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Abstract

Major blowouts in Krishna-Godavari (KG) basin hded to number of risks related to loss of humagadiv
environmental pollution and loss of material ass&te geological complexity of the field and theggnce

of over pressure zones, mainly in East Godavarissin, particularly in the wells at AmalapuramzBa
and Narsapur have led to major disasters in theygass. Therefore, an attempt has been made mtifigde
the most possible causes of these disasters apdofmse a safe drilling procedure to prevent these
disasters in the upcoming ventures. This papetibgigis the case study of a blowout occurred in Ka&Gib

in East Coast of India. An analysis of the blowaats carried out which includes well configuratiorda
details, mechanical equipment used for controlling blowout, firefighting procedures, financial $es
incurred. The effect of exploration and productadroil and gas on the property and environment vadse
discussed. Efficient drilling and safety procedurese recommended to prevent further blowouts faréu
The recommendations presented will be of utmostomamce for oil and gas operators and service
companies to take necessary steps in future driperations in over pressured formations of KGrbts
prevent loss to personnel, property and damagdeeterivironment.

Keywords: Blowout, Overpressures, Firefighting, Safety Prazed, Environmental Impact.

1. Introduction

Exploration of energy resources has played an itapbrrole in generating and sustaining individual
development and economic growth. The consequenge®n( 1995) of increased use of these
hydrocarbons resulted in environmental degradafibere are other potential environmental hazards
caused by these operations including the dangdsl@ivout”, which was the case in the present stldhe
control of subsurface pressure (Danenberger, 1893)f utmost importance in planning drilling and
conducting onshore or offshore drilling operatiomsproper well control procedures lead to uncoihibl
flow of hydrocarbons to the surface which is refdrto as blowout. Blowouts are most spectacular,
expensive and feared operational hazards whicHtseisucostly delays in drilling programs and |dss
human life, property and damage to the environm&ht benefits (Dawson, 1966) derived from an
effective safety program are large in terms of tialeg and intangibles. Good safety practices havieet
recognized by operators and drilling contractdrs the duty of the personnel working in the @kgector,

to protect the environment and at the same timsusuthe goal of economic development. One way to
achieve this is through sustainable technologydewtlopment.

2. Geology of KG Basin

The KG basin (DGH, 2010) is a proven petroliferpesicratonic basin formed on the continental passiv

margin located on the east coast of Indiagure 1). The basin contains about 5 km thick sediments with
several cycles of deposition, ranging from Late bDaiferous to Pleistocene age. The sedimentary
sequence (Gupta, 2006) of KG Basin ranges from Rertm-Recent. The Paleocene-Eocene sediment
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package was deposited over the floor of the traméd by the Deccan volcanism during late Cretaceous
The Precambrian metamorphic basement consists@$ggs, quartzites, charnokite, and khondalite. The
sedimentary tract (Bastia, 2007) contains a vasgeaof geologic settings, such as costal basira,del
shelf-slope apron, deep-sea channel, and deep faateomplex. The well site where the blowout ocedr
was about 7 km from Amalapuram. It is situatedhie sub-basin of East Godavari, which belongs to
Paleozoic era.

The basin was formed following the rifting alongstain continental margin in early Mesozoic. Foromati
of the series of horst and grabens cascading dawards the ocean led to different reservoir
compartments separated by steeply dipping faultthe Tertiary, the area became structurally deéatimy
numerous sets of growth faults and related featuresleltas as the sediment is loose and due ge lar
sediment input into the basin and slope stabilitynerous growth faults develop. Tilted fault bloc{&ao,
2001) growth faults, and related rollover anticinerovide the structural traps. In deltas as the
sedimentation rate is high, the water initiallygest in the pore space cannot escape out resuitioger
pressured formations. The overpressures are eraedntmainly in the East Godavari sub-basin,
particularly in the wells drilled at Amalapuram, idapur, and Razole and in the adjoining offshoeasr
The formation pressures have been found to beitwestlarger than the normal hydrostatic pressune. T
site was surrounded by paddy fields, coconut ptenms and irrigation canals of the Godavari River
providing a beautiful landscape in normal times.

3. Well DetailgEvent Summary

A raging blowout (Bhaskar, 2005) occurred in anlesgiory well in the East Godavari District of Andh
Pradesh in Jan’95. The well was spudded in Se@84.bit sizes and the casing details of the wellewe
given in (Table 1) and the well configuration is shown iRigure 2). The drilling progressed with 8.5 inch
bit and with a drilling mud specific gravity of 1880.1. The bit had stuck at the depth~02727 m MD
which was confirmed by conducting a stretch tebe $tuck up might be due to many reasons which were
discussed in the coming sections. An attempt has beade to retrieve the drill rods by unscrewingiclv

was successful. Unfortunately, they were unabletigeve the drill bit and drill collars and wedtlin the

well bore. It was reported no kick off pressureoréled until this stage.

As alleged, in the evening, uncontrolled flow ofsga surface at high pressures led to a blowoug Th
spewing gas caught fire immediately. The remaimipgs inside the bore were thrown out by the enasmo
pressure of the gas. The derrick and the surrogretijuipment were gutted after the blowout. Thegunes
(Jain, 1995) of the gas was estimated around 280.8 kg/cni. The sound resembled like a rocket engine
and the level was so high that none can hear amytind to 700 m distance from the site, necessitidied
use of ear plugs. In the night, the intensity @& light caused by the flame was so high that Wisgble up

to a distance of more than 2 km from the well sitke gas flames (Pantulu, Satyanarayana, 2005) were
about 200 feet high with temperature shooting taertban 50°C. About 1 million ¥day of gas spewed
out with a deafening sound as shownFRig(re 3).

4. Safety Action Plan

With raging flames of high magnitude and panic agdrever the villages in the vicinity, (Jain 199%gany
6000 families evacuated their houses. This wasdditian to the many other problems. The action plas
executed immediately without any loss of time. Hf@re a prompt and immediate action was taken by th
company personnel to,

¢ Combat the flame.

« Rehabilitate the villagers (evacuation of villageaad setting relief camps. The families who left
their houses were accommodated in relief camps wate provided food through local
administration. Nearly 225 families were in relaamps till the well was capped.
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Discussion with local administration, governmend qublic for their coordination and help with
the safety rescue personnel.

Digging of water storage pits for creating a watetbrella over the flame and cleaning the debris
and retrieving the casings etc., from the well aedl site.

Mobilize the firefighting equipment from the weltes

5. Blowout Control Operation

5.1 Mechanical Equipment

Six pumps of 20,000 gal/min total capacity wereduf® spraying of water and to create a water
umbrella over the flame to reduce the temperatéitbteoflame and surroundings for approach of
the safety rescue personnel and for clearing theislat the site. To prevent the damage of the
pumps, they were placed in the well site. A schanaf the pumps arrangement used for
combating the blowout is shown {figure 4). The details of the pumps used for pumping the
water are given ifTable 2).

Water monitors were bought for monitoring the legélwater in the storage pits. Initially four
monitors of 0.1016 + 0.01 m sizes were used arat [ four more monitors of 0.023 + 0.01 m
size were received from USA in first week of Feb’95

Athey wagon(Figure 5) was employed (Kelly, 1993) to clear the debrishatwell site so that it
was easier for the safety rescue personnel to ngdlim 20 m radius of the blowout area.

5.2 Procedures (Success/Failures)

Two huge water storage pits of 20008 total capacity were created. Fortunately an itiiga
canal was present at about 500 m from the siteeM¥aas pumped from irrigation canal to the
storage pits. Water was sprayed onto the flamestinige the intensity of the flame for further
operations.

Drums of plastic explosives of each approx... 2§kere dispersed over the flame, to suck up all
the oxygen and to extinguish the fire. But mangrmatts failed. In another attempt, approx... 400
kg of plastic explosive was dispersed onto the damith the help of Athey wagon and the finally
the fire was extinguished. This brought much neegdtef to the crew and experts at the well site.

In the same month, the final capping operation acmstallation of new wellhead and blowout
preventer’s was successful with the help of watebrella of 98.4 fimin water spray.

The surroundings were cleaned with the use of Athagon, bulldozer and a crane with hook. A
relief well (Wright, 1993) from a distance of 1.Bnkfrom the site of blowout was drilled to

connect to the bottom of the blowout well. High signdrilling mud was pumped to control the
flow of gas from the reservoir into the well bofne choice of spraying foamy fire retardant
chemicals was not tried to put off the fire.

6. Consequences

6.1 Material/Financial Loss

The drilling equipment’s of the company of worthpagx... US$ 4 million (Shrivastava, 1995) was
destroyed. No estimate was made for mobilizatiost ob equipment and other relief operations.
Uncontrolled flow of gas to the surface in the foofnblowout at a rate of 1 million frper day
costing around US$ 34,000 per day.
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< About 280 hectares of paddy fields (Jain 1995) 4ir@ hectares of coconut trees were affected by
the rising flame. A total compensation of US$ Oiliom for paddy fields and US$ 42 per coconut
tree were paid to the owners. Seedlings at theafdd6$ 90 per hectare were compensated.

* For the relief work US$ 76,000 was paid by Jan’@8 BlIS$ 96,000 was spent till Feb’95 on relief
camps. Four experts (Sarma, 2005) from Boots amatsddd based in Houston were engaged in
fire fighting operation initially, US$ 3,000 peryaas paid to American safety rescue team and
later US$ 10,000 per day was paid in the secord.tércoordination team was set up to work
round the clock.

6.2 Environmental Damage

This incident resulted in serious environmental dgenand also damage to flora and fauna. The paddy
fields, coconut groves and prawn farms within 2 damius of the site were damaged due to enormous hea
of the rising flame. Cultivation of paddy was pdsiin next season but palm trees were damaged
permanently. After 1993 blowout an unknown viruteated the brackish water required for the growith o
prawns and resulted in loss of two successive dgrawkhe houses in the vicinity of blowout were dgeth

due to cracks that developed because of high iityeof sound disturbed the sleep of the people. The
constant heat and light also affected the liferofreals and birds.

7. Causes of Blowout in KG Basin

The causes of blowouts were divided into two categoOne, a few possible causes of blowouts (Works
1944), fortunately these are few in number and theibability of occurrence is slight. On the otihand
blowouts can also occur unpredictably that placesstupon the control equipment in excess of elen t
most conservative allowance for factors of safitythis section, importance has been given to duesd
type of causes rather than to the first type. Bnghcond type, emphasis is given to the causesreléo
the stuck up of drill string which lead to blowdntKG basin. Stuck up of drill pipe may be due tigus
reasons (Blok, 2010) as the subsurface rock lagmersnuch diversified in their nature and compositio

« In plastic formations such as salt dome, if thespuee caused by the drilling mud is lower than the
formation pressure, the formation deforms causirggttole to collapse as salt is visco-elastic in
nature. Reaction of clay minerals with the drillimgid causes swelling and sloughing that cause
well bore problems and result is pipe stuck up.

« The other type of stuck up which cause due to idifféal pressure. This occurs in open hole when
the pipe comes in contact with a permeable formaliaving a pore pressure much less than the
pressure caused by the drilling fluid. In this ctse string is held in place due to the differdntia
pressure. This situation can be recognized by &s&e over pull on connections due to increase in
frictional forces in the well bore. The above siioa was encountered in KG basin and was
confirmed by stretch test as described in the esemmary.

« As KG basin contains huge gas resources, drillmgugh these gas reservoirs is of high risk. The
main reason for blowout in drilling gas reservaas fast is (Adams, 1990) due to fact that that the
gas contained in the formation being drilled becerm@xed with the drilling mud as the bit
penetrates the gas bearing strata thus causesilthrgdnud to become gas cut and lightened to
such an extent that it will not overcome the folimrapressure.

8. Impact of Exploration and Production Activity on Environment

QOil and gas exploration and production require daigfrastructure, supply of necessary material$ wit
constant influx of personnel that make the welesiand near well site area prone to environmental
degradation with time (Madduri, 2003). In this $sw@tmore emphasis is given to the environmental
damage caused by drilling operations.
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8.1 Gas Emissions

Oil and gas blowouts result in emission of largargities of harmful gases such as sulphur dioxidehon
monoxide, hydrogen sulphide and other oxides abgén and as well as particulates containing burnt
hydrocarbons and metals that are potentially hdrtofthuman health and vegetation. The emissions fro
drilling activity and their relative contributiom tifferent types of environmental damage (Madd20i)3)
were shown ir{Figure 6). The oxides of sulphur and nitrogen lead to decilingrowth of plant and animal
life and especially nitrogen oxides can affect thepiratory system in living organisms and humans.
Carbon dioxide is a greenhouse gas which causealghdrming.

8.2 Noise from Drilling Operation

Out of entire oil and gas exploration activity, lling phase produces more noise pollution. Noifectd

not only humans but also wildlife. The sounds pamtlifrom drilling operation can have a serious iatpa
on living creatures, depending on the closeneshdowell site. The impact of drilling operation a$
varying magnitude both on socio-economic and enwvivental parameters. However, the threshold also
varies from place to place.

8.3 Hydrological Impact/Soil Ecosystem

The important concern in drilling from hydrologiga¢rspective is that the degradation of land, watet

air near the drill site. Major sources of pollutifsom drilling activity that cause hydrological aaffect the
quality of soils are chemicals such as bentonieitdy diesel, mercury, cadmium (Candler, 1992¢emnic
formaldehyde and heavy metals in drilling fluidso$4 of the drilling muds are very toxic. These ptahts
cause contamination of ground and surface watdrs.iud pits used in drilling operation can affdut t
ground water and ecology of the surroundings byptteeess of lateral migration through fracturesspng

in the subsurface. Two main significant impactsldfing activity to soil ecosystem are invasiondsilling
mud and chemicals into surrounding formations, Cactipn of pores due to removal of oil and gas leads
to subsidence in the area.

8.3 Flora and Fauna

The interruption of the ecological balance due tilimy operation occurs through surface dischao§e
pollutants affecting the environment. Mainly damagecaused due to construction of roads, pipelines,
establishment of drilling site, support infrastuuret etc. The loss of vegetation in the area affeatsent
cycles, deteriorates soil quality and reduces tralability of habitat for wild life. Habitat damagalso
includes vegetation or soil removal, erosional grpphies, sedimentation, and hydrology. The changes
the abundance and distribution of certain wildifgecies can have significant effect on the livelihof
indigenous people living in that area.

9. Recommended/Proposed Safety Procedures

« As over-pressures have been encountered in theGemktvari sub-basin it is advisable to have a
detailed study of the geological setting of theibas terms of presence and degree of over
pressures and different pressure regimes in differparts of the reservoir leads to
compartmentalization of the reservoir. Necessapssshould be taken by reviewing the history of
blowouts occurred previously in this region at labgyanacheral in 1979, Komarada in March
1993 and East Godavari District in March 1993.

« Various signs (Ellis, 1981) of kick such as incee@sthe ROP caused due to reduced differential
pressure between mud pressure and the pore preksmsref circulation, pressure decrease in well
bore due to gas cut mud, increase in return floe amd increase in pit level must be monitored
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constantly and the information should be passetbdhe crew working at the well site. Training
must be imparted to the crew to avoid occurrenca teast to limit or lessen the ferocity.

The rig and equipment’s used for drilling shouldvieell adapted to the performance of the task
required. The equipment’s should be routinely t$te any defects and should be rectified before
using at the well site.

Wells (Yerramilli, 2007) must be designed carefullith casing seats selected scientifically and
the location should be checked for any weak foroma&ti The rough depth estimate of high
pressure zones should be known from exploratiotogésts before drilling a well. The proximity
of high pressure formations should be known befiamed through ROP to avoid the possibility of
formation breakdown.

The of various reservoir and well parameters siglpae pressure, bottom-hole pressure to be
maintained and initial pumping pressure and mudsithershould be calculated while killing the
well. Now a days, as the world is technologically &head, implementation of new exploration
and drilling technologies such as high resolutidh &ismic, cyber rigs should be used for
efficient development of oil and gas fields.

Last but not the least, consciousness of the peetomorking at the well site with sufficient
training in well control procedures can decreasgeitkensity of the blowout.

10. Conclusions

Well control procedures and training are very int@otr aspects of planning these well operations
with well control as a primary consideration, wimphasis on kick prevention and minimization
of kick size (early detection) in order to prevematerial and financial losses and damage to the
environment.

The failure to reduce drilling blowout occurrenaes is largely attributable to difficulties in
drilling through shallow gas sands as learnt frbim tase study. The prevention of blowout lies in
the hands of the operators and their personnel. ddmbination of blowout consciousness
management, efficient and reliable equipment anitl edeicated and trained drilling crews are the
best options for blowout prevention in order toidwenvironmental damage.

It was a great credit to the company for makingrgement within a period of 3 days only, which
was possible only by the personnel working roureldlock with determination. Personnel of the
company were appreciated for the relief work ddtence drilling of future wells in that area was
permitted by the public.

An in depth knowledge of the geological settinghef East Godavari sub-basin is required before
drilling wells in shallow or deep gas reservoirdhiis area.
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Nomenclature

°C Degrees Centigrade

DGH Directorate General of Hydrocarbons
KG Krishna-Godavari

MD Measured Depth

ROP Rate of Penetration

3D Three Dimensional

$ Currency symbol for USD
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Figure 1. Location of Krishna Godavari basin in Best coast of India (Bastia 2006).
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Figure 2. Schematic of well configuration (Jain 829
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Figure 3. Real photograph showing the height offdr@e and the spewing gas.
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Figure 4. Arrangement of water pumps to create temambrella over the flame (Jain, 1995).
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Figure 5. Athey Wagon clearing the debris at th# site.

Emissions from E&P Activity

B Atmosphere 63 %
mSoil 35 %

m Water 2 %

Figure 6. Relative contribution of emissions fro&HEactivity to Atmosphere, Soil and Water.

Casing Depth (m) | Casing Size (inch) | Bit Size (inch)
Conductor Casing 50 20 26
Surface Casing 1660 13.375 17 %
Intermediate Casing 2613 9.625 12 Y,
Production Casing 3113 5.625 81

Table 1. Bit sizes used and casing programme ofvéiie(Jain 1995).
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Type of Discharge | Head Suction and Delivery Manifolds

Pump (m¥min) (m)
Red Adair 18.92706 | 129.54 0.127x0.2032 m suction, 0.127x0.1524 m
2 sets in serie$ each delivery connected to 0.508 m manifold
Kirloskar 15.14165 | 129.54 | 0.1016x0.1524 m suction and 0.1016x0.1016
2 Nos. each m delivery connected to 1.8542 m manifold
Transfer 15.14165 30.48 N.A.
pumps 2 Nos.

Table 2. Details of pumps used for creating watebrella over the flame (Jain 1995).
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