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SIJ}I}IARY

The Instituto Tecnológico GeoMinero de España (Spain).
The Institution pour le Développement de la Gazéification Souterraine
(Belgiun),
The United Kingdom Atomic Energy Authority (United Kingdon)

The overall ain of the programme is to denonstrate the technical feasibility
and comnercial viability of underground gasification of European coals. The
European Conmunity is providing financial support to the first trial under the
THERMIE programne. The trial. is being conducted in a coal searn in the North-
East of Spain at a site near to the tovn of Alcorisa in the province of
Teruel.

The coal selected for the trial is knorn as "E1 Trernedal'r, a deposit of
relatively young sub-bituoinous coal or black lignite for which some
information was available fron previous exploratory drilling and seismic
investigation. At a depth of 600 netres - the target depth for the first trial
- trro coal seams lJere expected, each of 3-6 netres thickness.

Site selection iras carried out by analysis of existing exploration
information, by assessnent of the probability of coal continuity (absence of
faulting) and consideration of the costs of land acquisition, site access and
prepáration.

Agreenents to purchase or rent 5 parcels of land required for the trial were
negotiated with the owners, and applications for pernissions to drill the
first exploratory well of the trial were submitted to the relevant
Authorities.

Civil engineering works for access and preparation of the site for the first
expforatory well took ptace in March/April 1992 and the ¡¡el1 was drilled in
April/May 1992. The results confirm that the coaf is presént at the expected
depth, although the upper sean is thicker than expected and the Iower thinner.

A fu1I analysis of the results of the first exploratory well was conducted in
June 1992. Because of the variations in sean thickness fron those expected,
and the importance of seam regularity and continuity for subsequent drilling
operations, it r¡as decided to reschedule the drilling progranne, bringing
forward the drilling of a monitoring well to obtain additional infornation on
sean location and conditions in the vicinity of the product r¡ell.
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The European Econonic Interest Grouping "UNDERGRoUND GASIFICATIoN EUR0PE
(UGE), A.E.I.E.rr is conducting the first field trial of a European Underground
Coal Gasification programne formulated by the European Working Group on UCG

in 1989. The nenbers of the Grouping are:

In order to minimise civil engineering work, it has been decided to carry out
works for the complete trial site before the nonitoring well is drilled.
Design of the civil r¡orks is complete and these r¡orks together with the
drilling of the monitoring well r¿ilI be the nain activities in the second half
of 1992. The design and planning of the devi&ted in-sean injection well L,iIl
be conducted in paral1e1 with these activities to avoid delay in the drilling
progranne.



INTROI}UCTION

1.1 BACKGROI]ND AI{D OBJECTIVES

The project is the first field trial in the European UCG development Programme
proposed to the CEC in April 1989 by the European l'lorking Group on UCG. The
trial is located at a site near to the town of Alcorisa in Teruel, Spain. The
estimated cost of the project is 2,470 Mpta over a duration of 4 years.

The main objective of the project is to denonstrate the technical feasibility
of UCG at an internediate depth of about 600 metres - a significant increase
in depth over that of previous successful USA trials of UCG by in-sean
dri11ing. The trial has several technical objeetives including the
demonstration of drilling long in-sear holes at this depth via deviated
drilling from the surface, the construction of a comPetent gas f1oi, circuit
bet\¿een injection and product we11s, and the demonstration of adequate coal
conversion.

The ptanned progranme of the project conprises three nain stages: preparation'
gasification and postburn activities. The operations in the stages are as
follows:

Preparatot:y §tage. During this stage, the geology and hydrology of the
selected site vill be subject to detailed evaluations, and an analysis
of the coal and the adjacent strata will be obtained. The major
activities of this phase - drilling, Iinking, completion of the
boreholes and installation of the surface equipnent, will only be
carried out if the initial investigations confirn expectations,

Gasification Activities. The gasification stage vi11 enable the
influence of different well configurations to be determined, and
different gasif ication scenarios (channel and f iltration gasif ication)
to be compared. During a test of long duration, paraneters such as
reactor lifetime, cavity growth mechanisms, sweep efficiency and gas
quality will be determined.

Postburn Activities. The activities during the postburn phase consist
prinarily of analysis of the data obtained to válidate and, if
necessary, modify gasification nodels. These activities r¡ilI be
supported by postburn drilling to verify the cavity shape. Fina11y,
reporting and site restoration will conclude the activities of the
field test.

The we11s to be drilled for the trial include wefls for exploration, process
operation and monitoring, The well arrangenent r¡i1l al1ow the successive
realisation of tvo gasification scenarios mentioned previously:

a first test along an in-sea¡r channel,

a second test by filtration, between the lateral injection well ¿nd
the previously gasified zone.

2
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1.2 PEASES OF lgE PROJXCT

The operational phases of the project include the following:

Final linking. Fínal connection over the few metres between the in-sean
devi¿ted injection well and the vertical production well is planned by
hydrofraccing and/or reverse conbustion. In hydrofraecing, high
pressure rrater injection r¡oufd be used in the in-sean r¡ell. In reverse
combustion, a combustion zone would be initiated at the base of the
production well and drawn to the in sean well by the injection of air
to sustain the reaction.

CRIP operations. The Controlled Retraction of Injection Point technique
will be used in the in-seam injection well to r¡iden the injection
channel by ensuring growth of burn zones in an upstream direction and
relocating ignit ion/ inj ect ion points along the in-seam we11. Coiled
tubing will be installed along the whole length of the injection well.
for this purpose.

Channel gasification. The ain of this oPération will be to produce a
medium C.V. gas by high pressure oxygen/water gasification' Maximum
thermal pover will be '10-15 MW at an oxygen consumption of
1000-1500 m3/hour. Molar ratio of injected H,0/0, will be lor, perhaps
1-1 .5/1, because of the high water content of the coa1. At normal
eonditions, operating pressure in the production well r¿i11 be
maintained close to the effective hydrostatic pressure and belor¡ the
nininun stress l¡ithin the strata.

Reverse pyrolys i s/conbust ion. The ain of this operation is to forn a
zone of high permeability by reverse pyro 1ys i s/ combustion betreen the
transverse vertical injection well and the zone created previously by
channef gasification. The injection of gasification reactants will be
transferred progressively fron the deviated injection well to the
second (vertical) injection we1l. If a large semi-carbonised zone can
be formed, then the concept of filtration gasification will be tested.

Filtration gasification. The aim of this phase is to gasify coal in the
zone created during the previous reverse pyro 1ys i s/ conbust ion
operation. Reactor life, cavity growth rnechanisms, efficiency and gas
quality r¡i1l be evaluated if this phase proves to be successful.

Fire extinctior. Reactions will be stopped and the test terminated by
the circulation of nitrogen through the gasifier. After ¿ few days, all
underground cavities r¡i11 be fi11ed with water.

Environnentaf nonitoring. An environnental nonitoring programme r¡i11 be
developed to cover conditions before, during and after the test. The
underground systern will be vented continuously to mininise the
potential transport of contaninants into adjacent strata and to enhance
groundwater influx for additional cooling.
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2. SITE SELECTION AND OTARACTERIZATIOT{

2.1 GENERAL GEOLOGY

2.1 .1 Stratigraphy

The three Teruel coal basins, Andorra - Foz Calanda, Castellote and
Utrillas - Aliaga, nere formed betrreen the Upper Aptian and the Middle
Albian periods. The coal bearing zones lay vithin the Escucha formation
defined in the 1960's by 0rio1 Riba et al. ¡¡ho divided the fornation
into three Menbers, subsequently given the classification M1 , M2 and
M3.

M1 ¡ Mainly deposited in a "Parafic" environnent, the coal
this Menber appear between shallor¡ ¡narine linestones.
seams NQs 3, 4, 5 and 6 in Utrillas and seams P, Q, R

the Ariño val1ey belong to this Menber,

seans 1n
The coal
and S in

l4Z z Lagoon environment, coal seams between fossiliferous clay and
outstanding rooted sands, 'rlinsen very frequent. Coal seams Ngs
1 and 2 in Utrillas and 0 in the Ariño va1ley are good exanples.

M3: Fluvial environnent, coal between clay and sand. No coal
occurrence in Utrillas, coal. sea¡ N in Ariño va11ey.

Final1y, above Member M3, the Utrillas Forrnation appears, a continentaf
fluvial deposit that can be found over the whole Iberica Range. Typical
nufticolour clay and sand bodies (paleochannels) constitute this
geological marker. The sand can have eroded the underlying strata.

2.1,2 Tectonic

The Jurassic movenent had an inportant role in the Cretaceous
sedimentation period. Neokimmeric phase uplifts caused by faults, and
subsequent erosion, managed tó divide the zone into different
Cretaceous subbasins that led to a large range in thickness.

EarJ.y phases of the Pirinic movenent played a big role in the base of
the Albian (Escucha Forrnation), being responsible for nany of the coal
bearing disturbances. During the coal sedinentation stage, small
movements took place in many places so that sedimentation and/or
erosion Ied to the disappearance of sone coals seans. Sometimes these
weak movements were reaetivated following o1d Jurassic fault patterns.
This effect has been detected clearly in the Ariño-Andorra and
Castellote coal basins,

2.2 TRBIEDAL GEOLOGY

In the Tremedaf area, as in nearby Foz Calanda, the three Members M1 ,
M2 and M3 are not clearly evident, and a new Fornation, the rrvaf de fa
Piedra'r Formation was defined. This Formation is widespread over the
whole Trenedal area with an average thickness of 16-20 n.
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The "val de 1a Piedra" Formation (Aptian-Albian) lays unconformably
over the Jurassic down to the Utrillas Forrnation. In general two coaf
seams are present, separated by sone netres of fossiliferous clay
and/or limestone. The upper sean can disappear, having been eroded by
the overlying sand, lrheareas the lower seam can be found practically
over the r¿hole Trenedal. One or both of these two seams can be found
over the whofe Tremedal area.

The Utrillas Formation attains a thickness of about 100 m' and is
composed nainly of sand bodies and c1ay. At the botton, just over the
upper seám, a sandy leve1 appears (erosive paleochannel?), which ranges
from 2 to 30 m thickness, and which could be the cause of the variation
in thickness of the upper coal sean.

2.3 SITE SELECTION

ENDESA's offer of the 'El Tremedal' as a
field trial ¡,,as found aceeptable by the
Underground Coal Gasification in November

poss ible
Európean

'1 990.

location for the
Working Group on

Within the Trernedal,
fo l lowing:

the site area was sefected taking into account the

Confidence that the coaf r¡ould be in p1ace.
Confidence about the tectonic setting.
Coal thíckness, depth and quality,
Appropriate topography.
Minimization of the number of owners for land occupation,

The site area is shown in Figure 1. The potential of the Tremedal- for
conventional deep nining had been examined previously to some extent by
ENDESA and existing exploration information cornprised some seismic
lines, 1979, and exploratory we1ls, 1974. From this information, it vas
apparent that the upper sean was thickest (7.a m) at the exploratory
well T7 and that the lower seam conprised about 2m thickness of good
quality coal in the area of the exploratory we11s T6 and T7,

After studying the inforrnation provided by ENDESA, a zone
between the previous exploratory we11s T6 and T7 was selected
trial site on the basis of the following considerations:

located
for the

A high level of confidence of the presence of at least 1 good
sean for gasification. (Based on information from exploratory
wells T4bis, T6, T7, Í9, Z4E atd 278, all within '1 kn).
Good probability of freedon frorn faulting.
Suitable thickness, depth and quality.
Topography not excessively difficult for access and site
preparation.
Low number of owners of land involved for access and occupation.

Three different site options within the zone of interest, identified in
July 1991, were evaluated in greater detail in December 1991 in order
to finalise site selection.



The coaf searns could be expected to be locáted at the preferred depth
of 600 m along an East-west line 100 m North of exploratory well T7.
Coal thickness decreases to the West' the thickest coal being observed
in T7 (upper seam 7.4 m). The thinnest sand layer over the upper seam
is also observed in T7 (2 m), and sand thickness increases in all
directions (ve11 27E appears to be an exception - no upper seam and no
sand? ) .

According to the seismic interpretation, the area selected nas focated
between two transverse faults, Fl2(A) a very clear fault, and F6 not
quite so clear, at a separation of approx' 400 m. 0n this basis, the
most likely fault-free location could be mid way betlreen the two
possibte faults, at a location of some 200 netres from each' Two

drawbacks to this location were apparent; firstly, that extensive civil
engineering works would be required for site preparation dué to
difficult terrain (strong Tertiary sandstone and conglonerate) and
secondly, a lack of clarity in seisrnic reflection'

In these circumstances, it
focations either a) to the
West, further from T7.

appeared prudent to consider alternative
East, in the direction of 17 or b) to the

Alternative a) had advantages of possibly thicker coal and a thinner
sand layer above over the upper seam. Alternative b) had the drawbacks
of a weaker seismic reflection (from the linestones) than a) and of
being closer to fault f12(A), potentially rnore significant than fault
F6. In view of these factors, the eásterly location was selected as the
first choice for the trial site'

3, ET(PL0BAToRY tfEtl, (ET1 )

The exact location of the site was finalised in Decenber 1991 and the
design specification of the exploratory well ET'l was fornulated during
January 1992.

The objective of the exploratory well was to drill vertically by
conventionaf methods to provide information on the nature, thickness
and depth of the two coal seals, and the composition and sequence of
the overburden strata,

The coal seams thenselves, their rooves and floors, and selected
sections of overburden irere to be cored. An extensive logging programme
r¿ou1d also be carried out in order to obtain more information on the
nature of the coal and adjaeent strata for:

. DrilIing the subsequent deviated/ in-seam we11s.

. UCG process controf parameters.

. Perfor¡nance analysis and ruodelling.

The exploratory well was located to obtain precise infornation on the
seam entry point of the subsequent deviated injection well. A vertical

6
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cross section of the process well layout is shor¡n in Figure 2. To
obtain information on the hydrogeological behaviour of the coal and
adjacent strata, hydrogeological tésts would afso be conducted such as
Dri11 Sten Testing (DST), build up and injection fal1-off.

Based on this strategy, the following sequence of operations were
presented to different companies for tendering in February/March 1992:

Civil ¡¿orks.
- Ruraf road widening and improvement
- Ner+ road access to ¡¿ell site
- Site/rig platform preparation
- CelIar/guide tube instal lation
Drilling and coring operations.
- 12 1/ 4" drilling
- 9 5/8" drilling and reaming
- I 1/2" drilling and reaming
- 4t' coring
- 7tt casing setting
- rig operations for logging/testing
Logging and perforation operations.
- Geophysical combinátion 1og
- Dipmeter/geometric log
- Cement bond 1og
- 1 ¡n ¡*indow perforations at coal and sand levels
Cementing operations.
- Cementing of 7" casing
- Supply of cernenting equipment/accessor ies
Dril1 Ste¡r Test!¡orks.
- Coal seam production tests
- Sand layer production tests
Supply of ve 11 equipment.
- 9 5/8" casing
- 7" cas ing
- 0ther (cap, pup-joints, ...)
Site mapping and benchnark construction.

0n the basis of tenders received, 8 contractors were selected for the
exploratory well operations, and civif works began on 23 l,farch 1992.

3.2 OPERATIONS

3.2.1 Access and site preparátion ( C0IIERCIAI DE SOilDEOS)

Civil works took place between 23 March and '10 April 1992.

Access to the trial site is via a 2.6 km long rural road fron the main
Ando rra-Alco ri sa highway. The road was in very poor condition, of
insufficient vidth for access by rig and heavy supply trucks, and
considerable improvenents !iere necessary to ensure trouble-free access
for all traffic during the drilling of the exploratory well and
subsequent triaf stages, The works comprised renova.l of the existing
top 10 40 cm clay 1ayer, the laying of new foundations to a ,idth of
3.5 n, and 2 stáges of gravel setting, surfacing and compaction.
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A new 200 n long access road was constructed fron the rural road to the
wellsite and approx. 25OO n2 of agricultural land were prepared for
r.¡e11site operations. Part of the exploratory wellsite will subsequently
be used for the future installation of injection facilities for
gasification and a good quality surface was therefore considered
essential. Extensive r¡orks were requlred to stabilize the heavy clay
soil and to prepare if for heavy traffic. In some areas over 50 cm of
the top clay layer had to be renoved and replaced by an equal depth of
compacted gravel '

The exact location of the exploratory hole was finalized taking account
of site boundaries and 1eve1s to ninimise the extent of civil r¿orks
whilst meeting the operational requirements of the drilling and service
contractors. A concrete platform was constructed to receive the rig
structure and a smaff cellar was formed to receive the pre-drilling
guide tube, The excavation of a 300 400 n3 rnudpit and site perimeter
fencing completed the civil pre-dri11ing works.

2 Site nap, benchmarks and grid reference (TASA' CALIC)

First, a stereoscopic aerial survey at 1/3500 scale was flown.
Secondly, from the photographs, a 1/500 scafe topographic map of the
field trial area was produced with a height contour interval of 0.5 ¡t'
Fina1ly, 5 benchrnarks for survey referencing in subsequent drilling and
surface plant construction were set. One of these is set in the surface
of the exploratory well concrete plátform, the others at high points in
the vicinity fronr which the vhole field trial area can be sighted. The
exploratory welL (ET1 ) is located 164.5 n from the previous T7
exploratory ve11 (UTM co-ordinates X = 4532524,81 m; Y = 718653.57 m;

Elevation - 666.2 m) drilled in 1974. The UTM co-ordinates of the ner¿

exploratory l¡el1 ET1 are:

3.2.3 Rig operations ( IBERICA DX SoNDEOS)

The Mayhew 2500 rig (see Figure 3) was mobilized and arrived on site on
20 April 1992. Rig equipnent, mud pump mixer/tanks, shaker, desander,
etc... were installed and drilling (12 1/4") began on 26 ApriI 1992. A
protakabin for temporary UGE office use and a container for core
storage were rented and installed shortly after drilling began.

From 26 April to 24 May 1992, the following operations rsere realized:

Drilling 12
Casing and cementing 9

39
38

26 April*27 April

X:
v.
Efevation :

Dri 11ing

4532660,39 m

718560.38 m

653.3 m

I 1/2" 39 - 450 28 Apr i 1-

9 Hay -

1/4"
5/8"

0-
0-

m

m

m

450 557.5 m

8 May

16 MayCoring
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Reaming 8
Open-hole logging
Casing and cenenting 7"
Cenent Bond Log
Perforation Upper CoaI
Perforatíon Sand Layer

1 /2" tot
38

450
70

aI depth
- 555 m

- 550 m

- 528.9 n

17 May - 23 May

529.4- 530.4 n
516. 5- 517.5 m

Production Testworks 22 ltay - 24 l4ay

A summary of the operating tine distribution is presented in Table I.

The roud used for lh,e 8 1l2tt drilling phase was Bentonite with CMC,

caustic soda and Spersene at density 1.11 - 1.15 kg/], viscosity 34-36
cP, filtrate loss 10-13 cm3/30 min, pH 9-9.5. The desander was used
continuously to take out the inportant sand content. The mud velocity
was always below 200 f-t/min.

At intervals, the deviation of the well was neasured by T0TC0
inclination surveys and found to be less than 1" fro¡n vertical over the
najority of the lrell, increasing to 2' over the final section.

Two cenenting jobs were realized:

lb/ft - N80 casing (0-38 m)
Lb/ft - N80 casing (0-550.4 m)

The first cerrenting job was realized vith the standard rig equipment
and used 1,300 1of slurry at a density of 1.65 kg/1. The second
ceménting job r¿as realized by a specialist cementing company
(HALLIBURTON), The cernenting programme wasi

e 5/8 40
29

. Class "G" cement

. Microsilica for slurry integrity

. Halad-361A for gas control

. NE-3 defoamer

. l,¡ater ( 360 1/ton)

. Density

. Free water

. Cement injection tine

. Mud displacenent tine

15 tons
800 I
750 I
t) 1

5,400 I
1 .9 kg/1
1Z
25 min
35 min

No najor difficulties vere experienced during the dri11ing, coring and
reaning phases; only some small problens with the principal pump and
the drilling head. The only significant problem encountered was the
inability to drill out a cenent setting plug following cernenting of the
7" caslng, Although the top of this plug (530.9 m) !¡as near to the
floor of the upper sean (532.05 m), it did not prevent perforation at
the upper coal seam levef and an alternative arrangement ras able to be
adopted for production testworks in the coal and sand. The presence of
the plug could however affect the ability to utilize the exp.Ioratóry
well for subsequent monitoring purposes, particularly if the lower coal
searn is selected for gasification.

Table II shows the 7rr casing conposition and Figure 4 gives a schematic
view of the present situation of the exploratory well ET1 .
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3.2.4 Logging, perforation operations ( SC.ELIHBERGER)

The following logs were run (38 - 555 m) open-ho1e prior to casing:

Litho-Density Jog. 'Ihe principal functions are porosity analysis
and lithology determinat ion.

Conpensated Neutron 1og. Ihe princípal functions are porosity
analysis, lithology identification, clay analysis and gas
detect ion.

Micro)og. The principal functions are identification of permeable
zones, definition of bed boundaries, detailed sand count and
indication of mudcake thi ckness.

Gafina Ray 1og. The principal functions are depth control, shale
indicator, base 1og for correlation with eased hole and detection
of radioactive minerals.

Caliper 1og. the principal functions are hole volume calculation
and definition of bed boundaries.

Stratigraphic High-Resolution Dipneter tool, The principal
functions are determination of structural dip, cornputation of
stratigraphic dip, stratigraphic analysis, fracture
identification, and borehole geonetry and trajectory.

The first 5 tools (LD, CNL, ML, GR, Ca1.) were incorporated in a
combination sonde and run in a single trip to save tine and money. The
nain drawback of this conbined tool is that, due to the vertical
stacking of sensors, the upper sensors may not cover an appreciable
section (1 14 m) of the well at the bottom of the hole,

Once the 7" casing setting and cementing were realized, the following
Iogging and perforating tools sere run:

. Ce¡nent Bond toal (70 - 528.9 n). "lhe principal functions are
evaluation of cement seal in the casing-format ion annulus, casing
location and depth correlation with previous open-hole logs.

Eigh Shot Density gun, The gun was designed for double window
shots in a single wíreline trip. The gun characteristics were two
1m-windows, 5" 0.D., 12 SPF density and a phasing angle of 120'.
The first window r¿as shot in front of the upper coal seam (529.4
- 530,4 m), the second r¡indow in front of a sand layer situated
above the coal seam (515.5 - 516.5 m). The sand layer window was
selected on the basis of the coring and 1og analysis,

INTERPRXTATIOI'I

1 Lithology (fron drilling cuttings, coring anal logging)

The lithology of the exploratory welI ET1
as fo 11o¡.,s:

3 3
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Terciary (0-368 n). This zone is conposed of c1ay, conglonerate'
marls and some high porosity sands. The sands were crossed at the
levels 115-126 n, 192-213 n and 248-262 m. The caliper log in
this zone indicates hole sizes generally greater than the dril1
bit dianeter of 81/2t', Diameters up to 11" vere measured in clay
zones. The zones of sand presented caliper neasurements of
I 1/2"- 9" with reduced mudcake.

Cretaceous Cenonanian (368-418 n). This zone conprises
impermeable brown/red marls with ninor layers (1 1 n) of
limestones. The rate of penetration during drilling was very slow
(4-5 times less than the drilling rate in the Terciary). The
logging characteristics of this zone were low resistivity and low
natural gamma emission, porosity near to zeto Here 1ow
resistivity and density nearly constant around 2.4 glcc. Tbe
zones with linestones show an increase in garnma emission and
ápparent porosity, and a decrease in density. No cavities r+ere
observed in this zone and the caliper measurements indicated a
diameter sirnilar to the drilling diameter,

Cretaceous - Albian/Aptian (418-544.1 n). tn the upper seetion,
this zone comprises a succession of various clay and sand layers
(Utrillas Fornation fron 418 m to 528.3 n, the roof of the upper
coal seam). The lover section - the "va1 de Ia Piedra" Formation
comprises two coal seanns separated by a layer of strong
limestones. The clay parts of the upper section are inperneable
and separate the sand layers into independent aquifers. The total
zone can be divided into the following sub-zones for more
detailed analysis:

* Sub-zone A (422-433 ar). This zone is composed of the
cleánest sands withln the Cretaceous zone with high
permeability and low gamma emission.

Sub-zone B (433-457 n). This zone is composed
nulticolored plastic clay/sand and clay of
permeability.

mainly of
very 1or¿

Sub-zone C (457-488 n). This zone is composed mainly of
grey sand/clayey sand h,ith insertions of white mica and
pyrite. Fragments of coal (1 10 cm) with high pyrite
content (>202) appear at 472.5 m depth and the sands have
high porosiLy and very fine grain.

Sub-zone D (488-514 ,?). This zone is mainly conposed of
black/grey clay (sometimes multicoloured). Some appearances
of coal, pyrite and white mica can be observed.

Sub zone E (514-528 z), This zone is composed mainly of
sand/clayey sand which constitutes the roof of the upper
coal seam. In general, this zone did not appear as
permeable as zones A and C. A sánd layer at 516-518 m depth
was identified as suitable for subsequent casing
perforation and production testwo rk,

11

I



Sub-zone F (528.3 532,2 n). This zone corresponds to the
upper coal seam of the ,va1 de 1a Piedra'r Formation. The
coal seam is 4.8 m thinner than in the previous exploratory
well T7. The presence of carbon fragments inside the
Ímmediate sand roof of the coal suggests that the upper
coal seam has been eroded. The coal is wel l- conso l idated
with no presence of faults, and is of good quality (low ash
content). The coal density is in the range of 1.2-1 .6 g/ce
and the porosity over 502 (see Table III). It was also
decided to perforate a windor¡ at the leve1 of the upper
coal seam to realíze subsequent production testwork.

Sub zone G (532,2-539.3 r). This zone is constituted of
conpact limestones without appárent fissuration. The parts
with "characeas" present higher porosity, but the nicrolog
did not indicate the existence of a high perrneability zone.
The porosity estinates from logging indicate higher values
than apparent visual1y.

Sub-zone H (539.3-544,7 r). This zone corresponds to the
lower coal seam of the "Val de Ia Piedra" Formation. The
coal seam is approx. 1.6 n thicker than in the previous
expforatory we1L T7. The upper part (t1.2 m) of the sean is
composed of 1ow quality carboniferous nudstone, the lower
part (13.6 rn) of good quality, 1or+ ash content,
consolidated coal with no sign of fissuration, The lower
part also indicates very high gamrna emission (up to 300
API) which could be a good marker for subsequent geological
correlation (see Table IV).

Jurassic (544.1-557.45 n). The Jurassic begins at the floor of
the lower coal seam and is courposed of grey fimestones with
strong fracturation. The fractures are fi1led with black clay
and, although their orientation is vertical or subvertical, no
coal intrusion is observed. In the upper part of the zone, the
fractures within the lirnestones have undergone little
displacernent. In the lower part of the zone, the fracturation is
less intense and the strata nore conpact with many ooliths.
Different open perneability areas are observed over the length of
this zone.

3.3.2 Coal Analysis

To obtain information on the nature of the coal for subsequent UCG

interpretation, cores of the 2 coal seans have been sent to the
Instituto de Carboquírnica, Zaragoza, for proxinate and uftinate
analysis to identify the rank, sulphur, ash and moisture content, and
calorific va1ue. Additional tests such as swelling index, C"
deternination and petrographic analysis will also be carried out on
sefected sanples.

l2
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3.3,3 Dip,neter

The primary function of the dipneter is to measure the nagnitude and
direction of the dip of the sedi¡rentary features crossed by the well
i. e. structural dip, stratigraphic dip and fault/fracture
identification. The device also provides measurements of borehofe
geometry, including drift (inclination fron the vertical) and azimuth.

The SHDT 1og was processed in SCHLIIMBERGER's Paris computer centre lrith
a basic correlation prográmme 'Mean Square Dip' (MSD), which finds the
"best fitl satisfying all possible cross-co rre 1at ions.

These results were utilized to detect structuraf and/or stratigraphical
anomalies in the fornations crossed: Terciary, Cretaceous and Jurassic.

The structural dip of the Terciary is alnost
at 32-36' to the South.

constant from 60m to 370m

South
South
South

The interpretation of the structural dip of the Cretaceous is less
cl.ear due to the inportance of cross-bedded stráta:

Depth (m) E.p

465
520
535

J)
30

Some abrupt changes in the sedimentation of sand bodies were álso
observed in the Cretaceous befow 460 m depth - fron pure clay to sand
and the reverse. This type of sedimentation coufd be explained by
paleochannel and lagoon sedinentation inducing inportant cross-bedded
strata. Some strata dip to the §-SW and SE and have no relation to the
structuraL dip. Some strata dip at higher or lover angles than the
structural dip (130-35') within the Cretaceous cross-bedded sand units,
generally over fengths fess than 5 netres.

Tvo possible sma1l normal faults can be located fron the analysis of
the dip profile:

- In the Tertiary at 365 m depth
- In the Cretaceous at 544 m depth, corresponding to the floor of

the lor¿er coal sean.

3.3.4 Cenent Bond Log

The log indicates good quality cenentation of the 7"
lower section of the well (460 m to total depth).

casing over the

Cenentation is of lor+er quality over the upper section of the well,
mainly r¿ithin the Tertiary. The reason for this could be channelling
during cementation in zones of oversize annulus diarneter (up to 11rr).

13



3.4 PRODUCTIOI{ TESTÍIORX

Due to the time and difficulty experienced in attempting to dril.l out
the top cenenting plug located at approx. 530.9 metres depth, it was
decided to nodify the programme as fof lor+s:

- CBL to Total Depth to check cement integrity and to confirm the
depth neasurement by the drilling company.

perforation of two 1-metre windor¡s at the levef of the upper coal
seam (529.4 - 530.4 m) and at a sand layer focated approx. 11 m

above the upper coal searn (516.5 - 5'17.5 m).

production testwork at the level of the coal seam with a single
packer (instead of a straddle packer) to isolate the coal sean.

production testwork at the level of the sand layer with a
straddle packer assembly to isolate the sand layer.

The production testÍrork r',as realized jointly by BAKER HUGHES (DST tool)
and GEOSERVICES (dorinhole Memory Quartz Gauge MQG and Wirefess
Transmitted Data - I.JTD system).

3,4. 1 Co81 §eao Testrvork

The production testwork began at 21h 36min on 22 l(ay 1992, The
tine involved in tool installation vas quite long because of the need
to assenble the many components involved. The eomposition of the DST
assembly is listed in Table V.

The sequence of operations vas:

22 /5 /e2
23l5le2

36rnin
07rnin
43min
1lmin
2l nirt
33min
l7min
51 ¡nín
36min

21h
th
th
2h
3h

1Zh
8h
th

10h

Run DST in hole with MQG + I,irTD

Set packer
0pen valve - First production (cleaning)
Shut-in valve - First build-up
Open valve - Second production
Shut-in valve - Second build-up
Unset packer
Run-out
Tools aL surface - End of production testwork

24 l5 /e2

The second build up period was interpreted by means of the GE0SERVICES
WISE validation software.

The production period prior to second build-up lasted 10h 41min with a
production flor¡ of approx. 5 1/h.

The urain results from the Horner Interpretation (Figure 6) and the
Derivative PIot Interpretation (Figure 7) are:

Permeability :
Skin effect :

P'* ( roof of coal ) :

2nD
38
48.4 bar

14



3,4,2 Sand Layer Testwork

The production testlrork began at 15h 3Snrin on 24 l'lay 1992.
The cornposition of the DST assembly is listed in Table VI.

The sequence of operations was:

24/5/ez Run DST in hole !¿ith MQG + WTD

Set Sraddle Packers
Open valve - First production (cleaning)
Shut-in valve - First build-up
Open valve - Second production
§hut-in valve - Second build-up
Upset packers
Run-out
Tools at surface - End of production testvork

For this test, the second production period was short (9 min) eornpared
to the build-up period (92 nin). In this condition, special care was
taken to define production !¡ith the pressure history recorded by the
gauge. Finally, slx flowrate periods were defined: clean-up period,
first build-up, and four decreasing flowrates prior to main build-up.

Validation by GEOSERVICES WISE software was nade with the data of the
second build-up period. Figure 8 shows the derivative and pressure
plots. It can be observed that the Iogs of pressure and derivative
follow a straight line of slope 0,5 at the beginning of the build-up
with a ratio of 2:1 between both. This behaviour is not consistent with
a r¿ellbore storage effect at an early stage of build-up; nore probably
it relates to the behaviour of fractured strata, the effect being
further supported by the significant quantity of sand found in the
dril1 string after puJ.l-out (t 20 1 of sand inside the first dri11
co11ar). After a 1itt1e less than t hour, the derivative curve is
horizontal and can be interpreted as stabilised radial flow. A better
interpretation of this period is via Superposition P1ots, Figure 9; a
straight line fit to the final points gives values of:

'1 5

17
18
18
18
19
20
21
22

5min
0min
6min
2min
9min
9min
l min
Smin
2nin

hJ
h3
h0
h1
h5
h0
h4
h0
hJ

Permeability
Skin effect

18 md

5

The skin is negative, of opposite sign to the skin of the coal,
indicative of a fractured well - in aecordance with the observation
during the early stage of build up.

)
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4. PROJECT DIRECTION

4 .1 ADI,Í INISTBATION

The deed of formation of the Underground Gasification Europe AEIE was signed
on'1 October 1991 in Madrid in front of a Spanish notary, managers of the UGE

were appointed, and the first menbers óf the project team occupied relatively
smal1, temporary office space provided by ENDESA on 30 October 1991, The
period to end-December 199'1 r,as spent in the acquisition of ternporary offices'
the installation of furniture, telephone and fax facilities, and in general
administration to get the project up and running. The Conmission agreed that
the first reports on the project could cover the period to end-June 1992.

Larger office accomnodation is now required to cater for the planned growth
in personnel during the second half of 1992. Suitable, ready-to-occupy office
accomrnodation is scarce in the area and it !¿i11 be necessary to acquire floor
space which can be converted. Negotiations are in progress to rent such
accomnodation and to reafise the necessary conversion.

The team presently eomprises 5 fu1l-time staff including á secretary.
Advertisements for the additional engineering and technical staff required by
the programme were placed in the press in June '1992. Sorne difficulty is
anticipated in recruiting appropriate staff because the relatively isolated
location is unattractive for experi enced/qua1i f ied staff.

4.2 COI{FEnXNCES, PIIBL I CATT0NS A D REPoRTS

A paper "Joint European Underground CoaI gasification Project in Spain" was
présented to the XVth l,/orld Mining Congress in Madrid in l4ay 1992. The paper
covered the background, objectives and planning of the project, together with
a status report.

A report on project status was presented to the THERHIE Contractor's meeting
in Saarbrucken on 10-11 June 1992.

A publicity handout on the project was prepared by UKAEA and this has been
translated into Spanish for publicity/information purposes in Spain.

Reports prepared by contractors include a dri 11ing /geology analysis of the
Exploratory well ET1 by ADARO, and an interpretation by GEOSERVICES of the
permeabilities in coal and sand formations by analysis of DST tests.

4.3 PROBLETIS/DIFFICI'LTIES

The only significant problem to dáte was encountered during the drilling of
the exploratory well ET1 rnhen a cenent setting plug was unable to be removed
by drilling following cementing of the 7" casing. Although the top of this
plug was close to the floor of the upper seam, it did not prevent perforation
at seam levef and an alternative arrangenent was able to be adopted for DST
production testing in the coal. The presence of the plug could hor¡ever affect
the ability to utilize the exploratory wé11 for subsequent monitoring
purposes, particularly if the lower seam is sefected for gasification.

16



4.4 CTANGES IT{ TECHT{ICAI STRATEGY

Although the coal in the exploratory ve1l ET'l is present at the expected
depth, the thicknesses of the seans deviate from those anticipated in the
prognosis, the upper searn being less than expected and the lower seam Sreater
than expected. Becáuse infonnation on sean regul arity/cont inui ty is inportant
for subsequent operations' particularly the drilling of the deviated injection
wel1, it has been decided to reschedule the drilling programme slightly'
bringing forward the drilling of a monitoring ve11 to obtain confirmation of
seam location and conditions in the vicinity of the product well (the end of
the in-seam section of the injection well)' The design of the in-seam
injection well r¡i11 be conducted in paralle1 with this activity in order to
avoid a delay in the drilling programme.

4 .5 FrmrRX rfoRf,

The work to be conducted in the next six nonths l¡ill include the drilling of
a second exploratory/monitoring !re11, the civif works for almost the whole of
the trial s.ite, and the design of the deviated in seam injection well'
Contacts will be established with directional drilling contractors to
establish their technicaL credentials for the provision of services invofved
in this well, and with engineering contractors for detailed design of the
surface plant, prior to the issue of tenders for these services.
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Day Drilling §top/
Main-

tenarce

Rig
Ma¡oeulre

Mud
Prcp./
Ci¡cul.

Casing
Setting

Coring Reaming Logging Production
tests

1

2

4

5
6

7

8
9

10
11

12

13

t4
15
16

t'7
18
't9
)tl

27
22
23
24
25

26
27
28
29

r9.00
1.50

13.15
22.15
15.00

19.15

2i.75
r8.45
9.05

u_.q
22.00

0.20

4.00

4.45

2.00
11.30

0.30

1.00

0.15

1.00

2.00

1.00

0.,10

0.45

2.00

3.1.5

3.15
3.25
))n
2.00
6.30

18.00
13.20

8.1-5

16.15

19.45

19.15
8.45
2.30
2.30

2.tr)
10.30

10.15

3.00

4.00

0.30
1.00
1.45

?.15
1.15
1.30

0.45

2.45
0.15
0.15
1.00

0.15

0.45
1.00

3.00

4.3()
9.00

18.00

9.00

15.00
2?.00

13.55

5.45
9.25
5.00
7.30
4.15
4.45
9.45

5.00

4.30
16.15
11.00

13.30
13.45

4.30

4.30
5.00

7.00 14.00

24.N
18.m

Total 2&S.25 27 .00 r 63.30 15.15 t6.30 64.00 ó0.20 64.00 21.00 56.00

TABLE I EXPLORAToRY WELL ETl OPERATING TIME DISTRIBUTION (HOUR.MIN)

Cementing



Element Dcscription Element Length(m) Bottom Element Depth(m)

45
44
43
42
47
N
39
38
37
3ó
35

34
33
32
31

30
29

ü

25

zi
22
2t
20
19

18
't7

1ó
t5
14
13
t2
11

10

8
7
6
5
4
3
2
1

7 in. Casing(32|blft)
7 in. Casing(32 lb/ft)
7 in. Casing(32 lb/ft)
7 in. Casing(29 lb/ft)
7 in. Casing(29 lb/ft)
7 in. Casing(z9 lblft)
7 h. CasÁg(z9lblft)
7 in. Casing(29 lb/ft)
7 in. Casing(29 lb/ft)
7 in. Casiag(29 lb/ft)
7 in. Casing(z9 lb/ft)
7 in, Casing(29 lb/ft)
7 in. Casing(29 lb/ft)
7 in. Casing(29 lb/ft)
7 in. Casing(29 lb/ft)
7 in. Casiag(29 lb/tt)
7 in. Casing(29 lb/ft)
7 in. Casing(29 lb/ft)
7 in. Casing(z9 lbi ft)
7 in. Casing(Z9 lb/ft)
7 in. Casing(29 lb/ft)
7 in. Casing(29 lb/ft)
7 in. Casing(29 lb/ft)
7 in. Casing(29 lb/ft)
7 in. Casing(29 lb/ft)
7 in. Casing(29 lb/ft)
7 in. Casing(29 lb/ft)
7 in. Casing(29 lb/ft)
7 in. Casing(29 lb/ft)
7 ir. Casing(29 lb/ft)
7 in. Casing(29 lb/ft)
7 in. Casing(29 lb/ft)
7 in. Casing(29 lb/ft)
7 in. Casing(29 lb/ft)
7 ir. Casing(29 lb/ft)
7 in. Casing(z9 lb/ft)
7 in. Casing(29 lbift)
7 in. Casing(29 lbift)
7 in. Casing(29 lbift)
7 in. Casing(29 lb/ft)
7 in. Casing(29 lh/ft)
7 in. Casing(29 lb/ft)
Float Colla¡
7 in. Casing(z9 lb/ft)
Float Shoc

12.03
12.08

12.08
72.49

13.08
12.86

13.08

13.32
12.97
12.60
12.80

t3.20
13.10

12.97
72.45
13.05

13.15
12.90

11.03
12.70

13.35
t2.55
13.15

13.00
13.00

B.m
12.55

13.0.5

13.00

13.05
11.85

10.70
13.00
13.00
11.05
12.75

13.45
13.35

72..L5

73.21,

13.45

13.50
0.53

13.95

0.52

-L1-.53

-23.61
-35.69
-.l8.18
-61.26
-'74.r2
-87.20

- 100.52
-r13.49
-t2ó.09
-138.89
-75?.09
-165.19
-178.16
-190.61

-m3.66
-216.8t
-229.71
-244.74
-253.44
-2ñ.79
-2J9.J4
-?97.49
-305.49
-318^49

-33169
-344.24
-357.79

-370.29
-383.34
-395.19
-¿r05.89

-418.89
-431.89
-442.94
-455.69
-4É9.14
-482.49
-494.74
-507.95
-5U..q
-534.90
-535.43
-549.38
-549.90

TABLE II .7- CASING COMPOSITION( DEPTH RELATIVE TO PLATFORM)
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Density
(dcc)

Porosity
(neutron)

LlthologyInterval(m) Gamma
Ray

Piezo-elec.
Factor

2.9 ,ln 35 Clayey
Sand

526.3-524.3 ÓJ

60
42
35
45
74
105

15 2.4
t.7
7.4
7.2
"1.2

1.2
1.9

1.ó8
1.,18

1,.33

L23
1.31

L.37
1.52

54
59
58
59

59
58

57

Coal
Coal
Coal
Coal
Coal
Coal
Coal

528.3 - 528.8
524.8 - 529.4
529.4 - 530.0

530.0 - 530.8
530.8 - 531.3
531.3 - 531.8
53r.8 - 532.2

2.35 z0 Clay/
Limcstonc

532.2 - -534.0 25

TABLE III . UPPER COAL SEAM LOG DATA(API UNITS)

100
100

92
91

100
100

100

100

100

Core Va

Recovery

Interval(m) Gamma
Ray

Piezo-elec.
Factor

Density
GlcL)

Porosiry
(neutron)

Lithology Co¡e Va

Recovcry

538.0 - 539.3 17 4.0 2.35 23 Limestone 100

539.3 - -5,10.2

54{.2 - 54/J.75

540.75 - 54L.25

54t.25 - 542.5

542.5 - 543.5
543.5 - 544.1

70

88

720
195

300
318

7.0

1.5

1_.2

1.3

1.2
t.2

1.6.1,t

1.,t8

1.30
1.-1-,,

1.31
1.50

54

59

56
57
62
63

Carbonifer.
Mudstone

Ca¡b.
Mud.iCoal

Coal
Coal
Coal
Coal

96

100

100
100
100

78

TABLE rV. LOWER COAL SEAM LOG DATA(ApI UNITS)

5,14.1 - 545.3 128 4.2 2.35 15 Fissured
Limestone

95



I.D.(in.)Lcngth(m) o.D.(in.)Assemhly Component

5.05
3.15

,184.50

t7.w
0.30
0.30
1.50
1.03

?.44

0.30
2.O1

0.65

1.16
0.50
L.24
0.86
0.42.
2.06
0.30
2.(n

1.36

0.30
6.60

3 tlz
3UZ
ltn
4 3t4
4 314
4 3/4
5
5
4 314

5
4
4

4
5
4
5

5

5
5
5
5

5
5

5

3t4
3/4

314

314

U8
1/8

3/8

(GaWe I 11/1ó)
I
2U4
2 t/4

(Gauge 1 11/16)
2
1

7
1

1

I
1

1

1

1

z 714

7t4

114

2
2
2
2

2
2
I
1
)

11/16

t7lt6
tut6

7116

5/8
rl4

114

U4
3/t6

1 Pup Joint
I Pup Joint
53 Drill Pipes
2 Drill Collars
1 Reverse Sub
1 X-Over Sub
1 Shut-In Valve
1 Sampler
1 Spacer(GEOSERVICES

Memory Quartz Gauge)
1 Inside Reco¡der
1 X-Over Sub
1 Spacer(GEOSERVICES

WTD Gauge)
1 X-Over Sub
1 Hydraulic Jar
1 Safety Joint
1 Pump
1 Screen
1 Packer Stick Up
I Packer Element
1 Packer Stick Down
1 Port Sub
1 Outside Reco¡de¡
1 Blind Sub
1 Belly Spring

Bottom Comp.
Depth(m)

+2.§
-0.79

-#5.?9
-503.19
-503.49
-503.79
-505.29
- 506.32
-508.7ó

-510.12
-510.42
-5t7.tiz

-517.12
-519.33
-519.98
-52?.36
-5n.5?.
-524.02
-525:2.6
-5 .12
-5126.54

-528.60
-528.90
-530.90

TABLE V . UPPER COAL SEAM PRODUCTION TESTWORK ASSEMBLY
(DEPTH RELATIVE TO PLATFORM)

I

I



Length(m) o.D.(in.) I.D.(in.)Assembly Componcnt

1 Drill Pipe
1 Pup Joint
51 Drill Pipes
2 Drill Collars
1 Reversc Sub
1 X-Over Sub
1 Shut-In Valve
1 Sampler
1 Spacer(GEOSERVICE§

Memory Quartz Gauge)
1 Inside Recorder
1 X-Over Sub
1 Spacer(GEOSERVICES

WTD Gauge)
1 X-Over Sub
1 Hydraulic Jar
1 Safety Joint
1 Pump
1 Screen
1 Packer Stick Up
1 Packer Elemcnt
1 Packer Stick Down
1 Port Sub
1 Outside Recorder
1 Spacer
1 Packer Stick Up
1 Packer Element
1 Packer Stick Down
1 Belly Spring

9.10
3.15

¿166.50

"17.90

0.30
0.30
1.50
1.03
2.44

0.30
2.0r
0.65
2.38
r.r6
0.50
1.24
0.86
0.42
2.M
1,.22

0.50
1.24
0.55
2.00

1,-:36

0.30
6.60

3
.,
3
4
4
4
5
5

4

5
4
4

4
5
4
5

5
5
5

5
5

5

5

5
5
5
5

UZ
uz
U?
Jl4
314

314

3t4

3t4
314

314

3t4
1/8
rl8

3E

3/8

(Gauge 1 11/16)
1

2U4
2 114

(Gauge 1 11/16)

2
2
2
2
2
2
1

1

2

rl4

4

u4

1l

1

1,

?
1

1,

1

1

1

1

1

1

I
t
I
2

1t/16
ru16
1l/16

1/16
s/8
u4

y4
114

3lL6

-5.38
-8.53

-475.03
-49?.93
-493.23

-493.53
-495.03
-49ó.0ó
-498.50

-499.86
-500.16
-50ó.76

-507.06
-5W.07
-509.72
-512.10
-513.2Á

-5r3.76
-515.00
-515.8ó
-5-16.2A

-518.34
-519.56
-520.06
-521.30
-521.85
-523.85

TABLE VI . SAND LA\GR PRODUCTION TESTWORK ASSEMBLY
(DEPTH RELATIVE TO PLATFORM)

Bottom Comp.
Depth(m)


