D
AR

Undisturbed Sample Key:

Disturbed Sample Key:

Abbreviations: Remarks:

[I CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 Au:Auger

Y Ground Water Table * The samples were described in accordance with appropriate
TCR: Total Core Recovery standards (BS 5930; ASTM D2488).

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservat
Project Ref. No.: S13000078
Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner

on Project

orehole No.
MW-2

Sheet 7 of 7

Total Depth (m): 60.5

Ground Level (m): 645.0

Drilling Method: Rotary and Percussion
Boring Started: 10/22/2013

Drilling Medium: Air Flush
Boring Dia. (mm): 12.7

Core Dia. (mm):

|] CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 AuAuger

Y Ground Water Table

TCR: Total Core Recovery

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

Coordinates: N=32.01 Boring Completed: 4/11/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 11
E= 36.05 Rig:  Driller: AB Water Depth (m): 52.3
Samples SPT Records Core Recovery

Scale Field Records ucs Depth | Reduced

(‘;‘Ti]i) Typeand | Depth N [TCR|SCR[RaD| ¢, (mPa Description of Strata (Thickness)| Level [Legend

- - - 0 0 0, m
Number | (m) ?c:ns) 1(3 rg;) 3(2 rﬁ)S Blows| (%) | (%) | (%) (m) (m)

i EYe-Ya
- .
. 60.5 | 584.50 [l A
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

standards (BS 5930; ASTM D2488).

* The samples were described in accordance with appropriate

Logged By: M.H.B

Checked By: M.H
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Borehole Log

[I CS: Core Sample

m DB: Drive Barrel

[ s+ shelby Tube

1 AuAuger

M P:Percussion

SPT:Standard
Penetration Test

Y Ground Water Table

TCR: Total Core Recovery

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

Project: USAID Water Reuse and Enviromantal conservatjon Project hole N
. orenoie NO.
Project Ref. No.: S13000078 MW-3
Location: Russeifah-Zarqa, Jordan
Client: AECOM Implementing Partner Sheet 1 of 8
Total Depth (m): 71 Drilling Method: Rotary and Percussion Drilling Medium: Air/Water Flush
Ground Level (m): 646.25 Boring Started: 8/24/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):
Coordinates: N= 32.01 Boring Completed: 7/9/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 20
E= 36.05 Rig:  Driller: AN Water Depth (m): 54.1
Samples SPT Records Core Recovery
Scale Field Records ucs I Depth |Reduced
(m) Type and | Depth N [TCR|SCR|RQD| g (MPa Description of Strata (Thickness)| Level [Legend
- - - 0 0, 0, m
Number | (m) | 015 [ 1630 [a045 [ (%) | (%) | (% ™o
[ Alluvial Materials
[ pleistoceone (Alluvial ) deposits composed of a
- mixture of creamish brown disentigrated chalky
i marl and some silty clay with rounded to
C subrounded gravel, cobble and occassional
i boulders of chert and limestone.
-2
-3
4
-5
nd
-7
-8
-9
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

* The samples were described in accordance with appropriate
standards (BS 5930; ASTM D2488).

Logged By: M.H.B
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Borehole Log

[I CS: Core Sample
m DB: Drive Barrel

[ s+ shelby Tube

1 AuAuger

M P:Percussion

SPT:Standard
Penetration Test

Y Ground Water Table

TCR: Total Core Recovery

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

Project: USAID Water Reuse and Enviromantal conservatjon Project hole N
. orenoie NO.
Project Ref. No.: S13000078 MW-3
Location: Russeifah-Zarqa, Jordan
Client: AECOM Implementing Partner Sheet 2 of 8
Total Depth (m): 71 Drilling Method: Rotary and Percussion Drilling Medium: Air/Water Flush
Ground Level (m): 646.25 Boring Started: 8/24/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):
Coordinates: N= 32.01 Boring Completed: 7/9/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 20
E= 36.05 Rig:  Driller: AN Water Depth (m): 54.1
Samples SPT Records Core Recovery
Scale Field Records ucs Depth |Reduced
(m) Type and | Depth N [TCR[SCR|RQD| ¢ (MPa Description of Strata (Thickness)| Level [Legend
Number (m) ?c:nf; 1(;?;) 3(2;:)5 Blows| (%) | (%) | (%) (m) (m)
N 20)
11
12
13
14
15
16
17
18
19
N 20 626.25
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

* The samples were described in accordance with appropriate

standards (BS 5930; ASTM D2488).
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Project: USAID Water Reuse and Enviromantal conservatjon Project hole N
orenoie NO.
Project Ref. No.: S13000078

. . MW-3
Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner Sheet 3 of 8
Total Depth (m): 71 Drilling Method: Rotary and Percussion Drilling Medium: Air/Water Flush
Ground Level (m): 646.25 Boring Started: 8/24/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):
Coordinates: N= 32.01 Boring Completed: 7/9/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 20
E= 36.05 Rig:  Driller: AN Water Depth (m): 54.1
Samples SPT Records Core Recovery Denth
n ep Reduced
S((r:s;e Type and | Depth Field Records N [TCR[SCR|RQD| g l'\Jm(:Z’g Description of Strata (Thickness)| Level [Legend
Number | (m) | 018 | 1539 | S04 [Blows| (%) | (%) | (%) (m) (m)
L Intercalated Materials Fﬂrﬁﬂr
[ Intercalated material composed of grayish [l
__ white,fractured,moderate strong to strong e
5 phosphatic to silicified limestone; grayish 2 1’§1,
Y brown to rosy, weak chalky to phosphatic Ay
- maristone and and some thin brown, very N
[ weak chalky to clayey marl bands with high (2.5) ﬁr:-{ =
[ ercent of silicified limestone.
- P EE=E
- NN
C A ] A
22 )i
5 i\wase
2 225 | 623.75 48
L Intercalated Materials /_17\%/_
[ Intercalated material composed of grayish 1]
—23 white,fractured,moderate strong to strong | LR
5 phosphatic to silicified limestone; grayish 2 1@,
- brown to rosy, weak chalky to phosphatic ’EA"EI’
C maristone and and some thin brown, very NS
[ weak chalky to clayey marl bands with high A A
[ o4 percent of phosphatic limestone and ket
N phosphatic chert EEaks
: ’ NV
C A 7
3 e
E (4.5) ~ 1A
25 /_;LPA A
C valra|
"~ A
C =)
N AR A
: KA
26 i
N 7y, N
- AN
[ N,
- Z=—
C ANy
o7 27 | 619.25 4
B Intercalated Materials
[ Intercalated material composed of grayish 1]
— white,fractured,moderate strong to strong | LR
5 phosphatic to silicified limestone; grayish 2 1@,
[ o brown to rosy, weak chalky to phsphatic i
C maristone and and some thin brown, very NS
[ weak chalky to clayey marl bands with high KA A
[ percent of chert and silicified limestone. onikined
5 =z =
- NN
C A 7 A
—29 =F
x wiSwate
- ol
- e ]
5 A
C ralra|
B —
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:
Y Ground Water Table * The samples were described in accordance with appropriate
CS: Core Sample [ X| P:Percussion iy )
[I p M TCR: Total Core Recovery standards (BS 5930; ASTM D2488).
e SPT:Standard SCR: Solid Core Recovery
m DB: Drive Barrel Penetration Test | RQD: Rock Quality Designation
) Fl: Fracture Index
. SH: Shelby Tube |]] AU:Auger UCS:Unconfined Comp. Strength
Logged By: M.H.B Checked By: M.H
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Project: USAID Water Reuse and Enviromantal conservatjon Project
Project Ref. No.: S13000078

orehole No.

[I CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

. . MW-3

Location: Russeifah-Zarga, Jordan

Client: AECOM Implementing Partner Sheet 4 of 8

Total Depth (m): 71 Drilling Method: Rotary and Percussion Drilling Medium: Air/Water Flush

Ground Level (m): 646.25 Boring Started: 8/24/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N= 32.01 Boring Completed: 7/9/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 20

E= 36.05 Rig:  Driller: AN Water Depth (m): 54.1
Samples SPT Records Core Recovery

Scale Field Records ucs I Depth |Reduced

(m) Type and | Depth N [TCR|SCR|RQD| g (MPa Description of Strata (Thickness)| Level [Legend

Number | (m) | 018 | 1539 | S04 [Blows| (%) | (%) | (%) (m) (m)
- ®) AL A
[ I~
- 1]
— e
[ 2 A
: [
- s
- ,:1:
- EE=E
- NN
[ A A
—32 =
x A
i oI
- ]
[ ey =ay
[ AN
33 33 | 61325 ]
5 Intercalated Materials I~
[ Intercalated material composed of grayish 1]
[~ white,fractured,moderate strong to strong | LR
- phosphatic to silicified limestone; grayish (1.5) F24 1’?1
B brown to rosy, weak chalky to phsphatic ’EA"EI’
34 h
C marlstone and and some thin brown, very NS
[ weak chalky to clayey marl bands with high A A
- percent of phosphatic limestone and 345 611.75
[ phosphatic chert. i &
[ Intercalated Materials |
[ 35 Intercalated material composed of grayish JEAYTAS
[ white,fractured,moderate strong to strong A A
[ phosphatic to silicified limestone; grayish e
— P 0-71 brown to rosy, weak chalky to phsphatic i}
s marlstone and and some thin brown, very ﬁ(%{r
[ weak chalky to clayey marl bands with high et el
36 percent of silicified limestone. (3) A2
- NN
[ A 7] A
— el e
: A
- o la
37 ,_;LPAJ./_L'{A/_
[ X
- 37.5 608.75
[ Intercalated Materials ~ G
[ Intercalated material composed of grayish 1]
—38 white,fractured,moderate strong to strong | LR
5 phosphatic to silicified limestone; grayish 2 1@,
- brown to rosy, weak chalky to phsphatic i
- marlstone and and some thin brown, very NS
[ weak chalky to clayey marl bands with high A A
[ 39 percent of rosy ,chalky marlstone and reddish onikined 3
N brown chalky to clayey marl. za
[ A A
. =
x EiSwate
5 ol
[ pm vy iy
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:
Y Ground Water Table * The samples were described in accordance with appropriate

M P:Percussion

SPT:Standard
Penetration Test

1 AuAuger

TCR: Total Core Recovery standards (BS 5930; ASTM D2488).

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservatjon Project

. orehole No.
Project Ref. No.: S13000078 MW-3
Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner Sheet 5 of 8

Total Depth (m): 71 Drilling Method: Rotary and Percussion Drilling Medium: Air/Water Flush

Ground Level (m): 646.25 Boring Started: 8/24/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N= 32.01 Boring Completed: 7/9/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 20
E= 36.05 Rig:  Driller: AN Water Depth (m): 54.1

Samples SPT Records Core Recovery Denth
- ep Reduced
S((F:;e Typeand| Depth |FedRecords T T T T o [ ‘“JA%Z‘ Description of Strata (Thickness)| Level |Legend

Number | (m) | 018 | 1539 | S04 [Blows| (%) | (%) | (%) (m) (m)

*From (40.0-71.0); drilling started with water 1]

circulation and samples are very fine (highly ==

; 2 A
crushed) by rockbit. ¢

1 T

2

3 X,

4 o~

5 p—

6 LAl

; A

N

8

N

9

B

A

LA S S LA S L S L S L T SR DT G R G BT SRR RN

B LD R DU e
[OTEL B TR PR P b

N

Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

Y Ground Water Table * The samples were described in accordance with appropriate
TCR: Total Core Recovery standards (BS 5930; ASTM D2488).

SPT:Standard | SCR: Solid Core Recovery
Penetration Test | RQD: Rock Quality Designation

) Fl: Fracture Index
. SH: Shelby Tube |]] AU:Auger UCS:Unconfined Comp. Strength

[I CS: Core Sample M P:Percussion

WDB: Drive Barrel

Logged By: M.H.B Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservat
Project Ref. No.: S13000078

Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner

on Project

orehole No.
MW-3

Sheet 6 of 8

Total Depth (m): 71

Ground Level (m): 646.25

Coordinates: N= 32.01
E=36.05

Drilling Method: Rotary and Percussion
Boring Started: 8/24/2013
Boring Completed: 7/9/2013
Rig:  Diriller: AN

Boring Dia. (mm): 12.7
Casing Dia. (mm): 12.7
Water Depth (m): 54.1

Drilling Medium: Air/Water Flush

Core Dia. (mm):
Casing Depth (m): 20

Samples

SPT Records

Core Recovery

Scale Field Records

Depth
(m) Type and ep

Number (m) ?C-JTS

N
15-30 | 30-45
(cm) | (cm)

Blows| (%) [ (%) | (%)

ucs
TCR|SCR |RQD Fl kMPa

Description of Strata

Depth | Reduced
(Thickness)| Level [Legend
(m) (m)

1

2

3

4

5

6

7

8

9

LR S S L S L S L S L P S L P S LV SN R

*From (51.5-52.0); cavity encountered (drop of
drilling tools) ;complete loss of water
circulation.

(33.5) aywaY

N

N

B

A

B LD R DU e
[OTEL B TR PR P b

N

Undisturbed Sample Key: | Disturbed Sample Key:

Abbreviations:

WDB: Drive Barrel

[I CS: Core Sample M P:Percussion

SPT:Standard
Penetration Test

[l sH: sheiby Tube [ AU:Auger

Y Ground Water Table
TCR: Total Core Recovery

SCR: Solid Core Recovery
RQD: Rock Quality Designation

Fl: Fracture Index

UCS:Unconfined Comp. Strength

Remarks:

* The samples were described in accordance with appropriate

standards (BS 5930; ASTM D2488).

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Project Ref. No.: S13000078
Location: Russeifah-Zarga, Jordan

Project: USAID Water Reuse and Enviromantal conservat

Client: AECOM Implementing Partner

on Project

orehole No.
MW-3

Sheet 7 of 8

Total Depth (m): 71
Ground Level (m): 646.25
N=32.01
E=36.05

Coordinates:
Rig:

Drilling Method: Rotary and Percussion
Boring Started: 8/24/2013

Boring Completed: 7/9/2013

Driller: AN

Drilling Medium: Air/Water Flush
Boring Dia. (mm): 12.7
Casing Dia. (mm): 12.7
Water Depth (m): 54.1

Core Dia. (mm):
Casing Depth (m): 20

Samples SPT Records

Core Recovery

Scale

(m)

Depth Field Records N
(m) 0-15 | 15-30 | 30-45
(cm) | (cm) | (cm)

Type and
Number

Blows|

ucs

TCR FI (MPa

(%)

SCR
(%)

RQD
(%)

Description of Strata

Depth
(Thickness)
(m) (m)

Reduced
Level

1

2

3

4

5

6

7

8

9

LR S S S L S L S L S L S L S LV SR AR

N

N

B

A

B LD R DU e
[OTEL B TR PR P b

N

Undisturbed Sample Key: | Disturbed Sample Key:

Abbreviations:

[I CS: Core Sample M P:Percussion

SPT:Standard

m DB: Drive Barrel Penetration Test

[l sH: sheiby Tube [ AU:Auger

Y Ground Water Table

TCR: Total Core Recovery

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

Remarks:

* The samples were described in accordance with appropriate
standards (BS 5930; ASTM D2488).

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservat
Project Ref. No.: S13000078
Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner

on Project

orehole No.
MW-3

Sheet 8 of 8

Total Depth (m): 71

Ground Level (m): 646.25

Drilling Method: Rotary and Percussion
Boring Started: 8/24/2013

Drilling Medium: Air/Water Flush
Boring Dia. (mm): 12.7

Core Dia. (mm):

|] CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 AuAuger

Y Ground Water Table

TCR: Total Core Recovery

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

standards (BS 5930; ASTM D2488).

Coordinates: N=32.01 Boring Completed: 7/9/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 20
E= 36.05 Rig:  Driller: AN Water Depth (m): 54.1
Samples SPT Records Core Recovery

Scale Field Records ucs Depth | Reduced

(m) Type and | Depth N [TCR[SCR|RQD| ¢ (MPa Description of Strata (Thickness)| Level [Legend

- - - 0 0 0, m
Number | (m) ?c:ns) 1(3 rg;) 3(2 rﬁ)S Blows| (%) | (%) | (%) (m) (m)

i R A
- =
C e
— =S
[ 2 A
-, 71 | 575.25 A4
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

* The samples were described in accordance with appropriate

Logged By: M.H.B

Checked By: M.H
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Borehole Log

|] CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

Fl: Fracture Index

1 AuAuger

Y Ground Water Table

TCR: Total Core Recovery
SCR: Solid Core Recovery
RQD: Rock Quality Designation

UCS:Unconfined Comp. Strength

* The samples were described in accol
standards (BS 5930; ASTM D2488).

Project: USAID Water Reuse and Enviromantal conservatjon Project hole N
. orenoie NO.
Project Ref. No.: S13000078
- . MwW-4

Location: Russeifah-Zarga, Jordan

Client: AECOM Implementing Partner Sheet 1 of 8

Total Depth (m): 78 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 663.0 Boring Started: 11/19/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N=23.00 Boring Completed: 11/25/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 8

E= 36.05 Rig:  Driller: AB Water Depth (m): 68.8
Samples SPT Records Core Recovery

Scale Field Records ucs Depth |Reduced

(m) Type and | Depth N [TCR|SCR|RQD| g (MPa Description of Strata (Thickness)| Level [Legend

Number | (m) | 018 | 1539 | S04 [Blows| (%) | (%) | (%) (m) (m)
X— X 4

L Fill Materials (silty Clay) % X
[ uncompacted Fill materials composed of brown f7_
- silty clay with approximately 20% gravel , x___ x|
B cobbles of limestone , chert and some garbage k2 x <
[ remains. - A
1 b
B .x*.x_)
- X R
:_ 5lx_.
- S x ><_.
2 X X
- el
T (=<3
[ ><7 X |
L3 RTTx
C e
- .x*_L)
— X R
s 75) o
4 N
C XX
o e
F s
[ 5 ><7 x|
C IX_X‘T)
- e
[~ x+x_>
' z_xx_.
-—6 ><l X
C X ]
C X
- <
C =<3
7 :7;
- 75 | 65550 ig’
[ Intercalated Materials ~ A
[ Interclalated materials composed of weathered [
—8 grayish brown to rosy, silty to sandy texture, Y EES
N very weak phosphatic marl; black, strong chert; 2K 1@,
B white, weak chalky marlstone ; grayish brown, i
a2 very weak, plastic marly clay bands. NS
[ é r:.{ ]
9 G
- NN
[ A A
. =
: e
5 ol
[ |
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

rdance with appropriate

Logged By: M.H.B

Checked By: M.H
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Borehole Log

[I CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 AuAuger

Y Ground Water Table

TCR: Total Core Recovery
SCR: Solid Core Recovery
RQD: Rock Quality Designation

Fl: Fracture Index

UCS:Unconfined Comp. Strength

standards (BS 5930; ASTM D2488).

* The samples were described in accordance with appropriate

Project: USAID Water Reuse and Enviromantal conservatjon Project hole N
. orenoie NO.
Project Ref. No.: $13000078
_ _ Mw-4

Location: Russeifah-Zarga, Jordan

Client: AECOM Implementing Partner Sheet 2 of 8

Total Depth (m): 78 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 663.0 Boring Started: 11/19/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N=23.00 Boring Completed: 11/25/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 8

E= 36.05 Rig:  Driller: AB Water Depth (m): 68.8
Samples SPT Records Core Recovery

Scale Field Records ucs Depth |Reduced

(m) Type and | Depth N [TCR[SCR|RQD| ¢ (MPa Description of Strata (Thickness)| Level [Legend

- - - 0 0, 0, m
Number | (m) | 015 [ 1530 [a045 [ (%) | (%) | (% ™o

i A A
N ~
C |
- e
C 2 A
- 1=
11 [ 5E
- yAYAY
: KA
- ,:1:
- EE=E
- ;N .\
C A ] A
—12 9) =
: A
- oI
= e
[ ey =ay
C a7
- ol
—13 =)
N A B
: KA
— [
: ﬂ/ gAY A
- AKX
14 Al
C i aNway
3 =
C AN
15 iy
i P
C DB
[ b A
C )
- A A4
C fa¥val
16 ko
C — =
g 165 | 646.50 |[=or2o
: Intercalated Materials Fﬂrﬁﬂ/—
[ Intercalated materials composed of fractured, ]
—17 gray, moderately weak to moderate strong ey
- phosphatic to silicified limestone; grayish A 1@,
- black, very strong chert and grayish rosy, 2 :f:
» weak, chalky to phosphatic marl @ N
- K]
- —
18 [ =]
:_ 18.5 644.50 |A Al
x Intercalated Materials o
[ Interclalated materials composed of weathered [l
—19 grayish brown to rosy, silty to sandy texture, ey
N very weak phosphatic marl; black, strong chert; 2K 1@,
B white, weak chalky marlstone ; grayish brown, ’IA";':I’
- very weak, plastic marly clay bands. YAy
. K
N i
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

Logged By: M.H.B

Checked By: M.

H
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Borehole Log

[I CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 AuAuger

Y Ground Water Table

TCR: Total Core Recovery

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

Project: USAID Water Reuse and Enviromantal conservatjon Project hole N
. orenoie NO.

Project Ref. No.: $13000078 MW-4

Location: Russeifah-Zarga, Jordan

Client: AECOM Implementing Partner Sheet 3 of 8

Total Depth (m): 78 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 663.0 Boring Started: 11/19/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N=23.00 Boring Completed: 11/25/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 8

E= 36.05 Rig:  Driller: AB Water Depth (m): 68.8
Samples SPT Records Core Recovery

Scale Field Records ucs Depth |Reduced

(m) Type and | Depth N [TCR[SCR|RQD| ¢ {MPa Description of Strata (Thickness)| Level [Legend

Number | (m) | 018 | 1539 | S04 [Blows| (%) | (%) | (%) (m) (m)

i A A
- I~
C |
L e
: 2 A
[ 51 [ 5E
N YA A
[ (5.5) A A
- ,:1:
- EE=E
- VN
C A
22 b
: A
- oI
= K A
[ ey =ay
C ralra|
23 e
N A P
: KA
— [
N 7y, O
: 24 | 639.00 :‘it%‘,
_—24 A
- Intercalated Materials I~
[ Intercalated materials composed of fractured, ]
» gray, moderately weak to moderate strong e
- phosphatic to silicified limestone; grayish E2 1@,
[ black, very strong chert and grayish rosy, :‘l/':\"'jf
25 weak, chalky to phosphatic marl YAV A
s K
[ el
- /EE g 3
- NN
C A 7
26 il ad
: A
- ol
[ e ]
[ E=ayway
C vad %!
_—27 (6) ,3‘;:{
N A P
: KA
— [
N 7y, O
- AKX
_—28 ﬁ"/":j’_
C ANy
3 =2
C A Al
29 b«
- P A
C DB
[ B A
C o L
- A B[4
[ 30 633.00 [ AFA
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

* The samples were described in accordance with appropriate

standards (BS 5930; ASTM D2488).

Logged By: M.H.B
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Boreho

le Log

Ground Level (m): 663.0
Coordinates: N=23.00

Boring Started: 11/19/2013
Boring Completed: 11/25/2013

Project: USAID Water Reuse and Enviromantal conservatjon Project
) orehole No.
Project Ref. No.: S13000078 MW-4
Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner Sheet 4 of 8
Total Depth (m): 78 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Boring Dia. (mm): 12.7
Casing Dia. (mm): 12.7

Core Dia. (mm):
Casing Depth (m): 8

E= 36.05 Rig:  Driller: AB Water Depth (m): 68.8
Samples SPT Records Core Recovery
Scale Field Records ucs I Depth |Reduced
(m) Type and | Depth N [TCR|SCR|RQD| g (MPa Description of Strata (Thickness)| Level [Legend
Number | (m) | 018 | 1539 | S04 [Blows| (%) | (%) | (%) (m) (m)
[ Chalky Maristone Fﬂrﬁﬂr
s Creamy to rosy, fractured weak chalky 1]
T marlstone intercalated with off-white, ==
N moderately weak chalky limestone. 2 A
[ 31 [ 5E
B YA A
N KA A
- ,:1:
[ ®3) EEaE
- NN
[ A A
—32 =4
[ A
i oI
- ]
[ ey =ay
[ AN
:_33 33 630.00 .
5 Intercalated Materials I~
[ Intercalated materials composed of fractured, 1]
o gray, moderately weak to moderate strong e
I phosphatic to silicified limestone; grayish 2 1@,
o black, very strong chert and grayish rosy, /j-:\/j
3 weak, chalky to phosphatic marl DI
: e
- @) 2 A7
- 1D
5 A 7] A
35 =
: A
- ol
- e ]
[ =2y way
[ 7 aYAN|
:—36 36 627.00 -
- Chalky Limestone N
[ Creamy , fractured moderately weak chalky [l
— limestone intercalated with white weak chalky e
x maristone. 2 A
3 i
37
N 8 VA AY,
- KA
- ,:1:
[ S|
- NN
[ A A
- e
C (4.5) e
- ]
[ ey =ay
[ AN
39| P 0-78 e
[ P
: KA
— T
N jfasgrav
- AEA
u A A

Undisturbed Sample Key:

Disturbed Sample Key:

Abbreviations:

[I CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 Au:Auger

Y Ground Water Table

TCR: Total Core Recovery

SCR: Solid Core Recove

RQD: Rock Quality Designation

Fl: Fracture Index

UCS:Unconfined Comp. Strength

Remarks:

standards (BS 5930; ASTM D2488).
ry

* The samples were described in accordance with appropriate

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservatjon Project hole N
. orenoie NO.
Project Ref. No.: $13000078
- . Mw-4

Location: Russeifah-Zarga, Jordan

Client: AECOM Implementing Partner Sheet 5 of 8

Total Depth (m): 78 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 663.0 Boring Started: 11/19/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N=23.00 Boring Completed: 11/25/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 8

E= 36.05 Rig:  Driller: AB Water Depth (m): 68.8
Samples SPT Records Core Recovery

Scale Field Records ucs - Depth |Reduced

((r;n) Type and | Depth N [TCR[SCR|RQD| ¢ {MPa Description of Strata (Thickness)| Level [Legend

Namber | ()| 15 | 1539 |5 [pows) 0| €| 4 o
i A A
- I~
- 40.5 622.50 ;
- A A
[ Chalky Maristone A
[ Creamy to rosy, fractured weak chalky [l
—41 marlstone intercalated with off-white, e
- moderately weak chalky limestone. F2d 1@,
3 i g
N VA AY,
N ﬁ A
42 2
- VN
C A
- el
: Sete
N o la
43 ARG
C 7ad %I
- (6) s
N A P
: KA
44 i
N jfasgrav
- AEX
- NG
C L
C DA
45 =
¥ i
C N
— >
- P
C D
3 2
- A B[4
[ 46.5 | 616.50 [ AFA
C Chalky Limestone Fﬂrﬁﬂ/—
[ Creamy , fractured moderately weak chalky [l
47 limestone intercalated with white weak chalky LA e
- marlstone and some thin layers of chert. Fad 1@,
3 i s
i PAYAY
N ﬁ A A
48 2
- N W\
C A 7
3 e
. (4.5) ~
4 =a=r
C ralra|
- ol
- =)
i o
F KA
.

Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

[I CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 Au:Auger

Y Ground Water Table

TCR: Total Core Recovery

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

* The samples were described in accordance with appropriate
standards (BS 5930; ASTM D2488).

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservat
Project Ref. No.: S13000078

Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner

on Project

orehole No.
MW-4

Sheet 6 of 8

Total Depth (m): 78

Coordinates:

Ground Level (m): 663.0
N= 23.00
E= 36.05

Rig:

Drilling Method: Rotary and Percussion
Boring Started: 11/19/2013

Boring Completed: 11/25/2013

Driller: AB

Drilling Medium: Air Flush
Boring Dia. (mm): 12.7
Casing Dia. (mm): 12.7
Water Depth (m): 68.8

Core Dia. (mm):
Casing Depth (m): 8

Samples

SPT Records

Core Recovery

Scale

(m) Type and

Number

Depth
(m)

Field Records

0-15 | 15-30 | 30-45
(cm) | (cm) | (cm)

N

Blows|

ucs

TCR MPa

(%)

SCR
(%)

RQD

o |

Depth
(Thickness)
(m)

Reduced
Level

(m)

Description of Strata

1

2

3

4

5

6

7

8

9

LR S S L L S L S L R S L P S L P S LV S R

51 612.00

Chalky Marlstone
Creamy to rosy, fractured weak chalky

maristone intercalated with off-white,
moderately weak chalky limestone.

N

- PUH U
ELSE%TELE[_E

>

Undisturbed Sample Key:

Disturbed Sample Key:

Abbreviations:

[I CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 AuAuger

Y Ground Water Table

TCR: Total Core Recovery

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

Remarks:

* The samples were described in accordance with appropriate
standards (BS 5930; ASTM D2488).

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservat
Project Ref. No.: S13000078

Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner

on Project
orehole No.

MW-4

Sheet 7 of 8

Total Depth (m): 78

Coordinates:

Ground Level (m): 663.0
N=23.00
E= 36.05

Rig:

Drilling Method: Rotary and Percussion
Boring Started: 11/19/2013

Boring Completed: 11/25/2013

Driller: AB

Drilling Medium: Air Flush
Boring Dia. (mm): 12.7
Casing Dia. (mm): 12.7
Water Depth (m): 68.8

Core Dia. (mm):
Casing Depth (m): 8

Samples

SPT Records

Core Recovery

Scale

(m) Type and

Number

Depth
(m)

Field Records

0-15 | 15-30 | 30-45
(cm) | (cm) | (cm)

N

Blows|

Depth
(Thickness)
(m)

Reduced
Level

(m)

ucs

MPa Description of Strata

TCR
(%)

SCR
(%)

RQD

o |

1

2

3

4

5

6

7

8

9

LR S S S L S L S L S LR S L P S LV SR AR

(18)

N

N

69 | 594.00

A

Intercalated Materials

Interclalated materials composed of weathered
grayish brown to rosy, silty to sandy texture,
very weak phosphatic marl; black, strong chert;
white, weak chalky marlstone ; grayish brown,

A P PP U
ST PUAHTE, PUNTE B E

Undisturbed Sample Key:

Disturbed Sample Key:

Abbreviations: Remarks:

[I CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 AuAuger

Y Ground Water Table

TCR: Total Core Recovery

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

* The samples were described in accordance with appropriate
standards (BS 5930; ASTM D2488).

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservat
Project Ref. No.: S13000078

Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner

on Project

orehole No.
MW-4

Sheet 8 of 8

Total Depth (m): 78

Coordinates:

Ground Level (m): 663.0
N= 23.00
E= 36.05

Rig:

Drilling Method: Rotary and Percussion
Boring Started: 11/19/2013

Boring Completed: 11/25/2013

Driller: AB

Drilling Medium: Air Flush
Boring Dia. (mm): 12.7
Casing Dia. (mm): 12.7
Water Depth (m): 68.8

Core Dia. (mm):
Casing Depth (m): 8

Samples

SPT Records

Core Recovery

Scale

(m) Type and

Number

Depth
(m)

Field Records

0-15 | 15-30 | 30-45
(cm) | (cm) | (cm)

N
Blows|

ucs

TCR FI (MPa

(%)

SCR
(%)

RQD
(%)

Depth
(Thickness)
(m)

Reduced
Level

(m)

Description of Strata

~
N

~
N

~
w

~
]

~
[«

~
~

LIS L L L L L L L L L L L L L L L L L L LI B L L
~
N

very weak, plastic marly clay bands.

**from 72.0 to 78.0 saturated sample

78 585.00

-«
do

Undisturbed Sample Key:

Disturbed Sample Key:

Abbreviations:

[I CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 AuAuger

Y Ground Water Table

TCR: Total Core Recovery

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

Remarks:

* The samples were described in accordance with appropriate
standards (BS 5930; ASTM D2488).

Logged By: M.H.B

Checked By: M.H
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Borehole Log

[I CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 AuAuger

Y Ground Water Table

TCR: Total Core Recovery
SCR: Solid Core Recovery
RQD: Rock Quality Designation

Fl: Fracture Index

UCS:Unconfined Comp. Strength

standards (BS 5930; ASTM D2488).

Project: USAID Water Reuse and Enviromantal conservatjon Project hole N
. orenoie NO.

Project Ref. No.: S13000078 MW-5

Location: Russeifah-Zarga, Jordan

Client: AECOM Implementing Partner Sheet 1 of 8

Total Depth (m): 71 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 659.0 Boring Started: 9/11/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N= 32.00 Boring Completed: 11/25/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 2

E= 36.06 Rig:  Driller: MAA Water Depth (m): 66.0
Samples SPT Records Core Recovery

Scale Field Records ucs I Depth | Reduced

(m) Type and | Depth N [TCR|SCR|RQD| g (MPa Description of Strata (Thickness)| Level [Legend

Number | (m) | 018 | 1539 | S04 [Blows| (%) | (%) | (%) (m) (m)
L Intercalated Materials Fﬂrﬁﬂr
[ Intercalated materials composed of fractured, [l
» gray, moderately weak to moderate strong e
5 phosphatic to silicified limestone; grayish 2 A
- black, very strong chert and grayish rosy, Ay
s weak, chalky to phosphatic marl N
- (2.5) KA
- ,:1:
- EE=E
- NN
[ A A
2 el
- A
2 25 | 656.50 |42
[ Chalky Marlstone Fﬂ%ﬂr
[ Creamy to rosy, fractured weak chalky 1]
—3 marlstone intercalated with off-white, Y EES
B moderately weak chalky limestone. (1.5) 2 1’é1,
I\

F i3
- AN
N 4 é/ﬁ{ A
4 655.00 4
[ Intercalated Materials ~
[ Interclalated materials composed of weathered ]
o grayish brown to rosy, silty to sandy texture, s
N very weak phosphatic marl; black, strong chert; 2 1’§1,
B white, weak chalky marlstone ; grayish brown, ’IA";':I’
_5 .
- very weak, plastic marly clay bands. NS
: e
- @) 2 A7
- NN
[ A 7] A
6 =
: A
- ol
- e ]
[ =2y way
[ aYAN|
F 7 652.00
: Chalky Limestone =
[ Creamy , fractured moderately weak chalky 1]
— limestone intercalated with white weak chalky e
[ marlstone and some thin layers of chert. 2 1@,
u (e 5t
:_8 YAYAY
- KA A
- =
o (3) EE=E
5 NN
[ A A
9 = F
- %
i A 0a
- e ]
[ =2y way
5 aYaN|
N 10 649.00 [“ T«
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

* The samples were described in accordance with appropriate

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservatjon Project

. orehole No.
Project Ref. No.: S13000078 MW-5
Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner Sheet 2 of 8

Total Depth (m): 71 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 659.0 Boring Started: 9/11/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N=32.00 Boring Completed: 11/25/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 2
E= 36.06 Rig:  Driller: MAA Water Depth (m): 66.0

Samples SPT Records Core Recovery
Scale Field Records ucs - Depth | Reduced
(m) Type and | Depth N [TCR[SCR|RQD| ¢ (MPa Description of Strata (Thickness)| Level [Legend

Number | (m) | 018 | 1539 | S04 [Blows| (%) | (%) | (%) (m) (m)

Intercalated Materials

Interclalated materials composed of weathered Ol

grayish brown to rosy, silty to sandy texture, SIS

very weak phosphatic marl; black, strong chert; F2d 1@,
white, weak chalky marlstone ; grayish brown,

1 . i
very weak, plastic marly clay bands. N

N

17 17 | 642.00 [Z
2

Intercalated Materials
Intercalated materials composed of fractured, 1]
gray, moderately weak to moderate strong Y EES
phosphatic to silicified limestone; grayish 2 1@,
1 black, very strong chert and grayish rosy, i

8 weak, chalky to phosphatic marl NS

T T T T T T T T T T T T T T T L T L o o
|

Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

Y Ground Water Table * The samples were described in accordance with appropriate
TCR: Total Core Recovery standards (BS 5930; ASTM D2488).

SPT:Standard | SCR: Solid Core Recovery
Penetration Test | RQD: Rock Quality Designation

) Fl: Fracture Index
. SH: Shelby Tube |]] AU:Auger UCS:Unconfined Comp. Strength

[I CS: Core Sample M P:Percussion

WDB: Drive Barrel

Logged By: M.H.B Checked By: M.H

Appendix A Page 55/78



Borehole Log

Project: USAID Water Reuse and Enviromantal conservat
Project Ref. No.: S13000078

Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner

on Project

orehole No.
MwW-5

Sheet 3 of 8

Total Depth (m): 71

Coordinates:

Ground Level (m): 659.0
N=32.00
E= 36.06

Rig:

Drilling Method: Rotary and Percussion
Boring Started: 9/11/2013

Boring Completed: 11/25/2013

Driller: MAA

Drilling Medium: Air Flush
Boring Dia. (mm): 12.7
Casing Dia. (mm): 12.7
Water Depth (m): 66.0

Core Dia. (mm):
Casing Depth (m): 2

Samples

SPT Records

Core Recovery

Scale

(m) Type and

Number

Depth
(m)

Field Records

15-30 | 30-45
(cm) | (cm)

N
0-15
(cm)

Blows|

ucs

TCR MPa

(%)

SCR
(%)

RQD

(%) Fl

Description of Strata

Depth
(Thickness)
(m)

Reduced
Level

(m)

IIIIIIIIIIIIIIIIIIIIIIIIIIIII
N R

0
N

R BN N B LA L
N N
(&) EN

N
[«

LILLEL I LILLEL I LILLEL I LILLEL
N
~N

| R B
N N
© [e4]

(18)

N

N

B

A

B LD R DU e
[OTEL B TR PR P b

Undisturbed Sample Key:

Disturbed Sample Key:

Abbreviations:

[I CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 AuAuger

Y Ground Water Table

TCR: Total Core Recovery

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

Remarks:

* The samples were described in accordance with appropriate

standards (BS 5930; ASTM D2488).

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservatjon Project

. orehole No.
Project Ref. No.: S13000078 MW-5
Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner Sheet 4 of 8

Total Depth (m): 71 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 659.0 Boring Started: 9/11/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N=32.00 Boring Completed: 11/25/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 2
E= 36.06 Rig:  Driller: MAA Water Depth (m): 66.0

Samples SPT Records Core Recovery Denth
- ep Reduced
S((F:;e Typeand| Depth |edRecords T T T T o [ ‘“JA%Z‘ Description of Strata (Thickness)| Level |Legend

Number | (m) | 018 | 1539 | S04 [Blows| (%) | (%) | (%) (m) (m)

G
o

<
3
Ly

&
¥}

WINE:
)|
Al

&
1
Ly

®
S
dl

Al

35 | e24.00 [AA

o
&

Intercalated Materials
Interclalated materials composed of weathered Ol
grayish brown to rosy, silty to sandy texture, e
very weak phosphatic marl; black, strong chert; 2 1@,
white, weak chalky marlstone ; grayish brown, s
very weak, plastic marly clay bands. N

LELELELIN B
BV
o
1
~
N

»
&

B
©
I

&
<

]
0
Al

38 621.00

&
&

Chalky Marlstone T~
Creamy to rosy, fractured weak chalky 1]
maristone intercalated with off-white, S
moderately weak chalky limestone. 2 A

o
3
L3

Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

Y Ground Water Table * The samples were described in accordance with appropriate
TCR: Total Core Recovery standards (BS 5930; ASTM D2488).

SPT:Standard | SCR: Solid Core Recovery
Penetration Test | RQD: Rock Quality Designation

) Fl: Fracture Index
. SH: Shelby Tube |]] AU:Auger UCS:Unconfined Comp. Strength

[I CS: Core Sample M P:Percussion

WDB: Drive Barrel

Logged By: M.H.B Checked By: M.H
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Borehole Log

[I CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 AuAuger

Y Ground Water Table

TCR: Total Core Recovery

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

* The samples were described in accordance with appropriate

standards (BS 5930; ASTM D2488).

Project: USAID Water Reuse and Enviromantal conservatjon Project hole N
. orenoie NO.

Project Ref. No.: S13000078 MW-5

Location: Russeifah-Zarga, Jordan

Client: AECOM Implementing Partner Sheet 5 of 8

Total Depth (m): 71 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 659.0 Boring Started: 9/11/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N=32.00 Boring Completed: 11/25/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 2

E= 36.06 Rig:  Driller: MAA Water Depth (m): 66.0
Samples SPT Records Core Recovery

Scale Field Records ucs I Depth |Reduced

(m) Type and | Depth N [TCR|SCR|RQD| g (MPa Description of Strata (Thickness)| Level [Legend

Nomber | ()| £13 | {63023 plows| )| | 4 m

i AL A
: s
- 5) Eaysy
- 2 A
u i
:_41 VA AY
- s
- ,:1:
- EE=E
- NN
[ A A
42 b
: A
i oI
= e
[ ey =ay
[ AN
[43 43 | 616.00 ]
5 Intercalated Materials I~
[ Interclalated materials composed of weathered e
- grayish brown to rosy, silty to sandy texture, Y EES
N very weak phosphatic marl; black, strong chert; 2K 1@,
B white, weak chalky marlstone ; grayish brown, /E"Vj
44 very weak, plastic marly clay bands. NS
: s
[ el
L /EE g =
- 1D
5 A 7] A
45 e
: A
- ol
= e ]
[ =2y way
[ AT %1
46 ®) [
[ PAyay,
: KA
— T
N 7y, Y
- AL
o7 2
[ ANy
3 =kl
[ A Al
48 < x
i 7~ A
i A
- “RA7]
- iy
- A A4
49 49| 61000 |5
[ Chalky Maristone ~
u Creamy to rosy, fractured weak chalky 1]
T marlstone intercalated with off-white, ==
I moderately weak chalky limestone. 2 A
- o
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservat
Project Ref. No.: S13000078

Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner

on Project

orehole No.
MwW-5

Sheet 6 of 8

Total Depth (m): 71

Coordinates:

Ground Level (m): 659.0
N=32.00
E= 36.06

Rig:

Drilling Method: Rotary and Percussion
Boring Started: 9/11/2013

Boring Completed: 11/25/2013

Driller: MAA

Drilling Medium: Air Flush
Boring Dia. (mm): 12.7
Casing Dia. (mm): 12.7
Water Depth (m): 66.0

Core Dia.

Casing Depth (m): 2

(mm):

Samples

SPT Records

Core Recovery

Scale

(m) Type and

Number

Depth
(m)

Field Records

0-15 | 15-30 | 30-45
(cm) | (cm) | (cm)

N

Blows|

ucs

TCR MPa

(%)

SCR
(%)

RQD

o |

Description of Strata

Depth
(Thickness)
(m)

Reduced
Level

(m)

1

2

3

4

5

6

7

8

9

LR S S L S L S L S L P S L P S LV SN R

52

607.00

Intercalated Materials

Interclalated materials composed of weathered
grayish brown to rosy, silty to sandy texture,
very weak phosphatic marl; black, strong chert;
white, weak chalky marlstone ; grayish brown,
very weak, plastic marly clay bands.

58

601.00

Chalky Marlstone
Creamy to rosy, fractured weak chalky

maristone intercalated with off-white,
moderately weak chalky limestone.

Undisturbed Sample Key:

Disturbed Sample Key:

Abbreviations:

[I CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 AuAuger

Y Ground Water Table

TCR: Total Core Recovery

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

Remarks:

* The samples were described in accordance with appropriate

standards (BS 5930; ASTM D2488).

Logged By: M.H.B

Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservatjon Project
. orehole No.
Project Ref. No.: S13000078

. . MW-5

Location: Russeifah-Zarga, Jordan

Client: AECOM Implementing Partner Sheet 7 of 8

Total Depth (m): 71 Drilling Method: Rotary and Percussion Drilling Medium: Air Flush

Ground Level (m): 659.0 Boring Started: 9/11/2013 Boring Dia. (mm): 12.7 Core Dia. (mm):

Coordinates: N=32.00 Boring Completed: 11/25/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 2

E= 36.06 Rig:  Driller: MAA Water Depth (m): 66.0
Samples SPT Records Core Recovery

Scale Field Records ucs Depth |Reduced

(m) Type and | Depth N [TCR[SCR|RQD| ¢ (MPa Description of Strata (Thickness)| Level [Legend

- - - 0 0, 0, m
Number | (m) | 015 [ 1630 [a045 [ (%) | (%) | (% ™o
i A A
i =
C |
— =S
C 2 A
N =
o o | Zg
- KA
- ,:1:
- EE=E
- VN
C A
62 =
: A
- oI
[ i’
[ ey =ay
C 7ad g
:—63 ,j;,:f
N A P
: KA
— [
N 7y, O
i 64 595.00 :%J,-—%,—
64 A
[ Intercalated Materials ~
[ Interclalated materials composed of weathered ]
o grayish brown to rosy, silty to sandy texture, s
N very weak phosphatic marl; black, strong chert; 2 1’§1,
- white, weak chalky marlstone ; grayish brown, ’IA";':I’
65 very weak, plastic marly clay bands. N
- K
i el
[ ZF N[
- NN
: A 4 A
66 += =
C **from 66.0 to 71.0 sturated samples EiSeate
- ol
= e ]
[ E=ayway
C vad %!
67 o
N A P
: KA
— (7) T
N 7y, O
- AKX
o8 A5
C ANy
3 =2
C a¥ E
60 i
C DB
[ B A
C o L
- A B[4
- it
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:
. Y Ground Water Table * The samples were described in accordance with appropriate
: P:Percussion y .
|] CS: Core Sample N TCR: Total Core Recovery standards (BS 5930; ASTM D2488).
e SPT:Standard SCR: Solid Core Recovery
m DB: Drive Barrel Penetration Test | RQD: Rock Quality Designation
] FI: Fracture Index

. SH: Shelby Tube |]] AU:Auger UCS:Unconfined Comp. Strength

Logged By: M.H.B Checked By: M.H
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Borehole Log

Project: USAID Water Reuse and Enviromantal conservat
Project Ref. No.: S13000078
Location: Russeifah-Zarga, Jordan
Client: AECOM Implementing Partner

on Project

orehole No.
MwW-5

Sheet 8 of 8

Total Depth (m): 71

Ground Level (m): 659.0

Drilling Method: Rotary and Percussion
Boring Started: 9/11/2013

Drilling Medium: Air Flush
Boring Dia. (mm): 12.7

Core Dia. (mm):

|] CS: Core Sample
WDB: Drive Barrel

[ s+ shelby Tube

M P:Percussion

SPT:Standard
Penetration Test

1 AuAuger

Y Ground Water Table

TCR: Total Core Recovery

SCR: Solid Core Recovery

RQD: Rock Quality Designation
Fl: Fracture Index
UCS:Unconfined Comp. Strength

Coordinates: N=32.00 Boring Completed: 11/25/2013 Casing Dia. (mm): 12.7 Casing Depth (m): 2
E= 36.06 Rig:  Driller: MAA Water Depth (m): 66.0
Samples SPT Records Core Recovery

Scale Field Records ucs Depth | Reduced

(m) Type and | Depth N [TCR[SCR|RQD| ¢ (MPa Description of Strata (Thickness)| Level [Legend

- - - 0 0 0, m
Number | (m) ?c:ns) 1(3 rg;) 3(2 rﬁ)S Blows| (%) | (%) | (%) (m) (m)

i EYe-Ya
- =
C |
— =S
[ 2 A
C _, 71 588.00 [=A4y
Undisturbed Sample Key: | Disturbed Sample Key: | Abbreviations: Remarks:

standards (BS 5930; ASTM D2488).

* The samples were described in accordance with appropriate

Logged By: M.H.B

Checked By: M.H
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Russiafah ( Area 1&2 and Area 4) y
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Arab Center for Engineering Studies

Water Content
ASTM D 2216-05

Project Name: Russeifah Project Client: AECOM Implementing Partner
Project No.: S13000078 Test Date: 11-Nov-13

Borehole No. BH-05 BH-05 BH-05 BH-06
Sample Depth (m) 7.5-9.0 spt 36 spt 37.5 1.5-3.0
Encountered Layer Fill Material Fill Material Fill Material Fill Material
Mass of Wet Soil + Tare (g) 992.00 436.20 491.20 1230.40
Mass of Dry Soil + Tare (g) 915.60 388.20 450.10 1071.00
Mass of Water (g) 76.40 48.00 41.10 159.40
Mass of Tare (g) 138.70 211.40 242.70 207.50
Mass of Dry Soil (g) 776.90 176.80 207.40 863.50
Water Content (%) 9.83% 27.15% 19.82% 18.46%
Borehole No. BH-06 BH-06 MW1 MW1
Sample Depth (m) 10.5-12.0 spt 36 28-30 43-45
Encountered Layer Fill Material Fill Material Fill Material Fill Material
Mass of Wet Soil + Tare (g) 966.90 369.20 1617.10 1620.40
Mass of Dry Soil + Tare (g) 951.00 354.00 1570.60 1573.50
Mass of Water (g) 15.90 15.20 46.50 46.90
Mass of Tare (g) 224.70 208.80 224.10 238.40
Mass of Dry Soil (g) 726.30 145.20 1346.50 1335.10
Water Content (%) 2.19% 10.47% 3.45% 3.51%
Borehole No. MW1 BH-02 BH-02 BH-01
Sample Depth (m) 53-55 spt 18 spt 15 15-16.5
Encountered Layer Fill Material Fill Material Fill Material Fill Material
Mass of Wet Soil + Tare (g) 1011.10 545.40 471.60 1121.40
Mass of Dry Soil + Tare (g) 844.20 477.40 419.90 1047.80
Mass of Water (g) 166.90 68.00 51.70 73.60
Mass of Tare (g) 204.40 106.80 108.90 132.60
Mass of Dry Soil (g) 639.80 370.60 311.00 915.20
Water Content (%) 26.09% 18.35% 16.62% 8.04%
Borehole No. BH-01

Sample Depth (m) 18-19.5

Encountered Layer Fill Material

Mass of Wet Soil + Tare (g) 955.20

Mass of Dry Soil + Tare (g) 895.20

Mass of Water (g) 60.00

Mass of Tare (g) 182.20

Mass of Dry Soil (g) 713.00

Water Content (%) 8.42%

Tested By: AS

Analyzed By: MNB




Arab Center for Engineering Studies

Water Content
ASTM D 2216-05

Project Name: Russeifah Project Client: AECOM Implementing Partner
Project No.: S13000078 Test Date: 11-Nov-13
Borehole No. BH-04 BH-04 BH-03 BH-03
Sample Depth (m) 9.0-10.5 18-19.5 15-16.5 spt 18
Encountered Layer Fill Material Fill Material Fill Material Fill Material
Mass of Wet Soil + Tare (g) 1363.90 898.90 789.90 430.10
Mass of Dry Soil + Tare (g) 1260.00 865.70 712.00 386.50
Mass of Water (g) 103.90 33.20 77.90 43.60
Mass of Tare (g) 147.90 127.90 81.90 79.80
Mass of Dry Soil (g) 1112.10 737.80 630.10 306.70
Water Content (%) 9.34% 4.50% 12.36% 14.22%
Borehole No. BH-03 TPO7 TP09 TP10
Sample Depth (m) 12-13.5 0.0-2.0 0.0-2.0 0.0-2.0
Encountered Layer Fill Material Fill Material Fill Material Fill Material
Mass of Wet Soil + Tare (g) 1003.80 2201.70 1582.50 1709.10
Mass of Dry Soil + Tare (g) 939.90 2037.20 1469.00 1568.10
Mass of Water (g) 63.90 164.50 113.50 141.00
Mass of Tare (g) 132.90 210.00 171.10 236.80
Mass of Dry Soil (g) 807.00 1827.20 1297.90 1331.30
Water Content (%) 7.92% 9.00% 8.74% 10.59%
Borehole No. TP11 TP08

Sample Depth (m) 0.0-2.0 0.0-2.0

Encountered Layer Fill Material Fill Material

Mass of Wet Soil + Tare (g) 1540.60 1884.30

Mass of Dry Soil + Tare (g) 1469.60 1818.00

Mass of Water (g) 71.00 66.30

Mass of Tare (g) 232.10 213.00

Mass of Dry Soil (g) 1237.50 1605.00

Water Content (%) 5.74% 4.13%

Borehole No.

Sample Depth (m)

Encountered Layer

Mass of Wet Soil + Tare (g)

Mass of Dry Soil + Tare (g)

Mass of Water (g)

Mass of Tare (g)

Mass of Dry Soil (g)

Water Content (%)

Tested By: AS

Analyzed By: MNB




Arab Center for Engineering Studies

Water Content
ASTM D 2216-05

Project Name: Russeifah Project Client: AECOM Implementing Partner
Project No.: S13000078 Test Date: 11-Nov-13

Borehole No. MW3 MW3 MW3 MW3
Sample Depth (m) 0.0-5.0 9.0-12.0 18-20 40-43
Encountered Layer Fill material Fill material Fill material Fill material
Mass of Wet Soil + Tare (g) 1978.40 1804.30 1266.30 2065.90
Mass of Dry Soil + Tare (g) 1937.40 1726.00 1161.50 1673.10
Mass of Water (g) 41.00 78.30 104.80 392.80
Mass of Tare (g) 128.50 213.00 85.80 566.20
Mass of Dry Soil (g) 1808.90 1513.00 1075.70 1106.90
Water Content (%) 2.27% 5.18% 9.74% 35.49%
Borehole No. MW3 B3 B3 B3
Sample Depth (m) 52-55 spt 27 spt 3 spt 12
Encountered Layer Fill material Fill material Fill material Fill material
Mass of Wet Soil + Tare (g) 1819.30 291.30 767.90 287.30
Mass of Dry Soil + Tare (g) 1370.90 289.90 739.10 286.00
Mass of Water (g) 448.40 1.40 28.80 1.30
Mass of Tare (g) 325.40 41.30 222.00 49.20
Mass of Dry Soil (g) 1045.50 248.60 517.10 236.80
Water Content (%) 42.89% 0.56% 5.57% 0.55%
Borehole No. B5 B5 B5 B5
Sample Depth (m) spt 10.5 spt 19.5 spt 4.5 spt 27
Encountered Layer Fill material Fill material Fill material Fill material
Mass of Wet Soil + Tare (g) 454.30 472.00 969.10 569.30
Mass of Dry Soil + Tare (g) 442.70 469.30 967.00 552.00
Mass of Water (g) 11.60 2.70 2.10 17.30
Mass of Tare (g) 126.80 82.20 566.20 325.70
Mass of Dry Soil (g) 315.90 387.10 400.80 226.30
Water Content (%) 3.67% 0.70% 0.52% 7.64%
Borehole No. B7 B7 B7

Sample Depth (m) spt 10.5 spt 30 spt 19.5

Encountered Layer Fill material Fill material Fill material

Mass of Wet Soil + Tare (g) 386.20 383.60 522.70

Mass of Dry Soil + Tare (g) 381.10 377.80 510.20

Mass of Water (g) 5.10 5.80 12.50

Mass of Tare (g) 81.90 175.60 175.60

Mass of Dry Soil (g) 299.20 202.20 334.60

Water Content (%) 1.70% 2.87% 3.74%

Tested By: AS

Analyzed By: MNB




Size Analysis and Classification
ASTM D 422-63 (2007)

Project Name:

Russeifah Site Geotechnical Services

Unified Soils Classification System

Project No.: S13000078 SM, Silty Sand with Gravel
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.026 mm Liquid Limit= 34.3% % Gravel = 26.6% Coeff. of Curvature, C¢ = 0.15
Borehole No.: BHO1 D= 0.087 mm Plastic Limit= 20.1% % Sand = 44.0% Coeff. of Uniformity, Cy = 75.94
Sample Depth: 15-16.5 Deo= 1938 mm Plasticity Index= 14.2% %Silt= 19.3% Fineness Modulus= 3.07
Material Desc.: Silty Sand With Gravel Plasticity = Low % Clay= 10.1%
Cumulative Interpolated T -
Sieve Percent Percent Grain Size Distribution
Size Passing Passing 8 S2 83 $2 8 2 =,
3.00" | 100.0% 100.0% 100 % 1 i s =
2.50" 100.0% 100.0% [
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0%
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0%
1.00" 100.0% 100.0% 70 %
3/4" 94.4% 94.4%
5/8" 92.3% 60 %
12" 89.9% 89.9%
3/8" 85.0% 85.0% %D 50% 1
1/4" 77.2% g :
#4 73.4% 73.4% S 40 % 1
# 62.2% [ /‘A/‘
#10 60.5% 60.5% 30% 1 * + SieveSies
#16 53.9% [
40 51.2% 20 % 0/ . —a— Sieve Results EEEE
#30 49.2% j e e Hydrometr
#40 47.8% 47.8% 10% g IRBER
#50 41.2% ¥Clay|_ Cooooosile ~Sand, . L .. ... Gravel . | ,Cobble
#60 38.6% 0% + ' - I - 1 - —
480 34.9% 0.001 0.010 0.100 1.000 10.000 100.000
#100 3339 Sieve Size (mm)
#200 29.4% 29.4%

Tested By: AS

Analyzed By: MNB



Arab Center For Engineering Studies
Atterberg Limits
ASTM D4318: 10

Project Name: Russeifah Site Geotechnical Services Client: AECOM Implementing Partner
Project No.:  S13000078 Test Date: 17-Sep-2013
Borehole No.: BHO1
Sample Depth: 15-16.5
Material Description: Silty Sand With Gravel Liquid Limit determination
Liguid Limit Determination 40% T
#1 #2 #3 [
Mass of Wet Soil + Tare (g) 19.49  20.14 18.39 35% + ®
Mass of Dry Soil + Tare (g) 17.13  17.52 16.15 i
Mass of Tare (g) 9.47 10.09 10.08 30% |
Mass of Dry Soil (g) 7.66 7.43 6.07 i
Mass of Water (g) 2.36 2.62 2.24 = o f
Water Content (%) 30.8% 353 % 36.9% g ®*7
Number of Blows "N" 40 21 14 O i
g 20% t
Plastic Limit Determination 2 i
#1 #2 Y L
Mass of Wet Soil + Tare (g) 20.96  26.35 °
Mass of Dry Soil + Tare (g) 20.06 25.38 r
Mass of Tare (g) 15.60 20.54 10% T
Mass of Dry Soil (g) 4.46 4.84 L
Mass of Water (g) 090  0.97 5% +
Water Content (%) 20.2 % 20.0 % i
S— 0% + C
Liquid Limit (L.L) 34.3% 10 100
Plastic Limit (P.L) 20.1% Number of Blows, “N"
Plasticity Index, (PI) 14.2%
Plasticity Chart
80% T . ; . .
[ Low Medium High /Vﬁﬂlgh Extremely High
70% 1 A
T U Line
[ e IIAII Llne
= 50% +
g [
x
3 40% £ CH or OH
E 3
12‘
S 30% +
(%2}
és =i MH or OH
20% + “ dLoroL
i @
10% 1
CL-ML
0% + ; ; ; ; ; " ; ; ; i
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%  110%
Liquid Limit (LL)

Tested By: AS

Analyzed By: MNB



Size Analysis and Classification
ASTM D 422-63 (2007)

Project Name: Russeifah Site Geotechnical Services Unified Soils Classification System
Project No.: S13000078 SM, Silty Sand with Gravel
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.031 mm Liquid Limit= 35.0% % Gravel = 26.2% Coeff. of Curvature, Cc = 0.39
Borehole No.: BHO1 Dgp= 0.180 mm Plastic Limit= 20.9% % Sand = 49.4% Coeff. of Uniformity, Cy, = 86.70
Sample Depth: 18-19.5 Dgo= 2.666 mm Plasticity Index= 14.1% %Silt= 16.3% Fineness Modulus= 3.20
Material Desc.:  Silty Sand with gravel Plasticity = Low % Clay=  8.1%
Cumulative Interpolated T -

Sieve Percent Percent Grain Size Distribution

Size Passing Passing g 2232 98 5 ¢ =, .

300" | 100.0% 100.0% 100% 7 R e T

2.50" 100.0% 100.0%

2.00" 100.0% 100.0% 90 %

1.75" 100.0% 100.0%

1.50" 100.0% 100.0% 80 %

1.25" 100.0% 100.0%

1.00" 100.0% 100.0% 70 %

3/4" 100.0% 100.0%

5/8" 100.0% 100.0% 60 %
172" 94.6% 94.6% [ /A"

3/8" 90.0% 90.0% ,%D 50% 1
1/4" 79.1% Z : /‘/‘/‘/‘
#4 73.8% 73.8% N 40% T
#8 58.0% [
#10 55.6% 55.6% 30 % [ +  SieveSizes ||
#16 49.1% !
#20 46.5% 20 % [ ‘/ ——a&— Sieve Results I
#30 44.5% E V'S T —&— Hydrometer
#40 43.1% 43.1% 10% 1 ’. —H
#50 36.4% o :

Cla Silt Sand
460 13.8% O%I y!_ AT L ! Jsand, | ... ! e o ..., Grave] | __!,_C_o:bble
#80 30.0% 0.001 0.010 0.100 1.000 10.000 100.000
#100 28.4% Sieve Size (mm)
#200 24.4% 24.4%

Tested By: AS Analyzed By: RSK



Arab Center For Engineering Studies
Atterberg Limits
ASTM D4318: 10

Project Name: Russeifah Site Geotechnical Services Client: AECOM Implementing Partner
Project No.:  S13000078 Test Date: 17-Sep-2013
Borehole No.: BHO1
Sample Depth: 18-19.5
Material Description: Silty Sand with gravel Liquid Limit determination
Liquid Limit Determination 45% T
#1 # #3 }
Mass of Wet Soil + Tare (g) 2337  19.63 22.61 40%
Mass of Dry Soil + Tare (g) 21.04 17.86 2025 .
Mass of Tare (g) 1398 1290 14.13 35%
Mass of Dry Soil (g) 7.06 4.96 6.12
Mass of Water (g) 2.33 1.77 236 = 30% ¢
Water Content (%) 33.0% 357% 38.6% § ;
Number of Blows "N" 31 24 12 O 25%
= i
Plastic Limit Determination S 0% &
#1 #2
Mass of Wet Soil + Tare (g) 19.33  19.72 15% -
Mass of Dry Soil + Tare (g) 18.31 18.74
Mass of Tare (g) 13.40 14.06 10% L
Mass of Dry Soil (g) 491 4.68
Mass of Water (g) 1.02 0.98 S0, I
Water Content (%) 20.8 % 20.9 % 7
E— 0% + .
Liquid Limit (L.L) 35.0% 10 100
Plastic Limit (P.L) 20.9% Number of Blows, "N"
Plasticity Index, (PI) 14.1%
Plasticity Chart
80% T . - . .
[ Low Medium High /Vﬁﬂlgh Extremely High
70% 1 A
T U Line
[ e IIAII Llne
=50% +
g [
x
3 40% £ CH or OH
E 3
b
S 30% +
(%2}
és =i MH or OH
20% + “ dLoroL
i @
10% 1
CL-ML
0% + ; ; ; ; ; " ; ; ; i
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%  110%
Liquid Limit (LL)

Tested By: AS

Analyzed By: MNB



Size Analysis and Classification
ASTM D 422-63 (2007)

Project Name: Russeifah Site Geotechnical Services Unified Soils Classification System
Project No.: S13000078 SM, Silty Sand with Gravel
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.023 mm Liquid Limit= - % Gravel = 31.6% Coeff. of Curvature, C¢ = 0.07
Borehole No.: BHO02 D= 0.069 mm Plastic Limit= - % Sand=  35.8% Coeff. of Uniformity, Cy = 127.07
Sample Depth: 15 Deo= 2925 mm Plasticity Index= - %Silt= 22.1% Fineness Modulus= 3.29
Material Desc.: #HiHt Plasticity = - % Clay= 10.5%
Cumulative Interpolated . .
Sieve Percent Percent Grain Size Distribution
Size Passing Passing g 2232 98 5 ¢ =, .
3.00" | 100.0% 100.0% 100% 7 T e e T T
2.50" 100.0% 100.0%
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0%
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0%
1.00" 100.0% 100.0% 70 %
3/4" 89.7% 89.7%
5/8" 87.9% 60 %
12" 85.9% 85.9%
3/8" 83.3% 83.3% %D 50 %
1/4" 73.2% g
#4 68.4% 68.4% S 40 %
#8 57.4% _
#10 | 55.8% 55.8% 30% 1 7 + SieveSzes
#16 50.1% [ %
#20 47.8% 20 % — —&— Sieve Results R
#30 46.1% : L e Hydromer
#40 44.9% 44.9% 0% t————®— ImBRR
zzg :g:iz//z O%ECIay!' Lo ____:Silt Lo !. . Sand. it l Lo ____:Gravej Lo _!._Q_o:bble
480 36.3% 0.001 0.010 0.100 1.000 10.000 100.000
#100 3529 Sieve Size (mm)
#200 32.6% 32.6%

Tested By: AS Analyzed By: RSK



Size Analysis and Classification
ASTM D 422-63 (2007)

Project Name: Russeifah Site Geotechnical Services Unified Soils Classification System
Project No.: S13000078 GM, Silty Gravel with Sand
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.025 mm Liquid Limit= - % Gravel = 38.4% Coeff. of Curvature, C¢ = 0.05
Borehole No.: BHO02 D= 0.074 mm Plastic Limit= - % Sand= 31.2% Coeff. of Uniformity, Cy = 176.83
Sample Depth: 18 Deo= 4370 mm Plasticity Index= - %Silt= 18.0% Fineness Modulus= 3.65
Material Desc.: Fill materials Plasticity = - % Clay= 12.4%
Cumulative Interpolated . .
Sieve Percent Percent Grain Size Distribution
Size Passing Passing g 2232 98 5 ¢ =, .
3.00" | 100.0% 100.0% 100% 7 T e e T T
2.50" 100.0% 100.0%
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0%
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0%
1.00" 100.0% 100.0% 70 %
3/4" 90.8% 90.8%
5/8" 85.4% 60 %
172" 79.2% 79.2%
3/8" 75.2% 75.2% %D 50 %
1/4" 66.0% g :
#4 61.6% 61.6% S 40 % 1 T
#8 51.8% :
#10 50.3% 50.3% 30% 1 +  SieveSizes ||
#16 45.2% : &
#20 43.1% 20 % * —&— Sieve Results EEE .
#30 41.5% e @ Hydrometer
#40 40.5% 40.5% 10% ¢ T
zzg ;g:iz//z O%ICIay!' Lo ____:Silt Lo !. . Sand. it l Lo ____:Gravej Lo _!._Q_o:bble
480 33 4% 0.001 0.010 0.100 1.000 10.000 100.000
#100 32.5% Sieve Size (mm)
#200 30.3% 30.3%

Tested By: AS Analyzed By: RSK



Size Analysis and Classification

ASTM D 422-63

(2007)

Project Name:

Russeifah Site Geotechnical Services

Unified Soils Classification System

Project No.: S13000078 SM, Silty Sand with Gravel
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.055 mm Liquid Limit= - % Gravel = 43.1% Coeff. of Curvature, C¢ = 0.52
Borehole No.: BHO03 D= 0396 mm Plastic Limit= - % Sand = 43.4% Coeff. of Uniformity, Cy = 97.77
Sample Depth: 12-13.5 Dgo= 5424 mm Plasticity Index= - % Silt = 9.2% Fineness Modulus= 4.06
Material Desc.: #HiHt Plasticity = - % Clay= 4.4%
Cumulative Interpolated . .
Sieve Percent Percent Grain Size Distribution
Size Passing Passing g 82 82 $ 8 8 ¢ =, s % onxT Bzl 23
3.00" | 100.0% 100.0% 100 % T R S T T A A
2.50" 100.0% 100.0% [
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0% /
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0% /
1.00" 100.0% 100.0% 70 %
3/4" 100.0% 100.0% /
5/8" 100.0% 100.0% 60 %
172" 87.2% 87.2% /
3/8" 78.5% 78.5% %D 50 %
1/4" 64.0% g /‘/
#4 56.9% 56.9% NS 40 %
48 45.5% r‘/((
#10 43.7% 43.7% 30 % + SieveSizes
#16 37.4% /K‘/
#20 34.8% 20 % —&— Sieve Results EEE .
#30 32.8% /‘/“ —— Hydrometer
#40 31.5% 31.5% 10% L 2 IRERR
zzg i;;//z 0% $C’rayf* eIl i ! L Jsapd, L L l ... Grave| I !, _Copble
480 18.9% 0.001 0.010 0.100 1.000 10.000 100.000
#100 17.4% Sieve Size (mm)
#200 13.5% 13.5%

Tested By: AS

Analyzed By: RSK



Size Analysis and Classification
ASTM D 422-63 (2007)

Project Name:

Russeifah Site Geotechnical Services

Unified Soils Classification System

Project No.: S13000078 SM, Silty Sand with Gravel
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.021 mm Liquid Limit= 40.2% % Gravel = 19.2% Coeff. of Curvature, C¢ = 0.32
Borehole No.: BHO3 Dgp= 0.064 mm Plastic Limit= 21.1% % Sand = 45.4% Coeff. of Uniformity, Cy, = 28.51
Sample Depth: 15-16.5 Dgo= 0.605 mm Plasticity Index= 19.1% %Silt= 22.5% Fineness Modulus= 2.43
Material Desc.: Silty Sand with Gravel Plasticity = Medium % Clay= 12.8%
Cumulative Interpolated T -
Sieve Percent Percent Grain Size Distribution
Size Passing Passing
3.00" 100.0% 100.0% 100 % T
2.50" 100.0% 100.0% [
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0%
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0%
1.00" 100.0% 100.0% 70 %
3/4" 100.0% 100.0%
5/8" 100.0% 100.0% 60 %
12" 93.2% 93.2%
38" | 90.9% 90.9% 2 50%
1/4" 84.1% g
#4 80.8% 80.8% NS 40 %
#8 70.7%
#10 69.2% 69.2% 30% +  sevesizes | 1171
#16 63.8% o
#20 61 6% 20 % —&— Sieve Results IR
#30 60.0% [ 0 4 —— Hydrometer
#0 | 58.8% 58.8% 10 % +— INENR
#50 50.4% ECIay| CoSsile ~Sand, . L ... Gravel . | ,Cobble
#60 47.1% 0% - a - — - 1 - —
480 42.4% 0.001 0.010 0.100 1.000 10.000 100.000
#100 40.4% Sieve Size (mm)
#200 35.3% 35.3%

Tested By: AS

Analyzed By: RSK



Arab Center For Engineering Studies

Atterberg Limits
ASTM D4318: 10

Project Name: Russeifah Site Geotechnical Services Client: AECOM Implementing Partner
Project No.:  S13000078 Test Date: 17-Sep-2013
Borehole No.: BHO03
Sample Depth: 15-16.5
Material Description: Silty Sand with Gravel Liquid Limit determination
Liguid Limit Determination 45% 1
#1 # #3 [
Mass of Wet Soil + Tare (g) 1736 1842 17.51 40%
Mass of Dry Soil + Tare (g) 1536 1592 15.30 :
Mass of Tare (g) 10.08 9.73  10.06 35%
Mass of Dry Soil (g) 5.28 6.19 5.24 H
Mass of Water (g) 200 250 221 = 30% ¢
Water Content (%) 37.9% 404% 422% § ;
Number of Blows "N" 36 23 16 O 25%
= i
Plastic Limit Determination S 0% &
#1 #2
Mass of Wet Soil + Tare (g) 26.42  21.67 15% -
Mass of Dry Soil + Tare (g) 25.40 20.61
Mass of Tare (g) 20.54  15.60 10% L
Mass of Dry Soil (g) 4.86 5.01
Mass of Water (g) 1.02 1.06 S0, I
Water Content (%) 21.0% 21.2% 7
E— 0% + .
Liquid Limit (L.L) 40.2% 10 100
Plastic Limit (P.L) 21.1% Number of Blows, “N"
Plasticity Index, (PI) 19.1%
Plasticity Chart
80% T . - . .
[ Low Medium High /Vﬁﬂlgh Extremely High
70% 1 A
T U Line
[ e IIAII Llne
=50% +
g [
x
3 40% £ CH or OH
E 3
12‘
S 30% +
o MH or OH
20% + ~ qLogpL
CL-ML
0% + : ; ; ; ; " ; ; ; i
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%  110%
Liquid Limit (LL)

Tested By: AS

Analyzed By: MNB



Size Analysis and Classification

ASTM D 422-63

(2007)

Project Name:

Russeifah Site Geotechnical Services

Unified Soils Classification System

Project No.: S13000078 SM, Silty Sand with Gravel
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.018 mm Liquid Limit= - % Gravel = 25.4% Coeff. of Curvature, C¢ = 0.24
Borehole No.: BHO03 D= 0.055 mm Plastic Limit= - % Sand=  33.3% Coeff. of Uniformity, Cy = 37.45
Sample Depth: 18 Dgo= 0.680 mm Plasticity Index= - % Silt = #N/A Fineness Modulus= 2.66
Material Desc.: Fill materials Plasticity = - % Clay = #N/A
Cumulative Interpolated . .
Sieve Percent Percent Grain Size Distribution
Size Passing Passing g S2 %2 32 8¢ <o Y s 2nsi: 22
3.00" | 100.0% 100.0% 100 % T R e e A A
2.50" 100.0% 100.0% [
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0% A/‘/AA
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0% /A"/
1.00" 100.0% 100.0% 70 %
3/4" 89.3% 89.3%
5/8" 86.9% 60 %
172" 84.1% 84.1%
3/8" 81.2% 81.2% %D 50 %
1/4" 76.7% g
#4 74.6% 74.6% S 40 %
#8 68.8%
#10 68.0% 68.0% 30 % + SieveSizes
#16 63.0%
#20 61.0% 20 % —&— Sieve Results EEE .
#30 59.5% —e— Hydrometer
#40 58.5% 58.5% 10 % IRBER
zzg jﬁ:;sﬁ; 0% L Clay ! L _:Silt . ! i Sand. o l B _:Gravej | !. _Q_o:bble
480 46.4% 0.001 0.010 0.100 1.000 10.000 100.000
#100 45.0% Sieve Size (mm)
#200 41.3% 41.3%

Tested By: AS

Analyzed By: RSK



Size Analysis and Classification
ASTM D 422-63 (2007)

Project Name: Russeifah Site Geotechnical Services Unified Soils Classification System
Project No.: S13000078 SM, Silty Sand with Gravel
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.026 mm Liquid Limit= 38.5% % Gravel = 21.6% Coeff. of Curvature, C¢ = 0.22
Borehole No.: BHO04 D= 0.105 mm Plastic Limit= 19.5% % Sand= 50.0% Coeff. of Uniformity, Cy = 73.00
Sample Depth: 9-10.5 Deo= 1926 mm Plasticity Index= 19.1% %Silt= 19.3% Fineness Modulus= 2.87
Material Desc.: Silty Sand with Gravel Plasticity = Medium % Clay= 9.2%
Cumulative Interpolated . .
Sieve Percent Percent Grain Size Distribution
Size Passing Passing g 8288 $8 8 8 s, W % % 5T BRais 22
3.00" | 100.0% 100.0% 100 % e e e e T T T A A A AR &
2.50" 100.0% 100.0% [
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0% [ /
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0% [ /
1.00" 100.0% 100.0% 70 % +
3/4" 100.0% 100.0%
5/8" 100.0% 100.0% 60 %
12" 98.6% 98.6%
3/8" 96.9% 96.9% %D 50 %
1/4" 84.5% g
#4 78.4% 78.4% S 40 %
#8 63.0% :
#10 60.6% 60.6% 30% &~ + SieveSizes
#16 53.5% [ /
#20 50.6% 20% + - —a— Sieve Results
#30 48.4% 5 pg o Hycrometer
#40 46.8% 46.8% 0% 1% T
#50 40.3% rCIay| Silt | Sand | . .....Grave] . . .| Cobble
#60 37.6% 0% + P S e — - —
480 33.99 0.001 0.010 0.100 1.000 10.000 100.000
#100 32.4% Sieve Size (mm)
#200 28.4% 28.4%

Tested By: AS Analyzed By: RSK



Arab Center For Engineering Studies

Atterberg Limits
ASTM D4318: 10

Project Name: Russeifah Site Geotechnical Services Client: AECOM Implementing Partner
Project No.:  S13000078 Test Date: 17-Sep-2013
Borehole No.: BH04
Sample Depth: 9-10.5
Material Description: Silty Sand with Gravel Liquid Limit determination
Liguid Limit Determination 45% 1
#1 #2 #3
Mass of Wet Soil + Tare (g) 22.03 2097 21.04 40%
Mass of Dry Soil + Tare (g) 19.89 18.72  19.03
Mass of Tare (g) 1401 12.89 14.11 35%
Mass of Dry Soil (g) 5.88 5.83 4.92
Mass of Water (g) 2.14 225 201 = 30% ¢
Water Content (%) 36.4% 38.6% 40.9% §
Number of Blows "N" 37 23 14 O 25%
f&)
Plastic Limit Determination S 0% &
#1 #2
Mass of Wet Soil + Tare (g) 18.62  19.70 15% -
Mass of Dry Soil + Tare (g) 17.77 18.78
Mass of Tare (g) 13.41 14.06 10% L
Mass of Dry Soil (g) 4.36 4.72
Mass of Water (g) 0.85 0.92 S0, I
Water Content (%) 19.5% 19.5% 7
E— 0% + |
Liquid Limit (L.L) 38.5% 10 100
Plastic Limit (P.L) 19.5% Number of Blows, "N"
Plasticity Index, (PI) 19.1%
Plasticity Chart
80% T . - . .
[ Low Medium High /Vﬁﬂlgh Extremely High
70% 1 A
60% T > A i
[ ] uAn L|ne
= 50% +
g [
x
3 40% £ CH or OH
E 3
a
S 30% +
(%2}
= MH or OH
20% + qLg oL
CL-ML
0% + ; ; ; ; ; " ; ; ; i
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%  110%
Liquid Limit (LL)

Tested By: AS

Analyzed By: MNB



Size Analysis and Classification
ASTM D 422-63 (2007)

Project Name:

Russeifah Site Geotechnical Services

Unified Soils Classification System

Project No.: S13000078 SW, Well-graded Sand
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0320 mm Liquid Limit= - % Gravel = 2.8% Coeff. of Curvature, C¢ = 1.54
Borehole No.: BHO04 D= 1.114 mm Plastic Limit= - % Sand= 94.9% Coeff. of Uniformity, Cy = 7.85
Sample Depth: 18-19.5 Dgo= 2.511 mm Plasticity Index= - % Silt = 2.0% Fineness Modulus= 3.82
Material Desc.: #HiHt Plasticity = - % Clay= 0.3%
Cumulative Interpolated . .
Sieve Percent Percent Grain Size Distribution
Size Passing Passing g 2232 98 5 ¢ =, W % % 5T BRais 22
3.00" | 100.0% 100.0% 100 % T A R R T A A A Ak A AAM A
2.50" 100.0% 100.0% [
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0% /
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0% /
1.00" 100.0% 100.0% 70 %
3/4" 100.0% 100.0% /
5/8" 100.0% 100.0% 60 %
172" 100.0% 100.0%
3/8" 100.0% 100.0% %D 50 %
1/4" 100.0% 100.0% g
#4 97.2% 97.2% S 40 %
#8 57.5%
#10 51.5% 51.5% 30 % + SieveSizes
#16 31.6%
#20 23.6% 20 % —&— Sieve Results EEE .
#30 17.5% —e— Hydrometer
#40 13.3% 13.3% 10 % IRBER
zzg 3:;2//2 0% éCIayk . e ___:Silt ‘7‘717’,!_ -5 ~Sand. i l L ___:Gravej | !. _Q_o:bble
480 5.6% 0.001 0.010 0.100 1.000 10.000 100.000
#100 4.7% Sieve Size (mm)
#200 2.3% 2.3%

Tested By: AS

Analyzed By: RSK



Size Analysis and Classification

ASTM D 422-63 (2007)

Project Name:

Russeifah Site Geotechnical Services

Unified Soils Classification System

Project No.: S13000078 SM, Silty Sand
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.017 mm Liquid Limit= - % Gravel = 0.0% Coeff. of Curvature, C¢ = 0.41
Borehole No.: BHO5 D= 0.052 mm Plastic Limit= - % Sand=  56.5% Coeff. of Uniformity, Cy = 22.19
Sample Depth: 7.5-9.0 Dgo= 0382 mm Plasticity Index= - %Silt= 26.7% Fineness Modulus= 1.51
Material Desc.: Silty Sand Plasticity = - % Clay= 16.8%
Cumulative Interpolated . .
Sieve Percent Percent Grain Size Distribution
Size Passing Passing g 82 82 $ 8 8 ¢ =, W % % 5T BRais 22
3.00" | 100.0% 100.0% 100 % T ;#MW ik Ak A A A AAA Ak A
2.50" 100.0% 100.0% [
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0%
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0%
1.00" 100.0% 100.0% 70 %
3/4" 100.0% 100.0% /
5/8" 100.0% 100.0% 60 %
12" 100.0% 100.0% /‘/
3/8" 100.0% 100.0% %D 50 %
1/4" 100.0% 100.0% g ‘/“
#4 100.0% 100.0% S 40 %
#8 100.0% 100.0% o
#10 99.2% 99.2% 30 % - + Sievesies
#16 80.0% >
#20 72.2% 20 % , —&— Sieve Results EEE .
30 66.4% o7 R
#40 62.3% 62.3% 10 % T
zzg zz:gz//z 0% ¥Clay ! . __:Silt Lo ! i Sand. “ l L __:Gravej | !. _Q_o:bble
480 49.1% 0.001 0.010 0.100 1.000 10.000 100.000
#100 47.5% Sieve Size (mm)
#200 43.5% 43.5%

Tested By: AS

Analyzed By: RSK



Size Analysis and Classification

ASTM D 422-63 (2007)

Project Name:

Russeifah Site Geotechnical Services

Unified Soils Classification System

Project No.: S13000078 SM, Silty Sand with Gravel
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.049 mm Liquid Limit= - % Gravel = 30.1% Coeff. of Curvature, C¢ = 2.99
Borehole No.: BHO5 D= 0.696 mm Plastic Limit= - % Sand = 54.4% Coeff. of Uniformity, Cy = 68.83
Sample Depth: 36 Deo= 3339 mm Plasticity Index= - % Silt = #N/A Fineness Modulus= 3.71
Material Desc.: #HiHt Plasticity = - % Clay = #N/A
Cumulative Interpolated . .
Sieve Percent Percent Grain Size Distribution
Size Passing Passing g 82 82 $ 8 8 ¢ =, W % % 5T BRais 22
300" | 100.0% 100.0% 100 % i&%—FMMHT“ A A A A AAD Ak
2.50" 100.0% 100.0% [
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0% /
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0%
1.00" 100.0% 100.0% 70 %
3/4" 100.0% 100.0%
5/8" 100.0% 100.0% 60 %
172" 100.0% 100.0%
3/8" 100.0% 100.0% %D 50 %
1/4" 100.0% 100.0% g
#4 69.9% 69.9% NS 40 %
#8 53.1% /‘/‘
#10 50.6% 50.6% 30 % +  SieveSizes
#16 37.7%
#20 32.4% 20 % —&— Sieve Results EEE .
#30 28.5% —e— Hydrometer
#40 25.7% 25.7% 10 % IRBER
zzg ié:giﬁ; 0% L Clay ! . __:Silt Lo ! i Sand. o l | __:Gravej | !. _Q_o:bble
480 18.5% 0.001 0.010 0.100 1.000 10.000 100.000
#100 17.7% Sieve Size (mm)
#200 15.5% 15.5%

Tested By: AS

Analyzed By: RSK



Size Analysis and Classification

ASTM D 422-63 (2007)

Project Name:

Russeifah Site Geotechnical Services

Unified Soils Classification System

Project No.: S13000078 GW-GC, Well-graded Gravel with Silty Clay and Sand
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0205 mm Liquid Limit= - % Gravel = 56.0% Coeff. of Curvature, Cc = 2.34
Borehole No.: BHO5 D= 2403 mm Plastic Limit= - % Sand=  38.4% Coeff. of Uniformity, Cy = 58.50
Sample Depth: 37.5 Dgo= 12.003 mm Plasticity Index= - % Silt = 4.5% Fineness Modulus= 5.32
Material Desc.: #HiHt Plasticity = - % Clay=  1.1%
Cumulative Interpolated T -
Sieve Percent Percent Grain Size Distribution
Size Passing Passing 82 82 52 8 ¢ = W % % 5T BRais 22
300" | 100.0% 100.0% 100 % I IS TS, P W SN RS
2.50" 100.0% 100.0% [
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0% /
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0% /
1.00" 100.0% 100.0% 70 %
3/4" 75.9% 75.9%
5/8" 69.0% 60 %
172" 60.9% 60.9%
38" | 55.5% 55.5% 2 50%
1/4" 47.8% g /
#4 44.0% 44.0% S 40 %
#8 29.7%
#10 27.6% 27.6% 30 % + SieveSies
#16 22.4%
#20 203% 20 % —&— Sieve Results et
#30 18.7% —&— Hydrometer
#40 17.5% 17.5% 10 % INEN
Zzg ﬁzﬁ 0 S o St o @, o sand . 0| ... Gravel _| . Copble
480 91% 0.001 0.010 0.100 1.000 10.000 100.000
#100 8.1% Sieve Size (mm)
#200 5.5% 5.5%

Tested By: AS

Analyzed By: RSK



Size Analysis and Classification

ASTM D 422-63 (2007)

Project Name:

Russeifah Site Geotechnical Services

Unified Soils Classification System

Project No.: S13000078 SM, Silty Sand
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.020 mm Liquid Limit= 24.8% % Gravel = 0.5% Coeff. of Curvature, C¢ = 0.23
Borehole No.: BHO06 Dgp= 0.060 mm Plastic Limit= 23.5% % Sand = 61.7% Coeff. of Uniformity, Cy, = 39.22
Sample Depth: 1.5-3.0 Deo= 0.778 mm Plasticity Index= 1.3% %Silt= 26.3% Fineness Modulus= 1.96
Material Desc.: Silty Sand Plasticity = Low % Clay=11.5%
Cumulative Interpolated T -
Sieve Percent Percent Grain Size Distribution
Size Passing Passing
3.00" 100.0% 100.0% 100 % T
2.50" 100.0% 100.0% [
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0%
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0%
1.00" 100.0% 100.0% 70 %
3/4" 100.0% 100.0%
5/8" 100.0% 100.0% 60 %
172" 100.0% 100.0%
3/8" 100.0% 100.0% %D 50 %
1/4" 100.0% 100.0% g
#4 99.5% 99.5% S 40 % —
#8 91.6%
#10 90.5% 90.5% 30% +  SieveSizes
#16 70.0% »
40 61.8% 20 % : —— Sieve Results e
#30 55.6% : ~4 P
#40 51.2% 51.2% 10% g =9 T
zzg jj::z//z 0% ICIay ! . . __:Silt Lo ! i Sand. o l L __:Gravej | !. _Q_o:bble
480 41.8% 0.001 0.010 0.100 1.000 10.000 100.000
#100 40.7% Sieve Size (mm)
#200 37.8% 37.8%

Tested By: AS

Analyzed By: RSK



Arab Center For Engineering Studies
Atterberg Limits
ASTM D4318: 10

Project Name: Russeifah Site Geotechnical Services Client: AECOM Implementing Partner
Project No.:  S13000078 Test Date: 17-Sep-2013
Borehole No.: BHO06
Sample Depth: 1.5-3.0
Material Description: Silty Sand Liquid Limit determination
Liguid Limit Determination 30% T
#1 #2 #3 .
Mass of Wet Soil + Tare (g) 19.00 1581 15.84 \
Mass of Dry Soil + Tare (g) 1725 14.64 1453 25% T
Mass of Tare (g) 10.10 10.09 9.74 -
Mass of Dry Soil (g) 7.15 4.55 4.79 I
Mass of Water (g) 1.75 1.17 1.31 g2 20% 7
Water Content (%) 245% 257% 27.4% §
Number of Blows "N" 27 19 10 O I
8 15% +
Plastic Limit Determination 2 i
#1 #2
Mass of Wet Soil + Tare (g) 18.62 19.58 10% +
Mass of Dry Soil + Tare (g) 17.66  18.50 r
Mass of Tare (g) 1341 14.06
Mass of Dry Soil (g) 4.25 4.44 50, |
Mass of Water (g) 0.96 1.08 r
Water Content (%) 22.6 % 243 %

e 0% |
Liquid Limit (L.L) 24.8% 10 100
Plastic Limit (P.L) 23.5% Number of Blows, "N"

Plasticity Index, (PI) 1.3%
Plasticity Chart
80% T . - . .
[ Low Medium High /Vﬁﬂlgh Extremely High
70% 1 A
T U Line
[ e IIA!I Llne

= 50% +
g [
x
3 40% £ CH or OH
E 3
2
S 30% +
(%2}
és =i MH or OH

20% + “ dLoroL

CL-ML
0% + ; — 0 . ; ; " ; ; ; i
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%  110%
Liquid Limit (LL)

Tested By: AS

Analyzed By: MNB



Size Analysis and Classification
ASTM D 422-63 (2007)

Project Name:

Russeifah Site Geotechnical Services

Unified Soils Classification System

Project No.: S13000078 SM, Silty Sand
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.028 mm Liquid Limit= - % Gravel = 0.1% Coeff. of Curvature, C¢ = 0.73
Borehole No.: BHO06 D= 0.135 mm Plastic Limit= - % Sand= 73.5% Coeff. of Uniformity, Cy = 30.79
Sample Depth: 10.5-12 Deo= 0.873 mm Plasticity Index= - %Silt= 23.0% Fineness Modulus= 2.16
Material Desc.: Silty Sand Plasticity = - % Clay=  3.4%
Cumulative Interpolated . .
Sieve Percent Percent Grain Size Distribution
Size Passing Passing g £2 82 $2 8 ¢ =, s % onxT Bzl 23
3.00" | 100.0% 100.0% 100 % 1 ——7f+in+ﬁukMJﬁ7t—w &k Ak A Ak A
2.50" 100.0% 100.0% [
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0% /
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0% /
1.00" 100.0% 100.0% 70 %
3/4" 100.0% 100.0% /
5/8" 100.0% 100.0% 60 %
172" 100.0% 100.0% /
3/8" 100.0% 100.0% %D 50 %
1/4" 100.0% 100.0% g
#4 99.9% 99.9% NS 40 %
#8 92.8%
#10 91.7% 91.7% 30 % « + SieveSizes
#16 68.6% /
#20 59.3%, 20 % —&— Sieve Results EEE .
#30 52.3% s e Hydromet
#40 47.4% 47.4% 10% 1 — IEEEL
50 39.99 L o M 6
260 32'90//‘; 0%$C—Iayf t ’S“llt i ! Sapd, | l ... Grave] _!,_C_o:bble
480 32.7% 0.001 0.010 0.100 1.000 10.000 100.000
#100 30.9% Sieve Size (mm)
#200 26.4% 26.4%

Tested By: AS

Analyzed By: RSK



Size Analysis and Classification

ASTM D 422-63 (2007)

Project Name:

Russeifah Site Geotechnical Services

Unified Soils Classification System

Project No.: S13000078 SM, Silty Sand with Gravel
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.038 mm Liquid Limit= - % Gravel = 28.1% Coeff. of Curvature, C¢ = 0.52
Borehole No.: BHO06 D= 0214 mm Plastic Limit= - % Sand= 52.0% Coeff. of Uniformity, Cy = 61.66
Sample Depth: 36 Deo= 2327 mm Plasticity Index= - % Silt = #N/A Fineness Modulus= 3.24
Material Desc.:  Sandy gravel Plasticity = - % Clay=  #N/A
Cumulative Interpolated . .
Sieve Percent Percent Grain Size Distribution
Size Passing Passing g 82 82 $ 8 8 ¢ =,
3.00" | 100.0% 100.0% 100 % T - R R e
2.50" 100.0% 100.0% [
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0%
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0%
1.00" 100.0% 100.0% 70 %
3/4" 100.0% 100.0%
5/8" 100.0% 100.0% 60 %
12" 90.1% 90.1%
3/8" 83.9% 83.9% %D 50 %
1/4" 75.8% g /A"‘/(
#4 71.9% 71.9% S 40 %
#8 60.2% //
#10 58.4% 58.4% 30 % + SieveSizes
#16 51.6% A/K{
#20 48.8% 20 % —&— Sieve Results EEE .
#30 46.8% —e— Hydrometer
#40 45.3% 45.3% 10 % IRBER
zzg zgézﬁ; 0% L Clay ! L _:Silt . Sand. o l L _:Gravej | !. _Q_o:bble
480 27.5% 0.001 0.010 0.100 1.000 10.000 100.000
#100 253% Sieve Size (mm)
#200 19.9% 19.9%

Tested By: AS

Analyzed By: RSK



Size Analysis and Classification

ASTM D 422-63 (2007)

Project Name:

Russeifah Site Geotechnical Services

Unified Soils Classification System

Project No.: S13000078 SP-SM, Poorly graded Sand with Silt
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.067 mm Liquid Limit= - % Gravel = 0.2% Coeff. of Curvature, C¢ = 428
Borehole No.: MW1 D= 0.606 mm Plastic Limit= - % Sand = 88.6% Coeff. of Uniformity, Cy = 18.88
Sample Depth: 28-30 Deo= 1274 mm Plasticity Index= - % Silt = 9.7% Fineness Modulus= 2.90
Material Desc.: Fill material Plasticity = - % Clay= 1.4%
Cumulative Interpolated . .
Sieve Percent Percent Grain Size Distribution
Size Passing Passing g £2 82 $2 8 ¢ =, s % onxT Bzl 23
3.00" | 100.0% 100.0% 100 % 1 ————+—¢t++#|i|-—4k4k—+—+—k4f%7‘—‘—ﬁ—w &k Ak A Ak A
2.50" 100.0% 100.0% [
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0% /
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0% /
1.00" 100.0% 100.0% 70 %
3/4" 100.0% 100.0% /
5/8" 100.0% 100.0% 60 %
172" 100.0% 100.0% /
3/8" 100.0% 100.0% %D 50 %
1/4" 100.0% 100.0% g
#4 99.8% 99.8% NS 40 %
#8 93.5%
#10 92.6% 92.6% 30 % + SieveSizes
#16 55.8%
#20 40.9% 20 % —&— Sieve Results EEE .
#30 29.7% ‘/‘A/‘A/ e Hydrometer
#40 | 21.9% 21.9% 10% T
0
zzg 1220//‘; 0% 4C|,ay# & 7sut,, | ‘! i  Sand, oy l oo, Gravel | !, , Copble
480 14.3% 0.001 0.010 0.100 1.000 10.000 100.000
#100 13.4% Sieve Size (mm)
#200 11.1% 11.1%

Tested By: AS

Analyzed By: RSK



Size Analysis and Classification
ASTM D 422-63 (2007)

Project Name:

Russeifah Site Geotechnical Services

Unified Soils Classification System

Project No.: S13000078 SM, Silty Sand
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.026 mm Liquid Limit= - % Gravel = 0.0% Coeff. of Curvature, C¢ = 0.82
Borehole No.: MW1 D= 0.086 mm Plastic Limit= - % Sand= 71.3% Coeff. of Uniformity, Cy = 13.32
Sample Depth: 43-45 Deo= 0348 mm Plasticity Index= - %Silt= 20.0% Fineness Modulus= 1.54
Material Desc.: Silty Sand Plasticity = - % Clay= 8.7%
Cumulative Interpolated T -
Sieve Percent Percent Grain Size Distribution
Size Passing Passing g 82 82 $ 8 8 ¢ =, s % onxT Bzl 23
300" | 100.0% 100.0% 100 % +J|—FM+4—+—/17&“ A Ak kA Ak A AAD Ak
2.50" 100.0% 100.0% [
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0% /
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0% //
1.00" 100.0% 100.0% 70 %
3/4" 100.0% 100.0% /‘
5/8" 100.0% 100.0% 60 %
172" 100.0% 100.0% /
3/8" 100.0% 100.0% %D 50 %
1/4" 100.0% 100.0% g
#4 100.0% 100.0% NS 40 %
#8 100.0% 100.0%
#10 96.5% 96.5% 30% & +  sievesizes 1111
#16 82.1%
40 76.3% 20 % ‘ —&— Sieve Results IR
#30 71.9% - S —
#40 68.8% 68.8% 10% 1 - T
zzg 451::22//2 0% fCIay ! s __:Silt Lo ! L ~Sand, " l L __:Gravej | !. _Q_o:bble
480 40.7% 0.001 0.010 0.100 1.000 10.000 100.000
#100 37.3% Sieve Size (mm)
#200 28.7% 28.7%

Tested By: AS

Analyzed By: RSK



Size Analysis and Classification
ASTM D 422-63 (2007)

Project Name:

Russeifah Site Geotechnical Services

Unified Soils Classification System

Project No.: S13000078 SM, Silty Sand
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.021 mm Liquid Limit= - % Gravel = Coeff. of Curvature, C¢ = 0.71
Borehole No.: MW1 D= 0.062 mm Plastic Limit= - % Sand=  63.4% Coeff. of Uniformity, Cy = 12.60
Sample Depth: 53.5-55 Dgo= 0258 mm Plasticity Index= - %Silt= 25.5% Fineness Modulus= 1.16
Material Desc.: Silty Sand Plasticity = - % Clay=11.1%
Cumulative Interpolated - -
Sieve Percent Percent Grain Size Distribution
Size Passing Passing
3.00" 100.0% 100.0% 100 % T
2.50" 100.0% 100.0% [
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0%
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0%
1.00" 100.0% 100.0% 70 %
3/4" 100.0% 100.0%
5/8" 100.0% 100.0% 60 %
12" 100.0% 100.0%
3/8" 100.0% 100.0% %D 50 %
1/4" 100.0% 100.0% E
#4 100.0% 100.0% NS 40 % ‘/
#8 100.0% 100.0% /
#10 98.8% 98.8% 30% +  SeveSizess
#16 89.7% *
0 86.0% 20 % — —— Sieve Results .
#30 83.2% —&” e Hydrometer
#40 | 813% 81.3% 0% t—4 mit NI
zzg 2;;2//‘; 0% $CIay ! ___:Silt H ~Sand. oy L ___:Gravej | !, _C_o:bble
420 50.0% 0.001 0.010 0.100 1.000 10.000 100.000
#100 46.2% Sieve Size (mm)
#200 36.6% 36.6%

Tested By: AS

Analyzed By: RSK



Size Analysis and Classification
ASTM D 422-63 (2007)

Project Name:

Russeifah Site Geotechnical Services

Unified Soils Classification System

Project No.: S13000078 SM, Silty Sand
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.030 mm Liquid Limit= 34.9% % Gravel = 14.3% Coeff. of Curvature, C¢ = 0.60
Borehole No.: MW3 D= 0.162 mm Plastic Limit= 17.5% % Sand = 60.8% Coeff. of Uniformity, C; = 47.82
Sample Depth: 0.0-5.0 Dgo= 1444 mm Plasticity Index= 17.4% %Silt= 19.9% Fineness Modulus= 2.74
Material Desc.: Silty Sand Plasticity = Low % Clay= 5.0%
Cumulative Interpolated . o
Sieve Percent Percent Grain Size Distribution
Size Passing Passing g 2282 22 8 ¢ 2,
3.00" | 100.0% 100.0% 100 % T i s =
2.50" 100.0% 100.0% [
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0%
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0%
1.00" 100.0% 100.0% 70 %
3/4" 100.0% 100.0%
5/8" 100.0% 100.0% 60 %
12" 100.0% 100.0% /
38" | 98.4% 98.4% 2 0%
1/4" 89.8% g /‘/‘/
#4 85.7% 85.7% NS 40 %
#8 70.2%
#10 67.8% 67.8% 30 % +  SieveSizes
#16 56.3%
#20 5 1 6% 20 % ——a— Sieve Results et
#30 48.1% . * ——@— Hydrometer
#40 45.6% 45.6% 10% 1 [— IEREL
zzg 22222 0% Q'Claylf"""”_"""'_ ’ ___:Silt Lo ! L ~Sand, Ly l L ___:Gravej | !, _C_o:bble
480 31.1% 0.001 0.010 0.100 1.000 10.000 100.000
#100 29.3% Sieve Size (mm)
#200 24.8% 24.8%

Tested By: AS

Analyzed By: RSK



Arab Center For Engineering Studies
Atterberg Limits
ASTM D4318: 10

Project Name: Russeifah Site Geotechnical Services Client: AECOM Implementing Partner
Project No.:  S13000078 Test Date: 17-Sep-2013
Borehole No.: MW3
Sample Depth: 0.0-5.0
Material Description: Silty Sand Liquid Limit determination
Liguid Limit Determination 45% 1
#1 #2 #3
Mass of Wet Soil + Tare (g) 2149 2174  12.72 40%
Mass of Dry Soil + Tare (g) 1939 1976 1118 ¢
Mass of Tare (g) 1297 1415 17.14 35%
Mass of Dry Soil (g) 6.42 5.61 4.04
Mass of Water (g) 2.10 1.98 1.54 = 30% ¢
Water Content (%) 327% 353% 38.1% §
Number of Blows "N" 38 20 10 O 25%
f&)
Plastic Limit Determination S 0% &
#1 #2
Mass of Wet Soil + Tare (g) 15.69 1543 15% -
Mass of Dry Soil + Tare (g) 14.85 14.63
Mass of Tare (g) 10.06  10.06 10% L
Mass of Dry Soil (g) 4.79 4.57
Mass of Water (g) 0.84 0.80 S0, I
Water Content (%) 17.5% 17.5% 7
I— 0% + b
Liquid Limit (L.L) 34.9% 10 100
Plastic Limit (P.L) 17.5% Number of Blows, “N"
Plasticity Index, (PI) 17.4%
Plasticity Chart
80% T . - . .
[ Low Medium High /Vﬁﬂlgh Extremely High
70% 1 A
T U Line
[ e IIAII Llne
=50% +
g [
x
3 40% £ CH or OH
E 3
12\
S 30% +
(%2}
és =i MH or OH
20% + “ dLoroL
[ @
10% +
CL-ML
0% + ; ; ; ; ; " ; ; ; i
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%  110%
Liquid Limit (LL)

Tested By: AS

Analyzed By: MNB



Size Analysis and Classification
ASTM D 422-63 (2007)

Project Name:

Russeifah Site Geotechnical Services

Unified Soils Classification System

Project No.: S13000078 #N/A
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.066 mm Liquid Limit= 34.3% % Gravel = 9.7% Coeff. of Curvature, Cc = 0.83
Borehole No.: MW3 D= 0413 mm Plastic Limit= 20.5% % Sand= 78.9% Coeff. of Uniformity, Cy = 47.55
Sample Depth: 9.0-12.0 Deo= 3.133 mm Plasticity Index= 13.8% % Silt = 9.8% Fineness Modulus= 3.60
Material Desc.: Fill material Plasticity = Low % Clay= 1.6%
Cumulative Interpolated T -
Sieve Percent Percent Grain Size Distribution
Size Passing Passing 8 S2 83 $2 8 2 =,
3.00" | 100.0% 100.0% 100 % 1 i s =
2.50" 100.0% 100.0% [
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0%
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0%
1.00" 100.0% 100.0% 70 %
3/4" 100.0% 100.0%
5/8" 100.0% 100.0% 60 %
12" 100.0% 100.0%
38" | 98.5% 98.5% 2 50%
1/4" 93.0% g /
#4 90.3% 90.3% NS 40 %
#8 45.5%
#10 38.8% 38.8% 30 % B + SieveSies
#16 34.5%
#20 328% 20 % —&— Sieve Results et
#30 31.5% —&— Hydrometer
#40 30.6% 30.6% 10% ¢ NN
#50 23.8% 3C|§yh, e ot e fl_ Ll JSapd N .. Grave] .| . Cobble
#60 21.0% 0% # t — t 1 ' —
480 17.2% 0.001 0.010 0.100 1.000 10.000 100.000
#100 15.5% Sieve Size (mm)
#200 11.4% 11.4%

Tested By: AS

Analyzed By: RSK



Arab Center For Engineering Studies

Atterberg Limits
ASTM D4318: 10

Project Name: Russeifah Site Geotechnical Services Client: AECOM Implementing Partner
Project No.:  S13000078 Test Date: 17-Sep-2013
Borehole No.: MW3
Sample Depth: 9.0-12.0
Material Description: Fill material Liquid Limit determination
Liguid Limit Determination 40% T
#1 #2 #3 [
Mass of Wet Soil + Tare (g) 22.18 21.11  14.60 359 77'\‘\’
Mass of Dry Soil + Tare (g) 20.12  19.20 12.60 i
Mass of Tare (g) 14.02 1354  7.13 30% |
Mass of Dry Soil (g) 6.10 5.66 5.47
Mass of Water (g) 2.06 1.91 2.00 = .
Water Content (%) 33.8% 33.8% 36.6% g ®*7
Number of Blows "N" 33 22 11 O
g 20% t
Plastic Limit Determination 2
#1 #2 Y
Mass of Wet Soil + Tare (g) 17.82  18.58 T
Mass of Dry Soil + Tare (g) 17.06  17.82
Mass of Tare (g) 1339 14.07 10% +
Mass of Dry Soil (g) 3.67 3.75
Mass of Water (g) 0.76 0.76 5% +
Water Content (%) 20.7 % 20.3 % i
_ 0% + |
Liquid Limit (L.L) 34.3% 10 100
Plastic Limit (P.L) 20.5% Number of Blows, "N"
Plasticity Index, (PI) 13.8%
Plasticity Chart
80% T . - . .
[ Low Medium High /Vﬁﬂlgh Extremely High
70% 1 A
T U Line
[ e IIAII Llne
= 50% +
g [
x
3 40% £ CH or OH
E 3
a
S 30% +
(%2}
és =i MH or OH
20% + “ dLoroL
[ @
10% T
CL-ML
0% + ; ; ; ; ; " ; ; ; i
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%  110%
Liquid Limit (LL)

Tested By: AS

Analyzed By: MNB



Size Analysis and Classification
ASTM D 422-63 (2007)

Project Name:

Russeifah Site Geotechnical Services

Unified Soils Classification System

Project No.: S13000078 SM, Silty Sand
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.025 mm Liquid Limit= 37.2% % Gravel = 1.7% Coeff. of Curvature, Cc = 0.37
Borehole No.: MW3 Dgp= 0.074 mm Plastic Limit= 20.8% % Sand = 68.1% Coeff. of Uniformity, Cy, = 24.24
Sample Depth: 18-20 Dgo= 0.601 mm Plasticity Index= 16.4% %Silt= 22.4% Fineness Modulus= 1.99
Material Desc.: Silty Sand Plasticity = Medium % Clay= 7.9%
Cumulative Interpolated T -
Sieve Percent Percent Grain Size Distribution
Size Passing Passing g 2232 98 5 ¢ =, s % onxT Bzl 23
300" | 100.0% 100.0% 100 % R R R T L Ak A kA A
2.50" 100.0% 100.0% [
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0% /“
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0%
1.00" 100.0% 100.0% 70 %
3/4" 100.0% 100.0%
5/8" 100.0% 100.0% 60 %
172" 100.0% 100.0%
3/8" 100.0% 100.0% %D 50 %
1/4" 100.0% 100.0% g /
#4 98.3% 98.3% NS 40 %
#3 88.5% ‘/“
#10 87.1% 87.1% 30 % ) +  SieveSizes
#16 71.2%
#20 64.8% 20 % " —&— Sieve Results RN
#30 60.0% ' e Hydrometer
#40 56.6% 56.6% 10% 1 e T
zzg j;ii 0o, vl _Silt o sand | ... Grave | Copble
480 38.2% 0.001 0.010 0.100 1.000 10.000 100.000
#100 3599 Sieve Size (mm)
#200 30.3% 30.3%

Tested By: AS

Analyzed By: RSK



Arab Center For Engineering Studies
Atterberg Limits
ASTM D4318: 10

Project Name: Russeifah Site Geotechnical Services Client: AECOM Implementing Partner
Project No.:  S13000078 Test Date: 17-Sep-2013
Borehole No.: MW3
Sample Depth: 18-20
Material Description: Silty Sand Liquid Limit determination
Liguid Limit Determination 45% 1
#1 # #3 [
Mass of Wet Soil + Tare (g) 20.53 1945 1439 40%
Mass of Dry Soil + Tare (g) 18.54 17.68 1232 ®
Mass of Tare (g) 1289 1296  17.15 35%
Mass of Dry Soil (g) 5.65 4.72 5.17 I
Mass of Water (g) 1.99 1.77  2.07 = 30% ¢
Water Content (%) 352% 37.5% 40.0% §
Number of Blows "N" 32 26 11 O 25%
f&)
Plastic Limit Determination S 0% &
#1 #2
Mass of Wet Soil + Tare (g) 1743 1822 15% |
Mass of Dry Soil + Tare (g) 16.74  17.50
Mass of Tare (g) 13.40 14.05 10% L
Mass of Dry Soil (g) 3.34 3.45
Mass of Water (g) 0.69 0.72 S0, I
Water Content (%) 20.7 % 20.9 % 7
I— 0% + o
Liquid Limit (L.L) 37.2% 10 100
Plastic Limit (P.L) 20.8% Number of Blows, "N"
Plasticity Index, (PI) 16.4%
Plasticity Chart
80% T . - . .
[ Low Medium High /Vﬁﬂlgh Extremely High
70% 1 A
T U Line
[ e IIAII Llne
=50% +
g [
x
3 40% £ CH or OH
E 3
b
S 30% +
(%2}
és =i MH or OH
20% + “ dLoroL
@
10% +
CL-ML
0% + ; ; ; ; ; " ; ; ; i
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%  110%
Liquid Limit (LL)

Tested By: AS

Analyzed By: MNB



Size Analysis and Classification
ASTM D 422-63 (2007)

Project Name:

Russeifah Site Geotechnical Services

Unified Soils Classification System

Project No.: S13000078 SM, Silty Sand
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.025 mm Liquid Limit= - % Gravel = 0.0% Coeff. of Curvature, C¢ = 0.21
Borehole No.: MW3 D= 0.074 mm Plastic Limit= - % Sand=  69.8% Coeff. of Uniformity, Cy = 43.07
Sample Depth: 40-43 Dgo= 1.068 mm Plasticity Index= - %Silt= 26.3% Fineness Modulus= 2.27
Material Desc.: SM, Silty Sand Plasticity = - % Clay= 3.9%
Cumulative Interpolated T -
Sieve Percent Percent Grain Size Distribution
Size Passing Passing g 82 82 $ 8 8 ¢ =, W % % 5T BRais 22
300" | 100.0% 100.0% 100 % +J|—FM+4—+—ZF“ A A A kA Ak A AAD Ak
2.50" 100.0% 100.0% [
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0% /
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0% /
1.00" 100.0% 100.0% 70 %
3/4" 100.0% 100.0% /
5/8" 100.0% 100.0% 60 %
12" 100.0% 100.0% /
3/8" 100.0% 100.0% %D 50 %
1/4" 100.0% 100.0% g /
#4 100.0% 100.0% NS 40 %
#8 100.0% 100.0% ‘/kﬁ/k‘/‘/
#10 94.0% 94.0% 30% +  SeveSizess
#16 64.1%
#20 520% 20 % / —&— Sieve Results et
#30 42.9% o e Hydomeer
#40 36.6% 36.6% 10% 1 o T
zzg ;::iz//z 0% fG’raylf T 7:_’::_ _:Silt Lo ! L ~Sand, " l L __:Gravej | !. _Q_o:bble
480 32.1% 0.001 0.010 0.100 1.000 10.000 100.000
#100 31.6% Sieve Size (mm)
#200 30.2% 30.2%

Tested By: AS

Analyzed By: RSK



Size Analysis and Classification

ASTM D 422-63 (2007)

Project Name:

Russeifah Site Geotechnical Services

Unified Soils Classification System

Project No.: S13000078 SM, Silty Sand
Client: AECOM Implementing Partner
Test Date: 3-Oct-13 Dgg= 0.025 mm Liquid Limit= - % Gravel = 0.0% Coeff. of Curvature, C¢ = 0.97
Borehole No.: MW3 D= 0.075 mm Plastic Limit= - % Sand= 70.0% Coeff. of Uniformity, Cy = 9.31
Sample Depth: 52-55 Deo= 0233 mm Plasticity Index= - %Silt= 25.2% Fineness Modulus= 0.83
Material Desc.: Silty Sand Plasticity = - % Clay= 4.7%
Cumulative Interpolated - -
Sieve Percent Percent Grain Size Distribution
Size Passing Passing g €83 82 §2 8§ ¢ = W % % 5T BRais 22
3.00" | 100.0% 100.0% 100 % 1 e R ok A A Ak A Ak A A A AAD Ak
2.50" 100.0% 100.0%
2.00" 100.0% 100.0% 90 %
1.75" 100.0% 100.0% /
1.50" 100.0% 100.0% 80 %
1.25" 100.0% 100.0% 1
1.00" 100.0% 100.0% 70 %
3/4" 100.0% 100.0% /
5/8" 100.0% 100.0% 60 %
172" 100.0% 100.0%
3/8" 100.0% 100.0% %D 50 %
1/4" 100.0% 100.0% E
#4 100.0% 100.0% NS 40 %
#8 100.0% 100.0% ‘/
#10 100.0% 100.0% 30% , +  SeveSizes
#16 100.0% 100.0%
#20 | 100.0% 100.0% 20 % re T SeveReds
#30 | 100.0% 100.0% e Hydrometer
#40 96.5% 96.5% 10% 1 T
zzg Zizz//z 0% *Qlay? ’ ___:Silt | ! L ~Sand. oy l L ___:Gravej | !, _C_o:bble
420 49.9% 0.001 0.010 0.100 1.000 10.000 100.000
#100 44.2% Sieve Size (mm)
#200 30.0% 30.0%

Tested By: AS

Analyzed By: RSK
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Appendix C
Sample Photos

S13000078



PIEZOMETER INSTALLATION



PIEZOMETER INSTALLATION



FIELD DENSITY DETERMINATION



BOREHOLES BACKFILLING (GROUTING)



BOREHOLES IDENTIFICATION LABELS



BOREHOLES IDENTIFICATION LABELS



BOREHOLES IDENTIFICATION LABELS



BOREHOLES IDENTIFICATION LABELS



BOREHOLES IDENTIFICATION LABELS



BOREHOLES IDENTIFICATION LABELS



BOREHOLES IDENTIFICATION LABELS



AREA (1&2) BH-01 (0.0 TO 19.5)

AREA (1&2) BH-01 (1.5 TO 19.5) (SPT SAMPLES)



AREA (1&2) BH-02 (0.0 TO 18.0)

AREA (1&2) BH-02 (1.5 TO 18.0) (SPT SAMPLES)



AREA (1&2) BH-03 (0.0 TO 18.0)

AREA (1&2) BH-03 (1.5 TO 18.0) (SPT SAMPLES)



AREA (1&2) BH-04 (0.0 TO 22.5)

AREA (1&2) BH-04 (1.5 TO 22.5) (SPT SAMPLES)



AREA (1&2) BH-05 (0.0 TO 10.5)

AREA (1&2) BH-05 (16.5 TO 35.0)

**FROM 10.5 TO 16.5 (NO RECOVERY)



AREA (1&2) BH-05 (1.5 TO 22.5) (SPT SAMPLES)

AREA (1&2) BH-05 (22.5 TO 37.5) (SPT SAMPLES)



AREA (1&2) BH-06 (0.0 TO 36.0)



AREA (1&2) BH-06 (1.5 TO 22.5) (SPT SAMPLES)

AREA (1&2) BH-06 (22.5 TO 36.0) (SPT SAMPLES)



AREA (1&2) BH-MW-01 (28.0 TO 60.0)



AREA (1&2) BH-MW-02 (0.0 TO 18.0)

AREA (1&2) BH-MW-02 (18.0 TO 36.0)



AREA (1&2) BH-MW-02 (36.0 TO 60.5)



AREA (1&2) BH-MW-03 (0.0 TO 20.0)

AREA (1&2) BH-MW-03 (20.0 TO 30.0)



AREA (1&2) BH-MW-03 (30.0 TO 40.0)

AREA (1&2) BH-MW-03 (40.0 TO 55.0)



AREA (1&2) BH-MW-04 (0.0 TO 39.0)

AREA (1&2) BH-MW-04 (39.0 TO 78.0)



AREA (1&2) BH-MW-05 (0.0 TO 27.5)

AREA (1&2) BH-MW-05 (27.5 TO 56.5)



AREA (1&2) BH-MW-05 (56.5 TO 71.0)



Russiafah ( Area 1&2 and Area 4) y

Appendix D
Piezometers Detalls

S13000078



60m

Detailing of Piezometers

0.6m

Lockable Steel Pipe

Concrete Plate 0.4m x 0.4m

Existing Ground Level

p—

Centralizer
——

3m

63mm PVC pipe

Schematic of Piezometer

MW

High Solids Bentonite
Slurry Grout
GRAVEL
(Single size)
Concrete
Existing
2N Material
PVC Perforated pipe (3mm)
covered with screen
£
M
(a0]
PVC Cap
Boring Name Date Depth (m) | Water Level
23/10/2013 52.50 594.00
MW-1
27/10/2013 52.64 593.86
03/11/2013 52.67 593.83
10/11/2013 52.69 593.81
20/11/2013 52.75 593.75
26/11/2013 52.66 593.84
04/12/2013 52.35 594.15




60.5m

Detailing of Piezometers

Lockable Steel Pipe

Concrete Plate 0.4m x 0.4m

Existing Ground Level

63mm PVC pipe
/
Centralizer PVC Perforated pipe (3mm)
v covered with screen
2 &
™M

PVC Cap

Schematic of Piezometer
MW

High Solids Bentonite
Slurry Grout

GRAVEL
(Single size)

Concrete

KA Existing

/
S \,\/\/‘ Material

AA\AA

Boring Name Date Depth (m) |Water Level
20/11/2013 52.08 592.92
MW-2
26/11/2013 52.05 592.95
04/12/2013 52.10 592.90




71m

Detailing of Piezometers

Lockable Steel Pipe

R H Concrete Plate 0.4m x 0.4m
0.6m [ ] Existing Ground Level
JETETE ¢ o T
‘ ki
63mm PVC pipe
%
Centralizer PVC Perforated pipe (3mm)
-\ .
% covered with screen
£ g
) {: o

PVC Cap

Schematic of Piezometer

/ q
R

%K
IR
RRRA

High Solids Bentonite
Slurry Grout

GRAVEL
(Single size)

Concrete

Existing
Material

MW Boring Name Date Depth (m) | Water Level
08/09/2013 53.50 592.75
15/09/2013 53.55 592.70
22/09/2013 53.71 592.54
29/09/2013 53.88 592.37
07/10/2013 54.10 592.15
23/10/2013 54.47 591.78
MW-3
27/10/2013 54.60 591.65
03/11/2013 54.63 591.62
10/11/2013 54.62 591.63
20/11/2013 54.60 591.65
26/11/2013 54.55 591.70
04/12/2013 54.17 592.08




78m

Detailing of Piezometers

Lockable Steel Pipe

Concrete Plate 0.4m x 0.4m

0.6m [ ’_‘ Existing Ground Level
ENESNEEEY
OO
63mm PVC pipe
%
Centralizer PVC Perforated pipe (3mm)
L covered with screen

E &
(e0]

PVC Cap

Schematic of Piezometer

MW

High Solids Bentonite
Slurry Grout

GRAVEL
(Single size)

Concrete

| Existing
>y Material

Boring Name Date Depth (m) |Water Level
26/11/2013 68.80 594.20
MW-4
04/12/2013 68.41 594.59




Detailing of Piezometers

Lockable Steel Pipe

R H Concrete Plate 0.4m x 0.4m
0.6m [ ] Existing Ground Level
NENENEEAPR SIEEE
‘ G
63mm PVC pipe
4
High Solids Bentonite
Slurry Grout
i GRAVEL
[N (Single size)
Concrete
S5 Existing
,\5/}\/5\}3\5/\: Material
Centralizer PVC Perforated pipe (3mm)
covered with screen
£ 5
M ™
~ PVC Cap
Schematic of Piezometer
Boring Name Date Depth (m) | Water Level
26/11/2013 66.00 593.00
MW-5
04/12/2013 65.85 593.25
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Seismicity Map and factors

S13000078



Appendix C

SEISMICITY AND EARTHOQUAKES

(Jordan Code for Seismic Factors-Building Code)

Formations (Types and Description)

Description
Class
Strong-Very Strong Rock SA
Mod-Weak to Mod-Strong Rock SB
Very Dense Soil / Hard Soil / Soft Rock SC
Very Stiff Soil / Dense Soil SD
Firm to Stiff Soil / Loose to Medium Dense SE
Soil

Very loose / Very Soft Soil SF

Seismic Zone Factors (Z)

3 2B 2A 1 Zone
0.30 0.20 0.15 0.075 Factor (2)

* Zone defined based on Seismic Zonning Map (P-3 of Appendix)

Page 1 of 3



Appendix C

Acceleration Factor (Ca)

Class
Z=0.30 Z=0.20 Z=0.15 Z=0.075
0.24 0.16 0.12 0.06 SA
0.30 0.20 0.15 0.08 SB
0.33 0.24 0.18 0.09 SC
0.36 0.28 0.22 0.12 SD
0.36 0.34 0.30 0.19 SE
Requires Site Seismic Response Study SF
Velocity Factor (Cv)
Class
Z=0.30 Z=0.20 Z=0.15 Z=0.075
0.24 0.16 0.12 0.06 SA
0.30 0.20 0.15 0.08 SB
0.45 0.32 0.25 0.13 SC
0.54 0.40 0.32 0.18 SD
0.84 0.64 0.50 0.26 SE
Requires Site Seismic Response Study SF

Page 2 of 3



SEISMICITY AND EARTQUAKES MAP ﬂ
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