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—EE— Black plate (55,1)

(shaaf gt
Evaporite, Any of a variety of individual minerals found in the sedimentary de-
posit of soluble salts that resnlt from the evaporation of water, Typicaily, evapor-
ite deposits occur in closed marine basins where evaporation exceeds inflow. The
deposits often show a repeated sequence of minerals, indicating cyclic conditions
with a mineralogy determined by solubility. The most important minerals and
the sequence in which they form include calcite, gypsum, anhydrite, halite, polyha-
lite, and lastly potassium and magnesium salts such as sylvite, carnallite, kainite.
Stratigraphy: The Branch of geology concerned with the order of relative posi-
tions of strata and their relationship to the geological time scale.
Bauxite: An amorphous clayey rock that is the chief commercial ore of aluminum.
It consists largely of hydrated alumina with variable proportions of iron oxides. In
Mosul Dam the brown clayey lavers in the foundation were mistaken as Bauxite.
Mark: It is an unconsolidated sedimentary rock or soil consisting of caly and
lime,
Breccias: Rock consisting of angular fragments cemented together.
Gypsam and Anhydrites: Gypsum (CaS04.2H20) and anhydrite (CaSO4) are
two related minerals that formed during periodic episodes of ancient sea water
evaporation in restricted environment. Anhydrite converts to gypsum when ex-
posed to water, which creates a volume increase that destroys any planar fea-
tures in the beds. The reverse is also possible-anhydrite can be created when
gypsum is dehydrated.
Karsts Line: This is a hypothetical line which was proposed within Mosul Dam
foundation as the line separating the highly perimeable rock formations above it
from the less permeable rock formations below it. It was fixed by the designer
after performing exploratory boreholes from the ground surface along the axis
of the dam and carrying out field permeability tests. It was used to determine
the depth of the deep grout curtain under the dam; more is said about the karts
ling later in this book.
Dolomite: a transiucent mineral consisting of a carbonate of calcium and magne-
sium.
The Lugeon test: sometimes called also Packer test, is an in-situ testing method
widely used to estimate the average hydraulic conductivity of rock mass. It is in
situ test of formation permeability performed by measuring volume of water ta-
ken in a section of test hole when the interval is pressurized at given pressure
(30 bars-150 psi}). 1t is used primarily in variably permeable formations.
The test is named after Maurice Lugeon (1933), a Swiss geologist who first for-
mulated the test. Basically, the Lugeon test is a constant head permeability type
test carried out in an isolated part of a borehole. The results provide informa-
tion about hydraulic conductivity of the rock mass including the rock matrix
and the discontinuities. The following table gives the Lugeon values related to
conductivity classification and rock discontinuity condition
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’_I::tmgeon Vaiuf.:‘-h -Conduciivily classification ERock discontingity coadition %
<] Very low ; Very tight :
15 | Low | Tight
Stfg IIIIIIIIIIIIIII i “I\}:)dcrate _g Few partly open | :
L 15-50 Medium ; Some open
50-100 H:gil T ; Many open T

. >100 Very high Open closely spaced or voids

Slickenside: A geological term which describes a rock surface with a polished ap-
pearance and fine paraliel scratches caused by abrasion during fanit displacement.
National Earthquake information center (INEIC), this center is located in Denver-
Colorado and it belongs to the US Geological Survey.

This includes the Following;

- National Federal Institute of Technology, Zurich, Switzerland.

- National Geophysical and Solar-terresirial Data Center, (INGSDC)/EDIS/
NOAA, Boulder, Colorado, USA.

- International Seismological Center, Newbury. UK.

- Institute of Geological Sciences, Edinburgh, Scotland.

N. N. Ambraseys: Professor at the ¥mperial College, London.

Thereare many attenuation equations which have been derived formanylocationsin
the world. In Mosul Dam Seismic study many of these equations wereinvestigated.

The followlng relationships were used:

. gl.45H
1} ¥ = 2.88 - gl 700 mmbrageys, 1973 {2}

ak.l

. S0.8M
2 y = 2800 e T Bsteva, 157¢ {3}

(2rem) ?

75,3 . g0.B4K
3 y = 47z.3 - en "0 Mo Guire, 1974 (4}
im+z3) L.301

4 y = by - eB2¥ Doncvan, 1878 153
{R+25) 03

-2.1

where Dby = 2'154'80d R
To = 0,046 + 0.445 oz R
L3y = 2,515 - 0.2E6 log R

. al.455M
53 ¥ = 1.33 e+ 7777 Mrbreseys, 1878 {8}
20.92
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*@' Black plate (57,1)

{15) Peak Ground Acceleration in Relation to Probabilities of Occurrence and Re-
turn Periods.
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Runoff: The drainage away of water from the surface of an area of land.

Water Year: A water year (also discharge year or fiow year) is a term commonly
used in hydrology to describe a time period of 12 months for which precipitation
totals are measured. Its beginning differs from the calendar year because part of
the precipitation that falls in late autumn and winter accumulates as snow and
doesn’t drain until the following spring or summer’s snowmelt. Due to metecro-
logical and geographical factors, the definition of the water years varies; the
United States Geological Survey defines it as the period between October 1st of
one vear and September 30th of the next. The water year is designated by the
calendar year in which it ends, so the 2010 water year (USGS) started on Octo-
ber 1, 2009 and ended on September 30, 2010.The same definition is adopted in
Iragq.

Frequency: the rate at which something occurs or repeated over a particular per-
tod of time or in a given sample.

Return Period: A retwrn period, also known as a recurrence interval (sometimes
repeat interval) is an estimate of the likelihood of an event, such as an earth-
quake, flood or a river discharge flow to occur. It is & statistical measurement ty-
pically based on historic data denoting the average recurrence interval over an
extended period of time, and is usually used for risk analysis (e.g. to decide
whether a project should be allowed to go forward in a zone of a certain risk, or
to design structures to withstand an event with a certain return period). The fol-
lowing analysis assumes that the probability of the event occurring does not
vary over time and is independent of past events.

The Pearson type 111 distribution is a gamma distribution. It is used in statistical
analysis and finds applications in hydrology.

Design Flood: The flood, either observed or synthetic, which is chosen as the ba-
sis for the design of hydraulic structure.

PMY. The Probable Maximum Fiood is the largest fiood that could conceivably
occur at a particular location, usually estimated from probable maximum preci-
pitation, and where applicable, snow melt, coupled with the worst flood produ-
cing catchment conditions. Generally, it is not physically or economically
possible to provide complete protection against this event.

Simulation Model: A Simulation Model is a mathematical model which com-
bines both mathematical and logical concepts that tries to emulate a real life sys-
tem through use of computer software.

Optimization: s finding the highest achievable performance under the given con-
straints. Computer simulation (modeling), optimization is achieved usually by
using linear programming techniques of eperations research,

Flood Routing: In hydrelogy, routing is a technique used to predict the changes
in shape of a hydrograph as water moves through a river chasnel or a reservoir.
In flood forecasting,
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Internal Erosion: Internal erosion of soil particles from within a dam by water
that seeps through the dam is one of the most common causes of failure of le-
vees and earth dams. Internal erosion is especially dangerous because there may
be no external evidence, that it is taking place. Usually a sand boit can be found,
but the boil might be hidden under water. A dam may breach within a few
hours after evidence of internal erosion becomes chvious. Internal erosion mani-
fests by the migration of soil particles by suffusion or piping.

Piping is induced by regressive erosion of particles from downstream and to-
wards the upsiream line towards an outside envirenment until a continuous pipe
is Suffusion is the migration of soi} particles through the soil matrix.

Uplift pressures: is the destabilizing upward force resulting from the buoyancy
cansed by water.
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(sisof gl
Spillway: A structure over or through which flood flows are discharged. If the
flow is controlled by gates, it is considered a controlled spillway; if the elevation
of the spillway crest is the only control, it is considered an uncontrolled spill-
way.
Flood Routing: In hydrology, routing is a technique used to predict the changes
in shape of a hydrograph as water moves through a river channel or a reservoir.
Hydrograph: A hydrograph is a graph showing the rate of flow (discharge) versus
time past a specific point in a river, or other channe! or conduit carrying flow.
The rate of flow is typically expressed in cubic meters or cubic fest per second
{cms or cfs).
Weir: Low dam that is built across a flow of stream of water to raise its level or,
divert the flow or control it..
Ogee: It is 2 curved shaped like an S consisting of two arcs that curve in oppo-
site senses so that the ends are parallel. The term has use in Architecture, mathe-
matics and fluid mechanics,
Stop logs: arc a hydraulic engineering control element that are used in floodgates
to-adjust the water level or flow rate in a river, canal, or reservoir. Stop logs are
sometimes confused with flashboards, as both elements are used in bulkhead or
crest gates. Stop logs are typically long rectangular timber beams or boards that
are placed on top of each other and dropped into premade slots inside a weir,
gate, or channel. Other materials, including steel and composites, can be used as
stop logs as well. Stop logs are designed to cut off or stop flow through a con-
duit.
Roliecrete; also known as Roller Compacted Concrete is defined by the ACI 116
as ‘‘concrete compacted by roller compaction i.e. Concrete that, in its unhar-
dened state, will support a (vibratory) roiler while being compacted. RCC is
usually mixed using high-capacity continuous mixing or batching equipment, de-
livered with trucks or conveyors, and spread with one or more bulldozers in
layers prior to compaction. RCC can use a broader range of materials than con-
ventional concrete”. For more details the reader is referred to USACE manual
no. EC1110-2006/Roller-Compacted Conerete) and USBR publication/(Roller
Compacted Concrete/Design and construction considerations for hydraulic
structures).
Cavitations: Cavitations may occur when local static pressure in a fluid reach a
level below the vapor pressare of the liquid at the actual temperature due to
high velocity. According the Bernoulli Equation this may happen when the fluid
accelerates in a control valve or around a pump impeller or in a high velocity
flow channel and it will cause damage to the contact surface as a result of the
explosion of the formed bubbies.
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Flip Bucket and Ski jump: Ski jumps in combination with plunge pools are
widely used as an economic and cffective type of energy dissipaters downstream
of large dams. Ski jumps typically consist of an approach chute with a deflector
at its end-the flip bucket-deflecting the discharge into the air. In this process, air
is entrained into the jet reducing its scour potential during impact in the plunge
pool. An inapprapriate flip bucket design may result in a scour hole at the valiey
sides or close io the take-off section, endangering the stability of the valley sides
or of the structure. An example includes the Nactmiento Dam, California, where
a scour hole depth of tens of meters was observed after a flood in 1969, Despite
hundreds of model studies conducted for specific prototypes, general guidelines
were somehow incomplete when this rescarch was launched in 2003. For more
details the reader is referred to the Indian Standard (IS 7365-2010/ Criteria for
hydraulic design of bucket type energy dissipaters).

Draft Tube: The flared passage leading vertically from a water turbine to its tail-
race,

Tailrace Channel: the flume, or channel {eading away from a waterwheel or the
like,

Rated Head: The rated condition is the operating point a pump or turbine is de-
signed to operate at, and the primary condition at which operation is verified
during a pump or turbine test.

Spiral Casing: is a spiral passage for directing the water from penstock arcund a
wheel turbine and into rotor.

References / JJLLQ&”

Saddam Dam (Mosul Dam) Project Main Scheme-Final Report & As Built
Dirawings-Volume 1. Swiss Consultants Consortinm December, 1989.

Saddam Dam (Mosul Dam) Project Main Scheme-Final Report & As Built
Drawings-Volume 1TA. Swiss Consultants Consortium December, 1988,
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{1} Differential Settlement: Differential or uneven settlement occurs when the soil
beneath a structure cannot bear the weights imposed. The settiement of a struc-
ture is the amount that the structure will ““sink’ during and after construction.
Differential settlements become a big problem when the foundation settles un-
evenly. The more uneven the settlemeunt is, the greater the problems are to the
building’s structure.

(2) Bearing Capacity: In geotechnical engineering, bearing capacity is the capacity of
soil to support the loads applied to the ground. The bearing capacity of soil is
the maximum average contact pressure between the foundation and the soil
which should not produce shear failure in the soil.
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—@— Black plate (163,1)

The reader is referred to note (1) of chapter 4 on “internal erosion”.

Exit Gradient: It is defined as the hydraulic gradient exerted on soil particles at
the exit point of seepage water from under structure. If this exit gradient exceeds
a certain safe value depending on the type of foundation soil, then soil particles
will be dislodged causing piping. The exit gradient value in this case is called the
critical exit gradient.

Relief well: Also known as pressure relief wells or bleed wells, are drilied to re-
ducing pore water pressures in confined aquifers or in stratified ground condi-
tions. In excavation works they are used to lower the piezometric line below the
level of excavation so the work may be done in relatively dry conditions. One
other use is to install them at downstream of dams to reduce uplift pressure on
the dam base by draining seepage water which is to be collected and disposed
of. Relief wells are normally surrounded with filter material to stop soil particles
migration and piping.

Foundation Grouting: is the operation of applying under pressure of a grout
which is thin mortar used for filling spaces (as the joints, cracks or cavities in
the foundations of 2 dam or any other hydraulic structure); also: any of various
other materials {as a mixture of cement and water ot chemicals that solidify)
used for a similar purpose in order to modify and improve the foundation for
such purpose as improving the bearing capacity and/ or increasing its imperme-
ability.

Consolidation Grouting: In rock, consolidation grouting consists of injection of
cement-based grout for the purpose of strengthening the rock mass by filling
open fractures and thus eliminating a source of settlement. Incidenial to this
main purpose, consolidation grouting also serve to reduce the uplift potential
beneath concrete dams by reducing the permeability. Generally done by drilling
and grouting shallow holes on a grid pattern in the foundation area of concrete
dams but may include “off-pattern™ holes to treat selected geologic defects such
as fracture or shear zones. The term is commonly and improperly used as a sy-
nonym for blanket grouting.

Grouting Blanket: A procedure in which relatively closely spaced and usually
shallow holes are drilled and grouted for the purpose of reducing the permeabil-
ity of the upper portions of the bedrock beneath the site of an embankment
dam. Generally but not necessarily done either on a grid pattern or in rows par-
allel to the grout curtain, Commonly includes “off-pattern” holes to treat se-
Jected geologic defects such as fracture or shear zones. Sometimes confused with
or improperly considered to be synonymous with consolidation grouting.

Hydration: This is the conversion of Anhydride (Casod) to Gypsum {Caso4.2-
H20) when it is exposed to water. This process is accompanied by volume in-
crease of about 50% that destroys any planar features in the beds. The reverse
is also possible where anhydride can be created when Gypsum is dehydrated un-
der pressure.
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*@— Black plate (164,1)

(10) Ascending Stage Grouting: [n the DESENDING STAGE grouting, drilling and
grouting are executed alternatively in stages of 3 to 5 m in the downward direc-
tion as shown in Fig.1. Each next stage is drilled and grouted after re-drilling

the hole through the already grouted previous upper stages,

Tirouat
g
LSRG
{stage 3 _ -
trage 1) i
sk 33
Figure 1

(11} Descending Stage Grouting: In the ASENDIND STAGE grouting process
shown in Fig.2 Work is executed in a reverse direction. The grout hole is drilled
to the full depth in one operation, subsequently the grout pipe is lowered to the
deepest segment of the hole and the annular space sealed using a packer. Grout-
ing is carried out at higher pressure. Thereafter, the grout pipe and the packer

are raised in stages of 3 to S m.

e

L
et

i

Emitking :
i pipe :
:;;gr‘i: ipgertion shager §
Fig. 3.7 Ascending siagg grenaing
# S Pasate
Figure 2
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(12)

(13)

(14)

(15)

{16

(17)

(18)

(19)

(20)

(21)

(22)
(23)

Grout Mix: Grout: In soi! or rock grouting, a material injected into a soil or
rock formation to change the physical characteristics of the formation. Grouts
may be cementitious, chemical solutions, or of a variety of resinous origins.
Grout Mix: Also called the grout formulation, grout mix is a descriptive term re-
ferring to the types and relative proportions of the constituent ingredients of a
given grout.

Rase: Main component in a grout system. Also, when referring to pH, an alkali.
So cement based grout is when cement is the main component of the grout mix.

Stable: Stable Grout: A suspension grout that exhibits little or no settlement,
bleed, or shrinkage. Historically it is defined as a grouting mix with a bleed less
than 5% in 2 h. However, lesser percentages of bleed means enhanced stability
are readily achievable with contemporary multicomponent grout formuiations.

Bentonite: Clay composed principally of minerals of the montmorillonite group,
characterized by high absorption and a very large volume change with wetting
or drying. Commonly used as an additive in cement-based grouts to improve its
viscosity and stability.

Bleed: Separation of excess water from a particulate suspension grout as a result
of settlement. This is commonly expressed as a percentage of the initial volume
of the mixed grout.

Viscosity: The internal fluid resistance of a substance, such as grout, which
makes it resist a tendency to flow.

Superfine cement: Cement that has Blain fineness > 4500 cm2/ gm., particles re-
maining on sieve n0.220 < 1% Blaine Fineness: A measure of the fineness of
powdered materials such as cement and pozzolans. It is usually expressed as
square ceatimeters of surface area per gram.

Curtain Grouting: Injection of grout into a subsurface formation in such a way
as to create a zone of grouted material transverse to the direction of the antici-
pated water flow.

Grout Gallery: An opening or passageway within and or bencath a dam, and/or
in the abutments of a dam, utilized for grouting operations. Depending upon
the type and configuration of the dam and on the foundation geologic condi-
tions, may also serve as a drainage and inspection gallery.

Split Spacing Grouting: A grouting sequence in which initial (primary) grout
holes are relatively widely spaced and subscquent grout holes are placed midway
between previcus grout holes to “split the spacing.” This process is continued
until one or more specified criteria-such as a reduced grout acceptance, maxi-
mum allowable grout pressure, increased resistance or blow count, or a reduc-
tion in grout take to a specified value-are achieved.

bar: is equivalent to 0.9869 atm., and to 10.1971 kg. - force/ square centimeter.
Greut Mix: Also called the grout formulation, grout mix is a descriptive term re-
ferring to the types and relative proportions of the constituent ingredients of a
given grout.
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(24) Grout Take: Volume of grout injected. May refer to the total volume injected in
an interval within a hole, in an entire grout hole, in a unit length or area of a
grout curtain or in the rock formation or seil mass as a whole. Also, may be ex-
pressed in terms of amount of grout injected per unit length of grout hole or
curtain, Sometimes the volume referred to is the total volume of cement or so-
lids rather than the fluid volume. However, in past US rock grouting practice
the volume of cement or solids rather than the fluid volume has more commonly
been used in the calculation of unit take. Frequently the Groot take is expressed
in terms of weights rather than volumes as in the case of Mosul Dam.

(25) Stage Grouting: Sequential grouting of a hole in separate steps or stages in lieu
of grouting the entire length at once. Holes may be drilled to the final planned
depth and grouted in ascending stages using packers, or may be incrementally
drilled in downward stages and be grouted from’ the collar of the hole or with
packers set in a previously grouted stage.

{26) Packer: A device which, when inserted into a grout hole, acts to prevent return
of the grout around the injection pipe during injection. Usually an expandable
device, actuated mechanically, hydraulically, or pneumatically.

{(27) (M.P.S.P) Maultiple Packer Sleeve pipe system: In this system of grouting the
grouting tube is retained and centralized in each borehole by collars which are
made of fabric bags infiated in sitn with cement grout. These collars are posi-
tioned along each grouting pipe either at reguiar intervals {(say 3-6m) or at irre-
gular intervals to ensure intensive treatment of special or particular zones (See
shaded area in fipure).

fEs?
sysigm
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{28) A Manchetie tube is a PVC or metal pipe in which rubber sleeves cover holes

(29)

(30)

@31

(32)

(33)

that are drilled in the pipe at specific intervals. The tubes are inserted into holes
that have been bored inte the “work area” (soil, concrete, etc.} known as the
“grout zone”. Grout is pumped to a packer that has been slid into the tube,
Seals on the packer force the grout through the holes in the tube, past the flex-
ible rubber sleeve, and into the grout zone to help stabilize and/or seal if. See
the figure below.

Finissage: A French term commonly used in grouting practice denoting ‘*finish-
ing Grouting™.

Bentonite Gel: In Bentonite Solution when the Concentration is high enough
(about 60 grams of bentonite per fiter of suspension}, then this suspension be-
gins to take on the characteristics of a gel (a flnid with a minimum yield strength
required to make it move).

Silica gel is a gramglar, vitreous, porous form of silicon dioxide made synthetically
from sodinm silicate. Silica gel contains a nano-porous silica micro-structure,
suspended inside a liguid.. It is a naturally occurring mineral that is purified and
processed into either granular or beaded form. As a desiceant, it has an averapge
pore size of 2.4 nanometers and has a strong affinity for water molecules.
Refusal: A rate of grout take that is low or zero at the maximum allowable in-
jection pressure for the grout hole or grout injection stage, (The “maximum al-
iowable injection pressure” called the “Refusal Pressure”) commonly is based
on some “rule of thumb” that takes into account the depth of the top of the
grouting stage beneath the surface or the shortest distance from that stage to a
free face.

Optimally, it will be based on the results of extensive pressure tests during a test
grouting program, or upon the strength of the rock mass as otherwise determined,
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(34)

(35)

(36)

and is the pressure which exceeded may cause hydrofracture or ground surface
displacement.

Contact Grouting: The term *Contact grouting’ can be defined as ‘Filling, with
cement grout, any voids existing at the contact of two zones of different materi-
als’, e.g., between a concrete tunnel lining and the surrounding rock. The grout
operation is usually carried out at low pressure.

RQD: The rock quality designation (R(QD) is a commonly used index for the
description of rock mass fractured state. It was initially proposed by Deere
{1963} as an index of assessing rock quality quantitatively and it has since then
been the topic of various assessments mainly for civil engineering projects. Its
application has also been quickly extended to other areas of rock mechanics,
and it has become a fundamental parameter in geotechnical engineering (e.g.
Hoek& Brown 1980; Hoek and Bray 1981). The success of the RQD is due, in
large part, to its simple definition, which is the ratic (percentage) of intact core
pieces longer than 10 cm over the total drilling length. However, this index is af-
fected by a number of known limitations. For instance, its value can be different
for a given location when obtained from cores with different drilling orienta-
tions. In addition, the RQD may be affected by the rock strength and core size,
A piezometer: in geotechnical engineering is a device which measuvres the pres-
sure (morge precisely, the piezometric head) of groundwater at a specific point. A
piezometer is designed to measure static pressures, and thus differs from apitot
tube by not being pointed into the fluid flow. The first piezometers in geofechni-
cal engineering were open wells or standpipes (sometimes called Casagrande
piezometer) installed into an aquifer. A Casagrande piezometer will typically
have a solid casing down {o the depth of interest, and a slotted or screened cas-
ing within the zone where water pressure is being measured. The casing is sealed
into the drill hole with clay, bentonite or concrete and the slotted part is sur-
rounded with filter material. In an unconfined aquifer, the water level in the
piezometer would not be exactly coincident with the water table especially when
vertical component of flow velocity is significant. In a confined aquifer under ar-
tesian conditions, the water level in the piezometer indicates the pressure in the
aquifer, but not necessarily the water table. Plezometer wells can be as small in
diameter as 5 cm diameter which is common in standpipe piezometer. Piezo-
meters in durable casings can be buried or pushed into the ground to measure
the groundwater pressure at the point of installation. In some cases they are
provided at their tips with pressure gauges in the form of electric cells {transdu-
cer) which can be vibrating-wire, pneumatic, or strain-gauge in operation, con-
verting pressure into an electrical signal. These Piezometers are cabled to the
surface where they can be read by data leggers or portable readout units, allow-
ing faster or more frequent reading than is possible with open standpipe Piezo-
meters.
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~—$—~ Black plate (16,1}

(37) Bourdon gauges: are known for their very high range of differential pressure
measarement in the range of aimost 100,000 psi {700 MPa). It is an elastic type
pressure transducer. The basic idea behind the device is that, cross-sectional tub-
ing when deformed in any way will tend to regain its circular form under the ac-
tion of pressure. The bourdon pressure gauges used today have a slight elliptical
cross-section and the tube is generally bent into a C-shape or arc length of
about 27 degrees. The detailed diagram of the bourdon tube is shown below.

Butelom Tubse Prescure Gauge

(38) Bidim: is a nonwoven needle-punched continucus filament polyester geotextile
used in contact with the in applications of civil and geotechnical engineering. In
geotechnical works they are used for prevention of the mixture of soil and other
materials andas filters for the retention of soil or other particles subjected to hy-
drodynamic forces allowing the passage of liquid through the geotextile.

169

2 /MET2018/Bachaerfsd_mowsel.3d/70x100/Friday 9th March 2018/Sanabel Press  fmged du /28 comw

—b—



it}

{2}
31
f4)
51
16}

g

Ei}_“ Biack plate (170,1}

References / ngi

Mosul Dam Board of Experts. “Foundation Excavation and Dam stability™.
Reports of meetings. No.8, October 1981, No. 10, June 1982, No. 11, November
1982. No. 12, February 1983. No. 13, June 1983.

Saddam Dam (Mosul Dam) Project Main Scheme-Final Report & As Built
Drawings-Volume I. Swiss Consultants Consortium December, 1989.

Saddam Dam (Mosul Dam) Project Main Scheme-Final Report & As Built
Drawings-Volume HA. Swiss Consultants Consortium December, 1988,

Mosul Dam Board of Experts. “Summary of Findings-D7. Blanket Grouting”
Report of meeting. No.15, February 1984.

Mosul Dam Board of Experts. “Points of Recognition-11.4 Checking of Blanket
Grouting”. Report of Meeting No.20, October 1985.

Swiss Consultant Consortium. “Mosul Dam Project Hydrogeological Study on
right Bank”. June, 1984.

Mosul Dam Board of Experts. “Instrumentation and Piezometers”. Reports of
11*" meeting, November. 1982. 12'* meeting, February. 1983.16'"® meeting, June
1984. 17th meeting, December. 1984, 19 Meeting, June 1985. 20™ meeting, Oc-
tober 1985.

170

2 /MkT2018{Bachaer/sd_mowsel 3d{70x100/Friday 9tb March 2018/Sanabel Press  /lvepad in A28 cemae

o



Jogell duw 3 dud 3 Cilhusly gud

doafal - 1

ey el o b pedl it 3 88,V it 05555 et J1 2Lt des
Doty 0U,ahN 30 Jad 3y . ddl Ll izl Lew sles 20t Jstand
s e ada b Tl ooy 1801 5005 5 g5y el e e
R T YIS Ui I NI ST P PR P
Tl el Oligd Bhamy Jomachl Il cade Bl spiar 4855k 5 500
e delas dolo Sl JS 0l ald sk HWlns pesty GedSTH  pienalls
oo I edgd & Sl &y peaall lidal) jenadl (g5 31

P el 5 gl Joopadl s Y B 5 gl Axpedall ey 5
Jadl 3 ¥l Sladlae o ol Sl 7,3 b LolinaY! e LS
fogonait N Gimd | oo 55 o) ladlaadl A 0L iy S ¢ ol
oo dadadl 3 akelS 5 pemy gt M dedl G e il B ld & e
Bl ails et M bl 312 pie el Hilzins Glael b pblad
el s AelS 35 gy

Lol 550 3 8 el Bload) Jleel puldis o3 puis L ] BLEYL
b slas G2 OF G «Ougll Un Gaios B Ledlodl Sl gl s 3 55Ul
Wlse b (935 Lo Olo jar Ganlly suoma 2350 (3 0L sddd ligST ¢ s
coall ida gy i F 555l Blan B ik DligSS 03555 6 5 mdy
sseb e cuele Bt B e s Vel i > 0L e Y ol ey
b tgay (o Y1 pdan Jo ciaSSl A1 g« mgell 35,28 2a )T oolies
ASVT 25 5,5 Y aday clgndl g o] OVT I 5 gl pelis oy o B i
] Gt O3 Lgd phad 1o Lol JLgdVh gy S Bahu e 15k
cod Slael (3 LS5 Ul b ol cae By 3 cils Lo 13 bl e LgilasS

171

z/MET2015/Bachaerfsd_rpowsel. 3d/70x 100/ Monday 1%th March 2018{Sanabel Press /7 jepd du A2MY o



S g3 wlaall S Ui 0355 i 4 peall @ladall SLg OB ¢ eV
Dl domady $3,5 Jl oop e S clgidsy awYl o G5kl lidall bsn
aleads o2 515 RQD) 5 ghenall o gi e kil 5 patdl el
et e

LZJLA.@SJ_;? C_.-MJLSJ! t)_..o_,,qJJiST LL@J;&S‘:’JSJ‘BJ Y_gifwtg_,.l.laj.u
e Sl clagilsd polps s GendSUls ezl el Wl (3 eV
.MTEJW&&JJFMWJ

LoudSH ) gduclly dsusall ) giuall polgh g eol - 2
oo gadl ssu Olealud (B

ot el 5 p5eall 0L (G el e (1) bl 3 G 015 G
Jyata_!\ o e 5 A0aS t..‘.-«.::-—‘_‘;-n (Evaporites) s:.aij;‘-._::.di”g_&.:..p Sl e
SYNURERCEE SN SN JYPRP RT3 FPICR PR - PR W JOON
opeall n lide pe lias i3le 0555 alzall Ll sh e ey el
At (VT oy WD) doudll 050355 3 Jbdl ga WS dodall ) gmaally £udsTI
516 g elally IO S5 Y Jol dind . LSy Loy oo st Bt 3
0 552y L ST oladall coligSs Jotls b dard el (Hg) w1t 5T U
G 5Saalt £SO el o 3l B e 05y (foms U1 Bl Sl
s s U1 5T ligSdl 83L55 (CaC03) p g T ol g5 e Lk
POUES N VIPLIE [ [ g Vo I

s Lol Miolmumu—ca (s O U1 LSTA o oY) om0 Lol
st g S8 el o sty p Ui s e (e Bpmeall Jal gl i At
»Lollw,udb—wul (_gd,a-iofdymw;M!@(Aﬂinity)n.um«aﬂja
(.....aJldl:-g.U:usdb- sl JoV U odi e VT Iis imsy <& aoluaels

oyl (%32,5) (o2 peadl oo 3ol A5l 5 ) il O
o L) sl (g By L sladl e (%20,9)5 ol S e (%46,6)
L opo ema I3 Lo Aidall Oslaadl Jamy 5T dpdoelt b8 a8 Ll padl Jam
Jtar sy ¥ o Ll Lol pinall 5hets s T 00 ) 2
Loy ol 3 (10) o 0531 PX(MohS) 5850 eliks oo s Lo
(2,3) el 45y iy

172

z:/MkT2018/Bachaer/sd_mowsel. 3d/70x100/Monday 19th March 2018/Sanabel Press  flamadl dou At ow



Lo Lt LS pegl wlinall 33 5adl Ll ) innall (ol 5t ol s
2gm)) ;e (Solubility) OL s LU 7515 o 0L Lol o fuo sl
(2500 - 2000) U5 Lilass «(°25C) 5,0, dm 3 (2.5gm/liter) i (liter
S A e e U 0,55 oLl o el Jlons 01 tas 05l o3
sl Lo pay S ey wie A3L5] B (6 A1) Ky V5 codn 351 ol o
P i s bl B Glay aidies fo gl s 3 Lotowtll Jlael
i Sl Gl Gl J gl otd Led Aoy A1 Bl Y oY)
ooobndl Juadll 3 as b G LS () Guiew b wadasl iy <Ol Ldes
ildes Cuasls L_;:H (Brecciated gypsum) 1:19..:‘-.‘.'.«:..1] Lowgzed! 3 gpenall 3 o 5
(ol (537 o Rl B gy Tl gl Olisd ezl iy Lo cpkonsl
T2t 3

A Al 653 HUTy B! sl 3 gy 3T Lul pleza¥i 2T R
Jrds e ledl O AN e colaandl 2T I A unedl sl oolutud
o 8 pegSld L3 ol ) Ll b L LY oy Lia
L o6 A1 Ll ll Hlael Sass a1 1dg) USTH plaxa¥i 00 Y o sl
e 53431, (1978) Lo w2 o3 [3I(AN. James and R.R, Lupton)
Blsds @20 L s el e dadl @Yl d s IS ad Il
¢ YU L;s bsay ligss e JWL5 culitilg Vs dadl | sl
JERVEIR JINTAIR PUE WIS IS S YUE VRS VPSR O NI 9K
gt Loy gienall e Lte o dod gzodl QLA o Vimas 3ol o Volas sl
SUL] 03 ey perd Jphoes el ped 1 Jdaxd Lol wolel 2] 3Ll
o Bl (635 wa JWLs oo Bylu e o LS - 01

b lSlade sy Ul b T e a8y aSidl e S 01 8

ERCEI UM YN TN IR | e N S PEX P

A wolel Y1 EUS OB ¢ Lo gadl e (3 Jloedl pa LaS s (Brecciated gypsum)
‘ e g8 050

ool e Tl 3ol abial J g 5T oy 25 05 (1980) L s

AN. James and LM.) Ul L3 g L sddd 2G0T LU @ol3 5 gden pe

AL LN ol pieadt e gl T dagyl Gasets o5 ([4KKirkpatrick

173

z:{MkT2018/Bachaer/sd_mowsel.3d{70x100/Monday 19th March 2018/Sanabel Press  ffuagali i A% e



CHIPUPITY B 0 L RSPV [ PRPTCIN PRI DR P PORE [ VRASN [IPR Y

a5, .(rﬁa_j..d! day S e O3Sl (5 Pl CLJD ce Yl t(f}rJLﬁi

G 3l el 3 LA Jblis e Busee Sl e Ol Ul
o1 s e sy g e 3315

tgt odeedt uda B ed] e gt o5 QLN Astee

dM/dt = KA (Cs-C¥°

dM/dt = Rate of dissolution with time

K = the dissolation rate

Cs = the solubility of rock

C = the instantaneous concentration of disselved rock component in the flowing
water

A, 6, have values of 2, for anhydrite. 1 for limestone, gypsum and halite

AN James and K.B) olamb o i ot ool ) g ) 0 80ars
saa] Jort e Aslandl el dulusdl Oladlacdl e #3030 [5KEpworth
bodl 25 0 e U s (o s o g5 B0 pr Dihns 235 (o B3
UG RN PNIIPIRS § ST QUINTFRPR) LIPER AN N RTERVTE CIPUI S pRES
ebed AL Lﬁgi sl

Led Als SeSiadl dodl B oy ol cla bVl Gan Jlex] Kayy
B B

LIl B 0555 a3lasT Jgom g o (gF oo oyt I A gl ol 0 -
S ir F63 35m 50 2 A ams Bine S0y el olead e Lo
Gl B e aase 651 s ol 0455 Le 15855 B o s didinali
Loy ¢ e V1 b Ol AW W0 1 dl 113) ) g350 D10 e o ST
S5 i M n 5 e I s Ol e ) 335 Sl g I Jans
S OB (B /20 F10) p ol 3 okt o B3R Jelns Jis Laie 2
ol ¥ gl el 30 o (o e/ P 20 20000) 5oy 0555 Gy eI
ol Bl gl o DD e &l YT 05855 172 (20)
LUl e dgsell L jme cuVigls LdS) ) el

Sl psladl 55te 0L S OB i alg ¥y Aol geall L0l - 2
) OLsddl s sl G shomall 3 Ao Lian 251 el C}‘wi 547 g0 1538

174

z:/MET2018/Bachacr/sd_mowsel.3d/70x100/Monday 1%th March 2018/Sanabel Press 7 besad de A2 L



Lads Slysdh o Jauy cp s smadl ) odS e (%3,5) 350 53 23V ol
bt ol eV J oy QIS L asudl s e e st dys plS L wals )
M) dny - oz 2kl g o s D glonadl 3 Ll L 0 )
oing e pdlide die elodl e Gt eSS g Y B OB J el
c bl OLsdl e ps 33 e J o) Lin

B SSs ottt 52T bl ot e QLW T O L s )
Ak saa3 pa N Coldl 3 e sl MWTL‘;&(F—Bed) handSS1 | sheall
) Lo 53 g gt bl Yl

[ 52831 b 5 S0 0L Vme OB ¢ AT 500l phans Lod o 3
2 A IR TISICS QRPN ) B L JEL IR JERRH W ¢L¢jldr_9~_....._d1
ST Gl s i e 128 2l LS 0L 3 S5 i e S 8 gy
Dol g BSIN @U5,8 03 dryn S0 0B 02t et LSy L 04, SO
Brecciated) Lhizall ) ) pivall ddalo Gy il L0801 500l
‘N.:_..JL(_H S| O (S s & SIS 5 (pH) J ploesdi Laels of (gypsum
odn S Jelass iyl el da o s el LIS ddeadi sl yadt LaS LY LAY
SN enalt 0455 e W 5T 5 el gl

g7 g0 Jol g sl olinss gV Seadl e 0f 1A - Sas el g

wo@léw_rlmcmuiuLS!Ji_L,.uLg!WiUsmUJi smeall b
G dsdlae PJL»AJWI:;LJYBUJLQU:L’;JAWMM}L@J%
.Lp)\:;cﬁ:)iﬂbﬁj Leales UL

o B] cpdonddl Jleel ] 0l e a1 & i Sy bl s
Tzl ASakalt 51 Lt 0l 5 gy gy 2, ¥l B sl S
M}J1W‘JJ1

oML}SWJ\;Ua@MILSJLMWJJJJrJ Lj...a_,..gJiJ..,.-dL:-L;a
AT o RVC S PUR T EVL | U 0 P SOUOL | TSIV T DO QPP E
G Dlanstt Lol 8k olii] pondzadl ol ) coed &l o L Lital g
Slos IN e el pae B8kl eladl Jo faadl Sy com cdiill G
ol e 3 LI L] e Al 5y gum s dpdond]

> (Diaphragm) <Ll jlaz L] 0YL 05 ws <At Dl S Ll

175

Z:/MET2018/Bachacr/sd_mowsel. 3d/70x 100/ Tuesday 20th March 2018/Banabel Press  flwepadl du 2tdlh s



o Gkl by e o5l BLS] o2 0T e il gt oo el plata
(140 . 100) 5500w 0,55 OF Las ka0l e O Sluadl Ges OB «Bldi Sl 2
il ells 35 e el e e el e olil il Vne

Bl i lnadl Jloadl pand n 5ms OYF pblall Jliadi Vs e olatd] Lol
T b gl 4l Ol C,:inai&m?m&s
dedt Ba3 e 120 (250 1 240) Gos ) Slaadl S Jat g OV Y e b
Ll Lee Jl L BTEAS cap dudl 2 o bl e Al ainy L JS g
i e

Jogalt sus (B Olagilly pedipll jglai o 3

(1985) i (b Jopoudl GUIT ) 0Ll Jogrdls ill e Sl 15
orlin ]yl edf piie b Al e Y dles] sl
Jlasl iassy 16 500 poll dlasdl o (1986) 0Las Jlinw Ll b &l
ediadl b (5) 35 Gt yns «(Coffer Dams) Glall sl dpis Jy ot
iy pLE Lags 35 pmmoall dalaiadl Je < 5l (3 (6) (5, GA s
wde Late i Bload (4) o3, G o A5 LS e N il LSl
it a1y Jaedt

deedl M) e 1;)}(5)(,JJQJ_&J1M¢,W§L§JJ1M)J!$5
u.p‘:ﬂ(400)3jwm6ﬁ‘(6)rﬁjéuiML—)}&W‘C‘)(.J c.u_w...,JJl
wwdayéu}'ﬂ phimtunly s‘i_,m(lS)d.ﬁLn.:J u.i.l«x......a-;..iioJLM
.Mnémgwiajudwwc@mgs

oo Jogoud 8,5 I LT 8385 5, g Jazol uis <(4) o3, Gt a Ll
ile ¢ o ool e ] Bl 3 oleadt oS Wl GLEYT UM o gl
re it zadl Lise Lty SWYT 3l Jbm (Glisl jadiw 401 s 0L
’ ot Y1 ey

Loy Aidnius Cagwlin b donndy O g B2 oo B35V N 0l e
G gon gliS) b el 5 e e T Sl (B e s (1,5) L eb
o 6l s sl el LaS el M g adl 2ae B (g e ] 015
Gsd 1h2a (260) o pis s (4) (‘J‘) L;.eij_ﬂ SV |y P u.li_).m.i')’ia.‘.._sledi
-2 e

176

#: AMKT2018/Bachaerfsd_mowsel.3d/70x100/Monday 191h March 2018/Sanabel Press  fbagall ww A% woew



Ll LY (MODACOM) fondl Lo o5l GIL21 5len 5555
CEPPSJP SO 3 P PRRURY] RO P bt Be o a Ploa ey J ]
Ll ol Laanadt O pdl 5T ddandl O sodl cpe ol g b A s lai BIS 131,
ot gt Al LB (6) (85 (S5 1 I adl Sy (4) 3, U]
255 o ol e sl 3Ll e I BLL 6,83 s WS i s
o Ol Ul L300t sloadtodin 3,1 wilarys by Lgwd LU Y
e psles Blest aasiy eVl

Sy sS AHAS D pakige n on gl 1SV Slen B 0 paniigadl 8L
&yﬂﬂlMJLLm'ﬁaM!QAWMjw*wae@%}E}QI
o2 Getlodl rdigedl g S 338 e Gl LaS b5 ao ST sl s
s e 55lee 0 3 Uall O puigall STy L andi oA el o il
sl el 5 s B 1 gl iy o ol o
Al aads s ol S Al al eV g e do ol

Cosd e Al Ll 22 3 olas ulal (6) o3, S0 Lot pusenl
TP o e bl el sz dny 0483 G LS s J i
g Sleas o s G @ lulul UNS sl i i las
Gekas - g Al Cod e it I O LaSd Altae 23U 20501 0,855 < LISTI
(4) (35 A s e acdi o a0

Ol par Jalas LA (Pumping tests) gl Dl o e S g ol U3
sty comB sl cphadt cpds el s P X(Coeflicient Transmissibility) oLl
Ledlodie 3 O guiadl e Bibeadl coady L Lo a1 ) & slhadl colbusi
deedt Lodia B el i pliadl G linnzat e 3 s (6) ¢ ‘_:,,.Ebﬂ
wipbal Jres M e U e sl a3 1S T U el s s LaY
P NV T WOV BPC FETOE S NPV TP RPN
e BLaf cundsy gl pdaie (3 e I bl e et 0 e I S
¥ a!;ﬁi%géjéc;mlc;dsm}ll oloadl Ay puazd 38,01 Al Lad 3
gl Glaly Ll Wb o

holead L) a3 Bl Ger A8 ((4) o35 S dld dnadl Ul
odadl Ltae e L 301 N1 Ol 3 TSN O o 4 Tretall I

177

2:{MkT2018/Bachaer/sd_mowsel. 3d/70x100/Monday 19th March 2018/Sanabel Press  /ikagal du S0 waxe



Lady Slaled IS8 o J1 eSS xa Lol azad G g puiall ainy
(6) 35 F1 Al 8 gl LUST e S a8 e L b
Son- L QPR R L RN T L;u*y (2) Ja3is (1) K s

Tapeil dans section

. Cofferdwn Na, 6

ey Dot e bain,

Foinl Firsomerer

River ARowisae

Marky Broccis

Cypaieypme: Brecciar Anhydeis
Wit Marty [imeostoose

. Chalhy Serie (Vopsy Limesors)

. Limeators (Hae and Beese)

sudl 350 (6) 18 (g9 s Uisa yg30) gl b sl o= lefic o1 JSi

WA

TARETAR R )
= e o

s e e ot A -l G

Pram !..;ay-m: L

3. Mapin Ddam

2. Coffoedanm Mo, 6

3. Cofferdan Mo, 4

AL Spring

=, Spring Mmurmant.-}ﬁdr

(4) o2 (Tl saally (6) by (3899 salt (48 gab waall Jadadia :2 JSit

178

z;/MET2018/Bachaer/sd_mowsel.3d/70x100/Monday 19th March 2018{Sanabel Press  Juagall uar At o



SN B Lt Y it et hpbal e o3 e ol S
iy badll uld ol e s U pilae B e ke ualy dnemn ool 423
- deboll oball p3les (D) o

o8 el O sl e iy yleanll ada sy bl Bse (3) UKl o
J6XE) (35 Bl 0 e

eadt SLualan] (o s b ul S ol 28150 13 JSb

Qbu &p‘.&ﬁj Qi;!ﬁyl PRY x!l'p tﬁua\”u U.QJL&I'I ;iﬁ_-:»Jl u...Lpux rG

35505 (1985) J Vi SEPS-S I IRV R PR S JPUCU IV DT Iy LY SRR U |
W B (4) o3, (il Sl adl plal Libazadl el s Gomdandl O poadl s
G 150 (276) 03301 Lo gesio Sslaey 3 Lok (507 2 (200) 5000 3,0
@ W Sl Sl Aol SlaS udonadl B s sl s el mlas
PP [ speall (B Olsd Jgmamm Y lls ST o e ST oL
Ol Aln 0L V1 il 3 il g0t s ol Lalys o 6435

179

z:/MET2018/Bachaer/sd_mowsel.3¢/70x100/Monday 19th March 2018/Sanabel Press  /jugalt e flilll i



SN Ll Gk e IV I Cledl i bl lulld e e 1 O )
¢ g3t otanily (Fuse Plug) (5 5Ll Jomadl @bl Lgna 2y (Saddle Dam)
N0 (260) oo o By anlin 5201 haw o el 3 M g4

Sl 330y ot Jomadd Sl Uiie Jlas o ey s ¢ ST SLesdi Lol
Sl B pr e et 3 g 1 b gl ol Vs iy 513
i i g 3 s ) e G35 150 (260) gnin G o guin b
el W Gulad oo e o 5 Y1 el OF LS iy sl 515 L
Wb M e pubeadl o et I sl (g s L (GB3) el Bl (3 fremol]
G5 dny ez SO G gas Lgd s ddl o o (F-Bed) 2SI il
L5k93 Aupe (GB3) el sl VT aRD oo poladll i Lo Ol 2dk
N WOV [UPS P PR WOON L - TYPS - TR G W SR PP

o 3ls 558 s 58y Y1 O Wl el e 2ol (ol Loa
SUMIBIRVRIEE PR JIEIPUVRL PR I RVIVIR %t () agios Jlasl sz
Gy B Gans Lol U e GU b BLSL &llsy ((Saddle Dam) (g 5l
el i o 5, 8n i3 Il (GB3) ezl sV L G i
$13bees 20 (600) Joh diee Lodod ke dis S BLOYYL ((F-Bed) .80
LAl s ol et I i gy o) i pa 3L5 pa s YT L]
b b ol bl Jliy 8as B33 adl ) odadi Lo oo 2SS
Nogiod Rl Ly !

TEIE] &LQ_::._—’}'! A3 - G aelas LHS.QJL,JI il poloee dis
B al e 0Ll el N g pn OS5 ((1986) ST 5 oyl
«(MODACOM) fardl le G12Y 5lems mplaaa¥l e padaali Lgon,
SU 01 31 pedss [9NBIp g sl Ba J g g (ebuie (85 il
1 oY1 o 1 s ety LoD TLOTnadl 5 b begleoo 5 2005
L LYY 5815 Sl o il s ) BLS] ¢ Il Ciyyla]
oo S YRR (1985) Ut oty e oY) gV o 8 2al)
e Aol ol sl o8 Sl I8 il ghaall eda sy <(1986) L1
M e Olsdily 30

180

7:MKT2018/Bachaer/sd_mowsel.3d/70x100/Monday 19th March 2018/Sanabel Press  /jused dur A ciou



GIB Black plate (181,1)

RO | JUC P TE 8 US [P O L OE A JE L S0P
O3 3575 a8 55 ma 83 puo ol GBI BIS 1 LU/ 20 (830) 5 guomy L1514
(304,6) gsbuy O3l o guuin OIS Loy ¢ 5 5all 3 @l Bl 338l 2
1 22) Gyl by ol i G gb o

on OLsdll s OB (LRI DY a8 o gamiey 8350 ol plrali Lo
Ciliny Las Lagy b (30) ojliin Lay ool L3 g5 53 Tl pinsall
@ LS 1520 (152 10) My ] Lo 3 bos V1 i ligSS
Ly OLsldly g J1 ddes pobs (30 0F 6ls e 13ay i gl oy 1
ST

b ALV Lol Jlael 3 fondt oais ) L5l pudaadl Jda
B Ll o sly Cll aslazal 3 g oLl sl A1 YT il
JBs Bl Bl o o 55 W5 Wl (gl 03455 A31 1) e Sl Sl ezl
e sis

(10) oy aimiall oo I ol il oty ol Lo G181 5L o6
(G5 Ot e hn 5,38 3 (61 Lgamdi il oo T (14) LU (1986) BLL
e ake o gy (Ol s Sl e Ui Lty slusly
it B Gy L85 Cony 3 lsleall ods iy 43y Lagell cola bz Y
A1THA991) & g b il ST 5500l 2501 gl

FU ed Mol Chpyliad wliaS jukad | BLOYL Sl Condl 5ol
R POy o IR R Pr PRACC A KT M LS M Aol
el el g Lgne ool VBVl peasa ol e lliy oLl
Cod 725 3 (B Jrolondl Ol gl laS 05 I 5SEl Sl pm
ol Al D peud Slooua JS2y il

Q531 e gmin LN o oWl St b Ll i) ot (4) K801 (s
o 205 LSy (1986) L o ol Caazie LU G 0418 e Y e 5 220
“ - ST aaT Qe @y 1

181

z:fMkT2018/Bachaer/sd_mowsel.34/70x106/Friday 9th March 2018/Sanabel Press  /jwpad du /o0 e

o



“{E— Black plate (182,1)
Fit)
65 ' =
H )

60 P ?
T |minowi
T s H x/

xr_
- //
45 -
1 2 a 5 7 8
Month

a3 (o 0,50 QIR g U85 Lo Sl SBLAH e 18 S

(20) 500y o L] Jlaedl 5 mall I gladt Jaeladl sal )l ob S
E) B ol i G50 Ve (308) Jym 3351 pmte ooy o < Ie
NEIFER 3 [P PRVER TV ISR [PV SAPPRCTI I JRPIEDP I WOt
ides 31y s daodl Jalideadl oy Jonodl 0 alle Cigsluar GBY Gt
L@l B geay 053 L35YT MY
! (Transmissibility Coefficient) s Lall Ol jun falne 0.3 putlai (5) Y8201 35
Sllasd Coaddizal 2y (Pumping tests) o Ladl 7 wjland (o Lgede U goanel i~
gLk b b donsly 3 g ity ¢ e gl el sl I e b A eloe b8

s £l (50 5 907 comtia LGS (1986) S8 0 IS oo o 5 28l 0130t oo

550
500
450 -~ o
% / ’\_\/
nE‘ 4m /‘&...!
E ~ //’""‘“
350 e
-——_._f/
300 T e
—Sed6
250 .
i 2 3 4 5 7 8
ionth

oIy s sie (a3l e (Fransvissibiity Coefficient) slaah s o Jolas jaki :5 Jad

182

z/MkT2018/Bachaerfsd mowsel 3d/70x100/Friday 9th March 261%/Sanabel Press  /jwgali du (0 o

o



sl i ujmdjie&)l@_;wouﬁ@}é c(6)‘_}.§_.J1La

«lﬁiuh«ﬁiw@@)ﬁj‘!&ﬂ\xd\ LAMJJ];.UU a(6)‘.3)
((5) JSa3 BLaaV L el I ppkedl el s a1 oS ol
I g Vil 3 Lomaadl O gl iy las oo LT (6) K1y
ol fUY T it N b B B3I SN e s el 5 240
et Bpabe B sy e AlS e IV YT Kays L Lo o el L2 Y1 JMs
SN LWl e Y oA Slass Al e L eladl 5l
Pl (5 o el 1 V1 bl o 51 et Il o 0 ¢4 5
Bl Al oY1 pay el s b dambandl O gl e MIS 5 (4) Iy
o gt A obead b bl ey a0 S0 (Bt s sy

L bt ) o] (1986) 2w o 157 (22) 3 o u.n,w'\.nww! O gop
Al s G 5b e (304,6) 01550 G smie 0185 2L () (830) as yares
(2)J1dﬂiwwm‘yﬂiwdﬂjevywiﬂ U.,.JI_U;U;
re (330) JU 0135l eV Latall oo soie 3oy Lakio .uuuw&.uﬁ,

230 3 7
210 o \\iw
190 s S\

170 e e

g ayy = N

g: 130 jj”ﬁé [ = X S
110 |l 7 ,/ ,: Scd-6 —
80 j // et | ——33g

70 é'/ :z
50 ' — ‘
1 2 3 4 5 6 7 8

Month

N

A pdas (g goust) ol 8 sedh Ciliotis] Tiad ¢ gl Go gl Y e jhead 16 S

183

z{MkT2018/Bachaer/sd_mowsel 3d/70x100/Monday 19th March 2018/Sanabel Press flopalt dar AR omie



Ol B S ((6) S B Bt el I iyl o sedl I e
SERJON | U] P [ IFPRE) TA TSI N1 VW | Jgoow] gt W U CH TR oS
S BLs (10D e 5 2801 JWs 455/ ,38 (1400) Y 458/ 3 (500) e cosla
S5 (49) s Sl hebLadl miish o3 all eda 3y . (1986) O 5 (4)
N (65)

(S2) cyie pammall b Aol e J O g Chpylias b dholoddl 30301 U
[ 2 €(900) JSigm I LSU/ 0 (150) e ool VY Caladt 3 (SA)
JPCSIS WENI PSPPI I s [P S PRVC R
Jotos Lad O (65 «(5) JKadt 5305 siey . (Frbed) sl pseall 420
(65 (4) et 31 cpidedt ] 3 (Transmissibility Coefficient) olpadi 04
[ o (52n (B80) I o [l po Ve (630) oy Zulpddl 5,58 ISt sl 33
2

o pse /e 2 (150) 35d0m; Jalnedl ol Zad 5315 Ll Lo ol
oM e L Bl o LU (10) B Lgad e (1986) o e 511 (10)
oloatl BMI] s o sV ol daess 1S LT 3 015501 Copnlin 0T
s b 0331 85 o LY o e i) en 1S Laty
o5 Lgred o bl (T (2) p gy Jolnadl e (58 s » a0l Iy e
Bl apmlin Golissl e w801 o a5 [l e e (40) ey LT (24)
A (1,9) i

STaal i ey a0 Dy oa el Lacd sUs )l of e dig s 48
LngJYuLu‘_,,.awa Llaadt 0l :.GJLAJi Ja.pLaleedL,a.n.Ji
Ol Ladlb 3,0l s ey Laoma 51533 Oyt Sl O] Lg! ¢ (Trreversible)
Ol sl ezl (N absy oYt e B s laéls Sl

ks 8,25 I Useadl e oliad 551 ol laryn pond Bl (e
Apodandl O gundl sles B3l ka3 OB el 35,500 o Linysl 2T ds
s ok Lo s aladl ada e OF ) B! 3 a5 1S G I
oo oledleda B30 il G GO oyt ol Y Ol 12e (70 - 60)
& el ol (U gLty st Il laS by had Ll 0l pas
i e g e (A1 e

184

z: Mk T2018/Bachacr{sd_mowsel. 3d;70x100/Monday 19ih March 2018/Sanabel Press  /ijwsah du ALY coxe



—@-‘ Black plate (185,1)

A T G olsddt e Julpadl oda JS 30 e s ol

oMo IS o VT 3 0L A LSy Dl e IYazu Y1 L] el
oo \esliny b M aln gy daitlall 3Ll b bl eV S5 b i
Ot < A ke (250) apimy s aly @1 O3l obe B NI 555
Lablad (2li Badi IN Lnjoasy ol oln b oY1 5815 (7) st

.C.-:m:.“
3000 H
s G0 -6
masmrams S04}
2500 g 7]
— m———3ag
2000 ot / P\wf \\ oo N
5
g 1500
3 \\
1000
Sm ‘\?\-.__ —— ______I'\w‘....__
\—-""\.__...N\_\____,
&
1 2 3 4 5 6 7 8
Month

acih (el (3 4 g3l Ay, gad 17 b

AN ghaie 3l lutul 5 OLsd 248 0L ey cpuiladl ada Ldos s
Lol 3545 (6) o3, (M dl G Cigslasll des y Lgude Jpuamell o3 31
Tl LU S R € TP PR JA VIR [ 'R ST obeadl (3 OUsdl o 308
Y Ciladl b Boedandl 3 pundl oy e lot DU oS Ul (345 LaS
L&

CilSy 5 240l sda NS eV e RSO 5] padd 2ASH 2SS WRCSP
(B0) JI b (42) 1y sl 5 0L sl Jiaadl Ol <y (13000) 330
e b sladl e 31 LIS Z51A1 30 gadl 208 0 (%70) OF gy <Ly o)
cdandl O pondl 0 Goedl M otn 0 (%30) MU A5 Loy ool bl

185

= /Mk'T2018/Bachaer/sd_mowsel. 3d/70x106/Friday 9th March 2018/Sanabel Press Fungall dee fRAl

o5
LA




“‘@“—" Black plate (186,1)

LS Slpsdll Zboe consis LadS sls 35 Qi @Vt 0L (65 ¢pas Lew
(B0 ey ol Wi YV adnadl ST Cails S ped I D haS B35 Gy
(1986) I3 LU (1985) sl o235 ope 52801 3 Zkiall sl pall o o /b
JUARIV I WIPR (PN P P QETUPRE |V- P8 U | B DS RPON | [ R PAPUTS TR PEO
eI b g Bl g ot

IS oladi B @ il sl DY £ OIS (7) KA1 e sgliny
Gl 3 dle Llas ilS OF day W Gilondl 3 dnlandi 0 pondt e
et oIl ey S g el AW 3L 0T ) a1 b s LSy
OSIRE =S Y-V JOLPSRCCIPREAY LS CHE R SPESP P P
P (N CR PR TUT) PR Sest | PP SO | I VPR L KVRS -+ PS5 41O
ot Olopllh Sle iy Ul L e iy Ll ay IS sl 2
Gl 5 penall lih 3 0L e Wbl s g ¢t Y Ll bl
OV R FIPUE JUEL AR EJER C PR L S| S UV [ PRCH PER VT )
7S il eed Tl 4l Ve B et ay Al Bl 15 2
2l I O s b

wlolal e alsddt 3,8l oL, ikl bz Ll 3 coudl jals
PRI [ VP VR R VRS, S I T U U
Flen L3I o] gadl (g paane

JUC IR ORI [P PR L3 VU1 SR R POU Dy SR P
LSl s gmall b oledazlly GAM B e G2l 3V 2y
Led (g5 oy LSyl dado OF ol o~ ¢ e Y1 Cilandl b (F-Bed)
ol it oy eenaredl OLig3 oo J3T Sl A5 0T V) 0LI0 LLG
o b Sy SRR NG 31 sl gl e 0lpdll b Jia s LIS 5
ool el plaia ol bl

i ol ol Yy el pieeadl olidad L 3LIT BL A0 e 1 Sl
ety el Lot 8l i g eV Ciladl L el gl
) e o auuiwééi‘,%@m‘, A

el ard 3 Ol hae 505 LS e Boeaily 3y g sllasd 0,505
35adls 50 badt e golenily sls3 W ol oLl ddae 0Ly Jpall K

186

7:/MKT2018/Bachaerfsd_mowsel.3d/70x100/Friday 9th March 2018/Sanabel Press  /fjapali da A2 o

4



o 153 OLsdd BLad a3l us ! e Ll kb ladl weloas, Y
NN BELAI 3 Gl ioky) At Lottt 800 55yl Ll
sl Sl ) S sl Lo (Hydraulic Head Difference) ikl 5
5t 0Ll Re s 2zt LalSs 0Ll Lo 8315 Uil et
e A golis 3,5eudl e (Gradient Hydraulic) Sl sdagl Sl ¥ o lisul
ool Ol Jolos (3 ool a3Vl s c3 gl 3 i Vg LIt e
. (Transmissibility Coefficient - K)

e T I Y (RO S E IR N (ISPJORPRRE
2 g 21l A Szt JWILs cdondh 55l )l b leduadly oliiall
Wb o pebetll moba e el @Vamass ety 0lsddt oF V] cosliassl
iladl 3 LS (F-Bed) 4.SU1 ) oenadl dnb o Sl Vg dadl ) ieall
et o rledll gl e el e B aldl oluld 3 @liss Yl
Chalky) & 3 LIl 2dSU1 ) pierall oy Led Lozt ol 5 gl s (GB) duiznl)
dedatall ol lg Vs Lol ) ieall b 8L 53 I BLsYL «(Limestone
A late Gos 5 (Marls) Jall ) oo (0 ehos olid o 3 puameadls Yoo

Bkt b Gleall Ltow Jloel s we Lr 55500 0Ll L Ll o U3
) 555 dall Gl b Tiandl

2 a3 Lo sV o ploll pas ) W pes 3 m 1 Gens Y piees )
el L pmny 205 L g ey Low R 551800 ol y3us ol
LeVig

Learles OB ¢ s V1 o Lgiae s Laslasly woligSill &l B S Blal
J gz B3] oy il o) Gy 56 st L ey LSl gLt
L r.m:-qs‘__,.l...oLaJJa_,...m SPW-ER Miﬁé:ﬁwiﬁl L:sé‘_“ﬁr.u.\.?.b_,.:.m
coobgils At ped S Y s Al e GRS i

S8l il Ll (g madl e O ¢ et LI 1 Gy (1
rrzedl pyoeadl b O pe SOl el e ke pie e dSTol ez
LV il dtoully Sandly $U3 0,505 oWl ade b culule 1
OV s & lat Lot 5l & Blall Jleel J LYY casad)

o Dt LY A a WY 3 g Ky OLA Bl sl o)

187

z:ijTZl}lS;’Bachacr.n’sdhmnwsel.Sd;’?l}xlﬂﬂ;’Monday 19th March 2018/Sanabel Press  /uasall w foitt w



133t oboay Jag A paiadl gt SligSH slazaly Cqlui gy dwmd! ) spenall
(Ontcrop) 3assze ladel) oda Cols Lo i3] ¢ o gall sleos Ja5 3 2 50t g
& el Ol aeld B grie 2l g3 0355 S iy o padl BT O S
ddl 8023 L Iy pily e VT 3 ddlme bt ) G o355 Y
el Lty oS ot pad Sl ST e o5 e

eV ladt g Jlals Ol o 0L o258, ySadl el )l 0L 581 Sy
8 mS Blasl o (651 55,1 Oz 5T ((SA)5 (S) O3l 2o gorren (B 2 Ol 58
(F-Bed) b » L1 Zaall 0Ty (82) i parmall 3 LS 01530

Edl IS e 0 (6315500 s ¢ el ake b bt lulad oo e I L
) Lo ladt ol eV Ll 5 pinall o o2t GBSy Lgis o2t 413] s

DA el eV Y Al cde s sl

L (1984) e wlgedi I 5Ll 3 dutoul Jleel o o8 01 o -
s5ieadl Olisds 5,0 o dage SLaS OB (1986) b Lyl odn #l )
EPUCII-1 8 [\ RN uuuiqsam-.xs@%qﬁb |

& B yaten 33U ands gl pdaie (B Jaee 25 OLsdIH e ST el O
kol )l BUS b et (LS g Loe oLl B3L5

0F b Y Gl (3 SV e 3 e gT eSO e 1 0 -
Bl 55 o5 s oV e b Ol Sl larsdl o5 sl gall OLs3
(F-Bed)Jl iab Jaul (GB3) cul,uslg ¥ &b gl oy 0Ll

come Y1 0L e Lo g b Do sl Lesls 4518 s 0] -
wladalt byl 4180 ddl olulul 5SS sl oS 20l e &3 dasay g
SIS L 1] gl i eldl T paidt 3 0Ll sls s el 0Lyt ol
e G LS5 gedl 51 pakedl 20280 il s

o Ll el wluld 3 0L sdlly g 31 Dot 22301 dxglall o pana
PN (B PP S PR P BT P SCAP WU o3 PV BPP BPR
aslazzl M ¢ b yadl 1n oye Slimmially 15 5me Sl U5 (23U o lall
sadl [ ySodt it ek ([1231987) J ekl b danil @l oy ptally S
FUs1 ol et Ll E50 550 6t £(1987) W iglady (1986) o s
OLS Laaze (1986) Ul e JsY1 5 xadl codzaly 01380 Cplicasy b sms

188

7 Mk T2018/Bachaerfsd_mowsel.3d/70x100/Monday 19th March 2018/5anabel Press  /upalt o A2 Conn



SHLY s (1986) S 1,25 Llg M el pedaw G g6 526 (309) o gl
g 358 1720 (303) ) Copmied! oo b Ziliseadl Sl b Y1 LY iy el
pL::J\QULéﬁ.&EE%:;o!J-AJWuM_Cw)l;palsjaﬁsw!s):mLg:bgfgr!'.
o iad Ld i1 (1987) 540 4L B (1986) JT 04518 &yluty o0 ouzal y
Wb} doets 01330 o gt (20531 5 ol pdas G 48 1520 (310,3)
A1987) Tl b pudl o G5 1520 (309) o guie Y iy Lot
il ool o AN 3LV Lol Slasd (i OF Y 5)UN1 s
o3 48 Sy ccaes Bl e eV il B Gl badiisn el O
BV oMet L] JLaadl obadl omnlin 33 5 55 5 0L A et A f g
gt A a8 OB Comliadly LGy gL 5lae VY ey Y1 dnyy s
G (%50 5300 Gl BB bl 1 b ddl o oo 0Ll il
s 3 uliedl i 1 3 OIS SV ool 0L Wl (Bl oda it
g LaSIl odn Ol pdrnadl sty ol e Lit 5T (2) 035 ol
) LY 01l i gLl Al 5 (%40) 2 5umy ¢, 5 10 5135
el gl G V2e (330) JUN (ool VT eV il oyl
gdijﬁmthbm&gwm@awop}m}c@uwg Lo
e eV OLg5 dirs (5L B D <(6) pdy 3500 el p Ll Lol oy
slandt wae o5 dl b (15 210) ) (1986) Ll b psdls o (30 . 20)
CahSS s sl et 1 O Jzel JWLs ((1987) v b et
G g Lo kgl Bomn oLl pliiezaly Bl Lol 55 s Jlas]
w03 B S dadl Ll ooy oo Jlaely Lolidl Jadll b Lheads 3,
Jiz ¥ Oladdiy it 3l oVane 055 e edaeadi 518 dB ¢ S0l ol
e Bt 5l p gt pedl LK L 13 ade 055 O oy Lo e
Jaladl L5 dow ol A5 (4) o5, S L plel e bl 0 5d,
WS . obuadl BMbY 3 Jomodl Joriiy eleadl ) sSoadl il Hlesily dndd it
Bon 5 2N r B3 (6) o35 B0 Al oLl n et I iy lat bl 0
oloodl Cgueia B apet LAY pLi, Y1 ey (1987) 1,50 Chanie
R e R IR PR R b R JU IS SN st o
M S o g b 53 B Sl e et ) Sl ol
189

2:fMkT2018/Bachaerfsd_mowsel.3d/70x100/Monday 19th March 2018/Sanabel Press  /uwgal! du AL aoue



S A s plel e Bl I sladl g oY 5815 bk of 2 (2JsH
B S 090 e el B

oo s oLl U Y 31505 e 0 pa5lal 0 5l ol O gl U
YRL TR SR FOIN . F P PR P WA PP FOTIRY
Lmaslsgac,:;mgsai:@a@mtsxgg}}.p,dtoxiﬂumm
¢uusapuwjaagﬁ;\;}ﬁaiﬁiwmcagﬁ WL, e e oLl
31535 6,5V ogd Y1 sden b OLsddl LSSy lany Lod Jlandl SI3S
Sl o o o 55 o3 8 s Dlondl 0n 0 15l ¢l o o b sy
sl 5l Bls b ol Slesl ) ezl s 23LeNT Ltoudl Jlesl

Mumm»i,,g—.;yLzas.as’wudu;uywuaﬁ;mg&iy,
5 gt Bahad Al I Lozl g Lozt u!l@iz;!:lyrwiﬁjwiﬁj_abﬁs
75 3 DU (g gl gl @)l 5l sy [131-(1998) dews 4310
S (1998) LI (1994) ool yndd Lgd il SN Sder 55 55 IS - a1 58155
(1) gzl b olaglasdiada jagds o3 45 (3) JKAN J &pall el bG

(1998 . 1994) ol ghall L34 Mol 381 3 9 il v jleals (Jgua 1(1) Jgua

18.38 23.4] 11,9 23.7 (ol 7 ) il 3l
- ol N - e AgaC
650 542 508 538 (A7 k)
" AP RLEATRPN BEL PR
74 14 il
123 211 8 (2713
102.2 160.6 99.3 104.5 (@ t) i M 30
356 312 306 396 WAL A
N 7 ([ o3le)
96 164 56 110 (Al aade) G iy 80 e Bpag
396 1349 138.1 143.9 (i f ) e i M 5
LRI AICH eV Apes iy
~ 317 4 o (3}4}:.31
1330 1244 1208 1312 o
. . PRCWESER N
194 I 287 160 340 (R iy
] (i /) o M1 Ael
A g e s - JAER - P
23 M
982 £92 ﬂ 860 882 | (7 ke ©) o
- N . PSR E RO
152 163 || 118 238 (5] pide) I!
190

7 /MET2018/Bachaer/sd_mowsel 3d{70: 100/ Monday 19h March 2018{Sanabel Press /o pall dur A0l e



eudedzll U3 PR PESN T oo adl L;Lc Ot gas pida ot o o Lt s
.{2003) E.M»Lf 83 gmeal!

ittt Jausall calafl Uitda gila o (1) &Laisly (3) Qaihl) (yo et ¥ 58 JSii

Sony UV Lul ) Bgloa (6 BIS W dis s o Sl gdl SR o ]

[RVPRRRAN & Oy el 0l i enul e 45 zadl Ll LS Lo ool

Bstadl LY I 13 e Gl IMs |ty Bs dan! £ 36 pos plaza¥l

& ebigedl GhS o B8 el G ((2003) Olugs B Ll s 4.5 ,8Y!

(2003) ot (o8 dpond yn wiylyj sdny (USACE) [ S0,,041 2o

bols Ltake yb ) Ll Adi OF w1 s coatsy L [141(2004),
191

2:/MKT2018/Bachacr/sd_mowsel.3d/70x100/Monday 19th March 2018/5anabel Press  /jwgell au Al om



o g5 055 el phaie B Biendl Gl B Ldoutll Jlas] lazal 0 pp
b O Bl Jliazaly ¢ eV iRl S ool pass

Flad et pal 538 2 ot CaST (2004) Biw Y Bilgs B 0T
Washington Group) iz Wl S, &8, - JU sl il 0,8 hisly a5 8
deas Lolypdy plald (WI/ BV.IV) .25 (International & Black and Veatch
Sl Ll ke 85 B 0Ty Agrmond B pall o pladls sl JSLie e
[[15X2005)

Syatal Lgtlar pns bl Badhe 38 S3adl JSLaR Joolis 30 ey 38
S Jandl oy ¢l S oy el Lt N Lzl Ol
coplgly Wt i ool gybin e Al s 3S 800 sl

PYOR-PUR IR MUIEIET L VL IR IS WRRIPS- R PR S LA JNY-T IR R
Dby (S gkl Anala e delizadl 3zw¥1 <(Skip Hendron) Og,08 LS
oo et e oShel ] HLaadl nS a0l alosil s a5 VY o3l s e
el LY I B Eendt VT mliedly danedl (URS) dss 3o

o Byredl dpgaar o2l b asedl gl dondl LaDs Jotn Jrloaty (35,400 0L
US Federal Energy) B3Uall ay,Licad dadazodt 2300l 1.5 AR SR
G0 2y N esdadl Gy 2l o 55 jels . (Regulatory Commission-FER
sda b 02y By ¢ Jooped Ld Al L2 Sola gyl o syl e
P e M QLS e e Sladl el B Alada 35 5 K E PRI IO |
NIV P O RV I [ RE PR Y

Doy ot el A5 o lasu, Lot Gl Jas T 01 (s J it Lo
STl 38l el Bnd ] bty petas GLgd J e LKLy Y
& h ] Slhes Sogie Wil 5, skl e OB Y e ey Lae il
& il sda e &gam 5T ((9) A b LS s Ll Ll 0151 s
dedi aels I Al dned U3 o el Bl e gy gl 3

192

7:/MkT2018/Bachaerisd_mowsel. 3d/70x100/Monday 19th March 2018/Sanabel Press  /fwga Ju /38 vuomin



B2

4 e’ S0 Ediize
E Ditfarence {m)

oo gl sas G35 o Tped T i) 19 St

O e i (Bathymetric Survey) GleeW1 e 3l (9) JKAH iy
Y pU oSl 83l o Jaaol] B g bl e 058 (2011) & oo gl
(9) K& (3 5035 . &y gdl (Luled University) o) ) sl @ Sl S
9 = ) e Ui 5 Lee wpil Blis o il b ol
L1615 (8) Ji (4) e Lsles] ool (Ao JU oL &l

R IMS el ahaie b Biandl Lol Bles Ltow llee ool Ji)
ededl sl (B3 Ol o5 3 (2014) L Chnazia ooy (1986) R e
) ) Ul e s o LT Y

Ol b (338 8005 ) eSon VI puiigall 313 ool o ot
b5 dxy ((2015) B oy LS 20T S 5 S luls ) 1l
s (18) sl 5 205 (2014) Ol don 5 ,S0adl Bloadl Lt wldes
St 3 Lo Al b |5 oo L sla Loy Jo st Mt s
) ) -[17](1.&13

(e 055 ¢ S e rdigedt GL 0B 5o, (10) ey 250
oot Jal B tdl Jasdl O o S0 82l Vs A kiK1
(2014) Of 0 el 5 p3ecadt Olisd o o lag et s pd el 0L gl

193

z:,kaTlOlSfBachaer;‘sd_muwse|,3dﬂﬂx100;’Monday 19th March 2018/Sanabel Pross 7 juagad du 40 o



& S gzl fs § et Lot Jbel ol 51 8L (2015) Oluw B
ans « JeN G el Ll L caSl 20 (4000) o i L o) s
5 2l It 0L sl S Bl Ll o ad prizadt g e
daSt ol BpesSO i3 Wy chptiontdl Jlasel b CaB i 5,25 oy ¢ Lpads

S e (10000) 3 5303 1T $ne e (14000)

Uto (o saill sl A Tsswandt 5 sdaadl 0l g3 wats ud jilalf Luadh Al S0 pan g L3ylEe <10 JS&
Jlesl] o w38 53 aan Lesludind o5 (34 Leladlf Sibaasll g FRzaatt Tadiall] 5 tim Libpe Jlosi l yalicat
{2015) pluat g (2014) O G 5 28U

SLagSa e 3035 OLMI U O (gl goeall J8K8 e BBl
TR PR leall Ll el pde Lo bl 83 Jansa )5y 3155
5,5 b e Y1 3 OLsd Ldas e dan Wl (gl s LUNY Y B i

Ly

Oligill lgly dnd ¥ cldwdll jekly ;94 - 4
o gall sun (S
linst 55y b V1 Slhuddl 5 gm s 5 8 e fopsell ds Wigs Jlu
STl Uayl aws @USinkholes) ds Y1 @livsdly .« ol pdis aa s
o2V s n mmda il Bdall LY Toei odn il 05555 (o lausl
194

7 /MkT2018/Bachaer/sd_mowsel.3d/70x160/Monday 19th March 2018/Sanabel Press /b salt aw Atdlh i



éﬂiwsgynm@wwgoujsdwwuéy@
-WJLQ‘EJ.ﬁLB.rLJﬁL&esﬁ:SLéﬁSJ&_'&JJL?JOﬂ_’g:Jat{jﬁl a5 ghai s

SIS 5 2ndSTN ) gieald L3S LBV Bole edo o )\ 5,000 Jas 3,4
e gpeall BT s Lol el 5 Bl el

Folluddl 1 oS3 Glge gYle b g b iy

celadl b 0Ll ALB @b | gealt 0,5 O ¢ lagdy

Lo LY Lhes Sl pazul o Jany i)l SL 0L 352y Lagaill
B8 T B S ligSall ks cOlsdl e e 22U Sl e
el 5 o Bl YISST Sl L3l o Lol) S 2e

als r.(‘_.,}&%k’!y) uf"ﬂ‘chwoﬁc% Syms debay cOLYI o S s
Alend 8y gy eSOl i pigs (05 B L8 5T Ul ol e 0,%
8k pldl e dasl GLSGL

b cpdladl o danly blus 3 linst e Lgh Loy o) iS00 5,alb b
U g l.u“”.légédbd'._,.m Lo sumtadl Y 1 Y ;L:jt:_.,,lgéa.x.i.u: s
sty el G aly LT ot 3 el ety Ul fw e
P3N LiSaadl GRLdl on Ly ool iy el bleadl leass
.L;L,wgga%,\,.%swtﬂ;,_ajig;a:“ajwa,,ym)t}sm

Leitaaf o 2500 Lapf Qosay Ll 3 dauds Jf Bend 111 Ji

TS P Aol Lal GLadl 3 ) V1 colinsdly e iS5 0l Rt

ozl At cpo btzeall Baaiadl b 35 ety (gi0ls (Al o ) ol

(oY s 355D Bouslll (0355 Jitey ¢ oo gt e It Jf BBltze

5 Al LudsJl ) steally ooV Ll 5 el Lo (500
195

z:,u‘MkTZ{]lS,n'Bachacrfsd_mowsel.3d;‘?€}xlGU/Mu:mda}r 19th March 2018/Sanabel Press  Jvagall s s [



Vlodl Cioy 3 S Jradll b alaadl G WS ¢ oo gl dn sl (3 1S
o Wl gl 1 2l 00653 N BLAYL s caldl Y T 3 5l
el e e YT sl

o 248 e (Google Barth) w g e 8liecins 3023 5 50 (12) Jsait b
Ay ae Ly )3 Blae o Jeo el der o A dleldl I L)1 olinsdl
eyl sl colinsdl Sl 2l 5

3a3ate 3y peall < b gall s 155 3o (rasdl oot b Gud f Stiud M G55 ol janlf S5 gall 12 s
{183(Google Earth) gl g s

o il sl BdSTE el oo il Al 02555 0]
e BT Al oS5 eladl B 0lsddt LU il by ySali @J,;TL-,JL:QT
sped YLl OF 8 chomail S5 (B el eV L] o0l
bty Sl e O a4l 5,LaN1 Juns Lens . LT 83 o pe b o, ST
oy BV SUAN (o b otz 2T G sSS d )t AU e s
(il g Lay il dw At S o sd i el A S5 01 el 555
JUIS TSR BN -+ LN ULV WOWRIL S| VN1 R T-CH g SUSON | OW-TR VW
.Z.tgb-matygﬁ;g,ﬂlgﬂimg;wiy%w\
b s b shS Ay G g dag Yl Reded dhest 3gm Ly LS
196

z:/MkT2018/Bachacrfsd_mowsel.3d/70x100/Monday 19th March 2018/Sanabel Press  /ibepali v A58 coms



Sl gt pladl G pall e Bla Ga b 6,85 e Lt I R 205 55
Oledar 2t} sl L 3 1S Bl 0dn o O paloal] OILE Gy e
podadt Lo gy S, )ew bgd N datd) oda 3 ol 3y (g,
385 pe ol B85 Ll S o e aJJS.L,JI FF eS| s 8390 Oladw
el 5550 (13) IS 5y Wil 50 o Goshdl 0L by Y 250

N 05yt s e e dii Lo Lg.ia.s:c\..._",_-;.li 535S Lol

pladt e G lo (o &gan G o 5 o il o8] Bhgis i o Al g 85 9 ook T 113 i

Uﬁ.‘:.m \;AT ug-.’. (.J ‘J.\p_,.o.l\ s dj.an E?..o_}i colass )}G’B L'JL.‘G f.r..l.i'} Loe

B e Sl 3 01 e et Bl 3 SN lasdt o gl e

gl Gd 132a (309) gt J) 03501 o pnin ds o3 Ledie (1986)
197

7:/MkT2018{Bachaer/sd_mowsel.3d/70x100/Monday 19th March 2018/Sunabel Press  fluagall b /i) comer



& et b Ggb 120 (316,4) pnie I ooy 43 OLS Ladny ol
bl G005 e dis Sliusdl sda c 22351 W8y G Y1 OLadll i po
R

b lheidly SL AN ol gl e el Hagh e 5 eSedl G0 Ci2S uE
sl me el Has V1 AL ples Ziaie e e (150) (g g ns Y dakaia
S drd ¥ Blos Lo U 5,08 Lob )l Bis 5 peb I BLSJ <OF33ll el
e Dlhsdl eda B C3lSH eV clisdl e da i e LS 5o
RUJES I PP PLUOR SRESICTA S NG JUI U

oYl Bla oIS Dbl ads oyl A lah,lll o

igs a3y par el oas M Bl Gos B b Ml petad Wbez i 1 gV
Liaall sl b laadl Bk 35 05 Les st e

ez ben o ol dgmdl B Wi o3 1 aey OF 58 1 SWI Jlazs-YI L
el ol Ak bl b Sledl peStll el B3

RSP ajuwk;s@uiwdw‘icﬁﬂi cikaoel 3 Eal)s
Gy peSa M At Jukisy ansles salyy) 3L5) Gl u.w;.;u_m s
geddls O3S a0 Alas Jis die SR a1 ey OIS U1 el
O gVl (g el Wy L5y Sddl bl bl o (Pump Storage Scheme)
sidzel slos sbaity Jgb dpdonsd 22U g3 sad ol o Loz g oz g 5bon Ll
L191a8aNY odn Goimd ey V1 il B 65l

I B s B 8 Lyl it D1 b5 0555 OF o plaell oo
o ek AR :.(J'n;,:’-Jia;pyaly@)?@awlabya»)ﬁﬁgj
ol 5 (1998) JI(1992) e wlyindl IM5 Lets &6 panmn o) plais
bl S Ol Al S5 e 420 (900) o dui Y dm e eVl
«SD2, SD28, SD3-2, SD4, linl 1 a5 <ol Galinal o dnady od)line
(14) JSaIl 3 dool

198

z:/MikT2018/Bachaer/sd_mowsel.3d;702100/Monday 19th March 2018/Sanabel Press  / fuagah v f200 wocw



Black plate (199,1)

Gafl iladl B sl 53 e Zud Y1 Srlhaadalt 114 g5

i patael Lgld (1992) L Loy peh euy o wolinsadl oda jokas 231 ,0 pas
s izt o Qg 1520 (0,25) 3oy Jumadl Lia 3155 2l Jinay b peglly
ada b WS bygdl psl5y (1998) w3 Uy, el L Jo sl
P o 03 oS3 bea el Ll Sl (3,5)5 Sl (B) 4y crliesd!
g b yer Jidmay o35 ¢ 5l (5) o50ie 155 SD4 1 oay olinsdt Sy 5T
B 300 i Qakatadl 3 (SD2) &2l (15) ISCANl eliys . Upinn 120 (0,38) i
ey 4 S OF s e slaadl 030y WY A lu Jamzas cils )
o e 5 Semny Bl e Ll iy Uy gl g L R

Bogall B mdl Bl kit 3 pee dob e &laally Ll oda

Ll 3l Loy 1 B85 sag g i SD2 Jgthalt 3lne y ALY Kol Gf A 115 S

199

zfMkT2018/Bachaer/sd_mowsel.3d/70x100/Friday $th March 2018/Sanabel Press /g e /808 wona



b@* Black piate (200,1)

Loy sed O ot s ol pandi S IS SIUH 24T oliwsul 251 e e
Aoty Dligd ol yd 0355 cdilaiadl @ Ll ) ghenall OLgd e i La hai
$315 aSe om oloadl Ol o SV da il Jaao 15 Lia Oy ¢ pdandl ol
Sl M i ool W ¢ gl (g e b s slanily gl aloadd I
Sl Ol i 85 s 3 ealr Los 0131 ity #eY ot M oS
ItS Coman 5 el gl S5 Of5 .3, Ledi it b b (gl Jsdl 3
Jersdl o mSUy oo gadl s 5ot 5 dpabiiall 5l o ladt CodudS Gy
Az oo Ll ol il @l obadl Joor Las ¢ ool bl 0 5 s a !
gl

al,;zjlqsw&i:f,wsﬂfmaﬁ.&.dlswi o peein LT, e
et B 5S35 daey 18 S U g8 03555 DL e s AbL
g orn A el e 25 Lo OB Ll pienell Sl Olisd 5l pazal
oY g Jo Slasdl 2A3S @)l sy Jeot o Las Y

el o et ALaN B sladl S 5L O e ) 0eb JLE] Kes Y
A o s AN LA e et o Linad TLLaadt pundl S5 Lpaal
Lol 220l o slal Dagl e o0 Lo Gyl s dny cktSGL 3
§ SO [y W NCX VORI DS % L R (LS| PR PO PRRPYS PRI S TR SN |
-J;mau:d:uaum R PRRRER R TN | TV N

dns Uil 5 y2en Lo 285 pondl odn 0L ((14) S8 0 oSy
sha Ly pal w3 o3 435 .q.,pumn g A SD2, SD2S, 8D3-2, SD4
DsShell fandl a3 ge (16) KN Lglhyy 45U/ ,2) (B60) 3 5ummy OISy cypali
Jedomtll s oy a3y L Ll SN il (14) ST g La o8l o5 2
iy S 3l o L B T s 23S Ll ¢ ppanll 0 slial | Hoa S
e Ll ctansdl Sl CJLJI $3ly peSu pa lajlias ol

$313 os e (Flow Net) docdandl obaadt 04 2 35 «(17) SN s
byl gam] gidS LS colinsdt dikatay 15y, ,g,_n (5 s slomily pellall
REUE IR TS IO UL S JUNYEN RS [ 00 0[O RPN
A19 ] oyl

200

=/MkT2018/Bachaer/sd_mowsel.3d/T0x100/Friday 9th March 2018/Sanabei Press /g du A4 o

—p—



Black plate (201,1)

i 18 g5

-

f dad (yo WSSl

"

céb.ﬂ sty Hasla 18 yaa g S

| olualt

PR

a8

(R ETery

n

.

ba8 S e

o

srEE ey 2

i<

gl
ki

AT
J

»

17 Jsab
LAY s

»

tad

L

-y

4.3
"

}

el e
'y
GJ‘:-

*DEr anHil
‘4

I o35
-

r

1}

.
-
o

) I

Jtas]

I o
il 33
1 w. zW..
7 o
13
3
I 14
i
H
R
v

s

&

|

&

3

Y

cals

oLal

|

-

s a%e 44s
1

-

i

L.:-’

dases

.

. I-’

E)

20

1T FLRN LT

z/MET2018/Bachaer/sd_mowsel. 3d/70x100/Friday 9th March 2018/Sansbe! Press



—$- Black plate (202,1)

43y i B S woleS i3 clbdi g3l &b bl s» (Pump Storage Scheme)
G35 g Lolod coands WSy 1atKa Lles Jlasl fu.ii,;ﬁla...ih..
s A by u,.ulu_u@giauwﬂ,cﬁJu,JT;Lﬂbuuﬁ.ﬂ
Tailrace) Lamodl odgy poliudi oladt 385 Wiy i 3 L.L:.- e wlabaz, Lal
el SISANY o5 ol oo Sl il sy L b Jendl Blof Les (Tunnel
u»w;umtycu,mi@,wmvluw Blows sl Ll
el i 8,28 O gundl ko Jltay USay (g5 3 phast pislly jemiall Wiged
&yi(lg)widwldchﬁwldﬂlﬁwumb
ss_;L..,J_SJLa i Jlo 555 o Leala cilsy 400 o 1) (360) gy jas
Ao Vi Leale Sz oIy ol L2y 1 e did I e GhAS SIS Cos
cidadt Jlasl e L ailS Sldian

B with large ont flow = 360 L/S

frudlly 138 g g pke obse BE sl 6 S il () gandl St saaf (a gl obse 3843 118 K&

C:»u‘ic,, LIt Lg::.-:-:..‘uu_i_,:d\ CJLoJ\ Lg:i;oaﬁ.ﬁy :..__,u..n aloadi a;
202

z:/MkT2018/Bachaer/sd_mowsel.3d/70x100/Friday Sth March 2018/Sanabel Press /ol s f813 e

o



L};‘-‘J&ai%@‘a%«ﬂ;é\.‘my& LMM!%@M‘L&J%&
Ll 015l ol oo LY LT dae Ll 0y (Wit b sl ol sl
i3S ks 43 L ey il pyees ol sl 0L g L3 on
el pdia B OLEI e e VT il B LN ol
Ol s B MG dikzdes JISLEL ) 4eall 0L @Y & azal 4
(400) (g tmy ¥ ol Q1N Los ek o pibr b (1996) 1w i
wuﬁbd‘ﬂlﬁc@.ﬂ)m;ﬁ} widladl iJ.nua.L...Jlt_o.Sup\f.a
RTINS u.p_).x_‘b i1 \TJJQ‘)}S-LA_” glaall jokeiy 4 3,550 s
ool Ol ¢ ‘,MUMI & et s 0T LT Lo I0a YK
ol o patly BNl e didane 3 0158 olal 3N 51 S Dl b
VIO SRR N (P EN SV WIS P U Y JU JESND
(1997) &w o Y iy b 8, Saadl B ol il 5 U3y L4 Bl L
!Lﬂ.L}u.L:LA;L‘ssd..}-L.«.A e B e I cdes 0 550 eils
5, Aoy Jol e (SUI-LSUL2,SUI 3) LU ol i s e o
A3 gandl 35 el dny o5 o S Lot b iy Wl b e p5 el 2SO
@wasuwxdmmﬁﬁw\&@&mw LAY ol s 5 oy b
‘_,Jl‘_j..p}.l.\oJ,;SM%Mlmdlwlmb.ﬂd_gbué!ﬁrJL;S.Lg..,aifl
ity Lgie Balazu VT (Say (g ol ghes Y lanamly S o Addsdt ol Y
Slophaadl Ll Lol Bl e 52T bl 3 s Dol J gua LIbez|
H2) dsdendl 3 e WS b dudl 530} W 0o Lgde J el ST 0
[21}[20]6:.“1;01;,5.11Mujaujwlmasﬂim‘,@m:zdju

Sl g.ml LU.\QJI ?Si_)l!l i3 Bauia
(J.I.A.u.h.u) Mjim Gh“dﬁﬂ) \aﬂbli
(Al
34 S 1996
SU1-1
——1—] > | w
l Very Small " 1996 | 338 SUL2
l 24.8 1597

| q 1996 '
- e | SU1-3
Very Small || 1997 |

203

z:{MkT2018/Bachaer/sd_mowsel.3d/70x100/Monday 19th March 2018/Sanabel Press  /Juwagelt du Aeid ummas



Lot olald e 6, Lol ol Ll adiah) ki s, o
((2) Idadl B e 52 S gl WSTA Bagdl e lie lguld ol s
GBS s 5,03tz Los (1997) & s o J 1 paned (J1 ey Lo oom ]
oSt A i aul s 3 el i g

Chl 3 b 5 sSdoll pall 0L LS00 Sla 0B ey aYT s Ll
WS e oper VT il 3 Al 25 b 3,V Clinsdl Jaze 315 (6 e
oS [,J} m(Dye tracing tests) 4 pladl Cadl S t.::.! e goud g:,._:ﬁ-i Lib
Léé.xmji e celaasdly C..L..aJ] s s il Jliasl 34 5 wilis sl oda
el

O 83 gdmes ARl 3 g g :}.asjévjs’&iﬁu.&.d‘_gﬁiiu,b;@bg&m
ot B Lgilisd (ool W85 O1AIL Alate 4 peall STl 5ael o el
G2 3gms o2 1Y Lal (Sars B35 bl s J e ] oLl dalanali
LA gh SOl e o eladl prdall el e it

ol il ads s sl e aSTls GY Y e piant oy Y
S Al U gl tls 2 ) sandl gl DU i g pall bty o
ez B K gl gl Ll dnde s Ls\i;mcbcs,ﬁy,xsub 1l
g el

bz Lo 5,800 ek Jgor ook (g1 pas o el 350] OF s S Lees
ORI PECHE MUCTPE SPL AT 1| PPN TN RW S X RIS ERPEIIN R RERSS
s eV Gl B Lols Ol Blis &5kl 0ol coleslasll ada
domaily 3,50 Jand 55Sdedt YN Gl dowd punall 555 (19) JSUI

. AnE

204

z:/MK'T2018/Bachasr/sd_roowscl. 3d/70x 100/ Monday 19th March 2018/Sanabel Press /gl du A0 o



- Black plate {205,1)

Ol ol (8 Y5 38l Ladl Al 5500 19 S
ol G OL s Gy 05800 3 SLAZST o5 a5 pais L Jf BLYL
«(2002) 151 3 i3y YY1 IS o Ll dozdlt Bar ot e 8l (g e
{adadl OF & el Rylaadl o pgbls (AL b Bl Ganlly dze; O Eom
23l 3 Leb peaiayy o 4 V) il el e 28 Lgh | & el
(GB2) 4,1 (GB1) i
e O Jotdadl 3o pmd Of oo ¢ pSiadl il 1) 5ee (20) SO 20
o ey 5 gSdadl il OF g ¢ ol o (348 1520 (315) Jiy o s
A A el e 358 12e (330) U a3V Latall 0551 G pie
205

z:/MT2018/Bachaer/sd_mowsel. 3d/74x100/Friday 9th March 2018/Sanabel Press fuiuaga o FE ot



—@— Black plate (2061}

LS i gadl plinyt Lal Lagd oS0 0L e pedy Lo g8l A5Lad
parill Jot g 4 e ased Jpss LK g Lea e (1,3) 3500
(2002 ,I31(9) p O padt bUaY 331 Gl O Sy L gl

sl (rantls SH o B ealt dhudill b 330 GAMI :20 S

bosd 5 jatmadl 2K0liptl 38 ol e Dl Bl 0l el 0y Jpah Ky
o bl Loy Ll oLl Ol Wl gy cailulal 3y oo poll it J o
el 4 pradl Clahl e Sy dnde $Usy Lmear 31ge 0 B s D13
dzed 055y Lawhy oloa (golaen oo 3315 g 05, S Gsliadl Lty ey
gl s Jgaa Ml dead) odgd Fas o, Y1 pda e o 2
col el el g hall o Uadl IN p Lodans ol (g1 ety e BN
oo e el AL Jaam L e B Lolowd 5 gots el CAESC i
Qs L gdam (gdand dudl B O pelall Bizuwl Coa (2003) i 0 bLS
dnd Vg dl 50 0 G el eibnadl o (gl Bl B 8,8
¢l Blos V) ol g Gl a3 pendl Diondll 55l shizal e
oF i i3a gl sy pde Ltanll JUT Ly L (21) S B Bl
CBLESSH s G 8 oS CagS 0n 5 g
206

2 /MkT2018/Bachaer/sd_mowsel3d/70x100/Friday 9th March 2018/Sanabel Preszs  fluagall dw A% qana

——



‘639‘ Black plate (207,1)

5 o5l ey LSS 0T s Bl 0dgd Lo lnally &l 2ylmall oy
Jslauldewlw@JgaﬂiywbjoaOJ&d\ ai. ) phgs
sbe g Jlail L] Bl 018 Lagyy caldst oo i olow pedy oy ¢y gl
dagh 3 ooV pdaw Cogee Wl Lyl Sl inadl o 5l l G o
e (o8 O padll Loy poedl el (345 1524 (328,15) OUS uEs disil
W7 (15,4) &by 5 JSHH Gaall 0F 2 g ¢ el pebas 38 1720 (312,75)

2 i 085 s OF b lgll 0 D15 L e Bl e 3 o5 3
g8 ofs «(GB3) LI 3 o Sl fieadl jpinall 20 12 3y
e Jor Jond sl Jaz Low LT £3LU1 ol il o stng e T
g e obeall 3,0

ON Bl sl (e G a5 i o3 5 6T Y1 s 3y Lass
48 Lol sty ony sl W 3l ey abiadl o Wisty Bl 018 il o5
i Bt dl b bl ezl WSy L Blaul £t 3 ge oo b (250) gl
ol BLA] ¢l Ju My sl cyn Caa 1720 (12000 oy Crita Lyt
ST (B il MV 4 omin Y tlo e e cis s 5] Coake e (3000)
Pt Sy Lo §(2008) Tw o ] R A ((2003) i oy
(A2 s s - Lpny e Leb Ll adsadl 3 20,1 L3101 o el 302
&_,._..GJI_,;:....I_,'@HS.:ML',.-JJ.; Lnr.ﬁJdJl:-uL;Mlniﬁgé_)lﬁ:qu
H(2005) & 0 ST 3 10 (0,5) o )Mo bo Jowr o cutlll S uim

T Frmens B p anend w2785
H
!
H
H
E
i
w
%
A AT % iny

Mleuamuzfi,g@,‘M%Hylgw&g&,@ﬂmmm”mzlm
Sedl (8 dpalalad) S Ga at o3 i tas

207

?.‘Mk'l‘zﬂlsjBacha.er}sdhmmewdﬁﬂxiOﬁfFriday 9ih March 2018/Sanabel Press  /bumga¥ s Attt -

—§—



*@;-}* Biack plate (208,1)

SPYCI | YRS VT P g R XPRESE RECg W IRPER PO JOVECSINY P

b IO UL pagadt aBpall 3 (SDS) Leode 3Ty (2005) L s
Wil e o e Ll (o slaendl (o] SUT B Jio (3 03y L (22) Y88l
G Saadl 8 gl Johs N Eodandl A0 o oedandl slandl pig) Bt 2,SS
redl O Lgtiow I Basdl o Ll cad DLl s ikl ) i
ao Gy i el 30 b Slhasdl 0585 et 0L dpall oSy (1l L L
camathe Jo Kals s S,

= g T e o . AL, Zie 2 s

(a1 & plits) itS (gAY ClBWAN Sy genll B 435 5 (5 F30M Laafl (o § pdil) ] (SDIS) Qi a8 go 122 I8
o el el e kel 3425 e IV AN Sy (hals 5 g
Ang o lisinll o 3,5 o ciplonall Ll K2 00 o all s s
Hlay (12) JKU1 3 aily Gow LSy plandl 3 wlolisly i Lpadys
O o8 1 pdadl (o B30l s 8 eSO g ST e gl e Yy - LT
ada Ja sy o IVazN! 5 01 G wlh (Bl Olins e iled CaSs
Saodl aslss O Ol b i Lo o panlt il et SU i sis Y Ll
Vi ol Gyl 3 3l
208

zfMkT2018{Bachaer/sd_mowsel.3d/70x100/Friday Sth March 2018/Sanabel Press  /lwgeh e 200 v

o



oF G5l Ll Lo ol LSy wlinsdt 0l (JpHl e
Mool 15 3 g0 O Lo L5501 Of oI B Ol i 333 O3l Skl
LS e yedl 3 B, 5 sl oy IS Al o 5 58y i 2y L3
S e b e ate Sl e o] G

dogarlin dpdiy OV 331 o Baaly Ll olu Ol 3T Gl e W St s
el 3t Il 3 0Ll Ol el sas 3 83l N Uer 150
S 5 oy DS 83155 LadSOI  eall B 2 pnl 53055 el Y

phied sl Lot 85l B Lpuks GbLdl B2 5SS 0L Sl e
gy BBY Eles §oaladl BLAH Wa Y St el

il 055 0 1 a dege Lods J] pauagall M 3 J s gl oSy
b hagdal) o\ Loy S Bad e eV s OUS1 Lbs Al Jaoe
5Ls3; Lo o Ghliadt adn b Sl Sl ghazll 01y ¢dim ) penlt oS30
Ol Jerdi s oMal et ST sl B 2 padlls Olpdll Lapdiis Ol 2l
oo o2 e e CltSOl Losy B ST a5V s 55 A3
A9 Jmigj’m‘}” LS <0l EB s Lo lew eb by volans

SR PPN TSPV, RPN TNV XY ERUIPN B PRI SIS e PO
P 155en Va1 Sy T V] el ol Jin a2 25 ol Il
(Extensometers) Ulazw¥! 55421 wolwl3 SURGIR [N PRV L < b g
S Syl bl e LS s aels O uiu‘;.‘bdi_p_,ﬂwwadl
SV S 5S0adl Bl 1 3 & peiadl ol 20y 50! e B3lina ¥ Ui ey
5515 el oleald p3las o Wiyl o8y LS ccligSall i sl g1 be
N Tomzdl ] g 5l A5UT DY

o lptadt Lt Jleed GlliSy - linsdl )5kl ¢ b ga o i
S ALl sl el 5505 oud Gl o fﬁi_ﬂjlcbu@wi@w!
el Ll el oy oY1 (gt Len (2005) T el (18l
pobrs (2007) L Bl B i il ] (2006) 2w 3351551 axilf s
Y Ol Joits Opte JelS ol b 35 152 (319) o guia 5la

Ly «oedl gl G 120 (330) MU psenaill o oW gl e
OV B e o o pas ¢ gl g (6T Abiieadt oLl ey L

209

Z2./MkT2018/Bachaer/ad_mowsel 3d/70x H/Monday 19th March 2018/Sanabel Press 7 jwpll dur Al oo



aeadl e alTs doladl dua gl gandl Lladi = 5

Sl ¢ o sadl e by Beldl do gl Dol oo Jorl o
Tage dulps shely (o) ool 3 raigadl GLAY sl planlis i
J22H2007) Gw o JshT 3 il o sadl dd Galadl doe gl el St e
Bo3las 3005 e Ji Y S0y il 225 il wola Lzl Bl Caianis
..L.J!J..B::...ndy

Salgdl 50,53 5,5 (50 (RQD) ) ponnadl Loy Jlbge il il cadserad
izl 13 Ll L Bdae o tondl ol Vs ¢ pualidl Jualll 0 (35)
RWPRU PRI

G gt L pdad) ASH ) phall g gaaes 4l ) ST 35001 sy
s el Sl SO Sl e G g e (10) oo Lpamam oy
(10) ye J5 GBI QU e dminadl ot 0L an Moy Dpte S we
o 18 st 3rs T e of L igadi e 5 s 3 Vb e
Lo 305 LS b tades cpgtell s B Ll Ytes 0550 o 35l
led 28T L e 1t (14 ppenall dadall <l LdS e L5l
Al s G  pencll Cinaly Ll s Sl 358 28T, Gats BT
(3) de?J\L;élnS

[22](RQD} dus g3 o am 5oy s picalt wiiead 1(3) Saoa

| RQD ]

| > 25% |
| 25-50 %

| 50-75% |
[ 75-90% |

| 90-100%

t_.JL:..LH C’L“"LIQJJ"'""H Z.:_Fyfﬁij.pmaimb.ﬂi AP c(r..LEJ Los

fasdl Jsb e (1989) & WadeaS g A1 sddl (g ol SUT o g petenali

£ ot A el 320 i) (551 gadls (g S Al s e dalaeli
210

2:/MkT2018/Bachaer/sd_mowsel.3d/70x100/Monday 1%th March 2018/Sanabe] Pross /e st sa fds cimy



I o) U B e (2006) S sl QLT b Lo gl 25
GUAl 3 pte putadl COlSs g S wdl 3,5 (8DS) 13, diwsl Jpo MLL:.”
Lo (1989) e 3 (%65) 5 (%45) oy ,diadl dagd sl 5 b o Li
Sazs (2006) Lo 3 (%20)5 Ciaad) (yo comsl 5 b ] i
A23) JS 5 Saall QL 23l o Dl S
b Blads oS Ol Bl ol 5 (3,301 lea 0L iyl a OLS 03
bty Ol e Mal oy Y1 Sl G feas O s (ool
OF Ll Lad a1 e my LS L A slaxdly gLl e Lall bty
O ol s oy (o501 Al wlulal 3 & Beall ahll 0 Ly
oo Ao 3iay 3428 ) s LeisS o doiaall 5,55 5 Lead) Ly
s e AT Jometl pdenas ¥ 6 wlacadl ada e Lole daladl JLa Yl

[237(SD5) Laud 31 Thauddl 01 ()03l g8 (s g pivisal] cabaldt g it 123 45

ld 20,85 A1 el Sl (o Lol ol 512w pbolis 5 L]

o3 A8 Rl )l b ea s (2007) L (1987) (e 5 2l A Bloall Jlas]

o N a8l gl 8 2al S IWS ke o5 G Al 3l ge olaS 3305
211

Z/MET2018/Bachaer/sd_mowsel 3d/T0x100/Monday 19th March 2018/Sanabel Press  fdwaall du A2 Litvs



(79) phiodl 3 ilow s3le] agh whaie 5018 3 23l AN TS IRVIC
Mgty (53,3 8505 b ULS (81)4 (80) ppnlaial ol PUNEL R SO
st B et dn bl L G @le (5) ) ool e (4) B0alt Jlesl 1SS
Ul colaladl 1S5 Il s 6,8 0L sl e 80 Jim o) 55 (2007) i
oo onedl odn B o adl ake U9 @l 16 4069 ahate L pblaali 3
Jags e (350) 350y 1l ¢3, 800 ol oz pblie 3,00 Joutd 0L,
g Ve (17) oo L3

o gl e g Db B el Al s AB (g g sl Mg Ylasiuls
Ledhte me Ldonll By J513 oo (1989) & el g pmtld U oy LY
o 855 iled O daeidl IS5 AoV Lol Jlasel Lds die & j2r 1
AoV pealt Bl elizst 1ol ¢ aall ] Led Lol 350 Joms 48 oLl
) il ol e Lglons Joud Vil LU 2l

SETRUN [i 1 P RO 01 VS WL A P USRI PR T/PRESE VS RN P
i._‘....:..u....fc...élj.” @301 e LSS, Ol Laasy oDl e Lw 0 0
LObsdly B ) penad

15555 edl Al ,l) Ly et o ghasdl Lajlae b BB L Jbearf SKeus

S eVl s ed Ul o clidanedl B pdedl s DL a el 0] -
J5a5 18 e g 98 S0l 0Ll Jeledl gLl OV Y| Copdall | paanll
SV e oly ol ae oSO SLL sl Gl i sLash OLSY|
e g 333l RO YU PR, P SUNN  [SPEROVS D W1 UPR S I NP T Uy
a5 b ,esl 03 8 5,500 B30 o 0f (255 &l LS L lal ally cslagSll
NETRIU U O U5 EAV NS 1 JOSS PR D RSOy UG P gt
5ws b Jao gt o8y Y AT YL coleadl p3lend B slianSOt ol et
RSP ECIPRVI TR F XS PR XVR AL JUIFILCIIPESSY AN R WP P
Lon s V1 liseld g liadl ) peill 3 oS0 Biioedl 3 plasell Lol el
ML Bl 03 2oVl e LLESSH

L i caldt el 5 G sl ST b Aol ol Sl gy 0 -
Bredls dhol B slaw s Lo o plodl jae 3 BTl o il Sildas 0

212

z: /MK T2018/Bachaerfsd_mowsel 3d/70x100/Monday 19th March 2018/Sanabel Press /sl b AL o



~—$- Black plate (213,1)

slazal e Loagd Cind N lae o 5d5 Jf (901 05 My cenSTll sl o
¥ laen paad Jlaly LMt o sloadl e o ol bl sda
U5ty ¢ oo gadl du 3 O 0T WS L gapendly @Y1 faalas VI 3 DL
culuteYis Ml-a:.;tz,.lajl Ldas OB 1L .a,,L.Et sloadl opo L..‘,.p s
OLslt e Sl ezt ) I (505 Los B Osdy et dantoll L8

Al s ga Y1 Gl b (Dip) &y pieadl eolinheld Joodl Dyl 0f -
¢J_9J¥ olaed Wl Joadl bn 0480y cla)s (6) Salaes Yy A5 3,000
iy sS Bkt dl 5 elow VI Mg pete 4 gl oLadl 0L 2 OB 1A L 3,201
(i Ledie \..7...31:3:51 Mia 3 5,0 5)geas ped I iliaS 8305 Lo, .Lv-,.! LS
2% 05 May ¢ pudl prdaw B9 120 (318) o pote G L ) 0331 gt
i geiall 1a G el Sladall Gy g0

AR UNE S T IA | PRSP A I { I AP B (RO RN R VY
Lb olid ol jleu¥l of LS cdidedl el g md s Ol
Slpddl st e Jiiy 1528 it I e e Py oea V1 cixsTl 3 oLl (ol
REL1 T

o Ol 3 N dye wothasSadl e dyaadt Ll Lot eyl -
Juadll § Sl Sdl G5 Sl 0z OF JuadYT o 61 28 ¢ @l et (g 2es
Jagh 2l 3y Slin Dttt Byl Dhoo Jlesl oy wip SN Ha o ol
8y geas SLasN Wl 1,80y 5 patenedl §lentt Ao (g3 35 e I 8okl oy

» -

.GJ.«M

OV eV Dl 0L S B L2 DU D ) oo s o Kag ¢pdS Las
& ade col8 Laa 1728 Tl o ST &1 2l pull slus] e ol 2w 3,08 dny
Aol 3y Blao Jleel i 5ty @atill el (g 2en G Deols5 (2007) &
L."JJ;M@:J.QJLG:JJA ‘z,ﬂi S.QJJ.MH JJJL.”%(ZOI‘]-) dlﬁquwl
S oetigadl B8 Lg o8 sl Bulpa wie 2SI ga Uy .yl
tehoo Uy 501 o2y By Sl 2015) & Ll J opho SV 2ol
W il § A DoV ol lalps Loy e

213

z./MkT2018/Bachaer/sd_mowsel. 3d/10x108/Friday 9th March 2018/Sanabel Press /st we A0 e

—



—q%‘ Black plate (214,1)

(end s
(1) RQD: See footnote (35), chapter 6,
(2) The Following table gives the relative hardness of ten minerals according to
Mhos.

Muhs Scale of Mineral Hardoess

o 1B12 the Mebs scale of mineral hardness was devised by the German mineralogist Frederick Mahs (1773
1839}, who selected the ten minerals hecsuse they were common or readily available, The scabe is rot a
Pinear scate, but semewhat arbitrary.

H

} Hardness Minerzd Asgociations nnd Uscs ‘
_ .._.._..l_...__ ...._E_,-.!;ni; - __Ta;c_n_m_p;‘;;;r_ e e et e e e s ot e+ oo —] ‘
OSSOSO I
I 2 Gypnmm I i Plaster of Paris. Gypanm is farmed when seawaicr evaparates from the i
; ; : i Earth's surface ¢
R P | Uimestoae and mast shells cantain exleite,
[ 4 [Fuerte | Fuoris from A;;;E;};;;I;;; toott E&LL;} T

Apatite is a migeraf in vertehrare banes :md teeth,

is a fefdspar, srd in Germsn, "feld" meuns "ficld".

Qnam i5 the most common mineral in the Eorth's crust,

Thc November hu‘lhsione. Emcraid mu:l aguamarine sre varictien of

H heryi with a bardress of B, i
T Il T N— e ’
9 ; Corundum . Sapphlre umi ruby are yaricties of wmndum Tmce as hard as tapaz. B

; Il} i ! Dismond Used in jewelry and cutting tools. Four ﬁmes as I:ani as corundunL

{3) Transmissibility: It is a measure of how much water can be transmitted horizon-
tally, such as to a pumping well. The Coefficient of transmissibility is expressed
in (M2 per day) from a one meter wide leng aquifer verticat strip that extends to
the full height of the aquifer.

{4) Sinkhole: is a depression or hole in the ground caused by some form of collapse
of the surface layer. Most are caused by karst processes-for example, the chemi-
cal dissolution of carbonate rocks or gypsum. Sinkholes vary in size from 1 to
600 m (3.3 to 2,000 ft) both in diameter and depth, and vary in form from soil-
lined bowls to bedrock-edged chasms. Sinkholes may form gradually or sud-
denly, and are found worldwide,

(5} Dye tracing: It is the tracking and tracing of various flows using dye added to
the liquid in question. That is, it uses dye as a flow tracer. The purpose of track-
ing may be an analysis of the flow itself, or the transport of something by the
fow of the objects that convey the fow.
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Argillite: This is the rock name to remember when you find a hard, nondescript
rock that leoks like it could be slate but doesn’t have slate’s trademark cleavage.
Argillite is a low-grade metamorphosed claystone that was subjecied to mild
heat and pressure without strong directionality.

Ref. Note 21 of chapter 6

Ref. Note 10 of chapter6

Ref. Note 11 of chapter 6

Ref. Note 26 of chapter 6

Rel. Note 27 of chapter 6

Ref, Note 28 of chapter 6

Ref. Note 32 of chapter 6

Foam: or ccllular grout is a cement grout mixture that contains Foaming agenls
{surfactants). The foaming agents create many small air voids in the mix that re-
duce the unit weight and improve flow of the mixture. Foam grout dengity
ranges from about 30-80 pof (480-1300 kg/m®) which resuit in 28-day compres-
sive strengths of 50-1200 psi {(350-8300 kPa). The density and compressive
strengths of the mix are tradeoffs: the higher the density, the higher the com-
pressive strength. To achieve a specific compressive strength, different mix de-
signs should be tested to find a minimum density to achieve the desired strength,
Ref. Note 5 of chapter 7.

References / thaa.li

Maximovich N G. “Safety of dams on soluble rock (The Kama hydroelectric
sation as an example”. Institiite of Natura} Science. 2006.

Nedrigs V.P,, Yanova, D., Construction Of dams on Soils Containing Soluble
Salts, Report presented to the Soviet National ICOLD in Erevan, October 1984
and translated from Gidroteckhnicebeskoestroitel” stor, No2, Feb, 1986.

F B Couch, I B Ressi diCervrvia. “Seepage cutofl wall installed throngh dam
“Civil Engineering ASCE, January 1979,
https://en.wikipedia.org/wiki/Woll_Creck_Dam.

Goel M. G, Sharma B. N. “Efficiency of Grout Curtain al Ramgange Dam™.
The First Conference on Case Histories in Geotechnical Engineering. The Uni-
versity of Missouri of Science and Technology. USA. 1584,

252

2 MK T2018/Bachaerfsd_mowsel 3d/ 100 Monday 1%h March 2018/5anabel Press  flwesd! da ALt e



{6l
g
18!
9
L
th
[1Z}

fi3

#$—f Riack piate (253,1)

Binnie and Partners. ©* Foundation Cut-off-Notes and Observations for Discus-
sion”. September 1987, http://legal-dictionary.thefreedictionary.com/- force +-
majeure.

Rodio-Kelier JV. “Mosul Dam - Main Dam Deep Curtain”. November 1987,
Saddam (Mosul Dam) Project Management. “Report on Conditions of Dam
and its Functions Since Start of Operation until Present”. September 1995.
James, A N. Lupton, R R. * Gypsum and Anhydrite Foundations of Hydraulic
Structures”. Geotechnique, Vol.28, Issue September 1978,

James, A N. Kirkpatrick, I M. “ Design of Foundations of Dams Containing
Soluble rocks and Soils”. Quarterly journal of Engineering Geology.13.1980.
Marriotti G, luga R. “Update to Report on Geoconseils Visit on diaphragm
Cut-off wall solution”. December 1988-July 1989,

“The Free dictionary of Farlex http://legal-dictionary.thefreedictionary.com/for-
ce-+ majeure’.

Swiss Consultants Consortium. “Saddam (Mosul) Dam Main Scheme”. Finai
Report-Volume 1. December 1989,

253

=/MKkT2018/Bachacr/ed_mowsel.3¢/70x100/Friday Sth March 2018/Senabel Press  fhagd dw S0 cans

4



*@* Black plate (254,1)

dogfall . 1

gl Joo yedi dd B pllaadl leodl el 1] dyom SIS o,V cla
Gl by bon o ol g ooyl o SLgl 01 Lz 1365 wlel 2] o
whial ) cJuamd Gy o aiadl Lladd Dol o gidl o,
kel Jondl Gad Lo ks (Al Glall Lty S pesn Vi e aS35 Lo e
sl G pslie b sl 0y e

s At Bl Al s ¢ el Lﬁiﬁufca;d]‘}.h 9 ¥ 31 P W |
G e b yoy Joopell dr 50 flaom s oLSY Tl (1987) by e
o OV s WY L psadt Blaall Gy b 223 Sl Cald LaS ¢ sl dany
ozt Lo IS 8 dondls 550 sllas] ol e opel W1 dn e Contiad)
PN PPN L

otgels saw . 2

RV | wJu@v1¢,\s;¢(1984)mgsé;| 55050 culs
b 0155 ¢ oo gadl dd ol BY1 LGV o g5 1 0Ll G o Rl o
S ok O sbaddl e 0f o (LTl olujLially selaadl e Giiza el
Ol ofas s 5 gnas B3l Jorl o lulyddl sda Jray Pl g 3 ST 5 i
pny a3 0N e LY ia e o J lad jleay s o ez
Bl oy ity daramadl plandl el o @by 4058 b
ShLedl dptondd Geadl Jadasdll Dol gy o Kae do il ) sl Gaise

254

7 /MET2018/Bachaer/sd_mowsel,3d/70x100/Friday 9t March 2018/Sanabe} Press Abagal e A5 e

.



O8Il 2428 bl 5T daet 2l fiolie elsil piss (Zoning Flood) iiladll
G Y bl b

LS e (1985) L 3 odel Lge o prall Zulplll 3 (g LenwYY o3
o Wl oKey BHl8 & Weae 3 G580 Jras O 8y (I L1 Y1 0T e
T Tl a5 3,80 Ll L BLa) Lt L pmadl ool o
B REIY [ W PNV PN PRV [P R Py

Sl e 1T g ke o5 o Joogadl d Sl ol ) <8 BLYT e
wlalel 3o Colaadl Olsdlly i I el 0T V] (1987 &) |5 ol
spedl J23 dm folr e e e gl jedl G ) st (1986) i i
PPN UORUN WO 5 SRV - S CIR B SUUUUPTL | BUON PN I 00-FOES B4 1% 0N |
odd Jro o Dlamld lel o] oo 031531 ey Lad Jalaald 8505500 3 oy s femat
Bl Lo gl e Dlaoedd o iy e LBl Umy T 01 ,a;;ij s
S LS o Laiy 8385 5550 Lisoty B gl Jlinn] GISGL 0555 b guoli
e iilas Al Wliasl ol O3 Ll (g e

02 EY ey Vpa DLl o L6, s sdw duis O oJdl 8L e
Epe dow 5 e iy e VLIl e dpdadl 3w Jpens ol a5
dew s tnnSs j2s Osde (372) e By 4035 Asws (Mount Morris) s s 50
LeaMS s tnSn o Ogale (179) o WP L35 dnws (Seven Oak) H,0 aw
(10) 55lonss 5 Grng Bilem dw 3ok O 28 (S ¥l dtmadt LY
Bymer st ol gp oo godl dod Bty Jlondl adany LaSs o 2 )Lk
Gl

P Lol sl 8 g Ll (1987) dew By b o5 oY1 o Dl 3y
Blaw o gl ¢ Joosadl do g 0 kS (40) o s e gl Baans
A oy S (gl B3 8 L oo el e Jlad 2e44 S (15)
Ao BT o s Y1 el e 0% o o Ra Rakate
Jropa (Sl 83 olys Lo | dney Uisly Loy dils 855 VT Gl
o U Bl oyl i) Gl ¢ ot gl s g s
A1) 3, JSI 3 e WSy ol d gl

255

7./ MkT2018/Bachacefsd_mowsel 3d/70x100/Maonday 19th March 2018/Sanabel Press /eyl du A5 o



Mosul dam

Badush Dam

e gall sun M Evwdidly b gl dow ad e c1 J8

o N S 201 Gy o bl e 3 podl ot Sl - b 513500 ks
«(Design & Build) L4, r-:&-&-JLI rL;.Ejl‘_,»LnT cor Ll sl L g 0 (2
g L FOIWCRINER R FpIe JU FRESTR R WU VST LS JCN WA RREPRRM RS PN
B e 08 318 15,0550 Gl 353t o L3 daladl bt 31 38,0 il
(1988 & o 1 3 3 2y ol Bl L 35,0 585 i
256

72:/MET2018/Bachaer/sd_mowsel 3d;70x 100/ Monday 15th March 2018/Sanabel Press  /dwgali b AN cow



&

A@i Black plate (257,1)

AN 355 pund U 85 58,55 g a3 M 28,3 o Jandl s 3
ol € (g Snall ptuazhl 2n lize o o Lalalt st sliney Jaily Lppd 2ol
i) (L1 S L3 38 51 ls;e:,ﬁas,.:@.xsmg(wss)_;ﬂ&,saﬁzm
S 255 i1 3S b e B Lol IS ¢ DM iz ] gt ol ol L8250 el
Laladl alaanlly adasnall j pazlly Js V1 o it sl (Ly e 8350l o)
- Jodl 05 o ot 1Y (el shas oz OF e dsledl

i yas Loy epabiatly Slulyulls bl Lo Johis I (e 5l dB g
dudl sl 2ol i Jdizy 3 p50db (Fast Track Method) e lenedt 43y o
(1988) & SIS o sVl p sl J

il oy ASTE SO ST e Y1 5 ghasel OF SIIL el e
SISy cdilandll A pedl 035 ilSely 2gal dor F3a b poedd dnlazu Y
el o gllnadt Uy Y1 dptond s 0135l VT O350 oot ) Joo 4

2l op Gal @3y ¢ 2l Zised e Ll Bl JMe e s o5 A3
& e Sl Slie b by a3l 5 Sastes i iy
AT Kdashen gl Lol Al @l ks ezieadl pay 3k 3 Vi
oyl o (g pbadl JoamadlS dedh e 2 Sl el ALt gdud
IO | 1 P [ PR R H EW T

Islas ¥l ool d el pasd o Jasdl 2y g GV dny O gaananll Joo
slodl o guin B LGN G55 e salizuw ¥y ol g5 g Haoes BLh <l
L 5 5a bl e puaing Joo ol Lot padatall Al sy Bhases j 50
LoASa] ybpe My (2a (17) 03 Jhray L3 UEELS 3oy Ly 2p0Ls
' 15iSn (170) 3 B 5 e o ol

Lo on SRl e 035

Sl Loy el (bl o dzey Jib (o o 3l (255 t Yt
ot A deally gdl g (P pdas B! il IS oz oS
32t (Saddle Dams) yatbly sl i JK2 Y1 oot 3 pafizal
IS s - Hgps - oo ge Gajb o O Gl Wy cohies B s
ROR JUIRNEWRI R &) f'j‘) LAWY tg-:SJ.H (_!.g'uj‘Ji At adases (2) o2
O | | PN

257

#/MKT2018/Bachaer/sd_mowstl3d/70x100/Friday 9th March 2018/Sanabet Press /umsal s i vome

b

-

-

N



‘*é@" Black plate (258,1)

. | ok bam caest
“1AT ELEV. 312 rhast

A

" LAYOUT OF THE DESIGNED DAM

it ol (0 g2l s Jaladia 12 K

¥t Gladl oo g3 Gt 3 IS

Sl ke o Jalh Bals 8 ped ler S Jonew &l bl pranal $ 255

oot obeadl g fomy U iy (Wbl oda e Lo 13] oo padt s
Catn el (34l L (12) Gpte e ddl D3 Jar Las (307) oo gt
g SRl dew B Al g S Bl u g3 5,5 @olze ¥ fassht
(B000) o, iy o i o] ded) p Jil Bileadl OIS}, & 45anes <(245,5)
a1 LA L e )] o 501 iyt gy B G (0
o peiall 08 Jokiey LG GaSa 1720 (27000) AL fuopadl A fazomal

258

2/MET2018/Bachaer/sd_mowsel.3d/705100/Friday 9th March 2018{Sanabel Press  / fumgall e A5 i

.



A_$.7 Back plate (259,1)

Slall sLaill O cades (528 (250) ©pia g goly e G Jlaali
e (62) sa 0155

- oo

Lod LU (250) O e o Bl 30l dow O350 s B g cpuldT Lo

Bl a1 S Aol giey dnlzsl 5y peay Jorsd o gmiell fia co Ll L i
L}...p}a.ll ‘-L“Jg;“:h:‘“ Jdi S5 O n.g_,....:.«.“ ‘SJ-B&AEQLE.:.MY‘J Rtibj.gﬁl

— b — s
FXET) M-.\\_IL (E(; :
e \ o/
e B
[ MATERIALS LEGEND |

1-Clay 5 - Conglomerate {Natura? Gravel)
1% Clayey Masterials 6- Rock FilE
2 - Sandy Filter 6" Rock Filf [Finet)
3 - Gravely Filter 7- Stope Protection
4 Randomm Fit 7 Riprap
4. Setected Fill 8- firout Lurtain

A EB e b Ul aall 23 pad plelle o4 JS

Eﬁd%&aﬂrmjﬂtwﬁﬁr&’y‘\fﬂiatq (4) JSalT e S By

o 2l L 3] pdean Yy o oo padl s il Zxal1 DLl 2 g iy oa
et 3t Loty dents o o1 JUizy ¢ o3l oz D 0555 OT
ol Gas 8Ty e 8T 0,80 ol Dl Al b by 2o

(Hollow Gravity b saadl Juitll  slu,sudl g0l n sgb 1 S o3t L]

‘UWOﬁfg;JiJu_}:‘i'r.:‘.uJ#i Gﬁ*ir‘&:“t“ ol sladll iy e Dam)
ﬁbgb&@_g#ﬁ)iuﬁgg}awiqﬁ&du};sﬁi lia (g 2oy

259

2 /MKT2018/Pachrer/sd_mowsel.3d{70x1003/Friday $th March 2018/Sanabel Press  /dwgall du AN cinc

i
i

L/,

e



¢

_,“@7 Black plate (260,1)

oS ¢ il BLaST BU 0 255 A Chsyladl iy puaz) oo gali dw Lgs)
ohon g o Josd 1 B R gall Jidl Bl ia L jdl oy
el g Jand LaS s caranaztl OLa il LU Lalae V) ol5,YS o e
o e a2l Do Lice Lol Sleny . oLl o gl y,8 i (gl
088 B LSy lu ol B
or o PV il Il b abiad B (5) o3, JK8H sy
pdadadi O 1 BN 3 WD L Cpalt b (gldl oty il dibkeadi s
O laS sl 55 b o5 2l diblay oS0 daseald Gl W
(il s eSOl Bameolly Ll fokis e 0 Sla

Dy

i S P T TARTN ot

Lagation, Thur Tigris Rives. trap Danr
Tape: Giran iy conerete dam
Height 1Hhm
Cotmnencoment date: 1935, Reskiilbooncival: 4 9040 060 (i 2U0 000 ) m?
Reservolr capacin:: 10 860 5 10° m?
Bt bt
Furbies; 4 Kaplu:
lostolled copaeity: 170 MW
et head: FL R
Services provided:  Investigation Worhs
Hasis Designt SpPway
Flaal Doslgn Chpacity: Tas0mt
Eroailed Design Types Radial me va the dmn o

Coaziruection Manageaen
Fraiwiy of Clicats Soul’
AsBuil drawligs

Projoct Dascription:  The Badush Hydwoelooiric Prafect. focated in de okom Purt af T, iy s molt tamote
prect intomdal woprovide fiodd comel, powor g oo artd iisrs for g i
operotim of Suchlam Power Plam. Protect b § i of the fllowing Mlain
Fendy Dutn with inclined clay core, Saidle dum — carth dunt on the ot river bank, conorste
dam — holfow gravln e on the vight river beak, with britam owicts, Fpiliwey and pover
Rouse i the viemi of Gurerste dom fos.

sl ol ALY gl a1 g il 3] svatl Bhuslh S0l g faanall b b o) L pliia s oY1 (S g o7
sanll o Ralotl cia ghaadl phony Ll efan g osall 1A Jo Zutta g 56l dlnmally A5Lalt 3K 3 s s sibic 53

260

2:/MkT2018/Bachaet/sd_mowsel.3¢/70x100/Friday Sth March 2018/Sanabel Freas  /jussall st ftitd s

4



[2}0353{4 Lot ool :L:.‘..é.” J.'.‘..ah.'.'ji (1) [.-3) J gzl L_;éJ

S0 gaty el TO8N LB 01 gus

305/ 3 510 27000 = datoall i} o |

T3 A 66T = o5 gl iy palll Jana ol (A el g e §
C/3 2 R000 = Jll 4 casacal) Slaindl ey ot
307 o= Jom pall i gt im0 5AN B o puaiell
e 230 peraralll hadll gt S BV el g
e245.5 = el Jaadill o pute oAl 2
Sa 2438 = 01 Jddll o pedia
f 3 ga e 10 = AN da 5.

B/ e 4000 = wagal 32 cotell Grodl iy juad | aal . L.
/3 e 8000 = ool Wil s g || 2 el RS 4 3
e 3730 = sl Caally el 2l I skl
e 312 = st A o g
e 92 = 2ull i | gual

3 Sacrsde 5 3= g dedl B CADIRYI el S
S22y Aa 1] dmgstob QuE Qe gl (il i 1) 4
Tt e 175 = ol (padl 4 S A (Coes
o At A lgliey paall b 4y goan 0 iy S laka o 93 S 2l
gl

5312 = 18 g

52248 2l Jsbs

A 2947 % gl 5 talt a2 1 g

§ = it ML 2 asall ud 5

A= (oyis captd ) G5 B e

{Holiow Gravity Dam )} dsma J& de jh 2 lip o
3 o oyade 1.575 = Al AN 4§

T5570 n 1100 = 4 X 275 = pondd) Rl iy f ™1
e 18.5 = 30l el do

e 17 = 0l gl galie 1 e lalt

A5 7=l adats coff] Adley Sl idladt § g

B S 170 = 42.5% 4 = 49 g Taadd dxs

OPAS iy ) Bl g s
i Al S 0 2l R e g ¢ Adaalt 2 g

g]ﬂi@i@&%ﬁ“d@b&j)bmwwdi

dow 55 S5 pLAL Sy 0,50 OF i 13 ey Vs gl i) Lt

el 5240 ALl B padl Oy psiew Lily <Y1 Ll Al 3 o sl

T3EI R IR SPWTR PILY PR LIPONE IS PETR VOISR B SR SR PO T

AT St by w513 058 sladl e B3liza VT Kay ¥ JUls ¢ el

L, 25Ty Gesl )l Dl Wl 3 Ly S e Ltoedll Byl add o
R L AT QNN T PR [ OPPRRP R -3 U

261

z:{MkT2018/Bachaer/sd_mowsel.3d/T0x100/Monday 19th March 2018/5anabel Press  /juags® duw /bt cow



AT 0330 Conlin b A0 ddl daite pnenal OB ¢ G Lo I BLSYTL
oot ol colab g q,wu,mdu.wmw

sp3ee o 0555 DLl OF 1 2ok s aBge b Al Y1 BT s
(Ll = T i) om0 pS5 wlids 05 eSO el 0555
Sar Y Bl ey izt 5 Y | el e bl
o Sl OT V] ¢ o padl a3 LS T 3 0L 501 ULt J e 6 5
ofs Lols b o STl LitSlay Rhas S g Dl oeds L8430 Awl s Y}
CSOVOPN JUNE NS | UYLV PR EETJNPUC R PO PINE I ICURgE IS PR U
Bl Ay o1 Gandl b calulg

ostail ol e (1988) Sl 04518 o JsVT b dudl By 5 Lol vl
Low Ly (B B gT Ll ‘_;sd.udl of Yi “_ui,;.d GJ'SM;}L:_.;:: Yo, M
3 dmy 4y 5T OWGYL 85 o5 ¢ oY) il o o (1992)
Jlend! claseaS 3L Jles N1y Emalt 2l g5 phadl oldne oo pens
oo sl BN e alanVI jlasl wilel ) GUS s ¢ a0 Jelasdiy
S Gzt 5LV Jaes OIS ((2004) dw ) W ot Jisb ade
ot e dagedl Al B (%40 - %30) 3 5d0n gyl

Son asbasly 6,5l 8y a0l s pandga sl St IS B
2 S eV pnigedl Ghd on Ga b pB B ¢ Joo el i WL LS
S I B Ol b foo gadl s 150 3,5 (USACE) (So,a Y1 toacd)
iy C.‘FL‘:.: oo O L adl Lt et S5 e Bl 0185 <(2003) dw e
&5 gt il Bal 3 3 phall and oy (2004) T BLal W5 01 Ll
oS eV UGB 3] S handlss Jhad AT 9% 25,8 sbut we (CPA)
rL’_i.U (Washington Group International & Black and Veatch. WGI/BV. JV)
cded) LM e drwrga Gl s el b

S sSdedi uﬁjﬂ\awlwwwr@‘_}o sSdedl Waadl e Jal
£l daedd Laladl dppptall ey g9 2000 8500] pe plazr Vi a8 padl 505
kil aliaily Slalydl S oy oLl ands oS (I3 TASLI0 5,1 5l
Ay AN AaSte J8C0s L AalS b shas Bue U slaely ho ol dw e 88 el
raaiiall SUS o idgs el and Gl Y BLEYL < Slians L) g2 Y

262

2:/MKT2018/Bachaer/sd_mowsel.3d/70x100/Monday 1%h March 2018/Sanabel Press  /Jugall dw A8 o



-
-

-

//
/
/ —$— Black plate (263,1)

130 Joopedl du g3l oo Thaaia Lulys shisly oLy VI BIS Ll 5 sully
Sl i B s (S 80 slaeit e il ety cazeDhs Lilazelt J flol
“ ool sl it

S O O gy [432005) b Tl Las a5 OS2l el
sys b S5 Lle SLas¥l s ey b W oo L3l Juadll b alolis
LA Gbaodl el T ipn 55 05 3l o g Lah oy Jion 3
5 eSOt By 83l LSl N Iy ¢ o sedt du Lt e s 6 god
- Dbl o 4 ddl il Bl

tl b e oY1 ol e a8

3090 S Wy Cuad 2 Joo ot S i3 ol yy sl BIS e 00 B
Soshasdl W ol e Joo sl By Joo sl daw oy @IS B0l e k3
i 330 el o (B A Bl e Al

th b Ll ol g cill iy

PYVIRUTR A IR TUE B | SCAL D I O (R S T
30 bl 2 ila e 5yphal (&S ol e o] 058 K0 Vs
ol LY phisizaly ol Jlasly Sz V1 OIS 1 Y] L
dJ golas Vi jandl D] ol oo odl 8k 831 pay 5l pezee VT an Lwreally
LN e e Baliu Yy

1 sl G SIS Lamasuelt 45l ol o O (g5 cpuds Las
UKL Sl oS Jodl Mo dozas o L nmall L2l Jbsly HlezuVY
s s 4 B8 pedl e U fodl g g3l e BodiS o puely ¢ Y
g plaadl ALK ylesdt

Slhes ooty gl il B el 4 Tl ade pa LS Jll Ay
conli Lodio (2006) Ziw ol 2 ¢ oo gall v b dptimall 850 &ilonw
55,4 e Llash QBT OISt s ol Lad il T3UI 251501 5513
Zasls Jpho ol ddd e oty oL 455 Y1 (MWH Global.Inc)
o oSl Ul Jple ) Leed it lelaza | Bue caddiad (AL
Sy s 53 Lo pamen (2007) U] b dimiadl L) 2 plaze ¥ 58
« o et L

263

7 /MK T2018/Bachaer/sd_mowsel.38/70x100/Friday 9th March 2018/Sanabel Press  flopa! s /) e

-

-

e

4



_@7 Black plate (264,1)

Ao Ll 85l S Dlmall ot Slasl a3 jazed OF gy (ol 3T i
el e 5 pliadl Gugdl hsd o) Lttt oda OF B1sY1 ey GJ_;,QJI
DM o] LG ol Cllany ool oaaTy Jail Jlssly o dundi
Gosdl Mgy g5 Sl eliif 0L SLze VIl J2 Y e (513 JouS Celyals) (bl
Ma duhpl) (g)bozel g Blatll ooy W L3 gre e al 4 1320 (200) WL
Y

:‘;l! Le.,,_,..a,,imu:_,;huub Ll

oS edodil s dasanal Balely cdeald deS sl s sLA3] e LBl e
e Ay el (bl e Lzl cdais 50 eSOl 23Ualt Sl g b
53 Jodt ag) Lolaily 423

EIIPEE - PR ICR & (WO IPSTPON | B SYE PRCIE IS JPRges I PRRS PRt
Bia N 5,585 800 il L o 548 By, Lzl & gars pn BLually ealazlly
e sl e Ll Bale Ay yuall oSy 10,8 ity SN g5,
¢ Jole ide diadl sl Aiy L (2008) i Suadl 3 cediel Y]
oda 5 @5 05y ¢ Hasly e B Bl Jee N1 iy o S, YT cils
o Sl cienan (&G Al Ladi LT L161(2009) Sl o yils NERIEN]
H PN Y (2009) U1 5 U udl 0da 5 py el S g bl
odd Coadd L3y Lol 3 p8a) liitinsy it pealial eaddtd @SS 05tV
[7X2010) & e 3 356,00

iyl Lo a8 (260) O o DU ot s JLS] szl peelatll cias
dodsd ol fags La pay (245) 003 oobzel bnts Lpuray Bliza Vi
e (500000) oylaie be 8355 oVl poasatll 3 Jlodl 4o LS ool 4l
323 (250) oo sall s 5Ll O3y Sledll o guniadl 04805 Loliedl a U
Ko Gioiadly Joo sadl duw o 3511 SLAAN or 01331 dlaay Gl o pzadi
s S LAl LoVl el G LSy Sl Jarsadl a3 OLal el
Blazel (dao b aleals) Sines (312) Y gl 35 LSy Bl
ol radl Jumo 5 (6) o3, JS s L Adkdradl Joo ol o Ul e
PRV RO PONPRFE JFCAN |

264

Z:fMET2018/Bachaer/sd mowsel. 3d/70x100/Friday 9th March 2018/Sanabet Press Jogall e S0 o

——



REFENTHOH WL 530 rrad

1: EXISTING MOSUL DAM

L
ETAGE - X
' I&I‘,‘H
VAR N

G MR Y

2IWITH BADUSH STAGE X

asa §.

SATFT WL B Rer AETER FAHLAME CHO MUAK WL ST el
b

3: WITH FULL BADUSH AFTER FAILURE

2 98 yladua g 3 5 950 98T &Sy Faulpo (B a5 LaS i gals e BN & yilall ol pod 36 JSii

sinad] Lglw ot colazadl e Al pn 5y, <l 1A S ass Leas

S iy Dpded! Jlasly B0 53ley UaSlo 150 (450000) 1Sy Gyl
s o il el e A5 2ol RIS BUSHT il <L (ol ,als) bl
LS e Uty spadd Aol Dngll ol zel 43y . N s HLle (1,5) oy
pde J BLENL 5y medl b & graadl Blu 5l A Jlael e 2lisy LW
Gt b U8 Lo 13 2L g1 5,155 8T comon 431,601 BUl 4 55 (g 50

s oo llaodl A ol a1 5

dand E3 LB (g zeld Bistar Al yo Lgduy sl Ryl (25 ) 5 (pu Los
LIS S 13 e 03800 Cidlons LS ) eV ool cad a1 LU s
= (2013) & oo Y A - (EDR) kol 6,21 ¢ (Team International)

265

z:/MET2018/Bachaer/sd_mowsel.3d/70x100/Monday 19th March 2018/Sanabel Press  /Jeogall wa Sl s



shael Vs (el UV Aty o35 5, 450 5Ol Al ) (o Brandte Ll slie)
g gllaodt s LaB Ny doal) (g sdaedt £l yo

Lo o I3V 025 05 b atls pedisy dpdadl (g Uiz V1 Cillons o3
oz 8300t e LT Cagdl OF Lul,ull ods casedyl o . (2014)
Doedl 35 3 clliy ol 0 el g5 ol il basull 25 0,5 0
S 53bazV andl 5l 0T ey slpie OB 1 . oo gadt e Bl
e el d st s ded O bl Chaals Ogele Gadia $ ALY Al
S e Yty oLy Aol At sl landt D) L 415 3l B dnials
A e GO el Je Sl Gam el 2l

e I A 5 (ol pyla) plad Sl 1ok 5y 0 Al LTS Les
gl ks BAS By Ll el e B By HUT BT s pie i
Oy sl LIS RS T ¥ s Llde (1,6) 5 gdmw (260) osmie | J pee sl
I81,Y55 slbe (2) 3 pmes 23165 (312) o pee I

Voot T 4 lie cns o Ctl dng gt 38 Aol § g g0 (B daies 0
RELSTSROUTE- RPN FOUNEI VL PRV WEPOU IO PUe JON JERNPIVES OV B SPp
ol il e ke a5 2 055 lteed! Joo 555 <(2016) JLT 5 o3 54 S g2
oo S rosadl o OF 1 s il gl ol bV e e ) oy g
ALY ol ¥ o Lo Bl ublatys e 3 8 ot Ty JS LS
bia Slasf 55 00 sp (T OIS @l 3ok ey Glay Lacd Lol 43 Bl s 2
o J2b 8 o3 A58 oS TS g e T o ool b 0l i 5] my ]
el ol o fatoes oy Bl ps Ll B sl 1522 - o g
30Ut 5 5 b Jamld o gadl dos b Bmes olondlaa o1 2l 4oy < (Hybrid)
o it o ]l 2 01 23 B Bplaonld S B30 Ao L Jng B
017 (B Lde e 85 uey Joo yodl dow 0155 )8 SIS g (g a5 ¢ Jo gt s
.{9]0.@:1{..L.ub»53)\’:1\EﬁP_JiCJWQM%}&JIQEJ‘A:JHEJ?MLJL}J;Q

Lsdanil Dlao Jlash - 3

izl Al e 056 el SISy oo gdl ds ki3 b O phaladl ]
Jigh V1 dzay a5 g pdeadt Sland] dimy Ayl 820 Lt 80w Dl dulall
266

z: /MK T2018/Bachacr/=d_mowsel. 3d/70x 100/ Monday 19th March 2018/Sanabel Press  fiwged da AN o



Lol o3 A LY B ok, il & glaadt Lapenatl plaall i)
LS 0y JolST1 gl I BLEYL Bn Llomiul (5, A1 dptionll 3] 50
oo drhonill Jlasl @ime b gay ¥ 3 0L 0 ey dad 5 L) i
o el g el e Lol Ly OF Gow 085 . didess

Jordl oy mns btz VT e Jgliedl 0543 O pa ¢ a1 danss ol )
oo dedl s BUS e Basl s G s JoSis ol e L
Jlasl atsle o dal of oKl s ¢l adt ootilt Jlandly cpmwdigadd
s SosAll Jedadl e 50 EllAS )y 08 patas 3 paes bt 5ylie Llow
Gttty Ty gS0dt ol g o3 8 1)y et Yl
& rely oo AU Rdoudl i oty 5ladl 58 wa 3 580 5 s
.;iUS.lx.:aJ::-‘,J J.a.aJL: rjﬁ.:) (1988)%0.4:)9{._.&{_;»-_‘_]35

@il B e Jandl ooy N 3 5 018 Jslaadt oF S el e
BIS ma (Worth) &5 ¢ a5 et LT 5,0 ol Llad Lasikes Soloutll
citoudl e Jalsd B Jolee N6 ) BLEYL ¢ andl b

o Wil B Rttt ol Bl fame T g ¢ Jolnall edn frolis Lol
Jomadl Lol ¢ paa VT Cilandl bl aline T cZeldly Uasla 120 (20) dnay
o ke S BLAYL (Lo lldl conslo H Ll (7) dns 0180 I il
dep oleilsy wile) e B Jyladl demnes O Loy flauadl oM
eldl 20 20) e 53 denall a5 500 (7) W35 JKIT 3y L3l pag 2dss

Ol iladt b Aottty I3 (20) Lo aolill Asdodll gu e Jald Jesal 3y gus 57 JSi

267

7:{MKT2018/Bachaerfsd_mowsel.3d/70x100/Monday 19th March 2018/Sunabel Press  /bogalt tu A2 anae



(1988) G de Vi Lo B3 oy Jondly 31,adt Lot Bloas G2 b o
2 ¢l By Gagy Bl (24) Jtmars jotws S50 (2014) B izt B,
Ul oo by Joo gl e B piis die Blad i3 foadl 0T V] g g
A3 @’J.Q.U s o 8ol (2014) O 450 (14) s (Laets) LDy
oo b b Edl 5 a ol (B) gy i i a8 pe il ool ]
ol I3 e b B ke ey oYL il gal 3

g (e Anndy (6 g IS oy Bl 3 3BT e B pedl ) g o
corrbs lasy pni®ly cewdigs oo 15,5 (360) L s 43 ealias 015 O
b Os ¢ el A3 e B8 madl @Koy Bl Lo Jlesl 0y e OF LSy
cag i Y b AW B a Jlesl e ]

o M) Ol pndl JS I Ltioatld &y sy 25y < L] S
Blay i megs Aoy Dl s ud B g dadt Sl0] L3 o Ladiass aalas]
Ly 35 By gus 5ylnadl BelaS Lgd 2Bl ‘z,;li cwa o Jondd Elld 5 cdoadl
2568 e (55l ot Jotasdl L BBLANL lgieliS pbyg Leae 5 duady
Sl DL e Bl 5 s 5oL 3 et il e i lie Y
odn Blonall Sladlas wdazdly L V1 3l H ol (o 5,08 S laS G335
ipnoedt Slael SIS 5 (Ordinary Grouting) auslas V1 Liadl Jleel Je
O\ . (Enlarged Grouting) Lusw gt ddimecd JT (Massive Grouting) is.w! sl
o o o ) U gen b ey VT bVt Loty sl anedl Bl
ytladl 5,00 diilis 35 U OB as Il lakd Soiied 035 S5LgraYi
ignen 1 ol

Bl o 0B AL il B 4l (35 G Loy SIS Jr e
(%64) L) ae 050, (111) el eladl 4ead 0550 2 (eokae VT ey sl
@bl gasell I Jo ) BLo 058 Loyl B2l 2ol Lol el o
8345 o5 (3.5-0.5) o rendl O35 S laadl Jo I 035 A 75155 oy
Ll Bos B Jasdl b s o G5 o M a8

Ol Wy Y cicioatdl Gajp b e idinedl Jles W1 oleaS Judomd Jorl o
B o dzad Y 1l pe M (2007) 3| (1988) B (pn 8 2il o
F55 (2004) G <585 OV ) S an o5 2t 03 (2004) LI (1988)

268

7:{MYT2018/Bachaer/zd_mowsel. 3d/70x 100/ Monday 19h March 2018/5anabel Press  / bogsd tw AL cioes



—@— Black plate (269,1)

Jro ot do Lotk 56 gy willontdl Bakr b SN Clanll plazal )]
Glodl e Jr da LN Al oD sy Y ol g 40 308 s Jaludl
(1986) Lw die 8 jmaiadl Ldoedl Jlasl wies (2) o) Jadadl mmy L 5SS
[41(2004) LW

(2004 - 1986) dalas cihaas 12 J goa

: [ aen Poeaw | wow | §aox s | oer } wov
ol b ws con | asa § ossm foses | 0w 2 10 143
|ty 2 0 3l ton 1 Mmoo e o7 L I
el sia 55 » wr | 1 L LI
99 | 657 470 125 | e | 23 o 19 b2
| 1se {270 123 <3 36 as Xo 124 2t
A%y B & 5 e b oam 1 i 23
LR ) a3 e} 0 1 24 1® e, [ ke 3208 145 194
X 15 | 10w 1 157 152 150 ma b osm | oses | w55 i aas
apeed 230 foses b ooasw | oaw osw b oses | o33s ] oam | oy | ows b s
o] o1 | oew | osow §oaww | as ] oaap | e }oww | 156 } oam | ows
l”‘ MOy Wn o 93 106 T & o2 12 rr 32
] = L w | o d26 | tw | res b ovwe | 2e }oam | 72 153
teoad doe 1 wes 1 a2 zra b oans L oom | gy | zee § s | ame | e
e} 1y3 2% . Fhid 249 35 L I ) 270 b LI -
[.zee] zm | 20 k) & zat_ | aen o2 i o 1o 137
oitd wma | o | ovw | oam | ges o tes | a2 oow | oam |z | awm
J;’;_.“,,. iR 4 3%4 312 7 Aok b O 0EN ) H¥F 5 H LR 1%y L
|2bea 132 B 5 2l % 2T we | 200 TR 24 HE
| rdod | 278 230 £ 113 L LS L i e

on ALK S O ety 2D o5 Jadandl B 83,10 YT L 6 I
3 gkony ailS Linad 82400 Lot Bylaw B Ll o5 21 Lkl 5] g
il b (42000) 3500 (g1 (%46) i b aa 52l ¢l (93000)
IS ool LIS 2aSTl oy colze Wl Butonddl § 05 U8 el Lol cLnsun 1
(1988) & e J1,alt ol Bz G2 3 S oo il b (75550) Bla
(2004) 2w 4

CRTS INUISPCA TN IS WA QPEAPRNWEIRR ORI P10 (QFRES RU PP
A Bl e o0 gl BB galani ¥ jlasdl Gy 5 JMS aakina
slye g sl adpde sae ol LS e Jgeanedl e Ga it Sy o5 (1990)
Judseli (a3 S st 1 cdsliadt o Leadaut sdadls plSald il lasd
o5 LS Lot Sl B oY gl hos B alpadly Hloadl ol e
Sl o,V ol landt iy iblos 3l peS Sllasdl e sus Jlanzal
NSU PR R TERR PR PN RE ERVIN R IS P

269

z/MET2018/Bachaer/sd mowssl 3d/70x100/Friday 9th Merch 2018/8anabel Press /i fuogall e A2l yoam

4

o

s
el



—@—f Black plate (270,1)

ols (2004) Lnw j Alebadt Lazedl oo ylisadl ate 01 1 ci,la¥i oy
[(1988) aw G Al Lgodond 3yl (18) ool oo b oyl (7)

(2004) & day 31331 6 ddl Loy plaza¥Wi 0k (L3 1 0F W G iy
¢ b edl LS iy (USACE) (S oY1 o] wildll ntigall L3 gl
i gadl Aozl Uadow 3 GLoadl jlesf Bl ppslioadi a2l pL3 oo 2l
e A M 3553 LS yloy JU Bl ] oS ity 358w dlazlly
[4X2005) O 3 Lon 55 018,801 condly ciluain 5 poay Alsudt Luslyul
iad ] ey b L el gl Sl izl Gl aml eay
wodblas iy 350l anaszadl a (Panel of Experts-POE) iy of o5
drl e Jopadl b 3 diondll lasd iy 03 539 08 o0 OLS 811 -
el o By el Lol LT Jltal ell3y (g3LasiY o yae D)
Sl Jf Wk ae alall fadll 3 o8 Jo 50 G 5] wln
et LS

Balef ausline 3 s Bt o (il ok sl OF olom p2l) 0n o3 i3
Opebe (27) phos papasey oS0V andigall 313 5,005 b BLyalt Hlas
el e (21) 6l IS e bzl ad 31, Y (2005) T ooV
cadgdandl Jaddall folaay ol gy LIS Lgt wnal Clban b Ca &

28 e S (UM dden IS 55301 Al e caeas I st O
A i kst @l RS s gy Sl sles] aale) peali o pladl Jiziadl
s ygredl gl linol go Billan pae 3 1 sl 3 el go e Ll ganll
Shelegiadly Jolaadl s ealoal oo 3 J2dl 5 5 saalt el ooltlaed
100w sl wladasll g ps oo

dndiradl il Loghita e SV ojadl 0L (TR Jo Jes o &0 S,
(AGS) &) 30, Lo ay ol pliie 2398 Lasae s (Advanced Grouting System)
<3, (Intelligrout éystem) LS Llault Slan o SN sadl KA Cals)
lhis wmaslly ot collabise by 98 Gt g B3l VT S o5 4allS
Lemad) Bplontl] Cildae o claglinall sda cdazdl Wiy ordell Sledas 4
JSIL cmds jY g5 Ok (16,4) Laus 1S Loy (Enhanced Grouting)
s eV sgan endlles 390 jgameld

270

z:/MET2018/Bachaer/sd_mowsel34/70x100/Friday 9t March 2018/Sanabsl Press  /,hosal u Ak i

—4—



e phaedl iy par Ao Jond liasdl odn OF o] 5, L8N juos Loas
& Jendl pas ol3T d, pdll AN 3L ol e 3T 5 e Leddonts L5350
b 8 readl Shiaadly 2l @il pey WALy Ladl s Sl O L 4 Se]]
bl 3L 3 o oo ol skl 5 s ¢5 5 Y1 5 nll ims
35U 33 et wleghaodl W e oy - Guontld a1 D] (g 5 4201 sda o
Sles] Gakins oy canis W3 WL B 0L We clidioutll ol e G i
ot Bbozmall GLall el e aly a3 o35 IM VI Bk 45,107 (501 Gt
Y Bl o bl ol Comgay Slall o i b a5 2ils 1 il aall
LAY Sl o oy (1990) B usaall

¢ Jlamadi mqstl@?ﬁdsga;w 3yt gdl a5 0L Le S5 0T 0y Yy
a6 51 s Dlgar o wldelan e J el o el A 3 coKlasy
AN ohiaadt Gl 0185 6,581 @liadl o sas s Slylisd] e 330 e
(2007) &w oy Eer Y1 534 b pedl i

U e Lokl Bliw B Lajda gz (1LY (8) KAl e s
(2006) wlpnnd! 5 S LaSIU domsly 5L Lm0 Em S laaV GV
’ ol Shbrall  gue 5} s (2007),

MOSUL DAM - METERS DRIILED PER YEAR
Thousanes of Metans
Roure:

]

50

40

n

20

1%

b

1998 1999 W) 2001 2007 M3 2004 2005 2006 2007

i =

0 T G RN SR E A D L g i RENEN
T8BG JOBT 1958 1033 19G0 1951 1092 1993 1904 1985 9R6 1997

(1986 - 2007) 5oyt SYL L ghn 3 shonalt Eadiail g8y Il shot -8 <o
dpedl Wl ple plisul Ss 0L «(9) (3, JKadl e B OF Lisays
Ol sl cly Lo 0T V) c(1999) & day Y1 3 Lgi o3 1 Ll
271

z:{MLT2018{Bachaer/sd_rowsct.3d/TUx100/Monday 19th March 2018/Sanabel Press  /lhogall du f200 o



Lt o laST Ao 0555 510 @lal s dudow I 3 ols Lzl
Ol g 5 S LigSal 0355 0Ly sty Lad ins lag ((1999) aww L5 sl
30 0l LA ey ALl oV adl ity atend a3 T3 0L
ot pblaadl Gl 3 il 1SS e Y g;;i,sdiﬁ‘y,otswt

NUIA TR

MOSUL DAM - METRIC TOKS OF S0LIDS IMIECTED PER YEAR

HOUTLe:

E600 [ P

3 o 335

1945 1957 1ABE TS 1890 1290 T2 AUSE BUms JR05 1995 1947 1958 1090 2000 AT 2002 2001 2604 XOS 2006 2097

'ﬁ Manzive firnut Hete  Figuree on Yepels For Greul Suontites Shoold ba molplied by 18

ﬁ legpetorel Ciengel

(2007 . 1986) (10 x gobualt jgaall b stacH) oo pudi) Zs gl Ludiadlly Auigl Ladintll luss 29 S

(2002) Gow o 8220 b 01 Sy B g2y 2815, 0m Y1 a0
aadd (Gl Al b an Bl s e 55 0 el e Ylte (2004) diws
JU5aL 5] S sl S ,9 alowil aa 3laall (POE) & sdl el il 2
AN ends (35 [11H2005) Olus (35) (3 - y50] i T 5
[4105,53 0F Gow @Bl oS80y gondaS U
o (1988) inw Jony Lgadinn 3 =038 5 15 Bladl Llons 0L o it
e eV Ll el 3blie b ol ¢ 1 e Rgandl 3Ll
(100) Gee e Gl 1 (GBO) Lazzadl ol 5 guad) LJj ol gt a3 i
I Ll Gttt ok ool LS ittt Blgy e Lpimdlan el L2ls ¢ e
50 (120) fhey JS Goms 2sl 120 (20) ik com IS Iast Jik bls
OFS YOS [ENTC CRPENV IR SES RN [+ AN IER N IRES PRI SEN ROV
SIS g ol el JU 5 DL I OF my Uiy . (GBO) dnl
ok e daled Sla 0f LS Jasdl Bl e Lo (g lanu¥l o el 25 08
272

z:/MK'F2018) Bachaer/sd_mowsel. 36/70x100/Monday 19th March 2018/Sanabel Press  /ilasdl dus A8 caoa



1 DIp) YT DUl foo olasly LS oy (CagSally 0L ey 01 g
G0 slasl

IVt Lgmls a2 bl o gt Leilliom S ol B i
Gtal 2o (10) o35 KA 3 ey LoS5 (2004 2002 5,240
S5 e (Q11) ekl 1 (66) plaia cyay Tt M Attt ol Yns
Sala o 8 naill Sl Wl IS bl Al e dpdadl 3 ol laad]
JHad H1SS G o1 (3D B0 dadadl fe by s LeSs cl s oA
B sl BB I Tl pblall b ol

(2004 . 2002) 5584 (111 . 66) poliall  dadiadh €53 Jpua

Year 2002 | 2003 2002 | 2003 | 2004 §iois 2002 2083 | 2004

Section X X

66 X X X

67 X

68 X X X

69 X X

70 X X

1 X X

72 X X X

13 X

74 X X

75 X X

76 X X

77 X X X

78 X X X X

79 x* X

80 X X

(2001) s b Ll G go 6 ploliall o3s 23S &

35t s Dzas SIS g sedl oS Mgnad ol «(10) o3, a3t o JaBlys
=S 200) (o 5135 5,08 IS Loty (ablin (9) e /oiS (200)
o 1 58 i iadlae JS8 05 LS ¢ pblin (8) 5 /oS (500)
oo Ve (73) Jf 2e (70) G o SIS 5 (83) paiadi (b 720 (75) Gae
Jo N BLaL L ll Ldontll (ol ila § lenzal 435 <(80) alaali
il use )
o (8) @ts Gs 1 Joris Alaladl cwolylisdt sae 0L cad] 5,L¥1 s sy
Aais gl Sl b el e Sleall @gduda;uy@j('f)yi
2173

Z:MET2018/Bachaer/sd_mowsel.3d/70x100/Tuesday 20th March 2018/Sanabel Press  7wegall du AN v



lpdlaadl D sdons AU SV L 0L Lo 2 Y o umelll 31725 S
el Blay Jab e 6 jetes BS o Bl B Blaall Gib cdans

Adonndl 2 US Loolin Lodst e o a5 (o ne (b od o5t Bt syl U3y
S60) bl s (2004 - 2002) el yidt I35 Lo dnandl o5 I
Sy F Lpeiadl Glmas sl O e o pflall sde coaliand U3, (111
o 52 WSy el fadll 3 La S5 Gew 8 LiS Uslas Jlamsals sl
A1) Jsedi b

phie o Bl B LS 3 sle ey i Lal el 2 e (e
35 5 LsTl Of ) LS Lol nadt Al IM Ll L pbladi 35 5T i
oo dadodl 3 (%35) 5 (%3305 (%19)5 (%6) Jas L Ljue o Sl edos
ey 1A el sy Al pl Ghonly 5 a8zl s I adboli )
e el o gy Ledlad &y pa g el a Skl Bl Jlesl 0L ol
Ll o5 Hlol e 8 gean Aol adin LI5S e L3200 UV 0T e o2 i
o G WSy el gal e L3l ST ke eV Gils) )
(48 (b el et ol Eeno 53 s iy e YT s O] L auledl i
LS S L2adl Bles slaxel

Credigedd B3 B bl skl Sl S50 L plE Eul s sl a3
4] b L B - [1232007) J ol B copdon o S e Y1 i) i
RUPpPR (L A S PUPSS POV - S PERTIN VS INE PRS- PRU S JNENS [ E8N
i LSS Cnaid g Btosdl Bles wllas il 1 el glailly oo el
w1 SE (12) o35 St ey Ll Lplaadle oyl Lbiseadl W31 4l
gl I¥ Sleadl oda HLiDl g Jalasesy Lkl ablil b Lot
s ol 3l B Lzl (5, S0l Lnl i jalss LS (2006 . 2002)
A b B SV el B gk S e ] GT (g0

Ll cs Al wblial Gany Sla 0l S LT Gl oo s
Bl B Lgta 5Ll s gl (1 pbliadl Badlos Sy o3 s i
Bl e ST ey T8 skeme ablie BW e ol Slia OF LS. 23U
e dadlae OF omy Lo ol i O 1 Lpeds 20D cond e

274

i MET201 8/ Bachaerfod_mowsel. 30,702 100/ Monday 19th March 2018/3anabel Fress  Alessd du 1200 o



E 1 }‘ ™ Black plate (275,1}

e gamy Lzl Bl 018, Ll i appla Lagd Olpgddl &l 15 45 (e
g e ide OB ST BT ol e M wtdlae el

B et 5,3 Jlyb Endles cameWis Gasws N1 c3lS 31 ablandi Lo
phliadl ay «(93) plais LS (78) pake o pblindt g (dulpldl G,
& el il 3 am V100G 5,250 LoVl el g ma ok I
it g3V ly pu el Joraddh eodias (dolie L ope OS5 «(12) JSCI
.(83) ézidl Jl(SO)@yé&Ji P e L2l c..i;]!‘_}s Lo ; gl

o oladleadt Gbta 355381 0500y ands labaseadl Lo Zwlyddl oty g
LUS (94) o pbliadt 0l 5 el n skdl Al I a1 gt 1 ]
LS S e o dadlasdl po sl $ plory 1l Uylas o gl (115)
bl gl (90) phaicdi LU (60) phais oo abliall B isladl US ooy
Mi@s@,@bw@sw‘wic&wtwwig&g
Ltoutll Ble G20 Ol img Ma 0Ly (65 Y1 (3 25 ldete SIS (Lge
8 pates 8y gy Bl Mt B Lol 5T ) a Ve B0y Gile 018

G (79) phaiall g olai¥i r sy A1 phtiedl G e 01 2yl 5 5
ol dagyl Lgay (1987 i die il e 5uad ad Bleall Lhar 1,80 Clles
e iyshze Ul 4l el il ,d5all @ils)y cidlun ool paw duas IO
i 0L Bluad) Slles ctily L oL Gas b (GBO) ik 5 0L 501
wlihll L J3b oy Gl elosly phiall s oo 00,2200 A5 0Lyt
3pde shiday sl ((2007) i 5 (69) phaiadl ] Juat! (Dip) iy eali
e a5 st ddmay tgl cliw o pte 5,38 IV 520 (350) J sk pblas
Gl el IMs e (17)

LAl B 5 e ladl ol gl It 1 3t 2l Bt Gt 0] 1 Y51
& sy DY I OV Y5 0 LT 0T Y] cliand] Lulondll 55100 B Wil
Wl 55 geas eVl 3 Olsddl Bl pte Lttt 0dn oz s Gy Joitemel!
gy oo gadh s Lot U2 pashidl Joudl Jrad 3 g tadey . A0Lels
N o uﬁ.sijtblgihﬁrg.d

awlagﬁ&ﬁuﬂmlﬁwéﬁ‘@awmwoi:L;;u

275

7= MK T2018/Bachacrfsd_mowsel. 3d{70x100{Friday th March 2018/Sanabel Press  fjuwgalt dur /20 e

—b—



4@9’— Black plate (276,1)

o Bl a5 gy L Wt (e ) 3 plomall cbladl ) s
Tzl Coago] LeS ceblaadl @l 3 Ltodl SIST Y ol Las 231 (it
Jordl dad s alajd Gl olnly Bl pblie gous LA iger 3> 3 LGy
e

BT alpe dMf Y ool 13 Tl Slhas b Lol slge i 0f @ EIG
Jot Ll Lo O U T 515y (R4 Bl il slp e Balas
GG e Dty bl OF oa L3l Aleaomadl 03 ULy L oleadly G ol
o 3 r.fL-LJI Lgisls ops a4y Olgaan Y B3 cudily cony U5 Iylacall woli el
L g Lo Lo dabenadl JWYT Jomd Lo L sid cnzibnily «LeaeSS o
o2 W (RQD) iealt S5 iy Jige O el o LIty L L™
M e wr el QLU Lalan ppo S foread o5 G e Lol 1SS daess
3y S 3adl Lol Jlasl dny JF Ghladl 3 om gl sl (gl

NP R P IS LT I EI VR I PRI OV T PR T V-1 JP W SUPP CL I TR
(2905-5)3.‘..“:0» idpoed s (2007) Lo dny o, B! Blall Lt Jlesl
(2014) L Chnaze Gl

a,mmt,lwygu,u..aﬁgbdwmuﬁg c,»\ﬂgbgj
Lptedl 3 g Lpgde Jgeaomdd Wl (1855 W35 L el 5500 (g g 0da
o1 SVl Ciladl Ol ol phaadl & daese Ul 3 suend Zalall
iladly i padl Be o Lyl paral HUT L cllB e ola e &1 ayy
Py

Epoal oo pedl A e B dulys Lt (6,5 Gl dgr pld x4l
Bl s I3t ol 55k Ladedl Dot Lo s ST 2Lt colul
W e b e Vel s pa LD e 1 usTe

oo P BT Jaay a1 3K Toaded 3 pgany LSS 4 Il LT e
e e NTE SIS CR TPV S U WP E IR ) PINES PO V0 I |
dasadl 3 85,1 ) ole plaadl & el gl S e Lualizad J3y .3, Sl
B e G (2008) T 10 558l I3 &yl o) LoD (@) o3
Nge ol Ml an Laysly (2014)

276

%/MkT2018/Bachaer/sd_mowsel.3¢/70x100/Friday 9th March 2618/Sanabel Press  /fugah du /it \yiraa

6



Black plate (277.1)

Arrrcte ol #rifl g and promtiog wirrka {0 CTatleey. 20US -24H,

;
2§

LA T

[

R2 m LIy g
Apliganh
P o TOLCFR, TS,
WA, TH un Rip, HY, AF.
BEL U, R T 1O23

wan

TevUn Few el bivan
[T N e ALY ]
e 11 13 paian nesnn
oAy (1A, 33,
B, b v 1GE)

wndaroru
e T N TN E Y I

o e, BAD 1 1O

TUTRY T, oL

o, TA ¥, To, AL
e BREN

Lligh =
00 ane DO bpafian 3

Wy 10
= S, VO,

Lt v gy R, w3 IR TETE

Caimidiriie = U AT R 1, el

Pl Lot Tikns
e Seehn

- i =
VPO b b

Pl Faaiee mamd
rteapma e BLY HE THR 300

Feant Lo Faent
Fa!

Ty s ol T I
AN T T

B T S

Heghoot Wider Dichuagen
fer Setha

TN L

ook ail d:w;'!‘:;nvhk.l

[11 T yadt eiSlgiaut Cilansy pobadf cociang (2004 . 2002) O ghanlt Bl Lndiad Jlas! Juuolis :10 Jsbo

N O R

Frogmss of difling and grouting works iy Gallery, 3002-2004.

fwhich was 69% on
avernae)

IteM 2002 2053 2004
{2001 data] Upstreain “Bimodat”
Kections 6o | piczometens increased ~ distribmtion - some
6% due to seepage from far low. srine exceltent
felt anl spithway 119 10 B3y
i Reasonable (90 1o (A%} “Bimuedal " spme . .
3 Smm;'; w0 excepl for scetions 70 low, some bigh {35 Bm;c;d:'l 93;: nge
" na- and 75 (< 505) Lo 9 o
3 Broad raage from Vm}&d‘m‘ vary
k! Sections B 1 o (8910 51%) nc:“fﬂﬁ‘l’:‘(';:w satisfctory (61 to
e except lor section B2 wm] BR% 3 1oy pooT 3t
Bz (35%) seetion B2 {6%}
v'5 F—
3 g | Sectom St Good 6] 10 9155} | Giood (64 to 9155}
)
-]
% ! Sertions 100 Very pood (72 16 Very gomt (72t
2 x| will Very good 83%) RI%3
EE Good. rvernging Gond. averaping
% T, but with some | 71%. Very good
w Goud. averaging T4%. | low sections (B210 | from secitons Ri o
Cverall but with some sections < | 54). Yery good from | 111 Poor in cenzia
' 50% (now being sections 83 (0 111, | sections berween 64
rectifiod) Beiter than in 2002 | und 82, Sand cemem

grouting hind
coniderghie henelll. |

AL thy nnd of Bephisbar 2000 the Follpein! valurs of siTiFncey wers phrad

Overnll Axseisment of

' Conditinns
95-82, 84, B1-79.77-76 T2 B Very good
88, BS. 78, 74-72 60 1o 0% Gool
83,80 5010 60% Avcepiobie
15, T HI-67 = 5 Lo

ns foHows:

Upstream p.r. EL - Downstream pz. EL

Reeservoir EL — Taitwater EL

11 has bocome castontary al Mosul Dam w quantify the “efficiency™ of cach seetion of the cunsin

(2004 2 2002) 2 gaautt 38 fio g jaat et i o (131 .66) potalt 8 Xadaltf 3ol3s pub faold <11 Job

zfMKT2018/Bachaerfsd_mowsel.3d/70x100{Friday 9th March 2018/Sanabel Press

277

Sl o S e



E{B Biack plate (278,1)

vy o e Voow BV ik e o o D ) S 45 50 2 v [ MO0 W5 L s
ot s e e s, i S5 sk e s e ha e, duiment it oo o an ),

Gt et B~ ERE

Franay ¥ e et iR g
i uu!nnqnztinnnmn::u-‘anrnsuLﬁélwunnunl_nuﬂua'.luwmumwrzsa o T T I T
=] HNEMRNNEaEENTEN i ¥ i1 Eizjadzfria[siz s f¢ H i
e T T H ] tefa T L T T brfr |s fa b slr [zl R
e T [] HETICENE 1hfs] {x! b ! H % fr i1
e * 132 [ sirQufripfnfy T ! i

+ ! 1
Bt e BT # TG0 AY H : H | }
B pag i 2 5 H 3 ! ! : : :
e H 1 i ! Pt i H B £

[123(2006 . 2002) La ;i ;S35 coatd i saalf ST Libaaall Ludind Flolie 12 b

I‘;L_ oS Ll edn o0 2JLH e’h’ﬂid.a.&:..ia‘ eslaw s

(2614 3l a3  2008) L gusdt Lluall LadiaT Sidsas 4 Jgon

4
I

b (A / ) pisBel | (s / Jia) Ul e [ (e /) dpdadll | (A josde iiacdl sl
i 114709 100411 68252 4540 2008
k 51082 72338 66338 1995 2009
§ 121239 97382 82601 3205 2010 ¥
F 149506 74309 64097 4340 2011 §

163935 77424 65709 4018 2012 &
B 166415 58006 52276 3474 2013 4
] *796233 ¥24085 ¥23344 *1973 2014 4

085 a1 3 ool ol yodd 1 i i a3 5 KA B 08 e o 0 [0 18) ] 55 i
il o e L (2014) %) (2008) S giedl gl

B Lol wleS 0L (W e g o3 o 2 et ol ghaedl e Jio S
SlasTt Gl b Lol 1 ¢ Gped dtodd) 5 cllgandt caend! OLbL |
G re2dl dsliasdl Gl o oy () sdadl n (2) Jaodl b Bl iy i
Jo M a8 a5 o (el o Lgsds o3 A ddeall sl pall wiles
@ kil Al culi il OleS ¥y Zanl )l Ll wlles P pSanad|
cnaol ) 5T Lslae VT ol gos Lt
gl S M Dl Lol Jlasl 0T o 1l o W oKy Liay
Alia =Sl 3Ly il il ool 0 W Hlin oS0 o5 Lokzel Lgagar ils
Blay § o Il oo cSlgral oS5 Sdian ol Tla S5 on o BBl denly ddous
WiV BIS 3 bl olas S o]
278

z/MET2018/Bachaer/sd_mowsel.3d/70x100/Friday Sth March 2018/Sanabel Press Fbangall doe SR e

o



—$~'“ Black plate (279,1)

Jisdl b w3y A idowll wlaS b (JFLD 2 g PR Lol
3y M oAy peid) LS ferlor Wnlualsew! g-.li_, (4) Jsaadl e (3)
Lged @ A1 pblaall fB)T s 093 oo Lgtdiond Coad (1 Slat LS
o seddl iy g o ST eSlgal B BleeYl e folis T S5 pass
4) Jsdandl s (55 (4)5 (3) Ul b 3,101 5L Jam olias L
(4) Jidt 3 Todt 55 immall il U 15T O caaall 1a b a3
Say «(3) Joodl p dtpedl Lgiptond s 1 Y1 Sslac (4) Jgidt e
eSO BN s LSy Jag . S5, OLS U TR [ I LA PRV J
OF Jleel «(8) Jpdadl oo (4) Jaodl 3 G pall L e 8 (5) Jul) rLsJT
« (Descending Stage Grouting) i35kl hutoddl &y oy Cand il Jlosl IS
(8 il asle] pya S @ ST s i) L

el gt ) Joo g3 S ek Ll et w¥sleall eda s
Jonolis OF dimais ((2014) 015 B Jondl iy 3 2sle <35 AN dld)
B izl 3 e ek 45 B Lt Dadiniall oaS
Lol s shiely 4l bl die &I Jb ety (2015) & B So oY1 Sheael]
o5 b Y U &y Lol sy Bl A Alg opily oo pelt Ad Lo
el Joall b ahads g Lag ade Jgaandl (o LT Ay Lgte 4 s

Sadl U ol o dlams p 5 Gl Sl G 0L ¢ ppadler e W
Oy el s e d c;i Lo e 3 (2014) Chaain LI (1988) e
SN L Y 08 (2007) dey & La b 03 I 2N Blas Lady o
(2006) & b Jiwadl JLAN (Bloadl i il e sliy  Bkedl Bl o (3
{(330) oyt o Yo (319D o puriy el oW1 Lkl o gttt

4 0l 2014) 3150 dmy Jandl e Gl iy Ol Ul i Y LS
sl S eV el b il Gl Les Lea el 22l UV
SVl oo (2016) bty sl e 3G Gog Dlowdl piad (2015) i
Lol yy Bloall 3 Jondl Loolgn o BB g o Lo Sy k] 2o
o Ui B Sl e il A BT 5 5

LL.‘»-.:J'IQAJ.!\IAJTL;A\Jt@ﬂ!%@#i&‘”‘)l%&lﬁjﬁd}b
s 23 i ST Blnall JlesT 0] oo AS2M S5 g0l Jom 08

279

7fMET2018/Bachaer/sd_mowset.3df70x 100/Friday 9th March 2018/Sanabel Press  Alwgall o A i

=



(1)

{1}
12]
&
1
&
fof
Fl

{8}
9
{16}
{1y

12

*$'-— _ Biack plate (280,1)

v

Lshaf gaf

MWH Global Inc is the unification of three major engineering firms: James M.
Montgomery Consulting Engineers (JMM), Watson Hawksley, Lid., and Harza
Engineering Company. It is a global water and natural resources firm, providing
technical engineering, construction services and consulting services. The firm has
provided planning, design and construction management services for a wide
range of water and natural resources projects around the world. The firm is
headquartered in Broomfield, a suburb of the Denver metropolitan area in the
State of Colorado of the United States with operations in 35 countries. As of
May 2015, MWH Global had a global staff of approximately 7,000 employees
including builders, engineers, architects, geologists, operators, project managers,
business consultants, scientists, technologists, and regulatory experts. MWH is
listed as the 15th-largest employee-owned company in America.
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(1) Bangizo Dam: The Bangiao Reservoir Dam is a dam on the River Ra in Zhuma-
dian City, Henan province, China. Its failure in 1975 caused more casualties
than any other dam failure in history at an estimated 171,000 deaths and 11 mil-
lion displaced. The dam was subseguently rebuilt.
The Bangiao dam and Shimantan Reservoir Dam are among 62 dams in Zhuma-
dian that failed catastrophically or were intentionally destroyed in 1975 during
Typhoon Nina.
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Approximate Iocation of Bangiao Dam

History

Construction of the Bangiao dam began in April 1951 on the Ru River with the
help of Soviet consultants as part of a project to control flooding and perform
electrical power generation. The construction was a response to severe flooding
in the Hnai River Basin in 1949 and 1950, The dam was completed in June
1952. Because of the absence of hydrology data, the design standard was lower
than usual, After the 1954 Huai River great flood, the upstream reservoirs in-
cluding Bangiao were extended, constructed, and consolidated. Bangiao Dam
was increased in height by three meters. The dam crest level was 116.34 meters
above sea level and the crest level of the wave protection wall was 117.64 meters
above sea level. The total capacity of the reservoir was 492 million m® (398,000
acre feet), with 375 million m> (304,000 acre feet) reserved for flood storage. The
dam was made of clay and was 24.5 meters high. The maximum discharge of
the reservoir was 1742 ma/s.

Cracks in the dam and sluice gates appeared after completion due to construc-
tion and engineering errors. They were repaired with the advice from Soviet en-
gineers and the new design, dubbed the iron dam, was considered unbreakable.
Chen Xing one of China’s foremost hydrologists, was involved in the design of
the dam. He was algo a vocal critic of the government’s dam building policy,
which involved many dams in the basin. He had recommended 12 sluice gates
for the Bangiao Dam, but this was criticized as being too conservative, and the
number was reduced to five. Other dams in the project, including the Shimantan
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Dam, had a similar reduction of safety features and Chen was removed from
the project. In 1961, after problems with the water system were revealed, he was
brought back to help. Chen continued to be an outgpoken critic of the systen:
and was again removed from the project.

1975 Bangiac Dam Fleod

Bangizo Dam Failure
Baiguishan & 1
GumguETan Resever qixr.'m Tram borrbad
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Rough diagram of water flow during the Bangiao Dam failure

Officially, the dam failure was a natural as opposed to man-made disaster, with
government sources placing an emphasis on the amount of rainfall as opposed
to poor engincering and construction, The People’s Daily has maintained that
the dam was designed to survive a once-in-1000-years flood {300 mm of rainfall
per day) but a once-in-2000-years flood occurred in August 1975, following the
collision of Typhoon Nina and a cold front. The typhoon was blocked for two
days before its direction ultimately changed from northeastward to westward.
As a result of this near stationary thunderstorm system, more than a year’s
worth of rain fell within 24 hours (new records were set, at 189.5 mm (7.46
inches) rainfall per hour and 1060 mm (41,73 inches) per day, exceeding the
average annual precipitation of about 800 mim (31.5 inches), which weather fore-
casts failed to predict. China Central Television reported that the typhoon disap-
peared from radar as it degraded. According to Xinhua, the forecast was for
rainfall of 100 mm by the Beijing-based Central Meteorological Observatory.

Communication with the dam was jargely lost due to wire failures. On August 6, a
reguest to open the dam was rejected because of the existing flooding in down-
stream areas. On August 7 the request was accepied, but the teleprams failed to
reach the dam. The sluice gates were not able to handle the overflow of water
partiaily due to sedimentation biockage On August 7 at 21:30, the People’s Lib-
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eration Army Unit 34450 (by name the 2nd Artillery Division in residence at
Queshan county), which was deployed on the Bangiao Dam, sent the first dam
lailure warning via telegraph. On August 8, at 1:00, water al the Bangiao
crested at the 117.94 m level above sea level, or 0.3 meter higher than the wave
pretection wall on the dam, and it failed. The same storm caused the failure of
62 dams in total. The runoff of Bangiao Dam was 13,00 m® per second in vs.
78,800 m” per second out, and as a result 701 million m® of water were released
in 6 hours, while 1.67 billion m® of water were released in 5.5 hours at an upri-
ver Shimantan Dam, and 15.738 billion m> of water were released in total.

The resulting flood waters caused a wave 10 kilometers (6.2 mi) wide and 3-7
meters (9.8-23.0 ft) high in Suiping that rushed onto the plains below at nearly
50 kilometers per hour (31 mph), almost wiping out an area 55 kilometers (34
mi) long and 15 kilometers (9.3 mi} wide, and creating temporary lakes as large
as 12,000 square kilometers (4,600 sq mi). Seven county seats, Suiping, Xiping,
Ru’nan, Pingyu, Xincai Luohe, and Linquan were inundated, as were thousands
of square kilometers of countryside and countless communities. Evacnation or-
ders had not been fully delivered due to weather conditions and poor communica-
tions. Telegraphs failed, signal flares fired by Unit 34450 were misunderstood,
telephones were rare, and some messengers were caught by the flood. While only
827 out of 6,000 people died in the evacuated community of Shahedian just he-
low Banqiae Dam, half of a total of 36,000 people died in the un-evacuated
Wencheng commune of Suipin County next to Shahedian, and the Daowench-
eng Commune was wiped from the map, killing ail 9,600 citizens. Although a
iarge number of people were reported as lost at first, many of them later re-
turned home. A 2005 book compiled by the Archives Bureau of Suiping county
reports that more than 230,000 were carried away by water, in which 18,869
died. It has been reported that 90,000-230,000 people were killed as a result of
the dam breaking.

To protect other dams from failure, several flood diversion areas were evacuated
and inundated, and several dams were deliberately destroyed by air strikes to re-
lease water in desired directions. The Nihewa and Laowangpo fload diversion
areas downstream of the dams soon exceeded their capacity and gave up part of
their storage on August 8, forcing more flood diversion areas to begin to evacu-
ate. The dikes on the Quan River collapsed in the evening of August 9, and the
entire Linguan connty in Fuyang, Anhui was inundated. As the Boshan Dam,
with a capacity of 400 million m>, crested and the water released from the fail-
ures of Bangizo and Shimantan was rushing downstream, air strikes were made
against several other dams to protect the Suya Lake dam, already holding 1.2
billion m® of water. Suya Lake won oaly 2 temporary reprieve, as both it and
Boshan became eventual targets. Finally, the Bantai Dam, holding 5.7 billion m?
of water, was bombed.

The Jingguang Railway, a major artery from Beijing to Gnangrhou, was cut for
18 days, as were other crucial communications lines. Although 42,618 People’s
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Liberation Army troops were deployed for disaster relief, all communication to
and from the cities was cut, Nine days later there were still over a million people
trapped by the waters, which relied on airdrops of food and were unreschabls to
disaster relief. Epidemics and lfamine devastated the trapped survivors. The da-
mage of the Zhumadian area was estimated to be about CNY 3.5 billion
(US8513) million The Zhumadian government appealed to the whole nation for
help, and received more than CNY 300 miltion (US8$44,000,00) in donations.
After the flood, a sumimit of Mational Flood Prevention and Reservoir Security
at Zhengzhou, Henan was held by the Department of Water Conservancy and
Eleciricity, and a nationwide reservoir security examination was performed.
Chen Xing was again brought back to the project.

Casualties:

According to the Hydrology Depariment of Henan Province, approximately
26,000 people died at the province from flooding and another 145,000 died dur-
ing subsequent epidemics and famine. In addition, about 5,960,000 buildings col-
lapsed, and 11 million residents were affected. Unofficial estimates of the
number of people killed by the disaster have run as high as 230,000 peopie The
death toll of this disaster was declassified in 2005.

{Source: Wikipedia: The Free Encyclopedia).
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