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1 Basic Well Data 

 

Licence Number : PL 235 

Operator : 
Angus Weald Basin 3 Ltd  
Building 3 Chiswick Park , 566 Chiswick High Street  

London  W4 5YA +44 (0) 208 899 6380 

Partners : 

Angus Weald basin 3         55%* 
Terrain Energy plc              20% 
Doriemus Oil plc                 10% 
Brockham Capital Ltd         10% 
Alba Mineralsresources plc  5% * 
*Subject to regulatory approval 

Well name : Brockham (X4Z) 

Location : Surrey, Southern England 

Basin : Weald Basin 

Well type : Deviated Sidetrack 

Anticipated spud date : Q4 2016 

Surface Coordinates 
Latitude/Longitude 

: 
Latitude: 51° 13' 26.886 N 
Longitude: 0° 17' 52.569 W 

Surface coordinates UTM 
(Datum : UK OS) 

: 518841.67 E  148649.37 N  

Ground Elevation :  52.00m AMSL  

Drill floor elevation (KB) :  4.9m  AMSL      (Provisional  Subject to Survey) 

Planned TD : 1345.21m MD BRT (Provisional- Subject to geology) 

Target tolerance : 
Bottom Hole Location is prognosed to be as follows: 
Total Depth: 148389 N,  518510E 
North-South tolerance should be no more than 50m. 

Target Reservoir : 

Primary Exploration Targets are the Kimmeridge 
Limestones and  Corallian Sandstone, which are 
expected to be oil bearing at this location, Gas may 
also be present in the Corallian.If the exploration 
targets prove to be water bearing then the well would 
be completed for production in the Portland 
Sandstone 

Proposed Drilling Options : 
The well will be drilled to the Corallian section. 
Subsequent completion and production will be carried 
out under the terms of the licence. 

Well Objective and expected 
completion status 

: 

The objective of the well is to evaluate the potential in 
the Corallian, Kimmeridge and Portland Sandstone 
and leave the well available for completion as a 
producer.  
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2 Well Summary 

1.1 Introduction 

Brockham X4Z (formerly Brockham X4)is planned to reach the target reservoirs 
towards the crest of the Brockham structure as mapped at the Portland Sandstone 
horizon. The Brockham Field lies in licence PL 235, northern Weald Basin, Surrey, 
southern England (refer Figures 1 & 2).  The well is located approximately 7.5 
kilometres North West of the Horse Hill discovery that found oil in the Kimmeridge 
Limestones and approximately 40 kilometres West of the Palmers Wood oilfield that 
established oil production from the Corallian Sandstone. It is also close to the 
Bletchingly Gas field which has gas in the Corallian. 
 
The depth structure maps of the prospect at the Portland Sandstone horizon show 
the structure to be North East South West trending anticline bounded to the south 
east by a north-east south-west trending normal fault with planes dipping away from 
the structure. This results in aerial closure over the structure of around 1km2 at the 
Portland Sandstone level. 
 
The primary target reservoir horizons are the sandstones of the the Corallian 
Formation, which is the oil producing horizon in the Palmers Wood oilfield and the 
gas bearing reservoir in the nearby Bletchingly Gasfield. The Corallian Sandstones in 
the Brockham 1 well had light oil and gas shows in the Corallian but tested water with 
traces of oil. However the well was downdip to the proposed target and the test was 
deep within the Corallian section. It is possible therefore that the Brockham 1 well 
was at or near the contact. The reserve objective of the well is for production in the 
Portland Sandstone, which is currently productive in the Brockham oilfield, 
 
 
The proposed sidetrack, Brockham X4Z, is designed to be drilled in a structurally 
high position at all target horizons to maximise the chance of successful production.  
The existing well Brockham X4 will be used for the sidetrack and currently has a 
short open hole section below the casing shoe above an open hole isolation plug. 
The well will be sidetracked in this section which is at an inclination of around 76 
degrees. 
 
The well will pass through the productive Portland Sandstone 4.2 section 
immediately on sidetracking and this zone may be the final completion option should 
the deeper production targets prove unsuccessful. 
 
Below the Portland Sandstone the inclination will be reduced to enable the well to 
pass through the Kimmeridge target at reduced inclinations and to the Corallian 
target at near vertical, thus reducing the well drilled section. The Portland section is 
intended to remain to the east of a postulated fault that may have caused the 
watering out of the original Brockham X4 sidetrack. The other targets should be 
penetrated at or near the crest of the structure, but at a distance from the main 
southern bounding fault which could have a zone of increased cementation in 
fractures close to the fault. 
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Figure 1: PL235 licence location 
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1.2 Summary of Well Plan 

 
The objective of the Brockham X4Z sidetrack is to evaluate the production potential 
in the Kimmeridge Limestones and the Corallian Sandstone but allow for completion 
in the proven Portland Sandstone as a reserve option. Drilling is scheduled during 
the third quarter 2016.  The drilling and evaluation can be summarised as follows and 
the well diagram is shown in Figure 2: 

 
The anticipated operations in the well are as follows though as with all exploration 
wells the results are as yet unknown and the final sequence of operations will depend 
on the results. 
 

1. Re-enter the existing Brockham 4 well, verify casing condition and current 
well status and prepare for sidetracking in the 59.2m open hole section below 

 
2. Kick off in open hole 5m 

sandstone whilst dropping angle as per the well trajectory below. 
3. Drill through the Kimmeridge Clay formation taking special note of shows in 

the three limestone bands anticipated 
4. Continue to TD at approximately 1345m MD or 50m along hole below base 

Corallian Sandstone whichever is the sooner. 
5. Log the combined Corallian Kimmeridge and Portland sections to identify the 

potential production zones. 
6. Run a 5 Depth of the 5 be determined based on the results of 

the evaluation but will be 50m below the last hydrocarbons logged. 
7. Carry out short term production evaluation in accordance with approvals in 

the licence. 
8. Permanently abandon zones not required for completion using cement plugs. 
9. packer and pump nipple and nipple up tree 

and flowlines for long term production as required as per licence 
requirements. 
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1.3 Well Diagram 

Figures 2 and 3 below show the current and proposed status of the well before and after 
drilling the sidetrack. Note perforations and plug backs have not been shown as these will 
form operations after drilling the sidetrack, under current licence terms. 
 
 

 
Figure 2: Current Well Status. 
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Figure 3: Proposed well Completion. 
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Figure 4: Brockham X4Z Stratigraphic Column. 
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1.4 Location Map  

 

 
 

Figure 5: Map and Satellite image showing location of Brockham X4Z 
  



 
Angus Energy plc Brockham (X4Z)  Sidetrack, Well Proposal & Drilling Programme 

 Page 9 of 30 

OFFSITE 

Direct Reporting 
Indirect Reporting 

WELLSITE Drilling Supervisor 
(Company 

Representative) 

Service Company 
Representatives 

Toolpusher 
 

 

Operations Manager 

 

Materials & Logistics 
 

Rig 
Manager  

Managing Director 
 

Finance & JV Managers 

 

Drilling Engineer 
 

 
 

2 Administration & Data Communication 

2.1 Reporting 

 
The following reports will be used as the primary drilling reporting media: 
 

 IADC Report  fax 
 

 Daily Drilling Report  email 
 

 Daily Geological Report  email 
 

 Mud Loggers Report  email 
 

 Casing / Tubing Tallies (as applicable)  email 
 

 Cementing Report (as applicable)  email 
 

 Mud Engineering Report  email 
 
Daily reports will be dispatched by email by 8:00am. 
 
ALL DEPTHS WILL BE REPORTED IN METRES BELOW ROTARY TABLE (BRT). 
 
 

2.2 Logistics 

 
All logistics will be co-ordinated from the well site. 
 
 

2.3 Communication 

 
Details of lines of communication are shown below: 
 
 
 
 
 
 
 

 
 

 
 

 

Subsurface Manager 
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2.4 Changes to the Drilling Programme 

 
This Drilling Programme has been written to facilitate the drilling of Brockham X4Z 
Sidetrack in a timely and cost effective manner. Changes may be made to this 
Drilling Programme from time to time, including possible early termination of 
operations. 
 
Programme changes shall require the authorisation of the Drilling Supervisor 
and the Drilling Manager, and approval by any Joint Venture partners and the 
Well Examiner before being issued by the Operations Manager. 
 
Any such changes will be issued as a written instruction and will be supported by a 
written justification. 
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3 Geological Prognosis 

3.1 Structure 

The Brockham Field lies in licence PL 235, northern Weald Basin, Surrey, southern 
England (refer Figure 1).  The well is located approximately 7.5 kilometres North 
West of the Horse Hill discovery that found oil in the Kimmeridge Limestones and 
approximately 40 kilometres West of the Palmers Wood oilfield that established oil 
production from the Corallian Sandstone. It is also close to the Bletchingly Gas field 
which has gas in the Corallian. 
 
The major structural framework in southern England was formed during the Variscan 
Orogeny around 300Ma, when the Armorican crustal block pushed northwards 
creating a series of thrusts and folds with a dominant E-W trend.  Post-orogenic 
collapse and extension in the Permian initiated the Wessex Basin, which 
subsequently developed into a series of sub-basins.  One of these sub-basins, the 
Weald Basin, was initiated in the Jurassic and developed as an extensional basin 
and major depocenter with a strong East-West trend. 
 
The Brockham oilfield, originally discovered in 1987 by a consortium led by BP, has a 
productive reservoir in the Upper Jurassic Portland Sandstone at around 640m in a 
tilted fault block.  Reservoir quality is excellent with porosities exceeding 20% and 
permeabilities of almost 1 Darcy in places.   
 
The Horse Hill 1 well found oil in two Kimmeridge Limestone sections and 
established oil rates up to 1360 BOPD from a test combining the two sections. The 
same intervals are present in the Brockham 1 well (albeit with thinner sections) and 
are anticipated to be present in the Brockham X4Z sidetrack. A further thinner 
Limestone was seen in the Brockham 1 well whcih could also be of interest. Although 
shows were not seen in the original Brockham 1 well there was a modest increase in 
mud gas over the upper sections. Figure 6 shows the correlation of the key 
Kimmeridge Limestone intervals between Horse Hill 1 and Brockham 1. 
 

 
 
Figure 6: Correlation between Horse Hill 1 and Brockham 1 for X4Z objectives 
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The Palmers Wood oilfield, discovered in 1983 by Conoco, is located in the Upper 
Jurassic Corallian Sandstone at around 890m in a tilted fault block.  The sandstone 
averages 10m in thickness and, once again, has good reservoir quality.   
 
The nearby Bletchingly Gasfield also produced from the Corallian Sandstone 
 
The Brockham 1 well also saw a similar Corallian section with shows of light oil and 
gas. A test was conducted over the lower part of the sand but it produced water with 
traces of oil. It is thought that the interval (deeper in Brockham  than the proposed 
sidetrack) may have been close to the oil water contact and preferrentially produced 
water.Figure 7 below. 
 
Both these formations represent the primary targets in the proposed well.   
 
 

 
 

 
 

Figure 7: Extract from Brockham 1 Composite log across Corallian Sandstone. 
 
 
 
The structure was remapped for Angus Energy in 2014 focussing on the Top 
Portland Sandstone which represents the structural closure for the existing Brckham 
field reservoir. The project involved the correction of datum errors and intigration of 
data of various vintages and data purchased over the surrending area Figure 8 
shows the data set available 
 
The 2014 depth structure map of the top Portland Sandstone is presented in Figure 9 
The Brockham 1 well is shown projected onto seismic line V84-83V. The correlation 
is however, quite good and shows that the structures at the Kimmeridge and 
Corallian horizon mimic those at the Portland. The well should be reasonably crestal 
in location at all targets. 
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Figure 8: Seismic data used for the 2014 reinterpretation. 
 
 
 
 
 

 
 

Figure 9: Top Portland Sandstone 4.1 horizon 2014 interpretation. 
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Figure 10: Seismic Line V84-83V showing of well Brockham 1 540m to the East. 

The Brockham X4Z will be closer the line 
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3.2 Anticipated Stratigraphy 

 

Formation 
TVD(m) Ref. 

GL 
Wealden Beds 0.00 
Upper Tunbridgse Wells Sands 228.99 
Grinstead Clay 316.01 
Lower Tunbridge Wells Sands 331.76 
Wadhurst Clay 342.23 
Ashdown Sand 379.99 
Fairlight Clay 457.02 
Upper Purbeck 512.34 
Top Jurassic 544.02 
Purbeck Basal Anhydrite 601.75 
Portland Limestone 615.20 
Portland Sandstone 4.1 624.40 
Top Kimmeridge 693.1 
Top Upper Limestone 693.1 
Base Upper Limestone 764 
Top Middle Limestone 788.7 
Base Middle Limestone 817.1 
Top Corallian Sandstone 837.1 
Base Corallian Sandstone 1068.2 
GL = 51.55m AMSL  

 Note exact depths will be confirmed during drilling 
 

 
The stratigraphy at Brockham X4Z is expected to be identical to but slightly higher 
than that encountered in Brockham 1. 
 
The stratigraph of new formations to be drilled is detailed below. 
 
Portland Sandstone (Upper Jurassic) 
 
The Portland Sandstone is primarily composed of sandstones interbedded with minor 
claystones and siltstones at the base and very minor limestones towards the top.  
The entire sequence was deposited in a moderately deep water environment and 
appears as an upward-coarsening and progradational unit, which is reflected in the 
upward decreasing gamma ray values and sonic interval transit times.  The Portland 
Sandstone lies conformably over the Kimmeridge Clay. 
 
The lithologies are likely to be as follows: the sandstones are grey, firm to moderately 
well indurated, fine to very fine grained, sub-angular, generally poorly sorted, locally 
argillaceous and glauconitic and have variable intergranular porosity.  The siltstones 
are dark grey, firm, blocky calcareous, pyritic argillaceous and micro-micaceous.  The 
minor limestone is white, friable to firm, micro-crystalline, carbonaceous, arenaceous 
and glauconitic. 
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Kimmeridge Clay (Upper Jurassic) 
 
The Kimmeridge Clay was deposited in a moderately deep water shelf sea that was 
periodically under anoxic conditions.  It is predominantly composed of claystones and 
minor limestones, which is reflected in a generally high gamma ray response with 
quite marked, low gamma ray calcareous horizons.  The formation conformably 
overlies the Corallian Beds. 
The lithologies are likely to be as follows: the claystones are generally grey to dark 
grey, soft to firm, sub-blocky to fissile, calcareous, pyritic, silty and fossiliferous.  The 
stringers of limestone are grey to off-white, firm to hard, crypto-crystalline, chalky in 
part and locally argillaceous. 
 
Corallian Beds (Upper Jurassic) 
 
The Corallian Beds comprise an interbedded sequence of siltstones, claystones, 
limestones and sandstones deposited in a marine environment and lie conformably 
over the Oxford Clay.  The dominance of siltstone and claystone is reflected in the 
generally high gamma ray response, with limestones and sandstone standing out as 
distinct lower gamma ray events. 
 
The siltstone is light grey, soft to firm, sub-blocky to sub-fissile, calcareous, 
carbonaceous, argillaceous and locally arenaceous.  Locally it is pyritic and 
fossiliferous and grades to claystone.  The claystone is grey, firm, sub-blocky, 
calcareous, silty and micro-micaceous.  Stringers of limestone occur, which are off-
white to buff, friable to well indurated, blocky, pyritic, crypto to micro-crystalline and 
locally chalky.  The sandstone is light grey, moderately well indurated, fine to very 
fine grained, sub-angular, calcareous in part and locally with silica cement. 
 
Note only the uppermost Corallian sandstone section forms a target but the shoe 
track will be drilled through the underlying siltstones and the full stratigraphy for the 
section is included for completeness. 
 

4 Well Engineering Prognosis 

4.1 Offset Well Data 

 
Offset well data are available for all the Brockham wells but only Brockham 1 
evaluated the section below the Portland Sandstone so the detailed description 
below is provided for the Brockham 1 well and the nearby Albury 1 and Bletchingly 1 
wells. Note the Horse hill original well report was available but not subsequent 
operations so yielded little useful information. 

Brockham 1 

Brockham 1 was drilled by BP between August and October 1987 as a directional 
exploration well to investigate the Corallian Sands and Great Oolite Limestone as 
primary targets and the Portland Sandstone and Rhaetic Limestone as secondary 
targets. 
 
13 -set at 98 ft.  12¼ ,775 ft with 
a diverter in place using a CMC Polymer system, with gumbo problems in the Weald 
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clay necessitating the installation of a jet in the flow line.  The surface hole was tight 
and on trips the string was pumped out.  9 ,742 ft 
in the top of the Purbeck Beds and cemented with full cement returns throughout.    
The shoe track was drilled out and a LOT run at 1,785 ft giving a leak off pressure at 
the shoe of 1596 psi and an equivalent fracture gradient of 0.918 psi/ft (17.7 ppg 
EMW).  
 
8½ was drilled using a KCl Polymer system to a KOP at 2,379 ft and then 
drilled directionally to 4,570 ft but the logs failed to get past 4,002 ft in the Corallian 
claystone and a slick drilling assembly failed to get past 4,039 ft.  Following three 
DSTs in shallower horizons, the hole below 4,002 ft was assumed lost and the well 
cemented back and side-tracked from 3,500 ft to 4,537 ft MD.  At this point the drill 
string became stuck in the hole in the Oxford Clay and after several days fishing, the 
decision was made to leave the fish in the hole. 
 
The hole was plugged back and side-tracked for a second time from 3,086 ft to 4,577 
ft MD an  at 4,568 ft MD and 
cemented with no returns to surface.  It was thought that some 384 bbls of cement 
were lost to the Corallian Sands, but this cement job was also compromised by the 
failure of the float equipment.  The shoe track was drilled out and a LOT run at 4,577 
ft giving a leak off pressure at the shoe of 3,519 psi and an equivalent fracture 
gradient of 0.788 psi/ft (15.2 ppg EMW). 
 

 using a freshly built KCl/Polymer mud system to TD 
at 7,137 ft some 98 ft below the base of the Rhaetic.  Open hole logs were run at TD 

ing 
over the Portland Sandstone and the well was suspended for a long term production 
test on the Portland Sandstone. 
 
The well was anticipated to take some 32 days to drill but ended up taking 57 days.  
Of this some 18 days were spent fishing or plugging back and side-tracking; a further 
3 days were spent running DSTs with another 3 days spent performing a remedial 
cement job on the Portland Sandstone. 
 

Albury 1 

Albury 1 was drilled between August and September 1987 as a directional well with 
the Great Oolite as the primary objective and the Corallian Sandstone as a 
secondary objective. 
 
A 9 pre-set at 117 ft MD.  The 8½
off using a ¾º bent sub to 738 ft where the BHA was changed to maintain hole angle.  
This section was drilled to casing point in the Purbeck Beds at 2,344 ft MD using a 
Milpac Polymer mud to avoid water losses in the Lower Greensand.  Some tight 
sections were observed between the Ashdown Beds and the Upper Tunbridge Wells 
sands, but essentially this section was drilled with minimal apparent hole problems.  

returns to surface; at this point the hole deviation was around 16º.  A FIT was run at 
2,354 ft MD with no leak off achieved at an EMW of 15.6 ppg. 
 
The Milpac polymer mud was converted to a Milpac Shaletrol system before drilling 

,897 ft MD.  A PDC bit had become 
balled up while drilling the Kimmeridge Clay and was replaced by a tricone rock bit.  
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When pulling out, the hole was tight in the Kimmeridge Clay and lower sections of the 
Portland Sandstone.  On tripping out of the hole from 3,897 ft MD the hole was tight 
in the Kimmeridge Clay and the pipe became stuck with the bit at 3,246 ft MD.  After 
several attempts to unsuccessfully back off using a string shot, a mechanical back off 
was obtained.  Further attempts to recover the fish were unsuccessful and the hole 
was plugged back to 2,672 ft MD with the fish at 2,969 ft MD.  Caliper logs run 18 
days after drilling, show the Purbeck to be 
accumulated in this washout and fallen back onto the BHA packing off the annulus. 
 
The cement plug was dressed off to 2780 ft MD and a new kick off BHA was made 
up to side-track the well. 
Shaledrill OBM system to reduce hole instability and reduce the tight hole by oil 
wetting the drill string.  The first cement plug was drilled out while still green and a 
second plug had to be set prior to side-tracking.  The high pH of the green cement 
reduced the wetting/inhibiting properties of the OBM and it was necessary to build 
fresh mud.  The side-track was drilled to 2839 ft MD and the BHA replaced with a 
locked assembly which drilled ahead to 2873 ft MD where the Milchem Shaletrol mud 

to a TD at 6502 ft MD in the Triassic with no apparent problems with the exception of 
some tight sections in the Kimmeridge Clay and Lower Portland Sandstones. 
 
Drilling took some 35 days, of which 8½ days were spent fishing, plugging back and 
side-tracking. 
 
The well was temporarily suspended with perforations across the Purbeck 
Sandstone. 
 
 

Bletchingley 1 

The Bletchingly 1 well was drilled by Esso between October and December 1965.  
Amscott Drilling Company was the rig contractor and provided the T32 rig which had 
drilled the Collendean Farm well in 1964. 
 
The well was drilled to test for possible hydrocarbon production on the north flank of 
the Wessex Basin up dip of the Collendean Farm 1 well.  Primary targets were in the 
Portland Sands, Corallian Sands and Oolitic Carbonates.  
 
Drilling Reports were not available for this well, but the Completion Report states that 
a TD of 6078 ft was reached after 53 days without any particular problems.  
However, the time breakdown shows that 7% of the total well time was spent 
reaming, which indicates that tight hole was a problem. 
 
 

4.2 Hole and Casing Program 

The entire sidetrack section is to be drilled with a mud motor and 
facilitate cleara he well will be cased with a 5
production liner. 
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4.3 Hole Deviation and Well Trajectory 

The bottom-hole targets at Portland, Kimmeridge and Corallian horizons, together 
with the current hole location and inclination, necessitates a complex well profile. The 

235.20 
Degrees . In order to pass through the potential Portand Sandstone production target 
before encountering a fault just to the west it is proposed to drop angle. However, an 
arbitrary maximum dogleg severity of 5 degrees per 30m has been applied. The 
inclination therefore drops continouously at 5 deg/30m from the casing shoe at 
691.7m MD to 1171.7m MD at which point the well is near vertical. The well 
continues vertical to the expected TD at around 1317m MD or 50m along hole below 
base Corallian Sandstone whichever is the sooner. Azimuth will decrease gradually 
to 210 deg where the well becomes vertical. 
 
Trajectory Assumptions: 
 
Surface Location Latitude   = 51° 13' 26.886 N 
Surface Location Longitude   =0° 17' 52.569 W 
Surface Location (X, Y)    =518841.67 148649.37 
 
Primary Target Reservoir Horizons  =Portland, Kimmeridge and Corallian 
 

 near top Portland  =624.27m TVD SS 
Location     =148572.98N 518687.49E 
 
Top Kimmeridge Limestone Target  = 764m TVDSS 
Location  top  Kimmeridge Limestone =148397.62 N 518513.17 E 
 
Top Corallian Target    =1068.2 TVD SS  
Location at top Corallian   = 148362.33 N 518496.72 E 
 
 
Planned Total Depth    =1083.1m TVD SS 
Location at Total Depth   =148362.33 N 518496.72 E 
 
 
Assumed GL elevation   =51.55m AMSL 
Assumed GL to KB    =4.9 
Assumed KB elevation   =56.9 
 
 
 
Figure 10 shows the proposed well trajectory based on the above assumptions.   
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Figure 11: Brockham X4Z planned Trajectory.  
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4.4 Pressure & Fracture Gradients 

 
Pressure Prediction 
 
The Brockham Portland Sandstone Unit 4.2 reservoir is shallow at approximately 
571m below mean sea level at structure crest (623m below ground level) and was 
normally pressured prior to production.  Extrapolated reservoir pressure (p*) 
measured from the original DST on the discovery well was 933 psia at 626m TVD 
below GL.  This equates to a pressure gradient of 8.74 ppg equivalent mud weight.  
The reservoir has been depleted by production, but the extent of this depletion is not 
accurately known. 
 
DST or RFT pressure data was available for the Portland Sandstone and Oolite 
reservoirs in Godley Bridge 1, the Purbeck Sandstone in Albury 1 and the Portland 
Sandstone in Bramley 1 and Brockham 1.  
 
 

 
Figure 12: Plot of Offset Well Formation Pressures vs Depth. 

 
 
Figure 11 shows the plot of Formation Pressures vs. TVDSS Depth and gives a 
normal pressure gradient of 0.432 psi/ft   0.0977 bar/m .  None of the pressure data 
from these offset wells gives indications of overpressured formations. 
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LOT & FIT results from the drilling of nearby wells: 
 

Parameter Brockham X1 Brockham X4 Albury 1 Godley Bridge 1 

Date 
21 Aug 
1987 

27 Sept 
1987 

27 July 2007 1 Sept 1987 
 3 Dec 
1982 

3 Jan 
1983 

Depth (ft TVD MD) 1756 4394 762 2273 2323 7114 

Casing Size       

Shoe Depth (ft MDTVD) 1741 4458 758 2257 2285 7067 

Pump Pressure (psi) 730 1520 130 780 n/a n/a 

Mud Weight (ppg) 9.6 8.7 8.9 9.5 n/a n/a 

Leak off pressure at 
formation (psi) 

1596 3519 475 1894+ 1959 4076 

Gradient to RT (psi/ft) 0.918 0.788 0.626 0.839 0.857 0.577 

Did formation Leak off? Yes Yes No No ? ? 

 
 

 
Figure 13: Plot of Offset LOT and FIT Pressures vs Depth. 

 
Based on the offset well data the frac gradient is expected to be 0.72psi/ft  or    0.163 
bar/m. 
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Figure 14: Expected Pressure and Temperature Profiles. 
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4.5 Temperature gradients 

Figure 15 shows the plot of Formation Temperatures vs. TVDSS Depth and this 
gives a temperature depth relationship of: 
 
  Formation Temperature (ºF) = (TVDSS Depth + 2358.9)/48.527 
 
and  Formation Temperature (ºC)= 0.03756 X Depth m TVDSS 
 
 
 

 
  

 
Figure 15: Plot of Offset Well Formation Temperatures vs Depth. 

 
 

4.6 Carbon Dioxide 

CO2 is not expected to be encountered in Brockham X4Z 
 
 

4.7 Hydrogen Sulphide 

H2S  is not anticipated in Brockham 4XZ. Traces have been observed during some 
production operations but are believed to relate to contamination by anaerobic 
bacteria. This issue is not expected in this well. 
 

4.8 Casing Design Summary 

 
.5  The purpose of this liner is to isolate the targets in the Portland sandstone, 
Kimmeridge Limestones and Corallian Sandstone. The shoe will be set at TD or 
above depending on logging results.   
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4.9 Drilling Fluids Summary 

 
The primary targets, the Portland Sandstone,the Kimmeridge Limestones and  the 
Corallian Sandstones, are generally high porosity, high permeability reservoirs. 
However, the Kimmeridge Limestone production is dependent on natural fractures. 
Despite such good reservoir quality, it is extremely important to fully evaluate these 
formations and allow them the best opportunity to produce.  In order to achieve that 
goal, formation damage must be kept to an absolute minimum and, if possible, 
eliminated completely.  Potential formation damage can be cause by fluid infiltration, 
drilling/mud solids plugging and severe over-balance.  A carefully planned mud 
program using appropriate chemicals is, therefore, necessary to achieve best results. 

 
In order to minimize formation damage to the reservoir, the Brockham X4Z sidetrack  
will be drilled close to balance with a non-damaging oil based mud system identical 
to that used in the recent Horse Hill 1 well. Mud design and planning is still 
proceeding 

 
 
 

4.10 Expected Drilling Problems 

Swelling in the Kimmeridge clays could result in tight hole conditions, overpull and 
balled up stabilisers. This is being addressed by the use of an oil based mud system. 
 

5 Formation Evaluation 

5.1 Objectives 

The objectives of the formation evaluation programme are: 
 

 Evaluate reservoir quality (porosity, permeability, hydrocarbon saturation) and 
deliverability from the Portland Sandstone, Kimmeridge Limestones and 
Corallian Sandstone  

 
 

5.2 Geological Monitoring Services 

A wellsite geologist will will be responsible for supervision of all geological monitoring 
activities, data acquisition and on-site interpretation.   
 
An unmapped  fault appears to be present in the existing section of the Brockham X4 
sidetrack and may be encountered in the X5 sidetrack, it is therefore important that 
the well path and formation tops are carefully monitored and forward prediction is 
carried out to ensure that the intersections of the top Portland, Kimmeridge and 
Corallian are on target.  The well trajectory has been designed to intersect all 
horizons in a structurally high position, while maintaining a safe distance from the 
currently interpreted southern boundary fault position.  In addition, the drilling and 
evaluation of the reservoir section (including logging, testing and any coring 
programs that are carried out) is the most important part of the well and it is important 
that a wellsite geologist is present. 
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5.3 Electric Logging 

The exact electronic logging suite is still to be decided but will probably be a combo 
tool run on drill pie to avoid issues in the high angle hole (c.76 deg) at the sidetrack 
kick off point. Special interpretation techniques will be used to evaluate the key 
formations and to identify the possible natural fractures in the Kimmeridge 
Limestones.  
 
 
 

5.4 Mud Logging 

Mud logging services will be on the location throughout the drilling operation of 
Brockham X4Z sidetrack kick off to TD, and will include data collection and daily 
transmission to the Operator, as outlined below. 
 
Mud loggers should liaise closely with the drilling supervisor and wellsite geologist 
particularly regarding matters related to the correct evaluation of the well, drilling 
parameters and safety considerations. 
 
Drilling breaks should be very closely monitored and recorded throughout the well.  
Small sharp drill breaks over short intervals may represent natural fractures and their 
presence must be noted on the mud log. 
 
Mud loggers are to carry out calibration of the total gas detector and chromatograph 
on a daily basis using check-gas blends of precisely known concentrations, with the 
results recorded on the daily work sheets.  Carbide lag checks are to carried out daily 
while mud drilling.  All instrument charts are to be annotated with depth at a 
frequency dependant on rate of penetration.  All charts are to be submitted to the 
Operator along with the final well log at the end of the well. 
 
 

5.4.1 Geological Sampling 

 Analysis and description of cuttings samples including fluorescence 
examination using appropriate solvents for the detection of hydrocarbons. 

 
 Packing and labelling of samples. An accurate transmittal record is to be kept 

of all samples dispatched from the well site. 
 
 

5.4.2 Sample Intervals 

The following cuttings sample programme is required: 
 

sample interval wet sample dry sample 

6-inch hole 
Potential Reservoir 

Sections 
2 samples every 2m 2 samples every 2m 
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If the drill rate allows, the sample interval can be increased at the discretion of the 
wellsite geologist, or decreased if drill rate is excessive.  There should be no 
necessity for controlled drilling, except if down-hole mud motors are to be used to 
build hole angle. 
 
Note: Consideration should be given to maintaining a complete set of samples in 
Samplex trays, to be kept in the logging unit for the duration of the well and 

n a 
valuable reference for future operations. 
 

5.4.3 Detection and Monitoring of Mud Stream Gases 

 Continuous monitoring of total hydrocarbon gases. 
 

 Continuous chromatographic analysis of gases from Methane through to 
Pentane. 

 
 

5.4.4 Monitoring of Mud Stream Gases using Rig-Supplied Data 

 Monitoring of non-hydrocarbon gases (i.e. H2S and CO2). 
 
 
 

5.4.5 Computerised Drilling Data Collection 

 
 

 Continuous monitoring of drilling and well data. 
 

 Recording and storage of data. 
 

 
 

 
 Time-based printed record. 

 
 Depth-based printed record. 

 
 Data retrieval and utilisation. 

 
 Online hydraulics. 

 
 Online lag calculation. 

 
 

5.4.6 Preparation of Mud Log 

Preparation of a mud log on a scale and using units specified by the Operator, to 
include the following information: 
 

 Rate of penetration. 
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 Percentage cuttings lithology. 

 
 Evaluated and interpreted formation lithology. 

 
 Total hydrocarbon gases. 

 
 Results of chromatographic analysis. 

 
 Description of cuttings, lithology and remarks. 

 
 Bit data. 

 
 Relevant engineering data. 

 
 Deviation survey data. 

 
 Drilling fluid data. 

 
 Coring and formation test intervals. 

 
 
 

5.4.7 Reporting 

The mud logging company will supply the following reports in the format requested by 
the Operator (e.g. PDF, JPG, TIF, Word document etc): 
 

 Daily Lithological Log. 
 

 Description and analysis of cuttings, including fluoroscope examination. 
 

 Continuous monitoring, recording and reporting of mud stream gases, 
including total hydrocarbon gas, chromatographic gas analysis C1 to C5 and 
H2S. 

 
 Continuous monitoring, analysis, recording and reporting of mud volumes and 

drilling parameters, including reporting of anomalous events and trends. 
 

 Correlation of cuttings lithology, log analysis and hydrocarbon evaluation with 
relevant offset data provided by the Operator. 

 
 

site personnel. 
 

 Completion of well master log, using the presentation format as directed by 
the Operator. 

 
 Provision of computerised drill data evaluation services. 

 
 Preparation of a post-well report on the operation. 
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5.5 Coring & Sidewall Sampling 

 
Rotary Sidewall core could be acquired, though this is not anticipated.  No 
conventional coring will be undertaken. 
 

5.6 Production Evaluation 

The well will be put into production after some initial production evaluation under the 
terms of the licence. These operations will be the subject of separate documentation. 
 


