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EXECUTIVE SUMMARY

India is endowed with huge resources (267 billiones) of coal and that of CBM,
which is associated with coal, anywhere betwee@GM (CMPDI estimates). Its

capturing in advance of mining is not only enviremtally friendly can also

substantially improve the safety, efficiency andreamics of mining besides giving us
a additional source of energy.

In view of these aforesaid advantages Ministry o&alC(MOC) in collaboration with
UNDP/GEF has approved implementation of a comprakerfDemonstrations Project
for CBM Recovery and Commercial Utilization”. Theoect involve:

» Drilling ahead of mining to pre-draw the gas irakcseams by vertical drilling
from surface to underground mine in Moonidih.

* Recovery of gas from surface by vertical drillimgthe gob areas.

* Recover gas in seam by long hole undergroundmiyitit Sudamdih.

 Methane gas so drained was to be utilized for Pd@emeration at Moonidih
and fuelling the mine vehicles at Sudamdih.

The project was perceived in 1996 and Project tepoepared by International
Consultants in February, 1988. GEF council clesinedoroposal in April, 1998. Project
document after being approved by MOC, DEA & UNDROatober’ 1998, was cleared
by CCEA in September'1998 for INR 76.85 cores (UBR082 million) with MOC
approval in September'1999 for project durationSofyears. UNIDO, Vienna was
appointed in September'2000 as project equipmeatysement agency and other
support services on payment of 3% commission onattteal cost of international
equipment procured. Chief Technical Advisor (CTA) Billmar Voh Schoenfedt and
six international experts were appointed by UNIDOSeptember2000 for various
services.

The visit of CTA and other international expertsidg November and December, 2000
(1 week) for drawing up of specifications of CBMuggments and their budgetary cost
estimates indicated gross under provisioning indfeipment budget of the original
UNDP-GEF project documents. As a consequence decigias taken to shelf
procurement of some non essential equipments cenesidhen such as second light
weight drill, second underground drill, mud loggisygstem and two phase testing unit.

The budget had to be revised by MOC in August, 06 INR 92.427 cores and
completion schedule revised to December, 2007. ueelay in procurement of
international equipment the completion schedule agesn revised to December, 2008
in the existing form.

The scope of the project has undergone some regisim account of a few major
compulsions viz:

0] Non procurement of some equipments to reduce ttigetary gap and

(ii) Due to physical and technical constraints at site¢ating borehole.

(i) These have resulted in reduction of GOB wells fiiirto 02 & vertical CBM well
from 17 to 07 i.e. 02 at Sudamdih and 05 at Modmidi
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On the request of UNDP and as per latest decisygdd®C the Project has to complete
remaining objectives as S&T project by December2@®® absence of UNDP/GEF
participation after December’ 2008

The project has suffered long delays primarily ttuender provisioning in the budget,
long delays in procurement of project equipmentanfrinternational market and
procedural delay in obtaining sanctions at varitagies. The under provisioning had to
be met by downsizing the requirement of the propgtipments as well as work
programmes. This involved fresh approvals and samet For instance in absence of
fund for procurement of essential Hydro-fracturamgl Cementation units, the GOI had
to sanction additional fund besides seeking thp belONGC which contributed USD
2.699 million. Preparation of a follow up extendeparatory phase based on field
assessment of specification of equipments, intemnalt marketing scenario and a
realistic assessment of time schedule for impleatamt for a new project like this in
Indian conditions would have averted many problemd considerably improved the
efficiency of implementations While acknowledginigat UNIDO'’s rules did slow
down the procurement process and primarily affettedmplementation of the project
it has to be borne in mind that tender rules ofhbatternational & National
governments do generally require strict compliawberein transparency and fair deal
gets precedence over even schedule of procurement .

Admittedly there were low response to Tenders &lem International equipments
providers who were enjoying sellers market. On tdpthis there were no penal
provisions in the tender document. As a consequéimders backed out even after
making supply commitments. A provision of bank gudee/earnest money and black
listing could have certainly deterred the bidddéréias to be noted that procurement of
underground long hole CMM recovery equipment whialas scheduled for
January’2001 could eventually materialize duringD@0and the Steering tool in
June’2008 but commissioning of the equipment ingBudih by the Supplier is still not
complete.

It is certainly not the intention to criticize arithd faults with the Project Report of
UNDP/GEF consultants. On the contrary consultamiglysis of the project details
indicate that provision of equipments was righthyade in the PR The only thing that
possibly missed was providing a mechanism for essalation in the event of delay in
procurement for a highly specialized niche equiptsménindia .

P.R. had rightly made provisions for 02 verticalO& horizontal drills for the project.
These were reduced to 01 in each case due to fundlc It is felt that availability of
the same numbers of drills provided in the P.R. l[d/dwave definitely helped in faster
execution of the drilling programme and the CBMject

Despite delay in implementation of the projecisiteartening to note that the project
has been extremely successful in achieving thealaledobjective of capturing CBM
from the underground mine at Moonidih giving us iiddal clean fuel resource to
contribute energy basket of this country and thedvat large beside giving benefits in
terms of improving the safety and efficiency of mgn operations concurrent with



environmental benefits. The project has broughh&country state-of-art technology
for planning and execution of such projects in &mdscenario. It may be mentioned that
four workers who were interviewed by the consuaabhd who were getting power
from CBM well at Moonidih expressed their extremeppiness for getting
uninterrupted power supply of desired voltage. €hbave helped their family in
household work as well as in study of their chitldréhe workers had also become very
conscious of environmental benefits and wanted nsoigh projects to come up in
collieries.

As mentioned earlier, as per decision taken by M€ project is now to complete the
remaining objectives as S&T project by December@00bhis will involve drilling a
total of 07 CBM wells out of which 02 wells haveenecompleted and 01 is in progress
at Moonidih. Two wells are supplying gas for poweneration. Till May, 2009 these
wells have generated 5,89,755 KWh of power to de®mf Moonidih. The only PC
pump available is presently dewatering and cleattiegwell in the I completed well
where as gas recovery from this well has also leséablished. The SRP pump will be
commissioned soon for regular recovery of gas fawgy generation. The third well
drilling is still in progress and the present dejstBO1m as on 31May’2009.

Due to non-commissioning of the Steering tool & timderground directional drilling,
drilling has not commenced at Sudamdih. Upon ddglliafter commissioning of
underground drilling unit the recovered gas (CMMBND) will be utilized for
demonstration of running of gas based engine tatd&&udamdih.

The man power presently deployed for CBM projectkns follows:

Project CMPDI BCCL

Executive | Non-executivg Tota Executive Non-exewit| Total
Moonidih 04 26 30 02 46 48
Sudamdih - - - 03 31 34
Total 30 05 77 82

Grand Total — 112 Nos.

As per RCE (June’2004) a budget provision of INR4SZcrores (USD 20.52 million)
was made. Out of this INR 80.46 cores (USD 18.14r€%) have been spent up to
December'2008. While the GEF/UNDP share has bemostl entirely spent (balance
only INR 0.35 Crores) out of their INR 46.89 CrorésillionUSD10.408) up to
December'2008 the rest of balance money is out ©f Gntributions (Cash + Kind)
which is attributed to delay in project implemerdatdelay in procurement of
international equipment etc.

The RCE December’2008 and that for continuing finggect in the existing from up to

December'2009 works out likely INR 132.67 Crorediiat will leave a fund gap of

INR 40.24 Crores. To bridge this gap CIL has sametd Rs. 15 Crores to start with for
disbursement on account of geophysical logging pedoration services and other
activities. The RCE details up to December2008 amdto December2009 are
furnished in Annexure - V.



In terms of providing fund in the approved ProjBaport for Training of the Project
Personnel, it is felt that the right policy woulave been to expose a few selected
personnel to long and detailed training to makesehselected personnel sufficiently
competent to train other in operational work fdragént implementation of the project.
However, the project has given on the job trairtmg@xecutives and non-executives of
CMPDI/BCCL to implement such projects elsewheren.alé has also substantially
upgraded the course of study for CBM studies in thdian School of Mines
University. The capabilities of CIMFR has also besibstantially improved to carry
out laboratory studies and testing on much grestale than that existed before CBM
project under review was taken up.

In order to enable India to push ahead with mord/GBojects, a clearing house has
been established at CMPDI (HQ) to put up a data basgive an impetus to CBM
recovery/utilization technology. In due coursel.Ghould go for a separate subsidiary
to manage and develop the future CBM projects wi@liL command area.
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1.0 INTRODUCTION
1.1 BACKGROUND
1.1.1 PREAMBLE

Considerable efforts are now being made globally ctmtrol the emission of
greenhouse gases (GHG) and thereby reduce thenpecs# accelerated climate
change. Methane (CHis a powerful GHG, as its adverse impacts aré rere
intensely due to its shorter residence and high&ry in the atmosphere than carbon-
dioxide (CQ). CH, has 21 times higher impact a GHG than that 0§.CO

Emission of CH is related to various human activities like riedtivation, live stock

management, burning of bio-mass and fuels, coalingirand land fills. Human
activities account for about 60% of total methan@ssions. Although the growth in
emission is loosely correlated with increase in yajoon, presently the global
concentration of methane is increasing by aboutgé@tannum.

Coal mining is estimated to account for about 1084@lb human related methane

emissions. The knowledge of methane occurring woidl beds is as old as coal mining
itself but had been treated more as a hazard ratésource till last few decades.
Methane is associated with coal as a by-produchefcoal formation process i.e.

coalification. It is generated by two distinct pesses i.e. (i) Biogenic and (ii)

Thermogenic. It is stored in coal (i) upon (adsdjbepal surface or within (absorbed)
the molecular structure of the coal or (ii) witlihre micropores and cleats in coal and
surrounding strata.

The Coalbed Methane (CBM) is trapped in coal beusia released during and after
mining. The methane associated with the coal bedschused numerous disasters in
underground coal mines all over the world. In ordereduce the hazard from methane
explosions, the conventional method was to veetilae mine working with sufficient
fresh air to reduce the methane content in the nainveell below the explosive range of
5 to 13% mixture with air. But in some situatiom thnethane trapped was so large that
it was not physically or mechanically to dilute tisame economically. This led to first
step of trapping the methane from coal beds pniacdusing mining operation through
drilling of boreholes in coal. Soon it was founatharge quantity of CBM recovered
could be used as additional source of energy whdecing both the escape of methane
gas to the atmosphere and mining hazard.

Captured CBM forms a remarkably clean fuel whembuhe combustion process of
methane produces no particulates and only half @f, @ssociated with coal
combustion. Besides depending on gas quality, methacovered from underground
mines may be sold to utilities to generate eleityricsed on site as fuel for drying coal,
used to run vehicles or sold to nearby industdalmestic or commercial facilities.
USA was the first country to show that if suitabigrnessed CBM could be significant
potential source of energy. Currently CBM accoufds about 10% of all gas
production in USA — clearly indicating that CBM cha an additional source of energy
while reducing both, the escape of £ the atmosphere and the mining hazard.



1.1.2 INDIAN SCENARIO

Being a populous country with high population dgngihe rapid development of the
energy sector has been one of the priority area&alf as it realises that energy
availability is key to economic development.

India with its geographical size and populatiohasvever poorly endowed with energy
resources. With low reserves of liquid hydrocarb@msl paucity of uranium-coal

reserves are comparatively more abundant with tlaeS8mate putting them at 267
Billion tonnes. Coal has thus remained India’s prashant source of commercial

energy accounting for about 60% of the primary gynersed in the country. In absolute
terms the coal production has steadily increasenh ff2.3m tonnes of oil equivalent
(toe) in 84-85 to 200 toe, in 2008-09. Coal proguctouched 448 M tones in 2008-09
and is scheduled to go up +2 Billion tones by 2830as per Integrated Energy Plan
prepared by Planning Commission.

Under the circumstance coal production is to grapidly with concomitant negative
environmental impacts brought about by the contirhigh emissions of CHand CQ.

In this context it is important to exploit and w#d the available resources of CBM
which will supplement natural gas resources antighgr reduce dependence on coal.
The substitution of coal by methane gas for spe@fid uses can also serve as an
instrument of GHG mitigation. As per recent estienatade by CMPDI, reserves of
CBM which is associated with coal is around 3.4lliéri M3 With modern CBM
recovery technologies using specialized methoddriting (Vertical and Horizontal),
large amount of Cldcan be produced.

Prior to nationalization of coal mines (1971-73)Imdia Amlabad Expansion Project.
Report (located in Jharia Coalfield) was prepared Soframines, France with
envisaged target of 1700t/day of prime metallurgecal from Seam Xlll & XIV. The
project was based on existing make of 50tenof coal corresponding to the experience
of working the upper seams which were also gassyofening of lower seams the
emission of CH went up to 200-300 fftones and was even recorded as high as
600n7/te necessitating slashing down the production dma00 te/day.

Coalbed Methane which has CHs its major constituent, is most dangerous ahtur
hazard confronted in course of underground coalinginn India. It has been

responsible for a number of major gas explosiorshsas Amlabad (1955), Jitpur
(1973), Sudamdih (1975 & 1976), Bhatdih (2007) harda coalfield, Chinakuri (1958)

in Raniganj coalfield and Dhori (1965) in East Bakaoalfield.

However dwindling emphasis on underground miningcai nationalization and
consequent reduction in quantum of coal producedhfthese mines, the focus on
mitigation of methane ebbed. And it was again i r80’s that subject of methane
from coalfields was brought to the fore. Some matiaand multinational private sector
enterprises did approach the Gol and showed ketsrest to introduce CBM
technologies and accordingly some areas were afidday MoC to Reliance, Modi
Mckenzie, Amoco, Essar Oil, ONGC etc but with étprogress on the ground. It was
discussed that resource came under Ministry ofoRetm & Natural Gas (MOPNG).



However coal bearing areas where CBM prospects asesunder MoC/CIL. In 1997-
2000 ONGC did some prospecting boreholes flaring?arbatpur located in Jharia
Coalfield. Boreholes were capped after flaring lo¢ tgas for sometime and search
started for the technology for its exploitation andtomer for its utilization.

1.2 PROJECT DESCRIPTION AND ITS OBJECTIVE

Keeping in view the advantage described above pfucamg CBM, Coal India Ltd
(CIL) subsidiary, Central Mine Planning & Desigrsiitute (CMPDI) was entrusted by
MoC, the task of formulating a comprehensive “Destmation Project” for CBM
recovery and Commercial Utilization. The Projectcament was prepared by
International consultant in 1997-98 and was appidye UNDP in April’1998. The
project came into effect in September’1999 wittagét duration of five years. It had
following approved budget:

Collaborators Approved PR (Oct’'98)
INR Crores Equivalent muUSD
A. UNDP/GEF 39.09 9.198
B. UNDP 5.14 1.210
C. GOl
i) Cash 17.29 4.067
i) Kind 7.00 1.647
iii) Part of the revenue cost met out of the 8.33 1.960

income generated from the project on account of

utilization of exploited CBM in the initial time

period

Grand Total 76.85 18.082

1.2.1 PROJECT GOALS AND OBJECTIVES

The key issues addressed are as follows:
» Reduce the potential adverse social, environmanmtleconomic consequences
of global climate change,
= Improve the health and safety of the workmen engagenderground mining.
»= Improve the environment by using otherwise wastedrcenergy source
(CBM)
* Promote the development of indigenous enterprigaged in CBM.

In nutshell, the project goals were to (i) harnesthane — to minimize safety risks in
mines, to utilize the potential energy source andhitigate damage to the atmosphere
(i) to bring to the country state of art methodplofor resource assessment and
recovery techniques of CBM and adopt the same thain condition and (iii) to
demonstrate the utilization of the exploited Cfdr power generation and fuel for
transport and industrial domestic sector and (ieitgender development of an action
plan for replication and to set up a CBM Clearingi$e.

10



1.2.2 DEVELOPMENT OBJECTIVES

The project is to degasify coal seams for subsdgsaier extraction of coal and to
demonstrate economic viability of harnessing CBM limdia. The project would
undertake techno-economic evaluation of in-situfga® existing mines in areas where
mining is contemplated in future as well as areaavgd out and to demonstrate
harnessing of methane which other-wise would hacaged into atmosphere.

Objective-I

Strengthen and increase capacity of CMPDI, BCCMUS CIMFR, Ministry of Coal,
and the Ministry of Environment to develop and sappmine associated CBM
recovery and utilization projects, through trainignd to build experience in design,
identification, and implementation of programmerégover and use coal bed methane
(CBM) in a safe, cost effective, and environmentaticeptable manner.

Objective-lI

Prepare and execute demonstration Projects at donilih and Sudamdih coal mines
located in the Jharia coalfield for the recoverg aise of mine associated CBM in the
Jharia Coalfield, design and execute CBM resouecevery programmed, using three
different drilling technologies at the two proposkmonstration sites.

Objective-lll

Use recovered gas, after successful execution efattove objectives, for vehicle
refuelling and electric power generation.

Objective-1V

Develop and adopt action plan for replication ofcassful aspects of demonstration
projects. Use CBM Clearinghouse to disseminatein&bion, educate, promote, and to
facilitate interaction with potential foreign invess.

1.3REVIEW METHOD

As mentioned earlier the project was started int&rper'1999 with a project life of 5
years but it faced serious time constraint due étayd in equipment procurement
(UNIDO) and budget problems due to underestimatibthe cost of equipment and
services in the project report. The activities thewl to be scaled down and actual gas
recovery process could start only in mid 2005 wsithrt of drilling, more than 6 months
after the project was supposed to have been coatpietSeptember, 2004.

As per the procedural Rules of GEF a mid-term eat&dn, under the responsibility of
implementing agency in this case UNDP was requamedi the same was carried out in
Oct-Nov 2004 due to sizable time over-run of thejgut without any significant
activities on the ground.. The same was carriet gjpecific objective of reviewing the
entire project. A fresh cost estimates with reduseape of work was prepared in 2004
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for INR Rs. 92.427 Crores with completion schecfl®ecember’ 2007. The updated
format containing details of co-funding in GEF faiis given in Annexure V.

Though considerable progress was made till themptsic objective of the project of
recovery and utilization of gas was still not avleie and hence the project was
extended in its earlier form to December’2008 withany change in budget.

Now that these objectives have been almost achiawedthe project being officially
closed on December 08, the GEF rules call for imatedormulation of a terminal
evaluation report.

The external evaluation team was constituted anar@ed the task of preparing the
Terminal Evaluation report in May’2009 with insttion to cover the issues to be
addressed as mentioned in the Terms of Referenueef@ire-1) and follow broadly the
under mentioned structure of this report :

1. Executive summary
2. Introduction
3. The project and its development context
4. Finding and Conclusion
o Project Formulation
o Implementation
o Remarks
5. Recommendations
6. Lesson Learnt
7. Annexures

During the mission travel to Delhi, Bokaro, Randbhanbad extensive interviews and
discussion were held with all relevant project pars and associates and where
appropriate request for relevant document and ngssiformation was made. The
mission took place with initial briefing by UNDPIkwed by discussion with country
representative of UNIDO and National Project Dioecand former Project Advisor
(CBM) at New Delhi on 11 May'2009. The mission then undertook field visits
Bokaro, Dhanbad and Ranchi (1Rlay - 168 May'2009) and visited Ranchi again
between 26 — 29" May’2009 to meet CMD and Director (Tech) of CMPBo were
missed in earlier visits due to their being abr¢2@ - 29- May’'2009).A third visit to
Ranchi (7-10" June’2009) was made to enable the team to fin#tieedraft report in
consultation with CBM officials. The team was bétview that 15 days time allocated
to prepare the report was not adequate and asitshiati no option but to accept delay
in the submission of the draft report which ledstdomission of final report beyond the
deadline of 38 june 2009 due to circumstances beyond contrdi@team.
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1.4 PROJECT SET-UP AND PROJECT PARTNERS

Project management and implementation involved umber of executing and
implementing agencies as described in Fig.1 andsehwoles are summarized as
follows:

The GEF and UNDP as Implementing Agency are thialootators of the project with
the Gol. UNDP provides overall guidance and manageritom its New Delhi country
office as per normal GEF & UNDP requirements.

= CMPDI, a subsidiary of CIL, is the main implemeugtiagency from the very
inception at all stages of execution of the project

= BCCL, another subsidiary of CIL, is the co-implerieg agency. It has
participated in project formulation process as vedslplayed a major role in
implementing field trials at two specific projedtes — Moonidih and Sudamdih
located in its control area in Dhanbad districfloérkhand State.

= After the project initiation, an agreement was hesit in February’2000 for
involving UNIDO in providing technical supervisiomand equipment
procurement services (from UNDP/GEF budget). Chiethnical Advisor and
other International Experts were involved in prépgr various tender
documents, drawings, technical specifications afimgent and of bids and in
evaluation of bids. Subsequently UNIDO has providedices in procurement
of some project equipments such as CBM fuel gagr@ounit, Steering tool &
accessories, etc.

= The project partners relied on variety of univeesitand technology institute of
repute such as Indian School of Mines Universityg &entral Institute of
Mining & Fuel Research both based in Dhanbad tdop@r part of the study,
research and engineering work.

= Also ONGC, a public sector company has been inwblat a later stage by
providing budget and support for equipment proc@em& support when
drilling and gas recovery operations were started.

In addition there were various committees as a patitmplementation arrangement
(Fig. 1) for monitoring and guiding the project. €8e include _National Steering
Committee under MoC with Special Secretary ( the then Adddl Secretary), MoC
as National Project Director for monitoring the jpirt work. Project Director was
assisted by a Project Advisor (CBM) to carry oubrctnation with various Govt.
Ministries and agencies, provide guidance to tlogept team to coordinate with UNDP
and UNIDO, to review reports and to look after thdministrative arrangement
required under Gol, UNDP and UNIDO procedures. Tatloer committees called (i)
Operational Executive Steering Committeenvened by Chief Project Manager
consisting of CMDs of CMPDI & BCCL, Director (TechTIL, representatives of
DGMS & ONGC for reviewing the work progress on agular basis (i) Policy
Advisory Committeewas a forum for broader policy issues and alsasBess inputs
from other organizations besides the institutionv®ived in the project, also existed.
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Note: Figure has
been adapted from
the Project
Document to reflect
changes
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1.5 SCOPE OF PRESENT TERMINAL EVALUATION REPORT

As outlined (See Annexure I) in the terms of refieee (TOR), the evaluation team

noted that a detailed mid term evaluation reporttted project was prepared in

November'2004 giving project back ground and readoninordinate delays in getting

the equipment at sites. Hence, it will not likegmo into the details of the delays and
their causes but will refer to them briefly partanly on activities which had bearing on

the program implementation of the project. SimyldHere has been Completion Report
prepared by the CBM Project which has sufficiefbimation about the project.

As directed, the team has followed the evaluatimor@ach which comprises methods
such as documentation reviews, interviews and fidds. It has tried to talk to all the
partners of the project; the funding sponsorers;dperators; the beneficiaries; and the
regulators to have their feedback about the projdairect interviews were taken of
four workers of Moonidih project who are benefitegdway of having a regular power
supply to their quarters and expressed their hagpifior being served better than the
other workers of the Moonidih project who are naving the benefit of power from
CBM project. The team has tried to give ratingsht® various activities of the project
as required by TOR.
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2.0 THE PROJECT & ITS DEVELOPMENT CONTEXT

The project development has passed through twindisttages-the first stage lasting
64 months from the start of the project in Sepi®@®ec,04 which saw delays in four
phases: project initiation, project design, budgetstraints and equipment procurement
process. The second stage lasting next 48 montins January 05 to December 08
where focus of activities was at the project siie $till suffering delays due to messy
equipment procurement delays and delayed operatsupport from the equipment
suppliers. The mid-term evaluation in November @4 be considered as water-shed
between the two stages.

2.1 PROJECT DEVELOPMENT-FIRST STAGE(1999-2004)

The first stage of the project lasting 64 months loa seen as consisting of four distinct
phases: the project initiation phase, the projexdigh phase, the budget constraint
phase and finally the equipment procurement phase.

2.1.1 PROJECT INITIATION PHASE

The project was perceived in 1996 and Project tepoepared by International
Consultants in Feb.’1998. GEF council cleared thappsal in April, 1998. Project
document after being approved by MOC, DEA & UNDRDatober, 98, was cleared by
CCEA in Sept.”1998 for INR 76.85 cores (USD 18.08#lion) with MOC approval in
Sept.’1999 for a project duration of 5 years. UNID@enna was appointed in
September 2000 as project equipment procurememicggend other support services
on payment of 3% commission on the actual coshigfrmational equipment procured.
Chief Technical Advisor (CTA) Dr. Hillmar Voh Schokedt and six international
experts were appointed by UNIDO in September, Z000arious services.

The visit of CTA and other international expertsidg Nov. & Dec., 2000 (1 week) for

drawing up of specifications of CBM equipments dhdir budgetary cost estimates
indicated gross under provisioning in the equipnierdget of the original UNDP-GEF

project documents. As a consequence decision \kas ta shelf procurement of some
non essential equipments considered then: sudea@mnd light weight drill, second

underground drill, mud logging system and two phaséng unit.

Almost first 18 months of the project were thust lws putting up required technical
teams, initiating the equipment specification eisr@and selecting suitable sites etc.

2.1.2 PROJECT DESIGN PHASE
Six International Experts for Surface drilling & ropletion, Laboratory sorption &
permeability equipment, Experts for Undergroundlidg & completion, Gas Plant,

Underground gas collection, Reservoir Modelling &Bomic Modelling visited the
Project sites in November/December, 2000 for fam#ation with local conditions and
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discussions with local project officials for prep@on of equipment specifications in
their respective areas.

2.1.3 BUDGET CONSTRAINT PHASE

The evaluation revealed that total cost of equipn@aled USD 12,373,490 as against
budget provided by GEF of USD 8.578,000 i.e. thees gap of USD 3,795,490 in
provision. In reality the gap was USD 5.20 millibat since it was decided not to
procure certain equipment (vertical drill, undergrd drill, mud logging system & two
phase testing tool) valued at USD 1.50 million, te@ got reduced to USD 3.785
million

ONGC was approached to jointly fund on 50:50 cdstring basis the high cost of
equipment i.e. Hydro fracturing and Cementationt.udifter initiating the MOU
between ONGC & CMPDI in Sept. 2002, the remittaaté&und amount of USD 2.69
million was completed in April, 2003. A gap of USD097 still remained which was
provided by GOI by re-appropriation of funds dudlgproved by DEA in May, 2003
entailing a delay of around 10 months in the progebedule.

2.1.4 EQUIPMENT PROCUREMENT PHASE

In Jan’2000, UNIDO took action for issuing Expressiof Interest (EOI) and
subsequent tendering process. Based on recommamaditexperts and due approval
of the Project authorities, four Equipment packagssre made: Package-I:
Underground drilling and completion equipment, Raekll: Underground Gas
Collection Equipment, Package-Ill: Surface drillimgpd completion equipment and
Package-IV: Laboratory equipment.

The global bidding of four packages did not elgatisfactory response as each of these
packages contained equipment from multiple suppliecated in different parts of the
world.

The four initial equipment packages were then spld 26 packages to be procured by
UNIDO, 04 packages by CIMFR, Dhanbad and 05 by ghgect directly. All 35
packages were tendered"{2ound) in Nov, 2001. Partial response received 12r
packages and balance 14 packages were re-tenaehédrch-May, 2002 (8 round).
Evaluation of 25 packages of UNIDO and other 9 pagels for which offers were
received was done in July’2002 on receipt of dieaitions. One package, for which no
offer was received was re-tendered and evaluaboe ¢h Nov. 2002.

A total of 16 packages were re-tendered for varideshnical reasons in
December2003 @ round).

Five packages were again tendered in March’2084r@&ind). Only three package
received bids. Two packages along with one packafyearlier were re-tendered by
UNIDO after receipt of USD 1.03 million from Gol &h) S&T FE component in
July’2004 (8" round) almost 5 years after the official starthe project.
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Suffice it to say that process of tendering anterglering continued into second stage
till December’ 2007, the revised target completaate of the project without 100%
achievement of the targeted equipment.

For example,Moonidih Mine CBM Fuel Gas Control umés delivered at Moonidih in
June’2008 and only thereafter demonstration of paye@eration could be achieved on
27" June’2008.

Similarly Steering tool and accessories for diwdl drilling at Sudamdih mine
ordered by UNIDO in July’2007 was supplied onlyJune’2008. Commissioning with
the help of supplier was done in Sept.’2008 butfumationing was noticed in pulsar of
the Steering tool. Thereafter equipment was seck ttamanufacturer for repairing and
testing. Testing of Steering tool (Package-04B)glesd for directional drilling in pre-
defined drill paths in underground coal seams \easired at M/s Russell Sub-Surface
Systems Ltd's (RSS) Works at Abadeen/UK and was back to the site on 98
Apri’2009. Due to non commissioning of Steeringoltathe horizontal in seam
directional drilling at Sudamdih could not be conmoed, till date.

2.2 MID-TERM REVIEW AND ITS IMPACT

A mid term evaluation of CBM project was undertakémrough UNDP in October’
2004 by independent consultants and final repdmrsiied in November'2004.

2.21 OBSERVATION AND RECOMMENDATIONS
The main observations of this report were as fatlow

« The original approved project document (PR) wasceptual in nature and
details were lacking.

« The budget for procurement of equipment was verghmunder provided.

+ The procurement procedure of UNIDO were found tqbiée rigid and at times
inadequate, particularly the absence of the claafsdepositing any earnest
money/ bank guarantee by the bidder. Due to tlisgalvith some other factors,
re-tendering for all the equipment packages weredo— 6 times which led to
huge delay in procurement of the equipment.

This evaluation team made following recommendations

« Long delay in project initiation and equipment proement (5 years) should not
over shadow the project implementation.

« The revised budget with raised target appears tadeguate but looking to the
forthcoming programme and the contingencies fobmpdex project like this
one, more funds may be needed in order to achisy#anned out puts.

« A detailed work plan and budget for the remainiragt of the work ought to
prepared.

« The project should be extended by three years (200%).

« The project’s objectives remained valid
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In short, the idea to give the chronology of thergs in the first stage in the project is
to show that unusual, unplanned delays have oatumenternational equipment

procurement indicating that there were serious gaoal and technical short falls in
whole procurement process that affected the projedact it would not be wrong to

comment that the project really took off the growfer the mid-term evaluation done
in 2004.

The five to six rounds of tendering for internaibequipments already outlined above
led to serious over- run both on time and costhefroject. While cost over run was
somehow brought under control by deleting soménefequipment and services and by
roping in ONGC for additional funds, the time ovan could not be checked. A study
of the facts presented in the Completion Reporticated that vertical drilling at
Moonidih could only start in mid 2005, while the rlzmntal drilling package did
become operational in Sudamdih in 2008but got sudgxk later due to the failure of
the Steering tool.

It is observed from above that the project hasesaff long delays primarily due to
under provisioning in the budget, long delays ingurement of project equipments
from International market and procedural delaybtaming sanctions at various stages.
The under provisioning had to be met by downsiZimg requirement of the project
equipments as well as work programmes. This inwlvesh approvals and sanctions.
It is noted that UNIDO’s rules did slow down theopurement process and primarily
affected the implementation of the project. It bagn also felt that a escalation clause
for price rise in the event of delayed procuremeauld have sufficiently helped the
procurement which unfortunately was not foreseart.iBhas to be borne in mind that
tender rules of both International & National goweents do generally require strict
compliance wherein transparency and fair deal getsedence over even schedule of
procurement. As such putting the blame on UNIDQA bd fair. The delays occurred
due to various procedural shortcomings as mentiahede.

2.2.2. IMPACT OF DELAY IN IMPLEMENTATION:
2.2.2.1 CHANGES IN SCOPE OF THE PROJECT
Major changes in the scope of the project areconunt of following compulsions
i. Non procurement of items to reduce the gap in fogaind
ii. Due to physical and technical constraints at siéckvresulted in reduction of

the number of wells .These are:

a. Reduction in GOB wells from 10 to 02 numbers asGOB well could
drilled in stowed area of Sudamdih mine.

b. Vertical CBM well reduced from 17 to 07 i.e. 2 atdamdih and 05 at
Moonidih.

c. Major changes in procurement of equipment were:
= Only one vertical drilling rig in place of two rigs
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= Non procurement of 2 units of mud logging system

= Only one horizontal drilling rig in place of two

= Non procurement of geophysical logger unit andhgiof services in its

place.
lii. Part funding of Hydro-fracturing unit and Cemerdatunit of the project (cost

USD 5.24 million) which was shared between ONGC EBRB5ol funding with
a rider that ONGC would take over of the equipmafter 5 years when the
project will be completed. In lieu of this all hyddic fracturing and
cementation jobs of the project will be done fréeast by ONGC.

Hiring of Geophysical logging services contractétha cost of Rs. 13.2 Crores
beyond the approved budget. CIL has come forwattl Wb Crores grant for
this expenditure.

2.2.2.2 CHANGES IN BUDGET

Based upon the changes in the scope of the prapecthe additional fund requirements
the initial budget of INR 76.85 Crores was revig@dNR 92.47 Crores.

2.2.2.3 TRAINING

The programme initially started with visits of twgh level fact finding mission. The
training modules provided were all delayed duedlays in equipment procurement as
most of training slots were linked to the technisapport by equipment suppliers.
Training details are as follows(For more details gara 3.1.1. also):
* Two high level fact finding team comprising 05 smnofficials visited USA,
Germany and Austria in 2000 to acquaint themseilvdatest development on
CBM technology.

* 06 project personnel comprising Drilling Engineavkechanical Engineers and
Electrical Engineers have been trained for two weekMarch’ 2004 at Rig
manufacturer works in USA to familiarize with dml§ equipment.

* 07 project personnel comprising of Mining, Mechahicand Electrical
Engineers have been given two weeks training in5200 Gas utilization at
various Center in USA.

» 02 project personnel have been trained for one weekg September’2005 on
application of Down hole motor at supplier's workdJSA.

2.3. PROJECT DEVELOPMENT-SECOND STAGE (2005-2008)

In this stage one can decipher two distinct aréaxions viz; one side was the follow
up of the spill-over of the equipment procurementdNIDO and on the other side was
the activities at the field sites of Moonidih andiddmdih. Delay in equipment
procurement continued to plague the progress ofwitwk at the sites. Due to these
delays the revised completion date originally fixadDec, 2007 had to be further
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extended to Dec, 2008 without any change in th@esad work or budget (Annexure
V).

During this period the equipment started arrivihghe sites from various suppliers and
with that the opportunity of training of personiadroad like two weeks training of 07
personnel on gas utilization in USA, one week frggron underground drilling for 02
engineers in USA. Most of the manpower was givenndsan training

on various equipments under guidance and supenvisioexperts. The training
programme both in terms of fund provision and tins@ne was quite inadequate and as
such the time taken by the team to reach the dkekaxes| of skill and confidence got
severely affected contributing to the delay in iempéntation of the project. In order to
train CBM project drilling personnel on the proadi€BM vertical rig a retired Dy GM
of ONGC was also engaged for one year on the gobitrg of drilling.

Due to delayed delivery of certain items, the workthe site could not take off as per
the planned schedule. Operation of the first vaktlmorehole drilling rig started in

Moonidih in September’2005 only and after its coetioin the second vertical well

drilling commenced in September’2006.

In spite of procurement delays as well as deldinalization of Geophysical logging &
perforation services contract and supply of CBM fyees control unit the Project team
achieved the demonstration of electricity generation 27" June’2008 through
optimization of team work and sharing of experiengained during operation. The
third well is currently under drilling and reportatl 801m depth as on 3May’2009
and is expected to be in production by November2200

A study of the activities during this period shothat the shadow of the messy project
equipment procurement process continued to pldgeidi¢ld operation. Even now the
horizontal drilling programme at Sudamdih is hegidfar want of proper functioning of
the Steering tool and supervision of suitable Etgp€eFhe Underground drilling unit,
Gas Recovery Unit and CBM Compression and Fuelimi¢s are lying idle due to non-
commissioning of the Steering tool and commenceneéninderground directional
drilling in association with suitable Experts.

In summarizing, one can say that the objectiveseael by vertical drilling technology
at Moonidih mine have been the saving grace engllire project to be declared
successful. Alternative technology of recovery afs grom horizontal drilling and
subsequent use of the compressed gas as fuel far wehicles still remains to be
achieved. The project management is hopeful thatwthl be achieved with resumption
of horizontal underground drilling with rectifiedtegring tool arrangement by
December’2009.

Technically, the project as conceived formally ehde December’2008. But the local
partners felt that having achieved so much, it bélnot in the interest of the country to
abandon the project. Hence a decision was takébdbyo continue the project as S&T
Project to achieve in the first instance all thggtal objectives originally laid down in

the project and even go beyond if found desiraduier]
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3.0 COMMENTS — OBJECTIVES VIS-A-VIS ACHIEVEMEN TS

Having gone through the overall framework of thejgct, it is now proposed to go

through the project in terms of achieved outputtivdies and finally accomplishment
for each of the four project objectives laid dowrthe Project document.

3.1 Objective 1 : Strengthen and increase capacityf €@MPDI, BCCL,
CIMFR, MOC, CIL & others

3.1.1 Expected outputs (as defined in the 1998 UNDP Project document) :

11 Members of CMPDI and BCCL trained in reservoir modeling and prediction of gas
production parameters

12 Team memberstrained in latest vertical well drilling technology (including equipment
specification to be purchased).

13 Team members trained in latest underground directional drilling (including
equipment specification).

14 Team trained in use of CBM for power generation (including equipment
specification).

15 Team trained in use of CBM gas in vehicle internal combustion engines (including
equipment specification).

1.6 Team members trained to develop safety protocols on the technologies mentioned in
1.2-15.

17 Team members CMPDI and 1SM trained in the financial-economic assessment of
CBM.

1.8 CBM Information System (library, Internet Gateway) installed at CMPDI

1.9 CMPDI, CIL, MOC Intranet installed at CMPDI

1.10 CBM Clearinghouse established

With reference to the aforesaid objectives theeaanents are as follows:

* Two high level fact finding team comprising 05 smnofficials visited USA,
Germany and Austria in 2000 to acquaint themseilvdatest development on
CBM technology.

» 06 project personnel have been trained for one weedservoir engineering at

ISMU, Dhanbad (India) during May’2001 (Out put 1.1)

» 07 Project personnel have been trained in Drilllieghnology at IDT/ONGC,
Dehradun & Ahmedabad (India) for two weeks duringvBimber’ 2003 (Out
put 1.2).

* 02 Chemists were sent to ONGC drilling site in Deber2003 to get
acquainted on Mud chemistry (Out put 1.2).
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3.1.2

* 06 project personnel comprising Drilling Enginedvkechanical Engineers and

Electrical Engineers have been trained for two weekMarch’ 2004 at Rig
manufacturer works in USA to familiarize with dimiy equipment (Out put
1.2).

07 project personnel comprising of Mining, Mechahicand Electrical
Engineers have been given two weeks training in5200 Gas utilization at
various centers in USA (Out put 1.4 — 1.5).

02 project personnel have been trained for one weekg September’2005 on
application of Down hole motor at supplier's workdUSA (Out put 1.3).

As mentioned earlier, the training schedules (Quit o1 - 1.7) got seriously

affected by the long time over runs of the projecin Sept.”1999 to Jan.’2005

(64 months) due to delay in project initiation (©®nths); delay due to project
design (10 months), delay in securing sufficiemids for procurement (10

months) and final delay in equipment procurementess itself (26 months).

This was primarily due to the fact that most tragnslots to be undertaken were
with assistance of the equipment providers. Thegbugrovided in the PR was
not sufficient to allow the required personnel ®tkained abroad for longtime
exposure to acquire desirable skill and confidence.

Discussion with project officials brought out clgathat overall quantum of
training, both in funds as well as in time frameswgite inadequate for the
desired goals. The efforts on in-house training @mdthe job” training also
suffered due to late arrival of equipment. Evendtag the vertical drilling
operation at Moonidih, the project had to hire smy of ONGC experts

By in-house efforts both in cash and kind CBM imfation library (Out put
1.8), CBM intranet (Out put 1.9) and Clearing ho(Sat put 1.10) at CMPDI,
Ranchi have been established.

Though some “on job” training could be provided torderground horizontal
drilling (Out put 1.3) but due to improper functing of the Steering tool there
is still lot to be learnt which will be possible am the underground drilling is
resumed. Only activity of vertical gob well drilgn(Out put 1.6) was dropped
while redrawing the revised programme due to mimiogstraints.

ACHIEVEMENTS

Capacity of the CIL subsidiaries CMPDI and BCCL vea®engthened and the
capability developed in recovery of CBM/CMM from wkong mine by
procuring all modern equipment for drilling of veel wells and its cementing
after geophysical logging (hired services) of ddll well followed by
perforation (hired services) to administer hydmeturing of potential coal
seams by the project units in vertical CBM welldl. tAe procured international
equipment was operated by departmental man power@e-operation training
and initial hands-on training.
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3.1.3

» Two vertical wells have reached CMM recovery sta@pproximately 5000

Cubic M of nearly pure methane (98%) is being poadufrom two wells at
Moonidih mine of BCCL at Dhanbad (Jharkhand).

Long hole drill unit for drilling long hole (1 Km.n coal seam through guided
directional drilling was under commissioning to endke underground

directional drilling at Sudamdih mine of BCCL byetkdepartmental man power
after pre-operation training and initial hands-mairting. However the same had
to be suspended due to malfunctioning of the Stgeaol.

Establishment of CBM information system, intramg#rnet and clearance
house has been carried out with a view to dissaminéormation and facilitate
interaction with potential investors.

Graduate and post graduate courses started in I&CBM technology with a
view to train future manpower.

Capability of CIMFR enhanced to carry out testinfy core samples and
assessing potential of new fields.

Similarly DGMS also have exposure to the new tetdgyoin all its operation
to enable to ensure proper safety regulations.

COMMENTS

It is noted that a new technology to tap CBM seasihias been successfully
introduced in the country and expertise built gatarly in CIL, CIMFR and
ISMU to enable Indian players to replicate the sammeew areas.

The analysis of project delays in implementatioaveh that it would have been
better to have a project preparatory phase of a ge@o before starting the
implementation of the project. This would have wala proper project

initiation, more detailed work on cost and timenfiework, training needs and
possibilities, description of the project sites dachave detailed specifications
of equipment needed with listing of potential eaugnt suppliers.

The training specifically could have been framethwiear objectives of

) Exposures of higher management of organization b in the
new technology

i) Training a “core group” of Indian technical persehas “trainers” in
each critical area for subsequent in-house trairohgthe other
project personnel.

Omission of second set of drills for vertical aslives horizontal drilling from

procurement list proved to be a soft option thated the project dearly, efforts
should have been made to provide additional budget. this a suitable
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3.2

mechanism should be evolved for future projeciatetcare of reasonable cost
escalation.

Objective-2: Prepare and execute CBM gas recovery etnonstration
projects in the Jharia Coalfield.

3.2.1 Expected outputs (as defined in the 1998 UNDP project document) :

2.1 | Fully equipped and trained unit for vertical well drilling

2.2 | Plan for vertical well drilling into coal seams and advance of mining strata
(Moonidih:9; Sudamdih: 8 wells).

2.3 | Fully equipped drilling camp

2.4 | Vertical wellslocated and drilled.

2.5 | Plan for vertical well drilling into sealed gob area (10 wells

2.6 | Vertical gob wellsdrilled

2.7 | Oxygen and CO monitoring system installed

2.8 | Fully equipped and trained unit for underground directional drilling

2.9 | Plan for directional drilling.

2.10 | Fully equipped centre of operations

2.11 | Directionally drilled boreholes

3.2.1.1 Project Methodology:

The project concept was to effectively capture me¢hin working coal mines.
Two mining sites Moonidih and Sudamdih in the JnaGoalfield were

identified by UNDP consultants who had prepared ghgect document. For
developing the coal bed methane, it has been pedpiosthe project document
to:

» Pre-drain the gas in virgin coal seams by vertieall drilling (Out put 2.1-
2.4).

» Recover gas from surface by vertical drilling irbgareas (Out puts 2.5-2.6).

* Recover gas in-seam by long-hole underground degl drilling (Outputs
2.8-2.11).

Essentially, two important changes have occurrgdrding the procurement of
equipment and the drilling plan; the project hasrbdownsized and there have
been huge delays (of five years) in the procureraeatjuipment.

3.2.1.2 Downsizing of the demonstration component of therpject

The first major change in the scope of the projetdted to the physical and

technical constraints at the two mining sites andsequent reduction in the

number of drilling sites as described below:

» Vertical wells were reduced from 17 to 7 (two atd&wmdih and 5 at
Moonidih)
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e Only one GOB well was to be drilled (at Moonidinjstead of the
envisaged ten (many areas have been stowed).

e There was one site each for underground drillingMatonidih and at
Sudamdih.

3.2.1.3 Executing the project with the originally defined rumber of borehole
was not practically feasible, due to the followingeasons:

* Many areas were heavily built up and with ownerships not belonging to
the mine, which sets a limit on the sites thatlsamleveloped.

* Underestimation of the budget needed for drillimgiipment, as discussed
in the next paragraph. Since only one vertical and horizontal drilling
systems were purchased instead of the original et system, this has
reduced the number of holes that can be drilletiwithe project period by
half, and this ‘period’ has been reduced anywaynfiz001-2004 to 2005-
2007.

The mid term evaluation team felt that the projdotvnsizing in terms of
number of wells drilled should not affect the oVeosjectives. The cost-benefit
analysis might result to be less satisfactorilgsifewer wells will be developed
in view of the high investment cost in drilling eponent, but, such analysis
would be preliminary anyway given the demonstrativeture of the gas
recovery operations.

3.2.1.4 Budget for equipment

A second major change concerns the budget for pgowent of equipment.
After the project inception, a field visit of thaternational expert team for
drawing up the specifications of the equipment &md detailing the cost
estimates clearly revealed that there was grossrastimation of the budget for
equipment, estimated at around USD 13.87 milliongontrast, in the UNDP-
GEF project document, the budget line availableUdiIDO procurement of

equipment was only USD 8.578 million. To reduce thst, it was decided to
use one vertical drill rig instead of two, one umpteund drill instead of two

and leave out non-essential equipment (mud-loggystem and two-phase
testing tool, etc.), which yielded a cost reductdrSD 1.5 million. However,

this still left a gap of USD 3.795 million, whichas closed.

* In September 2002 an agreement was signed betwd&C@nd CMPDI &
BCCL to co-share the cost of certain equipmenthgalgh the funds were
only repatriated to UNIDO by April’2003), addingGINGC contribution of
USD 2.698 million.

e The remaining shortfall in funds of USD 1.097 naiflihas been met by re-
appropriation in the budgets, of which the Govemnima India provided
USD 1.049 million, which was approved in May 2003.
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It is important to mention that without the ONGCntriibution in 2003 and
without the budget re-appropriation in 2004, nofisignt budget would have
been available for UNIDO to continue the biddingqass of the equipment.
UNIDO's regulations require sufficient funds to ipeits bank account before it
can tender and purchase equipments.

3.2.15 Equipment Procurement

3.2.2

3.2.3

About procurement and acquisition of equipment shee has been dealt in
para 2.1.4. The detais of the updated status oédugpment procurement has
been given in Annexure-1V.

ACHIEVEMENTS

A fully trained unit for undertaking vertical wedlrilling has been created (Out
put 2.1-2.4). This includes competence to locatkdail future boreholes.

GOB drilling has not been undertaken so far fosoea explained in 3.2.1.1
and delay in execution of the project (Out put22A46).

The CBM project being located near the Moonidih &hgdound project, the
facilities available for the mine project have beetilized for the Camp
establishment. (Out put 2.3)

As mentioned in para 2.1.4 at the stipulated cotigriedate of the project out
of the 7 vertical holes in Moonidih site only tweels have been completed.
Neither vertical well in Gob areas nor 2 horizordalling holes in Sudamdih
could be completed. While four 250 KW gas genegmatwve arrived at sight
only two are operational from gas coming out of tmells.

The third well was spudded in January’2009 only aacdn date this has been
drilled up to a depth of 801lm and is likely to staower generation by
February’ 2010.

Directional drilling at Sudamdih is held up due non functioning of the
steering unit. The gas compression unit for sugblgompressed CBM to the
mine vehicle is awaiting supply of CMM (GHfrom underground mine.

Finally, it can be said that Moonidih and Sudamaial mines of BCCL have
acquired all the know how required for recoverygals and are capable of
executing further recovery programme with departiaemanpower that has
been trained to design and execute different dgltechnologies.

COMMENTS
» Despite the vagaries of equipment supply the implamg agencies and

their associate are ready for replication of CBM gecovery projects with
associated gas usage systems.
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* Due to basic inadequacies of the approved projport there has been
inordinate delay in project implementation but tt@ be brought to within
acceptable techno-economical favorable limits nioat the pit falls of such
a project are well recognized.

* The time is ripe for acquisition of more drills faccelerating the CBM
recovery program at both Sudamdih and Moonidih god ahead for
replication of the project in newer areas undeisgliction of Coal India.
MOC should approach GOI for more funds to kick{staplications in other
coalfields.

* In Sudamdih the seams are steeply dipping, are@asily faulted and suffer
from swings along the strike of the seam. The toalis softer because of
its being crushed due to local structure. Becatishese problems steering
the drill hole within the seam will definitely bedky. These problems will
have to be faced by CBM project at Sudamdih.

3.3 Objective 3 Use CBM gas recovered from above mentioned wells rfo
vehicle refueling and power generation.

3.3.1 Expected outputs (as defined in the 1998 UNDP project document) :

31 Surface gas gathering system designed and connecting each of the vertically drilled
wells to a pipeline that will deliver the gas to a central location at Moonidih and
Sudamdih respectively

3.2 Surface gas gathering system designed and connecting each of the vertically drilled gob
wells to a pipeline that will deliver the gas to a central location at Moonidih and
Sudamdih.

33 Surface gas gathering system designed and connecting each of the underground
borehole manifolds to a surface pipeline that will deliver the gas to a central location at
Moonidih and Sudamdih

34 A small gas blending plant located at each of coal mines at which gas from the various
wellsis blended to meet end-use requirements.

35 An internal combustion (IC) stationary engine generator set with 1 MW installed
capacity at Moonidih mine.

3.6 A fully equipped and functional compressed methane fuelling station located at
Sudamdih, used to refuel coal dumper trucks, powered by engines that have been
converted to operate on methane.

In accordance with the change in the number ofsy€@utput 3.2 has been merged with
3.1. The methane recovered from the various welts inderground systems will be
piped and blended at a central collection poineath of the two mines, to be used
subsequently in a 1MW stationary engine generagtr far power generation at
Moonidih and for fuelling mine trucks at Sudamdilme following activities have been
completed:
» Design of the surface gathering and pipeline systéanthe vertical wells
and underground systems as well as procuremenatdrials (Out puts 3.1 -
3.3).
» Design of a low-cost gas blending station (Out34)
» Design of the gas re-fuelling station (compressat dispenser; Out put 3.6)
of course activities 3.1 and 3.2 are dependanbim uickly the new wells
are dug in the two locations.
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Considering that total programme of drilling thellweas envisaged is completed in
terms of gas production, a first rough estimateegigas production of around 21,000-
24,500 M per day at Moonidih and 3000°\at Sudamdih. The expected gas usage of
the 1 MW generator is 9000 - 10000 per day. Assuming a gas usage of 300per
truck the gas usage of the fleet of 10 mine trugkh conversion kits installed or gas
based engine mine trucks, its daily gas usagebeiB000 M per day. This implies that
of the combined gas production of say around 29@60only 13000 M per day will

be utilized. In line with the environmental objeetiof the project the surplus methane
gas either has to be flared or alternative uses habe found. BCCL should therefore
contemplate installing more generation sets, argecompressor and dispenser to unit
(for fuelling the trucks) or piping the gas to n@acommunities.

Alternatively, due to lack of gas marketing expatiBCCL may consider outsourcing
the distribution and marketing to suitably quatifi@gency.

3.3.2 ACHIEVEMENTS

» Considerable success has been achieved at Moaiiditvith successful electricity
generation since #7June, 2008 which is supplied to mine worker casnof
Moonidih. Gas from two wells is being harnessed dtactricity generation and
arrangement for power evacuation to more steady éda/Nater filtration plant is
under way.

* However at Sudamdih though horizontal drilling vesarted in June’2008 it could
not be continued due to problems of the Steering tdow all the arrangement for
gas compression for use by mine trucks are reday.start of recovery of methane
Is awaited.

* It is to be noted that all the gas utilization gument has been purchased locally
from Indian market and is working satisfactorily.

3.3.3 COMMENTS

» Slow pace of drilling of wells is seen as the maattle-neck for the progress of the
revised programme. The omission of the second wifitgertical and horizontal
drilling rigs and associate equipment from the ioag list has been a serious
omission. It is high time that implementing agemonsiders acquisition of more
drills to give necessary thrust to this extremedyeptial important energy resource
process.

» This objective was the easiest of the project dbjecas there was considerable
expertise available in India and the equipment irequwas also available as such
further strengthening of the gas utilization famk should not have been a
problem.

3.4  Objective 4 : Action plan for replication and CBM dearinghouse

3.4.1 Expected outputs (as defined in the 1998 UNDP project documents) :
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41 Report presenting methane production and cost-benefit analysis and recommendations for
future activities.

4.2 Action plan adopted by MOC to promote CBM methane recovery
4.3 A CBM clearinghouse located at CMPDI
4.4 Additional courses on CBM added to ISMU curriculum

The following activities have been completed:
» Analysis of production data and estimates of methgas content in the coal
seams of Moonidih and Sudamdih, as well as costfiieanalysis and impact
analysis, including greenhouse gas emission remtuestimates (Output 4.1).

» Development of an action plan for up-scaling of CBMivities in the project
areas and replication to other areas, includinglirement of private sector
(Output 4.2).

» Dissemination of project results (publications, katrops; Output 4.3)
* Integration of CBM in mining engineering course aratls (Output 4.4).
3.4.2 ACHIEVEMENTS

e All the four activities have been addressed fompytion of CBM activities. A
E-library has been made operational at CMPDI actearance house has also
been established (Out put 4.3). To strengthenatee & collaboration agreement
has been signed with United States EnvironmentgkPtion Agency (USEPA).
One CBM website has also been created
(www.cmmclearinghouse.cmpdi.co)in

e CIL/MOC has appreciated the tremendous commeroi@mial over and above
the mitigation of climate change in recovery andization of CMM from
working mines. Secretary, MOC has already direegd policy that CMPDI
should prepare plans for identification of suitablecks in CIL leasehold areas
for recovery of CMM in commercial manner and repiec such projects which
would be also entitled for carbon credits. Withaalcproduction of 456 mt in
2008-09 CIL with 85% of coal production, should the main focus (Out put
4.2).

e Around 193 coal blocks for captive coal mining hdeen allotted by MOC
where considerable numbers of those are amenakled@rground mining and
these have a very profitable potential for recovazMM in advance of coal
mining. These coal block owners have become awatgsoadditional potential
and are seriously considering recovery of CBM/CMM advance of coal
mining at the planning stage itself.

* As mentioned earlier additional courses on CBM (Qutt4.4) have been added
to ISMU curriculum as part of dissemination of kedge on CBM.
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3.4.3

3.5

3.5.1

As far as cost benefit analysis is concerned the@etion Report prepared by
the CBM cell, has arrived at the cost of the INBARNHr considering all the
cost incurred till Dec, 2008 on the project. Thasbeen loaded on the output of
the two gas wells successfully completed till thddte. This compares
favourably with the current power unit cost beingpglied to BCCL by the
power utilities despite the fact that various oimaet costs incurred by the
project are involved because of its being a “Derratisn” project. Details of
the computation of cost per kWHr is given in Annexik.

COMMENTS

The above review clearly show that this demonstnagiroject has been able to
bring clear verdict for favourable commercial vidapiof the methane recovery
in Indian mining environments. Before the projecswtaken up there were
some doubts as to the sufficiency of methane frodiah coal seams to make
the methane recovery as a stand alone profit ceftesse misgivings have been
fully laid to rest.

Gol/CIL has also finalized a policy to push forw&8M/CMM programme on
a fast pace by building suitable nodal points atRIM in form of Clearing
House, E-library and intranet connectivity, at CIRIin form of a Laboratory
testing center and at ISMU as the educational cemearting specialized
courses on CBM technology.

The techno-economic picture is quite attractivehvdiBM/CMM projects likely
to offer internal rate of return of the order of-28% meaning thereby that
entire investment will be recovered within 2.5-4agge With more experience of
handling the drills it is expected that cost of gasl should come down to
within 5 Crores making it possible to earn an IRRttee higher end of the range
given above.

COMMENTS ON SPECIFIC ISSUES

The report has already given the progress of e&tedour objectives, output
and activity and listed the achievement in eadeand given its comments/
systematically in each case. Taking the para 4 & e scope of Terms of
Reference, the comments on specific issues rareeaisaollows:.

PROEJCT FORMULATION ( Rating: Marginally Satisfacto ry)

It has already seen brought that there was not rfawghin the project set up as

such. This ‘Demonstration Project’ was intendeudd national capabilities in
the field of CBM recovery and utilization.

The objective, output and activities were clearlyrnfulated, achievable.
However there was a lack of details of the inputs:
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3.5.2

The project report mainly lacked essentials like bf equipment, their
technical specifications and a description of egquapt supply market i.e. it
was ‘conceptual’ in nature.

The costing of the project was very unrealistic erhaps contributed
somewhat by the gap of 4-5 year between projectigiom and actual
ordering of equipment. Specification of trainingeds was also vague and
insufficient in scope.

It will be necessary to keep in mind the geologmainplexity of the area
for making the choice of drilling technology (vesdi/horizontal). For
instance application of Inseam horizontal drillteghnology in Sudamdih
or for that matter any other complex area wherehaee friable strata,
steeply dipping beds, heavily faulted strata mape fdifficulty and drilling
operations will have to be planned and executedcmetsly.

There was lack of detailed time schedule for the@ous activities — though
overall life of the project was fixed for 5 yeafhe late kick starting of the
project, the induction of UNIDO and the drawl ofesgication took
extremely long time — possibly due to lack of figisuitable milestone for
monitoring over the progress of the project.

A project preparatory phase should have been a#ldchefore start up of
the project.

Similarly with respect to delay in equipment praauent this evaluation
team confirms the observation made by the mid tevaluation team that
selection of UNIDQO’s as procurement agency was raecb one but what
made actual procurement time taking was UNIDO’'Sdésimg and
contracting process and procedure were too rigidatadle purchase of this
type equipment. Particularly its inability to relidate the tender bids after
the tender period expired (120 days), lack of slgtanoney deposit, and the
precondition of allowing start of the tender anchtcacting process only
after it had received money in its bank accountrdgllt in delays.

From the way the tender process moved to five reurids obvious that
more experienced was called for to handle procun¢énoé specialized
equipments needed. The non response by equipmemiiess further
complicated the matter due to the fact of its beiwvgrwhelming sellers
market. The evaluation team feels that a such w@atgih would have
occurred no matter who the procurement agencies @ffsourse it would
be better that in future the UN System should retrally be involved in
procurement of such specialized equipment.

PROJECT IMPLEMENTATION ( Rating: Satisfactory)

The biggest hurdle that the project faced was & ghocurement of the

equipment. The overall delay of 64 months from steet of the project to

the start of first activity of drilling has alreadyeen explained elsewhere.
Once the equipment arrived at the site the impléatiem was quick and

satisfactory.

The plethora of organizations involved in the pco)@EF, UNDP, UNIDO,
GOl, MOC, CIL, CMPDI, BCCL, DGMS, CIMFR, ISMU, ONGE&tc on

32



the one side and the suppliers of equipment onatier side across
continents needed a complex project set up which twa our great
satisfaction survived all the vicissitudes. Overdlhe operational
relationships between the institution involved aoithers has remained
cordial baring few exceptions with some equipmampdiers who played
‘snakes & daggers’ with UNIDO. By and large teclahicapabilities
associated with the project were well absorbedhbyfield staff in India and
improved considerably with ‘on-job’ experience.

Though periodically monitoring committee met at hr@ject level and at
the national level, due to basic lacunae in thgeptoreport, there was
continued period of ‘fire fighting’ throughout th@oject period. Due to
this, the project completion date had to be defefrem 2004 to 2007 and
then to 2008 without achievement of even the tdaikisout by the revised
curtailed scope of the report. Mid-term evaluatimrmally scheduled for
2002 was also deferred to 2004 due the poor pregrethe project on the
ground.The monitoring system prov&atisfactory as it did bring out the
problems timely to the notice of project officiahich allowed them to
respond effectively to put the project back onrtie

As far as the stake holders participat{®tating: Highly Satisfactory) was
concerned all of them did their best vis-a-vis ntone problems that arose
in the implementation of the project. Despite coaiat of GEF/UNDP it
was commendable to see that GOl came up with additifunds and
manpower to overcome the hurdles and thus sudiaiprioject to bring to
its laid out goals/objectives

As far as the financial planninig concerned it has already been stated due
to various reasons including perhaps the time itst €ost estimate was
made in 1997 to the time orders for equipment pased were being
executed in 2005, a long time lapse of 6 -7 yeaas there which could
have contributed to the cost estimates being fouay below the actuals.
With International contribution being frozen, thelyoway for the project to
go ahead was by increased financial commitment&06y to the project.
Co-financing which was about 43% by GOI went up4f8 on the first
revision of the project cost to INR 92 Crores 02005 and has further
been estimated to go up to INR 124 Crores by 201® @Ol share rising to
63% of the total project cost. Of course the bulkh® increased cost is
meant to meet the manpower cost but a significaritip toward acquisition
of additional equipment. The above figures speakheir own on financial
planning. It is to be emphasized the project getetioverrun, the cost
element is difficult to keep down.

Despite the fact that the project was a “demonstratproject
" and hence entailed lot of expenses that wouldnoatally form part of a
commercial project (such as training, laboratorgragation, etc), the cost
of electricity generation at Rs 4.23/Kw-hr is quiéempetitive to the
commercial energy rate existing in India. With dyflcommercial project
this generation cost is likely to come down subtsily. It is obvious that
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CBM can sustain itself on its own. A quick estimatdicate that a CBM
project can yield a high IRR of 25 — 40% indicatinigh profitability of
exploiting CBM as a fuel source.

As far as execution and implementation modaliéiess concerned, this team
has little to state. Of the stakeholders triedrthest in trying circumstances
that this project faced. They all knew that the jggb was good for
everybody but none knew the pitfalls that they hivéace. Despite all the
ups and downs none can deny that it has laid d fmlndation to enable the
Indian coal industry to seize the opportunity ofldiag up a CBM industry
in the country. The biggest accolade goes to therrational partners for
coming forward to financially support the projeatdathen to the local
project personnel including GOI to make it a susced/ith the few
remaining jobs to be completed there is no doubtpitoject will be a path
breaking success.

3.5.3 OTHER SPECIFIC ISSUES ( Para 7 of Terms of Referers)

Vis-a-vis the expected situation at the end ofgt@ect, the main objective
of the recovery of CBM and its commercial utilizatiat Moondih was fully

achieved but at Sudamdih it could not be achievespite best efforts and is
likely to be achieved in 2009. Other objectiveshs capability of planning,

implementing and utilization have been fully acle@yv India today can

replicate such project.

Due to rigid rules governing GEF on the budget, ghgect as such has to
be fore closed with many objectives still to beiaebd. Fortunately seeing
the importance of the project to the country CIIN@C and Gol has come
up with additional funds to complete the project2®99 (or 2010).

The policy impact of the projedtas been very positive. All the players in
the coal/gas sector of the country are positivetheir approach to
CBM/CMM development. Already CIL is actively loolgrmat extending the
spread of CBM recovery to more areas under itsrobahd so also the new
coal block owners.

We have already dilated the commercial viability tbE project With
project authorities claiming cost of electricityngeation of electricity at Rs.
4.23 per KWhr in this “Demonstration project” viss#& commercial
electricity supply rate of Rs. 4.50 per KWhr to BIC@here is enough scope
to bring down the cost of electric generation stitét such project can
yielded an IRR of 25-40%. With projected cost oRIN Crores per well,
the IRR may touch the upper limit making the CBMjpct commercially
very attractive, even more than mining projectdsBeenario should lead in
short term to creation of a new subsidiary withioaCindia Limited (CIL)
exclusively looking after the CBM/CMM recovery auntilization.
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Use of CBM recovery and utilization equipment fae tfirst time at the
country needed a lot of work to updating the safetgulation and
equipmentapproval procedure. Constant interaction with DGHMSall
stages, even training their executives abroad iA b&s led to development
of many new procedure and safety regulations whidlhmake it easier for
replication of CMM project. Involvement of CIMFR @lSMU to this is
also to be noted.

Methane being a very potent GHG, its emission obritr atmosphere and
utilization as fuel has a major relevance to clinahange Both national
and international players have expressed interestarnessing CBM and
already 26 coal/lignite blocks in Indian coalfieliss been allocated. Project
is already influencing closer cooperation betweadidn Public sector
companies with ONGC and CIL joining hands in depehent of CBM in
two blocks one each in Jharia and Raniganj CodHiel

» Assuming the gas recovery system at Moonidih anda&dih (7
vertical wells, 1 GOB well and 3 underground loraiels) will produce
32,000n of CH, per day is sufficient to generate 3.5 MW eledtyici
this comes to about 11.5 MCM or 7626 tonnes of ggsyear. This is
equivalent to 160,151 tonnes of €®@he simple burning of methane
(flaring) would reduce annual GHG emission to 135f{50f CQ
equivalent assuming all GHotherwise would have escaped to
atmosphere. Further if this gas is used as a fiislwould lead further
to annual CQ reduction of 180,000 tonnes of @\lternately Diesel
would have to used. Thus overall €€duction could touch 340,151
tonnes per year for the wle project as envisaged in by the revised
project targets.

» Currently Moonidih is generating 500 KW of powens June’2008,
consuming on an average 2000per day i.e. saving 10000te of €O
from going to atmosphere plus using 4500p@r day of CMM gas for
power generation contributes to saving of 4292 ¢snof CQ per year.
Thus in last one year operation about 14290te of @ year has been
saved. On increasing the power generation to 1 M¥8,will double to
about 28500te of CO Considering USD 20 per tonnes, £€aved, the
project though currently not entitled for carboedit under CDM (due
its funding from grant by GEF/UNDP and GOI) but erthise the
project would have already earned USD280,580 analdweach USD
561,060 per_year when upgraded to 1 MW power @ioercapacity.

» As far as_the exit policys concerned, a decision was taken to continue
the project as GOI S&T project for completion ofe¥hremaining
objectives of CBM project. A management committdeg.( 2)
constituted of the following for supervision,dirigct and control of the
project:

i.Adviser (Projects), Ministry of Coal

35



i.CMD, CMPDI

iii.CMD, BCCL

iv.Director (Technical), CIL

v.Officer In charge of CBM Project at CMPDIL to beminated by
CMD, CMPDIL.

The Director (Tech/RD&T), CMPDI has subsequentlyedbenominated by the
Management Committee to act as Nodal Officer.

The Committee thus constituted has been assigeeiditbwing responsibilities:

Vi)

The Committee shall develop yearly programme augkwethe status of
projected activities on at-least quarterly basis keeep the Ministry
informed.

Technical and commercial evaluation of the impletaton of project and
identification of areas requiring further attention

Identification of location and replication of thechnology for CBM
extraction through departmental, JV or outsouraimgde in other areas of
Coal India.

Suggesting of measures to be taken by the coal aoiep/ government to
improve extraction of CBM/CMM as an alternative smiof energy from
working mine area;

To avail of services of expert as and when requifed smooth
implementation/continuation of the project. The exges for availing the
services of experts would be borne by BCCL as pereixtant rules of the
company;

To ensure proper manning of the project at all Iewecluding drilling,
extraction and distribution/utilization of CBM evahexpanded scale.

The overall project set-up is depicted as per Fig.Below:

PROJECT MANAGEMENT COMMITTEE
e Adviser (Projects), MOC
e CMD, CMPDIL
e CMD, BCCL
» Director (Tech), CIL
* OIC of CBM Project at CMPDIL
as nominatec

I
DIRECTOR
(TECH/RD&T)
CMPDIL
Nodal Director

\

A 4

IMPLEMENTING AGENCIES
CMPDIL & BCCL




Figure 2: Implementation arrangement as S&T prdpegond December, 2008

e As far as_information dissemination activitiaee concerned a Clearing House
has been established at CMPDI (HQ) at Ranchi. Eurhh ensure its smooth
growth a collaboration agreement has been signgd United States
Environmental Protection Agency, which will providenecessary
guidance/assistance to the officials of the clephause for the period 2009-11.

* Finally as far as the wider impact of the projentrational leveln terms of
power is concerned, harnessing of this additionakgy source will obviously
contribute to increased availability per capiteeagrgy of the local population.
It is well known that availability of commercial emy is important trigger to
faster economic development and hence a betteglstandard.

3.5.4 SOCIAL IMPACT ASSESSMENT

Besides environmental benefits and providing ckddiitional source of energy one of
the major priorities of UNDP/GEF for the projectsnfled by them are the social
benefits such as employment generation, poveréyialion and other social benefits
that is passed on to the people at local, regiandinational level. The Moonidih CBM
project is one of such projects where in funds Hasen provided by GEF/UNDP and it
is for this reason the social impact of this prbjeelaborated below:

= |t has to be borne in mind that Moonidih CBM prajé still in the nascent
stage and it will be rather premature to excepttspelar impacts at this stage.
But the silver lining in the horizon is quite cle&/hen the project attains the
desired goal it is bound to generate additional ggoand resultant additional
employment opportunities & social benefits in ra tistant future. Also CBM
gas surplus to power generation can be marketeddimestic use locally as is
being done by GEECL in Raniganj coalfield creatibgsiness and job
opportunities at local level.

= But even if we look to what the project has achitegen at this stage there is
enough to rejoice. It has brought valuable smilehumdreds of faces in
Moonidih who now enjoy uninterrupted power supphyg ajood voltage in their
homes. In this connection some workers selecteth fiandreds of those who
now get power supply from CBM project were intewssl by the consultants
on 14.05.2009 at Moonidih project site. The findwigtalk held is mentioned
herewith for information.

1% Beneficiary:
Name — Shivanand Ram, Age 38 years,

Filter Mechanic, 16, D.M. Colony

Mr Ram stays in the colony with higevand two children.
2" Beneficiary:
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Name - Satyanarayan Prasad, Age 42 Years
Electrician
A-36, CPP Colony
Mr Prasad stays in the colony with Wife and two children.

3" Beneficiary:
Name — Jamal Khan, Age 48 years
Qr. No. 22, D.M. Colony
Mr. Jamal Khan has three daughterscaredson besides his wife staying in the
colony.

4" Beneficiary:

Name — Amrit Lal Bauri, Age 39 years
Foreman,B- 28 CPP Colony
Mr Bauri stays with his wife and twiildren.

The face of all the workmen brightened when asletbdow they felt about the CBM
project light they were enjoying. They expressedirttextreme happiness to get
uninterrupted power supply and good voltage alltiime. This light helped their family
immensely in cooking, enjoying T.V/Radio programmeesd other domestic work.
Most importantly their children are able to give madime for their studies and home
work. All the interviewed worker were thankful tbet project for this facility (CBM
power) and that all sang in unison that more suofepts should come up and light up
other homes else where also.

The team was particularly amazed to know the avem®nf the Beneficiaries about the
environmental benefits of CBM power.

It may also be incidentally mentioned that the CBiMject at Moonidih was officially

inaugurated by the Union Minister of State for Cdéhdependent charge) on
26.06.2009 who has lauded the coming up of thigept@nd availability of additional

clean source of energy from the project. Some mrafths taken while interview of
power beneficiaries at Moonidih was being taken thg consultants are placed
herewith along with News clipping appearing in Tedph, Jharkhand dated
27.06.2009 following up Minister inauguration of MBpower for industrial use on
26.06.20009.

38



PHOTOGRAPHS OF BENEFICIARIES OF CBM PROJECT WHOSE
INTERVIEW WAS TAKEN BY CONSULTANTS .

News Clipping on CBM Project, Moonidih as appeaiimd elegraph, Jharkhand, dated
27.06.09
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Jaiswal Flags off Methane Project

Union Minister of state, Independent charge, C8al Prakash Jaiswal today officially
inaugurated the coal bed methane (CBM) project b&rBt Coking Coal Limited
(BCCL) at Moonidih in Dhanbad.

The electricity generated by the Moonidih plantiviié used to supply water from
Kapalghat area to the different colonies of BCCLrkeos. For the past one year, the
plant had been supplying electricity to light upubes of more than 300 coal workers
on a trial basis.

Jaiswal also laid the revival stone of the capgigever plant in the colliery that has the
capacity to generate 20MW electricity. This plamtinique in the sense that it uses the
wastes of coal washery to produce electricity.altl neen functioning for a long time
but remained closed due to a number of reasorabiout a decade.

Speaking on the occasion, Jaiswal said that CBNOgaove to be an important source
of energy.

“The development of the country cannot take placthaut energy”, said Jaiswal,
adding that the project could also a play a pivosé in helping BCCL make up its
losses.

Speaking about the goals that the central goverhinas set for itself, he said that
massive industrialization is one of the priorities.

“After the Lok Sabha election, the government hagmrged stronger and no injustice or
atrocity of any type will be tolerated anywherdhe country”, Jaiswal warned.

This was Jaiswal’'s maiden visit to the state afiemg elected to the Lok Sabha
recently.
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4.0 OBSERVATIONS & RECOMMENDATIONS

4.1

4.2

4.3

4.4

In the era of scarce energy resources vis-a-visddémand of the growing

population and rapid industrial development in twuntry this project has

brought to the fore an additional clean fuel resesrwhich has the potential to
contribute significantly to the energy basket of tountry. The initiative taken

by the Gol in collaboration with GEF/UNDP for taginp this project of Coalbed
Methane (CBM) recovery and commercial utilizatigopear to be an outstanding
thing to happen in Global efforts to mitigate thel@ and resultant environmental
degradation.

Despite substantial delays the project has beeeragty successful in achieving
the laudable objective of utilizing this clean smurof energy with all round
benefits in terms of improving the safety, effiagnand economics of mining
operations concurrent with environmental benefits.

The project has brought to the country state-ot@chnology for planning and
execution of such projects in Indian conditions.

It is expected that this project will be a fore menin generating useful data on
CBM recovery and utilization besides imparting exgrece and confidence in
Private and Public investors in India to replicaech projects for gassy
underground mines and substitution of coal & didseutilization of CBM in its
place.

It may be mentioned that during discussions at DL 1" May 2009, MOC has
confirmed that they would continue to have suchegats in future also.

CMPDI the main implementing agency along with thertper BCCL should
continue the CBM project in Moonidih, and othearts of Jharia Coalfield such
as Jarma, Singra etc.

The project has suffered long delays due mainlynder provisioning in the
budget which had to be met by downsizing the remoénts of the project
equipments and work programmes requiring repeatadifioations in the project
profiles. This necessitated fresh approvals andemquent delays. It is certainly
not the intention to criticize and find faults withe Project Report of UNDP/GEF
consultants. On the contrary consultants analykithe project details indicate
that provisions of equipments was rightly madeéh@ PR The only thing that
possibly missed was providing a mechanism for egstlation in the event of
delay in procurement for a highly specialized niohequipments in India .

Project Report had rightly made provisions for @2tical and 02 horizontal drills
for the project. These were reduced to 01 in easle clue to fund crunch. Itis
felt that availability of the same numbers of drirovided in the P.R. would have
definitely helped in faster execution of the dnifJi programme and the CBM
Project activities.
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4.6

4.7

4.8

The project report does appear to be a concepypal tA follow up detailed
exercise would have helped. Possibly sufficientetinvas not available to
International consultants to draw out detailed mécdl specifications, realistic
procurement schedule, cost of equipments and warktket scenario of
availability of equipments and commissioning iniardconditions.

The choice of appointing UNIDO as a procurementagehough done in the
best interest of the project because of their warfldexperience, in this case
proved in retrospect a major constraint. The prex@ant procedure of UNIDO

was found to be quite rigid and at times inadequatdace the threats and
challenges of prevailing international sellers nearkThe absence of penal
provisions in UNIDO rules to bring to book erramtdadefaulting bidders has
been a serious handicap in procurement processleBigave even backed out
after making supply commitments and remained ses-fin absence of

provisions asking Bank Guarantee/Earnest moneyretc them. Also suitable

price escalation and flexibility in tender procegswould have helped in price
negotiation process and equipment procurement.td&@ earnestly hopes that
UNIDO will take these suggestions positively.

During discussions with ONGC officials at Bokaronias gathered that they are
facing considerable difficulty in acquiring land feach CBM well (1 hectare land
required per CBM borehole). This is primarily due inflated claims of
compensation and job by several persons who didemeh possess ownership
title of plot. Relevant details of ownership weret reven available in the
government records. The problem of payment of corsgion intensifies in
laying pipe lines and approach road constructiorr@lin several plot of land are
involved.

They were of the view that horizontal, surface nseiam multilateral under
balanced drilling, CBM well can substantially redube land acquisition problem
besides giving following other advantage:

1) No hydraulic fracturing

2) Higher well productivity rate which could be 1020 times more than

the rate of conventional vertical wells.

The consultants feel that while surface drillingbafreholes could continue, the
technology of horizontal multi lateral boreholesoshl also be simultaneously
perfected along with that of surface drilling ofrbboles.

While excellent work is already being done by CMRDIimplementing CBM
well drilling at Moonidih it may further help if séices could be acquired of a
consultant who has wide experience of planning madagement of exploration
projects in Jharia coalfield. He should have intenknowledge of CBM
occurrence in Jharia coalfield and elsewhere also itlentifying future
CBM/CMM potential blocks for exploration in Indiaroalfields.

CBM operations should be continued in other blodts Damodar Valley

coalfields and other coalfields of India with thbjextive of replication of this
technology and generating enough power for coainginperation by CIL. One
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4.9

could possibly look for eventual establishment separate company within CIL
to look after the interest of CBM development imifields, under CIL command.

In terms of providing fund in the Project Repont Toaining of the Personnel, it is
felt that the right policy would have been to expasfew selected personnel to
long and detailed training to make these selecgeglgmnel sufficiently competent
to train other in operational work for efficient plementation of the project has
given on the job training to executives and noncekges of CMPDI/BCCL to
implement such projects elsewhere also.

4.10 It has also substantially upgraded the courseystudCBM studies in the Indian

School of Mines University. The capabilities of GFR has also been
substantially improved to carry out laboratorieadss and testing on much
greater scale than that existed before CBM prajecter review was taken up.
The progress achieved by ISMU in developing advaimeses on CBM and by
CIMFR in developing modern laboratory facilitiesr fdetermining in-situ gas
content, permeability and porosity of borehole esorand construction of
adsorption isotherms, (all these tests being reduifor determining CBM

potentiality). These have generally been an outcantk bear close relationship
with the CBM project under implementation at Jhac@alfield. These are
welcome steps and the endeavor should be to dorvadditional capacity build

up for testing and technology upgrading by CIMFRuridg discussions with

CIMFR officials on 15.05.2009 at Dhanbad it hasrb@ssured by them that
Adsorption Isotherm apparatus which was originattheduled to be procured in
October, 2000 would be procured in next 2-3 months.

4.11 After executing the drilling programme as envisageav the gas production of

21000 - 24500 M per day at Moonidih and 3000°Mper day at Sudamdih (as
against earlier 10-12000 cum) will be achieved. seh¢ogether will total to
around 24000 - 27500 per day against the present planned use of 920000
M? per day for 1 MW generation at Moonidih and thaB600 M per day at
Sudamdih totaling to around 13000° Mer day. This will imply that alternative
use of surplus CBM will have to be thought off mstalling more generating
capacity and or by marketing the gas for other esa@utsourcing the marketing
to a suitable agency can be considered for thegserp

4.12 A detailed flow chart of all project activities ilwating clear time frame for all

activities should be drawn after full analysis afget vis-a-vis technological,
manpower (including specifically trained) and budgeguirements. This has to
be prepared taking into the account the likely tansts and solutions thought
off. The completion of activities should be mongdrand flow chart updated
accordingly

4.13 UNIDO has indicated that the supplier of the Stegriool M/s RSS, UK is

highly unreliable. This company has proposed thet ebaring for Directional
drilling expert during installation and re-commasing of the steering tool along
with underground drilling unit. The undergroundlidrg has already suffered
tremendously due to delayed supply and repeatédrdanf steering tool during
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commissioning at mine. It is felt that there is point in waiting any longer.
Instead CBM Project should take action to procumoti@er tool from
internationally reputed manufacturer with adequatplementation and training
safe guard.

LESSONS LEARNT

The project has come at very appropriate time wherld is clamoring
for measures to check climate change,@howerful GHG, released due
to mining into atmosphere, if captured and utilizemlld act as an energy
source and reduce global warming and mining harardnderground
mines.

Successful completion of project at Moonidih hakated the national
capability of CBM/CMM recovery technology and bréwigt at par with

international practices.The data generated by ttgeqt has clearly
established that CMM recovery from Indian coal basi commercially

possible in a viable and profitable manner.

Upgrading of lab facilities at CIMFR Dhanbad andllsif the scientific
personnel at CIMFR and CMPDI has provided the meisiha for testing
of coal cores in the country and predicting gaglace & reservoir in
model for taking investment decision in large scakM/CMM recovery
and utilization projects. Induction of CBM as a gab in ISMU will

provide know how for geologists/engineers to expland exploit CMM
in advance of coal mining.

The constraint faced by the project has broughhéofore the pit falls to
be avoided while formulating future projects. Peon for a detailed
project report, detailed design, specification @fiipment list of supplier,
proper time schedule with major milestone cleangthllghted is a must.
Mechanism for budget revision particularly over dogestation project,
adoption of even-handed procurement procedure whiteaining open
and fair but requiring suitable penalty clauserfon-serious suppliers.

A greater emphasis on in-house training of the grersl with assistance

of equipment suppliers will be key factor in fasexpansion of the
technology in India.
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ANNEXURE- |

TERMS OF REFERENCE FOR TERMINAL EVALUATION
UNDP/GEF PROJECT 00012918 (IND/98/G34)
COALBED METHANE RECOVERY AND COMMERCIAL UTILIZATION

SCOPE OF THE EVALUATION — SPECIFIC ISSUES TO BE ADDRESSED

The scope and outline of the evaluation is as\glo

1. Executive summary

. Brief description of project
. Context and purpose of the evaluation
. Main conclusions, recommendations and lessonsddarn

. Introduction

. Purpose of the evaluation

. Key issues addressed

. Methodology of the evaluation
. Structure of the evaluation

3. The project(s) and its development context

. Project start and its duration

. Problems that the project seek to address

. Immediate and development objectives of the project
. Main stakeholders

. Results expected

4. Findings and Conclusions

In addition to a descriptive assessmentcidieria marked with (R) should be rated using the
following divisions: Highly Satisfactory, Satisfacy, Marginally Satisfactory, Unsatisfactory

4.1.Project Formulation

. Conceptualization/Desig(R). This should assess the approach used inrdesig
and an appreciation of the appropriateness of proldonceptualization and whether
the selected intervention strategy addressed thtecenises and principal threats in the
project area. It should also include an assessaoighe logical framework and whether
the different project components and activitiesppsed to achieve the objective were
appropriate, viable and responded to contextuditutisnal, legal and regulatory
settings of the project. It should also assess ititgcators defined for guiding
implementation and measurement of achievement amether lessons from other
relevant projects (e.g., same focal area) werepurated into project design.

. Country-ownership/DrivenessAssess the extent to which the project
idea/conceptualization had its origin within naagnsectoral and development plans
and focuses on national environment and developimaarests.

= Stakeholder participatiofR) Assess information dissemination, consultation
and “stakeholder” participation in design stages.
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= Replication approachDetermine the ways in which lessons and expesgnc
coming out of the project were/are to be repédabr scaled up in the design and
implementation of other projects (this also relate actual practices undertaken
during implementation).

. Other aspect® assess in the review of Project formulation apphes would
be UNDP comparative advantage as IA for this ptpje consideration of linkages
between projects and other interventions within ¢betor and the definition of clear
and appropriate management arrangements at thgndgape.

4.2. Project Implementation

= Implementation Approach(R). This should include assessments of the
following aspects:

(i) The use of the logical framework as a managerwen during implementation and
any changes made to this as a response to chas@udgions and/or feedback from M
and E activities if required.

(i) Other elements that indicate adaptive managersech as comprehensive and
realistic work plans routinely developed that reffladaptive management and/or;
changes in management arrangements to enhancariemkgion.

(iif) The project's use/establishment of electromimrmation technologies to support
implementation, participation and monitoring, aghae other project activities.

(iv) The general operational relationships betwteninstitutions involved and others
and how these relationships have contributed teect¥le implementation and
achievement of project objectives.

(v) Technical capacities associated with the ptojand their role in project
development, management and achievements.

= Monitoring and evaluatio(R). Including an assessment as to whether thexe ha
been adequate periodic oversight of activities muimplementation to establish the
extent to which inputs, work schedules, other nemliactions and outputs are
proceeding according to plan; whether formal evi#tdna have been held and whether
action has been taken on the results of this mengm@versight and evaluation reports.

= Stakeholder participation(R). This should include assessments of the
mechanisms for information dissemination in projegblementation and the extent of
stakeholder participation in management, emphasikia following:

(i) The production and dissemination of informatgemerated by the project.

(il)Local resource users and NGOs participatioprioject implementation and decision
making and an analysis of the strengths and wea&rasf the approach adopted by the
project in this arena.

(iif) The establishment of partnerships and coltalive relationships developed by the
project with local, national and international &a8 and the effects they have had on
project implementation.
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(iv) Involvement of governmental institutions imopect implementation, the extent of
governmental support of the project.

= Financial Planningincluding an assessment of:

() The actual project cost by objectives, outpatdivities

(i) The cost-effectiveness of achievements

(i) Financial management (including disbursemeaties)
(iv) Co-financing

" Sustainability Extent to which the benefits of the project witintinue, within
or outside the project domain, after it has comartend. Relevant factors include for
example: development of a sustainability strategstablishment of financial and
economic instruments and mechanisms, mainstreamingect objectives into the
economy or community production activities.

" Execution and implementation modalitiesThis should consider the
effectiveness of the UNDP counterpart and Projecbfilination Unit participation in
selection, recruitment, assignment of experts, woasts and national counterpart staff
members and in the definition of tasks and respiites; quantity, quality and
timeliness of inputs for the project with respecekecution responsibilities, enactment
of necessary legislation and budgetary provision extent to which these may have
affected implementation and sustainability of thejétt; quality and timeliness of
inputs by UNDP and GoC and other parties respomditd providing inputs to the
project, and the extent to which this may havecaf@ the smooth implementation of

the project.
4.3. Results
= Attainment of Outcomes/ Achievement of objectiveR): (_Including a

descriptionand rating of the extent to which the project's objectivesvimnmental
and developmental) were achieved using Highly fatisry, Satisfactory, Marginally
Satisfactory, and Unsatisfactory ratings. If thej@ct did not establish a baseline
(initial conditions), the evaluators should seekiétermine it through the use of special
methodologies so that achievements, results andategan be properly established.

= This section should also include reviews of théofeing:
= Sustainability Including an appreciation of the extent to whichnddés

continue, within or outside the project domain afi&F assistance/external assistance
in this phase has come to an end.

. Contribution to upgrading skills of the nationadfét

5. Recommendations
= Corrective actions for the design, implementatiomnitoring and evaluation of the

project
= Actions to follow up or reinforce initial benefitikom the project
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» Proposals for future directions underlining maifeckives

6. Lessons learned

This should highlight the best and worst practicesaddressing issues relating to
relevance, performance and success.

7. Evaluation report Annexes
= Evaluation TORs
Itinerary
List of persons interviewed
Summary of field visits
List of documents reviewed
Questionnaire used and summary of results
Comments by stakeholders (only in case of discrgpanwith evaluation
findings and conclusions)

In addition to elaborating on the categories listedtem I, the evaluation team should also
comment upon the following specific issues:

« Report on the progress against each Objective,atpd Activity (including sub-
activities) listed in the project document. How flae project has met with the overall
objectives and how will these be completed beydma life of the project, i.e. 31
December 2008. The indicators in the logframe shd# used for assessing the
progress;

* On Page 7 of the Project Document is listed thepd€exed Situation at the end of
the Project”. A commentary is required on this;

e Policy impact of the project, if made, on the Chthe Methane and Coal Bed
Methane sector, including any change in decisiokimgaat the MoC level, if any

happened. Whether offering the CBM blocks by Me@nicontinuation/ or as a result
of this project;

e Equipment procurement being a major component efpitoject, a commentary
may be provided on the equipment selection, théajlequipment scenario and the
adequacy/inadequacy of the equipment budget, if any

e Comments on the processes/procedures explainingysieh procurement of
equipment;

 Comment on the “Exit Policy” of the project and hdole future administrative
arrangements will be in place for completion of a#mng activities once GEF and
UNDP funding is withdrawn beyond 31 December 2008;

* Enabling ground created as a result of this profectCBM replication in the
country, including interest shown by the privatetsg if any.

e« Comments on the Commercial viability of the CBMaeery and utilization and

how the scenario looks like (with or without theojeict). A data generated by the
project authorities in the form of Project CompetReport needs to be validated.
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« Enabling conditions created as a result of theeatojor new safety protocols/
standards established/land-marks crossed, if any. any equipment clearance
procedures by Director General Mine Safety haven lse@plified as a result of project
intervention;

e Comments on how the GEF's overall objective of @heeise Gases Emission
reduction will be met with — (1) during the life thfe project; and (2) for the replication
potential. A data generated by the project autiesrthrough the Project Completion
Report needs to be validated;

« Capacity building generated, the approach adopted its impact on the sector —
for replication or otherwise, including the confide level of Implementing Agencies
to handle the unfinished agenda of the projecttaraérry on replication activities;

e Trainings received and its impact;

* Problems of the project, if any, relating to projéudget, equipment listing/
surveying, adequacy of training budget;

e Appropriateness of the institutional arrangemertt ahether there was adequate
commitment to the project. Will the project betsirsable on its conclusion?

e Utilization of resources (including human and fioat) towards producing the
outputs and adjustments made to the project stestegd scope;

« Amount of co-funding (Gol, UNDP and others) anditpact on the activities;
» Comments on Information dissemination activitiedenaken for the development
and benefit of the sector, including establishimg €learing House and Library and the
role played by the stakeholders in the project.
* The team is expected to write and include a SucBéss/ (not more than two
pages) after interacting with the mining communityeneficiaries/ beneficiary
organizations that can be useful for the advocacpgses.
Cross Cutting Issues:
Considering that UNDP is concerned about povergucgon, local governance and
promotion of gender equity, the team may look aséhcross-cutting issues and comment if

the project had any linkages and any achievemettiese objective has been through.

The team is free to include any other additionahew®nts that are felt worth reporting.
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ANNEXURE- I

ITINERARY OF THE EVALUATION MISSION
10.05.2009
e Departure of Dr. R. P. Verma from Ranchi and atratdDelhi Airport by Flight No. IC
810

11.05.09
* Joined by Dr. M. M. Seam at Delhi.
* Meeting with Mr. S. N. Srinivas Programme OfficexdaAnil Arora, Asstt. Programme
Officer, UNDP
¢ Meeting with Mr. N. N. Gautam, Project Advisor-CBM
e Meeting with Mr. Pankaj Srivastava, M & E AnalystiNDP
* Meeting with Mr. Philipe Scholtes, Regional Direc8 Representative, UNIDO
* Meeting with Dr. S. P. Seth, Special Secretary, M&Qlational Project Director
e Mr. P. R. Mondal, Advisor (Projects), MOC

12.05.09
» Departure from Delhi & Arrival at Ranchi by Fligh€@ 809
¢ Meeting with 1) Mr. A. K. Dhar, Chief Project Marexg CBM Project 2) Mr. Rajiw
Lochan, Suptdg. Geologist, CBM Project, 3) Mr. R. 3, Finance Manager, CBM
Project.

13.05.09
e Departure from Ranchi for Dhanbad
¢ Meeting with 1) Mr. C. K. Prasad, Group GM & Prdjddanager, ONGC 2) Mr.
Chakravarti, CE (Drilling), ONGC, 3) Mr. Partho SeZhief Geologist, ONGC. 4) Mr.
Shafi, SE (Production), ONGC
* Visit to ONGC'S workshop of Hydro-fracturing & Cem@tion Units

14.05.09

e Visit to Moonidih Project & meeting with 1) Mr. K. Nigam, GM, Moonidih, 2) Mr.
P. Kumar, Nodal Officer, CBM Project, Moonidih, B)r. Shambhu Prasad, Suptdg.
Engineer (Drilling), Nodal Officer, CBM Project BAC 4) Chief Surveyor & other
staff of Moonidih Project.

* Visitto CBM well sites.

» Visit to CBM based Generator Station at Moonidih

e Interviewing of following 4 workmen of Moonidih tidicit their views on CBM power
supply arrangement at Moonidih:
0 Shivanand Ram, No. 16, D. M. Colony
0 Satya Narayan Prasad, Electrician, A-36, CPP Colony
0 Mr. Jamal Khan, Qr. No. 22, D.M. Colony
0 Mr. Amrit Lal Bauri, Foreman, Qr. No. B-28, CPP Go{

15.05.09
e Meeting with Prof (Dr.) Atul K Varma, Deppt. Of Aped Geology, ISMU
e Meeting with
1) Dr. Amlendu Sinha, Director, CIMFR
2) Dr. A. K. Singh, Scientist and Head, Methane €3in and Degasification
3) Dr. V. A. Mendhe, Scientist (CBM/ Coal Geolog@IMFR
4) Dr. Harendra Kr. Singh, Scientist, CIMFR
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¢ Meeting with Mr. R. B. Chakravarti, Dy. DG (Cent#&bne), DGMS
* Meeting with Mr. Rakesh Sinha, Director (Tech/Opierss), BCCL

16.05.09 (Saturday)
Reporting and departure from Dhanbad & arrival atéhi

17.05.09 (Sunday)
Reporting & departure of Dr. MM Seam from Ranchifsight No. IC 810 and arrival at Delhi

26.05.09
* Arrival of Dr. M. M. Seam at Ranchi from Delhi byight No. IC 809
e Joined by Dr. R. P. Verma at Ranchi
¢ Meeting with 1) Mr. A. K. Dhar, Chief Project Marexy CBM Project 2) Mr. Rajiw
Lochan, Suptdg. Geologist, CBM Project & 3) Mr.\R.Sur, Finance Manager, CBM
Project.

27.05.09
* Meeting with Mr. A. N. Sahay, Director (Tech/RD&TGMPDI, RAnchi.
» Discussions & Preparation of Report with CBM Projefficials at CMPDI, Ranchi
continued.

28.05.09
* Meeting with Mr. A. K. Singh, Chairman-cum-ManagiBgector, CMPDI
* Reporting continued.

29.05.09
¢ Reporting continued.
e Departure of Dr. M. M. Seam from Ranchi on 29.05%99C 810 for Delhi.

30.05.09 to 06.06.09
* Independent home based reporting by Dr. MM Seamedli and Dr. RP Verma at
Ranchi

07.06.09 (Sunday)
* Arrival of Dr. MM Seam from Delhi to Ranchi by FhigIC 809
e Joined by Dr. R. P. Verma at Ranchi

08.06.09
« Discussions and Preparation of Report with CBM &ubpfficials at CMPDI, Ranchi

09.06.09
« Discussions & Preparation of Draft Report at CMPRanchi continued.

10.06.09
e Finalization of Draft Report at CMPDI, Ranchi.
* Departure of Dr. M. M. Seam from Ranchi by IC 8b0 Delhi.

11-12.06.09
e Continuation of Draft Report Formulation by Dr.SeatDelhi and Dr. Verma at
Ranchi
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16-18.06.09

* Finalization of the Draft Report by Dr.Seam at Delhd Dr. Verma at Ranchi and its
submission to UNDP

26 & 29.06.09

e Dr. Verma visited CMPDI for work on Social Impacsgessment

30.06.09 — 04.07.09

» Finalization of the Final Report by Dr.Seam at Delid Dr. Verma at Ranchi.
10.07.09

e Submission of Final Report
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10.

11.
12.

13.

ANNEXURE-III

LIST OF DOCUMENTS REVIEWED

Project Report No. IND/98/G34/A/1 G/A/1 G/99 of UIRDGEF on Coalbed
Methane Recovery and Commercial Utilization.

TOR

Mid Term Review Report of the UNDP/GEF Project 19BIG34 : Coalbed
Methane Recovery and Commercial Utilization by JNan Don Akker,
International Consultant & A. K. Dube, National Gatliant (Final Version —
17xi.04)

Completion Report on UNDP/GEF/Gol (Project No. I9BIG-34 &
MT/S&T/CE-27 on Coalbed Methane Recovery and ConsrakUtilization.
Mandatory Guidance & Evaluators of UNDP Programme

Minutes of the National Steering Committee Meetings

Minutes of Tripartite Review Meeting — UNDP/GEF e IND/98/G34 held
at New Delhi on 11 Dec.’2000.

Minutes of Tripartite Review Meeting — UNDP/GEFoferct IND/98/G34 held
at New Delhi on 11 Dec.’ 2002.

Highlight of CBM Project for the year 2008-09 (paepd by CMPDI)

Progress Report of UNDP/GEF/Gol CBM Project for tmeonth of
November'2008 to May’'2009.

CMPDI Director's Report on UNDP/GEF/Gol CBM Projdéot 2008-09

Minutes of £' meeting of the UNDP/GEF/Gol CBM Project Management

Committee held on 29April'09 at BCCL, Dhanbad.
UNDP, New Delhi Mission Report Summary dated 2881y Mr. Anil Arora
for the period 16.11.2008 to 20.11.2008
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ANNEXURE-IV

Updated Status of CBM Project Equipments Procuremen(as per CBM Project
Completion Report)

1.0Procurement oSurface Vertical well CBM recovery equipment by procurement
agency UNIDO and services by CMPDI

Pkg | Equipment Original Date of| Date of supply| Original | Final Cost| Remarks
No procurement Budget (US$)
11 | Vertical Drill Rig Unit Oct'2000 August, 2004 2,3096 | 2,241,821
12A | Drill Collars & Stabilizers| Oct' 2000 January, 2005 139,487 ggg:”z’gsgéoned in
12B | Drill Pipes Oct' 2000 April, 2005 267,535 278,427
13 | Drill Bits Oct' 2000 January, 2005 130,000 126,181
17 | Cementation Unit Oct' 2000 June, 2003 880,600 @ERD, Commissioned in
Dec’2003
18 | Casing Oct' 2000 May, 2005 185,6P0 180,199
19 | Geophysical Logger Oct' 2000 October, 2007 651,7(0948,936| Services hired
USD344,913 paid
by
UNIDO, balance
borne by CIL
20 | Hydro-fracturing Unit Oct' 2000 June, 2003 4,359,25 4,359,25 EO[;nSISSioned in
b
21 | Pumping Units Oct' 2000 November, 540,000 524,323 Commissioned in
2005 June/Oct’08
22 | Well Head & Frac Valve| Oct' 2000 June, 2003 10%,f2 105,727

2.0Procurement ofUnderground Long hole CMM
procurement agency UNIDO

recovery equipment by

Pkg | Equipment Orig. Date | Date of supply Original Final Cost| Remarks
of
No procurement Budget (US$) | (US$)
1 | Long Hole Drill Unit | Jan’2001 February, 2006 92000 9,25,885 Functionality test done
in December, 2007
3 | Down hole motor Jan’2001 October, 2005 82,400 305
4A | NQ Drill Rods & Jan’2001 November, 2007 70,257 70,257
Accessories
4B | Steering Tool &| Jan'2001 June’08 360,500 416,48€ommissioning
Accessories attempted in July’08
and September’08
without any success
5 | Drill Bits Jan’2001 August, 2002 18,100 18,100
9 | Production Jan’2001 October, 2005 85,900 79,291
Equipment
Accessories
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3.0Procurement offab equipment by procurement agency UNIDO

Pkg | Equipment Orig. Date of Date of supply| Original Final Cost| Remarks
No procurement Budget US$ uss$
23 | Echo meter October, 2000 Dec’ 2002 21,057 20,444
25 | Whole Core October, 2000 June, 2003 153,574 153,674
Permeameter
26 | Equilibrium Moisture | October, 2000 January, 2003 10,914 10,595
Apparatus
4.0Procurement offab equipment by procurement agency CIMFR
A A * T - A
Pkg | Equipment ?c:z:%reDgt:n?f Date of supply Original LFjlggl Cost | Remarks
No P Budget US$
35 | Adsorption Isotherm | October, 2000 94,584 84,584 | Ordering
Apparatus Unit under process

*

During discussion with CIMFR on f5May, 2009 it has been confirmed that the equipnséall be
procured in the coming 2 — 3 months.

Equipments Original Date of Date of supply Original Final Cost | Remarks
procurement Budget US$ uss

Mobile field October, 2000 November, 200% 35,000 18,576 Running
desorption Lab
Gas Chromatograph October, 2004 November, 2005 06,9 16,779 Running
5.0Procurement oftilization equipment by procurement agency UNIDO

Pkg | Equipment Orig. Date of Date of supply Original Final Cost | Remarks
No procurement Budget (US$) | (US$)

6A | Gas Control Units | January, 2001 June’08 230,000 277,866 Dec'08 (for

) Underground well)
(for vertical well)

6 Surface Exhausters January, 2001 October, 2002 2325, 145,252 Part supplied
&thereafter party
went bankrupt

Pkg | Equipment Orig. Date of Date of supply Original Final Cost | Remarks
No procurement Budget (US$) | (US$)

7 HDPE Pipes April, 2002 Dec’2004 165,000 160,208

8 Fusion Machine April, 2002 March, 2007 48,250 47,810 Commissioned in
May, 2007

10 | Safety System January, 2001 October, 2005 26,900 ,1227

24 | Gas Gathering October, 2000 October, 2005 47,5p0 41,446

Collection System
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6.0 Procurement otilization equipment by procurement agency CMPDI

Equipments Original Date of supply | Original | Final Cost Remarks
Date of
procurement 5;¢%g)et (INR)
Gas Based Power March,2002| August, 2007 | 140,00,000 187,54,000
Generators
Gas Compression and | June, 2002 March, 2008 144,00,000 96,68,000
Refueling Unit with
Dispenser
Gas based engine trucksOuly, 2002 December,2008  82,00,000 Under
tendering

Conversion kits
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Financial Planning Co-financing

ANNXU

RE- V(A)

Co financing
(Type/Source

IA own Financing

(mill US$

Government

(mill US$

Other*

Total
(mill US$

Total Disbursemen

(mill US$

Planned

Actual

Planned

Actual

Agenc

yPlanned

Actual

Planned

Actual

Planne

2d  Actud

- Grants

ONGC
CIL

2.699
0.30

5.714

5.714

GEF
UNDP

9.198
1.210

9.198
1.210

18.082

20.82

18.11

- Loans/

Concessional
(compared to
market rate)

- Credits

- Equity
- Investments

- In kind
support

- Others

Total

2.999

5.714

5.714

10.408

10.408

18.082

20.8

18.11
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ANNEXURE V(B)

Revised Cost Estimate 2009 Summary 2009
Additional | Estimates RCH Variance RCE
Source Estimates as per RCE Existing Expenditure up to Balance Provision Dec'08upto Dec'08 (up to
(June'04) Dec'08 beyond Dec'08 Dec'09 dec'OQ;)
& upto Dec'09 Overall Varinace to dec'09 due to
Annexure References of the respective
columns Annexure ||
A B c F G I=G-B
. . . . . . Exchange
. in Equivalent . in Equivalent | . in Equivalentm . ) . . Change In )
inRs. Crs mUSD in Rs. Crs. mUSD in Rs. Crs. USD in Rs. Crs. in Rs. Crs. in Rs. Crs. EscaIang{:]ope/Addmon F\’_atg Deletion
Variation
UNDP-CCEF (Intl Experts
etc) 5.4% 1.21 5.36 1.19 0.08 0.02 5.86 0.41 0.41
UNDP-GEF(Intl. EQuipment
etc) 41.44 9.20 41.04 9.14 0.27 0.05 44.56 3.13 3.13
ONGC Contribution 12.16 2.70 12.14 2.70 0.00 0.00 12.16 0.00
a)Coal India Ltd 1418
Contribution (Note 1) 0.82 0.18 -0.87 -0.18 ) 15.00 15.00 15.00
Gol (Cash) S&T Grant 0.04 0.00
aRupee Component 9.p4 2.1 5.09 1.13 4.49 1.0Q 26.07 31.11 21.56 23.14 -1.57
b|FE Component :
(i) Utilisation Equipment 3.87 0.86 2.84 0.86 1.04 0.23 1.04 3.88 0.01 0.01
(ii) International Equipmen
procured by UNIDO 4.64 1.03 4.71 1.03 0.0d 0.0d 4.71 0.13 0.13
Sub-total FE Component 8.51 1.89 7.61 1.89 1.04 0.23 1.04 8.65 0.13
TOTAL GOI(CASH) S&T 18.06 4.01 12.7( 3.02 5.52 1.23 27.06 39.75 21.70 0.01 23.14 0.13 -1.57
Sub-Total A+B+C+D 77.1 17.11 72.0§ 16.24 5.05 1.12 41.24 117.34 40.24 15.01 23.14 3.66 -1.57
GOI(KIND) (BCCL
Contribution) 6.99 1.55 6.99 1.56 0.0d 0.0d 0.0d 6.99 0.0d 0.0d
Part of the revenue cost T
out of the income generale
from the project on accoy g 55 1.84 1.44 0.31 6.94 154 6.94 8.34 0.01
of utilisation of exploite
CBM in initial time
period.(BCCL Contribution
TOTAL 92.43 20.57 80.46 18.11 11.98 2.66 48.18 132.67 40.24 15.01 23.14 3.66 -1.57
140.62 40.2

Notel:Funds provided for Geophusical Logging Ergaes have been considered for the 3rd & 4th Wéle&aled to be drilled in Calender 2009 under "Addil Prov Beyond Dec'08

RNS/E/Desktopfolder/Sur DRAFT RCE Dec08 For Appatawpto Dec'09

& up to Dec'09
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ANNEXURE VI

DETAILS OF ADVANCED UPDATED COURSE OF STUDIES ON CBM ADOPTED BY

ISMU, DHANBAD.

GLC 51214 Coal and CBM Exploration

Coal Exploration

1.
2.
3.

4.
5.

Varieties of coal and origin, analyses of coal,| gedrography,

Coal classification

Organization of coal exploration project. Differenéthods of coal exploration
Photogeological and remote sensing, geologicalpsatological and coal petrological
Geophysical methods : Geophysical logging, in-seaismic survey

In-seam drilling. Methodology involved in the pregaton of geological cross sections,
floor and roof contours, isopach and isochore @l seams and partings, seam-folio
maps, seam-structure map, statistical diagrams| pagrams.

6. Detailed studies of cleat and joints.
7.
8. Economics of coal exploration

Assessment of reserve potential and standard puoeed coal reserve estimation

CBM Exploration

1.
2.

3.

ok

NOo

Coal bed methane generation and accumulation

Geological and petrographic influences on coaleR@ometry, Mocropore, Mesopore
and macropore, cleat system

Sorption — priniciples, sorption isotherms — types interpretation, CQCH, and N
adsorption — desorption, hysterisis, langmuir isath Swelling of coal matrix isotherm
construction.

CH, content determination in coal seams

Coal bed methane reservoir analysis, comparisomdegt conventional gas reservoir
and coal bed methane reservoir, Permeability kinlerg, shrinkage, stress and depth
effects on permeability, water composition as petoigy indicator, gas flow diffusion
in micropores, Darcy flow in cleats, sorption tin@BM reservoir characterization
methods, enhanced recovery.

Water production and disposal, injection wells

Potential CBM basis and production, hydraulic fusicty of coal seams, CBM
exploration.

In-situ gasification, carbon dioxide sequestration.
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M Sc (Tech) — Applied Geology

SIXTH SEMESTER

GLC26102 COALBED METHANE & GAS HYDRATE EXPLORATION 3-0-0

Coal bed methane

1.
2.

3.

a s

6.
7. Potential CBM basis and production, hydraulic fuaicty of coal seams, CBM

8.

Coal bed methane generation and accumulation

Geological and petrographic influences on coaleRmometry, Micropore, Mesopore
and macropore, cleat system.

Sorption — priniciples, sorption isotherms — types interpretation, CQCH, and N
adsorption — desorption, hysterisis, langmuir isatin, Swelling of coal matrix isotherm
construction.

CH, content determination in coal seams

Coal bed methane reservoir analysis, comparisomdaet conventional gas reservoir
and coal bed methane reservoir, Permeability kintlerg, shrinkage, stress and depth
effects on permeability, water composition as petigy indicator, gas flow diffusion
in micropores, Darcy flow in cleats, sorption tin@kBM reservoir characterization
methods, enhanced recovery.

Water production and disposal, injection wells

exploration.
In-situ gasification, carbon dioxide sequestration

Gas Hydrate

1.

Gas hydrate, occurrence and origin; structure sfiyarate, Types of gas hydrate

2. Geological setting of Hydrate, Stability of gas rgtés, Gas hydrate reservoir
3. Volume of gas in hydrate, inhibitors

4.

5. Prospect and potentialities of gas hydrate in India

Geological exploration of gas hydrate
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ANNEXURE VI
CIMFR FACILITIES FOR CBM RELATED STUDIES

The CIMFR has equipped itself with following techues and lab equipment to carry out full
fledged investigation into the potential of a coahe block.

1. DETERMINATION OF IN-SITU GAS CONTENT AND SORPTIO N TIME

The Direct Method is used in CIMFR to determine itnasitu gas content of coal. The basic
procedure for gas content determination by direethad involves measurements in the field
and also in the laboratory, as well as a set autafions.

Equipment

The basic equipment used for performing gas conteedsurements consists of specially
fabricated gas tight cylindrical desorption camistétted with pressure gauge and a needle
valve and a manometer type of apparatus for anggsgas volume.The desorption canisters
are maintained at reservoir temperature by aid leéating unit and a temperature controller’s
rotary grinding machine is used to crush the c@ahges to below 200 mesh BSS for
measurement of residual gas.

Experience
Coal cores samples retrieved during drilling of @bh&35 boreholes so far been tested by
CIMFR.

2. CONSTRUCTION OF ADSORPTION ISOTHERM
High-pressure adsorption iso therm estimates theuabof gas adsorbed by coal samples and
it also determines the recoverable quantity of me¢hwith decreasing pressure.

Equipment
The instruments used at CIMFR to determine adswrpgsotherm of coal samples consist of

the following elements;
- Water bath
-Control Panel
-Reference bombs
- Sample bombs
-Vacuum Pump

Water bath is used to maintain isothermal condstifar the reference and sample bombs. The
centrolineal regulates the flow of the gas t therence and sample bombs and monitor gas
pressure. The reference bombs are never separatedhe system and its purpose is to store a
known volume of gas at known pressure and temperaBample bombs are used to keep the
coal samples to determine the adsorption isothf@ine. gas soared in reference booms is
connected to the sample bombs and allowed to adkergas molecule by the coal sample in

the sample bombs. Vacuum pump is used to evaduatgystem for measuring of dead volume

Experience

About 100 samples have been analyzed for evaluatidheir Sorption capacity by CIMFR
scientists.

63



3.COMPOSITION OF DESORBED GAS

The gas chromatograph available for this purposefitted with a Flame Isolation
Detector(FID) and Thermal Conductivity Detector(TCHED is a highly selective gas
detection system used primarily for the analysishgfirocarbon gases such as natural
gas,propane,butane,ethylene and low concentratiochloratd compounds. It is unaffected by
the presence of carbon di-oxide or carbon monook@® is also one of the most common
and effective method of gas detection.

The laboratory has procured gas generators foiecagases.Caliberation gases are always
available.

4.PROXIMATE ANALYSIS
Standard laboratory procedure(lS 1350 Part-1,19%%l)laid down by Indian Standard
Institution is followed for proximate analysis ajal samples.

5.COAL PETROGRAPHY
Studies on maceral composition .vitrnite reflecghitotype and microcleats using MPV 2 &
3 microscopes by ICCP standards are undertaken.

6. DETERMINATION OF PERMEABILITY AND POROSITY

Gas/ Liquid Permeameter /porosimeter is a highpy raccurate system for non-destructive
measurement of permeability and effective porosityock core samples. A computer data
acquisition system automatically calculates themgability and porosity and records the data
saving it to a spreadsheet file. Test cores ofimgrgiameters can be easily accommodated by
switching core holder internal parts. Cores ardlyeasd quickly inserted and removed by
screwing the end plugs. Maximum confining pressigel0000psig(68.9Mpa) at room
temperature and maximum flowing pressure(PORE) tiw core samples is 2500 psig
(17.2Mpa)at room temp. With the low por pressure&sgBpa absolute or 0.85 psig or
0.59pa).For measurement at high temperature tfasiliare available for treatment of the rock
core samples. Following test can be conducted:

-Steady-state Permeability Measurement
-Unsteady-state Permeability Measurement
-Pycnometer for Porosity Measurement

7. CLEAT ANALYSIS USING OPTIMUS IMAGE PROCESSING SO FTWARE

Optimum image processing software is used for nreasent of mega and micro cleat
aperture, cleat intensity, cleat density, cleateration. cleat spacing, density of cleat
mineralisation and type of cleat percentage deteatian.

8.PHYSICO-MECHANICAL PROPERTIES

Studies on determination and evaluation of physiezhanical properties of the rock/coal core
samples are also undertaken. Such test are condo@ahluate strength properties required
for hydro-fracturing design etc. These test aredocted in accordancce with IS Standards.

These tests are:
- Density(Unit weight dry and saturated)
Uniaxial Compressive Strength(dry and saturated)
Uniaxial tensile strength
Triaxial strength
Deformability Characteristics( Young's Modulus)
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ANNXURE-VIII

Cost of CBM/CMM recovery from one producingwell &
Cost of Power generation(250 kW) at Moonidih
Sl# ltems Cost in Rs Remarks
1 Capital Cost of completion of one well in all  15.12
respect up to CBM recovery. (in Crores)
Life of one well considered 10 years.
2 | Capital Cost of completion of one well for{1 ~ 151.18 1512/10
year (in Lakhs)
Assuming life of well 10 years
No of useful working days being used in Gas 360
production and power generation
3 Capital Cost of completion of one well for 41,995 15118000/360
one day (in Rupees)
4 | Current gas production per day 5,000day
5 | Variable cost of running the plant per day in 8,000
Rs
6 | Total Cost of CBM/CMM Recovery per dé 49,995
(SKH3+SI#5)(in Rupees)
7 |Cost 1 Cubic M CBM/CMM Recover 10.00 49995/5000
(SI#6/Sl#4)
8 Cost of 250kW Gas engine Generator, | its50,00,000
installation and gas supply pipe line etc.in Rs
9 Cost of 250kW Gas engine Generator,| its 5,00,000
installation and gas supply pipe line etc per
year in Rs (Considering the well life 10years)
10 | Cost of 250kW Genset, its installation and 1,389 500000/360
supply gas pipe line per day, in Rs
11 | Total cost for Power generation per day in|Rs 3% 49995+1389
12 | Cost of one cubic meter CBM gas recovery 10.28 51384/5000
and Power generation equipments
13 | Cost of 103 cubic meter per hour Gas 1,058.52 10.28x103
required for generation of 250 kW power |in
Rs, considering standard consumption rate/hr
14 | Cost of 1 kKWh (Rs/Unit) 4.23 1058/250

The cost of one well is normally around Rs 5 Crdresbeing a R&D demonstration project there hantee lot
of delay on account of procurement of equipmentagazity building and delay in completion of fielctiaities,

brought about due to learning of this new technglogsulting in higher cost. It is likely that ater wells, cost
would be reduced considerably and, therefore, the of power generation would consequently be reduc

considerably.

In this Project case, in spite of being a R&D destmtion project at a pilot scale, the cost of picithn of CBM
is Rs 10.28 per cubic M. The sale price of CBMndian market is USD 7 per million BTU which is R€.50
per cubic meter against our cost of production sf F0.28 per cubic meter, which will reduce consitily in
coming wells.
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