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ABSTRACT

INVESTIGATION OF WATERHAMMER PROBLEMS IN
CAMLIDERE DAM - IVEDIK WATER TREATMENT PLANT PIPELINE
AT VARIOUS HYDRAULIC CONDITIONS

Sakabas, Emre
M.Sc., Department of Civil Engineering
Supervisor: Assoc. Prof. Dr. Zafer Bozkus

February 2012, 189 pages

Camlidere Dam supplies significant portion of the potable water demand of the
City of Ankara. Consequently, it is very important that the pipelines extending
over 60 km between the dam and the treatment plant at Ivedik operate
continuously. At present, two composite parallel lines are in operation and
construction of a third line is considered for the future. It is the aim of this study
to investigate the water hammer problems to be expected under various scenarios
and also suggest the safe operation conditions for the system. Water hammer
analyses of the pipeline are carried out by computer software named HAMMER.
This software employs the Method of Characteristics (MoC) which is a widely
used mathematical procedure in solving the non-linear differential equations
caused by unsteady flow. Within this theses work, existing tunnels, prestressed
concrete and steel pipes, third steel pipeline which is planned to be constructed in
the future and existing, and future-planned valves are modeled and calibration of

the model is implemented. A plenty of scenarios and valve closure principles are



constituted in order to specify steady-state conditions and additional water
hammer pressures generated by several excitations through the pipeline. Results
of these scenarios are compared with previous works conducted on the pipeline
system and the most unfavorable ones among those are determined. Then,
appropriate closure durations are identified and suggested for pipe fracture safety
valves and the flow control valves at Ivedik in order not to cause excessive

pressures in the system.

Keywords: Pipeline, water hammer, safe operation conditions
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CAMLIDERE BARAJI - iVEDIK SU ARITMA TESIiSI BORU HATTINDA
CESITLIi KOSULLARDA SU DARBESI PROBLEMLERININ
ARASTIRILMASI

Sakabas, Emre
Yiiksek Lisans, insaat Miithendisligi Boliimii

Tez Yoneticisi: Dog. Dr. Zafer Bozkus

Subat 2012, 189 sayfa

Camlidere Baraji Ankara sehrinin igme suyu gereksiniminin énemli bir kismint
karsilayan bir barajdir. Dolayisi ile barajla Ivedik aritma tesisi arasindaki 60
km’yi asan boru hatlarmin kesintisiz olarak isletmede olmasi ¢ok 6nemlidir.
Halen, iki kompozit paralel boru hatti isletmede olup, gelecekte iigiincii hattin
insas1 diisliniilmektedir. Bu ¢alismanin amaci ¢esitli senaryolar altinda sistemdeki
su darbesi problemlerini arastirmak ve ayrica giivenli isletme kosullarini
onermektir. Hattin su darbesi analizleri HAMMER isimli bir bilgisayar programi
aracihi@iyla gergeklestirilmistir. Bu programda, zamanla degisen akimlarin
olusturdugu dogrusal olmayan diferansiyel denklemlerin ¢dziilmesinde yaygin
kullanimi olan Karakteristikler Metodu adi verilen matematiksel bir yontem
kullanilmaktadir. Bu tez ¢alismasi igerisinde hattaki mevcut tiineller, dngermeli
beton ve ¢elik borular, gelecekte yapilmasi planlanan tigiincii ¢elik boru hatt1 ile
hat {izerinde yerlestirilmis ve yerlestirilecek vanalar modellenmis ve modelin
kalibrasyonu yapilmistir. Hat boyunca; zamandan bagimsiz akim kosullarinin ve

bazi tahriklerin olusturdugu ilave su darbesi basinglarinin belirlenmesi i¢in birgok

Vi



senaryo ve vana kapanma prensibi olusturulmustur. Bu senaryolardan ¢ikan
sonuglar hat iizerinde yiiritilen gecmis calismalarla karsilastirilmis ve
aralarindaki en olumsuz durumlar tespit edilmistir. Daha sonra, hat kirilma
emniyet vanalari ile ivedikte kullanilan akim kontrol vanalari igin sistemde asir1

basinglara neden olmayacak kapanma siireleri belirlenmis ve dnerilmistir.

Anahtar Kelimeler: Boru hatt1, su darbesi, giivenli isletme kosullar
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CHAPTER 1

INTRODUCTION

1.1  Rationale for the Study

The main goal while utilizing any kind of reservoir like large dams, head ponds
or even a small tank is to supply municipal, industrial and/or agricultural water
needs of people. For such hydraulic projects, transmission of stored water
continuously and sufficiently to demand locations without any problem is very
crucial in terms of meeting the requirements and therefore, should be the leading
design criterion. In order to provide continuous and safe operation conditions,
behavior of liquid to be transferred should be considered by analyzing it under

different hydraulic environments.

In the light of abovementioned necessities, motivation and focus of this study is to
investigate the water hammer problems to be expected through the existing
pipelines and the third one, that is planned to be constructed when the future
projections are taken into consideration, between Camlidere Dam, which supplies
greater portion of potable water demand of Ankara, and water treatment plant at
Ivedik under various scenarios and thereby to light the way for a stable, safe and

continuous system.



1.2 Specific Objectives of the Present Study

The objective of present study, mainly, is to investigate existing pipelines and
future planned third pipeline between Camlidere Dam and Ivedik Water
Treatment Plant (IWTP) which work properly under dynamic loads due to

transient motion caused by various excitations on the system.

Achieving the main goal, some specific questions should be asked which guide
this study:

e What are the initial and boundary conditions of the Camlidere Dam —

IWTP pipeline system?
e What is the transient motion generated by unsteady boundary conditions?

e Which scenarios are going to be appropriate to examine the transient

motions through the pipeline?

e What are the magnitudes of the dynamic loads generated due to unsteady

boundary conditions?

e What are the effects and contributions of obtaining dynamic loads under
various scenarios to operate the pipeline in safe and continuous manner?
In other words, how are these analyses results enlighten us about the

present study?

In order to answer these questions, an appropriate mathematical model should be
constituted and the system should be analyzed by a relevant numerical technique
which reflects the behavior of water transmitted exactly under different



excitations. Therefore, the results of analyses obtained are going to guide the
suggestions on operating the transmission line safely and continuously in order to

prevent such pipeline damages illustrated in Figure 1.1.

Figure 1.1 Pipeline damages along Camlidere — IWTP in 2000 (Bozkus, 2008)



1.3 Scope of the Present Study

This study is composed of three parts in order to come up with the most
appropriate system at the end, in terms of meeting the dynamic loads generated by

transient motion.

First part consists of examining the existing two pipelines between Camlidere
Dam and Ivedik water treatment plant and defining the overall system by
integrating the third line. Initial and boundary conditions are specified, an

appropriate mathematical model and numerical technique are selected.

In the second part, dynamic loads generated due to various excitations to the
system are analyzed by the help of an advanced numerical simulator, HAMMER,

(explained in detail in CHAPTER 4) which uses selected numerical technique.

Finally in the third part, analyses are evaluated and discussed, and the study is
concluded with the suggestions toward the analyses results for the safe and
continuous operation conditions of existing and future planned pipelines.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The objective of this study is to figure out and make suggestions in order to
overcome the excessive dynamic loads due to hydraulic transients through

Camlidere Dam — IWTP pipeline.

Time dependent variations in boundary conditions give way to tremendous
velocity and pressure changes along the pipeline. In the following topics, a
literature review is shared out that guides this study for understanding the logic of
unsteady or transient flow and existing Camlidere Dam — IWTP pipeline system

which is going to be examined under water hammer effects.

2.2  Transient Flow in Pipelines

Having satisfactory knowledge about the “unsteady flow” that underlies this study
IS a necessity in terms of examining and evaluating the results of time dependent

variations in pipeline systems together with the normal operation conditions.



As is known, the basic definition of steady flow is that the rate of change of
quantities of interest namely velocity (dV/dt), pressure (0P /dt), fluid density
(dp/at), and cross — section, which may vary at any point along the path, do not

depend on time.

Although, slight variations in velocity and pressure can be observed in real life
applications, flow is considered as steady since the average values of those are

constant.

However, in unsteady flow, the conditions at any point differ with time due to
some excitations on the system and the terms transient flow or water hammer are

used to describe unsteady pipe flow of fluids, interchangeably.

Investigation of the propagation of sound waves in air, the propagation of waves
in shallow water and the flow of blood in arteries promoted the fluid transient
phenomenon. Newton’s efforts on the propagation of sound waves, Lagrange’s
analysis on the flow of compressible and incompressible fluids and Euler’s
derivations on differential equation for wave propagation can be defined as the
origin of unsteady flow. On the other hand, Young’s investigations on the
propagation of pressure in pipes for incompressible fluid must not be ruled out
(Chaudhry, 1987).

Early studies on unsteady flow or water hammer were performed in late 1800°s by
Joukowsky (1904) who is accepted as one of the most important contributors to
the phenomenon. Water hammer can be defined as a transient event that leads to
large pressure variations resulting from abrupt changes in flow rate. After a plenty
of experiments on pipes, Joukowsky came up with the concept that the pressure
wave speed in a pipeline depends on the elasticity of water and the circumferential
stiffness of the pipe material. Joukowsky equation, AP = —paAV , relates the
pressure change to the pressure wave speed and the change in velocity (Potter &
Wiggert, 2002) where p is fluid density, a is pressure wave speed and AV is

change in velocity.



In other words, the pressure wave speed decreases if the pipe material is relatively
elastic and this reduction is governed by the size and elastic properties of pipe
material and the external constraints. In order to be able to derive a wave speed
equation regarding the pipe material, Joukowsky made some assumptions for the

sake of simplicity;
e Pressure is uniform across the cross section.
e Mass of pipe material is neglected.
e The axial and bending stresses in the pipe wall are neglected.

e The radial inertia of liquid is neglected.

In early 1900’s, Allievi developed a new theory of water hammer neglecting the
convective term in the momentum equation. He introduced dimensionless
parameters in order to define interrelation between pipe material and fluid, and
valve behavior. In addition, he produced charts for pressure rise and drop at a
valve section due to uniform closure (Ghidaoui, Zhao, Duncan, & Axworthy,
2005).

Unsteady flow and water hammer phenomenon have been studied broadly later by
Parmakian (1955) Wylie and Streeter (1978) and Chaudhry (1987) who have
outlined several analytical solutions of transient motion under various boundary

conditions in their textbooks.

While establishing dimensional and non-dimensional parameters for flow velocity
and transient pressure, Parmakian (1955) used elastic water column theory and

came up with graphical methods in order to perform water hammer analyses.

Wylie and Streeter (1978) derived an unsteady momentum equation and

continuity equation for a fixed control volume in a pipe section. They took into



account the support conditions of pipes in terms of elongation regarding Poisson’s
ratio effect and considered axial and radial stress-strain relations during a transient

event in order to establish wave speed equations.

Chaudry (1987), furthermore, considered elastic pipe and compressible fluid in his
derivations. He also employed continuity and momentum equations for a fixed
control volume resulting in equations consisting of some variables namely area,
velocity and fluid density. Then he promoted pressure and flow rate as variables
by eliminating area term. Therefore, he came up with a definition of wave speed
including strain related pressure terms by rearranging previously derived
continuity and momentum equations. He observed the effect of pipe material on

pressure wave speed in order to enhance wave speed equation.

In recent years many scientists have focused on unsteady flow to develop new
numerical techniques for solving the basic equations of the water hammer
phenomenon since the common concern is to overcome the large pressure
variations during transient motion in order to protect the relevant system
components. One of the most significant causes of pressure rise is that of the
closure of a valve or a gate. Although the most damaging pressure peaks are
caused by rapid flow stoppage, water hammer can frequently occur with more

gradual flow changes, especially in long pipe lines (Bozkus, 1991).

2.3 Camhdere Dam - Ivedik Water Treatment Plant Pipeline

In order to establish the system description of the present study, another survey is
needed about Camlidere Dam and water conveyance line between dam and Ivedik
WTP, and fortunately, sufficient number of studies, projects and documents are

available for a reliable definition.

About the conveyance line, there are successive studies attained by which the
history of dam and pipeline system can be outlined. The first one is a preliminary



report (KISKA Komandit Sti, 1977) about the pipeline under construction
between Camlidere Dam and ivedik WTP. This preliminary report initially gives
general information about pipeline like types and lengths of pipes, which are
going to be detailed in proceeding chapters and then defines the service. This
study aims to understand the hydraulic behavior of pipeline system and determine
the maximum pressures generated, pipe discharges and pressure surge taking the
various hydraulic scenarios into account. Furthermore, it covers alternative
suggestions about necessary control valves against overloading of pipeline,
determinations of their closure times, and calculation of tunnel and pipe

diameters. This study provided basis for initial conditions of a final study.

Considering the preliminary results of abovementioned report as inputs,
Obermeyer Project Management (OPM) (1978) finalized the study by illustrating
detailed calculations, designs and suggestions for each item through the pipeline.
For example, pressure rises of each pipe segment, pipe fracture safety devices,

valve closure durations, and intake structures etc.

Basmaci (1996) published a report on hydraulic calculation of Camlidere Dam-
IWTP transmission line. This report covers minor and major loss calculations
along pipeline. In addition, hydraulics features and schemes of needle valves at

IWTP entrance were given and head losses across those were calculated.

Bozkus (1996) conducted a study on investigation of pipeline and the pressure
reduction gate at the intake structure of Camlidere Dam under various hydraulic
conditions. This study defines the characteristics of pipeline system, head losses
and steady-state discharges for different reservoir elevations regarding the head
losses defined previously by Basmaci (1996). Furthermore, function of pressure
reduction gate, discharge rating curves for partial openings etc. were illustrated

clearly.



In parallel with the previous studies, the work reported by Yiiksel Project (2004)
gives further information about the water conveyance line and takes stock of the

operation problems from past to present.

Extending across the previous studies, this study has revealed the inefficient
operation of both pipelines for the duration of their services and therefore,
intended to investigate pipeline system, prepare the operation guidelines for
various alternatives, determine the short and long run precautions in order to
operate the system in a safe manner, perform investments, rehabilitation reports,
additional constructions, maintenance, repair and fixture replacement and

estimation of services.

In the section 1.1 of Yiiksel Project’s report (2004) (Aim and Scope of the
Project), system has been defined which sets an example. Moreover, dam
information and hydrological data, tunnel and pipe materials, lengths, diameters,
geographical positions, treatment plant capacities have been denoted which
catalyzes this study. In the section 3.4.7, water hammer calculations, evaluation
criteria of precautions and results have been shared with the flow charts of

scenarios emphasized on.

Additionally, regarding this study, inessentiality of third pipeline on those days’
conditions has been explained by supporting with reasons and appropriate

construction time has been suggested.

The latest study on Camlidere Dam — Ivedik Water Treatment Plant pipeline is
done by Bozkus (2008) by composing aforementioned studies and the final reports
concluded by him in 1996 and in 2006. Referring to the previous studies on
pipeline, water hammer analyses of pipeline under various operation scenarios

have been performed by using method of characteristics.

System has been defined once again, hydraulic losses have been identified, the

mathematical model has been constructed for water hammer analyses and
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scenarios have been defined. Finally the study has been concluded by
recommending appropriate closure durations (see Figure 2.1) for pipe fracture
safety devices through the pipeline which are going to be operated automatically
in case of emergency, in order not to cause excessive pressures and failures
(Bozkus, 2008).

Pipe Fracture Safety Valve Closure Law
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Figure 2.1 Pipe fracture safety valve closure law (Bozkus, 2008)
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CHAPTER 3

HYDRAULIC TRANSIENTS IN PIPELINE SYSTEMS

3.1 Transient Flow

The transient flow, as the name implies, is a transition between two steady state
flow conditions. Every transient flow appears as a reaction of fluid to several
changes in the hydraulic conditions controlling the fluid and in the surrounding

environment. Transient flow can be grouped into two categories in general:

The first one is quasi-steady flow. During this type of flow, discharges and
pressures vary so gradually with time that the flow can be considered as steady
over short time intervals. Draining of a large tank is a typical example for quasi-
steady flow.

The other transient flow type is true transient flow. Fluid inertia and/or elastic
properties of pipe and fluid are taken into account for this type of flow. If only
fluid inertia is considered for true transient, the flow is named as rigid-column
flow. Water hammer, on the other hand, is such a true transient in which both fluid
inertia, elasticity of pipe and compressibility of fluid are considered together for

an accurate approach.

12



3.2 Water Hammer

Water hammer known as a hydraulic transient during which the velocities in a
steady-state pipe system differ so rapidly and this rapid change results in a high
pressure surge. As well as it is more complex than a rigid-column analysis, water
hammer reflects the real behavior of the flow more accurately since the elastic

properties of the pipe material and liquid are taken into account.
There are several effects that trigger water hammer (Bozkus, 2009), such as;
e Valve operations
e Starting or stopping pumps or turbines
e Emergency shutdowns
e Fluctuating reservoir level
e Waves on a reservoir
e Vibration of impellers or guide vanes in pumps or turbines

e Vibration of valves

Figure 3.1 illustrates a reservoir, pipeline and valve system in steady state
condition with velocity V, and piezometric head H throughout the pipe
(Frictionless flow). A sudden closure of the valve will cause a transient motion in
the pipe and force fluid velocity to zero. This gives way to an abrupt increase of
head at valve section by an amount AH = aV' /g , where a is pressure wave speed
and g gravitational acceleration, which reduces the momentum of the moving
fluid to zero. The pressure head propagates upstream at a speed a and reaches to
reservoir in L/a seconds after closure of valve. At that moment velocity in the pipe

becomes zero and pressure becomes H + AH throughout the pipe. The pipe is

13



enlarged and the fluid is compressed. Propagation of pressure wave process

continues to evolve with time (Larock, Jeppson, & Watters, 1999).

EL - HGL
é =
H
; VALVE
\Y '. 'y
v _
L :
Iqerrrerrerer e bbb bbb bbb ns >

Figure 3.1 Steady-state flow from reservoir without friction

At time 2L/a after closure, pressure inside the pipe returns its steady-state value
at the beginning of the motion. In other words, pressure head drops an amount
AH. However, direction of velocity is reversed. By the time 3L/a, negative
pressure wave reaches reservoir and velocity inside the pipe becomes zero.
However, due to non-equilibrium between pressure head at the reservoir and
reservoir head, fluid starts to move inside the pipe with velocity VV again. At time
4L /a the pressure wave reaches the valve and variables return their steady-state
value in the very beginning. Figures 3.2 - 3.5 show the movement of pressure
wave in the pipe for different time intervals in an exaggerated way. Especially,

the area change is exaggerated to emphasize it.
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Figure 3.2 Evolution of pressure wave at (a) t < L/aand (b) t=L/a
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Figure 3.3 Evolution of pressure wave at (c) L/a<t<2L/aand (d) t=2L/a
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Figure 3.4 Evolution of pressure wave at (e) 2L/a<t<3L/aand (f) t=3L/a
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Figure 3.5 Evolution of pressure wave at (g) 3L/a<t<4L/aand (h) t=4L/a
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3.2.1 Derivation of Wave Speed Equation

In order to derive pressure wave propagation equations, transient action must be
initiated by exciting a control volume at a section of a pipe. Describing a sudden
valve closure case at the downstream, the continuity and momentum equations are
applied to the control volume shown in Figure 3.6. Applying the momentum
equation to control volume, the pressure wave propagates to upstream with an
absolute speed of a — V, where V,, is the initial velocity. The head difference AH
at the valve section is accompanied by a velocity difference AV. The momentum
equation through the direction of flow in a control volume is just equal to the time
rate of change of momentum within the control volume plus the net efflux of

momentum from the control volume.

Mathematical expression for momentum equation is,

a — — — -
—f dev+f V(pV-ﬁ’)dAzZF 3.1)
at C.V. C.S.

On the other hand it can be expressed as,

—yAHA = pA(a — Vo)AV + pA(Vy + AV)? — pAVE (3.2)

By neglecting the term AV? which is a very small quantity and V,/a < 1, Egn.

(3.2) becomes

AH = ——(1 - (3.3)

alAV Vo alAV
(+9)-
g g

a

For completely stopped flow, AV = -V, and therefore, AH = aV,/g.

19



(a—Vy)At

pA(Vy + AV)?

Control Volume

Figure 3.6 Unsteady flow control volume for momentum analysis

In order to determine the magnitude of wave speed a, the continuity equation
accompanies Eqgn.(3.3). If the valve at downstream of pipe is closed suddenly,
pipe elongates in length As depending on the support condition (see Figure 3.7).
Since the fluid takes that distance in L/a seconds, velocity at the valve becomes
AV = As/L —V,. The pipe accommodates the mass entering the pipe, that is
pAV,L/a, by increasing its cross-sectional area, by filling extra volume due to
extension As, and by compressing the fluid due to higher pressure during L/a

seconds after the closure of valve.
L
pAVo— = pLAA + pAAs + LADp (3.4)

In order to eliminate V,,, AV = As/L — V, is used, then Eqn.(3.4) simplifies to

AV AA N Ap 25
- At (3.5)
and to eliminate AV, Eqn.(3.3) is used. Therefore,
AH
2 g (3.6)

C T AAJA+ hp)p
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Figure 3.7 Simple sketch for a sudden valve closure

The bulk modulus of elasticity of the fluid, K, is defined as,

_ AP AP
S AV
p v

Rearranging Eqgn. (3.6) by using Eqn. (3.7) will yield to

2 K/p
1+ (K/A)(AA/AP)

a

(3.7)

(3.8)

Circumferential tensile stress and strain relations on the pipe wall finally bring us

to general form of wave speed equation:

. VK/p
VI+IK/E)(D/e)]ey
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where c; is a constant that accounts for the support conditions of pipe:

c;=1-0.5u If pipe is anchored at the upstream end only
cp =1—u? If pipe is anchored against axial movement
c;=1 If pipe sections are anchored with expansion joints

where u is the Poisson’s ratio of pipe material.
3.3 Differential Equations for Transient Flow

3.3.1 Continuity Equation

Continuity equation (Eqgn. 3.10) is derived from the conservation of mass equation
and the first term of the equation defines the time rate of change of mass inside
the control volume shown in Figure 3.8 and the other defines the net flux across

the entire control surface sections.

Several assumptions made for deriving continuity equation are listed below:
e Control volume is fixed,
e Fluid is single-phased liquid and slightly compressible,
e Conduit is elastic and prismatic,

e Flow and wave motions are one-dimensional, i.e. planar,

Jt

Cc.v. C.S.

a —
— pdv+f pV -1dA=0 (3.10)
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Figure 3.8 Control volume for continuity equation
Assuming p is constant inside the control volume,
d d
T (pA)bx + [pAV + EP (pAV)6x| — pAV =0 (3.11)
Dividing Eqn. (3.11) by &x, it becomes
a(A)+a(AV)—O 3.12

Differentiating Egn. (3.12) by parts and substituting the expressions in definition
of bulk modulus of elasticity given in Eqn. (3.7), will yield to

(1+D (aP+VaP + & 3.13
K Ee) Jt ax) ox (3.13)
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Finally, substituting Egn. (3.8) into Eqn. (3.13) and simplifying the resulting

equation give the equation below which is the general form of continuity

equation;
8P+V8P+ 2aV—o 3.14
ot " ax P ox T .19

3.3.2 Conservation of Momentum (Equations of Motion)

Momentum equation (Eqgn. 3.15) in the direction of flow for a fixed control

volume shown in Figure 3.9 can be written as follows,

- a — —
> h=o f pTAv+ Y V(¥ TA (3.15)
at c.v. C.S.

The first term is the resultant force;

0
Z FE, = PA — [PA + F (PA)Sx] — 1,mDéx — pgAsin 0 6x (3.16)

The second term is the time rate of change of momentum inside the control

volume;

d N 0
— Vdv =—(pVA)b 3.17
y f K = (VA (3.17)

Finally the third term is the momentum flux through the sections 1 and 2;

- 4] 0
E pVie (V- ) A; = pV2A +—(pV2A)6x — pV2?A = — (pV?A)6x (3.18)
C.S. 0x ox
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VA
datum
Figure 3.9 Control volume for momentum equation
Therefore;
(A6P+ D + pgAsi 9)6 —a(VA)S +a(V2A)6 3.19
i T pgA sin x—atp X 6xp X (3.19)

6x terms cancel each other and after expanding the right side of Egn. (3.19),

9 v+ (ov2ay =v a(A)+a(VA)]+ A(av+Vav> 3.20
ot P ax P — VP Toax WP PAG tV 5x)  B20)

Continuity Equation=0
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Dividing each term by pA and employing A = mD?/4, Eqn. (3.20) can be

rearranged and written as,

18P+8V+ av (4‘[ )—O
pox 0Ot 0x -

+ p—DW+gsin9

which is the momentum equation.

3.4  Solution by the Method of Characteristics

3.4.1 Characteristics and Compatibility Equations

(3.21)

In previous sections two non-linear partial differential equations, namely the

continuity and momentum equations, are derived. These equations having the

dependent variables pressure, P(x,t), and velocity, V(x,t), and the independent

variables distance along the pipeline, x, and time, t, can be transformed into four

ordinary differential equations by using the method of characteristics to come up

with numerically.

Continuity Equation

sox Tt T ax

Momentum Equation

10P 09V 6V+(4TW+ _9)_0
oD gsin@ | =

Let say

4T
(p—DW+gsin6) =F =F()
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10P oV oV
+—+V—+F=0

2_pax ot ox

L1 +/1L2:0

where A is a multiplier.

apP apP av (1 apP av N av N F)
p Ox at dx

E+Va—+pa a+/1

ot 0/ at " 2

Refreshing memories from calculus for ¢ (x, t),

do 6(/) agodx
dt  at = oxdt

Therefore,

opP ( /’l)@P_dP B V_l_/l_dx
ot plox dr VTV T LT @
and similarly

6V+ V+pa2 v dv " V+pa2_dx
ot A Jox ar TN T
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oP A\ oP 6V pa?\ av
[—+(V+—)— F A+ (VA= || +AF =0

(3.25)

(3.26)

(3.27)

(3.28)

(3.29)

(3.30)

(3.31)

(3.32)



Eqn. (3.27) becomes

ap + Ad/l +AF =0
dt dt B
and

Solving above equation for A;

yl 2
;:%:wlzzpzazﬁlzipa

Since VV « a, therefore Eqgn. (3.36) yields to

+a

& &
I

(3.33)

(3.34)

(3.35)

(3.36)

(3.37)

which is called characteristic equation and the compatibility equations are

expressed as follows:

1dP av
{——+a—+aF=O where
p dt dt

{1 dP av F_o L
o adt aF = where
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Figure 3.10 is a simple sketch of time-space domain consisting characteristics

lines on which the compatibility equations are valid.

Upstream boundary Downstream boundary
P(0,)&V(0,t) P(L, )&V (L,t)
t A

x=0 Initial conditions P(x,0)&V (x,0) L

Figure 3.10 Time-space domain for solving compatibility equations

3.5  Finite Difference Equations

The characteristics and compatibility equations are derived in preceding section

by using the method of characteristics which are needed to be integrated along
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respective characteristic directions within the solution domain shown in Figure

3.11,;
1
C*: p—adP +dV+Fdt=0 ; dx=+adt (3.40)
1
c: p—adP —dV—Fdt=0 ; dx=—adt (3.41)
A
U/S boundary D /S boundary
P P(,j+1) P
]+ 1 7 N\ 7 N AN
c- “oct co N c
j 4 N\ \v/ 7 N\
A(i—1,)) B(i+1,))
A
At o o "
' .
i—1 i i+1 Ax x
x=0 g

Figure 3.11 Characteristic grid of solution domain

Figure 3.11 above is a space-time (x-t) plane for undefined pressure, P, and

velocity, V, which are unique variables at any point P. Intersection of the

characteristic lines C* and €~ drawn through point P with x-axis are points A
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and B respectively for which P and V values are set as an initial condition or

computed and they guide to determine P and V values at point P.

P 1 P P P P
C*: f—adP+de+det=0 ; fdxzfadt (3.42)
A p A A A A
P 1 P P P P
C: —j—adp+fdv+det=o ; jdx=—jadt (3.43)
B p B B B B
1 P
ct: —(Pp—P)+ (VP—VA)+det =0 ; Ax=alt (3.44)
pa J
1 P
c™: - p—a(PP — Pg) + (VP—VB)+det =0 ; Ax=-—aAt (3.45)

B

Assuming “quasi-steady” friction;

47, 414 1
p_D = fﬁ where 1, = ngV|V|

Eqgn. (3.24) becomes

B
vV
det = f (g sin 6 +f£) dt = g sin 9At+—f V|v|dt (3.46)
A
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Euler approximation (1* order):

B

fVlVldt =V, |V,|At (3.47)
A

Characteristics equations becomes

tp

ta
tp
Cc™: f thzgsinHAt+%VB|VB|At=GB (3.49)
tp
Ct: (Pp—Py)+pa(Vp—V,) +paG, =0 (3.50)
C™: —(PP—PB)+pa(VP—VB)+paGB =0 (351)

Adding above equations to solve for Vp and subtracting them to solve for Pp

results in

1 1
Vp = > [(VA +Vp) + p_a(PA —Pg) — (G4 — GB)] (3.52)

1
PPZE[(PA+PB)+

Vy =V,
—( Apa 5) —pa(Gy + GB)] (3.53)

Equations derived in terms of pressure head H and velocity V for C* and C~

respectively are as follows (Wylie & Streeter, 1978);
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Compatibility equations:

dH dV %414
gaH  dv  fvivi

+ . -
¢ adt dt 2D

_ gdH av  fV|V|
¢ adt+dt+ 2D

Characteristics equations:

D/S boundary

C+

(3.54)

(3.55)

(3.56)

(3.57)

ct dx +
: — = +aq,
dt
- dx
: —=-a,
dt
U/S boundary
A
A
Y:
Y ooat
At PALN
4 AN
4 N
4 AN
// \\
4 AN
t=0 // \\
< Ax ....... » L — 1

Figure 3.12 (x-t) Grid for solution of single pipe problems
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Figure 3.12 is the illustration of a pipeline divided into N equal reaches each Ax in
length. Positively sloped diagonal line AP (C*) demonstrates Eqn. (3.56) by
computing a time step At = Ax/a (Courant condition). Regarding initially known
IV and H values at point A, Eqn. (3.54) can be integrated along line AP and, thusly,
be written based on unknown variables V and H at point P. Similarly, integration
of Eqgn. (3.55) along line BP (C~), which is the reflection of Eqgn. (3.57) on grid,
yields to another equation with variables known at B and unknown at P. Solving
both equations simultaneously corresponds to conditions at point P. C* equation
may be represented in terms of discharge Q in lieu of velocity V' by employing

area of the pipe and multiplying it by a(dt/g) = dx/g ends up with Eqgn. (3.58)

dH + 2 Pd dx = 0 3.58
f +g—AQf Q+2DA2jQ|Q|x— (3:58)
Hy A

Then the integration of the Eqgn. (3.58) results in

a fAx
Hp —Hy + g—A(Qp Qa) + 2gDAZ QalQal =0 (3.59)
Similar procedure as for C~;

a fA
Hp — Hp — g_A(QP Q) — 29 2aDA? QslQsl =0 (3.60)

Above algebraic equations by which the transient propagation of piezometric

head, H, and discharge, Q, are described, can be rearranged as shown below:

34



c*: Hp = Hy —B(Qp — Qa) — RQ|Q4l (3.61)

C™: Hp =Hp+ B(Qp — Qp) + RQ3p|Q5| (3.62)
h B = i Rr=JtX
where =44 an = 29D A7

In case of the steady-state condition the flows are Q, = Qp = Q and friction
head loss Q4|Q4| . The solution of a transient problem starts with steady-state
initial conditions H and Q which are known at time zero and proceeds with
computing head and discharge values at each grid point in solution domain

throughout the specified time interval.

Eqgn.s (3.61) and (3.62) are simply written as

C+: HPi = Cp - BQPi (363)
C™: Hpi =Cy + BQPl. (3.64)
and
Co+C
p, = %—’V’) (3.65)

where Cp and C,, are known or predefined constants and can be written as,
Cp: Hi_y +BQi_y — RQ;_1|Qi_| (3.66)

Cy: Hiy1 —BQiyq + RQi+1|Qi+1| (3.67)
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3.6 Boundary Conditions

Either end of a single pipe accommodates only one compatibility equation. While
Eqn. (3.64) holds along C~ characteristic line at upstream end, Eqn. (3.63) stands

for C* line at downstream end of pipe shown in Figure 3.13.

Aforementioned linear equations in terms of Qp and Hp transfer the entire
behavior and response of the fluid to the regarding boundary throughout the
transient event. Auxiliary equations or relations are necessary for both cases to
identify Qp and Hp (Bozkus, 2009). Each boundary condition solved
independently from others conveys the regarding information at boundaries to the

points at interior regions.

U/S boundary D/S boundary

v
x

1 2 N Ng=N+1

(@) (b)

Figure 3.13 Characteristic lines at (a) U/S and (b) D/S boundary
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3.6.1 Reservoir at Upstream End with Specified Elevation

In case of a large reservoir at the upstream of a pipeline system, variations in
reservoir elevation due to transient motion can be neglected, that is, HGL is
constant. This boundary condition corresponds to a constant head at starting node
(point 1) of pipeline during transient event which is designated by following

equation.
le = HR (368)

where Hp is reservoir head. And the discharge at point 1 can be obtained by
solving Eqn. (3.64) directly,
Hp —C
p, = (meM) (3.69)

3.6.2 Reservoir at Upstream End with Specified Variable Head

If there is a large reservoir located at upstream end of a pipeline which has a
fluctuating surface elevation in a known manner, let say a sine wave, head and

discharge at starting node become;

and
(Hp, — Cy)
= (3.71)

respectively, where
AH  : Amplitude of the sine wave

W - Circular frequency
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3.6.3 Discharge as a Specified Function of Time at Upstream End

Eqgn. (3.72) expresses the flow through a positive displacement pump located at

upstream end of a pipeline explicitly as a function of time.
Qp, = Qo + AQ|sin wt| (3.72)

Thus, direct application of Eqn. (3.64) with known Qp, at any instant brings one

to find Hp, at each time step.

3.6.4 Pump at U/S End with Head-Discharge Curve Specified

A constant speed centrifugal pump supplying flow from a suction reservoir can be
operated at the U/S end. Using reservoir surface elevation as a reference datum for
HGL and defining the pump characteristics curve, the boundary condition

equation becomes

Hp, = QPl(al + azQpl) (3.73)

in which Hg is shut-off head and a; and a, are constants constituting pump

characteristics curve. Simultaneous solution of Egn.s (3.64) and (3.73) results in

1
0, =5 (B = a1 =B = @) + 4y (G — Hy)) (3.74)

and value of Qp, obtained from above equation is used in either Eqn. (3.64) or
Eqgn. (3.73) to determine Hp,.

3.6.5 Dead End at the Downstream End of Pipe

A dead end at the downstream corresponds to zero flow, that is,
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Qpys =0 (3.75)

Therefore, Hp, . can be determined by using either Eqn. (3.61) or Eqn. (3.63).
3.6.6 Valve at the Downstream End of Pipe

In case of a valve at D/S end of a pipeline (see Figure 3.14), the orifice equation

can be utilized for

Qo = (CdAV)O\/ 2gH, (3.76)
ﬁ—; ~~~~~~~~~~~~~~~~~~ HGL
H, o
0
v > T v

Figure 3.14 Simple sketch of valve at downstream end of a pipe

In which C, is the discharge coefficient and, Ay is effective valve area and H, is

steady state head loss across the valve. General expression for discharge passing

through a valve can be written as follows;

Qp = (CqAy)\/29AH (3.77)

where AH represents the instantaneous drop in HGL across the valve.
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Dividing instantaneous discharge to steady-state one results in

Qp _ (CdAv) AH

Q  (CaAp), \/H:O (3.78)
and thus,

Qp = &r AH (3.79)

N

where t is namely dimensionless valve opening

(Ca4y)
T = 3.80
(CdAV)O ( )
- Ifrt=0, valve is closed, Q = 0
- Ifr=1, steady state or initial condition is ensured
- If0<t<1 valveisbeing closed
- Ifr>1 valve is opening further
Simultaneous solution of Egn.s (3.79) and (3.63) ends up with
Qpys = —BCy +/(BCy)? +2CpCy (3.81)
(Qo1)?
= .82
Cv =S (3.82)

for downstream boundary condition.
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Similarly, boundary condition equation for orifice at the downstream end can be

defined by referring 7 = 1.

3.6.7 Reservoir at the Downstream End with Constant Head

Boundary condition equation in terms of head at the last node of a pipeline ends

with a constant head reservoir is defined by

HPNS - HRD/S (3.83)

3.6.8 Internal Valve

In case of a valve located at an intermediate section of a pipeline, the orifice
equation must be utilized at that node simultaneously for each pipe end.
Therefore, the orifice equation for positive flow and negative flow with steady
state head loss H,, across valve can be written as

Qo7

QP2,1 = QP1,NS = _\/H— HP1,NS - HP2,1 (384)
0

respectively and combining Eqn. (3.84) with Egn.s (3.63) and (3.64) for pipes 1

and 2 results in following boundary condition equation:

Qp,, = FCy(By + By) + J Cv*(By + B2)? £ 2Cy(Cp, — Cu,) (3.85)
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3.6.9 Series Pipe Junctions

The boundary condition equation of a junction of pipes in series with different
physical properties, such as roughness and/or diameter etc., can be defined in
terms of common hydraulic conditions at that junction, that is, the application of
continuity equation and using same pressure head (neglecting local loss) bring two

equations for the junction.

QPl,NS = QP2’1 (3'86)
and
HPl,NS = HP2,1 (387)

and simultaneous solution of above equations with Eqgn.s (3.63) and (3.64) ends

up with
Cp, — Cu,
Qp,, = B, 1B, (3.88)
3.6.10 Branching Pipes

Similar procedure in terms of common hydraulic conditions can be utilized for a
branching junction consisting of incoming and outgoing pipes sharing same node.
Assuming equal pressure head and flow (the continuity principle) values at
junction at which any number of pipes, let say 2 incoming and 2 outgoing,
connected, C* compatibility equation designates incoming pipes while C~ covers

outgoing ones.

Hp = HP1,NS = HPZ,NS = HP3,1 = HP4,1 (3.89)
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Qrows =~ + 5
Hp Cp
Qrons =3, T3,
_ Hp Cu,
_QP 1L,NS B_3 B3
_ Hp Cy,
_QP1,NS - B_4 B,
and

Hp = 1 (3.90)
LF
3.6.11 Surge Tanks

Surge tanks are basically open top reservoirs extending up to HGL with different
sizes and shapes. Boundary condition equation in case of a simple surge tank

located on a pipeline (see Figure 3.15) can be derived as follows;
C* for end node of pipe i, Hp, = Cp — BQp, (3.91)

C™ for starting node of pipei + 1, Hp, = Cy + BQp, (3.92)

Satisfying continuity principle for the intersection point of two pipes and the surge

tank, the discharge is noted as,

Qpinss = QPryry T Qrsurge ank (3.93)
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where QPsurge tant is the discharge through the surge tank,

and the head balance is;

= Zp (3.94)

Pin+1 = ""Pit11

in which Z and Z, are the elevation of liquid column in the surge tank at start and

end of time interval respectively.

Therefore, equation of the liquid surface elevation for time interval At, preferably

small enough, becomes

At
Zp =7+ E (Qps + Qs) (3.95)

o il SR
Zp
Z
v v
E— EE— )
iin+1 i+1,n

Figure 3.15 Schematic illustration of a surge tank located on a pipeline

where is cross-sectional area of surge tank, and Qps and Qg are discharges at the

end and start of the time interval.
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CHAPTER 4

COMPUTER PROGRAM UTILIZED FOR ANALYSES

4.1 General Overview

An accurate modeling of a safe and economic hydraulic system in terms of
transient analysis requires more than a handmade calculation. Considering the
significance of generating fast solutions for recent engineering studies as well as
safety and economy, it is inevitable to take advantage of reliable software to solve
complex equations derived from a hydraulic system in a short time regarding
several boundary conditions and various scenarios. A number of computer
softwares which use the Method of Characteristics (MoC) for solution of complex
transient flow equations are developed up to the present in order to simulate
hydraulic systems numerically. In this regard, the investigation of the water
hammer problems to be expected under various scenarios and suggestions for safe
operation conditions of Camlidere Dam — Ivedik WTP pipeline system is

performed by HAMMER transient analysis and modeling software.
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4.2 Modeling and Computational Features of the Software

HAMMER is an advanced numerical simulator for several hydraulic structures
such as hydropower plants, pumping systems or piping networks which are
supposed to experience transient phenomena or water hammer frequently. It
allows designers for creating safe and economical surge control systems in quick
and professional manner to prevent destructive pipe and equipment damages
(Bentley HAMMER V8i User's Guide, 2010).

The software is capable of computing both steady-state operation conditions and
extended period simulation (EPS) in order to establish initial conditions for
transient results along the pipes and at junctions by using MoC which has been
described as the most reliable algorithm for hydraulic transient flow analysis.

The operating behavior of the system at a specific node in time is determined by
steady-state analyses instantaneously. EPS, on the other hand, simulates the
variation of the system attributes over time. While the steady-state solution
demonstrates the capability of the system to meet a certain average demand, EPS
reflects the ability of the system whether it is supposed to provide acceptable

levels of service over a long period.

Prior to run steady state analysis and computing initial conditions, the program
gives chance to check modeling or data errors by validate command and, thus, a
notification window appears and lists errors with warning messages to fix if there

is any.

HAMMER uses MoC by default for solution of the transient equations induced by
Newtonian fluids which corresponds to compressible fluids and elastic pipe wall.
Rigid column theory, which is a simpler method assuming incompressible fluid

and rigid pipe, is a solution option but not to be set as default.
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The transient analysis is performed by compute command after specifying initial
conditions manually or by allowing the software to compute them automatically.
In addition to the information required for a steady-state analysis and predefined
boundary conditions for tools by HAMMER, hydraulic transient simulation

desires;
e Pipe characteristics to figure out the wave speed
e Vapor pressure of the fluid
e Pump and motor inertia of the pump
e Pump and/or turbine characteristics
e Valve characteristics and operation strategies
e The characteristics of surge-protection equipment

It is possible to import a model automatically from a data source such as EPA Net
or CAD drawings as well as creating your own model. Program is also fully
compatible with WaterCAD and WaterGEMS that the data files imported from
these programs can directly be opened in HAMMER, or vice versa, without
conversion, translation or data loss. Moreover, identification of the components
with their real appearances can be supported by importing pictures as background
layers behind the model (Bentley HAMMER, 2011).

To speed up defining inputs and simplify the evaluation of results, Flex tables (see
Figure 4.1) are brought into use which allows for sorting, filtering and global
editing of inputs and outputs. While it accommodates ready to use data for
hydraulic calculations, such as minor loss coefficients for valves or friction
coefficients for pipes, HAMMER enables users to create their own engineering
libraries in order to enter information once for hydraulic elements and store it to
use many times. The software also provides opportunity to use recommended time

steps or to define it yourself.
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A plenty of hydraulic devices shown in Figure (4.2) can be selected by designer in

order to create desired piping system schematically or scaled on drawing pane and

perform numerous operating scenarios. The devices used for establishing

Camlidere Dam-Ivedik WTP pipeline system can be listed as follows;

Reservoir is selected for Camlidere Dam at the very beginning and
aeration pool inside ivedik WTP at the end of the system. Water surface
elevations, which are the start and end of steady-state HGL, and, inlet and
outlet elevations are defined respectively.

Pipe is selected for the tunnels and pipelines. Also the bifurcation and
trifurcation structures are composed of pipes. The program needs basic
information, namely, diameter, length, friction factor, minor loss
coefficient along pipe and wave speed in order to initiate an analysis. The
wave speed of a pipe element which is a must for transient analysis can be
either defined manually or computed by the wave speed calculator

command.

Junction is the connection of two pipes which have different properties
and/or changes in direction. Designer is supposed to specify the elevation

of the junction only. This command can also be utilized for creating a wye.

Throttle Control Valves are selected as the flow control devices during
analysis. There exist needle valves at Ivedik WTP inlet and butterfly
valves at the start and end of tunnels as pipe fracture safety devices for
maintenance and storage purposes. For this type of valves, the elevation of
valve, diameter, and discharge coefficient are necessary data that must be
defined.
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Calculation options, which is the design criteria of the system in a manner, can be
defined in terms of steady-state (or EPS) and transient solvers. Initially steady-
state friction method must be defined for steady-state solver. Activation of
demand and roughness adjustments, display of status messages of elements,
calculation flags, time step convergence messages and calculation times are
defined within calculation options. Additionally, physical properties of liquid
transmitted are specified in this manager. Similarly, selection of transient friction
method is the fundamental criterion for transient solver. There are four options for
transient friction method, namely steady, quasi-steady, unsteady, and unsteady-
Vitkovski. Detailed reporting options can be specified in this field also. The
content, range and size of transient analysis reports can be adjusted. The transient
solver also covers both time step interval, either defined manually or
recommended by program automatically, and entire run duration time. For the
sake of simplicity a global wave speed for pipes can be assigned instead of
assigning for each pipe. The vapor pressure of liquid to observe vaporization and

vapor pockets is defined manually or can be selected from engineering libraries.

In addition to abovementioned ones, user can assign several devices according to
the scope of the design. A turbine for a hydropower plant or a pump for a
discharge line and different surge control devices like air valve can be selected in

order to achieve the goal.

The user can confirm capability of the penstock and flow control devices under
steady-state operation or transient pressure rise due to load acceptance and load
rejection operations or during emergency shutdowns. Similar verification is

possible for discharge lines and pumps.
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Furthermore, the software is capable of computing the magnitude and direction of
transient forces exerted on a pipe automatically for each time step which can be
activated within transient solver. The results can be analyzed with graphs and
integrated into structural analysis programs to investigate the structural ability of

piping system.

After modeling the system by appropriate devices and adequate data, the software
accurately simulates the transient phenomena ranging from a slow surge to a rapid

transient motion and let user to come up with the suitable surge control strategy.

4.3  Creating and Editing Scenarios

HAMMER contains a scenario control manager in order to observe different
operation and calculation options concurrently. This tool enables designer to
create unlimited number of scenarios consisting of all the input data, calculation
options, results and notes associated with a set of calculations and designer can
modify, compute and review the design under those conditions accordingly
(Bentley HAMMER V8i User's Guide, 2010). The user can switch between
scenarios and compare variations among different operating options in a short

time.

A scenario unifies a set of alternatives containing physical, operational, transient
options etc. that hold categorized input data together for a particular element of
the system as well as calculation options. Performing computations to observe the
effects of alternatives on the system, for example trying different diameters for a
set of pipe, the best one for the system can be preferred permanently. Besides, it is

possible to assign an alternative to different scenarios independently.
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4.4  Presentation of Results and Reporting Features

As well as performing accurate analysis, any software is supposed to demonstrate
results understandably. For this reason, HAMMER can generate several types of
graphs or animations and reports to illustrate results at specific points selected or
profiles created before running the program. It is possible to get results for entire
system; however, depending on the content of model, output files can be very

large in size.

As soon as a transient analysis finished, transient calculation summary appears on
main screen where designer can see the calculation summary, initial conditions,
and extreme heads and pressures. After this global check, detailed graphical or
tabular results and reports can be attained. Going a step further, Transient results
viewer dialog under analysis command shows detailed results for created profiles
and for time histories of selected points in terms of graphs containing hydraulic

grade, flow, air/vapor volume, transient force etc. output.

Some examples of graphical and visual illustrations treated above are;

e HGL profile: It is possible to create profiles along pipeline for graphical
illustration of results. Steady-state HGL can be plotted and the maximum

and minimum transient pressures can be marked along the main path.

e Time-History: Time-dependent alterations in transient flow and pressure
can be plotted and the volume of vapor or air at specified point can be

displayed.

e Animations: The system can be animated to observe how system
variables alter over time following a power failure and transient pressure
stabilizes after a while. Program synchronizes and animates every path

and history on the screen simultaneously.
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e Color mapping: This option helps user to clarify problematic regions with
color maps of maximum or minimum transient pressures, flow or
air/vapor volume. Transient thematic viewer dialog colorizes hydraulic
elements in selected range in accordance with their calculated values for a

specified attribute.

HAMMER is also capable of creating reports which are printable contents
regarding the physical features of model and analysis results. Inputs, graphs,

animations, color maps etc. can be transferred in a report in words and numbers.
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CHAPTER 5

CAMLIDERE DAM - IVEDIK WTP PIPELINE SYSTEM

5.1 Introduction

Camlidere Dam-ivedik WTP pipeline system plays an important role in terms of
supplying the potable water demand of Ankara while it has been projected that
66% of the drinking water need for the city will be provided by Camlidere Dam in
year 2027 (Bozkus, 1996).

Although the master plan projections require 3 pipelines, Camlidere Dam — IWTP
pipeline system has been composed of two composite pipelines yet (Camlidere 1
& Camlidere 2) extending over 60 km between dam and treatment plant which
include hydraulic devices for operation and maintenance purposes. Nevertheless,
increasing potable water consumption of city due to population growth makes the

construction of third pipeline unavoidable in the future.

As a result, considering the aforementioned importance of the pipeline system for
the city of Ankara and, moreover, recognizing that such a pipeline system can
experience transient events frequently, it is crucial to operate the system in a

continuous and safe manner.
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In this regard, this chapter is dedicated to describe the pipeline system in detail
physically with existing and future planned hydraulic components, investigate
water hammer problems expected under various scenarios by the help of methods
and software narrated in previous chapters, and illustrate results of analyses to
come up with suggestions for the safe operation conditions.

5.2  Description of the Pipeline System

5.2.1 Camhdere Dam

Camlidere Dam, which is located 63 km northwest of Ankara on Bayindir Creek,
is a rock fill dam with 753 km? drainage area and it was constructed between 1976
and 1985. The thalweg and crest elevations of the dam are 900 m and 1,002 m
respectively. Although the mean annual flow at dam location is 171x10° m?,
reservoir volume is around 1.3x10° m®. The reason for this huge difference is the
water derivation project planned for the future from Gerede Basin (Isikli Water
Supply Project) to Camlidere Dam. Appendix A illustrates the planning works on
Isikli derivation project. Recent studies on this project illustrates that the amount
of this derivation will be around 230x10° m*® annually (Yiiksel Proje Uluslararas
A.S., 2004). Therefore, the additional volume will result in variation of water
surface elevation of Camlidere Dam between 960.00 — 998.70 m. The minimum

water level is supposed to drop 942.00 m. in case of emergency.

Currently, the raw water stored in dam reservoir is transmitted to ivedik WTP by
two existing pipelines (Camlidere 1 & Camlidere 2) exceeding 60 km and
distributed to the city as potable water after treatment processes. Figure 5.1 shows
the simple layout of Camlidere Dam — IWTP pipeline system. Also Appendix B
shows the layout of the dams and pipelines that supply potable water to the city of

Ankara.
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Figure 5.1 Simple layout of Camlidere Dam — IWTP pipeline (Bozkus, 2008)
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5.2.2 Intake Structure

During the construction stage of Camlidere Dam, OPM (1978) performed a

hydraulic consultancy and came up with a final report covering;
e The maximum pressure surges that the pipeline can experience,
e The maximum discharges through the pipeline,
e The safety protections through the pipeline,

e Design of the water intake structure.

The water intake is a tower type structure including two independent vertical
shafts. One of these shafts (Shaft A) is used to take water into pipeline and the
other (Shaft B) is operated for pressure dissipation purposes. Regarding the
variation of water surface elevations of Camlidere Dam between 942.00 and
998.70 m and length of the pipelines, the intake tower was designed to maintain
water level at 960.00 m, which had been described as the minimum water surface
elevation at operation, in order to prevent irrelevant dimensions of tunnels and
pipes due to large pressures and for ease of operation. However, considering
excess pressures and operational failures, entire pipeline system is designed and
constructed regarding 970.00 m static water level (Yiiksel Proje Uluslararasi A.S.,
2004). As a result, it is necessary to maintain water level at 960.00 m even if the
reservoir level exceeds 960.00 m. Besides, the structure is designed to take water
10 — 15 m below the surface level considering water quality problems caused by
taking water from bottom inlet since there is 56 m elevation difference between

maximum and minimum water levels.

Four gates (Gates No. 5, 6, 7 and 8), operated by crane, are equipped at 955 m,
965 m, 975 m and 985 m in water intake shaft (Shaft A) to make it possible to
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obtain water from different elevations in accordance with the reservoir level.
There also exists a gate (Gate 3) at the bottom inlet to benefit from dead volume

while minimum reservoir level is experienced.

Shaft B, on the other hand, aims to transfer water from shaft A to pipeline at a
maximum level of 960 m even if the reservoir level exceeds 960 m. In order to
provide this, there is a hydraulic pressure reduction gate (Gate 4) between two
shafts which was designed to be operated at partial openings in accordance with
regulation of the level of the pressure reduction and desired discharges through
the pipeline. For reservoir level between 955 — 965 m, a hydraulic gate (Gate 2)
located between two shafts connects them each other. When the reservoir level
drops below 955 m, the water is taken directly by opening Gate 3 at the bottom
inlet. Finally, the hydraulic Gate 1 is located between shaft B and pipeline
entrance. Appendix C shows the plan and sections views of Camlidere Dam intake

tower.

5.2.3 Pipelines

The water conveyance line, which has a composite structure, consists of two
tunnels in series one with diameter of 3.50 m and length of 7,100 m, another with
3.40 m diameter and 16,312 m length, prestressed concrete pipes (PCP) and steel
pipes between tunnels and Ivedik WTP with 2.20 m diameter. Also, there exist
plenty of hydraulic devices equipped through the line. Figure 5.2 shows the

profile of pipeline system.

Starting point of the existing conveyance line is the intake tower connected with
T1 tunnel which is 3.50 m in diameter. The tunnel reaches Bayindir Creek valley
near Alicin region at station 4+277 km and passes the creek with 295 m long steel
pipes in 3.50 m diameter. At the end of the year 1987, 2.20 m diameter steel pipe

has been adapted inside the tunnel due to leakage and subsidence of ground.
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Therefore, in order to compensate the reduction of area at pipeline section, two
more 2.20 m diameter steel pipes were connected to the tunnel from both sides
and connected to 3500 mm diameter steel pipe at the end of the tunnel (Yiiksel
Proje Uluslararast A.S., 2004).

T2 tunnel, following T1 tunnel, is also 3500 mm in diameter with total length of
2,823 m. It starts at station 4+572 km. and ends at 7+395 km near Celtik¢i
Village. At the exit of T2 tunnel, a trifurcation structure (see Figure (5.3)) is
adapted that reduces diameter from @3500 mm to 3 no.s of @1600 mm. @1600
mm butterfly valves are equipped as pipe fracture safety devices (see Appendix
D) on each pipe and then the diameter is enlarged to ¥2200 mm by a conical

expansion part.

According to the master plan, it was planned to construct 3 pipelines between
Camlidere Dam and Ivedik WTP, and so, the first pipeline (Camlidere 1), which
was composed of prestressed concrete pipes was constructed by DSI and taken
into operation in 1987. However, in accordance with the information obtained
from the authorities during a visit to ivedik WTP in 22.08.2011, PCPs between T2
and T3 tunnels were replaced with steel pipes within the operation period until
today. The second pipeline (Camlidere 2), on the other hand, was constructed

completely with #2200 mm steel pipes by ASKI and taken into operation in 2003.

After the exit of T2 tunnel, two pipelines pass Hamam Creek and Camlidere 1 and
2 pipelines reach T3 (Kinik) tunnel at station 14+201.14 km. Diameters of pipes
are reduced to ¥@1600 mm by conical contractions at trifurcation structure. @1600
mm diameter pipe fracture safety valves are also equipped at this location for
maintenance and storage purposes. Then, the pipes are connected to ¥3400 mm

steel pipe
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Figure 5.3 Trifurcation structure (Obermeyer Project Management, 1978)

T3 (Kinik) tunnel is 16,386 m long and 3400 mm in diameter. There isa 6 m
diameter surge shaft 4,457 m after the start (18+658.14 km), and at the end of the
tunnel, another steel trifurcation structure connects @¥@3400 mm tunnel and three
numbers of @1600 mm steel transition pipes. These pipes are also equipped with
butterfly valves, and after these valves, the diameter is widened to ©¥2200 mm
again. Two existing lines constructed parallel to each other pass Ova Creek at
station 60+740 km and 61+553 km respectively and enter ivedik WTP.

Finally, at the entrance of WTP, each line is divided into two branches with
01600 mm diameter by a steel bifurcation structure. The flow passing through the
pipelines is controlled by two Larner-Johnson type needle valves for each line
with dimensions of 1000x685x1000 mm. Figure 5.4 simply illustrates the inlet
structure with Larner-Johnson (LJ) valves at Ivedik WTP (see Appendix E for

62



pictures of Ivedik WTP inlet structure). Entire pipeline system, apart from T3
tunnel, was designed regarding 970 m head. T3 tunnel, on the other hand, is able
to handle 980 m head (Yiiksel Proje Uluslararasi A.S., 2004).

In addition to the existing components of the system, a third steel pipeline parallel
to Camlidere 2 with @2200 mm diameter have been planned to be constructed for
the future projections. For this reason, there exist trifurcations instead of
bifurcations and third pipe fracture safety valves equipped at the start and end of
tunnels. Also there exists a connection point at ivedik WTP for third pipeline.

Details of pipelines and HAMMER inputs are given in Appendix F.

Table 5.1 Pipeline characteristics

Pipe Segment Di(?nmrs;er Le(:]ng)th Material
T1 Tunnel 3,500 4,277 Conc,
T2 Tunnel 3,500 2,823 Conc,
Camlidere 1 2,200 6,807 Steel
Between T2-T3 Tunnels Camlidere 2 2,200 6,807 Steel
Camlidere 3 2,200 6,807 Steel
T3 Tunnel 3,400 16,386 Conc,
Camlidere 1 2,200 30,178 PCP
Between T3 Tunnel — Ivedik Camlidere 2 2,200 31,282 Steel
Camlidere 3 2,200 31,282 Steel
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Inlet structure of lvedik WTP

Manometer 913 12 =J__
02200 Concrete pipe r
7
913.50
oY
T l \913 10

////A////////%W)

1000x685x7000 mm
;. 1000 mm __ _— Larner Johnson 1600 x 1600 mm
short Dall = Butterfly valve Sluice Gate
— Insert type Valve -
Flowmeter

820.13

ga
il
1]
,/ u
11T
Manometer %
|
/ I
01600 mm
Steel pipe ¥
Cascades
for Kurtbogaz:
Tr. Lines
Biturcation
and Control Room Blending Chamber
I Reduction I !
220071600 mm

Steel structure

Figure 5.4 Simple sketch of inlet structure at IWTP (Bozkus, 2008)

64



5.3  Hydraulic Losses

The hydraulic losses throughout the pipeline system can be examined in terms of
major (friction) losses and minor (local) losses. Although, friction losses govern
the entire head loss calculations due to the length of pipeline extending over 60
km, minor losses especially those of needle valves at the entrance of Ivedik WTP

cannot be ignored.

During steady — state and transient analyses, Darcy — Weisbach formula is set as a

global friction method and friction losses are calculated by Egn. 5.1 :

LV?  8fL
D2g gm2D5

by =1 Q2 G.1)

It should be noted that Darcy — Weisbach friction coefficient, f, depends on
relative roughness, e /D, and Reynolds number (Re = VD /v). Within the previous
works conducted on Camlidere Dam — Ivedik WTP pipeline system, various
friction coefficient values were selected for analyses. Darcy — Weisbach friction
factor, f, was selected 0.012 for tunnels and 0.0125 for pipes which corresponds
to 0.20 mm roughness height during the analyses performed by OPM (1978).
However, considering the passing years, these values considered very optimistic
for analyses conducted by Bozkus (1996) and were needed to be replaced with

more realistic ones.

Bozkus (1996) used f = 0.012 for @2200 mm steel pipes which corresponds to
0.25 mm roughness height and f = 0.0152 for ©¥2200 mm PCPs which
corresponds to 0.70 mm roughness height. For tunnels, various combinations of
Manning roughness coefficient, n, have been tested for steady state analyses and
n = 0.014 was selected for the transient computations performed by Bozkus

(2006). This value was described as the most accurate (Bozkus, 2006) depending
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on the comparison of flow computations by Yiiksel Project (2004). Then,
Manning roughness coefficient was converted into friction factor, f, and ended up

with;
For T1 and T2 tunnels; n=0.014 ; D=3500mm ; f=0.0239

For T3 tunnel ; n=0.014 ; D=3400mm ; f =0.0241

The analyses performed in this study, on the other hand, only require roughness
height values in order to calculate friction losses. Roughness heights for steel
pipes and PCPs are defined 0.25mm and 0.70 mm respectively. Besides,
roughness height, €, values for tunnels are converted from corresponding f values

defined above by using Swamee-Jain equation given below:

1.325

[n(ozr (§) + )]

(5.2)

Therefore a general roughness height determined for tunnels in this study

becomes,

€ =17.42 mm.

Minor losses considered in this study are listed as follows:
e Entrance losses due to intake structure,

e Losses at the outlet of T1 tunnel due to contractions, expansions and

bends,
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e Losses due to trifurcation structures, contractions and expansions at this

sections,
e Pipe fracture safety valve (Butterfly valves) losses,
e Exit losses at Ivedik WTP,

e Larner-Johnson needle valve losses.

Minor loss expressions as a function in transmission line and hydraulic structures
were calculated previously by Basmaci (1996) for each operating option and

summarized on the table below:

Table 5.2 Minor loss expressions through the pipeline (Basmaci, 1996)

Single Pipe Double Pipe Triple Pipe

Item

A Q2

Head loss at intake structure | 0.003336 Q*> | 0.013344 Q* | 0.030024 Q?

Head loss at outlet of T1
tunnel due to reduction of 0.005067 Q> | 0.020268 Q> | 0.045603 Q?
pipe diameter

Head loss at flowmeter and

bifurcation steel structure 0.005877 Q* | 0.005877 Q* | 0.005877 Q?
from 2200 to 1600 mm

Head loss at ivedik WTP 2 2 2
inlet before LJ valve 0.005312 Q 0.005312 Q 0.005312 Q
Head loss at ivedik WTP

0.011039 Q* | 0.011039Q? | 0.011039 Q?

inlet after LJ valve

In addition to minor losses listed above, head losses at Larner-Johnson needle

valve, shown in Figure 5.5, were calculated in that study as follows:
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Main formula for LJ valve for each line was taken as;
Q_
5= CpA./2gH (5.3)

where
Q/2 : Discharge passing through LJ valves (half of the flow), [m?/s]
A : Area of valve throat, [m?]

Cp . Coefficient of discharge for full opening, C, = 0.60

H : Head at upstream of LJ valve, [m]
A )
A INSTALLATION
_--Body
ELOW, .
m Inlaid stainless seat XA
— ; N
W BRE Travel----
"--Body seat
Pinion-. N\ h \ .--{1 [ Needle
% 7N N\ 5
*Chamber C Port connecting R
— — hombers cingAc.;-Ae'r
<-Rack i ,
4
v o4
. “‘Chomber 0, Y/ -t Chamber c,
N Py
\\
Port----....
=y
= “piston rings
== - ,~Flow control
Reservoir : I ! spool
pressure-.._ I M i E"

Figure 5.5 Larner — Johnson needle valve (Basmaci, 1996)
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Therefore, solution for head loss in LJ valve to allow a definite discharge

becomes;

QZ

H=——— 5.4
442Cy%2g (>4)

Diameter of the LJ valve is 685 mm and, therefore, area of the valve throat is

nD?  m(0.685)?

— 2
2 2 = 0.368529m

A=

Finally, resultant head loss term at LJ valve has been denoted as,

H = 0.260613 Q? (5.5)

In order to perform an analysis by HAMMER, abovementioned head loss
equations need to be converted into head loss coefficients and assigned to related
pipes and hydraulic devices in the model. In other words, model should be
calibrated by calculating corresponding head loss coefficients.

General term for minor loss is;

VZ 2
h, =K— ¢

=K
29 29gA?

(5.6)

where K is minor loss coefficient.
H=h,,

and therefore,
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QZ
2gA?

202 =K (5.7)

By canceling squares of discharges and rearranging terms, head loss coefficient,

K, can be written as;

K =12g A? (5.8)

As a result, converted head loss coefficient by using Eqgn. 5.8 can be listed as

follows;

Table 5.3 Converted minor loss coefficient

Item Minor loss coefficient, K
Head loss at intake structure 6.059
Head loss at outlet of T1 tunnel due to
) . ) 9.202

reduction of pipe diameter
Head loss at flowmeter and bifurcation 1 666
steel structure from ©¥2200 to 1600 mm ’
Head loss at ivedik WTP inlet before

1.506
LJ valve
Head loss at ivedik WTP inlet after LJ

0.219
valve

Minor loss coefficients above are assigned to related pipes in the model.
Additionally, head loss coefficient for pipe fracture safety valves (butterfly
valves) is set to 0.20 for fully open initial condition (Thorley, 2004) and Figure

5.6 shows the head loss coefficients assigned in the analysis model for different
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spindle movements of butterfly valves ranging from #1200 mm to ¥1800 mm in

diameter.

Nevertheless, discharge coefficient value for HAMMER differs from the

conventional Cp, value. Although discharge equation is written as,

Q= CpA\2g9H (5.9)

Butterfly Valve Characteristics Curve
1000

100 \

T~

. T~

1 \\

—~

0 30 60 90
Valve Spindle Movement (Degrees)

Head Loss Coefficient, K

0.1

Figure 5.6 Butterfly valve head loss coefficient curve (Thorley, 2004).

Discharge coefficient term in HAMMER s,

and thus discharge equation becomes,

Q= C,VH (5.11)
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Solving Egn. 5.10 for discharge coefficient that HAMMER requires results in

Cy = 0.368529 (0.60) \/2g = 0.979

which is assigned to LJ valves in the model for fully open initial condition. Table
5.4 shows valve characteristics input of LJ valves for different openings and
Figure 5.7 shows the characteristics curve of LJ valves:

Table 5.4 Valve characteristics of LJ needle valves (Basmaci, 1996)

Valve opening Discharge Coefficient, Relative Discharge
(%) Co Coefficient (%)
0 0 0
10 0.100 16.67
20 0.190 31.67
30 0.265 44.17
40 0.330 55.00
50 0.388 64.67
60 0.440 73.33
70 0.487 81.17
80 0.528 88.00
90 0.565 94.17
100 0.600 100.00
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LJ Needle Valve Characteristics Curve
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Figure 5.7 LJ needle valve discharge coefficient curve (Basmaci, 1996)

54  Computation of Steady-State Discharges

Steady — state discharges passing through Camlidere Dam-ivedik WTP pipeline
were first calculated by OPM (1978) and concluded as 7.35 m®/s for single line,
14.5 m®/s for double line and 21 m*s for triple line. The points here that should be
taken into consideration are that the water surface elevation in the reservoir while
calculating the discharges was taken as 970 m and Darcy — Weisbach friction
factor for tunnels and pipes were taken 0.012 and 0.0125 respectively. On the
other hand, the friction factors used in discharge computations were suggested to
be larger than those of OPM in another study conducted by Bozkus (1996).
Additionally, Bozkus (2006) came up with that the water surface elevation inside
shaft B of intake structure must be 960 m and never be allowed to exceed 965 m

which is the maximum allowable water surface elevation for safety of pipeline
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system, since the pipeline was designed in accordance with the maximum head of
970 m (Yiiksel Proje Uluslararast A.S., 2004). Thereby, the discharge values

obtained in Bozkus’s study were lower than those of OPM.

A comprehensive study conducted by Yiiksel Project (2004) demonstrates
discharges as 5.90 m*/s, 11.20 m%s and 14.50 m*/s respectively for single, double
and triple lines for 965 m water surface elevation. Results obtained by Yiiksel
Project (2004) and Bozkus (1996) for same water surface elevations seem close.
Fortunately, after calibration of analysis model, steady-state discharges computed
in this study in a range of 945 — 970 m WSE at intake structure exhibit
approximate values comparing with those of Yiiksel Project (2004) and Bozkus
(1996). The results of steady-state discharge computations are listed and

compared with previous works in Table 5.5.
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55  Pressure Wave Speed and Characteristic Time

The wave speeds for T1, T2 and T3 tunnels and @2200 pipes are selected in

accordance with the study conducted by Bozkus (2006) and the others are

calculated by using wave speed calculator tool of the software.

Table 5.6 Wave Speed Along Pipeline

Diameter

Wave Speed, a

Pipe (mm) Material (mis)
T1 Tunnel 3,500 Concrete 1,230.00
Alicin Cross between T1-T2 3,500 Steel 1,033.64
T2 Tunnel 3,500 Concrete 1,230.00
T3 Tunnel 3,400 Concrete 1,240.00
2,200 PCP 1,280.00

Camlidere 1-2-3

2,200 Steel 1,198.00
Trifurcations 1,600 Steel 1,076.31

In order to satisfy courant condition (At = Ax/a), characteristic time is calculated

considering the shortest pipe and wave speed correspond to it. The shortest pipe is

6.70 m steel branch of trifurcation structure and wave speed defined for this pipe

is 1,076.31 m/s. Therefore, the maximum characteristic time along pipeline is;

6,70

At = T07631

= 0.0062 s

However, 0.005 s assigned to analysis model in order to follow results at every 1

second easily.
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5.6  Scenarios Used in Transient Analyses

The transient scenarios used in this study are selected considering the studies
carried out by Yiiksel Project (2004) and Bozkus (2006) in order to compare the
results by HAMMER. 10 operation alternatives are selected for water hammer
analyses including the future planned third pipeline and the numbering of
alternatives is designated as those of Yiiksel Project (2004) and Bozkus’s study
(2006) to compare results easily. These operation alternatives are repeated for
different valve closure principles demonstrated in Appendix G regarding mainly
WSE of 960 m at intake structure since the WSE must be retained around this
level and never be allowed to exceed 965 m (Yiiksel Proje Uluslararasi A.S.,
2004). It must be noted that the pipeline system is designed in accordance with the
970 m pressure head. Also water surface elevations of 965 m and 970 m are
carried out for single, double and triple pipeline operation alternatives in order to
investigate system in an overloading case. Additionally, closure of the Larner —
Johnson valves from 45% partial opening is observed to investigate pressure rises

in a partial opening case.

10 operation alternatives considered in this study are listed as follows:

1 Camlidere 1

2 Camlidere 2

3. Camlidere 1+2

4, Camlidere 1+2+3

7 Camlidere 2 between T2-T3 Camlidere 2+3 between T3-WTP

8 Camlidere 1+2 between T2-T3 Camlidere 1+2+3 between T3-WTP
9. Camlidere 1+2 between T2-T3 Camlidere 1 between T3-WTP

10. Camlidere 1+2 between T2-T3 Camlidere 2 between T3-WTP

11.  Camlidere 1+2+3 between T2-T3  Camlidere 1+2 between T3-WTP
12.  Camlidere 1+2+3 between T2-T3  Camlidere 2+3 between T3-WTP
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5.7 Results of Water Hammer Analyses

The results of water hammer analyses in this study are given in Tables from 5.7 to
5.15. Tables consist of 5 main columns. 1% column represents the number of
analysis and some of them are divided into two rows in order to compare the
common results computed by Bozkus (2006). 2" column represents the scenario
ran for that analysis. 3" column corresponds to the valve closure principle applied
for simulation of the transient event in the governing scenario. 4™ column which is
divided into three parts illustrates the start and end node of analysis and initial
conditions of those. Finally, the 5™ column illustrates the peak pressure head due

to water hammer computed at end node for governing analysis.

5.7.1 Analysis No. 1 — 10: WSE of 960 m & 30 min. Valve Closure

These analyses are performed considering 30 minutes of closure duration
suggested by Yiiksel Project (2004) for LJ needle valves at Ivedik WTP. Scenario
names are to be inspired from those of Bozkus’s study (2006) in order to compare
them easily. For example, scenario “B1-30” gives the water hammer results of
Camlidere 1 pipeline. To explain, “B” stands for “Base” analyses in which the
valve operations are implemented at Ivedik WTP while “1” stands for the
operation alternative listed in section 5.4.2, and “30” represents the valve closure
duration in minutes. Governing valve closure principle for analyses 1 — 10 is
“VALVE30” and the details of that are given in Appendix G. Similarly, “B3-30”
represents the 30 minutes of closure duration for Larner-Johnson needle valves at
the end of Camlidere 1 and Camlidere 2 pipelines reaching Ivedik WTP. Table 5.7
Results of water hammer analyses (1)shows the results of analyses 1-10 in a

tabular form.
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Table 5.7 Results of water hammer analyses (1)

. . Results
Initial Conditions at IWTP
Valve
Analysis No. | Scenario ] Closure Peak
Principle | R€ | HGLat HGL
WSE | IWTP | Q | Elev.
(m) (m) [ (m°s)] (m)
Bozkus 960.20 | 926.10 | 5.50 | 966.56
1. B1-30 | VALVE30
Sakabas 960.20 | 926.67 | 5.72 | 965.39
Bozkus 960.12 | 926.10 | 6.50 | 967.83
2. B2-30 | VALVE30
Sakabas 960.12 | 927.42 | 5.97 | 965.41
Bozkus 960.10 | 926.40 | 10.40 | 967.85
3. B3-30 § VALVE30
Sakabas 960.10 | 925.57 | 10.40 | 966.53

4. | Sakabas | B4-30 | VALVE30 | 960.00 | 923.05 | 13.49 | 967.54

5. | Sakabag | B7-30 | VALVE30 | 960.00 | 923.73 | 9.27 | 967.23

Sakabas | B8-30 | VALVE30 ] 960.00 | 923.13 | 12.92 | 967.99

Bozkusg 960.31 | 926.20 | 6.00 | 967.23
7. B9-30 | VALVES30

Sakabasg 960.31 | 927.52 | 6.00 | 965.11

Bozkusg 960.75 | 926.30 | 7.05 | 969.11
8. B10-30 § VALVESI0

Sakabasg 960.75 | 928.57 | 6.32 | 965.71

9. | Sakabas | B11-30 | VALVE30 | 960.00 | 925.98 | 10.68 | 966.13

10. | Sakabas | B12-30 | VALVES0 | 960.00 | 925.84 | 10.87 | 966.14

5.7.2 Analysis No. 11 — 20: WSE of 960 m & 45 min. Valve Closure

These analyses are repeated for same operation alternatives. The only difference
for these analyses is the 45 minutes valve closure duration for LJ needle valves at
Ivedik WTP. This duration was declared by the technical staff at ivedik WTP as
the governing closure principle for LJ valves in a technical visit in 22.08.2011.
Also Bozkus (2006) considered this duration in his computations. The results of

80



these analyses are compared with those of previous analyses to discuss (see Table
5.8).

Table 5.8 Results of water hammer analyses (2)

Results
Initial Conditions at
Valve IWTP
Analysis No. | Scenario] Closure Peak
Principle | Res. | HGL at HGL
WSE | IWTP Q Elev.
(m) (m) | ms)| (M)
Bozkus 960.20 | 926.10 | 5.50 | 962.24
11. B1-45 | VALVE45
Sakabasg 960.20 | 926.67 | 5.72 | 965.73
Bozkus 960.12 | 926.10 | 6.50 | 962.66
12. B2-45 | VALVE45
Sakabasg 960.12 | 927.42 | 5.97 | 965.73
Bozkus 960.10 | 926.40 | 10.40 | 962.68
13. B3-45 | VALVE45
Sakabasg 960.10 | 925.57 | 10.40 | 966.94

14. | Sakabas | B4-45 | VALVE45]960.00 | 923.59 | 13.49 | 968.00

15. | Sakabas | B7-45 | VALVE45]960.00 | 923.73 | 9.27 | 967.65

16. | Sakabas | B8-45 | VALVE45]960.00 | 923.13 | 12.92 | 968.49

Bozkusg 960.31 | 926.20 | 6.00 | 962.33
17. B9-45 } VALVEA45

Sakabas 960.31 | 927.52 | 6.00 | 965.41

Bozkusg 960.75 | 926.30 | 7.05 | 963.17
18. B10-45 | VALVE45

Sakabasg 960.75 | 928.57 | 6.32 | 966.00

19. | Sakabas | B11-45 | VALVE45]960.00 | 925.98 | 10.68 | 966.50

20. | Sakabas | B12-45 | VALVE45]960.00 | 925.84 | 10.87 | 966.50
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5.7.3 Analysis No. 21 — 30: WSE of 960 m & 6.5 min. Valve Closure

These analyses are performed to investigate the amount of pressure rises under a
fast closure, caused by an operation failure, of LJ needle valves at ivedik WTP
and the results are given in Table 5.10. The importance of investigating fast
closure is to observe pressure rises whether they are in a range that the system can
handle in terms of strength and, if these are beyond acceptable values (970 m
pressure head), to suggest a closure principle for pipe fracture safety valves in
order to protect remaining system. Minimum closure duration for LJ needle
valves is obtained from the specs of manufacturer as 6.5 minutes and, therefore,
“VALVES6.5” (see Appendix G) shows the linear closure of valves in 6.5 minutes.

Table 5.9 Results of water hammer analyses (3)

. . Results
Initial Conditions at IWTP
Valve
Analysis No. | Scenario | Closure Peak
Principle | Res- | HGLat HGL

WSE | WTP | Q | Elev.
(m) m) [ (m’s) ] ()

21. | Sakabas | B1-6.5 | VALVEG6.5 | 960.20 | 926.67 | 5.72 | 1,068.03

22. | Sakabasg | B2-6.5 | VALVEG6.5 | 960.12 | 927.42 | 5.97 | 1,068.44

23. | Sakabas | B3-6.5 | VALVEG6.5 | 960.10 | 924.81 | 10.40 | 1,074.16

24. | Sakabas | B4-6.5 | VALVEG6.5 | 960.00 | 923.05 | 13.49 | 1,068.40

25. | Sakabag | B7-6.5 | VALVEG6.5 | 960.00 | 923.73 | 9.27 ] 1,063.94

26. | Sakabas | B8-6.5 | VALVEG6.5 | 960.00 | 923.13 | 12.92 | 1,065.47

27. | Sakabasg | B9-6.5 | VALVEG6.5 | 960.31 | 927.52 | 6.00 | 1,066.16

28. | Sakabas | B10-6.5 | VALVEG6.5 | 960.75 | 928,57 | 6.32 | 1,068.19

29. | Sakabas | B11-6.5 | VALVEG6.5 | 960.00 | 925.18 | 10.68 | 1,074.18

30. | Sakabas | B12-6.5 | VALVEG.5 | 960.00 | 925.84 | 10.87 | 1,073.54
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5.7.4 Analysis No. 31 — 60: WSE of 960 m & Closure of PFSV’s

The scenarios designated by “U” in Tables 5.10, 5.11 and 5.12 are performed in
order to observe the pressure rises due to the closure of pipe fracture safety valves
(PFSV) separately in case of a failure along pipeline. These valves are located at
the end of T2 tunnel and at the entrance and end of T3 tunnel. In order to perform
these analyses, discharge to atmosphere tool is utilized at Ivedik WTP to simulate
pipe fracture since the discharge does not reach LJ valves. “T3C” represents end
of T3 tunnel while “T3G” and “T2C” stand for entrance of T3 tunnel and end of
T2 tunnel respectively.

The closure duration for valves is selected as 30 minutes which is previously
observed and suggested as a safe operation condition by Bozkus (2006) for single
and double pipelines. In these analyses, peak pressures caused by 30 minutes
closure duration for PFSV’s is compared with those of Bozkus’s study (2006) and
checked for third pipeline. the valve closure principle for PFSV’s is “FAST3”. In
this principle, 70% closure is implemented in 600 s and remaining 30% closure is
completed in 1200 s (see Appendix G).
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Table 5.10 Results of water hammer analyses (4)

Results
. . at the
Initial Conditions End of
Valve T3
Analysis No. | Scenario | Closure
Principle HGL at Peak
Res. | the End HGL
WSE of T3 Q Elev.
(m) m) | ms)] (m)
Bozkus 960.00 | 950.12 | 550 | 962.18
31. U1-T3C FAST3
Sakabas 960.00 | 948.17 | 6.77 | 963.23
Bozkus 960.00 | 948.54 | 6.50 | 962.47
32. U2-T3C FAST3
Sakabas 960.00 | 946.83 | 7.16 | 962.93
33. | Sakabas | U3-T3C FAST3 | 960.00 | 938.99 | 12.07 | 963.67
34. | Sakabag | U4-T3C FAST3 | 960.00 | 931.21 | 15.29 | 964.89
35. | Sakabas | U7-T3C FAST3 | 960.00 | 931.59 | 10.55 | 964.50
36. | Sakabas | U8-T3C FAST3 | 960.00 | 929.52 | 14.55 | 965.31
Bozkus 960.00 | 954.30 | 6.00 | 962.37
37. U9-T3C FAST3
Sakabas 960.00 | 952.52 | 7.18 | 963.32
Bozkus 960.00 | 952.32 | 7.05 | 962.63
38. U10-T3C | FAST3
Sakabas 960.00 | 951.51 | 7.65 | 963.64
39. | Sakabas | U11-T3C | FAST3 | 960.00 | 940.77 | 12.48 | 963.92
40. | Sakabag | U12-T3C | FAST3 | 960,00 | 939,94 | 12.75 | 964.05
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Table 5.11 Results of water hammer analyses (5)

Results
. . at the
Initial Conditions Start of
Valve T3

Analysis No. | Scenario | Closure
Principle HGL at Peak
Res. | the Start HGL
WSE of T3 Q Elev.
(m) m) | ms)] (m)
Bozkus 960.00 | 951.93 | 5.50 | 961.30

41. U1-T3G FAST3
Sakabas 960.00 | 951.45 | 6.77 | 961.06
Bozkus 960.00 | 951.02 | 6.50 | 961.38

42. U2-T3G FAST3
Sakabas 960.00 | 950.51 | 7.16 | 961.07
43. | Sakabas | U3-T3G FAST3 | 960.00 | 949.40 | 12.07 | 961.40
44, | Sakabas | U4-T3G FAST3 | 960.00 | 947.91 | 15.29 | 961.74
45. | Sakabas | U7-T3G FAST3 | 960.00 | 939.55 | 10.55 | 961.08
46. | Sakabas | U8-T3G FAST3 | 960.00 | 944.65 | 14.55 | 961.41
Bozkus 960.00 | 956.43 | 6.00 | 961.35

47. U9-T3G FAST3
Sakabas 960.00 | 956.21 | 7.18 | 961.40
Bozkus 960.00 | 955.19 | 7.05 | 961.48

48. U10-T3G | FAST3
Sakabas 960.00 | 955.70 | 7.65 | 961.40
49. | Sakabas | U11-T3G | FAST3 | 960.00 | 951.91 | 12.48 | 961.74
50. | Sakabas | U12-T3G | FAST3 | 960.00 | 951.56 | 12.75 | 961.74
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Table 5.12 Results of water hammer analyses (6)

Results
. . at the
Initial Conditions End of
Valve T2
Analysis No. | Scenario | Closure
Principle HGL at Peak
Res. | the End HGL
WSE of T2 Q Elev.
(m) (m) | (ms)] (m)
Bozkus 960.00 | 958.58 | 5.50 | 960.65
51. Ul-T2C FAST3
Sakabas 960.00 | 958.40 | 6.77 | 960.34
Bozkus 960.00 | 958.07 | 6.50 | 960.64
52. U2-T2C FAST3
Sakabas 960.00 | 958.21 | 7.16 | 960.86
53. | Sakabag | U3-T2C FAST3 | 960.00 | 954.92 | 12.07 | 960.63
54. | Sakabas | U4-T2C FAST3 | 960.00 | 951.86 | 15.29 | 960.95
55. | Sakabag | U7-T2C FAST3 | 960.00 | 956.12 | 10.55 | 960.91
56. | Sakabag | U8-T2C FAST3 | 960.00 | 952.63 | 14.55 | 960.63
Bozkus 960.00 | 958.33 | 6.00 | 960.65
57. U9-T2C FAST3
Sakabas 960.00 | 958.20 | 7.18 | 960.63
Bozkus 960.00 | 957.75 | 7.05 | 960.61
58. U10-T2C | FAST3
Sakabasg 960.00 | 957.96 | 7.65 | 960.64
59. | Sakabas | U11-T2C | FAST3 | 960.00 | 954.57 | 12.48 | 960.95
60. | Sakabas | U12-T2C | FAST3 | 960.00 | 954.34 | 12.75 ] 960.95
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5.7.5 Analysis No. 61 — 64: WSE of 965 m & 45 min. Valve Closure

These four analyses denoted by “W” are performed to investigate peak pressure
heads at Ivedik WTP for single, double and triple pipelines under 965 m water
surface elevation at intake structure which was defined as the maximum level that
should not be exceeded for safe operation conditions. For this reason,
“VALVE45” is assigned as closure principle of LJ valves in terms of reflecting

the actual case and the results of analyses are given in Table 5.13.

Table 5.13 Results of water hammer analyses (7)

Results

Initial Conditions at

Valve IWTP

Analysis No. | Scenario | Closure Peak
Principle | Res. | HGL at HGL

WSE IWTP Q Elev.

(m) (m) | (m7s) | (m)

61. | Sakabas | W1-45 | VALVE45] 965.00 | 927.65 6.04 970.78

62. | Sakabas | W2-45 | VALVE45] 965.00 | 928.52 6.31 970.91

63. | Sakabas | W3-45 | VALVE45] 965.00 | 926.45 10.99 972.17

64. | Sakabas | W4-45 | VALVE45] 965.00 | 924.25 14.28 973.44
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5.7.6 Analysis No. 65— 69: WSE of 970 m & 45 min. Valve Closure

Additionally, these five analyses denoted by “X” are performed to investigate
peak pressure heads at ivedik WTP for single, double and triple pipelines under
WSE of 970 m at intake structure which was performed by OPM in 1978 for a
single pipeline. Analysis No. 65 is the comparison of 33 minutes valve closure
duration (VALVE33) suggested by OPM (1978) for a single pipeline. In this
principle, 80% of the valve is closed in 720 seconds and closure of remaining 20%
is completed in 1260 seconds. Remaining analyses are performed considering
“VALVE45” closure principle of LJ valves in terms of reflecting the actual case
and results are given in Table 5.14.

Table 5.14 Results of water hammer analyses (8)

Results
Initial Conditions at
Valve IWTP
Analysis No. | Scenario | Closure Peak
Principle | Res. | HGL at HGL
WSE IWTP Q Elev.
(m) (m) (m°/s) (m)
OPM 970.00 | 928.07 7.35 976.21

65. X1-33 | VALVE33
Sakabas 970.00 | 928.67 6.35 975.11
66. | Sakabas | X1-45 | VALVE45] 970.00 | 928.67 6.35 976.00
67. | Sakabas | X2-45 | VALVE45| 970.00 | 929.64 6.64 976.11
68. | Sakabag | X3-45 | VALVE45] 970.00 | 927.35 | 1157 | 977.43
69. | Sakabag | X4-45 | VALVE45] 970.00 | 92491 | 15.03 | 978.86
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5.7.7 Analysis No. 70 — 73: WSE of 960 m & 45% Partial Opening

These four analyses denoted by “P4s” are performed to investigate peak pressure
heads along Camlidere 1 and Camlidere 2 (3) pipelines resulted from closure of
LJ valves at fvedik WTP from 45% partial opening under WSE of 960 m at intake
structure which was defined as the maximum level that should not be exceeded for
safe operation conditions. Here, “P4s” stands for 45% partial opening. Currently,
2700 seconds (45 min.) closure duration is utilized for LJ valves to close them
from fully open case. However, in these analyses, 55% of the valves are assumed
to be closed in 1065 seconds linearly and remaining 45% of the valve opening is
assumed to be closed in 1635 seconds (~27 min.) in two stages regarding
“VALVE45” closure principle. The valve opening reduces from 45% to 22.5 % in
435 seconds and from 22.5% to 0% in 1200 seconds. For this reason,
“VALVE27” is assigned as closure principle of LJ valves in terms of reflecting

the actual case.

Table 5.15 Results of water hammer analyses (9)

Results

Initial Conditions at

Valve IWTP

Analysis No. | Scenario | Closure Peak
Principle | Res. | HGL at HGL

WSE IWTP Q Elev.

(m) (m) | (m7s) | (m)

70. | Hammer | Pss1-27 | VALVE27 ] 960.00 | 935.46 4.88 965.35

71. | Hammer | Pss2-27 | VALVE27 ] 960.00 | 936.57 5.04 965.54

72. | Hammer | P4s9-27 | VALVE27 ] 960.00 | 936.67 5.05 964.89

73. | Hammer | P4s10-27 | VALVE27 | 960.00 | 937.93 5.22 965.06
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5.8  Discussion of Water Hammer Analyses Results

Valve operations along the Camlidere Dam — Ivedik WTP pipeline system are the
most important fact in terms of triggering the excessive pressure rises or water
hammer. Therefore, valve closure principle and duration govern the amount of

pressure rise in corresponding analysis.

Water hammer analyses 1-10 are performed in order to investigate pipeline system
under 30 minutes closure duration of Larner-Johnson needle valves at ivedik
WTP, which was suggested by Yiiksel Project (2004). This closure duration is
also performed by Bozkus (2006) for single and double pipelines. In this study,
results of common analyses are compared with previous works and new results

are observed including third pipeline.

“VALVE30” principle, which is two phase closure duration, governs these
analyses. 80% of valve closes in 700 s and closure of remaining 20% is completed
in 1100 s.

Analyses results illustrate that 30 minutes closure duration causes approximately
40 m pressure head rise at IWTP. While the piezometric head is around 965-966
m for single and double lines, this value rises up to 967.50 m when the
combinations of third pipeline are taken into account. For example, peak HGL
elevations are 965.39 m (AH=38.72 m) for single pipeline (B1-30), 966.53 m
(AH=40.96 m) for double pipelines (B3-30) and 967.54 m (AH=44.49 m) for
triple pipelines (B4-30). Figure 5.8 demonstrates the evolution of HGL at Ivedik
WTP for single, double and triple lines within 2000 s. At the end of the first phase
(700" s) all pipelines experience first peak piezometric head and the maximum
HGL is reached at complete closure (1800"™ s). After completion of closure

pressure wave starts to oscillate.
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Evolution of HGL Elevation at IWTP: VALVE30
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Figure 5.8 Comparison of HGL elevations for “VALVE30” closure

The maximum HGL elevation value for these analyses is observed under scenario
B4-30 at the end of Camlidere 1 pipeline. Figure 5.9 shows the maximum and
minimum HGL elevations reached along Camlidere 1 profile. Also, Figure 5.10
illustrates the flow and HGL time — history of ivedik-1 node at the end of
Camlidere 1 pipeline under scenario B4-30. Evaluating the common scenarios
performed by Bozkus (2006) previously, it can be observed that the peak
piezometric heads computed at the end of pipelines for scenarios B1-30, B2-30
and B3-30 are close to each other. On the other hand, peak HGL elevations
computed for scenarios B9-30 and B10-30 are lower than those of computed by
Bozkus (2006). For instance, the peak HGL elevations computed by Sakabas and
Bozkus for scenario B9-30 are 965.23 m and 967.23 m respectively. The reason
for that can be explained in terms of accuracy of models since the characteristic
time for computations is defined as 0.005 seconds while it is defined 6 seconds by
Bozkus (2006).
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Analyses 11-20 are important in terms of observing peak HGL elevations at
Ivedik WTP since they illustrate the results of 45 minutes valve closure duration
which is currently implemented by the operators work in IWTP. Governing valve
closure principle for these scenarios is “VALVE45” which stands for 77.5%
reduction in valve opening in 1,500 s and 2,700 s for total closure.

Contrary to expectations, peak HGL elevations computed are not lower than those
of 30 minutes closure duration. Comparing the results of 30 and 45 minutes
closure durations, the only difference is observed in terms of the value and time of
the first peak HGL elevation obtained, since the first phase of closure is retarded
(see Figure 5.11).

Evolution of HGL Elevation at IWTP
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Figure 5.11 Comparison of HGL at IWTP under scenarios B4-30 and B4-45
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The peak HGL elevations are computed as 965.73 m (AH=39.06 m) for single
pipeline (B1-45), 966.94 m (AH=41.37 m) for double pipelines (B3-45) and
968.00 m (AH=44.41 m) for triple pipelines (B4-30).

The HGL elevations at Ivedik WTP during closure are illustrated in Figure 5.12

for single, double and triple pipelines.

Evolution of HGL Elevation at IWTP: VALVE45
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Figure 5.12 Comparison of HGL elevations for “VALVE45” closure

Obviously, maximum piezometric head value for these analyses is observed under
scenario B4-45 (Triple pipelines) at the end of Camlidere 2 pipeline. Figure 5.13
shows the evolution of HGL elevations along Camlidere 2 profile due to 45 min.
closure duration of LJ valves at IWTP. Also, Figure 5.14 illustrates the flow and
HGL time — history of Ivedik-2 node at the end of Camlidere 2 pipeline under
scenario B4-45.
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Analyses 21-30 stand for a fast closure of Larner-Johnson needle valves at Ivedik
WTP. It is important to perform a fast closure case in terms of the amount of
pressure rises whether they are in an acceptable range. “VALVE6.5” represents
the 6.5 minutes one-phase linear closure duration which is the minimum value for

Larner-Johnson needle valves.

As it can be seen from the results given in Table 5.9, the case of an operational
mistake causing a fast closure results in tremendous pressure rises across LJ
valves. To illustrate, peak HGL elevation for single pipeline (B1-6.5) is 1,068.03
m (AH=140.36 m), 1,074.16 m (AH=149.35 m) for double pipelines (B3-6.5) and
1,068.40 m (AH=145.35 m) for triple pipelines (B4-6.5).

However, the highest HGL elevation is obtained in scenario B11-6.5 in which
Camlidere 1+2+3 are in use between T2 and T3 tunnels and Camlidere 1+2
between T3 tunnel and ivedik WTP. The peak HGL elevation experienced by LJ
valves is 1,074.18 m which corresponds to 149 m pressure head rise. Figure 5.15
shows the maximum and minimum HGL elevations experienced by Camlidere 1

pipeline.

System experiences negative pressures at T3 tunnel and some locations
downstream of T3 tunnel as well as high pressure rises. Also, Figure 5.16
illustrates the HGL and flow time — history of LJ valve at the end of Camlhidere 1

pipeline.
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The case of a pipe fracture at downstream end of pipeline is investigated under
analyses 31-60. Analyses denoted by “T3C” correspond to closure of PFSV’s at
the end of T3 tunnel in 30 minutes (see FAST3 closure principle in Appendix G)
and results are given in Table 5.10. Thereby, comparing the common scenarios

with Bozkus’s study, close results are obtained in terms of peak pressures.

Referring to the scenario U4-T3C in which the maximum piezometric head is
obtained, Figure 5.17 shows maximum and minimum HGL elevations along
Camlidere 1 pipeline, and flow and HGL time — history of end node of T3 tunnel
is presented in Figure 5.18. For this scenario, the HGL elevation and discharge are
computed as 931.25 m and 15.29 m®/s respectively in steady — state condition and
964.89 m peak HGL elevation (AH=33.68 m) is obtained at the end of 30 minutes

closure.

Similarly, the results of closure of PFSV’s at the entrance of T3 tunnel denoted by
“T3G” are given in Table 5.11. At this node, fortunately, transient analysis results
are below 970 m limiting HGL. For instance, the maximum HGL elevation
occurred in triple pipeline alternative as it is expected and it is 961.74 m
corresponding to 13.93 m pressure rise since the steady — state HGL elevation is
947.91 m and discharge is 15.29 m®/s. Figure 5.19 exhibits the hydraulic grade
line along pipeline and pressure drop at the downstream of PFSV at the entrance
of T3 tunnel can be observed easily. Also, evolution of the peak piezometric head
is illustrated in Figure 5.20.

Finally, the result obtained at the exit of T2 tunnel denoted by “T2C” for all
operation alternatives are below 970 m limiting HGL. Maximum piezometric head
obtained under scenario U4-T2C is 960.95 m which is corresponding to 9.09 m
pressure head rise at that point. Figures 5.21 and 5.22 exhibit the HGL along
Camlidere 1 profile, and flow and HGL time — history at T2 tunnel exit
respectively. Expected oscillation of the HGL elevation after complete closure of

LJ valve at 1800™ second can be observed from Figure 5.22 easily.
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Analyses 61-64 are very important in terms of investigating pipeline system for
965 m water surface level at intake structure which is underlined as the maximum
level for operation of system in a safe manner (Yiiksel Proje Uluslararast A.S.,
2004). For this reason, operation scenarios covering single, double and triple
pipelines are performed for 45 minutes closure duration which is the recent

operation strategy for LJ needle valves at ivedik WTP.

The results of analyses show that the 965 m WSE at intake structure is a critical
value as it was underlined before by Yiiksel Project (2004) considering the design

strength of pipeline system which is 970 m piezometric head.

For single pipeline alternatives, the HGL elevations are 970.78 and 970.91 for
Camlidere 1 and Camlidere 2 (or Camlidere 3) respectively. However, for double
and triple pipeline alternatives piezometric head rises slightly above 970 m level.
It is 972.17 m for double pipelines (AH=45.72 m) and 973.44 m for triple
pipelines (AH=49.19 m).
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Evolution of HGL Elevation at IWTP: 965 m WSE
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Figure 5.23 Evolution of HGL at IWTP for “W” scenarios

Evolution of excess pressure at ivedik WTP is illustrated in Figure 5.23 above for

single, double and triple pipeline alternatives.

Also Figure 5.24 shows the evolution of HGL along Camlidere 2 (3) pipeline
experiencing the maximum values under Scenario W4-45 which is the most
critical. Fortunately, even if the hydraulic grade line rises above 970 m at Ivedik
WTP, it never rises above this limit at the end of T3 tunnel. This means lower risk
for T3 tunnel and upstream parts of pipeline for WSE of 965 m at intake tower.
The maximum piezometric head reached for this node is 969.58 m (see Figure
5.25) and this value corresponds to 29.71 m pressure head rise since the steady —
state hydraulic grade line is at 939.87 m at the exit of T3 tunnel.
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Analyses 65-69 can be interesting in terms of investigating pipeline system for
970 m water surface level at intake structure which was performed by OPM in
1978 for single pipeline. Analysis No. 65 is performed to compare results with
that of OPM (1978) computed for single pipeline. The main points here to take
attention while comparing the results are the composition of Camlidere 1 pipeline
and friction losses due to different roughness heights. OPM’s study (1978) was
performed considering the entire pipeline as concrete. Camlidere 1 pipeline was
constructed and commissioned with ©2200 mm concrete pipes. However, in
passing years, pipeline section between T2 and T3 tunnels is replaced with (32200
mm steel pipes. Also, some disrupted sections between T3 tunnel and ivedik WTP

were replaced with again ¥2200 mm steel pipes.

The result of Analysis No. 65 exhibits a slight difference in terms of discharge and
peak HGL elevations due to 33 minutes closure. OPM (1978) came up with 7.35
m?®/s discharge and 976.21 m peak piezometric head at Ivedik WTP. In spite of
that, discharge of 6.35 m®/s and peak piezometric head of 975.11 m are computed
in this study. Even so, values are close to each other. This difference is thought to
be resulted from the input data in terms of roughness height of pipes and
replacement of some pipe sections with steel ones which affect friction losses
along pipeline. Figure 5.26 exhibits the minimum and maximum HGL elevations
of Camlidere 1 pipeline under 33 minutes closure duration at ivedik WTP

computed by OPM in 1978 and Figure 5.27 shows that of in this study.

Thereby, computations with 45 minutes closure duration reveal peak piezometric
head values above 970 m limiting HGL. Comparison of the HGL elevations at
Ivedik WTP for water surface elevations of 960 m, 965 m and 970 m at the intake

structure is shown in Figure 5.28.
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Evolution of HGL Elevation at IWTP
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Figure 5.28 Comparison of HGL for 960 m, 965 m and 970 m WSE at intake

Analyses 70-73 denoted by “P4s” are performed to investigate the rising pressure
heads in a single pipeline resulted from closure of the LJ valves at Ivedik WTP
from 45% partial opening under WSE of 960 m at intake structure which was
defined as the maximum level that should not be exceeded for safe operation

conditions.

The results of analyses show that the HGL elevations due to the complete closure
of LJ valves at IWTP from 45% partial opening do not exceed the 970 m limiting
HGL for tunnels and pipes. For instance, the maximum HGL elevation
experienced at Camlidere 2 pipeline exit as 965.54 m. To illustrate, Figure 5.29
shows the evolution of HGL along Camlidere 2 (or 3) pipeline experiencing the
maximum values under Scenario P4s2-27 which is the most critical. Also Figure

5.30 illustrates the HGL and flow time — history at Camlidere 2 pipeline exit.
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To sum up, all analyses in this study are performed disregarding the ventilation
pipes and surge shaft located on T3 tunnel to simulate the worst case. Another
point is that the surge shaft is located at the 18™ km of 62 km long pipeline.
Therefore the protective influence of the surge shaft due to its long distance from
the WTP is minimal, thus its effect can be neglected. Doing so makes the results a
little bit more conservative. Considering the design HGL of 970 m of pipeline
system, piezometric heads at the location of the surge shaft and upstream of it are
already below 970 m for all operation alternatives apart from the fast closure
(VALVES6.5) of LI valves at Ivedik WTP. Contribution of the surge shaft had
been discussed before by OPM (1978) and Bozkus (2006) and the effect of the

surge shaft was neglected in their computations as well.

Analyses results regarding WSE 960 m at intake structure show that the amount of
pressure rises at Ivedik WTP due to 30 min. long closure suggested by Yiiksel
Project (2004) and 45 min. long closure which is currently used in operation are in
an acceptable range since the maximum level is defined as 970 m. However, fast
closure (VALVES.5) of LJ valves causes tremendous pressures which exceed the
capability of pipelines. Considering the Joukowsky equation (Egqn. 5.12),
maximum pressure rise expected in this system for rapid closure durations which
is defined as durations less than or equal to 2L/a seconds can be calculated

roughly as follows;

The wave speed along 62 km pipeline is approximately 1,200 m/s and velocity in
downstream pipes is around 1.50 m/s. Therefore,

AP = +palAV (5.12)

AP = 1000kg 1200m 150m = 1,800,000 P
= (1,000 —5)(1,200 —)(1.50 ) = 1,800,000 Pa

N
AH = AP/y = 1,800,000 Pa /9,810 i 183.5m
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Even though 6.5 minutes (or 390 s) is a relatively fast closure duration compared
to durations commonly used in practice, it is still considered as a slow closure in a

transient analysis since closing time, T, is;

T, =390s > 2L/a = 2 X 62000/1200 = 103 s

Therefore, Joukowsky peak pressure rise is not observed. However, pressure rise

for 390 s closure duration reaches almost 150 m, which cannot be ignored.

The results of analyses performed to investigate peak pressures at the valves
located at the end of T2 tunnel and entrance and end of T3 tunnel as pipe fracture
safety device are also below 970 m piezometric head. In these analyses, 30
minutes closure duration for PFSV’s are verified under “FAST3” valve closure

principle with those of Bozkus’s study (2006).

On the other hand, WSE of 965 m at intake structure pushes the limits of
pipelines, even slightly goes beyond in case of double and triple pipeline
alternatives under currently used 45 minutes closure duration for LJ valves at
Ivedik WTP. However, this is still not critical for tunnels due to the pressure
values below 970 m in all cases. Nevertheless WSE of 970 m at intake structure
causes an overloading in pipelines even for 45 minutes closure duration of LJ

valves.

Transient analysis outputs of HAMMER for scenario B4-45 is given in Appendix

H as an example.
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

Camlidere Dam — Ivedik WTP pipeline system which extends over 60 km has an
important role in terms of supplying potable water demand of Ankara. Therefore,
investigation of safe operation conditions for the pipeline is a primary concern.
Currently, two pipelines, Camlidere 1 and Camlidere 2, are in operation and a
third steel pipeline parallel to Camlidere 2 is planned to be constructed for future
projections. Until today, many studies have been conducted on pipelines in order
to observe the behavior of pipeline under various conditions. In this thesis study,
pipelines, including the third one, are defined again and updated in accordance
with the recent data in order to observe system for water hammer problems due to

valve operations.

These valve operations are simulated by computer software named HAMMER
which uses the Method of Characteristics for solving non-linear differential
equations of unsteady flow or water hammer and results obtained are compared
with the ones performed within previous studies. Based on the discussion of

scenarios, this study can be concluded as follows;

e Regarding the pressure rises for 960 m and 965 m water surface elevations

at intake structure, it is obvious that the WSE never be allowed to exceed
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960 m even if the reservoir elevation exceeds this level. Therefore, it is
crucial to operate Gate 4 equipped inside the pressure reducing shaft of

intake tower whenever required.

OPM (1978) stated that, in order to prevent an overloading of the line, the
HGL must not rise above 970 m and reservoir level above 970 m must be
dissipated in the intake structure. WSE of 970 m at intake structure, on the
other hand, seems unrealistic and unsafe in terms of resultant excess
pressures. Analyses performed for WSE of 970 m exhibit the importance
of pressure dissipation at intake structure clearly.

Currently used, 45 minutes valve closure principle for Larner-Johnson
needle valves located at Ivedik WTP is an appropriate procedure in terms

of handling excess pressures due to water hammer.

Analyses simulating a pipe fracture illustrate that the 30 minutes closure
duration for pipe fracture safety valves located along pipeline will be a
safe operation strategy in terms of protecting the remaining system after a
fracture. This closure principle was established considering the properties
of Erhard Butterfly Valves (Bozkus, 2006). Total closure must be
completed in 2 phase. In first phase, 70% of the valve opening must be
closed in 45-700 seconds and closure of remaining 30% must be
completed in 140-2,000 seconds. In this study, 30 minutes valve closure
principle (FAST3) established by Bozkus (2006) is verified in which 70%
of valve opening is closed in 600 seconds and remaining 30% is closed in
1200 seconds. This closure principle should be applied to PFSV’s in case

of a pipe fracture or maintenance purposes.

Also, trial of a partial opening case of the LJ valves at IWTP entrance
shows that the recent operating principle (45 min. closure duration) does

not cause a problem along pipelines in terms of capability of tunnels and
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pipes since the piezometric heads do not exceed the limiting value of 970

m.

Finally, as it was suggested by Bozkus in 2006, valve operations at ivedik WTP
must be implemented by experienced technicians and safe valve closure principles
must be obeyed. Flow and pressure measurements must be carried out regularly
and archived in computers. Thus, in the future, comparison of stored data with this
thesis work will be a guideline for a better design and construction of Camlidere 3

pipeline.
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APPENDIX A

ISIKLI WATER SUPPLY PROJECT
Appendix A illustrates the Isikli Water Supply Project planned for the future from
Gerede Basin to Camlidere Dam. Recent studies on this project illustrates that the

amount of this derivation will be around 230x10° m® annually (Yiiksel Proje
Uluslararas1 A.S., 2004).
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APPENDIX B

WATER SUPPLY LAYOUT OF ANKARA

Camlidere Dam-Ivedik WTP pipeline system plays an important role in terms of
supplying the potable water demand of Ankara while it has been projected that
66% of the drinking water need for the city will be provided by Camlidere Dam in
year 2027 (Bozkus, 1996). Appendix B shows lay out of the dams and pipelines
that supply potable water to the city of Ankara
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APPENDIX C

CAMLIDERE DAM INTAKE TOWER

The water intake of Camlidere Dam — Ivedik WTP is a tower type structure

including two independent vertical shafts. One of these shafts (Shaft A) is used to

take water into pipeline and the other (Shaft B) is operated for pressure dissipation

purposes and Appendix C is the drawing of intake tower.

129



16.00

e
2
498.00 e
- )
8 NO'LU KAPAK
gl GATE 8
A 11 1| —
| F
{
|
B [T~ 7 NO'LU KAPAK
975.00 |
" ) GATE 7
970.00 max.
7] i S
2 6 NO'LU KAPAK
w500 965.00 normal
po 2 S 2
5L
962.00
v . 960.00 min.
B 100
g
955.00
b - GATE 5
U r"'r yaklasik 2.00
s
S
L
943.50
v
94175

SECTION

12mm V43 Gelk

45

12.80

GATE 6

KESIT B-B
SECTION B-B

GATE 4
-
B
o ligloiid
e checest,
6.25 ;
500 §T

4 NO'LU KAPAK

+970.00

STOP LOG
3 NO'LU KAPAK

GATE 3

KESIT I-I
SECTION I-I

130

1 NO'LU KAPAK
(ACIL DURUM KAPAGI)
2NO'LU KAPAK _ CATE 1
GATE 2 (EMERGENCY GATE)
SEKIL 3.1
CAMLIDERE SU ALMA YAPISI
PLAN VE KESITI




APPENDIX D

ERHARD BUTTERFLY VALVES

' &

ERHARD
= \VALVES

50.. 9531
50.. 7231

DN 200 - DN 2600

ERHARD Butterfly Valves, DIN EN 593, PN 10-40

of ductile cast iron, with weight-loaded hydraulic actuator

Range of application

Size Pressure rating

DN PN
200 - 2600 10 - 40

Materials/Equipment

Prod. No.

50.. 9531

50.. 7231

Corrosion protection
of body components

ExB

epoxy coating,
ue,

RAL 5015

Vitreous enamel

Internal: ERHARD vitreous enamel
cobalt blue

External: &ME epoxy coating,
blue, RAL 5015

(double offset)
up to DN 1000

Body Ductile cast iron EN-JS 1030" EN-JS1030 /ERHARD vitreous enamel
Body seat Austenitic CrNi steel ERHARD vitreous enamel
Valve disc Ductile cast jron

Ductile cast jron
EN-JS1030 / ENE

EN-JS1030 / ENE

Clamping ring Ductile cast iron EN-JS1030" Ductile cast iron EN-JS1030"
or steel St 37 / ENEB or steel St 37 / ENEB
Sealing ring Elastomer: EPDM for water Elastomer: EPDM for water
NBR for gas NBR for gas
Valve shaft Ferritic chrome steel Ferritic chrome steel

Shaft bearing bushes
(maintenance-free)

Steel/tin/PTFE

Steel/tin/PTFE

Sealing of shaft bore

Elastomer: EPDM for water
NBR for gas

Elastomer: EPDM for water
for gas

Gearbox arrangement

To print 3/G19 Page 3 “Arrangement of Weight-loaded Hydraulic

Actuators, Pattern 1-4

Note: Other materials, coatings and linings on request.

1) Corresponding to former DIN description 0.7040 (GGG-40).

Technical Data/Weight-loaded Hydraulic Actuator

Applications:
+« main burst safety device

« combined pump discharge and non-return valve

turbine inlet valve
quick opening valve
other services

With weight-loaded hydraulic actuator of compact design, with closed hydraulic system. All ap-
pliances required for hydraulic control as e.g. pumps and valves are rigidly fixed on the cylinder
by using little tubing.

In order to reduce the flow rapidly, the first damping range (approx. 70% of the closing angle) is
done quickly, the remaining part in a heavily throttled manner in order to keep dynamic pressure
peaks on a low level.

Closing-time characteristic: 2-step.

Opening of the Valve:

For opening the Butterfly Valve the weight-loaded lever is lifted by switching-on the electro-
hydraulic pump or by actuating the manual oil pump. The valve disc is hydraulically maintained
in Open position.

ERHARD GmbH & Co. KG

l &

http://www.erhard.de - E-Mail: export@erhard.de

Data corresponding to the latest level of , modifications
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APPENDIX E

IVEDIK WATER TREATMENT PLANT

Figure E.1 Aeration pool and cascades
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Figure E.2 Pipelines entering Ivedik WTP

Figure E.3 Camlidere 1 pipeline entrance
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APPENDIX F

HAMMER INPUTS OF PIPELINE SYSTEM

Table F.1 Pipe inputs of Hammer analysis model

Pipe Stop | Diameter | Length . £ Minor_ L.oss Wave
Label Zone Start Node Node (mm) (m) Material (mm) Coeff‘l(ment, Speed,
a (m/s)

P-1 T | SAmIOere g 3500 [1000.00| Concrete| 742 | 6059 |12300
P-2 T J-1 T1-End 3,500 |3,277.10 | Concrete | 7.42 9.202 1,230.0
P-3 T2 T1-End T2-Start | 3,500 29456 | Steel | 0.25 0 1,033.6
P-4 T2 T2-Start J4 3,500 39150 | Steel | 0.25 0 1,033.6
P-5 T2 J4 J-5 3,500 1,246.98 | Concrete | 7.42 0 1,230.0
P-6 T2 J-5 J-6 3,500 802.52 | Concrete | 7.42 0 1,230.0
pP-7 T2 J-6 T2-End 3,500 382.01 | Concrete | 7.42 0 1,230.0
P-8 C-3.1 T2-End TCV-1 1,600 18.01| Steel | 0.25 0.072 1,076.3
P-9 C-1.1 T2-End TCV-2 1,600 18.01| Steel | 0.25 0.072 1,076.3
P-10 C-2.1 T2-End TCV-3 1,600 18.01| Steel | 0.25 0.072 1,076.3
P-11 C-1.1 J-8 J-29 2,200 951.00| Steel | 0.25 0 1,198.0
P-12 C-2.1 J-9 J-11 2,200 192.00| Steel | 0.25 0 1,198.0
P-13 C-3.1 J-10 J-12 2,200 192.00| Steel | 0.25 0 1,198.0
P-14 T3 T3-Start J-179 3,400 |7,229.03 | Concrete | 7.42 0 1,240.0
P-15 C-1.1 J-175 TCV-4 1,600 6.70| Steel | 0.25 0.056 1,076.3
P-16 C-2.1 J-176 TCV-5 1,600 6.70| Steel | 0.25 0.056 1,076.3
P-17 C-3.1 J-177 TCV-6 1,600 6.70| Steel | 0.25 0.056 1,076.3
P-18 C-1.1 J-62 J-65 2,200 214.00| Steel | 0.25 0 1,198.0
P-19 C-1.1 J-65 J-80 2,200 78167 | Steel | 0.25 0 1,198.0
P-20 C-1.1 J-97 J-152 2,200 1,975.88 | Steel | 0.25 0 1,198.0
P-21 C-1.1 J-29 J-34 2,200 39218 | Steel | 0.25 0 1,198.0
P-22 C-1.1 J-34 J-39 2,200 280.44 | Steel | 0.25 0 1,198.0
P-23 C-1.1 J-39 J-52 2,200 557.68| Steel | 0.25 0 1,198.0
P-24 C-1.1 J-52 J-57 2,200 137.84| Steel | 0.25 0 1,198.0
P-25 C-1.1 J-57 J-62 2,200 129.50 | Steel | 0.25 0 1,198.0
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Table F.1 cont.’d

Pipe z Stop | Diameter | Length . £ Minor_ L.oss Wave
Label one Start Node Node (mm) (m) Material (mm) Coeffll(ment, Speed,

a (m/s)
P-26 G-1.1 J-80 J-83 2,200 66.23 | Steel | 0.25 0 1,198.0
p-27 C-1.1 J-83 J-92 2,200 513.47| Steel | 0.25 0 1,198.0
P-28 G-1.1 J-92 J-97 2,200 15320 | Steel | 0.25 0 1,198.0
P-29 C-1.1 J-152 J-163 2,200 25470 | Steel | 0.25 0 1,198.0
P-30 G-1.1 J-163 J-168 2,200 199.44 | Steel | 0.25 0 1,198.0
P-31 G-1.1 J-168 J-175 2,200 149.82 | Steel | 0.25 0 1,198.0
P-32 T3 J-179 J-180 3,400 |8,594.87 | Concrete | 7.42 0 1,240.0
P-33 G-2.2 T3-End TCV-7 1,600 18.01| Steel | 0.25 0.350 1,076.3
P-34 G-3.2 T3-End TCV-8 1,600 18.01| Steel | 0.25 0.350 1,076.3
P-35 G-1.2 T3-End TCV-9 1,600 18.01| Steel | 0.25 0.350 1,076.3
P-36 G-2.2 J-182 J-185 2,200 109.29 | Steel | 0.25 0 1,198.0
P-37 G-1.2 J-183 J-191 2,200 583.96 | Concrete | 0.70 0 1,280.0
P-38 G-3.2 J-184 J-186 2,200 109.29 | Steel | 0.25 0 1,198.0
P-39 T3 J-180 T3-End 3,400 538.00 | Concrete | 7.42 0 1,240.0
P-40 G-1.2 J-191 J-194 2,200 99.32 | Concrete | 0.70 0 1,280.0
P-41 G-12 J-194 J-203 2,200 1,993.42 | Concrete | 0.70 0 1,280.0
P-42 G-1.2 J-203 J-218 2,200 | 4,296.06 | Concrete | 0.70 0 1,280.0
P-43 C-1.2 J-218 J-219 2,200 205.44 | Concrete | 0.70 0 1,280.0
P-44 G-1.2 J-219 J-222 2,200 932.65 | Concrete | 0.70 0 1,280.0
P-45 G-1.2 J-222 J-223 2,200 401.71 | Concrete | 0.70 0 1,280.0
P-46 C-1.2 J-223 J-226 2,200 36.32 | Concrete | 0.70 0 1,280.0
P-47 G-1.2 J-226 J-231 2,200 258.57 | Steel | 0.25 0 1,198.0
P-48 ¢-1.2 J-231 J-234 2,200 42.53 | Concrete | 0.70 0 1,280.0
P-49 G-1.2 J-234 J-249 2,200 1,961.68 | Concrete | 0.70 0 1,280.0
P-50 G-1.2 J-249 J-254 2,200 386.35 | Concrete | 0.70 0 1,280.0
P-51 G-1.2 J-254 J-259 2,200 1,106.98 | Concrete | 0.70 0 1,280.0
P-52 G-1.2 J-259 J-260 2,200 91.72 | Concrete | 0.70 0 1,280.0
P-53 G-1.2 J-260 J-261 2,200 40.44 | Concrete | 0.70 0 1,280.0
P-54 G-1.2 J-261 J-262 2,200 49.94 | Concrete | 0.70 0 1,280.0
P-55 G-1.2 J-262 J-265 2,200 346.73 | Concrete | 0.70 0 1,280.0
P-56 G-1.2 J-265 J-268 2,200 129.20 | Concrete | 0.70 0 1,280.0
P-57 G-1.2 J-268 J-271 2,200 263.29 | Concrete | 0.70 0 1,280.0
P-58 C-1.2 J-271 J-272 2,200 268.32 | Concrete | 0.70 0 1,280.0
P-59 G-1.2 J-272 J-281 2,200 660.11 | Concrete | 0.70 0 1,280.0
P-60 G-1.2 J-281 J-294 2,200 851.79 | Concrete | 0.70 0 1,280.0
P-61 G-1.2 J-294 J-297 2,200 183.09 | Concrete | 0.70 0 1,280.0
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Table F.1 cont.’d

Pipe z Stop | Diameter | Length . £ Minor_ L.oss Wave
Label one Start Node Node (mm) (m) Material (mm) Coeffll(ment, Speed,

a (m/s)
P-62 G-1.2 J-297 J-298 2,200 371.36 | Concrete | 0.70 0 1,280.0
P-63 C-1.2 J-298 J-301 2,200 422.02 | Concrete | 0.70 0 1,280.0
P-64 G-1.2 J-301 J-306 2,200 421.51| Concrete | 0.70 0 1,280.0
P-65 C-1.2 J-306 J-313 2,200 456.47 | Concrete | 0.70 0 1,280.0
P-66 G-1.2 J-313 J-320 2,200 876.08 | Concrete | 0.70 0 1,280.0
P-67 G-1.2 J-320 J-327 2,200 573.72 | Concrete | 0.70 0 1,280.0
P-68 C-1.2 J-327 J-328 2,200 321.33 | Concrete | 0.70 0 1,280.0
P-69 G-1.2 J-328 J-331 2,200 339.19 | Concrete | 0.70 0 1,280.0
P-70 C-1.2 J-331 J-334 2,200 129.36 | Concrete | 0.70 0 1,280.0
P-71 G-1.2 J-334 J-337 2,200 316.97 | Concrete | 0.70 0 1,280.0
P-72 C-1.2 J-337 J-346 2,200 555.99 | Concrete | 0.70 0 1,280.0
P-73 C-1.2 J-346 J-351 2,200 260.20 | Concrete | 0.70 0 1,280.0
P-74 G-1.2 J-351 J-354 2,200 228.00 | Concrete | 0.70 0 1,280.0
P-75 C-1.2 J-354 J-359 2,200 323.34 | Concrete | 0.70 0 1,280.0
P-76 G-1.2 J-359 J-362 2,200 290.13 | Concrete | 0.70 0 1,280.0
P-77 C-1.2 J-362 J-373 2,200 657.86 | Concrete | 0.70 0 1,280.0
P-78 C-1.2 J-373 J-374 2,200 223.59 | Concrete | 0.70 0 1,280.0
P-79 C-1.2 J-374 J-379 2,200 190.03 | Concrete | 0.70 0 1,280.0
P-80 C-1.2 J-379 J-380 2,200 281.76 | Concrete | 0.70 0 1,280.0
P-81 C-1.2 J-380 J-385 2,200 562.02 | Concrete | 0.70 0 1,280.0
P-82 C-1.2 J-385 J-392 2,200 674.47 | Concrete | 0.70 0 1,280.0
P-83 C-1.2 J-392 J-393 2,200 49.58 | Concrete | 0.70 0 1,280.0
P-84 C-1.2 J-393 J-396 2,200 351.64 | Concrete | 0.70 0 1,280.0
P-85 C-1.2 J-396 J-397 2,200 169.22 | Concrete | 0.70 0 1,280.0
P-86 C-1.2 J-397 J-400 2,200 274.27 | Concrete | 0.70 0 1,280.0
p-87 C-1.2 J-400 J-409 2,200 604.21 | Concrete | 0.70 0 1,280.0
P-88 C-1.2 J-409 J-418 2,200 515.47 | Concrete | 0.70 0 1,280.0
P-89 C-1.2 J-418 J-421 2,200 347.15 | Concrete | 0.70 0 1,280.0
P-90 C-1.2 J-421 J-428 2,200 635.71 | Concrete | 0.70 0 1,280.0
P-91 C-1.2 J-428 J-439 2,200 723.61 | Concrete | 0.70 0 1,280.0
P-92 C-1.2 J-439 J-442 2,200 183.52 | Concrete | 0.70 0 1,280.0
P-93 C-1.2 J-442 J-443 2,200 127.82 | Concrete | 0.70 0 1,280.0
P-94 C-1.2 J-443 J-446 2,200 189.04 | Concrete | 0.70 0 1,280.0
P-95 C-1.2 J-446 J-463 2,200 1,441.94 | Concrete | 0.70 0 1,280.0
P-96 C-1.2 J-463 J-464 2,200 370.06 | Concrete | 0.70 0 1,280.0
P-97 C-1.2 J-464 ivedik-1 2,200 504.69 | Concrete | 0.70 3.172 1,280.0
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Table F.1 cont.’d

Pipe Stop | Diameter | Length . £ Minor_ L.oss Wave
Label Zone Start Node Node (mm) (m) Material (mm) Coeffll(ment, Speed,
a (m/s)

P-98 IWTP-1 ivedik-1 LJ-1.2 1,600 24.71| Steel 0.25 0 1,076.3
P-99 IWTP-1 ivedik-1 LJ-1.1 1,600 24.71| Steel 0.25 0 1,076.3
P-100 C-2.1 J-11 J-13 2,200 120.00 | Steel 0.25 0 1,198.0
P-101 C-2.1 J-13 J-15 2,200 108.00 | Steel 0.25 0 1,198.0
P-102 G-2.1 J-15 J-17 2,200 96.00 | Steel 0.25 0 1,198.0
P-103 C-2.1 J-17 J-19 2,200 60.00 | Steel 0.25 0 1,198.0
P-104 C-2.1 J-19 J-21 2,200 36.00 | Steel 0.25 0 1,198.0
P-105 G-2.1 J-21 J-23 2,200 60.00 | Steel 0.25 0 1,198.0
P-106 G-2.1 J-23 J-25 2,200 96.00 | Steel 0.25 0 1,198.0
P-107 C-2.1 J-25 J-27 2,200 96.00 | Steel 0.25 0 1,198.0
P-108 C-2.1 J-27 J-30 2,200 144.00 | Steel 0.25 0 1,198.0
P-109 G-2.1 J-30 J-32 2,200 21448 | Steel 0.25 0 1,198.0
P-110 G-2.1 J-32 J-35 2,200 255.61| Steel 0.25 0 1,198.0
P-111 C-2.1 J-35 J-37 2,200 139.97 | Steel 0.25 0 1,198.0
P-112 C-2.1 J-37 J-40 2,200 144.39| Steel 0.25 0 1,198.0
P-113 G-2.1 J-40 J-42 2,200 29.00| Steel 0.25 0 1,198.0
P-114 C-2.1 J-42 J-44 2,200 108.47| Steel 0.25 0 1,198.0
P-115 C-2.1 J-44 J-46 2,200 86.14 | Steel 0.25 0 1,198.0
P-116 C-2.1 J-46 J-48 2,200 138.50 | Steel 0.25 0 1,198.0
P-117 C-2.1 J-48 J-50 2,200 1343 | Steel 0.25 0 1,198.0
P-118 C-2.1 J-50 J-53 2,200 87.78 | Steel 0.25 0 1,198.0
P-119 C-2.1 J-53 J-55 2,200 30.24 | Steel 0.25 0 1,198.0
P-120 C-2.1 J-55 J-58 2,200 100.35| Steel 0.25 0 1,198.0
P-121 C-2.1 J-58 J-60 2,200 63.34 | Steel 0.25 0 1,198.0
P-122 C-2.1 J-60 J-63 2,200 101.18| Steel 0.25 0 1,198.0
P-123 C-2.1 J-63 J-66 2,200 183.97 | Steel 0.25 0 1,198.0
P-124 C-2.1 J-66 J-68 2,200 64.11| Steel 0.25 0 1,198.0
P-125 C-2.1 J-68 J-70 2,200 65.56 | Steel 0.25 0 1,198.0
P-126 C-2.1 J-70 J-72 2,200 62.63| Steel 0.25 0 1,198.0
P-127 C-2.1 J-72 J-74 2,200 84.62| Steel 0.25 0 1,198.0
P-128 C-2.1 J-74 J-76 2,200 56.91| Steel 0.25 0 1,198.0
P-129 C-2.1 J-76 J-78 2,200 180.33| Steel 0.25 0 1,198.0
P-130 C-2.1 J-78 J-81 2,200 230.58 | Steel 0.25 0 1,198.0
P-131 C-2.1 J-81 J-84 2,200 71.66| Steel 0.25 0 1,198.0
P-132 C-2.1 J-84 J-86 2,200 26.40 | Steel 0.25 0 1,198.0
P-133 C-2.1 J-86 J-88 2,200 24251 | Steel 0.25 0 1,198.0
P-134 C-2.1 J-88 J-90 2,200 35.60| Steel 0.25 0 1,198.0
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Table F.1 cont.’d

Pipe Stop | Diameter | Length . £ Minor_ L.oss Wave
Label Zone Start Node Node (mm) (m) Material (mm) Coeffll(ment, Speed,
a (m/s)

P-135 G-2.1 J-90 J-93 2,200 213.75| Steel 0.25 0 1,198.0
P-136 C-2.1 J-93 J-95 2,200 50.80| Steel 0.25 0 1,198.0
P-137 C-2.1 J-95 J-98 2,200 168.00 | Steel 0.25 0 1,198.0
P-138 C-2.1 J-98 J-100 2,200 35.64 | Steel 0.25 0 1,198.0
P-139 G-2.1 J-100 J-102 2,200 53.76 | Steel 0.25 0 1,198.0
P-140 C-2.1 J-102 J-104 2,200 42.03| Steel 0.25 0 1,198.0
P-141 C-2.1 J-104 J-106 2,200 61.96| Steel 0.25 0 1,198.0
P-142 G-2.1 J-106 J-108 2,200 48,68 | Steel 0.25 0 1,198.0
P-143 G-2.1 J-108 J-110 2,200 48.67 | Steel 0.25 0 1,198.0
P-144 C-2.1 J-110 J-112 2,200 14140 | Steel 0.25 0 1,198.0
P-145 C-2.1 J-112 J-114 2,200 72.00| Steel 0.25 0 1,198.0
P-146 G-2.1 J-114 J-116 2,200 85.49 | Steel 0.25 0 1,198.0
P-147 G-2.1 J-116 J-118 2,200 81.38| Steel 0.25 0 1,198.0
P-148 C-2.1 J-118 J-120 2,200 90.96 | Steel 0.25 0 1,198.0
P-149 C-2.1 J-120 J-122 2,200 78.22| Steel 0.25 0 1,198.0
P-150 G-2.1 J-122 J-124 2,200 158.72| Steel 0.25 0 1,198.0
P-151 C-2.1 J-124 J-126 2,200 82.41| Steel 0.25 0 1,198.0
P-152 C-2.1 J-126 J-128 2,200 80.75| Steel 0.25 0 1,198.0
P-153 C-2.1 J-128 J-130 2,200 15045 | Steel 0.25 0 1,198.0
P-154 C-2.1 J-130 J-132 2,200 10.19| Steel 0.25 0 1,198.0
P-155 C-2.1 J-132 J-134 2,200 68.00 | Steel 0.25 0 1,198.0
P-156 C-2.1 J-134 J-136 2,200 108.47| Steel 0.25 0 1,198.0
P-157 C-2.1 J-136 J-138 2,200 23.30| Steel 0.25 0 1,198.0
P-158 C-2.1 J-138 J-140 2,200 78.94 | Steel 0.25 0 1,198.0
P-159 C-2.1 J-140 J-142 2,200 79.09 | Steel 0.25 0 1,198.0
P-160 C-2.1 J-142 J-144 2,200 70.89 | Steel 0.25 0 1,198.0
P-161 C-2.1 J-144 J-146 2,200 70.53| Steel 0.25 0 1,198.0
P-162 C-2.1 J-146 J-148 2,200 12.58 | Steel 0.25 0 1,198.0
P-163 C-2.1 J-148 J-150 2,200 57.24| Steel 0.25 0 1,198.0
P-164 C-2.1 J-150 J-153 2,200 29.68| Steel 0.25 0 1,198.0
P-165 C-2.1 J-153 J-155 2,200 22.70 | Steel 0.25 0 1,198.0
P-166 C-2.1 J-155 J-157 2,200 17.30 | Steel 0.25 0 1,198.0
P-167 C-2.1 J-157 J-159 2,200 139.75| Steel 0.25 0 1,198.0
P-168 C-2.1 J-159 J-161 2,200 25.23| Steel 0.25 0 1,198.0
P-169 C-2.1 J-161 J-164 2,200 108.70 | Steel 0.25 0 1,198.0
P-170 C-2.1 J-164 J-166 2,200 25.62| Steel 0.25 0 1,198.0
P-171 C-2.1 J-166 J-169 2,200 123.34| Steel 0.25 0 1,198.0
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Table F.1 cont.’d

Pipe Stop | Diameter | Length . £ Minor_ L.oss Wave
Label Zone Start Node Node (mm) (m) Material (mm) Coeffll(ment, Speed,
a (m/s)

P-172 G-2.1 J-169 J-171 2,200 8.30| Steel 0.25 0 1,198.0
P-173 C-2.1 J-171 J-173 2,200 4583 | Steel 0.25 0 1,198.0
P-174 C-2.1 J-173 J-176 2,200 5.00| Steel 0.25 0 1,198.0
P-175 G-3.1 J-12 J-14 2,200 120.00 | Steel 0.25 0 1,198.0
P-176 G-3.1 J-14 J-16 2,200 108.00 | Steel 0.25 0 1,198.0
P-177 C-3.1 J-16 J-18 2,200 96.00 | Steel 0.25 0 1,198.0
P-178 C-3.1 J-18 J-20 2,200 60.00 | Steel 0.25 0 1,198.0
P-179 G-3.1 J-20 J-22 2,200 36.00 | Steel 0.25 0 1,198.0
P-180 G-3.1 J-22 J-24 2,200 60.00 | Steel 0.25 0 1,198.0
P-181 C-3.1 J-24 J-26 2,200 96.00 | Steel 0.25 0 1,198.0
P-182 C-3.1 J-26 J-28 2,200 96.00 | Steel 0.25 0 1,198.0
P-183 G-3.1 J-28 J-31 2,200 144,00 | Steel 0.25 0 1,198.0
P-184 G-3.1 J-31 J-33 2,200 21448 | Steel 0.25 0 1,198.0
P-185 C-3.1 J-33 J-36 2,200 255.61| Steel 0.25 0 1,198.0
P-186 C-3.1 J-36 J-38 2,200 139.97 | Steel 0.25 0 1,198.0
P-187 G-3.1 J-38 J-41 2,200 144,39 | Steel 0.25 0 1,198.0
P-188 C-3.1 J-41 J-43 2,200 29.00| Steel 0.25 0 1,198.0
P-189 C-3.1 J-43 J-45 2,200 108.47| Steel 0.25 0 1,198.0
P-190 C-3.1 J-45 J-47 2,200 86.14 | Steel 0.25 0 1,198.0
P-191 C-3.1 J-47 J-49 2,200 138.50 | Steel 0.25 0 1,198.0
P-192 C-3.1 J-49 J-51 2,200 1343 | Steel 0.25 0 1,198.0
P-193 C-3.1 J-51 J-54 2,200 87.78 | Steel 0.25 0 1,198.0
P-194 C-3.1 J-54 J-56 2,200 30.24 | Steel 0.25 0 1,198.0
P-195 C-3.1 J-56 J-59 2,200 100.35| Steel 0.25 0 1,198.0
P-196 C-3.1 J-59 J-61 2,200 63.34 | Steel 0.25 0 1,198.0
P-197 C-3.1 J-61 J-64 2,200 101.18 | Steel 0.25 0 1,198.0
P-198 C-3.1 J-64 J-67 2,200 183.97 | Steel 0.25 0 1,198.0
P-199 C-3.1 J-67 J-69 2,200 64.11| Steel 0.25 0 1,198.0
P-200 C-3.1 J-69 J-71 2,200 65.56 | Steel 0.25 0 1,198.0
P-201 C-3.1 J-71 J-73 2,200 62.63| Steel 0.25 0 1,198.0
P-202 C-3.1 J-73 J-75 2,200 84.62| Steel 0.25 0 1,198.0
P-203 C-3.1 J-75 J-77 2,200 56.91| Steel 0.25 0 1,198.0
P-204 C-3.1 J-77 J-79 2,200 180.33| Steel 0.25 0 1,198.0
P-205 C-3.1 J-79 J-82 2,200 230.58 | Steel 0.25 0 1,198.0
P-206 C-3.1 J-82 J-85 2,200 71.66| Steel 0.25 0 1,198.0
P-207 C-3.1 J-85 J-87 2,200 26.40| Steel 0.25 0 1,198.0
P-208 C-3.1 J-87 J-89 2,200 24251 | Steel 0.25 0 1,198.0
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P-209 G-3.1 J-89 J-91 2,200 35.60| Steel 0.25 0 1,198.0
P-210 C-3.1 J-91 J-94 2,200 213.75| Steel 0.25 0 1,198.0
P-211 C-3.1 J-94 J-96 2,200 50.80| Steel 0.25 0 1,198.0
P-212 G-3.1 J-96 J-99 2,200 168.00 | Steel 0.25 0 1,198.0
P-213 G-3.1 J-99 J-101 2,200 35.64 | Steel 0.25 0 1,198.0
P-214 C-3.1 J-101 J-103 2,200 53.76 | Steel 0.25 0 1,198.0
P-215 C-3.1 J-103 J-105 2,200 42.03| Steel 0.25 0 1,198.0
P-216 G-3.1 J-105 J-107 2,200 61.96| Steel 0.25 0 1,198.0
P-217 G-3.1 J-107 J-109 2,200 48,68 | Steel 0.25 0 1,198.0
P-218 C-3.1 J-109 J-111 2,200 48.67| Steel 0.25 0 1,198.0
P-219 C-3.1 J-111 J-113 2,200 14140 | Steel 0.25 0 1,198.0
P-220 G-3.1 J-113 J-115 2,200 72.00| Steel 0.25 0 1,198.0
P-221 G-3.1 J-115 J-117 2,200 85.49 | Steel 0.25 0 1,198.0
P-222 C-3.1 J-117 J-119 2,200 81.38| Steel 0.25 0 1,198.0
P-223 C-3.1 J-119 J-121 2,200 90.96 | Steel 0.25 0 1,198.0
P-224 G-3.1 J-121 J-123 2,200 78.22| Steel 0.25 0 1,198.0
P-225 C-3.1 J-123 J-125 2,200 158.72| Steel 0.25 0 1,198.0
P-226 C-3.1 J-125 J-127 2,200 82.41| Steel 0.25 0 1,198.0
P-227 C-3.1 J-127 J-129 2,200 80.75| Steel 0.25 0 1,198.0
P-228 C-3.1 J-129 J-131 2,200 15045 | Steel 0.25 0 1,198.0
P-229 C-3.1 J-131 J-133 2,200 10.19| Steel 0.25 0 1,198.0
P-230 C-3.1 J-133 J-135 2,200 68.00 | Steel 0.25 0 1,198.0
P-231 C-3.1 J-135 J-137 2,200 108.47| Steel 0.25 0 1,198.0
P-232 C-3.1 J-137 J-139 2,200 23.30| Steel 0.25 0 1,198.0
P-233 C-3.1 J-139 J-141 2,200 78.94 | Steel 0.25 0 1,198.0
P-234 C-3.1 J-141 J-143 2,200 79.09 | Steel 0.25 0 1,198.0
P-235 C-3.1 J-143 J-145 2,200 70.89 | Steel 0.25 0 1,198.0
P-236 C-3.1 J-145 J-147 2,200 70.53 | Steel 0.25 0 1,198.0
P-237 C-3.1 J-147 J-149 2,200 12.58 | Steel 0.25 0 1,198.0
P-238 C-3.1 J-149 J-151 2,200 57.24| Steel 0.25 0 1,198.0
P-239 C-3.1 J-151 J-154 2,200 29.68| Steel 0.25 0 1,198.0
P-240 C-3.1 J-154 J-156 2,200 22.70 | Steel 0.25 0 1,198.0
P-241 C-3.1 J-156 J-158 2,200 17.30 | Steel 0.25 0 1,198.0
P-242 C-3.1 J-158 J-160 2,200 139.75| Steel 0.25 0 1,198.0
P-243 C-3.1 J-160 J-162 2,200 25.23| Steel 0.25 0 1,198.0
P-244 C-3.1 J-162 J-165 2,200 108.70 | Steel 0.25 0 1,198.0
P-245 C-3.1 J-165 J-167 2,200 25.62| Steel 0.25 0 1,198.0
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P-246 G-3.1 J-167 J-170 2,200 123.34| Steel 0.25 0 1,198.0
P-247 C-3.1 J-170 J-172 2,200 8.30| Steel 0.25 0 1,198.0
P-248 C-3.1 J-172 J-174 2,200 4583 | Steel 0.25 0 1,198.0
P-249 G-3.1 J-174 J-177 2,200 5.00| Steel 0.25 0 1,198.0
P-250 G-22 J-185 J-187 2,200 13140 | Steel 0.25 0 1,198.0
P-251 C-22 J-187 J-189 2,200 159.69 | Steel 0.25 0 1,198.0
P-252 C-22 J-189 J-192 2,200 187.05| Steel 0.25 0 1,198.0
P-253 G-22 J-192 J-195 2,200 113.63| Steel 0.25 0 1,198.0
P-254 G-22 J-195 J-197 2,200 586.59 | Steel 0.25 0 1,198.0
P-255 C-22 J-197 J-199 2,200 47111 Steel 0.25 0 1,198.0
P-256 C-22 J-199 J-201 2,200 902.76 | Steel 0.25 0 1,198.0
pP-257 G-22 J-201 J-204 2,200 346.82 | Steel 0.25 0 1,198.0
P-258 G-22 J-204 J-206 2,200 418.65| Steel 0.25 0 1,198.0
P-259 C-22 J-206 J-208 2,200 547.76 | Steel 0.25 0 1,198.0
P-260 C-22 J-208 J-210 2,200 847.94 | Steel 0.25 0 1,198.0
P-261 G-22 J-210 J-212 2,200 1,065.92 | Steel 0.25 0 1,198.0
P-262 C-22 J-212 J-214 2,200 697.32 | Steel 0.25 0 1,198.0
P-263 C-22 J-214 J-216 2,200 14419 | Steel 0.25 0 1,198.0
P-264 C-22 J-216 J-220 2,200 1,075.59 | Steel 0.25 0 1,198.0
P-265 G-22 J-220 J-224 2,200 709.00 | Steel 0.25 0 1,198.0
P-266 C-22 J-224 J-227 2,200 65.96 | Steel 0.25 0 1,198.0
P-267 C-22 J-227 J-229 2,200 19240 | Steel 0.25 0 1,198.0
P-268 C-22 J-229 J-232 2,200 54.35| Steel 0.25 0 1,198.0
P-269 C-22 J-232 J-235 2,200 169.65| Steel 0.25 0 1,198.0
P-270 G-22 J-235 J-237 2,200 147.24 | Steel 0.25 0 1,198.0
P-271 C-22 J-237 J-239 2,200 288.01| Steel 0.25 0 1,198.0
P-272 C-22 J-239 J-241 2,200 381.84 | Steel 0.25 0 1,198.0
P-273 C-22 J-241 J-243 2,200 156.00 | Steel 0.25 0 1,198.0
P-274 C-22 J-243 J-245 2,200 597.21| Steel 0.25 0 1,198.0
P-275 C-22 J-245 J-247 2,200 191.67 | Steel 0.25 0 1,198.0
P-276 C-22 J-247 J-250 2,200 156.00 | Steel 0.25 0 1,198.0
p-277 C-22 J-250 J-252 2,200 254.07 | Steel 0.25 0 1,198.0
P-278 C-22 J-252 J-255 2,200 33097 | Steel 0.25 0 1,198.0
P-279 C-22 J-255 J-257 2,200 666.68 | Steel 0.25 0 1,198.0
P-280 C-22 J-257 J-263 2,200 578.29 | Steel 0.25 0 1,198.0
P-281 C-22 J-263 J-266 2,200 123.21| Steel 0.25 0 1,198.0
P-282 C-22 J-266 J-269 2,200 146.25| Steel 0.25 0 1,198.0
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P-283 G-22 J-269 J-273 2,200 592.11| Steel 0.25 0 1,198.0
P-284 G-22 J-273 J-275 2,200 332.67| Steel 0.25 0 1,198.0
P-285 C-22 J-275 J-277 2,200 120.00 | Steel 0.25 0 1,198.0
P-286 C-22 J-277 J-279 2,200 72.00| Steel 0.25 0 1,198.0
P-287 G-22 J-279 J-282 2,200 146.10 | Steel 0.25 0 1,198.0
P-288 G-22 J-282 J-284 2,200 127.77| Steel 0.25 0 1,198.0
P-289 C-22 J-284 J-286 2,200 23479 | Steel 0.25 0 1,198.0
P-290 C-22 J-286 J-288 2,200 140.90 | Steel 0.25 0 1,198.0
P-291 G-22 J-288 J-290 2,200 83.30| Steel 0.25 0 1,198.0
P-292 G-22 J-290 J-292 2,200 69.66 | Steel 0.25 0 1,198.0
P-293 C-22 J-292 J-295 2,200 217.32| Steel 0.25 0 1,198.0
P-294 C-22 J-295 J-299 2,200 801.24 | Steel 0.25 0 1,198.0
P-295 G-22 J-299 J-302 2,200 24488 | Steel 0.25 0 1,198.0
P-296 G-22 J-302 J-304 2,200 147.87| Steel 0.25 0 1,198.0
P-297 C-22 J-304 J-307 2,200 7219 | Steel 0.25 0 1,198.0
P-298 C-22 J-307 J-309 2,200 89.31| Steel 0.25 0 1,198.0
P-299 C-22 J-309 J-311 2,200 71.34| Steel 0.25 0 1,198.0
P-300 G-22 J-311 J-314 2,200 480.23 | Steel 0.25 0 1,198.0
P-301 C-22 J-314 J-316 2,200 417.18| Steel 0.25 0 1,198.0
P-302 C-22 J-316 J-318 2,200 147.72| Steel 0.25 0 1,198.0
P-303 G-22 J-318 J-321 2,200 161.53| Steel 0.25 0 1,198.0
P-304 C-22 J-321 J-323 2,200 146.05| Steel 0.25 0 1,198.0
P-305 C-22 J-323 J-325 2,200 132.00| Steel 0.25 0 1,198.0
P-306 C-22 J-325 J-329 2,200 638.66 | Steel 0.25 0 1,198.0
P-307 C-22 J-329 J-332 2,200 293.31| Steel 0.25 0 1,198.0
P-308 G-22 J-332 J-335 2,200 230.60 | Steel 0.25 0 1,198.0
P-309 C-22 J-335 J-338 2,200 301.40| Steel 0.25 0 1,198.0
P-310 C-22 J-338 J-340 2,200 172.82| Steel 0.25 0 1,198.0
P-311 C-22 J-340 J-342 2,200 159.30 | Steel 0.25 0 1,198.0
P-312 C-22 J-342 J-344 2,200 105.23| Steel 0.25 0 1,198.0
P-313 C-22 J-344 J-347 2,200 50.67 | Steel 0.25 0 1,198.0
P-314 C-22 J-347 J-349 2,200 182.62| Steel 0.25 0 1,198.0
P-315 C-22 J-349 J-352 2,200 112.27| Steel 0.25 0 1,198.0
P-316 C-22 J-352 J-355 2,200 166.25| Steel 0.25 0 1,198.0
P-317 C-22 J-355 J-357 2,200 186.67 | Steel 0.25 0 1,198.0
P-318 C-22 J-357 J-360 2,200 21592 | Steel 0.25 0 1,198.0
P-319 C-22 J-360 J-363 2,200 210.60 | Steel 0.25 0 1,198.0
P-320 C-22 J-363 J-365 2,200 181.87| Steel 0.25 0 1,198.0
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P-321 G-22 J-365 J-367 2,200 60.85| Steel 0.25 0 1,198.0
P-322 G-22 J-367 J-369 2,200 110.55| Steel 0.25 0 1,198.0
P-323 C-22 J-369 J-371 2,200 228.00 | Steel 0.25 0 1,198.0
P-324 C-22 J-371 J-375 2,200 288.00 | Steel 0.25 0 1,198.0
P-325 G-22 J-375 J-377 2,200 108.00 | Steel 0.25 0 1,198.0
P-326 G-22 J-377 J-381 2,200 530.45| Steel 0.25 0 1,198.0
p-327 C-22 J-381 J-383 2,200 266.35| Steel 0.25 0 1,198.0
P-328 C-22 J-383 J-386 2,200 170.75| Steel 0.25 0 1,198.0
P-329 G-22 J-386 J-388 2,200 229.30| Steel 0.25 0 1,198.0
P-330 G-22 J-388 J-390 2,200 132.00| Steel 0.25 0 1,198.0
P-331 C-22 J-390 J-394 2,200 49550 | Steel 0.25 0 1,198.0
P-332 C-22 J-394 J-398 2,200 540.00 | Steel 0.25 0 1,198.0
P-333 G-22 J-398 J-401 2,200 144,00 | Steel 0.25 0 1,198.0
P-334 G-22 J-401 J-403 2,200 48.00 | Steel 0.25 0 1,198.0
P-335 C-22 J-403 J-405 2,200 108.00 | Steel 0.25 0 1,198.0
P-336 C-22 J-405 J-407 2,200 228.00 | Steel 0.25 0 1,198.0
P-337 C-22 J-407 J-410 2,200 216.00 | Steel 0.25 0 1,198.0
P-338 G-22 J-410 J-412 2,200 192.00 | Steel 0.25 0 1,198.0
P-339 C-22 J-412 J-414 2,200 108.00 | Steel 0.25 0 1,198.0
P-340 C-22 J-414 J-416 2,200 84.00| Steel 0.25 0 1,198.0
P-341 G-22 J-416 J-419 2,200 358.05| Steel 0.25 0 1,198.0
P-342 C-22 J-419 J-422 2,200 17348 | Steel 0.25 0 1,198.0
P-343 C-22 J-422 J-424 2,200 43.87| Steel 0.25 0 1,198.0
P-344 C-22 J-424 J-426 2,200 376.79 | Steel 0.25 0 1,198.0
P-345 C-22 J-426 J-429 2,200 132.00| Steel 0.25 0 1,198.0
P-346 G-22 J-429 J-431 2,200 88.06 | Steel 0.25 0 1,198.0
P-347 C-22 J-431 J-433 2,200 153.56 | Steel 0.25 0 1,198.0
P-348 C-22 J-433 J-435 2,200 151.19| Steel 0.25 0 1,198.0
P-349 C-22 J-435 J-437 2,200 197.83| Steel 0.25 0 1,198.0
P-350 C-22 J-437 J-440 2,200 14762 | Steel 0.25 0 1,198.0
P-351 C-22 J-440 J-444 2,200 31397 | Steel 0.25 0 1,198.0
P-352 C-22 J-444 J-447 2,200 232.79 | Steel 0.25 0 1,198.0
P-353 C-22 J-447 J-449 2,200 326.25| Steel 0.25 0 1,198.0
P-354 C-22 J-449 J-451 2,200 108.00 | Steel 0.25 0 1,198.0
P-355 C-22 J-451 J-453 2,200 170.30 | Steel 0.25 0 1,198.0
P-356 C-22 J-453 J-455 2,200 129.20 | Steel 0.25 0 1,198.0
P-357 C-22 J-455 J-457 2,200 350.80 | Steel 0.25 0 1,198.0
P-358 C-22 J-457 J-459 2,200 84.00| Steel 0.25 0 1,198.0
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P-359 G-22 J-459 J-461 2,200 11045| Steel 0.25 0 1,198.0
P-360 G-22 J-461 J-465 2,200 540.00 | Steel 0.25 0 1,198.0
P-361 C-22 J-465 J-467 2,200 410.45| Steel 0.25 0 1,198.0
P-362 C-22 J-467 J-469 2,200 372.00| Steel 0.25 0 1,198.0
P-363 G-22 J-469 J-471 2,200 248.50 | Steel 0.25 0 1,198.0
P-364 G-22 J-471 ivedik-2 2,200 297.94 | Steel 0.25 3.172 1,198.0
P-365 | IWTP-2 ivedik-2 LJ-2.2 1,600 24.71| Steel 0.25 0 1,076.3
P-366 | IWTP-2 ivedik-2 LJ-2.1 1,600 24.71| Steel 0.25 0 1,076.3
P-367 G-3.2 J-186 J-188 2,200 13140 | Steel 0.25 0 1,198.0
P-368 G-3.2 J-188 J-190 2,200 159.69 | Steel 0.25 0 1,198.0
P-369 C-32 J-190 J-193 2,200 187.05| Steel 0.25 0 1,198.0
P-370 C-32 J-193 J-196 2,200 113.63| Steel 0.25 0 1,198.0
P-371 G-3.2 J-196 J-198 2,200 586.59 | Steel 0.25 0 1,198.0
P-372 G-3.2 J-198 J-200 2,200 471.11| Steel 0.25 0 1,198.0
P-373 C-32 J-200 J-202 2,200 902.76 | Steel 0.25 0 1,198.0
P-374 C-32 J-202 J-205 2,200 346.82 | Steel 0.25 0 1,198.0
P-375 G-3.2 J-205 J-207 2,200 418.65| Steel 0.25 0 1,198.0
P-376 G-3.2 J-207 J-209 2,200 547.76 | Steel 0.25 0 1,198.0
p-377 C-32 J-209 J-211 2,200 847.94 | Steel 0.25 0 1,198.0
P-378 C-32 J-211 J-213 2,200 1,065.92 | Steel 0.25 0 1,198.0
P-379 G-3.2 J-213 J-215 2,200 697.32 | Steel 0.25 0 1,198.0
P-380 G-3.2 J-215 J-217 2,200 144,19 | Steel 0.25 0 1,198.0
P-381 C-32 J-217 J-221 2,200 1,075.59 | Steel 0.25 0 1,198.0
P-382 C-32 J-221 J-225 2,200 709.00 | Steel 0.25 0 1,198.0
P-383 G-3.2 J-225 J-228 2,200 65.96 | Steel 0.25 0 1,198.0
P-384 G-3.2 J-228 J-230 2,200 19240 | Steel 0.25 0 1,198.0
P-385 C-32 J-230 J-233 2,200 54.35| Steel 0.25 0 1,198.0
P-386 C-32 J-233 J-236 2,200 169.65| Steel 0.25 0 1,198.0
P-387 C-3.2 J-236 J-238 2,200 147.24 | Steel 0.25 0 1,198.0
P-388 C-3.2 J-238 J-240 2,200 288.01| Steel 0.25 0 1,198.0
P-389 C-32 J-240 J-242 2,200 381.84 | Steel 0.25 0 1,198.0
P-390 C-32 J-242 J-244 2,200 156.00 | Steel 0.25 0 1,198.0
P-391 C-3.2 J-244 J-246 2,200 597.21| Steel 0.25 0 1,198.0
P-392 C-3.2 J-246 J-248 2,200 191,67 | Steel 0.25 0 1,198.0
P-393 C-32 J-248 J-251 2,200 156.00 | Steel 0.25 0 1,198.0
P-394 C-32 J-251 J-253 2,200 254.07 | Steel 0.25 0 1,198.0
P-395 C-3.2 J-253 J-256 2,200 33097 | Steel 0.25 0 1,198.0
P-396 C-3.2 J-256 J-258 2,200 666.68 | Steel 0.25 0 1,198.0
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P-397 G-3.2 J-258 J-264 2,200 578.29 | Steel 0.25 0 1,198.0
P-398 G-3.2 J-264 J-267 2,200 123.21| Steel 0.25 0 1,198.0
P-399 C-3.2 J-267 J-270 2,200 146.25| Steel 0.25 0 1,198.0
P-400 C-3.2 J-270 J-274 2,200 592.11| Steel 0.25 0 1,198.0
P-401 G-3.2 J-274 J-276 2,200 332.67| Steel 0.25 0 1,198.0
P-402 G-3.2 J-276 J-278 2,200 120.00 | Steel 0.25 0 1,198.0
P-403 C-32 J-278 J-280 2,200 72.00| Steel 0.25 0 1,198.0
P-404 C-32 J-280 J-283 2,200 146.10 | Steel 0.25 0 1,198.0
P-405 G-3.2 J-283 J-285 2,200 127.77| Steel 0.25 0 1,198.0
P-406 G-3.2 J-285 J-287 2,200 23479 | Steel 0.25 0 1,198.0
P-407 C-32 J-287 J-289 2,200 140.90 | Steel 0.25 0 1,198.0
P-408 C-32 J-289 J-291 2,200 83.30| Steel 0.25 0 1,198.0
P-409 G-3.2 J-291 J-293 2,200 69.66 | Steel 0.25 0 1,198.0
P-410 G-3.2 J-293 J-296 2,200 217.32| Steel 0.25 0 1,198.0
P-411 C-32 J-296 J-300 2,200 801.24 | Steel 0.25 0 1,198.0
P-412 C-32 J-300 J-303 2,200 24488 | Steel 0.25 0 1,198.0
P-413 G-3.2 J-303 J-305 2,200 147.87| Steel 0.25 0 1,198.0
P-414 G-3.2 J-305 J-308 2,200 72.19| Steel 0.25 0 1,198.0
P-415 C-32 J-308 J-310 2,200 89.31| Steel 0.25 0 1,198.0
P-416 C-32 J-310 J-312 2,200 71.34| Steel 0.25 0 1,198.0
P-417 G-3.2 J-312 J-315 2,200 480.23 | Steel 0.25 0 1,198.0
P-418 G-3.2 J-315 J-317 2,200 417.18| Steel 0.25 0 1,198.0
P-419 C-32 J-317 J-319 2,200 147.72| Steel 0.25 0 1,198.0
P-420 C-32 J-319 J-322 2,200 161.53| Steel 0.25 0 1,198.0
P-421 G-3.2 J-322 J-324 2,200 146.05| Steel 0.25 0 1,198.0
P-422 G-3.2 J-324 J-326 2,200 132.00| Steel 0.25 0 1,198.0
P-423 C-32 J-326 J-330 2,200 638.66 | Steel 0.25 0 1,198.0
P-424 C-32 J-330 J-333 2,200 293.31| Steel 0.25 0 1,198.0
P-425 C-3.2 J-333 J-336 2,200 230.60 | Steel 0.25 0 1,198.0
P-426 C-3.2 J-336 J-339 2,200 301.40| Steel 0.25 0 1,198.0
P-427 C-32 J-339 J-341 2,200 172.82| Steel 0.25 0 1,198.0
P-428 C-32 J-341 J-343 2,200 159.30 | Steel 0.25 0 1,198.0
P-429 C-3.2 J-343 J-345 2,200 105.23| Steel 0.25 0 1,198.0
P-430 C-3.2 J-345 J-348 2,200 50.67 | Steel 0.25 0 1,198.0
P-431 C-32 J-348 J-350 2,200 182.62| Steel 0.25 0 1,198.0
P-432 C-32 J-350 J-353 2,200 112.27| Steel 0.25 0 1,198.0
P-433 C-3.2 J-353 J-356 2,200 166.25| Steel 0.25 0 1,198.0
P-434 C-3.2 J-356 J-358 2,200 186.67 | Steel 0.25 0 1,198.0
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Stop | Diameter | Length . 3 Minor_ L.oss Wave

Label Zone Start Node Node (mm) (m) Material (mm) Coefficient, | Speed,
K a (m/s)

P-435 G-3.2 J-358 J-361 2,200 21592 | Steel 0.25 0 1,198.0
P-436 G-3.2 J-361 J-364 2,200 210.60 | Steel 0.25 0 1,198.0
P-437 C-22 J-364 J-366 2,200 181.87| Steel 0.25 0 1,198.0
P-438 C-3.2 J-366 J-368 2,200 60.85| Steel 0.25 0 1,198.0
P-439 G-3.2 J-368 J-370 2,200 110.55| Steel 0.25 0 1,198.0
P-440 G-3.2 J-370 J-372 2,200 228.00| Steel 0.25 0 1,198.0
P-441 C-32 J-372 J-376 2,200 288.00 | Steel 0.25 0 1,198.0
P-442 C-32 J-376 J-378 2,200 108.00 | Steel 0.25 0 1,198.0
P-443 G-3.2 J-378 J-382 2,200 530.45| Steel 0.25 0 1,198.0
P-444 G-3.2 J-382 J-384 2,200 266.35| Steel 0.25 0 1,198.0
P-445 C-32 J-384 J-387 2,200 170.75| Steel 0.25 0 1,198.0
P-446 C-32 J-387 J-389 2,200 229.30| Steel 0.25 0 1,198.0
P-447 G-3.2 J-389 J-391 2,200 132.00| Steel 0.25 0 1,198.0
P-448 G-3.2 J-391 J-395 2,200 49550 | Steel 0.25 0 1,198.0
P-449 C-32 J-395 J-399 2,200 540.00 | Steel 0.25 0 1,198.0
P-450 C-32 J-399 J-402 2,200 144.00 | Steel 0.25 0 1,198.0
P-451 G-3.2 J-402 J-404 2,200 48.00 | Steel 0.25 0 1,198.0
P-452 G-3.2 J-404 J-406 2,200 108.00 | Steel 0.25 0 1,198.0
P-453 C-32 J-406 J-408 2,200 228.00 | Steel 0.25 0 1,198.0
P-454 C-32 J-408 J-411 2,200 216.00 | Steel 0.25 0 1,198.0
P-455 G-3.2 J-411 J-413 2,200 192.00 | Steel 0.25 0 1,198.0
P-456 G-3.2 J-413 J-415 2,200 108.00 | Steel 0.25 0 1,198.0
P-457 C-32 J-415 J-417 2,200 84.00| Steel 0.25 0 1,198.0
P-458 C-32 J-417 J-420 2,200 358.05| Steel 0.25 0 1,198.0
P-459 G-3.2 J-420 J-423 2,200 17348 | Steel 0.25 0 1,198.0
P-460 G-3.2 J-423 J-425 2,200 43.87| Steel 0.25 0 1,198.0
P-461 C-32 J-425 J-427 2,200 376.79 | Steel 0.25 0 1,198.0
P-462 C-32 J-427 J-430 2,200 132.00| Steel 0.25 0 1,198.0
P-463 C-3.2 J-430 J-432 2,200 88.06 | Steel 0.25 0 1,198.0
P-464 C-3.2 J-432 J-434 2,200 153.56 | Steel 0.25 0 1,198.0
P-465 C-32 J-434 J-436 2,200 151.19| Steel 0.25 0 1,198.0
P-466 C-32 J-436 J-438 2,200 197.83| Steel 0.25 0 1,198.0
P-467 C-3.2 J-438 J-441 2,200 14762 | Steel 0.25 0 1,198.0
P-468 C-3.2 J-441 J-445 2,200 31397 | Steel 0.25 0 1,198.0
P-469 C-32 J-445 J-448 2,200 232.79 | Steel 0.25 0 1,198.0
P-470 C-3.2 J-448 J-450 2,200 326.25| Steel 0.25 0 1,198.0
P-471 C-32 J-450 J-452 2,200 108.00 | Steel 0.25 0 1,198.0
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Stop | Diameter | Length . 3 Minor_ L.oss Wave

Label Zone Start Node Node (mm) (m) Material (mm) Coeffll(ment, Speed,
a (m/s)

P-472 ¢-3.2 J-452 J-454 2,200 170.30 | Steel | 0.25 0 1,198.0
P-473 C-3.2 J-454 J-456 2,200 129.20| Steel | 0.25 0 1,198.0
P-474 ¢-3.2 J-456 J-458 2,200 350.80 | Steel | 0.25 0 1,198.0
P-475 ¢-3.2 J-458 J-460 2,200 84.00| Steel | 0.25 0 1,198.0
P-476 C-3.2 J-460 J-462 2,200 110.45| Steel | 0.25 0 1,198.0
P-477 ¢-3.2 J-462 J-466 2,200 540.00 | Steel | 0.25 0 1,198.0
P-478 C-3.2 J-466 J-468 2,200 410.45| Steel | 0.25 0 1,198.0
P-479 ¢-3.2 J-468 J-470 2,200 372.00| Steel | 0.25 0 1,198.0
P-480 C-3.2 J-470 J-472 2,200 24850 | Steel | 0.25 0 1,198.0
P-481 C-3.2 J-472 ivedik-3 2,200 297.94 | Steel | 0.25 3.172 1,198.0
P-482 | IWTP-3 ivedik-3 LJ-3.2 1,600 2471 | Steel | 0.25 0 1,076.3
P-483 | IWTP-3 ivedik-3 LJ-3.1 1,600 2471| Steel | 0.25 0 1,076.3
P-484 | IWTP-1 LJ-1.1 R-1.1 1,600 10.00| Steel | 0.25 0.219 1,076.3
P-485 | IWTP-1 LJ-1.2 R-1.2 1,600 10.00| Steel | 0.25 0.219 1,076.3
P-486 | IWTP-2 LJ-2.1 R-2.1 1,600 10.00| Steel | 0.25 0.219 1,076.3
P-487 | IWTP-2 LJ-2.2 R-2.2 1,600 10.00 | Steel | 0.25 0.219 1,076.3
P-488 | IWTP-3 LJ-3.1 R-3.1 1,600 10.00 | Steel | 0.25 0.219 1,076.3
P-489 | IWTP-3 LJ-3.2 R-3.2 1,600 10.00| Steel | 0.25 0.219 1,076.3
P-490 C-1.1 TCV-2 J-8 1,600 6.70 | Steel | 0.25 0.042 1,076.3
P-491 ¢-2.1 TCV-3 J-9 1,600 6.70 | Steel | 0.25 0.042 1,076.3
P-492 C-3.1 TCV-1 J-10 1,600 6.70 | Steel | 0.25 0.042 1,076.3
P-493 C-1.1 TCV-4 T3-Start 1,600 18.01| Steel | 0.25 0.085 1,076.3
P-494 ¢-2.1 TCV-5 T3-Start 1,600 18.01| Steel | 0.25 0.085 1,076.3
P-495 G-3.1 TCV-6 T3-Start 1,600 18.01| Steel | 0.25 0.085 1,076.3
P-496 G-1.2 TCV-9 J-183 1,600 6.70 | Steel | 0.25 0.200 1,076.3
P-497 C-22 TCV-7 J-182 1,600 6.70 | Steel | 0.25 0.200 1,076.3
P-498 ¢-3.2 TCV-8 J-184 1,600 6.70 | Steel | 0.25 0.200 1,076.3

147




Table F.2 Junction inputs of Hammer analysis model

Junction Position | Elevation Junction Position | Elevation
Label (m) (m) Label (m) (m)
J-1 1.000,00 | 941,00 J-31 8.427,38 | 889,69
T1-End 4.277,10 | 844,02 J-32 8.641,86 | 885,10
T2-Start 4.571,66 | 844,02 J-33 8.641,86 | 885,10
J-4 4.963,16 | 866,93 J-34 8.762,56 | 886,11
J-5 6.210,14 | 939,92 J-35 8.897,47 | 881,80
J-6 7.012,66 | 939,17 J-36 8.897,47 | 881,80
T2-End 7.394,67 | 938,80 J-37 9.037,44 | 869,25
J-8 7.419,38 | 938,80 J-38 9.037,44 | 869,25
J-9 7.419,38 | 938,80 J-39 9.043,00 | 855,84
J-10 7.419,38 | 938,80 J-40 9.181,83 | 865,38
J-11 7.611,38 | 933,00 J-41 9.181,83 | 865,38
J-12 7.611,38 | 933,00 J-42 9.210,83 | 864,73
J-13 7.731,38 | 930,90 J-43 9.210,83 | 864,73
J-14 7.731,38 | 930,90 J-44 9.319,30 | 862,95
J-15 7.839,38 | 924,87 J-45 9.319,30 | 862,95
J-16 7.839,38 | 924,87 J-46 9.405,44 | 847,70
J-17 7.935,38 | 914,84 J-47 9.405,44 | 847,70
J-18 7.935,38 | 914,84 J-48 9.543,94 | 814,44
J-19 7.995,38 | 908,12 J-49 9.543,94 | 814,44
J-20 7.995,38 | 908,12 J-50 9.557,37 | 811,65
J-21 8.031,38 | 905,90 J-51 9.557,37 | 811,65
J-22 8.031,38 | 905,90 J-52 9.600,68 | 795,65
J-23 8.091,38 | 901,88 J-53 9.645,15 | 797,45
J-24 8.091,38 | 901,88 J-54 9.645,15 | 797,45
J-25 8.187,38 | 897,54 J-55 9.675,39 | 789,95
J-26 8.187,38 | 897,54 J-56 9.675,39 | 789,95
J-27 8.283,38 | 893,45 J-57 9.738,52 | 780,77
J-28 8.283,38 | 893,45 J-58 9.775,74 | 780,93
J-29 8.370,38 | 884,81 J-59 9.775,74 | 780,93
J-30 8.427,38 | 889,69 J-60 9.839,08 | 780,29
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Junction Position | Elevation Junction Position | Elevation
Label (m) (m) Label (m) (m)
J-61 9,839.08 | 780.29 J-91 11,245.14| 801.83
J-62 9,868.02 | 779.04 J-92 11,443.39| 805.32
J-63 9,940.26 | 779.21 J-93 11,458.89 | 806.66
J-64 9,940.26 | 779.21 J-94 11,458.89 | 806.66
J-65 10,082.02 | 778.12 J-95 11,509.69 | 808.13
J-66 10,124.23| 778.16 J-96 11,509.69 | 808.13
J-67 10,124.23| 778.16 J-97 11,596.59 | 810.90
J-68 10,188.34| 780.08 J-98 11,677.69| 813.99
J-69 10,188.34| 780.08 J-99 11,677.69| 813.99
J-70 10,253.90| 780.68 J-100 11,713.33| 815.74
J-71 10,253.90 | 780.68 J-101 11,713.33| 815.74
J-72 10,316.53| 780.53 J-102 11,767.09| 818.19
J-73 10,316.53| 780.53 J-103 11,767.09| 818.19
J-74 10,401.15| 782.94 J-104 11,809.12| 820.43
J-75 10,401.15| 782.94 J-105 11,809.12| 820.43
J-76 10,458.06 | 784.90 J-106 11,871.08| 818.12
J-77 10,458.06 | 784.90 J-107 11,871.08| 818.12
J-78 10,638.39 | 787.55 J-108 11,919.76 | 820.37
J-79 10,638.39 | 787.55 J-109 11,919.76 | 820.37
J-80 10,863.69 | 796.87 J-110 11,968.43 | 824.16
J-81 10,868.97 | 797.57 J-111 11,968.43| 824.16
J-82 10,868.97 | 797.57 J-112 12,109.83| 828.89
J-83 10,929.92| 792.74 J-113 12,109.83| 828.89
J-84 10,940.63 | 793.97 J-114 12,181.83| 833.39
J-85 10,940.63 | 793.97 J-115 12,181.83| 833.39
J-86 10,967.03 | 793.62 J-116 12,267.32| 834.97
J-87 10,967.03 | 793.62 J-117 12,267.32| 834.97
J-88 11,209.54 | 800.02 J-118 12,348.70| 835.68
J-89 11,209.54 | 800.02 J-119 12,348.70 | 835.68
J-90 11,245.14| 801.83 J-120 12,439.66 | 839.08
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Junction Position | Elevation Junction Position | Elevation
Label (m) (m) Label (m) (m)
J-121 12,439.66 | 839.08 J-151 13,569.44 | 893.41
J-122 12,517.88 | 841.56 J-152 13,572.47| 882.82
J-123 12,517.88 | 841.56 J-153 13,599.12| 891.32
J-124 12,676.60 | 846.38 J-154 13,599.12| 891.32
J-125 12,676.60 | 846.38 J-155 13,621.82| 895.28
J-126 12,759.01 | 849.61 J-156 13,621.82| 895.28
J-127 12,759.01| 849.61 J-157 13,639.12 | 898.04
J-128 12,839.76 | 854.71 J-158 13,639.12| 898.04
J-129 12,839.76 | 854.71 J-159 13,778.87| 932.24
J-130 12,990.21| 859.62 J-160 13,778.87| 932.24
J-131 12,990.21 | 859.62 J-161 13,804.10| 934.08
J-132 13,000.40 | 859.79 J-162 13,804.10| 934.08
J-133 13,000.40 | 859.79 J-163 13,827.17| 933.57
J-134 13,068.40 | 860.97 J-164 13,912.80| 929.27
J-135 13,068.40 | 860.97 J-165 13,912.80| 929.27
J-136 13,176.87 | 866.62 J-166 13,938.42| 928.61
J-137 13,176.87 | 866.62 J-167 13,938.42| 928.61
J-138 13,200.17 | 868.33 J-168 14,026.61| 921.93
J-139 13,200.17 | 868.33 J-169 14,061.76 | 925.96
J-140 13,279.11| 877.46 J-170 14,061.76 | 925.96
J-141 13,279.11| 877.46 J-171 14,070.06 | 926.14
J-142 13,358.20 | 881.76 J-172 14,070.06 | 926.14
J-143 13,358.20 | 881.76 J-173 14,115.89 | 927.98
J-144 13,429.09 | 882.36 J-174 14,115.89| 927.98
J-145 13,429.09 | 882.36 J-175 14,176.43| 928.95
J-146 13,499.62 | 887.39 J-176 14,176.43| 928.95
J-147 13,499.62 | 887.39 J-177 14,176.43| 928.95
J-148 13,512.20 | 888.53 T3-Start 14,201.14 | 928.95
J-149 13,512.20| 888.53 J-179 21,430.17| 939.80
J-150 13,569.44 | 893.41 J-180 30,025.04 | 929.40
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Junction Position | Elevation Junction Position | Elevation
Label (m) (m) Label (m) (m)
T3-End 30,563.04 | 928.76 J-211 35,410.44| 847.32
J-182 30,587.75| 928.76 J-212 36,476.36 | 840.27
J-183 30,587.75| 928.76 J-213 36,476.36 | 840.27
J-184 30,587.75| 928.76 J-214 37,173.68| 834.57
J-185 30,697.04| 928.25 J-215 37,173.68| 834.57
J-186 30,697.04| 928.25 J-216 37,317.87| 830.03
J-187 30,828.44| 923.92 J-217 37,317.87| 830.03
J-188 30,828.44| 923.92 J-218 37,560.51| 828.08
J-189 30,988.13| 921.17 J-219 37,765.95| 828.49
J-190 30,988.13| 921.17 J-220 38,393.46| 826.37
J-191 31,171.71| 919.21 J-221 38,393.46 | 826.37
J-192 31,175.18| 920.19 J-222 38,698.60 | 824.39
J-193 31,175.18| 920.19 J-223 39,100.31| 825.18
J-194 31,271.03| 925.10 J-224 39,102.46 | 824.20
J-195 31,288.81| 925.08 J-225 39,102.46 | 824.20
J-196 31,288.81| 925.08 J-226 39,136.63| 815.95
J-197 31,875.40| 907.61 J-227 39,168.42| 816.03
J-198 31,875.40| 907.61 J-228 39,168.42| 816.03
J-199 32,346.51| 898.34 J-229 39,360.82| 815.55
J-200 32,346.51| 898.34 J-230 39,360.82| 815.55
J-201 33,249.27| 877.57 J-231 39,395.20| 815.33
J-202 33,249.27| 877.57 J-232 39,415.17| 823.09
J-203 33,264.45| 875.74 J-233 39,415.17| 823.09
J-204 33,596.09| 873.77 J-234 39,437.73| 823.89
J-205 33,596.09| 873.77 J-235 39,584.82| 823.68
J-206 34,014.74| 860.81 J-236 39,584.82| 823.68
J-207 34,014.74| 860.81 J-237 39,732.06 | 824.97
J-208 34,562.50 | 854.37 J-238 39,732.06 | 824.97
J-209 34,562.50 | 854.37 J-239 40,020.07| 823.52
J-210 35,410.44 | 847.32 J-240 40,020.07 | 823.52
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Junction Position | Elevation Junction Position | Elevation
Label (m) (m) Label (m) (m)
J-241 40,401.91| 824.50 J-271 43,814.06 | 894.33
J-242 40,401.91| 824.50 J-272 44,082.38| 874.38
J-243 40,557.91| 824.23 J-273 44,194.37| 811.00
J-244 40,557.91| 824.23 J-274 44,194.37| 811.00
J-245 41,155.12| 820.05 J-275 44,527.04| 819.94
J-246 41,155.12| 820.05 J-276 44,527.04| 819.94
J-247 41,346.79| 821.86 J-277 44,647.04| 825.97
J-248 41,346.79| 821.86 J-278 44,647.04| 825.97
J-249 41,399.41| 861.12 J-279 44,719.04| 827.21
J-250 41,502.79| 821.12 J-280 44,719.04| 827.21
J-251 41,502.79| 821.12 J-281 44,742.49 | 906.63
J-252 41,756.86| 822.44 J-282 44,865.14 | 821.41
J-253 41,756.86 | 822.44 J-283 44,865.14 | 821.41
J-254 41,785.76 | 838.85 J-284 44,992.91| 820.52
J-255 42,087.83| 819.55 J-285 44,992.91| 820.52
J-256 42,087.83| 819.55 J-286 45,227.70 | 822.94
J-257 42,754.51| 817.01 J-287 45,227.70| 822.94
J-258 42,754.51| 817.01 J-288 45,368.60 | 833.71
J-259 42,892.74| 868.60 J-289 45,368.60 | 833.71
J-260 42,984.46| 863.10 J-290 45,451.90| 829.25
J-261 43,024.90| 867.60 J-291 45,451.90| 829.25
J-262 43,074.84| 863.29 J-292 45,521.56 | 828.38
J-263 43,332.80| 812.11 J-293 45,521.56 | 828.38
J-264 43,332.80| 812.11 J-294 45,594.28 | 877.43
J-265 43,421.57| 871.00 J-295 45,738.88 | 830.09
J-266 43,456.01| 813.00 J-296 45,738.88 | 830.09
J-267 43,456.01| 813.00 J-297 45,777.37| 889.22
J-268 43,550.77 | 867.62 J-298 46,148.73 | 863.34
J-269 43,602.26 | 811.99 J-299 46,540.12| 844.99
J-270 43,602.26 | 811.99 J-300 46,540.12 | 844.99
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Junction Position | Elevation Junction Position | Elevation
Label (m) (m) Label (m) (m)
J-301 46,570.75| 905.39 J-331 49,559.05| 902.51
J-302 46,785.00| 856.18 J-332 49,582.39| 890.01
J-303 46,785.00| 856.18 J-333 49,582.39| 890.01
J-304 46,932.87 | 852.14 J-334 49,688.41| 893.41
J-305 46,932.87 | 852.14 J-335 49,812.99| 899.07
J-306 46,992.26 | 880.53 J-336 49,812.99| 899.07
J-307 47,005.06 | 853.37 J-337 50,005.38 | 902.33
J-308 47,005.06 | 853.37 J-338 50,114.39| 881.79
J-309 47,094.37| 861.35 J-339 50,114.39| 881.79
J-310 47,094.37| 861.35 J-340 50,287.21| 889.06
J-311 47,165.71| 855.72 J-341 50,287.21| 889.06
J-312 47,165.71| 855.72 J-342 50,446.51| 903.28
J-313 47,448.73| 919.07 J-343 50,446.51| 903.28
J-314 47,645.94| 867.37 J-344 50,551.74 | 894.37
J-315 47,645.94| 867.37 J-345 50,551.74| 894.37
J-316 48,063.12| 884.16 J-346 50,561.37 | 866.85
J-317 48,063.12| 884.16 J-347 50,602.41| 894.03
J-318 48,210.84 | 905.82 J-348 50,602.41| 894.03
J-319 48,210.84| 905.82 J-349 50,785.03| 902.11
J-320 48,324.81| 881.10 J-350 50,785.03 | 902.11
J-321 48,372.37| 917.85 J-351 50,821.57| 888.79
J-322 48,372.37| 917.85 J-352 50,897.30| 901.60
J-323 48,518.42| 898.69 J-353 50,897.30 | 901.60
J-324 48,518.42| 898.69 J-354 51,049.57| 865.24
J-325 48,650.42| 891.28 J-355 51,063.55| 893.52
J-326 48,650.42| 891.28 J-356 51,063.55| 893.52
J-327 48,898.53| 898.20 J-357 51,250.22| 872.17
J-328 49,219.86| 881.27 J-358 51,250.22| 872.17
J-329 49,289.08 | 881.36 J-359 51,372.91| 896.96
J-330 49,289.08 | 881.36 J-360 51,466.14 | 869.64
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Junction Position | Elevation Junction Position | Elevation
Label (m) (m) Label (m) (m)
J-361 51,466.14 | 869.64 J-391 53,982.86| 874.15
J-362 51,663.04 | 886.09 J-392 54,252.77| 874.72
J-363 51,676.74 | 886.75 J-393 54,302.35| 882.23
J-364 51,676.74 | 886.75 J-394 54,478.36 | 881.50
J-365 51,858.61 | 880.38 J-395 54,478.36 | 881.50
J-366 51,858.61 | 880.38 J-396 54,653.99| 873.20
J-367 51,919.46 | 866.49 J-397 54,823.21| 889.07
J-368 51,919.46 | 866.49 J-398 55,018.36 | 876.26
J-369 52,030.01 | 872.79 J-399 55,018.36 | 876.26
J-370 52,030.01 | 872.79 J-400 55,097.48 | 869.14
J-371 52,258.01 | 897.84 J-401 55,162.36 | 876.07
J-372 52,258.01 | 897.84 J-402 55,162.36 | 876.07
J-373 52,320.90 | 897.79 J-403 55,210.36 | 881.20
J-374 52,544.49 | 893.09 J-404 55,210.36| 881.20
J-375 52,546.01 | 885.90 J-405 55,318.36 | 874.39
J-376 52,546.01 | 885.90 J-406 55,318.36 | 874.39
J-377 52,654.01 | 891.71 J-407 55,546.36 | 871.97
J-378 52,654.01 | 891.71 J-408 55,546.36 | 871.97
J-379 52,734.52 | 897.50 J-409 55,701.69| 898.09
J-380 53,016.28 | 874.02 J-410 55,762.36 | 884.62
J-381 53,184.46 | 897.66 J-411 55,762.36 | 884.62
J-382 53,184.46 | 897.66 J-412 55,954.36 | 869.26
J-383 53,450.81 | 893.07 J-413 55,954.36 | 869.26
J-384 53,450.81 | 893.07 J-414 56,062.36 | 873.79
J-385 53,578.30 | 881.61 J-415 56,062.36 | 873.79
J-386 53,621.56 | 898.89 J-416 56,146.36 | 874.98
J-387 53,621.56 | 898.89 J-417 56,146.36 | 874.98
J-388 53,850.86 | 875.40 J-418 56,217.16 | 889.70
J-389 53,850.86 | 875.40 J-419 56,504.41| 898.66
J-390 53,082.86 | 874.15 J-420 56,504.41| 898.66
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Table F.2 cont.’d

Junction Position | Elevation Junction Position | Elevation
Label (m) (m) Label (m) (m)
J-421 56,564.31| 904.60 J-451 58,949.82| 900.32
J-422 56,677.89| 892.97 J-452 58,949.82| 900.32
J-423 56,677.89 | 892.97 J-453 59,120.12| 905.29
J-424 56,721.76 | 892.59 J-454 59,120.12| 905.29
J-425 56,721.76 | 892.59 J-455 59,249.32| 890.37
J-426 57,098.55| 889.18 J-456 59,249.32| 890.37
J-427 57,098.55| 889.18 J-457 59,600.12| 892.40
J-428 57,200.02| 879.29 J-458 59,600.12| 892.40
J-429 57,230.55| 893.03 J-459 59,684.12| 896.57
J-430 57,230.55| 893.03 J-460 59,684.12| 896.57
J-431 57,318.61| 892.03 J-461 59,794.57 | 894.52
J-432 57,318.61| 892.03 J-462 59,794.57| 894.52
J-433 57,472.17| 905.15 J-463 59,865.95| 912.15
J-434 57,472.17| 905.15 J-464 60,236.01| 902.50
J-435 57,623.36 | 904.70 J-465 60,334.57 | 901.90
J-436 57,623.36 | 904.70 J-466 60,334.57 | 901.90
J-437 57,821.19| 882.99 J-467 60,745.02| 91351
J-438 57,821.19| 882.99 J-468 60,745.02| 913.51
J-439 57,923.63| 904.61 J-469 61,117.02| 902.21
J-440 57,968.81| 880.12 J-470 61,117.02| 902.21
J-441 57,968.81| 880.12 J-471 61,365.52| 911.14
J-442 58,107.15| 898.67 J-472 61,365.52| 911.14
J-443 58,234.97 | 904.69 ivedik-1 61,662.96 | 913.10
J-444 58,282.78 | 883.71 ivedik-2 61,663.46 | 913.10
J-445 58,282.78 | 883.71 ivedik-3 61,663.46 | 913.10
J-446 58,424.01| 890.32
J-447 58,515.57 | 897.60
J-448 58,515.57 | 897.60
J-449 58,841.82| 902.81
J-450 58,841.82| 902.81
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Pattern Detailed Report: VALVE30
Licensed for Academic Use Only

Element Details

(o] 1195 MNotes
Label Y ALVE30
=Pattern Summary=
Start Time 00:00:00 Operationd
Pattern Category Type (Transient,
Valve)
Starting Relative dosure 0.00 % Pattern Form at Continuous

Transient Yalve Curve

Time from Start

Relative Closure

(sec) %o,
1000 11.40
200.0 22,86
300.0 34.29
400.0 45.72
500.0 57.15
600.0 63.58
700.0 80,00
800.0 81.83
900.0 83.65
1,000.0 85.47
1,100.0 §7.29
1,200.0 89.11
1,300.0 90,93
1,400.0 92,75
1,500.0 94,57
1,600.0 96,39
1,700.0 93.21
1,800.0 100.00
Operational (Transient, Valve) Pattern
VALVE30
125.00
112.50
100.00
87.50
S
o 75.00
[
=
s
o 62.50
o
2
© 50.00
]
[~
37.50
25.00
12.50
0.00
0.0 200.0 400.0 600.0 800.0 1,000.0 1,200.0 1,400.0 1,600.0
Time (sec)
P1-45.wtg Bentley Systems, Inc. Haestad Methods Solution Canter
23.012012 27 Siemon Company Drive Suite 200 W Watertown, CT 06795

USA +1-203-755-1666
Licensed for Academic Use Only

1,800.0

Bentley HAWMMER 8i (SELECTseries 2)
ps.110221]
Page 1 of1

Figure G.1 VALVE30 closure principle
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Pattern Detailed Report: VALVE45
Licensed for Academic Use Only

Elerment Details

D 1308 MNotes
Label VALVE4S
<Pattern Summary>
Start Time 00:00:00 Operational
Pattern Category Type (Transient,
Yalve)
Starting Relative Closure 0.00 % Pattern Format Continuous
Transient Valve Curve
Time from Start Relative Closure
(sec) (%)
1,500.0 77.50
2,700.0 100.00
Operational (Transient, Valve) Pattern
VALVE4S
125.00
112.50
100.00
87.50
g
o 75.00
3
8
5 62.50
o
=
® s50.00
o
o
37.50
25.00
12.50
0.00
0.0 500.0 1,000.0 1,500.0 2,000.0 2,500.0
Time (sec)
Bentley HAMMER V8i (SELEC Tseries 2)
P1-d45.wtg Bentley Systems, Inc. Haestad Methods Solution Center [03.11.02.31]
23.01.2012 27 Siemon Company Drive Suite 200 W Watertown, CT 05795 Page 1 of1

SA +1-208-755-1656
Licersed for Academic Use Only

Figure G.2 VALVEA45 closure principle
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Pattern Detailed Report: VALVES.5
Licensed for Academic Use Only

Element Details

(o] 1319 MNotes
Label YALVES.S
=Pattern Summary=
Start Time 00:00:00 Operationd
Pattern Category Type (Transient,
Valve)
Starting Relative dosure 0.00 % Pattern Form at Continuous

Transient Yalve Curve

Time from Start

(sec)

Relative Closure

| 390.0 |

100.00 |

Operational (Transient, Valve) Pattern
VALVES.5

125.00

112.50

100.00

87.50

75.00

62.50

50.00

Relative Closure (%)

37.50

25.00

12.50

0.00

0.0

U1-T2C utg
22012012

50.0

100.0 150.0 200.0 250.0 300.0 350.0
Time (sec)

Bentley HAWMMER 8i (SELECTseries 2)
Bentley Systems, Inc. Haestad Methods Solution Center pe.110231]
27 Siemon Company Drive Suite 200 W Watertown, CT 06795 Page 1 of1
USA +1-203-755-1666
Licensed for Academic Use Only

Figure G.3 VALVES.5 closure principle
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Pattern Detailed Report: FAST3
Licensed for Academic Use Only

Element Details

1D 1210 Notes
Label FAST3
<Pattern Summary>
Start Time 00:00:00 Operational
Pattern Category Type (Transient,
Valve)
Starting Relative Closure 0.00 % Pattern Format Continuous
Transient Valve Curve
Time from Start Relative Closure
(sec)
30.0 3.50
60.0 7.00
90.0 10.50
120.0 14.00
150.0 17.50
180.0 21.00
210.0 24.50
240.0 28.00
270.0 31.50
300.0 35.00
330.0 38.50
360.0 42.00
390.0 45.50
420.0 49.00
450.0 52.50
480.0 56.00
510.0 59.50
540.0 63.00
570.0 66.50
600.0 70.00
630.0 70.75
660.0 71.50
690.0 72.25
720.0 73.00
750.0 73.75
780.0 74.50
810.0 75.25
840.0 76.00
870.0 76.75
900.0 77.50
930.0 78.25
960.0 79.00
990.0 79.75
1,020.0 80.50
1,050.0 81.25
1,080.0 82.00
1,110.0 82.75
1,140.0 83.50
1,170.0 84.25
1,200.0 85.00
1,230.0 85.75
1,260.0 86.50
1,290.0 87.25
1,320.0 88.00
1,350.0 88.75
1,380.0 89.50
1,410.0 90.25
1,440.0 91.00
1,470.0 91.75
1,500.0 92.50
1,530.0 93.25
Bentley HAMMER V8i (SELECTseries 2)
U1-T2C.wtg Bentley Systems, Inc. Haestad Methods Solution Center [08.11.02.31]
23.01.2012 27 Siemon Company Drive Suite 200 W Watertown, CT 06795 Page 1 of2

USA +1-203-755-1666
Licensed for Academic Use Only

Figure G.4 FASTS3 closure principle
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Pattern Detailed Report: FAST3
Licensed for Academic Use Only

Transient Valve Curve

Time from Start

Relative Closure

(sec) &3
1,560.0 94,00
1,590.0 94,75
1,620.0 95.50
1,650.0 96.25
1,680.0 97.00
1,710.0 97.75
1,740.0 98.50
1,770.0 99.25
1,800.0 100.00
Operational (Transient, Valve) Pattern
125.00
112.50
100.00
,‘/
87.50
e
§ /
E 75.00 | /
=
o
=}
o 62.50 /
o
pe
=
'% 50.00 7
o /
37.50 /
25.00 7
12.50 /
0.00
0.0 200.0 400.0 600.0 800.0 1,000.0 1,200.0 1,400.0 1,600.0 1,800.0
Time (sec)
Bentley HAMMER V8i (SELEC Tseries 2)
U1- T2C .witg Bentfley Systeme, Inc. Haestad Methods Solution Center [03.11.02.31]
23.01.2012 27 Siemon Company Drive Suite 200 W Watertown, CT 05795 Page 2 of2

USA +1-203-755- 1666
Licersed for Academic Use Only

Figure G.4 FAST3 closure principle cont.’d
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Pattern Detailed Report: VALVE33
Licensed for Academic Use Only

Element Details

(o] 1318 MNotes
Label VALYE33

=Pattern Summary=

Start Time 00:00:00 Operationd
Pattern Category Type (Transient,

Valve)

Starting Relative dosure 0.00 % Pattern Form at Continuous

Transient Yalve Curve

Time from Start Relative Closure
(sec) (%)
7200 §0.00
1,980.0 100.00

Operational (Transient, Valve) Pattern

VALVE33
125.00
112.50
100.00
87.50
g
® 75.00
-
3
o 62.50
o
=~
% 50.00
o
3
37.50
25.00
12.50
0.00 3 - -
0.0 200.0 400.0 600.0 800.0 1,000.0 1,200.0 1,400.0 1,600.0 1,800.0
Time (sec)
Bentley HAWMMER 8i (SELECTseries 2)
¥1-33.wtg Bentley Systems, Inc. Haestad Methods Solution Center pe.110231]
27 Siemon Company Drive Suite 200 W Watertown, CT 06795 Page 1 of1

23.012012 USA +1-203-755-1666

Licensed for Academic Use Only

Figure G.5 VALVE33 closure principle
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Pattern Detailed Report: VALVE27
Licensed for Academic Use Only

Element Details

(o] 1318 MNotes
Label YALVE27
=Pattern Summary=
Start Time 00:00:00 Operationd
Pattern Category Type (Transient,
Valve)
Starting Relative dosure 55,00 % Pattern Form at Continuous

Transient Yalve Curve

Time from Start
(sec)

Relative Closure

435.0
1,635.0

77.50
100,00

Operational (Transient, Valve) Pattern
VALVE27

110.00

105.00

100.00

95.00

S0.00

85.00

80.00

75.00

Relative Closure (%)

70.00

65.00

60.00

55.00

50.00

0.0

P1-45.wtg
23.012012

200.0

400.0 600.0 800.0 1,000.0 1,200.0 1,400.0 1,600.0
Time (sec)

Bentley HAWMMER 8i (SELECTseries 2)
Bentley Systems, Inc. Haestad Methods Solution Center pe.110231]
27 Siemon Company Drive Suite 200 W Watertown, CT 06795 Page 1 of1
USA +1-203-755-1666
Licensed for Academic Use Only

Figure G.6 VALVE27 closure principle
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APPENDIX H

RESULTS OF THE SCENARIO: B4-45

164



Transient Calculation Summary: Base

Licensed for Academic Use Only

Transient Calculation Summary

Time Step
Number of Time

Steps

Total Simulated Time
Number of Nodes

Number of Pipes

0.005 sec
600001
3,000.0 sec

497
498

Specific Gravity

Wave Speed (Global)
Vapor Pressure

Number of Report Paths

0.998
1,000.00 m/s
-10.1 m H20

6

Transient Initial Conditions Summary

Label Start Node Head (Initial at Stop Node Head (Initial at
Start Node, Stop Node,
Transient) Transient)
(m) (m)

P-1 Gamlidere Dam 960.00 | 3-1 958.70
pP-2 J-1 958.70 | T1-End 955.50
P-4 T2-Start 955.50 | 34 955.30
P-3 T1-End 955.60 | T2-Start 955.50
P-5 J4 955.30 | 3-5 954.50
P-6 J-5 954.50 | -6 953.90
P-7 J-6 953.90 | T2-End 953.70
P-18 J-62 952.50 | J-65 952.40
P-11 )-8 953.50 | 3-29 953.10
pP-21 J-29 953.10 | 3-34 953.00
P-22 J-34 953.00 | -39 952.90
P-23 J-39 952.90 | J-52 952.60
pP-24 J-52 952.60 | 3-57 952.60
P-25 J-57 952.60 | J-62 952.50
P-26 J-80 952.10 | 3-83 952.10
pP-27 1-83 952.10 | 3-92 951.80
P-28 J-92 951.80 | J-97 951.80
P-20 J-97 951.80 | J-152 951.00
pP-29 J-152 951.00 | J-163 950.90
P-30 J-163 950.90 | J-168 950.80
P-31 J-168 950.80 | J-175 950.70
P-40 J-191 937.10 | J-194 937.00
P-41 J-194 937.00 | J-203 936.10
P-43 J-218 934.10 | J-219 934.00
P-44 J-219 934.00 | J-222 933.50
P-45 J-222 933.50 | 3-223 933.40
P-46 J-223 933.40 | J-226 933.30
pP-47 J-226 933.30 | J-231 933.20
P-48 J-231 933.20 | J-234 933.20
P-49 J-234 933.20 | J-249 932.30
P-50 J-249 932.30 | J-254 932.10
P-51 J-254 932.10 | J-259 931.60
P-52 J-259 931.60 | J-260 931.60
P-53 J-260 931.60 | J-261 931.50
P-54 J-261 931.50 | J-262 931.50
P-55 J-262 931.50 | J-265 931.40
P-56 J-265 931.40 | J-268 931.30
P-57 1-268 931.30 | 3-271 931.20
P-58 J-271 931.20 | J-272 931.00
P-59 J-272 931.00 | J-281 930.70
P-60 J-281 930.70 | J-294 930.30
P-61 J-294 930.30 | J-297 930.30
P-62 J-297 930.30 | J-298 930.10
P-63 J-298 930.10 | J-301 929.90
P-64 J-301 929.90 | J-306 929.70
P-65 J-306 929.70 | 3-313 929.50
P-66 J-313 929.50 | J-320 929.10
P-67 J-320 929.10 | J-327 928.80
P-68 J-327 928.80 | 3-328 928.60
P-69 J-328 928.60 | J-331 928.50
pP-70 J-331 928.50 | J-334 928.40
P-71 J-334 928.40 | J-337 928.30
B4-45.wtg Bentley Systems, Inc. Haestad Methods Solution Center
23.01.2012 27 Siemon Company Drive Suite 200 W Watertown, CT 06795

USA +1-203-755-1666

Licensed for Academic Use Only
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Label

P-72
P-73
P-74
P-75
P-76
pP-77
pP-78
P-79
P-80
P-81
P-82
P-83
P-84
P-85
P-86
P-87
P-88
P-89
P-90
P-91
P-92
P-93
P-94
P-95
P-96
pP-97
P-32
P-39
P-12
P-100
P-101
P-102
P-103
P-104
P-105
P-106
P-107
P-108
P-109
P-110
P-111
P-112
P-113
P-114
P-115
P-116
P-117
P-118
P-119
P-120
P-121
P-122
P-123
P-124
P-125
P-126
pP-127
P-128
P-129

B4-45.wtg
23.01.2012

Transient Calculation Summary: Base
Licensed for Academic Use Only

Transient Initial Conditions Summary

Start Node

J-385
J-392
1-393
J-396
1-397
J-400
J-409
J-418
1421
J-428
1439
J-442
J-443
J-446
J-463
J-464
J-179
J-180

J-11
J-13
J-15
J-17
J-19
J-21
J-23
J-25
J-27
J-30
J-32
)35
J-37
J-40
J-42
J-44
J-46
J-48
J-50
J-53
J-55
J-58
J-60
J-63
J-66
J-68
J-70
172
J-74
1-76

Head (Initial at
Start Node,
Transient)

(m)
928.30
928.00
927.90
927.80
927.60
927.50
927.20
927.10
927.00
926.90
926.60
926.30
926.30
926.10
926.00
925.90
925.60
925.40
925.20
924.90
924.60
924.50
924.40
924.30
923.70
923.50
944.80
938.00
953.50
953.40
953.40
953.40
953.30
953.30
953.30
953.20
953.20
953.20
953.10
953.00
952.90
952.80
952.80
952.80
952.70
952.70
952.60
952.60
952.60
952.60
952.50
952.50
952.50
952.40
952.40
952.30
952.30
952.30
952.30

Stop Node Head (Initial at
Stop Node,
Transient)
(m)

J-346 928.00
J-351 927.90
1-354 927.80
J-359 927.60
J-362 927.50
1373 927.20
1-374 927.10
1379 927.00
J-380 926.90
J-385 926.60
J-392 926.30
J-393 926.30
J-396 926.10
J-397 926.00
J-400 925.90
J-409 925.60
J-418 925.40
J-421 925.20
J-428 924.90
J-439 924.60
J-442 924.50
J-443 924.40
1446 924.30
J-463 923.70
J-464 923.50
Ivedik-1 923.00
J-180 938.00
T3-End 937.60
J-11 953.40
J-13 953.40
J-15 953.40
J-17 953.30
J-19 953.30
J-21 953.30
J-23 953.20
J-25 953.20
3-27 953.20
J-30 953.10
J-32 953.00
335 952.90
337 952.80
J-40 952.80
J42 952.80
J-44 952.70
J-46 952.70
J-48 952.60
J-50 952.60
J-53 952.60
J-55 952.60
J-58 952.50
J-60 952.50
J-63 952.50
J-66 952.40
J-68 952.40
J-70 952.30
J-72 952.30
J-74 952.30
J-76 952.30
J-78 952.20

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemon Company Drive Suite 200 W Watertown, CT 06795

USA +1-203-755-1666

Licensed for Academic Use Only
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Label

P-130
P-131
P-132
P-133
P-134
P-135
P-136
P-137
P-138
P-139
P-140
P-141
P-142
P-143
P-144
P-145
P-146
P-147
P-148
P-149
P-150
P-151
P-152
P-153
P-154
P-155
P-156
P-157
P-158
P-159
P-160
P-161
P-162
P-163
P-164
P-165
P-166
P-167
P-168
P-169
P-170
P-171
P-172
P-173
P-174
P-13

P-175
P-176
P-177
P-178
P-179
P-180
P-181
p-182
P-183
P-184
P-185
P-186
p-187

B4-45.wtg
23.01.2012

Transient Calculation Summary: Base
Licensed for Academic Use Only

Transient Initial Conditions Summary

Start Node

J-78
J-81

J-142
J-144
J-146
J-148
J-150

Head (Initial at
Start Node,
Transient)

(m)
952.20
952.10
952.00
952.00
951.90
951.90
951.80
951.80
951.70
951.70
951.70
951.70
951.70
951.60
951.60
951.60
951.50
951.50
951.50
951.40
951.40
951.30
951.30
951.20
951.20
951.20
951.20
951.10
951.10
951.10
951.00
951.00
951.00
951.00
950.90
950.90
950.90
950.90
950.90
950.80
950.80
950.80
950.70
950.70
950.70
953.50
953.40
953.40
953.40
953.30
953.30
953.30
953.20
953.20
953.20
953.10
953.00
952.90
952.80

Stop Node Head (Initial at
Stop Node,
Transient)
(m)

J-81 952.10
J-84 952.00
1-86 952.00
J-88 951.90
J-90 951.90
J-93 951.80
J-95 951.80
J-98 951.70
J-100 951.70
J-102 951.70
J-104 951.70
J-106 951.70
J-108 951.60
J-110 951.60
J-112 951.60
J-114 951.50
J-116 951.50
J-118 951.50
J-120 951.40
J-122 951.40
J-124 951.30
J-126 951.30
J-128 951.20
J-130 951.20
J-132 951.20
J-134 951.20
J-136 951.10
J-138 951.10
J-140 951.10
J-142 951.00
J-144 951.00
J-146 951.00
J-148 951.00
J-150 950.90
J-153 950.90
J-155 950.90
J-157 950.90
J-159 950.90
J-161 950.80
J-164 950.80
J-166 950.80
J-169 950.70
J-171 950.70
J-173 950.70
J-176 950.70
J-12 953.40
J-14 953.40
J-16 953.40
J-18 953.30
J-20 953.30
J-22 953.30
J-24 953.20
J-26 953.20
J-28 953.20
331 953.10
333 953.00
J-36 952.90
138 952.80
J41 952.80
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Label

P-188
P-189
P-190
P-191
P-192
P-193
P-194
P-195
P-196
P-197
P-198
P-199
P-200
P-201
P-202
P-203
P-204
P-205
P-206
P-207
P-208
P-209
P-210
P-211
P-212
P-213
P-214
pP-215
P-216
pP-217
P-218
P-219
P-220
P-221
P-222
P-223
P-224
P-225
P-226
pP-227
P-228
P-229
P-230
pP-231
P-232
P-233
P-234
P-235
P-236
P-237
P-238
P-239
P-240
P-241
P-242
P-243
P-244
P-245
P-246

B4-45.wtg
23.01.2012

Transient Calculation Summary: Base
Licensed for Academic Use Only

Transient Initial Conditions Summary

Start Node

J-41
143
145
147
J-49
J-51

J-56
J-59
J-61
J-64
J-67
J-69
J-71
173
J-75
3-77
J-79
1-82
J-85
1-87
)-89
J-91

J-9%6

J-99

J-101
J-103
J-105
J-107
J-109
J-111
J-113
J-115
J-117

J-149
J-151
J-154
J-156
J-158
J-160
J-162
J-165
J-167

Head (Initial at
Start Node,
Transient)

(m)
952.80
952.80
952.70
952.70
952.60
952.60
952.60
952.60
952.50
952.50
952.50
952.40
952.40
952.30
952.30
952.30
952.30
952.20
952.10
952.00
952.00
951.90
951.90
951.80
951.80
951.70
951.70
951.70
951.70
951.70
951.60
951.60
951.60
951.50
951.50
951.50
951.40
951.40
951.30
951.30
951.20
951.20
951.20
951.20
951.10
951.10
951.10
951.00
951.00
951.00
951.00
950.90
950.90
950.90
950.90
950.90
950.80
950.80
950.80

Stop Node Head (Initial at
Stop Node,
Transient)
(m)

J-43 952.80
145 952.70
147 952.70
J-49 952.60
J-51 952.60
J-54 952.60
J-56 952.60
J-59 952.50
J-61 952.50
J-64 952.50
J-67 952.40
J-69 952.40
J-71 952.30
J-73 952.30
J-75 952.30
377 952.30
J-79 952.20
J-82 952.10
J-85 952.00
1-87 952.00
J-89 951.90
Ja1 951.90
J-94 951.80
J-96 951.80
J-99 951.70
J-101 951.70
J-103 951.70
J-105 951.70
J-107 951.70
J-109 951.60
J-111 951.60
J-113 951.60
J-115 951.50
J-117 951.50
J-119 951.50
J-121 951.40
J-123 951.40
J-125 951.30
J-127 951.30
J-129 951.20
J-131 951.20
J-133 951.20
J-135 951.20
J-137 951.10
J-139 951.10
J-141 951.10
J-143 951.00
J-145 951.00
J-147 951.00
J-149 951.00
J-151 950.90
J-154 950.90
J-156 950.90
J-158 950.90
J-160 950.90
J-162 950.80
J-165 950.80
J-167 950.80
J-170 950.70
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Label

P-247
P-248
P-249
P-36

P-250
P-251
P-252
P-253
P-254
P-255
P-256
P-257
P-258
P-259
P-260
P-261
P-262
P-263
P-264
P-265
P-266
P-267
P-268
P-269
P-270
P-271
P-272
P-273
P-274
P-275
P-276
pP-277
P-278
P-279
P-280
P-281
P-282
P-283
P-284
P-285
P-286
p-287
P-288
P-289
P-290
P-201
P-292
P-293
P-2%4
P-295
P-296
P-297
P-298
P-299
P-300
P-301
P-302
P-303
P-304

B4-45.wtg
23.01.2012

Transient Calculation Summary: Base
Licensed for Academic Use Only

Transient Initial Conditions Summary

Start Node

J-170

J-247
J-250
J-252
J-255
J-257

J-282
J-284
J-286
J-288
J-290
J-292
J-295
J-299
J-302
J-304
J-307
J-309
J-311
J-314
J-316
J-318
J-321

Head (Initial at
Start Node,
Transient)

(m)
950.70
950.70
950.70
937.30
937.30
937.20
937.10
937.10
937.00
936.80
936.50
936.20
936.00
935.80
935.60
935.20
934.80
934.50
934.40
933.90
933.60
933.60
933.50
933.50
933.40
933.30
933.20
933.10
933.00
932.70
932.60
932.60
932.50
932.30
932.00
931.80
931.70
931.70
931.40
931.30
931.20
931.20
931.10
931.10
931.00
930.90
930.90
930.80
930.70
930.40
930.30
930.20
930.20
930.10
930.10
929.90
929.70
929.70
929.60

Stop Node Head (Initial at
Stop Node,
Transient)
(m)

J-172 950.70
J-174 950.70
3177 950.70
J-185 937.30
J-187 937.20
J-189 937.10
J-192 937.10
J-195 937.00
J-197 936.80
J-199 936.50
J-201 936.20
J-204 936.00
J-206 935.80
J-208 935.60
J-210 935.20
J-212 934.80
J-214 934.50
J-216 934.40
J-220 933.90
J-224 933.60
3-227 933.60
J-229 933.50
J-232 933.50
J-235 933.40
J-237 933.30
J-239 933.20
J-241 933.10
J-243 933.00
J-245 932.70
J-247 932.60
J-250 932.60
J-252 932.50
J-255 932.30
J-257 932.00
J-263 931.80
1-266 931.70
1-269 931.70
3273 931.40
J-275 931.30
3277 931.20
J-279 931.20
J-282 931.10
J-284 931.10
J-286 931.00
J-288 930.90
J-290 930.90
J-292 930.80
J-295 930.70
J-299 930.40
J-302 930.30
J-304 930.20
J-307 930.20
J-309 930.10
J-311 930.10
1314 929.90
1316 929.70
J-318 929.70
J-321 929.60
J-323 929.50
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P-305
P-306
P-307
P-308
P-309
P-310
P-311
P-312
P-313
P-314
P-315
P-316
P-317
P-318
P-319
P-320
P-321
P-322
P-323
P-324
P-325
P-326
P-327
P-328
P-329
P-330
P-331
P-332
P-333
P-334
P-335
P-336
pP-337
P-338
P-339
P-340
P-341
P-342
P-343
P-344
P-345
P-346
P-347
P-348
P-349
P-350
P-351
P-352
P-353
P-354
P-355
P-356
pP-357
P-358
P-359
P-360
P-361
P-362
P-363

B4-45.wtg
23.01.2012

Transient Calculation Summary: Base
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Transient Initial Conditions Summary

Start Node

J-323
J-325
J-329
J-332
J-335
J-338

J-403
J-405
J-407
J-410
J-412
J-414
J-416
J-419
1422
J-424
J-426
J-429
J-431
1433
J-435
1-437
J-440
J-444
J-447
J-449
J-451
J-453
J-455
1-457
J-459
J-461
J-465
J-467
J-469

Head (Initial at
Start Node,
Transient)

(m)
929.50
929.50
929.20
929.10
929.00
928.80
928.80
928.70
928.60
928.60
928.50
928.50
928.40
928.30
928.20
928.20
928.10
928.10
928.00
927.90
927.80
927.70
927.50
927.40
927.30
927.20
927.20
926.90
926.70
926.60
926.60
926.60
926.50
926.40
926.30
926.30
926.20
926.10
926.00
926.00
925.80
925.70
925.70
925.60
925.60
925.50
925.40
925.30
925.20
925.00
925.00
924.90
924.90
924.70
924.70
924.60
924.40
924.20
924.10

Stop Node Head (Initial at
Stop Node,
Transient)
(m)

J-325 929.50
J-329 929.20
3332 929.10
J-335 929.00
J-338 928.80
1-340 928.80
1342 928.70
J-344 928.60
1-347 928.60
J-349 928.50
J-352 928.50
J-355 928.40
J-357 928.30
J-360 928.20
J-363 928.20
J-365 928.10
J-367 928.10
3-369 928.00
J-371 927.90
3375 927.80
3-377 927.70
J-381 927.50
J-383 927.40
1-386 927.30
J-388 927.20
J-390 927.20
1-39%4 926.90
J-398 926.70
J-401 926.60
J-403 926.60
J-405 926.60
J-407 926.50
J-410 926.40
1412 926.30
J-414 926.30
J-416 926.20
1419 926.10
3422 926.00
J-424 926.00
J-426 925.80
J-429 925.70
J-431 925.70
1433 925.60
J-435 925.60
1437 925.50
J-440 925.40
J-444 925.30
1447 925.20
J-449 925.00
1451 925.00
1453 924.90
1-455 924.90
3457 924.70
1459 924.70
J-461 924.60
J-465 924.40
J-467 924.20
J-469 924.10
3471 924.00
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Label

P-364
P-38

P-367
P-368
P-369
P-370
P-371
P-372
pP-373
P-374
P-375
P-376
pP-377
P-378
P-379
P-380
P-381
P-382
P-383
P-384
P-385
P-386
P-387
P-388
P-389
P-390
P-391
P-392
P-393
P-3%4
P-395
P-396
P-397
P-398
P-399
P-400
P-401
P-402
P-403
P-404
P-405
P-406
P-407
P-408
P-409
P-410
P-411
P-412
P-413
P-414
P-415
P-416
pP-417
P-418
P-419
P-420
P-421
P-422
P-423

B4-45.wtg
23.01.2012

Transient Calculation Summary: Base
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Transient Initial Conditions Summary

Start Node

J-471

J-253
J-256
J-258
J-264
J-267

J-287
J-289
J-291
J-293
J-296
J-300
J-303
J-305
J-308
J-310
J-312
J-315
J-317
J-319
J-322
J-324
1-326

Head (Initial at
Start Node,
Transient)

(m)
924.00
937.30
937.30
937.20
937.10
937.10
937.00
936.80
936.50
936.20
936.00
935.80
935.60
935.20
934.80
934,50
934.40
933.90
933.60
933.60
933.50
933.50
933.40
933.30
933.20
933.10
933.00
932.70
932.60
932.60
932.50
932.30
932.00
931.80
931.70
931.70
931.40
931.30
931.20
931.20
931.10
931.10
931.00
930.90
930.90
930.80
930.70
930.40
930.30
930.20
930.20
930.10
930.10
929.90
929.70
929.70
929.60
929.50
929.50

Stop Node Head (Initial at
Stop Node,
Transient)
(m)

Ivedik-2 923.60
J-186 937.30
J-188 937.20
J-190 937.10
J-193 937.10
J-196 937.00
J-198 936.80
J-200 936.50
J-202 936.20
J-205 936.00
J-207 935.80
J-209 935.60
J-211 935.20
J-213 934.80
J-215 934.50
J-217 934.40
J-221 933.90
J-225 933.60
J-228 933.60
J-230 933.50
J-233 933.50
J-236 933.40
J-238 933.30
J-240 933.20
1-242 933.10
J-244 933.00
J-246 932.70
J-248 932.60
J-251 932.60
J-253 932.50
J-256 932.30
J-258 932.00
J-264 931.80
J-267 931.70
J-270 931.70
1274 931.40
J-276 931.30
J-278 931.20
J-280 931.20
J-283 931.10
J-285 931.10
J-287 931.00
J-289 930.90
J-291 930.90
J-293 930.80
J-296 930.70
J-300 930.40
J-303 930.30
J-305 930.20
J-308 930.20
J-310 930.10
3312 930.10
3315 929.90
1317 929.70
J-319 929.70
J-322 929.60
J-324 929.50
1-326 929.50
J-330 929.20
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Label

P-424
P-425
P-426
P-427
P-428
P-429
P-430
P-431
P-432
P-433
P-434
P-435
P-436
P-437
P-438
P-439
P-440
P-441
P-442
P-443
P-444
P-445
P-446
P-447
P-448
P-449
P-450
P-451
P-452
P-453
P-454
P-455
P-456
p-457
P-458
P-459
P-460
P-461
P-462
P-463
P-464
P-465
P-466
P-467
P-468
P-469
P-470
P-471
P-472
P-473
P-474
P-475
P-476
P-477
P-478
P-479
P-480
P-481
P9

B4-45.wtg
23.01.2012

Transient Calculation Summary: Base
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Transient Initial Conditions Summary

Start Node

J-330
J-333
J-336
J-339
J-341
1-343

Head (Initial at
Start Node,
Transient)

(m)
929.20
929.10
929.00
928.80
928.80
928.70
928.60
928.60
928.50
928.50
928.40
928.30
928.20
928.20
928.10
928.10
928.00
927.90
927.80
927.70
927.50
927.40
927.30
927.20
927.20
926.90
926.70
926.60
926.60
926.60
926.50
926.40
926.30
926.30
926.20
926.10
926.00
926.00
925.80
925.70
925.70
925.60
925.60
925.50
925.40
925.30
925.20
925.00
925.00
924.90
924.90
924.70
924.70
924.60
924.40
924.20
924.10
924.00
953.70

Stop Node Head (Initial at
Stop Node,
Transient)
(m)

3-333 929.10
J-336 929.00
J-339 928.80
J-341 928.80
1343 928.70
J-345 928.60
J-348 928.60
J-350 928.50
J-353 928.50
J-356 928.40
J-358 928.30
J-361 928.20
J-364 928.20
J-366 928.10
J-368 928.10
J-370 928.00
3372 927.90
3376 927.80
J-378 927.70
J-382 927.50
3-384 927.40
J-387 927.30
J-389 927.20
J-391 927.20
J-395 926.90
J-399 926.70
J-402 926.60
J-404 926.60
J-406 926.60
J-408 926.50
J-411 926.40
3413 926.30
J-415 926.30
1417 926.20
J-420 926.10
J-423 926.00
3425 926.00
J-427 925.80
J-430 925.70
1432 925.70
1434 925.60
1436 925.60
1438 925.50
J-441 925.40
J-445 925.30
1448 925.20
1450 925.00
J-452 925.00
1454 924.90
1-456 924.90
1458 924.70
1460 924.70
J-462 924.60
1-466 924.40
J-468 924.20
J-470 924.10
3472 924.00
Ivedik-3 923.60
TCV-2 953.60
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Transient Initial Conditions Summary

Label Start Node Head (Initial at Stop Node Head (Initial at
Start Node, Stop Node,
Transient) Transient)
(m) (m)

P-490 TCV-2 953.60 | 3-8 953.50
P-10 T2-End 953.70 | TCV-3 953.60
P-491 TCV-3 953.60 | 3-9 953.50
P-8 T2-End 953.70 | TCV-1 953.60
P-492 TCv-1 953.60 | J-10 953.50
P-15 J-175 950.70 | TCV-4 950.70
P-493 TCV-4 950.60 | T3-Start 950.60
P-16 J-176 950.70 | TCV-5 950.70
P-494 TCV-5 950.60 | T3-Start 950.60
P-17 J-177 950.70 | TCV-6 950.70
P-495 TCV-6 950.60 | T3-Start 950.60
P-35 T3-End 937.60 | TCV-9 937.40
P-496 TCV-9 937.40 | J-183 937.30
P-33 T3-End 937.60 | TCV-7 937.40
P-497 TCV-7 937.40 | J-182 937.30
P-34 T3-End 937.60 | TCV-8 937.40
P-498 TCV-8 937.40 | J-184 937.30
P-99 Ivedik-1 923.00 | U-1.1 923.00
P-98 Ivedik-1 923.00 | L-1.2 923.00
P-366 Ivedik-2 923.60 | U-2.1 923.60
P-365 ivedik-2 923.60 | LJ-2.2 923.60
P-483 Ivedik-3 923.60 | LJ-3.1 923.60
P-482 Ivedik-3 923.60 | LJ-3.2 923.60
P-484 U-1.1 918.10 | R-1.1 918.10
P-485 U-1.2 918.10 | R-1.2 918.10
P-486 U-2.1 918.10 | R-2.1 918.10
P-487 U-2.2 918.10 | R-2.2 918.10
P-488 U-3.1 918.10 | R-3.1 918.10
P-489 v-3.2 918.10 | R-3.2 918.10
P-42 J-203 936.10 | J-218 934.10
P-19 J-65 952.40 | 3-80 952.10
P-37 J-183 937.30 | J-191 937.10
P-14 T3-Start 950.60 | 3-179 944.80

Extreme Pressures and Heads

End Point Upsurge Ratio  Max. Pressure Min. Pressure Max. Head Min. Head
(m H20) (m H20) (m) (m)

g'alrfam"dere 1.000 20.2 202 960.00 960.00

P-1:J-1 1.090 19.2 17.7 960.25 958.70

P-2:)-1 1.090 19.2 17.7 960.25 958.70

P-2:T1-End 1.050 116.7 111.3 961.00 955.53

P-4:T2-Start 1.050 116.8 1112 961.06 955.43

P-4:3-4 1.070 4.0 88.2 961.15 955.29

P-3:T1-End 1.050 116.7 1113 961.00 955.53

P-3:T2-Start 1.050 116.8 1112 961.06 955.43

1.070 4.0 88.2 961.15 955.29

1.480 214 14.5 961.41 954.44

1.480 214 145 961.41 954.44

1.520 224 14.7 961.57 953.90

1.520 224 147 961.57 953.90

1.540 228 148 961.64 953.64

1.050 182.6 173.1 962.03 952.49

1.060 183.6 1739 962.06 952.40

1.550 228 14.7 961.66 953.50

1.130 76.8 68.2 961.81 953.11

P-21:3-29 1.130 76.8 68.2 961.81 953.11

P-21:3-34 1.130 75.6 66.7 961.86 952.95
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End Point

P-22:1-34

P-22:3-39

P-23:3-39

P-23:3-52

P-24:3-52

P-24:1-57

P-25:3-57

P-25:3-62

P-26:1-80

P-26:1-83

P-27:1-83

P-27:3-92

P-28:3-92

P-28:3-97

P-20:3-97

P-20:3-152
P-29:3-152
P-29:3-163
P-30:J-163
P-30:1-168
P-31:]-168
P-31:3-175
P-40:3-191
P-40:3-194
P-41:3-194
P-41:3-203
P-43:1-218
P-43:3-219
P-44:3-219
P-44:-222
P-45:1-222
P-45:3-223
P-46:1-223
P-46:1-226
P-47:1-226
P-47:3-231
P-48:3-231
P-48:3-234
P-49:3-234
P-49:1-249
P-50:]-249
P-50:]-254
P-51:1-254
P-51:3-259
P-52:3-259
P-52:1-260
P-53:1-260
P-53:1-261
P-54:3-261
P-54:1-262
P-55:1-262
P-55:1-265
P-56:1-265
P-56:1-268
P-57:1-268
P-57:3-271
P-58:3-271
P-58:1-272
P-59:3-272
P-59:3-281
P-60:]-281

B4-45.wtg
23.01.2012

Extreme Pressures and Heads

Upsurge Ratio

1.130
1.090
1.090
1.060
1.060
1.060
1.060
1.050
1.060
1.060
1.060
1.070
1.070
1.070
1.070
1.170
1.170
1.680
1.680
1.410
1410
1.550
2.570
3.360
3.360
1.480
1.300
1.300
1.300
1.290
1.290
1.300
1.300
1.270
1.270
1.270
1.270
1.300
1.300
1.470
1470

Transient Calculation Summary: Base

Licensed for Academic Use Only

Max. Pressure
(m H20)
75.6
105.9
105.9
166.0
166.0
180.9
180.9
182.6
165.0
169.1
169.1
156.6
156.6
151.1
1511
79.7
79.7
29.0
29.0
40.7
40.7
337
45.8

Min. Pressure
(m H20)
66.7
96.8
96.8
156.6
156.6
1714
1714
173.1
154.9
159.0
159.0
146.2
146.2
140.6
140.6
68.0
68.0
17.2
17.2
28.8
288
21.7
17.8
119
119
60.2
105.8
105.3
105.3

24.1

Max. Head
(m)

961.86
961.91
961.91
961.98
961.98
962.01
962.01
962.03
962.17
962.18
962.18
962.26
962.26
962.29
962.29
962.64
962.64
962.67
962.67
962.70
962.70
962.73
965.14
965.14
965.14
965.14
965.44
965.46
965.46
965.56
965.56
965.60
965.60
965.60
965.60
965.61
965.61
965.62
965.62
965.76
965.76
965.78
965.78
965.85
965.85
965.86
965.86
965.86
965.86
965.87
965.87
965.89
965.89
965.90
965.90
965.92
965.92
965.94
965.%4
966.03
966.03

Min. Head
(m)
952.95
952.83
952.83
952.60
952.60
952.54
952.54
952.49
952.08
952.05
952.05
951.84
951.84
951.77
951.77
950.94
950.94
950.83
950.83
950.74
950.74
950.68
937.06
937.02
937.02
936.08
934.08
933.98
933.98
933.54
933.54
933.36
933.36
933.34
933.34
933.24
933.24
933.22
933.22
932.30
932.30
932.12
932.12
931.60
931.60
931.56
931.56
931.54
931.54
931.52
931.52
931.35
931.35
931.29
931.29
931.17
931.17
931.05
931.05
930.74
930.74
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End Point

P-60:1-294
P-61:1-294
P-61:1-297
P-62:1-297
P-62:1-298
P-63:1-298
P-63:3-301
P-64:3-301
P-64:1-306
P-65:1-306
P-65:1-313
P-66:1-313
P-66:1-320
P-67:1-320
P-67:1-327
P-68:3-327
P-68:1-328
P-69:1-328
P-69:3-331
P-70:3-331
P-70:1-334
P-71:1-334
P-71:3-337
P-72:3-337
P-72:1-346
P-73:1-346
P-73:)-351
P-74:3-351
P-74:1-354
P-75:1-354
P-75:1-359
P-76:1-359
P-76:1-362
P-77:1-362
P-77:3-373
P-78:1-373
P-78:1-374
P-79:3-374
P-79:3-379
P-80:1-379
P-80:1-380
P-81:1-380
P-81:1-385
P-82:3-385
P-82:]-392
P-83:1-392
P-83:1-393
P-84:1-393
P-84:1-396
P-85:1-396
P-85:1-397
P-86:1-397
P-86:3-400
P-87:1-400
P-87:1-409
P-88:1-409
P-88:]-418
P-89:1-418
P-89:]-421
P-90:3-421
P-90:3-428

B4-45.wtg
23.01.2012

Extreme Pressures and Heads

Upsurge Ratio

1.680
1.680
1.880
1.880
1.540
1.540
2.480
2.490
1.750
1.750
4.550
4.550
1.780
1.780
2.230
2.230
1.800
1.800
2.470
2470
2.090
2.090
2.480
2.480
1.630
1.630
1.990
1.990
1.620
1.620
2.280
2.280
1.950
1.950
2.350
2.350
2.170
2.170
2.360
2.360
1.760
1.760
1.900
1.900
1.790
1.790
1.930
1.930
1.780
1.780
2.120
2.120
1.730
1.730
2.520
2.520
2.180
2.180
3.050
3.050
1.930

Transient Calculation Summary: Base

Licensed for Academic Use Only

Max. Pressure
(m H20)
88.5
88.5
76.8

Min. Pressure
(m H20)
52.8
52.8
41.0
410
66.6
66.6
244
24.4
49.1
49.1
104
104
479
47.9
30.5
30.5

455

Max. Head
(m)

966.13
966.13
966.16
966.16
966.20
966.20
966.25
966.25
966.31
966.31
966.36
966.36
966.47
966.47
966.55
966.55
966.58
966.58
966.63
966.63
966.64
966.64
966.68
966.68
966.75
966.75
966.79
966.79
966.81
966.81
966.85
966.85
966.89
966.89
966.96
966.96
966.99
966.99
967.01
967.01
967.04
967.04
967.11
967.11
967.19
967.19
967.19
967.19
967.24
967.24
967.25
967.25
967.28
967.28
967.36
967.36
967.43
967.43
967.47
967.47
967.54

Min. Head
(m)
930.34
930.34
930.25
930.25
930.08
930.08
929.88
929.88
929.68
929.68
929.47
929.47
929.06
929.06
928.79
928.79
928.64
928.64
92848
928.48
928.42
928.42
928.28
928.28
928.02
928.02
927.89
927.89
927.79
927.79
927.64
927.64
927.50
927.50
927.19
927.19
927.09
927.09
927.00
927.00
926.87
926.87
926.61
926.61
926.29
926.29
926.27
926.27
926.10
926.10
926.02
926.02
925.89
925.89
925.61
925.61
925.37
925.37
925.21
925.21
924.91
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End Point

P-91:3-428
P-91:3-439
P-92:3-439
P-92:3-442
P-93:3-442
P-93:3-443
P-94:-443
P-94:1-446
P-95:3-446
P-95:1-463
P-96:1-463
P-96:1-464
P-97:1-464
P-97:1vedik-1
P-32:3-179
P-32:-180
P-39:3-180
P-39:T3-End
P-12:3-9
P-12:3-11
P-100:3-11
P-100:3-13
P-101:3-13
P-101:3-15
P-102:3-15
P-102:3-17
P-103:3-17
P-103:3-19
P-104:3-19
P-104:3-21
P-105:3-21
P-105:3-23
P-106:3-23
P-106:3-25
P-107:3-25
P-107:3-27
P-108:3-27
P-108:3-30
P-109:3-30
P-109:3-32
P-110:3-32
P-110:3-35
P-111:3-35
P-111:3-37
P-112:3-37
P-112:3-40
P-113:3-40
P-113:3-42
P-114:3-42
P-114:3-44
P-115:3-44
P-115:3-46
P-116:3-46
P-116:3-48
P-117:3-48
P-117:3-50
P-118:3-50
P-118:3-53
P-119:3-53
P-119:3-55
P-120:3-55

B4-45.wtg
23.01.2012

Extreme Pressures and Heads

Upsurge Ratio

1.930
3.160
3.160

1.220
1.220
1.190
1.190
1.180
1.180
1.170
1.170
1.150
1.150
1.140
1.140
1.140
1.140
1.130
1.130
1.130
1.130
1.110
1.110
1.100
1.100
1.100
1.100
1.100
1.100
1.090
1.090
1.070
1.070
1.070
1.070
1.060
1.060
1.060
1.060

Transient Calculation Summary: Base

Licensed for Academic Use Only

Max. Pressure
(m H20)
88.1
62.9

Min. Pressure
(m H20)

455
19.9
19.9
25.8
25.8
19.7
19.7
34.0
34.0
115
11.5
20.9
20.9
929
5.0
86
8.6
88
14.7
204
204
224
224
284
284
384
384
45.0
45.0
47.3
47.3
51.2
51.2
55.5
55.5
59.6
59.6
63.3
63.3
67.8
67.8
70.9
70.9
834
834
87.2
87.2
87.8
87.8
89.6
89.6
104.8
104.8
137.9
137.9
140.7
140.7
154.8
154.8
162.3
162.3

Max. Head
(m)

967.54
967.64
967.64
967.66
967.66
967.67
967.67
967.70
967.70
967.87
967.87
967.91
967.91
967.97
963.87
965.07
965.07
965.12
961.65
961.68
961.68
961.70
961.70
961.72
961.72
961.74
961.74
961.74
961.74
961.75
961.75
961.76
961.76
961.78
961.78
961.79
961.79
961.82
961.82
961.84
961.84
961.88
961.88
961.91
961.91
961.92
961.92
961.93
961.93
961.95
961.95
961.97
961.97
961.98
961.98
961.98
961.98
962.00
962.00
962.00
962.00

Min. Head
(m)
924.91
924.57
924.57
924.49
924.49
924.43
924.43
924.34
924.34
923.66
923.66
923.49
923.49
923.04
944.81
937.99
937.99
937.56
953.50
953.42
953.42
953.37
953.37
953.33
953.33
953.28
953.28
953.26
953.26
953.25
953.25
953.22
953.22
953.18
953.18
953.14
953.14
953.08
953.08
952.99
952.99
952.88
952.88
952.82
952.82
952.76
952.76
952.75
952.75
952.70
952.70
952.67
952.67
952.61
952.61
952.61
952.61
952.58
952.58
952.56
952.56
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End Point

P-120:3-58
P-121:3-58
P-121:3-60
P-122:1-60
P-122:3-63
P-123:1-63
P-123:1-66
P-124:1-66
P-124:3-68
P-125:1-68
P-125:3-70
P-126:3-70
P-126:1-72
P-127:3-72
P-127:1-74
P-128:3-74
P-128:1-76
P-129:3-76
P-129:1-78
P-130:3-78
P-130:1-81
P-131:3-81
P-131:1-84
P-132:1-84
P-132:3-86
P-133:3-86
P-133:1-88
P-134:3-88
P-134:3-90
P-135:1-90
P-135:3-93
P-136:1-93
P-136:1-95
P-137:1-95
P-137:3-98
P-138:3-98
P-138:3-100
P-139:3-100
P-139:3-102
P-140:3-102
P-140:1-104
P-141:1-104
P-141:3-106
P-142:3-106
P-142:3-108
P-143:3-108
P-143:1-110
P-144:1-110
P-144:3-112
P-145:1-112
P-145:3-114
P-146:)-114
P-146:3-116
P-147:3-116
P-147:3-118
P-148:1-118
P-148:3-120
P-149:3-120
P-149:3-122
P-150:3-122
P-150:3-124

B4-45.wtg
23.01.2012

Extreme Pressures and Heads

Upsurge Ratio

1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.070
1.070
1.060
1.060
1.060
1.060
1.070
1.070
1.070
1.070
1.070
1.070
1.070
1.070
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.090
1.090
1.090
1.090
1.090
1.090
1.090
1.090
1.100
1.100
1.100
1.100
1.110

Transient Calculation Summary: Base

Licensed for Academic Use Only

Max. Pressure
(m H20)
180.7
180.7
181.4
181.4
182.5
182.5
183.5
183.5
181.6
181.6
181.0
181.0
181.2
181.2
178.8
178.8
176.9
176.9
174.3
174.3
164.3
164.3
167.9
167.9
168.2
168.2
161.9
161.9
160.1
160.1
155.3
155.3
153.8
153.8
148.0
148.0
146.3
146.3
143.9
143.9
141.6
141.6
143.9
143.9
141.7
141.7
137.9
137.9
133.2
133.2
128.8
128.8
127.2
127.2
126.5
126.5
123.1
123.1
120.7
120.7
115.9

Min. Pressure
(m H20)
171.2
171.2
171.9
171.9
172.9
172.9
173.9
173.9
171.9
171.9
1713
171.3
1714
1714
169.0
169.0
167.0
167.0
164.3
164.3
154.2
154.2
157.7
157.7
158.1
158.1
151.6
151.6
149.8
149.8
144.9
144.9
1434
1434
1374
1374
135.7
135.7
133.2
133.2
131.0
131.0
133.2
133.2
131.0
131.0
127.2
127.2
1224
1224
117.9
117.9
116.3
116.3
115.5
115.5
112.1
112.1
109.6
109.6
104.7

Max. Head
(m)

962.01
962.01
962.02
962.02
962.04
962.04
962.06
962.06
962.08
962.08
962.08
962.08
962.10
962.10
962.11
962.11
962.12
962.12
962.15
962.15
962.18
962.18
962.20
962.20
962.19
962.19
962.23
962.23
962.24
962.24
962.28
962.28
962.27
962.27
962.32
962.32
962.31
962.31
962.34
962.34
962.34
962.34
962.34
962.34
962.36
962.36
962.37
962.37
962.39
962.39
962.40
962.40
962.43
962.43
962.44
962.44
962.45
962.45
962.47
962.47
962.49

Min. Head
(m)
952.52
952.52
952.49
952.49
952.45
952.45
952.37
952.37
952.35
952.35
952.32
952.32
952.29
952.29
952.26
952.26
952.23
952.23
952.16
952.16
952.06
952.06
952.03
952.03
952.02
952.02
951.92
951.92
951.90
951.90
951.82
951.82
951.78
951.78
951.71
951.71
951.70
951.70
951.67
951.67
951.66
951.66
951.63
951.63
951.61
951.61
951.59
951.59
951.53
951.53
951.50
951.50
95146
951.46
951.43
951.43
951.39
951.39
951.36
951.36
951.29
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End Point

P-151:3-124
P-151:1-126
P-152:3-126
P-152:1-128
P-153:3-128
P-153:1-130
P-154:3-130
P-154:3-132
P-155:3-132
P-155:3-134
P-156:1-134
P-156:3-136
P-157:3-136
P-157:3-138
P-158:1-138
P-158:3-140
P-159:3-140
P-159:3-142
P-160:3-142
P-160:1-144
P-161:1-144
P-161:1-146
P-162:1-146
P-162:3-148
P-163:3-148
P-163:3-150
P-164:]-150
P-164:1-153
P-165:1-153
P-165:1-155
P-166:1-155
P-166:1-157
P-167:1-157
P-167:3-159
P-168:1-159
P-168:)-161
P-169:1-161
P-169:3-164
P-170:)-164
P-170:1-166
P-171:1-166
P-171:1-169
P-172:3-169
P-172:3-171
P-173:3-171
P-173:3-173
P-174:3-173
P-174:1-176
P-13:3-10
P-13:J-12
P-175:3-12
P-175:)-14
P-176:1-14
P-176:3-16
P-177:3-16
P-177:1-18
P-178:3-18
P-178:3-20
P-179:3-20
P-179:3-22
P-180:1-22

B4-45.wtg
23.01.2012

Extreme Pressures and Heads

Upsurge Ratio

1.110
1.110
1.110
1.120
1.120
1.120
1.120
1.120
1.120
1.130
1.130
1.140
1.140
1.140
1.140
1.160
1.160
1170
1.170
1.170

1.370
1.370
1.290
1.290
1.220
1.220
1.190
1.190
1.180
1.180

Transient Calculation Summary: Base

Licensed for Academic Use Only

Max. Pressure
(m H20)

115.9
112.7
112.7
107.6
107.6
102.7
102.7
102.6
102.6
101.4
101.4

95.8

95.8

Min. Pressure
(m H20)
104.7
1014
1014
96.3
96.3
914
914
91.2
91.2

734
69.1
69.1
68.5
68.5
634
634
62.3
62.3
574
574
595
595
55.5
555
52.7
52.7
18.5
18.5
16.7
16.7
215
215
221
22.1
24.7
24.7
245
24.5
227
227
21.7
14.7
204
204
224
224
284
284
384
384
45.0
45.0
47.3
47.3

Max. Head
(m)

962.49
962.50
962.50
962.52
962.52
962.54
962.54
962.55
962.55
962.56
962.56
962.57
962.57
962.59
962.59
962.59
962.59
962.61
962.61
962.61
962.61
962.63
962.63
962.63
962.63
962.64
962.64
962.64
962.64
962.65
962.65
962.66
962.66
962.68
962.68
962.68
962.68
962.70
962.70
962.70
962.70
962.72
962.72
962.72
962.72
962.73
962.73
962.73
961.65
961.68
961.68
961.70
961.70
961.72
961.72
961.74
961.74
961.74
961.74
961.75
961.75

Min. Head
(m)
951.29
951.26
951.26
951.22
951.22
951.16
951.16
951.16
951.16
951.13
951.13
951.08
951.08
951.07
951.07
951.04
951.04
951.01
951.01
950.98
950.98
950.95
950.95
950.94
950.94
950.92
950.92
950.91
950.91
950.89
950.89
950.89
950.89
950.82
950.82
950.81
950.81
950.77
950.77
950.76
950.76
950.71
950.71
950.70
950.70
950.68
950.68
950.68
953.50
953.42
953.42
953.37
953.37
953.33
953.33
953.28
953.28
953.26
953.26
953.25
953.25
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End Point

P-180:1-24
P-181:3-24
P-181:1-26
P-182:1-26
P-182:1-28
P-183:1-28
P-183:1-31
P-184:1-31
P-184:1-33
P-185:1-33
P-185:1-36
P-186:3-36
P-186:3-38
P-187:1-38
P-187:1-41
P-188:1-41
P-188:1-43
P-189:1-43
P-189:1-45
P-190:1-45
P-190:1-47
P-191:3-47
P-191:3-49
P-192:3-49
P-192:3-51
P-193:3-51
P-193:1-54
P-194:3-54
P-194:3-56
P-195:1-56
P-195:3-59
P-196:3-59
P-196:1-61
P-197:1-61
P-197:1-64
P-198:)-64
P-198:1-67
P-199:3-67
P-199:3-69
P-200:3-69
P-200:3-71
P-201:3-71
P-201:3-73
P-202:3-73
P-202:1-75
P-203:1-75
P-203:1-77
P-204:1-77
P-204:3-79
P-205:1-79
P-205:1-82
P-206:1-82
P-206:1-85
P-207:1-85
P-207:3-87
P-208:1-87
P-208:3-89
P-209:3-89
P-209:3-91
P-210:3-91
P-210:1-94

B4-45.wtg
23.01.2012

Extreme Pressures and Heads

Upsurge Ratio

1.170
1.170
1.150
1.150
1.140
1.140
1.140
1.140
1.130
1.130
1.130
1.130
1.110
1.110
1.100
1.100
1.100
1.100
1.100
1.100
1.090
1.090
1.070
1.070
1.070
1.070
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.060
1.070
1.070
1.060
1.060
1.060
1.060
1.070
1.070
1.070
1.070
1.070

Transient Calculation Summary: Base

Licensed for Academic Use Only

Max. Pressure
(m H20)
59.8
59.8

167.9
167.9
168.2
168.2
161.9
161.9
160.1
160.1
155.3

Min. Pressure
(m H20)
51.2
51.2
55.5
55.5
59.6
59.6
63.3
63.3
67.8
67.8
70.9
70.9
834
834
87.2
87.2
87.8

154.8
1623
1623
1712
171.2
1719
1719
1729
1729
1739
1739
1719
1719
171.3
1713
1714
1714
169.0
169.0
167.0
167.0
164.3
164.3
1542
1542
157.7
157.7
158.1
158.1
1516
1516
149.8
149.8
1449

Max. Head
(m)

961.76
961.76
961.78
961.78
961.79
961.79
961.82
961.82
961.84
961.84
961.88
961.88
961.91
961.91
961.92
961.92
961.93
961.93
961.95
961.95
961.97
961.97
961.98
961.98
961.98
961.98
962.00
962.00
962.00
962.00
962.01
962.01
962.02
962.02
962.04
962.04
962.06
962.06
962.08
962.08
962.08
962.08
962.10
962.10
962.11
962.11
962.12
962.12
962.15
962.15
962.18
962.18
962.20
962.20
962.19
962.19
962.23
962.23
962.24
962.24
962.28

Min. Head
(m)
953.22
953.22
953.18
953.18
953.14
953.14
953.08
953.08
952.99
952.99
952.88
952.88
952.82
952.82
952.76
952.76
952.75
952.75
952.70
952.70
952.67
952.67
952.61
952.61
952.61
952.61
952.58
952.58
952.56
952.56
952.52
952.52
952.49
952.49
952.45
952.45
952.37
952.37
952.35
952.35
952.32
952.32
952.29
952.29
952.26
952.26
952.23
952.23
952.16
952.16
952.06
952.06
952.03
952.03
952.02
952.02
951.92
951.92
951.90
951.90
951.82
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End Point

P-211:3-94

P-211:3-96

P-212:3-96

P-212:1-99

P-213:3-99

P-213:1-101
P-214:3-101
P-214:1-103
P-215:1-103
P-215:-105
P-216:1-105
P-216:3-107
P-217:1-107
P-217:3-109
P-218:3-109
P-218:)-111
P-219:)-111
P-219:3-113
P-220:1-113
P-220:1-115
P-221:1-115
P-221:3-117
P-222:3-117
P-222:3-119
P-223:3-119
P-223:)-121
P-224:3-121
P-224:1-123
P-225:1-123
P-225:1-125
P-226:1-125
P-226:1-127
P-227:3-127
P-227:3-129
P-228:3-129
P-228:)-131
P-229:1-131
P-229:1-133
P-230:1-133
P-230:1-135
P-231:1-135
P-231:1-137
P-232:3-137
P-232:3-139
P-233:3-139
P-233:)-141
P-234:1-141
P-234:1-143
P-235:1-143
P-235:1-145
P-236:1-145
P-236:1-147
P-237:3-147
P-237:3-149
P-238:3-149
P-238:1-151
P-239:)-151
P-239:3-154
P-240:3-154
P-240:3-156
P-241:1-156

B4-45.wtg
23.01.2012

Extreme Pressures and Heads

Upsurge Ratio

1.070
1.070
1.070
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.0%0
1.090
1.0%0
1.090
1.090
1.0%0
1.090
1.080
1.100
1.100
1.100
1.100
1.110
1.110
1.110
1.110
1.120
1.120
1.120
1.120
1.120
1.120
1.130
1.130
1.140
1.140
1.140
1.140
1.160
1.160
1.170
1.170
1.170
1.170
1.180
1.180
1.190
1.190
1.200
1.200
1.200
1.200
1.210
1.210

Transient Calculation Summary: Base

Licensed for Academic Use Only

Max. Pressure
(m H20)

155.3
153.8
153.8
148.0
148.0
146.3
146.3
143.9
143.9
141.6
141.6
143.9
143.9
141.7
141.7
137.9
137.9
133.2
133.2
128.8
128.8
127.2
127.2
126.5
126.5
123.1
123.1
120.7
120.7
115.9
115.9
1127
112.7
107.6
107.6
102.7
102.7
102.6
102.6
101.4
101.4

95.8

95.8

9.1

9.1

85.0

Min. Pressure
(m H20)
144.9
1434
1434
1374
1374
135.7
135.7
133.2
133.2
131.0
131.0
133.2
133.2
131.0
131.0
127.2
127.2
1224
1224
117.9
117.9
116.3
116.3
115.5
115.5
112.1
112.1
109.6
109.6

55.5

Max. Head
(m)

962.28
962.27
962.27
962.32
962.32
962.31
962.31
962.34
962.34
962.34
962.34
962.34
962.34
962.36
962.36
962.37
962.37
962.39
962.39
962.40
962.40
962.43
962.43
962.44
962.44
962.45
962.45
962.47
962.47
962.49
962.49
962.50
962.50
962.52
962.52
962.54
962.54
962.55
962.55
962.56
962.56
962.57
962.57
962.59
962.59
962.59
962.59
962.61
962.61
962.61
962.61
962.63
962.63
962.63
962.63
962.64
962.64
962.64
962.64
962.65
962.65

Min. Head
(m)
951.82
951.78
951.78
951.71
951.71
951.70
951.70
951.67
951.67
951.66
951.66
951.63
951.63
951.61
951.61
951.59
951.59
951.53
951.53
951.50
951.50
951.46
951.46
95143
951.43
951.39
951.39
951.36
951.36
951.29
951.29
951.26
951.26
951.22
951.22
951.16
951.16
951.16
951.16
951.13
951.13
951.08
951.08
951.07
951.07
951.04
951.04
951.01
951.01
950.98
950.98
950.95
950.95
950.94
950.%4
950.92
950.92
950.91
950.91
950.89
950.89
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End Point

P-241:3-158
P-242:3-158
P-242:3-160
P-243:3-160
P-243:3-162
P-244:]-162
P-244:1-165
P-245:1-165
P-245:1-167
P-246:1-167
P-246:1-170
P-247:3-170
P-247:3-172
P-248:3-172
P-248:1-174
P-249:3-174
P-249:3-177
P-36:1-182

P-36:]-185

P-250:1-185
P-250:1-187
P-251:1-187
P-251:1-189
P-252:1-189
P-252:3-192
P-253:3-192
P-253:1-195
P-254:1-195
P-254:3-197
P-255:1-197
P-255:3-199
P-256:3-199
P-256:1-201
P-257:1-201
P-257:3-204
P-258:3-204
P-258:1-206
P-259:3-206
P-259:3-208
P-260:1-208
P-260:1-210
P-261:1-210
P-261:3-212
P-262:3-212
P-262:1-214
P-263:3-214
P-263:3-216
P-264:1-216
P-264:3-220
P-265:1-220
P-265:3-224
P-266:1-224
P-266:1-227
P-267:3-227
P-267:3-229
P-268:1-229
P-268:3-232
P-269:3-232
P-269:1-235
P-270:1-235
P-270:3-237

B4-45.wtg
23.01.2012

Extreme Pressures and Heads

Upsurge Ratio

1.220
1.220

2.750
2.750
2.670
2.670
3.360
3.360
1.980
1.980
1.750
1.750
1.500
1.500
1.470
1.470
1.390
1.3%0
1.370
1.370
1.340
1.340
1.330
1.330
1.310
1.310
1.300
1.300
1.290
1.290
1.290
1.290
1.270
1.270
1.270
1.270
1.290
1.290
1.290
1.290
1.300

Transient Calculation Summary: Base

Licensed for Academic Use Only

Max. Pressure
(m H20)
64.5
64.5
304
304
285
285
334
334
34.0
34.0
36.7
36.7
36.5
36.5
34.7
347
337
363
36.8
36.8
41.1
41.1
43.9
43.9

Min. Pressure
(m H20)
52.7
52.7
185
185
16.7
16.7
215
215
22.1
22.1
24.7
247
24.5
245
22.7

107.3
109.2
109.2
117.3
117.3
1177
117.7
1102
1102
109.5
109.5
108.2

Max. Head
(m)

962.66
962.66
962.68
962.68
962.68
962.68
962.70
962.70
962.70
962.70
962.72
962.72
962.72
962.72
962.73
962.73
962.73
965.13
965.13
965.13
965.14
965.14
965.15
965.15
965.17
965.17
965.19
965.19
965.23
965.23
965.26
965.26
965.32
965.32
965.34
965.34
965.38
965.38
965.41
965.41
965.45
965.45
965.50
965.50
965.53
965.53
965.54
965.54
965.61
965.61
965.64
965.64
965.65
965.65
965.66
965.66
965.68
965.68
965.69
965.69
965.70

Min. Head
(m)
950.89
950.89
950.82
950.82
950.81
950.81
950.77
950.77
950.76
950.76
950.71
950.71
950.70
950.70
950.68
950.68
950.68
937.31
937.26
937.26
937.21
937.21
937.14
937.14
937.06
937.06
937.01
937.01
936.75
936.75
936.55
936.55
936.16
936.16
936.01
936.01
935.82
935.82
935.59
935.59
935.22
935.22
934.76
934.76
934.45
934.45
934.39
934.39
933.92
933.92
933.62
933.62
933.59
933.59
933.50
933.50
933.48
933.48
933.41
933.41
933.34
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End Point

P-271:3-237
P-271:3-239
P-272:3-239
P-272:1-241
P-273:3-241
P-273:1-243
P-274:1-243
P-274:1-245
P-275:1-245
P-275:3-247
P-276:1-247
P-276:3-250
P-277:3-250
P-277:3-252
P-278:1-252
P-278:1-255
P-279:1-255
P-279:3-257
P-280:1-257
P-280:1-263
P-281:1-263
P-281:1-266
P-282:1-266
P-282:1-269
P-283:3-269
P-283:1-273
P-284:1-273
P-284:1-275
P-285:1-275
P-285:1-277
P-286:1-277
P-286:1-279
P-287:1-279
P-287:1-282
P-288:3-282
P-288:)-284
P-289:1-284
P-289:1-286
P-290:1-286
P-290:1-288
P-291:1-288
P-201:3-290
P-282:3-250
P-292:3-292
P-203:3-202
P-293:1-295
P-294:1-295
P-294:1-299
P-205:3-299
P-295:1-302
P-296:3-302
P-296:1-304
P-297:1-304
P-297:1-307
P-298:3-307
P-298:1-309
P-299:3-309
P-269:1-311
P-300:3-311
P-300:)-314
P-301:)-314

B4-45.wtg
23.01.2012

Extreme Pressures and Heads

Upsurge Ratio

1.300
1.300
1.300
1.300
1.300
1.300
1.300
1.290
1.290
1.300
1.300
1.300
1.300
1.300
1.300
1.300
1.300
1.300
1.300
1.290
1.290
1.290
1.290
1.290
1.290
1.290
1.290
1310
1.310
1.330
1.330
1.340
1.340
1.320
1.320
1.320
1.320
1.330
1.330
1.360
1.360
1.350
1.350
1.350
1.350
1.350
1.350
1.420
1.420
1.490
1.490
1.460
1.460
1.470
1.470
1.530
1.530
1.490
1490
1.580
1.580

Transient Calculation Summary: Base
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Max. Pressure
(m H20)
140.5
141.9
141.9
141.0
141.0
141.3
141.3
145.5
145.5
143.7
143.7
144.5
144.5
143.2
143.2
146.1
146.1
148.7
148.7
153.6
153.6
152.8
152.8
153.8
153.8
154.8
154.8
145.9
145.9
139.9
139.9
1387
138.7
144.5
144.5
145.4
145.4
143.0
143.0
1323
1323
136.7
136.7
137.6
137.6
135.9
135.9
1211
1211
110.0
110.0
114.0
114.0
112.8
112.8
104.8
104.8
1104
1104

98.9

Min. Pressure
(m H20)

108.2
109.5
109.5
108.3
108.3
108.5
108.5
1124
1124
110.6
110.6
111.2
111.2
109.8
109.8
112.5
1125
114.8
114.8
1194
1194
118.5
1185
1194
1194
120.2
120.2
1111
1111
105.0
105.0
103.8
103.8
109.5
109.5
110.3
110.3
107.8
107.8

97.0

62.4

Max. Head
(m)

965.70
965.72
965.72
965.76
965.76
965.77
965.77
965.84
965.84
965.87
965.87
965.89
965.89
965.91
965.91
965.%4
965.%4
966.01
966.01
966.06
966.06
966.07
966.07
966.08
966.08
966.15
966.15
966.17
966.17
966.18
966.18
966.19
966.19
966.19
966.19
966.20
966.20
966.23
966.23
966.24
966.24
966.24
966.24
966.25
966.25
966.26
966.26
966.34
966.34
966.36
966.36
966.37
966.37
966.37
966.37
966.37
966.37
966.38
966.38
966.42
966.42

Min. Head
(m)
933.34
933.22
933.22
933.05
933.05
932.98
932.98
932.72
932.72
932.64
932.64
932.57
932.57
932.46
932.46
932.32
932.32
932.03
932.03
931.78
931.78
931.73
931.73
931.66
931.66
93141
931.41
931.26
931.26
931.21
931.21
931.18
931.18
931.11
931.11
931.06
931.06
930.96
930.96
930.90
930.90
930.86
930.86
930.83
930.83
930.74
930.74
930.39
930.39
930.28
930.28
930.22
930.22
930.19
930.19
930.15
930.15
930.12
930.12
929.91
929.91
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End Point

P-301:3-316
P-302:)-316
P-302:3-318
P-303:1-318
P-303:)-321
P-304:1-321
P-304:1-323
P-305:)-323
P-305:1-325
P-306:1-325
P-306:1-329
P-307:3-329
P-307:3-332
P-308:1-332
P-308:1-335
P-309:3-335
P-309:1-338
P-310:3-338
P-310:3-340
P-311:3-340
P-311:1-342
P-312:3-342
P-312:3-344
P-313:3-344
P-313:3-347
P-314:1-347
P-314:1-349
P-315:3-349
P-315:3-352
P-316:1-352
P-316:1-355
P-317:1-355
P-317:1-357
P-318:1-357
P-318:1-360
P-319:3-360
P-319:1-363
P-320:1-363
P-320:1-365
P-321:1-365
P-321:1-367
P-322:1-367
P-322:3-369
P-323:3-369
P-323:)-371
P-324:1-371
P-324:1-375
P-325:1-375
P-325:3-377
P-326:1-377
P-326:1-381
P-327:1-381
P-327:1-383
P-328:1-383
P-328:1-386
P-329:1-386
P-329:1-388
P-330:3-388
P-330:3-390
P-331:3-390
P-331:1-3%4

B4-45.wtg
23.01.2012

Extreme Pressures and Heads

Upsurge Ratio

1.810
1.810
2.540
2.540
4.140
4.140
2.200
2.200
1.970
1.970
1.780
1.780
1.960
1.960
2.260
2.260
1.800
1.800
1.960
1.960
2.500
2.500
2.110
2.110
2.100
2.100
2.450
2.450
2420
2.420

1.770
1.770
1.750
1.750
1.890

Transient Calculation Summary: Base
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Max. Pressure Min. Pressure

(m H20) (m H20)
82.1 455
82.1 455
60.5 2338
60.5 238
485 117
485 117
67.7 308
67.7 30.8
75.1 38.1
75.1 38.1
85.0 477
85.0 477
76.5 39.0
76.5 39.0
67.4 298
67.4 208
84.7 470
84.7 47.0
77.5 39.6
77.5 39.6
63.3 254
63.3 254
72.2 342
722 342
72.6 345
72.6 345
64.5 264
64.5 26.4
65.0 268
65.0 26.8
73.1 348
73.1 34.8
.5 56.1
%4.5 56.1
97.0 58.5
97.0 58.5
80.0 413
80.0 413
86.3 476
86.3 476

100.2 614
100.2 614
93.9 55.1
93.9 55.1
69.0 300
69.0 30.0
80.9 4138
80.9 4138
75.1 36.0
75.1 36.0
69.3 208
69.3 298
73.9 34.2
73.9 34.2
68.1 28.4
68.1 284
915 51.7
91,5 51.7
%2.8 529
92.8 529
85.5 45.4

Max. Head
(m)

966.46
966.46
966.47
966.47
966.48
966.48
966.50
966.50
966.50
966.50
966.58
966.58
966.62
966.62
966.65
966.65
966.68
966.68
966.70
966.70
966.73
966.73
966.74
966.74
966.74
966.74
966.76
966.76
966.78
966.78
966.80
966.80
966.82
966.82
966.85
966.85
966.87
966.87
966.90
966.90
966.90
966.90
966.91
966.91
966.94
966.94
966.98
966.98
966.99
966.99
967.05
967.05
967.08
967.08
967.10
967.10
967.13
967.13
967.14
967.14
967.20

Min. Head
(m)
929.73
929.73
929.66
929.66
929.59
929.59
929.53
929.53
92947
929.47
929.19
929.19
929.07
929.07
928.96
928.96
928.84
928.84
928.76
928.76
928.69
028.69
928.65
928.65
928.62
928.62
928.55
928.55
928.50
928.50
928.42
928.42
928.34
928.34
928.25
928.25
928.16
928.16
928.08
928.08
928.05
928.05
928.01
928.01
927.91
927.91
927.78
927.78
927.73
927.73
927.50
927.50
927.39
927.39
927.31
927.31
927.21
927.21
927.16
927.16
926.%4
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End Point

P-332:3-3%4
P-332:3-398
P-333:3-398
P-333:1-401
P-334:3-401
P-334:1-403
P-335:1-403
P-335:1-405
P-336:1-405
P-336:1-407
P-337:3-407
P-337:3-410
P-338:3-410
P-338:3-412
P-339:1-412
P-339:)-414
P-340:3-414
P-340:3-416
P-341:1-416
P-341:3-419
P-342:1-419
P-342:3-422
P-343:)-422
P-343:3-424
P-344:3-424
P-344:3-426
P-345:1-426
P-345:3-429
P-346:3-429
P-346:1-431
P-347:3-431
P-347:1-433
P-348:1-433
P-348:1-435
P-349:1-435
P-349:3-437
P-350:1-437
P-350:3-440
P-351:3-440
P-351:3-444
P-352:1-444
P-352:1-447
P-353:3-447
P-353:3-449
P-354:3-449
P-354:3-451
P-355:1-451
P-355:1-453
P-356:1-453
P-356:1-455
P-357:1-455
P-357:1-457
P-358:3-457
P-358:1-459
P-359:3-459
P-359:1-461
P-360:1-461
P-360:1-465
P-361:1-465
P-361:1-467
P-362:1-467

B4-45.wtg
23.01.2012

Extreme Pressures and Heads

Upsurge Ratio

1.890
1.800
1.800
1.800
1.800
1.900
1.900
1.780
1.780
1.750
1.750
1.980
1.980
1.720
1.720
1.780
1.780

2.920
2.920
2.730
2.730
3.180
3.180
2.240
2.240
2.330
2.330
2.530
2.530
2.430
2.430
2.930
2.930
5.080
5.080

Transient Calculation Summary: Base

Licensed for Academic Use Only

Max. Pressure Min. Pressure

(m H20) (m H20)
85.5 45.4
%0.8 50.3
%0.8 50.3
91.0 50.5
91.0 50.5
85.9 453
85.9 453
%2.7 52.1
%2.7 52.1
95.2 54.4
95.2 54.4
82.6 417
82.6 417
97.9 56.9
97.9 56.9
934 524
93.4 524
92.2 51.1
92.2 51.1
68.6 273
68.6 27.3
74.3 33.0
74.3 33.0
74.7 333
74.7 333
78.2 36.6
78.2 36.6
74.3 327
74.3 327
75.3 336
75.3 336
62.3 205
62.3 205
62.7 208
62.7 208
84.4 424
84.4 424
87.3 452
87.3 452
83.7 415
83.7 415
69.9 275
69.9 275
64.7 22
64.7 22
67.2 246
67.2 246
62.3 196
62.3 196
77.2 34.4
77.2 344
75.2 323
75.2 323
711 28.1
71.1 28.1
73.1 30.1
73.1 30.1
65.8 25
65.8 25
54.3 107
54.3 10.7

Max. Head
(m)

967.20
967.26
967.26
967.27
967.27
967.28
967.28
967.30
967.30
967.33
967.33
967.34
967.34
967.37
967.37
967.38
967.38
967.39
967.39
967.43
967.43
967.45
967.45
967.45
967.45
967.50
967.50
967.51
967.51
967.51
967.51
967.53
967.53
967.55
967.55
967.57
967.57
967.59
967.59
967.62
967.62
967.64
967.64
967.68
967.68
967.69
967.69
967.71
967.71
967.72
967.72
967.77
967.77
967.77
967.77
967.79
967.79
967.85
967.85
967.89
967.89

Min. Head
(m)
926.94
926.71
926.71
926.65
926.65
926.62
926.62
926.58
926.58
926.48
926.48
926.39
926.39
926.30
926.30
926.25
926.25
926.22
926.22
926.06
926.06
925.99
925.99
925.97
925.97
925.81
925.81
925.75
925.75
925.71
925.71
925.64
925.64
925.58
925.58
925.49
925.49
925.43
925.43
925.29
925.29
925.19
925.19
925.05
925.05
925.00
925.00
924.93
924.93
924.87
924.87
924.72
924.72
924.68
924.68
924.64
924.64
924.40
924.40
924.22
924.22
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End Point

P-362:1-469
P-363:1-469
P-363:3-471
P-364:1-471
P-364:ivedik-2
P-38:1-184
P-38:3-186
P-367:1-186
P-367:3-188
P-368:1-188
P-368:1-190
P-369:1-190
P-369:3-193
P-370:3-193
P-370:1-196
P-371:3-196
P-371:3-198
P-372:3-198
P-372:3-200
P-373:3-200
P-373:3-202
P-374:3-202
P-374:3-205
P-375:3-205
P-375:3-207
P-376:3-207
P-376:1-209
P-377:3-209
P-377:3-211
P-378:3-211
P-378:3-213
P-379:3-213
P-379:3-215
P-380:3-215
P-380:3-217
P-381:3-217
P-381:3-221
P-382:3-221
P-382:3-225
P-383:3-225
P-383:1-228
P-384:3-228
P-384:3-230
P-385:3-230
P-385:3-233
P-386:3-233
P-386:1-236
P-387:1-236
P-387:3-238
P-388:1-238
P-388:1-240
P-389:3-240
P-389:3-242
P-390:3-242
P-390:3-244
P-391:3-244
P-391:3-246
P-392:3-246
P-392:3-248
P-393:3-248
P-393:13-251

B4-45.wtg
23.01.2012

Extreme Pressures and Heads

Upsurge Ratio

3.010
3.010
4.430
4.430
5.230
4.250
4.090
4.090
3.100
3.100
2.750
2.750
2.670
2.670
3.360
3.360
1.980
1.980
1.750
1.750
1.500
1.500
1.470
1.470
1.390
1.390
1.370
1.370
1.340
1.340
1.330
1.330
1310
1.310
1.300
1.300
1.290
1.290
1.290
1.290
1.270
1.270
1.270
1.270
1.290
1.290
1.290
1.290
1.300
1.300
1.300
1.300
1.300
1.300
1.300
1.300
1.290
1.290
1.300
1.300
1.300

Transient Calculation Summary: Base

Licensed for Academic Use Only

Max. Pressure
(m H20)
65.6
65.6
56.7
56.7
54.8
363
36.8
36.8
41.1
41.1
43.9
43.9

Min. Pressure
(m H20)
21.8
21.8
128
128
10.5

108.2

109.5
108.3
108.3
1085
108.5
1124
1124
1106
1106
1112

Max. Head
(m)

967.94
967.94
967.97
967.97
968.00
965.13
965.13
965.13
965.14
965.14
965.15
965.15
965.17
965.17
965.19
965.19
965.23
965.23
965.26
965.26
965.32
965.32
965.34
965.34
965.38
965.38
965.41
965.41
965.45
965.45
965.50
965.50
965.53
965.53
965.54
965.54
965.61
965.61
965.64
965.64
965.65
965.65
965.66
965.66
965.68
965.68
965.69
965.69
965.70
965.70
965.72
965.72
965.76
965.76
965.77
965.77
965.84
965.84
965.87
965.87
965.89

Min. Head
(m)
924.06
924.06
923.95
923.95
923.59
937.31
937.26
937.26
937.21
937.21
937.14
937.14
937.06
937.06
937.01
937.01
936.75
936.75
936.55
936.55
936.16
936.16
936.01
936.01
935.82
935.82
935.59
935.59
935.22
935.22
934.76
934.76
934.45
934.45
934.39
934.39
933.92
933.92
933.62
933.62
933.59
933.59
933.50
933.50
933.48
933.48
933.41
93341
933.34
933.34
933.22
933.22
933.05
933.05
932.98
932.98
932.72
932.72
932.64
932.64
932.57
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End Point

P-394:)-251
P-394:1-253
P-395:1-253
P-395:1-256
P-396:1-256
P-396:1-258
P-397:1-258
P-397:)-264
P-398:1-264
P-398:1-267
P-399:3-267
P-399:3-270
P-400:3-270
P-400:1-274
P-401:1-274
P-401:1-276
P-402:1-276
P-402:1-278
P-403:1-278
P-403:3-280
P-404:1-280
P-404:1-283
P-405:1-283
P-405:1-285
P-406:1-285
P-406:1-287
P-407:1-287
P-407:3-289
P-408:1-289
P-408:1-291
P-409:1-291
P-409:1-293
P-410:1-293
P-410:3-296
P-411:3-296
P-411:3-300
P-412:3-300
P-412:1-303
P-413:1-303
P-413:1-305
P-414:1-305
P-414:1-308
P-415:3-308
P-415:3-310
P-416:3-310
P-416:3-312
P-417:1-312
P-417:1-315
P-418:3-315
P-418:1-317
P-419:1-317
P-419:3-319
P-420:3-319
P-420:3-322
P-421:3-322
P-421:1-324
P-422:3-324
P-422:3-326
P-423:1-326
P-423:3-330
P-424:3-330

B4-45.wtg
23.01.2012

Extreme Pressures and Heads

Upsurge Ratio

1.300
1.300
1.300
1.300
1.300
1.300
1.300
1.290
1.290
1.290
1.290
1.290
1.290
1.290
1.290
1.310
1.310
1.330
1.330
1.340
1.340
1.320
1.320
1.320
1.320
1.330
1.330
1.360
1.360
1.350
1.350
1.350
1.350
1.350
1.350
1.420
1.420
1.490
1.490
1.460
1.460
1.470
1.470
1.530
1.530
1.490
1490
1.580
1.580
1.810
1.810
2.540
2.540
4.140
4.140
2.200
2.200
1.970
1.970
1.780
1.780

Transient Calculation Summary: Base

Licensed for Academic Use Only

Max. Pressure
(m H20)
144.5
143.2
143.2
146.1
146.1
148.7
148.7
153.6
153.6
152.8
152.8
153.8
153.8
154.8
154.8
145.9
145.9
139.9
139.9
138.7
138.7
144.5
144.5
145.4
145.4
143.0
143.0
1323
1323
136.7
136.7
137.6
137.6
135.9
135.9
1211
121.1
110.0
110.0
114.0
114.0
112.8

Min. Pressure
(m H20)
111.2
109.8
109.8
112.5
112.5
114.8
114.8
1194
1194
1185
118.5
1194
1194
120.2
120.2
111.1
111.1
105.0
105.0
103.8
103.8
109.5
109.5
110.3
110.3
107.8
107.8
97.0
97.0
1014
1014
102.2
102.2
100.4
100.4
85.2
85.2
74.0
74.0
77.9
77.9
76.7
76.7
68.7
68.7
74.2
74.2
62.4
62.4
455
45.5
23.8
238
11.7
11.7
30.8
30.8
38.1
38.1
47.7
47.7

Max. Head
(m)

965.89
965.91
965.91
965.%4
965.94
966.01
966.01
966.06
966.06
966.07
966.07
966.08
966.08
966.15
966.15
966.17
966.17
966.18
966.18
966.19
966.19
966.19
966.19
966.20
966.20
966.23
966.23
966.24
966.24
966.24
966.24
966.25
966.25
966.26
966.26
966.34
966.34
966.36
966.36
966.37
966.37
966.37
966.37
966.37
966.37
966.38
966.38
966.42
966.42
966.46
966.46
966.47
966.47
966.48
966.48
966.50
966.50
966.50
966.50
966.58
966.58

Min. Head
(m)
932.57
932.46
932.46
932.32
932.32
932.03
932.03
931.78
931.78
931.73
931.73
931.66
931.66
931.41
931.41
931.26
931.26
931.21
931.21
931.18
931.18
931.11
931.11
931.06
931.06
930.96
930.96
930.90
930.90
930.86
930.86
930.83
930.83
930.74
930.74
930.39
930.39
930.28
930.28
930.22
930.22
930.19
930.19
930.15
930.15
930.12
930.12
929.91
929.91
929.73
929.73
929.66
929.66
929.59
929.59
929.53
929.53
929.47
929.47
929.19
929.19
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End Point

P-424:1-333
P-425:1-333
P-425:3-336
P-426:1-336
P-426:3-339
P-427:1-339
P-427:1-341
P-428:1-341
P-428:1-343
P-429:1-343
P-429:1-345
P-430:1-345
P-430:3-348
P-431:1-348
P-431:1-350
P-432:1-350
P-432:1-353
P-433:1-353
P-433:1-356
P-434:1-356
P-434:1-358
P-435:1-358
P-435:1-361
P-436:1-361
P-436:)-364
P-437:1-364
P-437:1-366
P-438:1-366
P-438:1-368
P-439:1-368
P-439:3-370
P-440:1-370
P-440:1-372
P-441:3-372
P-441:1-376
P-442:1-376
P-442:1-378
P-443:1-378
P-443:]-382
P-444:1-382
P-444:]-384
P-445:1-384
P-445:1-387
P-446:1-387
P-446:1-389
P-447:3-389
P-447:1-391
P-448:1-391
P-448:1-395
P-449:1-395
P-449:3-399
P-450:1-399
P-450:3-402
P-451:3-402
P-451:1-404
P-452:1-404
P-452:1-406
P-453:3-406
P-453:1-408
P-454:3-408
P-454:1-411

B4-45.wtg
23.01.2012

Extreme Pressures and Heads

Upsurge Ratio

1.960
1.960
2.260
2.260
1.800
1.800
1.960
1.960
2.500
2.500
2.110
2.110
2.100
2.100
2.450
2.450
2.420
2.420

1.770
1.770
1.750
1.750
1.890
1.890
1.800
1.800
1.800
1.800
1.900
1.900
1.780
1.780
1.750
1.750
1.980

Transient Calculation Summary: Base

Licensed for Academic Use Only

Max. Pressure
(m H20)
76.5
76.5
67.4
67.4

Min. Pressure
(m H20)
39.0
39.0
29.8
29.8
47.0
47.0
39.6
39.6
254
254

Max. Head
(m)

966.62
966.62
966.65
966.65
966.68
966.68
966.70
966.70
966.73
966.73
966.74
966.74
966.74
966.74
966.76
966.76
966.78
966.78
966.80
966.80
966.82
966.82
966.85
966.85
966.87
966.87
966.90
966.90
966.90
966.90
966.91
966.91
966.94
966.94
966.98
966.98
966.99
966.99
967.05
967.05
967.08
967.08
967.10
967.10
967.13
967.13
967.14
967.14
967.20
967.20
967.26
967.26
967.27
967.27
967.28
967.28
967.30
967.30
967.33
967.33
967.34

Min. Head
(m)
929.07
929.07
928.96
928.96
928.84
928.84
928.76
928.76
928.69
928.69
928.65
928.65
928.62
928.62
928.55
928.55
928.50
928.50
928.42
928.42
928.34
928.34
928.25
928.25
928.16
928.16
928.08
928.08
928.05
928.05
928.01
928.01
927.91
927.91
927.78
927.78
927.73
927.73
927.50
927.50
927.39
927.39
927.31
927.31
927.21
927.21
927.16
927.16
926.94
926.%4
926.71
926.71
926.65
926.65
926.62
926.62
926.58
926.58
926.48
926.48
926.39
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End Point

P-455:3-411
P-455:3-413
P-456:1-413
P-456:3-415
P-457:3-415
P-457:3-417
P-458:3-417
P-458:3-420
P-459:3-420
P-459:3-423
P-460:3-423
P-460:1-425
P-461:3-425
P-461:3-427
P-462:3-427
P-462:3-430
P-463:3-430
P-463:3-432
P-464:1-432
P-464:1-434
P-465:1-434
P-465:3-436
P-466:1-436
P-466:3-438
P-467:3-438
P-467:3-441
P-468:3-441
P-468:3-445
P-469:3-445
P-469:3-448
P-470:3-448
P-470:3-450
P-471:3-450
P-471:3-452
P-472:3-452
P-472:3-454
P-473:3-454
P-473:3-456
P-474:3-456
P-474:3-458
P-475:3-458
P-475:3-460
P-476:3-460
P-476:1-462
P-477:3-462
P-477:3-466
P-478:1-466
P-478:3-468
P-479:3-468
P-479:3-470
P-480:3-470
P-480:1-472
P-481:3-472
P-481:ivedik-3
P-9:T2-End
P-9:TCV-2
P-490:TCV-2
P-490:3-8
P-10:T2-End
P-10:TCV-3
P-491:TCV-3

B4-45.wtg
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Extreme Pressures and Heads

Upsurge Ratio

1.980
1.720
1.720
1.780
1.780
1.800
1.800
2.510
2.510
2.260
2.260
2.240
2.240
2.140

2.920
2.920
2.730
2.730
3.180
3.180
2.240
2.240
2.330
2.330
2.530
2.530
2.430
2.430
2.930
2.930
5.080
5.080
3.010
3.010
4.430
4.430
5.230
1.540
1.540
1.550
1.550
1.540
1.540
1.550
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Max. Pressure Min. Pressure

(m H20) (m H20)
82.6 417
97.9 56.9
97.9 56.9
93.4 524
93.4 524
R2.2 51.1
92.2 51.1
68.6 273
68.6 27.3
74.3 33.0
74.3 33.0
74.7 333
74.7 333
78.2 36.6
78.2 36.6
74.3 327
74.3 327
753 336
75.3 336
62.3 205
62.3 205
62.7 208
62.7 208
84.4 424
84.4 424
87.3 452
87.3 452
83.7 415
83.7 415
69.9 27.5
69.9 275
64.7 22
64.7 22
67.2 246
67.2 246
62.3 196
62.3 196
77.2 34.4
77.2 34.4
75.2 323
75.2 323
711 28.1
71.1 28.1
73.1 30.1
73.1 30.1
65.8 25
65.8 25
54.3 107
54.3 107
65.6 21.8
65.6 218
56.7 1238
56.7 128
54.8 105
2.8 1438
238 1438
28 14.7
258 147
28 148
28 1438
228 147

Max. Head
(m)

967.34
967.37
967.37
967.38
967.38
967.39
967.39
967.43
967.43
967.45
967.45
967.45
967.45
967.50
967.50
967.51
967.51
967.51
967.51
967.53
967.53
967.55
967.55
967.57
967.57
967.59
967.59
967.62
967.62
967.64
967.64
967.68
967.68
967.69
967.69
967.71
967.71
967.72
967.72
967.77
967.77
967.77
967.77
967.79
967.79
967.85
967.85
967.89
967.89
967.94
967.94
967.97
967.97
968.00
961.64
961.66
961.66
961.66
961.64
961.65
961.65

Min. Head
(m)
926.39
926.30
926.30
926.25
926.25
926.22
926.22
926.06
926.06
925.99
925.99
925.97
925.97
925.81
925.81
925.75
925.75
925.71
925.71
925.64
925.64
925.58
925.58
925.49
925.49
925.43
925.43
925.29
925.29
925.19
925.19
925.05
925.05
925.00
925.00
924.93
924.93
924.87
924.87
924.72
924.72
924.68
924.68
924.64
924.64
924.40
924.40
924.22
924.22
924.06
924.06
923.95
923.95
923.59
953.64
953.58
953.52
953.50
953.64
953.58
953.52
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Extreme Pressures and Heads

End Point Upsurge Ratio Max. Pressure Min. Pressure Max. Head Min. Head
(m H20) (m H20) (m) (m)
P-491:)-9 1.550 228 14.7 961.65 953.50
P-8:T2-End 1.540 28 148 961.64 953.64
P-8:TCV-1 1.540 28 14.8 961.65 953.58
P-492:TCV-1 1.550 28 14.7 961.65 953.52
P-492:3-10 1.550 2.8 14.7 961.65 953.50
P-15:-175 1.550 337 21.7 962.73 950.68
P-15:TCV-4 1.550 33.7 21.7 962.74 950.66
P-493:TCV-4 1.560 337 216 962.74 950.59
P-493:T3-Start 1.560 33/ 216 962.74 950.54
P-16:1-176 1.550 33.7 21.7 962.73 950.68
P-16:TCV-5 1.550 33.7 21.7 962.74 950.66
P-494:TCV-5 1.560 33.7 216 962.74 950.59
P-494:T3-Start 1.560 337 216 962.74 950.54
P-17:3-177 1.550 337 21.7 962.73 950.68
P-17:TCV-6 1.550 33.7 21.7 962.74 950.66
P-495:TCV-6 1.560 33.7 216 962.74 950.59
P-495:T3-Start 1.560 337 216 962.74 950.54
P-35:T3-End 4.130 36.3 8.8 965.12 937.56
P-35:TCV-9 4.190 36.3 8.7 965.13 937.44
P-496:TCV-9 4.210 36.3 8.6 965.13 937.38
P-496:1-183 4.240 36.3 8.6 965.13 937.34
P-33:T3-End 4.130 36.3 8.8 965.12 937.56
P-33:TCV-7 4.190 36.3 8.7 965.13 937.43
P-497:TCV-7 4.220 36.3 8.6 965.13 937.36
P-497:1-182 4.250 36.3 85 965.13 937.31
P-34:T3-End 4.130 36.3 8.8 965.12 937.56
P-34:TCV-8 4.190 36.3 8.7 965.13 937.43
P-498:TCV-8 4.220 36.3 8.6 965.13 937.36
P-498:1-184 4.250 36.3 85 965.13 937.31
P-99:Ivedik-1 5.520 54.8 9.9 967.97 923.04
P-99:-1.1 5.530 54.8 9.9 967.98 923.03
P-98:ivedik-1 5.520 54.8 9.9 967.97 923.04
P-98:13-1.2 5.530 54.8 9.9 967.98 923.03
P-366:1vedik-2 5.230 54.8 10.5 968.00 923.59
P-366:1J-2.1 5.240 54.8 10.5 968.01 923.58
P-365:ivedik-2 5.230 54.8 10.5 968.00 923.59
P-365:13-2.2 5.240 54.8 10.5 968.01 923.58
P-483:Ivedik-3 5.230 54.8 10.5 968.00 923.59
P-483:13-3.1 5.240 54.8 10.5 968.01 923.58
P-482:ivedik-3 5.230 54.8 10.5 968.00 923.59
P-482:13-3.2 5.240 54.8 10.5 968.01 923.58
P-484:13-1.1 1.000 5.0 5.0 918.15 918.11
P-484:R-1.1 1.000 5.0 5.0 918.12 918.12
P-485:13-1.2 1.000 5.0 5.0 918.15 918.11
P-485:R-1.2 1.000 5.0 5.0 918.12 918.12
P-486:13-2.1 1.000 5.0 5.0 918.14 918.11
P-486:R-2.1 1.000 5.0 5.0 918.12 918.12
P-487:13-2.2 1.000 5.0 5.0 918.14 918.11
P-487:R-2.2 1.000 5.0 5.0 918.12 918.12
P-488:13-3.1 1.000 5.0 5.0 918.14 918.11
P-488:R-3.1 1.000 5.0 5.0 918.12 918.12
P-489:13-3.2 1.000 5.0 5.0 918.14 918.11
P-489:R-3.2 1.000 5.0 5.0 918.12 918.12
P-42:1-203 1.480 89.2 60.2 965.14 936.08
P-42:3-218 1.300 137.1 105.8 965.44 934.08
P-19:3-65 1.060 183.6 173.9 962.06 952.40
P-19:3-80 1.060 165.0 154.9 962.17 952.08
P-37:3-183 4.240 36.3 8.6 965.13 937.34
P-37:J-191 2.570 45.8 17.8 965.14 937.06
P-14:T3-Start 1.560 337 216 962.74 950.54
P-14:3-179 4.770 24.0 5.0 963.87 944.81
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