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• The Great Man-made River Project
(GMRP), one of the world's largest civil
engineering projects, will convey
6-18 million mJ of water per day (MCMD)
(71-5 m3/s) from groundwater resources in
the Sahara Desert to the coastal popu
lation of Libya. The water will be used for
agricultural, municipal and industrial
purposes. The first of the three phases is
the Sarir/Sirt and Tazerbo/Benghazi
(SSTB) system. It consists of the follow
ing: the Sarir and Tazerbo wellfields,
each producing 10 MCMD; the necessary
collection sysems from the wells; two
4000 mm diameter conveyance pipelines
of prestressed concrete cylindrical pipe
(PCCP) totalling over 1500 km; storage
reservoirs; major ancillary works and an
integrated communications and control
system.

This Paper considers the hydraulics
design of the twin gravity flow conveyance
pipelines from Sarir to Ajdabiya Reservoir
operating under upstream control, with
wellfields delivering the required flows to
pipelines which at low flows run partially
full. It also addresses the gravitational
flow in pipelines from Ajdabiya to Sirt and
Benghazi terminal reservoirs, into which
-ne discharge is determined by the oper
ation of end control valves, and the users
en route are controlled by their own
turnout valves, with closure times chosen
to limit transient pressures. Ajdabiya
Reservoir provides buffer storage and a
hydraulic break between the wellfield and
the end users. "Computer modelling of fast
and slow transients in full and/or partially
full pipelines has been carried out.

Introduction

The scope of theGreat Man-Made River Project
(GMRP) is depicted in Fig. 1. Phase I, the
Sarir/Sirt and Tazerbo'Benghazi (SSTB)
system conveys water from the pumped wells,
through wellfield collector pipework, along a
4000 mm diameter prestressed concretecylin
drical pipe fPCCP) main conveyance system to
turnouts and terminal reservoirs from which

secondary conveyance lines, covered by the
Water Utilization Phase, will carry thewater to
the end user. Data illustrating the magnitude of
Phase I are presented in Table 1.

2. The function of the system is to supply
pre-agreed quantitiesof waterat steady state
flow conditions to meet the demands of the
agricultural projects and of therelatively minor
municpal and industrial users. Fluctuations in
demand are also accommodated.

3. When the Libyan People's Congress
reviewed methods ofaugmenting water
supplies to coastal development, water desalin
ation plants were considered but rejected
because of thecheaper unit costofGMRP water
compared with desalting.

4. This Paper concentrates on the gravity
flow capability of Phase I. Thefuture phases
and expansion of Phase I (albeit mentioned
briefly herein) will be dealt with later.

Conveyance system design and base
data

5. The Phase I system is shown schemati
cally in Fig. 2 and consists of two wellfields,
five hydraulically distinct conveyance pipe
lines, and various reservoirs and header tanks
for storage and hydraulic control. Particular
pipeline details are given in Table 1.

6. The final selection of the conveyance
system is the result of many previous opti
mization studies which were made to determine
the most technically feasible and cost-effective
solution. The selectionof a piping system over
a canal system was based on practicality and
cost. In the initial stages of the project a
concrete-lined trapezoidal-shaped channel
was evaluated. The evaluation covered both
open and covered canals. Two typical study
cases using pipes and canals are shown in
Fig. 3.

Canal against pipeline system
7. A review of the topography of the Sarir -

Ajdabiya area indicates that a canal system is
not feasible. There are several areas along the
route where thecanal would encounter uphill
slopes with no alternative routes, necessitating
pumping stations to convey the water. This
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Fig. 1. The Great
Man-Made River

Project

means that no portion of the design flow could
be delivered by gravity. Any unplanned
pumping plant shut-down would completely
stop water delivery. Conversely, on the down
hill slopes, supercritical velocities would be
encountered. This would require the construc
tion of drop structures to dissipate the excess
energy. In other areas, ro preserve the uniform

slope, the canal might be partially or entirely in
a fill section which would not be desirable.

8. Another major disadvantage of the canal
system is its vulnerability in high water-table
areas. If the groundwater table is above the
canal bottom, outside hydrostatic pressure
could rupture the lining when the canal is
empty or the water surface drawn down. A



Table 1. Data sheet for SSTB pipelines

Pipe Diameter:
mm

Length:
km

Rating:
bar

Flow

N

Future

Initial:

MCMD
Future:

MCMD

pumping
stations

j. Power:

MW

Sarir-Ajdabiya
Ajdabiya-Sirt
Tazerbo-Sarir
Sarir-Ajdabiya

(Tazerbo Part)
Ajdabiya-Benghazi

4000

4000

4000

4000

4000

380

392

240

380

140

6-12

6-14

6-18

6-12

6-14

10

0-82

10

1-0

118

184

23

2-68

1-84

2-5

1

3

1

1

10

10

10

20

Sarir wellfield

Pipe diameter:
mm

Length:
km

Rating:
bar

Flow:

MCMD
Wells:

number
Duty:

l/s
1600

2000

2800

70-2

891

6-6

8

8

8

10 126 108

Tazerbo wellfield

Pipe diameter:
mm

Length:
km

Rating:
bar

Flow:

MCMD
Wells:

number
Duty:

l/s
1600

2000

2800

1200

100

100

further consideration in the rejection of the
open canal system was the contamination
potential. The canal system issubject tocon
tamination from wind-blown sand and dust
which makes the maintenance costly. Further
more, it is more difficult to maintain the
security ofa canal water conveyance system
than that of a piped system, leaving it easily
vulnerable to sabotage and to acts of nature,
i.e. flooding or movement of sand deposits. '
Covered canals, on the other hand, also proved
too costly. Fora loading of 488 kg/m2, the
cover would bexiesigned to withstand a 250 mm
or 300 mm layer of blowing sand. Any deeper
layer of blowing sand could result in the failure
of the cover and in the subsequent blockage of
the canal. If the cover were designed to with
stand greater loading, the cost would be signifi
cantly increased. If the cover were designed to
be suitable for vehicular support, the cost
would become prohibitive.

9. Therefore, on the basis of a comparative
evaluation of the technical as well as the eco
nomic aspects ofthe canal and pipeline
systems, the pipelinesystem wasconsidered
the better system to use.

10 108 120

Pipeline size

10. The selection of theoptimum diameter
of the pipeline depends on the choice of single
ormultiple lines to provide the design flow and
the choice of an all-gravity or a pumped-flow
system. Thepipeline sizeand theselection of
material are also interrelated.

11. The possibility ofusing a combination
ofmultiple, smaller diameter pipelines with a
series ofpumping stations was compared with
a single, larger diameter gravity flow pipeline
The use of multiple smaller diameter lines was
considered because ofthe restriction on the
maximum available size for steel pipe. It was
determined, however, that the use of the multi
ple pipeline concept as shown in Fig. 3would
be less economical and inferior with regard to
the overall operation and maintenance. The use
ofmultiple lines would also increase the
amount of time required for construction of the
project which would be detrimental to the
overall schedule. The larger diameter pipe
system was therefore adopted.

12. Amajor factor contributing to the deci
sion to use a gravity flow system is the require
ment that the conveyance system should be as

LIBYAN GREAT
MAN-MADE RIVER
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Fig. 2. Schematic
Phase I
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simple as possible to operate and to maintain.
The design also indicates that, while the initial
investment cost for an all-gravity system and a
low lift pumped system would be similar, the
operating costs for the pumped system would
be considerably greater.

13. It was therefore decided that the pipe
should be sized to handle the initial system
design flow rate of 20 MCMD by gravity, with
the provision for a future flow to use inter
mediate pumping stations.

14. After it had been determined that the

initial flow was to be achieved by an all-gravity
system, it was established by hydraulic
analysis that 4000 mm inside diameter pipe is
required to convey this quantity of water. The
only section of the system that is overdesigned
for the gravity flow condition is from Tazerbo
to Sarir. where the 4000 mm diameter pipe is
capable of conveying more than 1 0 MCMD by
gravity. It was determined, however, that this
segment should also be 4000 mm because of the

possibility of accommodating future flow from
Tazerbo or Kufra.

Pipe material
15. Various pipe materials including steel,

plastic and concrete have been evaluated for
their suitability for the project.

(rnnrnm

iuiii«•»«..

...... liJUi

Future intake from
Kufra Wellfield

Tazerbo
Wellfield

16. The possible use of extruded plastic
pipe (polyvinyl chloride, polyethylene and
polypropylene) was ruled out because it is not
available in sizes or pressure ratings that
would be suitable for the main conveyance
pipeline. The use of fibreglass reinforced
plastic was also considered because it can be
manufactured in diameters that would be suit
able for the system. It was determined,
however, that excessive wall thicknesses would
be required for the design pressure ratings
whichwould make the pipe as heavy as the
required steel pipe. Fibreglass reinforced
plastic has not been used in such lengths for a
cross-country pipeline and none of the manu
facturers contacted at that time could guar
antee the satisfactory jointing of the pipe. A
fibreglass pipeline system was also found to be
more expensive than either a steel or concrete
system. For these reasons, the useof fibreglass
reinforced plastic was also ruled out.

17. Both steel and concrete pipelines were
considered technically suitable for the project,
although 4000 mm diameter steel pipe is not
commercially available in large quantities. Con
crete pipe could also be manufactured in local
pipe plants specifically constructed for that
purpose from locally available material, using a
minimum of imported products.
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Ajdabiya
Ajdabiya

Holding reservoir
Volume: 5 0 Mm3

Discharge works
central controlbuilding
(Wadi Al Fangh)

Initial (Stage 1)
Initial (Stage 2)
Future

Jalu

Pumping station
No. pumps each line: 3
Pumping head: 161 m
Station capacity: 30 MCMD

Pumping station
No. pumps each line: 7
Pumping head: 294 m
Station capacity: 5 0 MCMD

Pumping station
No. pumps each line: 7
Pumping head: 134 m
Station capacity: 10 MCMD

Header tank
Working volume: 170 000 m3

10 x 2000 mm inner dia.
-{|l||i^ Row each pipe =0-5 MCMD

Friction head loss = 1-67m/km

Pumpingstation
No. pumps each line: 3
Pumping head: 207 m
Station capacity: 1384 MCMD

Holding reservoir
Working volume: 5 0 Mm3

Gate structure
Central control building

Pumping station
No. pumps each line 7
Pumping head: 192 m
Station capacity: 10 MCMD

Header tank

Working volume: 170 000 m

Pumping station
No. pumps each line: 7
Pumping head: 294 m
Station capacity: 40 MCMD

Pumping station
No. pumps each line: 7
Pumping head: 296 m
Station capacity: 3 0 MCMD

Header tank

Working volume: 510 000 m3

Canals

Study case using
2000 mm pipes Studycase using

canals and pipes

18. Prestressed concrete cylindrical pipe
consists ofa steel cylinder which is embedded
in a concrete core, wrapped with high tensile
steel wire and coated with a cement mortar.
Steel bell and spigot joint rings arewelded to
the ends ofthe steel cylinder and embedded in
the concrete core to provide jointing with the
adjacent pipe sections. The steel cylinder pre-
ents leaking of the pipe through cracks in the

concrete; it contributes little to thestrength of
the pipe. The concrete core iscaston the inside
and outside of the steel cylinder to a specified
thickness. The prestressing wire is then contin
uously and circumferentialiy wrapped ata pre
determined tension and spacing around the
outside surfaceof the concrete core. This
induces a compressive stress in the concrete
core that enables it to resist the tensile forces
caused by internal and external loads. The
thickness of the core together with the pre
stressing tension and spacing of the wire are
determined to provide the required pressure
rating for the pipe section. The cement mortar
coating is added to protect the prestressing
wire.

Installation mode
19. An investigation of installation modes,

buried or above ground, was conducted to

determine the most-feasible and economic
method, recognizing that the excavation and
backfilling of a trench would represent a sig
nificant portion of thecostof pipe installation
ifa buried mode were selected for this project.
It was determined in this study thatan above-
ground installation on a continuous concrete
footing for the large diameter concrete pipe
would be more expensive than a buried pipe,
even where excavation ofrock was necessary.
The other disadvantages ofan above-ground
installation include the exposure to a larger
temperature range and the resultant thermal
expansion, thegreatersusceptibility ofan
exposed pipe to vandalism, sabotage and acci
dents, and the barrier thatsuch a pipeline
would create for road and railroad crossings
and future developments. It was therefore
determined thata buried mode ofinstallation
was more desirable.

Hydraulic parameters
20. Fundamental to ahydraulics design is

the formula for friction loss and the value to be
used for pipe roughness (ks).

21. Initially, Wood's" explicit equations
were adopted in the conceptual design for
evaluating friction factor in the Darcy-

Fig. 3. Two typical
optimization study
cases
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Weisbach equation. With the progressof
design, these were replaced by Colebrook-
WhiteV implicitequation to determine the fric
tion factor iteratively for greater accuracy.

22. For pipe roughness, a desk study was
instigated through the British Hydromechanics
Research Association3 for PCCP. This study led
to the adoption of the following values of ks

0-27 mm: maximum value used for rough
pipe

015 mm: expected value used for
optimization studies

010 mm: value used for transient analyses.

23. The value of ks = 0-27 mm (000075 ft)
was derived from US sources. In the context of
pipeline sensitivity, even theviscosity has its
effect on the hydraulic grade line (HGL), partic
ularly at theend ofa 392 km pipeline, in spite
of the fact that it is 4000 mm in diameter. The
viscosity of water depends on the water tem
perature. Water is pumped out of the ground at
an average temperature of 30°C and is recorded

as maintaining approximately that temperature
in the buried pipeline until it is exposed to the
atmosphere at Ajdabiya Reservoir, in which the
temperature can range between an estimated
15 C and 35;C,depending on season and reten
tion time.

24. It is worth noting here that there are
two different schools of thought on the change
of piperoughness with time: firstly, that ks
starts at 015 mm and increases to 0-27 mm
(and beyond) as any flow erosion or aggressive
attack on the surface occurs, and as any sedi
ment, bacterial slimes and other biological
growths build up; secondly, that ks is any
where between 015 mm and 0-27 mm, depend
ing on workmanship (albeit closer to 015 mm)
and that it keeps the value throughout its life
on the basis thatany surface deposit or rough
eninghas negligible effect ina 4000 mm pipe.
This second school alsopostulates that any
bacterial slime on the surface may even be
smoother than the pipe's concrete finish.

25. Taking into account all of the above
leads to theadoption of the following, using the
'worst' combination of factors for the particular
case under consideration and the Colebrook-
White equation for the Darcy-Weisbach fric
tion factor.

(a) Steady-state friction loss calculations:
use higher roughness ks = 0 27 mm at a
temperature of 20°C and kinematic
viscosity = 114mm2/s.

(b) Transientcalculations: use lower rough
ness ks = 01 mm at a temperature of 35°C
and a kinematic viscosityof 0-897 mm2/s.

26. Generally, for straight long pipelines
the friction losses far exceed the minor losses,
which are usually discounted. In the case of the
GMRP, owing to very long pipeline lengths, the

mmmmmmm

minor losses are not ofgreat significance in
absolute terms. However, the order of magni
tude is established byan evaluation of minor
losses over a 380 km long stretch, with the
cumulative effect of manholes (4000 mm x
4000 mm x 600 mm tees) every 615 m, pipe
reducers, bendsand valves. This resulted in the
following*

V1
minor losses = 0049 — m/km of pipeline

*t

For example, a flow of 10 MCMD ina 4000 mm
pipe, with an average velocity = 0-921 m/s, pro
duces a head loss = 0128(friction) + 0002
(minor) - 0130 m/km; the minor loss contribu
tion is about 1-6% and is therefore considered
as small.

27. Thecoastal pipelines supply thewater
partly to end reservoirs but mainly to inter
mediate user-dedicated branches or 'turnouts'.
For strategic reasons, the system was designed
to be able to convey ail the water intended for
each pipeline to its respective end reservoir as
the detailed allocation of the water to interme
diate users had not been finalized at that time.
This permitted flexibility in both the detailed
decisionsand the timingof any decision on
water allocation.

28. The adoption ofPCCP designed to
AWWA C3015 introduces a pipe with standard
pressure rating increments of 2 bar. Within the
AWWA code, a transient overpressure is
allowed of up to 40% above the nominal or sus
tained pressure bar rating (i.e. a nominal 10bar
pipe is permitted to have a surge-related over
pressure of up to 14bar).However, as can be
seen from Table 1, the pipe lengths can be up to

'? km, with correspondingly long pressure
durations. This gives rise to the question:

n is a surge not a surge but a sustained
i.. -ssure?'. Insome locations, the overpressure
could be sustained for up to 20minutes. The
AWWA code refersonly to 'short duration'.
This, ofcourse, is unqualified as it is relative to
the system in question. For a pipeline system
approaching 400 km, with a 50 year design life,
even one hour or one day, is of relatively short
duration. Onaccountof the level of 'uncer
tainty' on this subject, it was decided to adopt
two limits for thehydraulics design, a 20%
overpressure for transients/surgesgenerated
under normal circumstances or those that could
happen after, say, one levei ofmaloperation;
while in the case of extreme events, following,
say, two levels ofmaloperation ora burst pipe,
the transients then generated by control
devices were allowed to rise to up to 40%
overpressure.

29. Finally, a state-of-the-art transient
analysis computing package known as
gmrpflo. developed by W. S. Atkins Engineer
ing Sciences especially for this project,6 is dis
cussed in the next section.



Description and computing capability
of GMBPFLO

30. In general, pipeline and pipingsystems
are designed to maintain and operate under full
pipe conditions. However, most systems will
exhibit partially full to full behaviour under
transient conditions or during system start-up
(filling) and shut-down (emptying).

31. The gmrpflo program can analysea
dual regime system—i.e. full and partially full
reaches within the same system model—unlike
single mode programs where two or three
separate analyses are required, with simplify
ing assumptions-being made to transfer
between the modes and program restarts.

32. Three separate routines are employed in
the program suite

(a) data preprocessor (DPP)
(b) computational program (CP)
(c) results post-processor (RPP).

The DPP allows the creationofa 'configu-
tion' file as a stand alone item, with all its

components defined in essence: e.g. reservoirs,
tanks, air vessels, pumps, valves, control
switches, pipe parameters, etc. After the 'con
figuration' file has been established, a 'run
control' file which defines the particular actions
to be run, is attached. This contains the vari
able control data, e.g. simulation time, toler
ances, valve closure time, reservoir and tank
levels, number of pumps in operation, etc. In
this way, the configuration file remains
unchanged while as many ran control files as
necessary can be added.

33. The configuration and run control files
together define the total system with control
parameters, allowing the CP to perform the
theoretical calculations and to analyse the
regimes as they may occur, such as

(a) zero flow (including defining surface levels
of water retained in pipeline troughs or
behind closed valves)

,o) steady flow
(c) transient full pipe flow
Id) unsteady subcritical and supercritical open

channel flow and moving boundaries
(e) full pipe/open channel moving boundaries
(/) air pressures above open channel flow.

34. The results are viewed by way of the
RPP which allows both graphical and print
formats. This includes overall system or spe
cific boundary results, such as

(a) system profiles with pressure envelopes
(b) pressure/time histories, as a snapshot in

time or as a moving video effect
(c) flow/time histories
(d) tank level variations
>e) air pressure traces
(/) air flow through air valves.

Examples of the program output will be used in
subsequent sections.

35. Discussions follow on each segment of
the system, beginning with the one that calls
for the particular use of this 'state-of-the-art'
software.

Sarir pipeline
36. The Sarir pipeline conveys water from

Sarir wellfield (126 pumped wells over an area
of 20 km x 50 km, with a design output of
10 MCMD) to Ajdabiya Reservoir. From Figs 1
and 2, it is seen that this pipeline runs parallel
to part of the Tazerbo pipeline, which has a
similar duty but also has inline pressure
reducing/flow control valves just upstream of
Sarir. Essentially, the two pipelines are oper
ated independently but can be linked hydrauli-
cally through the Sarir header tanks. The Sarir
pipeline is upstream controlled, with flow regu
lated by the numberof wellpumps in operation.
This is more economical than downstream
control which would require more expensive
higher pressure rated pipe. A consequence of
upstream control is a 'partially full' mode of
operation for parts of the pipeline. In a
4000 mm diameter pipe, part-full flow resem
bles a river, from which the name 'Great Man-
Made River Project' was derived. However,
unlike a river (continuous open channel flow),
other parts of the Sarir pipeline flow full and
under pressure. Using the software described
earlier, the characteristics of the system under
various operating conditions are being studied
so that appropriate operating guidelines can be
developed.

37. The pressure rating for the upstream
controlled Sarir pipeline is set by the maximum
operating hydraulic grade line (HGL). The
initial design flow is 10 MCMD, but with the
expected development of a future wellfield at
Kufra and connection of a Kufra link with
1-68 MCMD design flow (to the Tazerbo pipe
line some distance upstream of Sarir), the
future carrying capacity requirementof the
Sarir and Tazerbo pipelines, downstream of
Sarir header tanks, each becomes 1-84 MCMD.
This requires booster pumping near the down
stream end as the gravity head is sufficient for
only about 1 1 MCMDcontinuous flow in each
pipeline. After technical and economic compari
son studies, an inline pumping station (as
opposed to a break pressure pumping station
with fixed speed pumps, forebay tanks and
inlet control valves) was adopted, with a HGL
as shown in Fig. 4. The future increase in oper
ating HGL just downstream of the pumping
station has been taken into account in the selec
tionof pipe pressure ratings for that locality.
This demonstrates the need to consider the full
scopeof the project (potential or otherwise)
whenever possible, so as not to impose unneces
sary limitations on the future economic devel
opment of the system.

PROJECT: PAPER 3
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38. In the hydraulics design of the partially
full pipeline, careful attention was also paid to
the effects of hydraulic jumps, airentrainment,
air binding and air pocket movement in the
choice ofpipe slopes and air valve installations.

39. The criteria for the filling and emptying
rates of the pipeline are

(a) the rate at which air can be expelled/drawn
insafely through the air valves (this is an
economic balance between the time taken
to fill/empty and the numberof valves to
be provided

(b) maximum velocity at upstream inlet point
and all other intermediate steep slopes to
eliminate or reduce risks of erosion of the
internal pipe wall

Based on the pipes running full ofwater, the
velocities in the range005-0-15 m/s were
adopted. For the4000 mm main conveyance
lines at 1MCMD, this equated to 5-15% of
design flow rate.

40. Hydraulic jumps will occuras a result of
changes in pipe slope as the water depth
adjusts from one level to the next. In most of
the pipelines, designed to be kept full and pres
surized (using flow control valves), these jumps
will occur only during filling. However, the
upstream end of the Sarir line and of the Sarir-
Ajdabiya section of the Tazerbo lineare differ
ent because partially full flow is anticipated to
occur undervarious flow conditions (Figs 5 and
6).

41. Hydraulic jumps, by their very nature,
exert hydrodynamic forces on the pipe and
entrain air from the upstream air space where

\ i\

-Design rating N N| -4
iifl

1 sv M l/l<

350 Ch. 391 0£

the linehas not yet been filled. Thiscanthen
'pushed' by the jump intodownstream sectior
dependent on the flow and on the pipe slope a
the downstream end ofthe jump. For flatter
downslopes or higher flows, thedownward
drag force onthe air bubbles will overcome th
upward buoyancy force, with the result that tr
air is pushed downstream. For steeper slopes i
lower flows, the bubbles will move upstream
and back to the original air space.

42. Thisentrained air may then accumulate
in thedownstream sections, and would both
form air pockets along the pipe soffit and cause
air 'binding' before it reached the high points,
where it would be vented from the air valves.'
The effect ofthis trapped pocket ofair is to
reduce the flow area, thereby leading to an
increased head loss. This can accumulate toa
significant amount and theair pocket can
become quite long. Therefore, it cannot be
regarded as just a local 'bottleneck'; the carry
ingcapacity ofthe line can be seriously
affected.

43. Between the limits for air entrainment is
a 'slugflow' zone where anair pocket can be
moved upstream: this is known as 'blowback'.
As it moves up a rising grade, it can accelerate
and attaina high velocity. Its arrival at the
high point, followed by the water thatcloses
the gap, can generate a significant transient
water column recombination forces.

44. All the above factors have been con
sidered in the design ofthe system and its
appurtenances. The pipe slopes have beenset
appropriately to reduce the occurrence of blow-
back and the onerous types of hydraulic jump.
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Air valves are located strategically, not only at
high points but at amaximum spacing of
615 m. In the part-full region, the number of air
valves at any location has been doubled to
provide standby capacity in case any one air
valve fails.

45. To allow for slow and steady evacuation
of the air, pipeline filling is controlled by
restricting the number of wellpumps in oper
ation. This is to keep the velocity below
015 m/s (equivalent to 15% of the 1-0 MCMD
design flow).

46. If the pipeline is shut down after filling
and the block valves are closed to maintain full
pipe upstream, then refilling iscontrolled by
feeding water through a bypass on the block
valve. The bypass arrangement is shown in the
inset in Fig. 7. This will also allow the pressure
across the valve to be equalized or to be
reduced significantly before the valve is
opened, thus reducing the wear and tear on the
block valve (butterfly type valve is used) An
orifice plate is used for flow control through the
bypass. A'full port' ball valve is located on
either end to isolate the bypass for repair or
maintenance. The bypass piping and isolating
ball valves are sized to pass 15% of the design
flow at a maximum velocity of 6m/s, based on
the nominal diameter of the bypass. The
reduced flow rate is to prevent damage to the
air/vacuum valves caused by rapid closure
The orifice plate opening is sized to restrict
bypass flow to 6m/s atmaximum differential
pressure head.

47. It takes about 25 days to fill the empty
pipeline through block valve bypasses. The
effects of air valves shutting and the inter
action of the transients during filling and
system start-up have been examined, and at the
most critical location, which is at the upstream

Pipe invert level
144-3 mAMSL

R

3 m maximurr
cover

Slope of
0-0018 m/tn-
or less

Detail at (a)

end, an air valve has been replaced by a vent-
pipe toeliminate the most onerous transient
pressuresand to satisfy the major air inflow
and outflow requirements on draining and
filling. The location of this ventpipe also coin
cides with the most energetic hydraulic jump A
hump' in both the Sarir and Tazerbo pipelines

was created at this location by altering the pipe
invert levels as shown in Fig. 7. This provides
adegree of back pressure on the end control
valves at the downstream end of the Tazerbo
pipeline, to assist in the alleviation of cavi
tation conditions on those valves. The raising
of the invert elevation of the pipe at this vent-
pipe is as a result of an economic balance
between the hump and lowering the elevation of
the valves themselves. In addition to the back
pressure conditions, it also provides a flooded
pipe section for locating the acoustic flowmeter
chlorination injection/ extraction facilities and '
rubber-seated butterfly valves as depicted in
rig. 7.

48 As an example of a potential operational
problem, the system response time between
Sarir Wellfield and Ajdabiya Reservoir is in the
order of 48 hours (see Fig. 8). This time factor
alone identifies one of the key hydraulics roles
of the intermediate reservoir at Ajdabiya. Its
main hydraulics aspects areas follows.

(a) It provides a pressure and hydraulic break
between the upstream Sarir and Tazerbo
pipelines and the downstream Sirt and
Benghazi pipelines. This helps to limit the
maximum possible pressures in the pipe
lines.

(b) It provides buffer storage during tran
sitions from one end user demand level to
another. Fluctuations should be dealt with
by the diurnal storage of end users. Added
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to the storage potential of the part-full
Sarir line, this storage allows time for the
wellfield outputs to be adjusted to match
demand changes. Ajdabiya Reservoir
volume also caters for the draindown of the

two pipelines between Sarir and Ajdabiya
(involving about 20 million m3), as there is
no valve to stop these pipelines from drain
ing following the shutting down of the
wellfield.

(c) It enables mixing of the different wellfield
waters (Sarir, Tazerbo and the future
Kufra) to provide the same water quality to
the variety of end users.

Operations and controls
49. A communications and control system is

provided to facilitate integrated control from
wellfield production wells to end control valve
(ECV) operation^ Local control rooms at
Tazerbo, Sarir, Ajdabiya and Sirt are linked by
a telecommunications system to a master
control centre at Ajdabiya (duplicated at
Benghazi Headquarters). This Permanent Com
munication and Control System (PCCS) network
is shown in Fig. 9. The system has also been
designed to remain operational even without
this network. This is achieved by the monitor
ing of the change in water level at the local
buffer storages. Each site has a target level to
be maintained in its tank or reservoir and takes

local action as appropriate, e.g. start/stop a
wellpump or adjust control valving.

50. The fundamental philosophies used to
develop the operating and control procedures
are simply to

(a) minimize operator intervention
(b) ensure continuity of supply
(c) minimize operatiag costs.

51. The aspects that these philosophies lead
on to include the following

(a) local control systems to do as much of the
'control' as is practical

(b) provision of back-up facilities for key com
ponents, e.g. PCCS, wellpumps, control
valves, etc.

(c) preventive maintenance.

52. The operational control of the SSTB
entails the following procedure.

(a) Ajdabiya Control Centre receives forecast
demand from the end users (turnouts). The
Ajdabiya Reservoir is maintained at a
target level within a specified set of oper
ational requirements/constraints—such as
the midpoint level. This is maintained to
balance inflows and outflows with minor
fluctuations accommodated within its

storage capacity. Additional storage is
available in the utilization reservoirs for
the individual agricultural and municipal
water supply projects.

(6) Ajdabiya Control Centre informs Sarir
Control Room of the total demand. Sarir
splits the demand between the wellfields
'Sarir and Tazerbo) on the basis of well

PROJECT: PAPER 3

Fig. 8. Sarir pipeline
response times
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Fig. 9. Permanent
Communication and
Control Svstem
(PCCS)

Tazerbo Wellfield

availability, water quality, operational
factors, maintenance schedule, and data on
well operating costs. The Sarir ECVs are
set and Tazerbo would be informed of its
required production. Each wellfield control
room operates its own plant with advice-
instruction from Ajdabiya.

[0 As experience is gained, the operating
rules can be changed to cope with devi
ations from steady flow conditions and can
then be incorporated into the PCCS com
puter software.

53. To illustrate the system's ability to
operate subsequent to a loss of communication,
a description follows of the Tazerbo line which
is end controlled at the Sarir ECVs (Figs 10 and
11). The operating sequence of this portion of
the system is based on the detection of a
change in water level in the header tank at
Tazerbo. Therefore, the Sarir control room can
adjust theSarirECVs to obtain the required
flow, while, independently, the Tazerbo control
room can physically see (as well as elec
tronically monitor) the change in header tank
level, thereby to instigate action in the wellfield
to restore the header level to its target. It is this
target level that is the important factor and
that, in this particular case, has been chosen as
278 m AMSL. midway between the 273-283 m

AMSL range (TWL = 283 mAMSL). This gives
the maximum fluctuation of 5 m water level
either side of the target level before overflow or
entering into the 4 m 'dead band' at the bottom
of the tank; this band is from 273 m to 269 m
AMSL. With a tank diameter of 125-2 m. the
5 mfluctuation givesa volume of61 500 mJ.
which equates to a time within which the
Tazerbo Control Room must take effective
action and isdependent on the rate ofchange in
demand. This periodof timealso makes allow
ance for the switching on or off of wellpumps in
orderly sequence and for the well output
change to bereflected in flow past the header
tank: e.g. in the caseofa change of0 5 MCMD
(say, from a flowof 0-4-0-9 MCMD or vice
versa) the time would be of the order of three
hours. The wellpumps would then beswitched
on at gradual intervals, avoiding unnecessary-
surge loadings on the electrical or hydraulics
system. A timespan of this magnitude (i.e.
hours) allows for the mobilization ofa field
crew for manual wellpump start-up, should the
wellfield control system be inoperative.

54. As the intention is to operate the system
initially on a manual basis (i.e. operator con
trolled and not automatic), with the PCCS inter
vening onlywhen corrective action has not
been taken by the operator, then the 5 m fluc
tuation will actually be reduced to allow for.
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Fig. 12. Sirtpipeline
HGL,

say, a 0-5-1-0 m level change to install the
PCCS pre-alarms and the automatic 'trips'.

55. The purpose of the 4 m dead band
referred to earlier is to allow extra time in order
to avoid the occurrence of the draindown situ
ation. While tankoverflow is undoubtedly safe
(as drainage facilities have been provided),
although obviously a waste ofwater, the ques
tion of uncontrolled draindown moves into an
undesirable zone. Unlike the Sarir pipeline
which has been designed to run ina partially
full mode by limiting the pipe slopes in key-
regions and incorporating back-up air valves,
this has not been the case on the Tazerbo line
which, conversely, has been designed only as a
full pipe system. To prevent the draindown
situation from arising, the 4 mdead band pro
vides a further margin of safety over the 5 m
allowable fluctuation.

56. The above notwithstanding it had been
anticipated that, in the future, when the oper
ators havegained experience and knowledge of
the system hydraulics and characteristics, the
target level of 278 m AMSL could be lowered to
273 m AMSL to reduce the pumping head on the
wellfield. This also reflected the thinkingthat
after years of operation the demand should then
be stable with little fluctuation. With the devel
opment of the engineering and the availability
of final vendor data of thesystem components,
it has been seen that the wellpumps are capable
ofoverproducing and require throttling. Owing
to the particular characteristics of theadopted
wellpumps. the energy saved by lowering the
header tank water level target from 278 m to
273 m AMSL is of the order of 5%: the issue.

200-

initial 'low

Future 'low

\yy\ Burter'iy valve (3400 mm dial

O Future pumping station

therefore, is no longer straightforward as it
now becomes a balance between this costand
operational flexibility.

Sirt pipeline
57. The hydraulics aspects of the Sirt pip*

line differ from the Sarir-Ajdabiya pipeline ::
that Sirt isa full pipe system with downstrea:
valved control at Sirt End Reservoir. Fig. 12
shows the steady state HGLs for initial gravi:
design flow of 0-82 MCMD and a future pump,
flow ofup to2-3 MCMD by use of three inline
pumping stations. Intermediate inline vaiving
is provided to allow isolation of sections for
maintenance/repair while turnouts upstream
remain in operation. These inline valvesare
3400 mm diameter butterfly valves while the
flow control valves at Sirt End Reservoir are
1600 mm diameter submerged discharge sleeve
valves protected by 2200 mm butterfly valves.
With the abundance of vaiving, all of which
could be used (although some are intended oni;.
for emergencies) to stop the flow, the transient
analysis has a major role to play in thedesign
of the system.

58. In Fig. 13, the maximum pressure tran
sient envelopes for four different valve oper
ating conditions are shown. The characteristic;
of the inline butterfly valve are such that the
main surge pressure is generated by final valve
closure, i.e. during its movement from. say.80
to 90° (0-10% open) of angular rotation.
However, valve manufacturers are not as yet ir.
a position to issue definitive characteristics in
this zone and tend to provide curves of velocity
head coefficient kagainst degrees of rotation.

140% ol design rating
A /
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[Oj Improved to 120 min (single speed)

-12-2-1-
l-

Ch. 9-618 100

•up to about 80" only. To model the valve
closure in a computer program, estimates need
to be made of k values between 80; and 90=
(Fig. 14). Software programs generally calculate
the transients by detecting a change in the
characteristic slope, with interpolation between
defined data points. Accordingly, definition of
the points at 1 intervals from 80 would
produce a different and less severe result than
if points at just 5: intervals were used. There
fore, although the computer enables the exami
nation of complicated and intricate systems, the
more important need is to ensure that the
system is being modelled correctly.

59. From the Sirt pipeline analyses, the
vaiving has been specified to have long closure
times of 60-90 min to reduce the transient
effects on closure. Two-speed closure was also
adopted in places (e.g. 0-70' in 25 min. and
70"-90' in 55 min) where single speed move
ment would require too long a time, i.e. up to
about 3 hours, and permit too great a quantity
of water past the valve during the closure
period than is considered acceptable (e.g. in the
case of excessive water loss owing to overflow,
pipe burst or other reason, with consequent
damage and economic loss).

60. For the future pumped conditions, pres
sure transients caused by power failure have to
be considered. Fig. 15 illustrates simultaneous
failure at all three future pumping stations. The
system is protected by air vessels strategically
located along the pipeline, and a non-return

200

Chamage: km

r—-j

250

//

300 350 Ch. 402-427

Fig. 13. Sirtpipeline,
valve closure

transients (design
flow)

Fig. 14. Butterfly
valve characteristics
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Fig. 16. Benghazi
pipeline HGLs
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50

200
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Initial flow

Future flow

Future pumping
C_2 station
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(3400 mm dia.)

( Surge rating = |
. 140% of design rating

100 Ch. 150 386

A|dabiya - Benghazi
140 km

250 300 350 Ch 402 427

valved bypass around each station allows
gravity flow to continue. In fact, the transient
analyses revealed that simultaneous power
failure to all three pumpingstations was not
the worst case. Instead, the most onerous tran
sient (high pressure on suction side and low
pressure on discharge side of the station) was
generated by the tripping of just two adjacent
stations. The analysis of this future case was
considered now in order to determine what pro
vision, if any, needed to be made in the initial
system to allow the future upgrading (e.g.
4000 mm x 4000 mm x 4000 mm tee pieces in
certain locations to allow connections of the
stations themselves and any surge protection
devices.

Benghazi pipeline
61. The hydraulics aspects of the Benghazi

pipeline are similar to those of the Sirt pipeline
in that it is also a full pipe system with down
stream valved control at Benghazi End
Reservoir (BER). Fig. 16 shows the steady state
HGLs for initial gravity design flow of 118
MCMD and a future pumped flow of up to 2-5
MCMD by use of an inline pumping station.
Inline valves are 3400mm diameter butterflv
valves. while the flow control valvesat BER are
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1800 mm submerged discharge sleeve valves
protected by 2000 mm butterfly valves. As in
'.he caseof the Sirt line, for stopping the flow,
the transient analysis has an important role in
the design of the system.

62. Figure 17shows pressure envelopes
during the closing of two end control valves in
series for 60 min and 90 min overall closures.
From the maximum pressure envelope, the
•i0 min overall closure is considered as unsafe.

12 16 20 24

Time: s (x 102)

Fig. 18. Benghazi
pipeline, series

28 32 ~3<5 40 closure of ECVs
(design flow)

Fig. 18 illustrates how the flow through the
valves varies during a closure of the valves in
series.

Conclusion

63. The system is nearing completion and is
expected to be in operation shortly, supplying a
variety of users. The computer model of the
hydraulics system will be used to assist the

163
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development of theoptimization of theoper
ating procedures for the full range of normal
conditions and for the planning of emergency
procedures for any abnormal conditions which
might possibly occur. The monitoring ofactual
pipeline flows and pressures will allow a com
parison of the prototype behaviour with that
predicted from the model, and will permit refin
ing and updating of themodel as required
during the lifetime of the sytem. The know
ledge and experiencegained of the Phase I
system will not only help the optimal develop
ment of that system but will also benefit the
planning and detailed design ofsecondary
systems and of Phases II and III of the Project.
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