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1 Pipeline Sizing Considerations
BHRIABER

Kurz and Ohanian'" evaluated different options for pipe
diameters , pressure ratings and station spacing for a long dis-
tance pipeline. A 3 220 km(2 000 mile ) onshore buried gas
transmission pipeline for transporting natural gas with a grav-
ity of 0. 6 was assumed ( Figure 1).
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Assuming that pipes will be available in2” diameter in-
crements from pipe mills,the nearest even increments of the
above-mentioned theoretical diameters were selected (247,
28” ,and 34" for 152 bar,103 bar and 69 bar(1 bar =0.1 MPa)
pressures respectively) and analyzed by varying the number
of stations along the pipeline. The result of this refinement is
shown in Figure 1, where present value is plotted against
number of stations for each pressure level. The minima for
each are shown in the chart with present value, total horse-
power ,and number of stations. In this study,the 69 bar pipe-

line has the lowest present value,thus would be the most cost

effective solution.
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Figure 1.Optimum number of stations and optimum maximum
operating pressure ( MAOP ) for the 3 220 km (2 000mile),
560 000 Nm®/ h sample pipeline. The lowest cost configura-
tions for each MAOP solution are marked(from").
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NATURAL GAS AND OIL
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In actual practice, for commonality reasons, identical
size units will be installed in the stations. In order to have i-
dentical power at each station,the station spacing will be ad-
justed ( dependent on the geography)since the stations at the
beginning of the line will consume more power than the sta-
tions at the end of the line due to the power required for fuel
compression. Identical power at each location also depends
on site elevation and design ambient temperature, which
would define the site available power from a certain engine.
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One of the key findings is, that the optimum is relatively
flat in all cases. This meansin particular,that certain consid-
erations may favor larger station spacing,with higher station
pressure ratios, and higher MAOP in situations where pipe-
lines are routed through largely unpopulated areas.
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2 Typical Application
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For a case study we consider an international long dis-
tance pipeline. The total length of the line is about 7 000
km. The pipeline consists of two 42” parallel lines which turn
into single a 48” line at the crossing of an international bor-
der. The pipeline design throughput is 30 billion Nm® per
year and maximum operating pressure of this pipeline is
9. 8 MPa. There are 10 compressor stations planned in one
area,and over 20 stations in the receiving country. After first

gas, it takes 5 years to build up to full capacity.
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Figure 2 . Impact of loss of one unit forthe 3 unit and the
2 unit scenarios
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When we compare operations of the compressor station
we need to recognize two main approaches. We can either op-
erate with fewer of larger turbocompressor units ( Case A,2
large units ) or with a higher quantity of smaller turbocom-
pressor units( Case B,3 small units). The following factors
need to be considered when selection of either option is de-
cided. In evaluating the system reliability and maximum
throughput the impact of unit outages needs to be consid-
ered. If we were to consider two large 30 MW units the fail-
ure of one of them will result in 50 % reduction of power a-
vailable whereas if we consider 3 smaller 20 MW units the
failure of one of them will result in only 33 % power reduc-
tion. Figure 2 outlines the basic fact that,if the surviving u-
nits run at full load to make up as much flow as possible,the
operating point for the Case B will be close to the highest ef-
ficiency island so the remaining on-line compressors will be
working more effectively compared to the Case A when the
single remaining large unit will be working in the stonewall
area. It is obvious,that pipeline recovery time will be shorter
in case B.
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Based on an analysis by Santos > *’ | Case A can repre-
sent even more problems. The amount of gas that the single
remaining 30 MW unit will have to process is so big that it
will put this remaining unit into choke,and thus for practical
purposes out of operation. The amount of fuel that the remai-
ning unit is going to burn will not justify that negligible in-
crease in head that this unit will provide. So, practically,
when one larger turbocompressor will be out of operation, the
second will have to be shutdown and the station will be by-
passed. Station configurations with the single oversize driver
and either no standby or standby on each second or third sta-
tion are often advocated. The arguments in favor of this meth-
od are very high pipeline availability (99. 5 %) and high effi-
ciency (40 % ~42 %) of the larger 30MW turbocompressor u-
nits. In fact, designing for a turbine oversized by 15 % will
lead to normal operations at part load conditions almost all
the time (99.5 %) where there will be negative impact on
turbine efficiency and, as a result of it, increased fuel con-
sumption. Another negative impact of this approach is that
normally this pipeline would operate at lower than MAOP
pressure , whereas the highest operational pipeline pressure
produces less pressure losses and, therefore, lower require-
ments for the recompression power. The reason for that is the
maintenance schedule for the turbocompressors on the sta-
tions with the single units without standby. In order to per-
form maintenance on these units the pipeline, linepack will
have to be maximized up to MAOP, so that unit can be taken
off line and the pipeline throughput will not be impacted.
Therefore , the normal pipeline operations have to be based on
a lower MAOP. Also worth mentioning is the pipeline capaci-
ty when considering the single turbocompressor approach.
Many pipelines transport gas owned and produced by differ-
ent commercial entities. As such the gas fields development
time and gas availability depends on many technological
and, lately, political factors that may potentially have nega-
tive impact on pipeline predicted capacity growth. In these
conditions the single oversized turbocompressor will be either

working into deep recycling mode until the expected amount

of gas will become available or start operation with smaller
capacity compressor stages which will subsequently require a
costly change of the internal bundle.
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3 Fuel Comparison
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It is increasingly important to evaluate all seasons con-
ditions when making a comparison between two different sta-
tion layout cases. For the subject pipeline different design or-
ganization were involved in the pipeline feasibility study. One
of them has used summer conditions only and came to the
conclusion that larger turbines are preferred option. Another
source used annual average conditions and came to the oppo-
site conclusion. The reason for that was the fact that during
winter, fall ,and spring months, which cover total of 9 out of

12 months of operation, one of the smaller turbcompressors
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was put in the standby mode. Due to lower ambient tempera-
ture the amount of power available from the remaining 2 units
was enough to cover the 100 % duties due to high compressor
efficiency. This was not true for the Case 1 ( based on same
explanation above ) and both 30 MW units had to work in the
deep part load with unsatisfactory turbine efficiency. The fact
that operational mode became 2 +2 for Case B gave addition-
al benefits worth mentioning. Since two turbocompressors
were in standby mode there was an opportunity to do all ma-
intenance work during this time of the year. It means that a-
vailability of this system becomes superior compare to Case
A, especially if we were to consider summer months of opera-
tions.
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4 Maintenance and Overhauls
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Another advantage of operating only 2 out of 4 units for
a significant part of the year(i. e.9 out of 12 months)is the
extended time between overhauls. Based on the calculations
below, the total number of hours for each turbocompressor u-
nit per year was reduced from 6 570 to 4 928 and , therefore ,
the time between overhauls could be extended. Based on 3 +
1 units operate during 3 summer months and 2 +2 units op-
erating during the rest of the year (9 months) , if the units
were used so that they all ran exactly the same number of
hours each year, each unit would run for 4 928 hours every
year. Whereas if we account for 3 working units with one
standby throughout the year the number of working hours will
be as follows:8 760 X 3 units running =26 280 /4 units a-

vailable =6 570 total hours per unit/ year.
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Note that all units run for an equal number of hours to
make the calculation simple. However, the customer could
push lead machines to reach the agreed time between major
inspections ( TBI) first, so that all engines do not come up for
overhaul at the same time,this would help with the overhaul
cost, helping to distribute the overhaul cost over the 30 year
cycle. We can even make step further and will see additional
benefits of this approach. Accounting for the normal year a-
round operation with 3 units on-line, each turbocompressor
will get 6 570 X 30 year =197 100 required hours of opera-
tions. Where as considering 2 +2 setup for 9 months the total
number of the required hours of operations reduced down to
147 840 hours. With modern turbines technology it is not un-
common to see that lifetime operation reaches 150 000
hours. It means that for the lifetime of this project(30 years)
there will be no need to buy new set of equipment. This alone
makes huge favorable impact on projects economics.
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5 Station versus System Availability
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It is important to recognize the difference between sta-
tion and pipeline availability. For economic assessments , mis-
understanding this issue can lead to the wrong conclusion.
Station availability calculations are easy ,straight forward and

based on simple statistical equations. It is easy to see that fe-



OIL AND GAS TRANSPORTATION AND STORAGE

wer units on a compressor station will yield higher availabili-
ty, assuming the threshold for availability is 100 % of the
flow. But is this true for the entire pipeline system? The an-
swer is not easy and requires additional investigation inclu-
ding extensive hydrodynamic analysis using of the statistical
methodology. The Monte Carlo method ( Santos, 2009 ) has
proved to be the good methodology to determine the pipeline
system availability. The statistical portion consists of genera-
ting multiple random cases of equipment failure on single or
two consecutive compressor stations. The hydrodynamic por-
tion will calculate the maximum throughput that pipeline is
available to carry when these failures occur. Based on this
extensive and in-depth analysis it can be shown that availa-
bility of a pipeline, configured with smaller multiple units,
delivers better overall results. The main reason for that out-
come is the fact that shutdown of the smaller unit makes less-
er impact on the behavior of the entire pipeline. Of course, to
have fair results, the availability of the single turbocompres-
sor unit, either smaller 22 MW or larger size 30 MW was i-
dentical. It is easy to understand that in our particular case
the availability of the station setup with smaller units ( case
B) was greatly enhanced because of the presence of extra
standby unit during winter and fall/ spring months when sta-
tions setup has 2 +2 configuration.
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6 Effect of Large Unit Shutdown
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Examples of the vulnerability are demonstrated based on
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a typical pipeline scenario with 4 stations. Each station has 2
compressor trains without spares. If one unit in station 2 is
lost, the pipeline flow is reduced by 12 %. However, the same
12 % flow reduction can be maintained by also shutting down
the surviving unit in station 2. This is due to the necessarily
inefficient operation of the surviving unit in station 2, which
is forced to operate in choke. If both units are shutdown, sta-
tions 3 and 4 will be able to recover the flow,but at a much
higher overall efficiency. Thus, shutting both units down re-
duces the pipeline fuel consumption compared to the scenario
with only one unit shut down in station 2. The point of this
example is, the failure of one of two large units in a compres-
sor station has more significant consequences than the failure
of a smaller unit in a station with three or more operating u-
nits. Or,in other words, scenarios with 3 ore more units per
station without spare units tend to have a higher flow if one
of the units fails, or has to be shut down for maintenance,
than scenarios with 2 units per station without spare units.
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7 Conclusion
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The paper has illustrated the different influence factors
for the economic success of a gas compression operation. Im-
portant criteria include first cost, operating cost ( especially
fuel cost ), capacity, availability, life cycle cost, and emis-
sions. Decisions about the layout of compressorstations such
as the number of units, standby requirements , type of driver,
and type of compressors have an impact on cost, fuel con-
sumption , operational flexibility,emissions,as well as availa-

bility of the station.
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