Report: Capacity determination of East West Pipe Line (EWPL) of RGTIL

Introduction:

Under the provisions of Regulation 5 read with Regulation 2(d) of Petroleum and
Natural gas Regulatory Board (Determining Capacity of Petroleum Products and
Natural Gas pipelines) Regulation 2010, the capacity assessment of the pipelines is
to be done by a group comprising of representatives from two transporter other than
the entity of which pipeline system capacity is to be certified along with a
representative of the Board and/or third party authorized by the Board. Accordingly
PNGRB formed a Capacity Assessment Group for determining the capacity of East
West Pipe Line (EWPL) of RGTIL. The group is constituted of the following
members.

Prof. Arun Moharir, lIT - Mumbai

Sh. Deepak Sawant, Dy. OSD, PNGRB
Sh. Manoj Jain, General Manger, GAIL
Sh. Rahul Gautam, Chief Manager, GAIL
Sh. Devang Shah, Senior Manager, GSPL
Sh. Nehal Joshi, Assistant Manger, GSPL
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Visit to RGTIL:

All the nominated members visited RGTIL Premises located at Navi Mumbai on 29"
and 30™ October 2010 to carry out capacity assessment for EWPL. During this visit,
the relevant technical details of the pipeline network were obtained from RGTIL and
further course of action was discussed and agreed upon. The team visited the
control room and did some preliminary estimation of capacities of constraining
segments as well as cross-checked the hydraulic calculations on two different
software platforms, namely TGNet and SynerGEE. Segment of EWPL between CS-
05 and CS-06 was simulated to check capacities within the same fixed end
pressures and the estimates from the software were found to match within 0.25%. It
was also agreed that in view of the agreement between the capacity and/or pressure
drop calculation results from the two software packages, SynerGEE would be used
in the off-line mode for all further calculatioris and simulations.

As a parallel exercise, hydraulic calculations were also checked using |IT Bombay's
software PAnORaMA (Piping Analysis, Operations Research and Maintenance
Application} and matched reasonably well with SynerGEE estimates.

M/s RGTIL also facilitated a visit to one of the compressor stations (CS-08) which
helped on the spot assessment of suction and discharge side pressure drops for a
typical station. RGTIL engineers were requested to carry out specific simulations on
SynerGEE and to share the results with the team members.

The team met at PNGRB office in Delhi on November 23 to discuss and finalize the
draft report recommendations based on this extensive exercise. This final report
incorporates the suggestions that emerged in this meeting also.
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1. Details of the inputs and technical parameters obtained from RGTIL.:

a. Constant parameters:

Pipeline Outside Diameter

Pipeline thickness

Pipeline Internal Diameter

Trunk Line length

Roughness

Efficiency Factor

Formula
Velocity
STP

b. Variable Parameters:

Operating Temperature
Inlet Temperature
Outlet Temperature
Inlet Pressure

Outlet Pressure

Source supply flow

Delivery Flow

48" (1219mm)

18.23 mm (weighted average of various
thicknesses used)

1182.54mm (based on weighted average
thickness as above)

1375 km

10 micron surface roughness is considered for
EWPL, being lowest value specified in
regulations (10 to 15 microns) for pipelines with
internal coating

0.95 efficiency factor is considered (As per
regulations the range is 0.85 to 1.0). The same
has been used in simulations carried out using
Modified Panhandle B flow equations
applicable for NPS 48 pipeline

Panhandle Modified — B

Maintained below 20 m/s as per Regulations

Pressure - 1.01325 bara & temperature - 15
deg C (As specified in regulations)

30 deg C (ground temperature)

40 deg C (upstream of CS-01, the entry point)
55 deg C (Compressor Discharge temperature)
72 barg (upstream of CS-01)

Please refer Section / Annexure <>

Unlimited

As per the various transportation agreements
executed with customers

.’_)g



Elevation Difference : Actual as per the topography of the pipeline
network (Refer Annexure <>)

Gas composition . Given Below.

Composition in Mole %
NITROGEN 0.181
CARBON DIOXIDE 0.243
METHANE 99.02
ETHANNE 0.337
PROPANE 0.123
N-BUTANE . _ 0.032
ISO-BUTANE 0.024
N-PENANE 0.012
I-PENTANE 0.013
N-HEXANE 0.013
N-HEPANE 0.002
N-OCTANE ; 0.000
N-NONANE _ 0.000
N-DECANE 0.000
WATER 0.000

TOTAL 100.00

Note: Specific gravity of gas with above composition = 0.561386
NHV of gas with this composition = 32336 BTU/ SCM

¢. Additional details provided by RGTIL as relevant inputs for the simulation
exercise:

Following documents have been obtained from RGTIL. RGTIL will duly and formally
release a copy all these documents to PNGRB signed by authorized signatory.

EWPL system schematic

Pipeline details with section, chainage, length, elevation and thickness
weighted average

Gas Turbines Data Sheet for all models

Compressor Data sheet for all models

Compressor performance curve

Details of the contractual pressures at delivery points for simulation
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Methodology Followed For Capacity Determination:

a. Details of the off-line software used for simulation are as follows.
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Name of Software : SynerGEE
Version/Release - 4.4.0/08 Jan 2009
Flow Equation Used : Modified Panhandle — B

. Steps followed for capacity determination were as follows.

:

The entire pipeline network was configured in the software including the
compression facilities etc.

In the first meeting of the capacity estimation team with the RGTIL
engineers, it was agreed that a pressure drop allowance of 1 bar each
would be made on the suction and discharge sides of each compressor
station. A visit to the CS-08 as mentioned earlier indicated that the
compressor was operating at a capacity of 40 MMSCMD and the pressure
drop was 0.25 and 0.45 bar on suction and discharge sides respectively.
For the design capacity, an allowance of a total of 2 bar for any station
thus looks reasonable. It may also be noted that the compressor station
did not have a filter on suction side. Pressure drop allowance of 2 bar is
thus specific to station configuration of EWPL at present and may need
revision in the event of future changes in the station PFD or for
compression facility on another pipeline with other units such as filter etc.

Efficiency factor of 0.95 has been used for determination of the pipeline
capacity after due verification of actual field data and simulation results
obtained with off-line software. EWPL Segment between CS-05 and CS-
06 was chosen to ascertain the efficiency. The actual discharge pressure
at CS-05 and suction pressure at CS-06 was picked from the SCADA and
flow of NG that it can sustain in this segment of about 162 km length was
calculated. The actual flow was compared with this theoretical flow to
ascertain the efficiency. It was found to be about 0.96. It could deteriorate
with time with increase in surface roughness. EWPL had uniform pipe size
throughout. The pipeline is also coated across the entire length. Also the
entire pipeline is new. It was therefore possible to use uniform efficiency
for the entire pipeline. For cases where pipeline has evolved over a period
of time and thus has segments with significant age difference, where
different pipeline sections are of different diameters, where different
pipeline sections are coated/uncoated and piggable/unpiggable etc.,
efficiencies will need to be evaluated for different sections separately using
comparison of simulated and actual hydraulics.

The software was run with unlimited flow at entry point (Gadimoga) and
the critical / limiting condition situation was observed.

At the limiting condition of installed equipment (maximum available turbine
power, compressor speed or maximum pressure, etc.) or delivery
pressures, the maximum volumetric flow possible is considered as the
capacity of the pipeline system that can be used for declaring system
capacity. There was no data to suggest that other units such as filter,
cooler, etc. were capacity limiting. In principle, any unit at such stations as
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represented in the station P&ID could be limiting and should be duly
considered in capacity estimation.

6. For determining the sectional capacity, similar methodology was followed
for each section. The EWPL pipeline has several in-line booster stations. It
is therefore important to meet the minimum suction pressure requirement
of each compressor station in calculations. The stipulated suction
pressures for all stations were gathered from compressor data sheets for

this purpose.

c. Further, as a separate exercise, the pipeline capacity assessment was carried
out segment-wise i.e. Compressor Station to Compressor Station basis also
to arrive at limiting situation which may lead to capacity constraints. This
exercise was useful in view of the fact that several segments (e.g. CS-03 to
CS-04, CS-04 to CS-05, CS-05-CS-06 etc.) do not have any tap-off points.
The capacity of the downstream segments would be limited by the hydraulic
limitations of any of these sections limited by the compressor constraints
(discharge pressure of the compressor at the upstream end and suction
pressure of the compressor at the downstream end). This exercise helped
limit the number of simulations necessary to arrive at the maximize capacity
as well as section-wise capacities :

Findings of the Simulation Studies:

The team discussed in detail the interpretation of the section-wise capacity definition
as given in the PNGRB guidelines. One of the interpretations (Interpretation 1) was
the capacity any section can deliver at the end point of the section with all tap-off and
source points en-route being closed. Another interpretation (Interpretation Il) was the

maximum possible gas the section can draw at its inlet end with all en-route tap-off -

and source points being open. Pending clarification on this issue, the team felt that
the estimated section-wise capacities be given as per both the interpretations.

Section wise capacities of the EWPL as guided by PNGRB regulation are as in table
1. The quantities in the square brackets, [ ], are as per Interpretation | and those in
{ } are as per interpretation 1. The capacities are inclusive of the System Use Gas
(SUG). This is the gas consumed by the compressors along EWPL. Delivered gas
for any section would be obtained by discounting for SUG of all compressors en-
route that section. The simulations show estimated SUG for each compressor and
an average of 0.3 MMSCMD per compressor station may be used for this purpose.
The capacities are rounded off to the first decimal. '

Section 1 is bifurcated into 3 scenarios with reasoning as under. The GAIL spur line
is at 1.71 km from CS-01. It is a 24" line with about 30 km length. Within its hydraulic
limitations, it can take about 24 MMSCMD flow rate of gas so as to get gas at
discharge point at the lowest acceptable pressure. As reported by RGTIL, under this
maximum flow conditions, it requires the pressure of gas at the interconnection point
-at 98 bar. The maximum throughput the compressor can give in this case within its
limitations of RPM and power is 83.1 MMSCMD. Another scenario was when there is
no off-take by GAIL in this section. In this case, entire gas from CS-01 discharge
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must travel to CS-02 suction at its minimum pressure requirement. In this case also,
the capacity is limited to 83.1 MMSCMD by the RPM limitations of CS-01. For the
intermediate scenario when GAIL draws some flow, CS-01 can be operated at a
lower pressure (lower discharge to suction pressure ratio) and corresponding higher
throughput. For a GAIL draw of 12 MMSCMD, this can reach up to 89.6 MMSCMD
with 12 MMSCMD going through spur line and the balance delivered at CS-02
suction at its minimum pressure requirement. 0.3 MMSCMD has been added to this

capacity as a provision for CS-01 SUG.

Limiting parameter are tabulated for the section capacities as per Interpretation |. For
Interpretation Il, limiting parameter was ‘CS-01 Rated RPM 6100’ in all cases.

An additional exercise was carried out to ascertain the effect of gas composition on
hydraulics. Some simulations were repeated with a gas with specific gravity of 0.694
representing a richer gas. The capacities dropped by about 4-5 MMSCMD in this
case.

Since the flow in pipeline has not reached complete pleatue, assessment of
pressure drop before compressor and after compressor cannot be assessed .In the
first meeting of the capacity estimation team with the RGTIL engineers, it was
agreed that a pressure drop allowance of 1 bar each would be made on the suction
and discharge sides of each compressor station. A visit to the CS-08 as mentioned
earlier indicated that the compressor was operating at a capacity of 40 MMSCMD
and the pressure drop was 0.25 and 0.45 bar on suction and discharge sides
respectively. For the design capacity, an allowance of a total of 2 bar for any station
thus looks reasonable. It may also be noted that the compressor station did not have
a filter on suction side. Pressure drop allowance of 2 bar is thus specific to station
configuration of EWPL at present and may need revision in the event of future
changes in the station PFD or for compression facility on another pipeline with other
units such as filter etc. On this account a capacity deterioration of approximately
three percent may occur.

Further operating point considered for computation of capacity is at optimum level of
performance curve which could never be case of actual operating condition. Under
normal operating conditions the actual capacity may fall up to one percent.

The roughness and efficiency considered for computation are also on the extreme
limit of performance of pipeline i.e. high efficiency and least roughness .An
allowance of one percent to accommodate slight increase in roughness and
consequent reduction in efficiency can be considered reasonable.

Recommendations:

Considering the deliberation as described the theoretical computed capacity of
89.9 mmscmd get reduced by 5% and comes to 85.12 which could be rounded
up to 85 mmscmd, this capacity shall include system use gas . In terms of
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energy capacity, this is equivalent to 2748560 MMBTUD as per the NHV of the
earlier given composition.
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Table — 1 : Section-wise Capacity of EWPL

" 12 MMSCMD flow
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