First L PG Storage Cavern.in India
Loran Karwacki, PM & Neeraj Sanghi, CEO
South Asia LPG Private Ltd.

| ntroduction

South Asia LPG Company Private Ltd (SA LPG), atjoienture between Hindustan
Petroleum Corporation LimitedHPCL) and Total Gas and Power India (100%
subsidiary of Total) is currently building a 60,000(120,000 m3) underground LPG
storage cavern facility at Visakhapatnam for receforage and transfer of (mainly)

imported LPG.

Visakhapatnam is located in the India’s south easitate of Andhra Pradesh. HPCL has- ‘{Verwijderd_: South Asia LPG }
arefinery of 7.5 million TPA at Visakhapatnatdntil 1996, considerable LPG was being ~LCompany Private Ltd (SALGP),
imported at Visakhapatnam for meeting LPG need&mdhra Pradegland adioininqg,,/‘{Verwijderd: joint venture }

states. These imports used to take pladberinner harbour, where draft were limited to ?:%i”,ﬁi?;ﬂ'n”‘ﬂ.”rﬁ&aeﬂ Petroleum

accommodaj@ maximum of 800Gonneparcel. Vessel entries wer@solimited only to J{

weekends.In the early 1990’s Visakhapatnam Port Tr\8PT) reviewed the feasibility
of a LPG terminal in the outer harbor. Constructidthe ‘outer harbour’ LPG berth was
completed in 2004. In 1996, there was a fire dueaip LPG accident atthe
Visakhapatnam Refinery which highlighted the nesdsffer LPG handling and lead to

Power India is currently building

Verwijderd: Total Gas and J

harbor berth A cavern was identified to be the safest and mast@unical methodf \\“[Verwijderd: LPG ]
storinglarge quantities of PG. From1996until 2004, only small volumes were handled
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imports have picked up.A Gas Authority of India Limited GAIL)_pipeline from
Visakhapatnanmto Secunderabad, which was implemented in 2002, augment the
utilization of these_LPG evacuation facilities already availalidem_Visakhapatnanand
- {Verwijderd: , India. ]

Géostock, of France, has participated in the pirény studies for establishing
feasibility of the Project, executed the Basic Eegring Design and currently provides
detailedengineeringdesign revision andndergrounctonstruction management support
to SALPG during the construction of cavern and ssaey facilities.

Larsen & Toubro, a leading Indian construction camphas undertaken tlexecution of
the Project oran EPC basis. Proje@onstructionis now scheduled to be completed in
2007.

Cavern and Terminal Design Characteristics, - verwijderd: 1 )

This facility is designed (including certain moddtions tothe existingunloading arms)
to receivethe largest size LPG vessels (40000 T) as well as smpikessurized vessels
throughoutthe week. Receipt in large parcel will benefitngseith_savings in the freight
rate. Also, theproject includs facilities for reexport of LPG taotherports in India or to
neighboring countries.The @vernshipping benefit over the cavern and terminal tarif
provides an opportunity to supply Andhra Pradesh adjoining stateat an economical
price




Front End Engineering

Safety Engineering

Working from the original feasibility studies andlk analysis performed for the VPT by
Engineers India Limited (EIL), SALPG commenced basnhgineering design (BED)
with Géostock.

Execution of impact area studies using safety exgodimits and credible event
parameters of Total confirmed the acceptabilitythe site for the risks associated with
the LPG facility. Detailed engineering later redddhe anticipated fire zone, hazardous
area classification and restricted areas usingn3edsional gas dispersion modeling.
Taking advantage of the site 3 m barrier wallsjrpeter water curtains were avoided
with only one area of gas dispersion barrier carkeging required.

At the HPCL refinery and other LPG facilities in2dg, LPG is currently being stored in
aboveground spheres. The@n beno BLEVE risk with underground storage because of
the natural insulation of the cover. Safety hagapd account of sabotage, storms,
earthquakes and explosions caused by leaks arenin@tl by emergency isolation of the
storage with vergmallvolumeinventoryretention in aboveground exposed piping.

The natural containment of the cavern rock is enbdnbya hydraulic containment

seepage water which enters the cavern and conmmmtact with the LPG is evacuated
and cleaned before being released. Water floodinthe process shaft connections
provides another safety system that will also isothe LPG safely below the ground in
any emergency event.

Geological Suitability

After an extensive geological investigation carreed at the site in two phases, the site’s
geological conditions were considered ideal fordbastruction of a mined rock cavern.
The actual geological conditions have turned olteasgoodas predicted (type 1 in the
cavern) The storage is made of an unlined cavern at a démim to 180m below sea
level. The debris of the excavatiomyck of gneissand fine$ is being stockpiled for
future use by the Visakhapatnam Port Trust foigstbr breakwaters thus minimizing the
future impact of these projedi®m quarrying.

Process Equipment

Terminal additions are also required to facilittte larger refrigerated LPG shipment
parcels include new LPG loading arms, chilling éuabster pumps, a seawater heat
exchanger and pump house. Cavern and incomingiomsemixing equipment such as a
mixing skid and a vapour ejector are required toich¥emperature shock from the cold
product entering the cavern. The existing unlog@irms will be used as backup or for
loading of smaller vessels from the cavern forxpeet. The use of seawater heating was



driven by the desire to avoid ignition sources wnss well as not using the LPG
inventory in bonded storage.

- 1 Verwijderd: This facility will be

Y _ L -

: : : : f ; supplied by LPG carrier vessels
Controlled implementatiorof technical innovation fsabeen attempted on this LP and will fusl fhe local market as
storage facility ashis is the first underground storage cavern in Inditwever, modern well as the HPCL refinery located

Distributed Control (DCS) and Emergency ShutdowSDE and Fire and Gas (F&G) | 3 ira meting oo and & no

System specified to high Safety Integrity Leveld Welp ensure the safety of the facility | completed LPG pipeline to suppl
and minimize any potential impact upthre neighboringarea or anything passing the 22}?;‘38’2%@:;?% The caver
harbor. This project has inspired other undergrosiorage projects to begin feasibility | modifications have been designed
evaluations based on the efficiency, safety ansh@my of this storage techniquethe ts°m2f§‘grg‘;ﬁffgd’igfsjgt‘;ﬂj d
contractor has mobilized practically all new undetmd construction equipment for the | will also allow for delivery of LPG

. . to provision neighboring ports via|
mechanized cavern excavaton. N smaller pressurized vessels.

Beyond changes to the jetty

Concluding the BED and confirming the project féidity, SALPG began the process to, | '°ading and unloading arms, the

Visakhapatnam outer harbor will

implement the project. \\ easily facilitate large draft vessefy.
Verwijderd: Gép;tock, pf
Project and Construction Management France, has participated in the

preliminary studies, executed the
Basic Engineering Design and

After an original call to tender with internationabntractors failed to attract any | curently provides detailed design
revision and construction

competitive offers, a method of obtaining compegitbids using the established Indian | management support for the
capacities was devised. The project scope was igpdit2 contracts; underground and Sstgrfggcﬁggtg‘:;‘;g‘:s“ﬁ; dfgfof
above ground, and re-tendered again also inclugdiogiinent Indian Contractors. An | an unlined cavern at a depth down
EPC contract was awarded to Larson and Toubro (L&3) the underground ts(:olrgg;ngilgrvrvei?@ level. The
construction capitalizing on Géostock expertise handle the geomechanical and | construction with anticipated
hydrogeological aspects of the rock mechanics aedattual site geology. L&T was | underground completion in mid

. 2006.
also the successful bidder for the above ground@&eghtract.

Final negotiation allowed for both L&T and SALPG ¢eoeate a wrap contract to deal
with the interfaces between the 2 contracts andtalee on the benefits of having
effectively one contractor for both scopes. Bo#iTLand SALPG have benefited by
needing only one project, design and constructianagement team to control and
monitor each contract.

Insitu Stress

As anticipated by Géostock, as early as possibltinvithe underground project
development, a series of insitu stress measuremesns taken to quantify the actual
insitu stresses in the rock at cavern level. Thesasurements were foreseen in the
contract documents. Indeed, due to uncertaintyaelt the in-situ stress, the execution
of the in situ test was accelerated earlier incii@ract execution through the mechanism
of a Contract Change Order. The verified resuksensignificantly above the original
Géostock design assumptions and a modificatioretbier became necessary to adjust to
the new information. This resulted in the necedsitynodify the cavern design.

The design modifications recommended by Géostoshomred to the higher than
anticipated horizontal stress in the rock mass,thaedssociated risk of loss of
containment through horizontal faults that may opef result. The design modifications
consisted of the following:



1. Extension of the water curtain coverage by 5 metard the addition of 3 extra
bore holes (to suit the revised layout) to ensiat &ny horizontal cracks will be
adequately filled with water at all stages of camdtion and operation.

2. Revision of the cavern cross section from a tadl marrow shape, that would
have been appropriate for proportionately higheticed stresses, to a more
rounded shape that will better resist the horidsitass and the resulting
tendency to open horizontal faults.

3. Change from a « U » shaped cavern layout to twallehgalleries with
connecting tunnels. This change removes the etiteot U » which would
otherwise have been subjected to the strongestdmtal stresses.

Additionally the design modifications incorporale tapprovable design modifications
proposed by the contractor earlier (refer to Figubelow for the contractor proposed
changes). These changes were basically connesifierchanges to optimize
construction logistic support or reduce volumebriearly paid Water Curtain Gallery
(WCG) excavation. As well, the contractor proposedlign the Upper Shaft
Connection (USC) and the Access Ramp (AR) connestamd offset the Operating Shaft
(OS) to provide for earlier handover to the Abovehd Contractor.

Figure 1: Contractor Proposed Changes

The modified design proposed parallel galleriegifoglly aligned to the principal
horizontal stress) in keeping with the followinguédements:
— LPG mixing (lower connection required)



— Construction methodology (Contractor’s proposals)
— Shaft positions (actual location)

— Headgear installations (existing)

— Boundaries of plot (lease).

The final Géostock recommended layout & sectiashmwn in bold lines in Figure 2
below, while previous shape & design (with previ@entractor optimizations
incorporated) is shown in dotted lines.

Figure 2: Revised shape from Géostock acceptingsiranges proposed by the
Contractor

As with any significant change or event in a cotitiéke this, the contractor has
requested compensation for extra time and extreartigipated. These claims may be
substantiated for the following:

1. Re-work of planning that has already been donecaséhe previous design

2. Extra cost to excavate the new cavern relatede@tbportionately higher
volume of top heading works (the top heading werkiore difficult to excavate)

3. Extra time associated with any new quantities.

These design modifications are within the ‘scopehainges’ that had been foreseen in
the contract. The underground contract being araté based, bill of quantities form,
also included the ability to modify any section2Bf6 without impacting the unit rate.
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Additional HSE efforts

Due to early performance of the contractor withpees$ to Health and Safety, SALPG
identified the need for additional Construction H®fanagement. The originally
anticipated 1 person reporting to SALPG executikas been augmented to a 5 plus
member team lead by an expatriated internationatyerienced Construction Safety
Officer. This has benefited the project in raislngal standards to international levels
expected by the project promoters. Audits in thdyephase identified a multitude of
non-conformances. Auditing with the same indepahdeam in 2005 has struggled to
identify non-conformances from international levelprovement areas are still
identified, but, programs are immediately impleneginto address issues as they are
identified by the Contractor or SALPG.

A specific high risk has been identified for theakinaul road for disposal of the cavern
rock due to the existence of an auspicious temfdagathe route that is visited by
pilgrims approaching by a ferry crossing. Surveysthe road and passenger traffic
resulted in a plan to add traffic and crossing mmalss in the critical areas using public
relations to motivate pedestrians to avoid walkiimghe road way. Sidewalk barrication,
speed breaker installations and signage were aipteimented to reinforce the desire
behavior necessary to avoid any conflict with thecknhauling to the disposal site.

The Quantitative Risk Analysis (QRA) techniquesdusethe evaluation of the project,
followed by job specific safety analysis of acie# has allowed the project to avoid any



serious injury accident during the construction. cénstruction permitting system has
been fully adopted to ensure HSE mitigation in plag for all phases. These measures
culminated in September of 2005 with celebratirechéng a first 1 million construction
man hours without lost time accident.

To ensure the detailed design being finalized uticetEPC scope complies with all the
parent companies and international standards, thtal TProject Technical Review”
(PTR) process has been fully followed. Independiegign and safety experts have
convened at various stages to evaluate the des@ypmject. The detailed design PTR
was recently completed and review findings are m@iwng incorporated into the final
designs in time to avoid construction changes.

Current Status

As of the end of January, the water curtain has lmeenpleted and is being operated to
test the connectivity and permeability of the raolass and jointing system. Some
anticipated underground manometer and far fieldgieeters are still being implemented
to augment the ongoing hydrogeological monitoringavoid rock mass desaturation
during construction.

The operating shaft is nearing completion elevatevel (has reached the cavern invert
elevation).

The Access Shaft has reach final depth and is reimghused for the cavern excavation.
With transformation from shaft construction to caweexcavation, the mechanized
equipment has been lowered down the shaft and megthexcavation tunneling has
commenced in January of 2006.

Excavation progress shown in Plan w
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Excavation in progress at two locations.
Access Ramp and Operation Shaft Jan 30, 2006



Excavation progress shown in Elevation
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The contractor has experienced various setbackynthee to learning on this their first
cavern project. Shaft access has proven to baléeobe as has the local availability of
personnel experienced in modern mining techniqudde site is located in close
proximity to this beach fronted tourist city, batfracting and keeping expertise has been
one of the largest challenges of the project dubecigh demand internally within India
in other more modern centers, as well as exterrigdin the neighboring Arabian Gulf
states.

The cavern underground construction will now be pleted in early 2007 for handover
of the shafts to the above ground team. The abovend team has completed a large
portion of the civil construction and has recemtynmenced mechanical installations.



View from the Access Shaft
towards the Access Ramp




Advantages of Cavern Storage of L PG
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n a more general view, this underground stora@gblels stocige or reception darger
volumes and thus to be supplied by larger LPG carrierss Tiitreases the efficiency of
transportation of the liguefied gas and thus redtice environmental cost thfe LPG.
Another advantage is theimmization of aboveground installations in thisdenground
storagewhich will have a reduced visuals well as area usagepact over the traditional
LPG spheres.

source of energy considered as a clean fuel. Wéthmissionparticles from combustion,
LPG replaces polluting fuels such, m®od,, coalor biomasdn the local marketHence
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the project contributes to sustainable developnanthe region by contributing to
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it | Verwijderd: BSSES

I It can also be highlighted that the|
i \ | minimization of aboveground
| installations using underground
“ﬂy“‘ \ storage will have a reduced visual

impact over the traditional LPG
\ spheres. |
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I | thus to be supplied by larger LPG
\‘y“ carriers. This increases the
ii| efficiency of transportation of the
\“wt‘ liquefied gas and thus reduces th
'y',\ environmental cost of LPG. |
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