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Executive summary 

The 1980s 2D seismic database used by the current PEDL235 licence operator Angus Energy was 

adequate for mapping the simple hydrocarbon prospects of that era, which were then tested by 

vertical exploration wells, but is inadequate for drilling slant or horizontal wells away from the 

seismic control. No new seismic data have been obtained, either 2D or 3D. 

The applicant has made serious errors in its interpretation of the geological structure of the oilfield. 

It should be required to undertake a small high-resolution 3D seismic survey of the area of interest 

and submit these data, properly interpreted, before permission is granted for any further 

development. 

The supposed need to import produced waters from outside the field may be a cover for getting 

permission for a regional wastewater disposal site, and not for the claimed reason of supporting 

oil production at the site. 

The proposed re-injection depth is unusually shallow, at around 625 m below sea level. There are 

inadequate geological barriers to upward flow of contaminated fluids. 

Permission to re-inject fluids into the failed Portland Sandstone production well  should be refused 

outright, (a) because there are potential fault paths from the shallow injection zone up to the 

surface, and (b) because of the likelihood of inducing extra seismicity in what is now a seismically 

active zone. It is well known that fluid re-injection tends to induce new seismic activity, which 

may be at the depths of the injection, or much deeper. 

Because of the severe internal errors and inconsistencies and unacceptably low standard of 

submission of the geology, detailed herein, the current application should be refused. 
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Professor Smythe: relevant details from CV 

I am Emeritus Professor of Geophysics in the University of Glasgow. Although I am now a French 

resident I remain a British citizen, and take an active interest in UK, French and foreign affairs, as 

well as in various facets of scientific research.  

My professional qualifications are: BSc Geology (Glasgow 1970), PhD Geophysics (Glasgow 

1987); I was made a Chartered Geologist in 1991, but am no longer registered as such.  

Prior to my taking up the Chair of Geophysics at the University of Glasgow in 1988, I was 

employed by the British Geological Survey (BGS) in Edinburgh, from 1973 to 1987. I was a 

research scientist, rising to the post of Principal Scientific Officer. In the 1990s I was closely 

involved in the search for a UK underground nuclear waste repository. I served on the BNFL 

Geological Review Panel from 1990 to 1991, to support BNFL’s case for a Sellafield site for a 

Potential Repository Zone (PRZ), at the time when Nirex was investigating both Dounreay and 

Sellafield.  

I was closely involved with Nirex at this epoch. I planned and conducted for Nirex an experimental 

3D seismic reflection survey, which took place in 1994. The survey encompassed the volume of 

the proposed rock characterisation facility (RCF) – a deep underground laboratory planned as a 

precursor to actual waste disposal. This was a double world ‘first’ – the first ever 3D seismic 

survey of such a site, and the first academic group to use this method, which at the time was only 

just emerging as an essential tool of the oil exploration industry.  

I have published around 70 technical and scientific papers and reports (44 papers in the peer‐

reviewed literature). Since my retirement from the university in 1998 I have carried out private 

research, acted as a consultant to the oil industry, and maintained a professional interest in the 

geological problems raised by nuclear waste disposal, unconventional hydrocarbon exploration 

and coal‐bed methane exploration.  

At the BGS I worked closely with the Department of Energy (DEn) and occasionally advised the 

Foreign and Commonwealth Office. 

I worked part-time as a consultant to the oil industry 2001-2011, mapping conventional prospects 

in the south of England and abroad. This work frequently involved reprocessing existing 2D 

seismic data. I therefore have a profound understanding of the search for hydrocarbons, and 

possess the necessary industry-standard software tools for processing and interpreting data. 

I am probably the only person ever to sit on both sides of the table at PEDL award interviews. I 

was once invited to join the panel at which the DEn (predecessor in hydrocarbon regulation to the 

DTI, DECC, BEIS and the OGA) interviewed BP for a licence west of the UK. I sat on the 
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regulatory side. Some 25 years later, during the period when I worked as an oil industry consultant, 

I sat at the other side of the table, successfully representing an applicant for an onshore licence in 

the south of England.  

Declaration of interest, independence and non‐liability 

I have no interests to declare. This report, which was requested by Brockham Oil Watch, has been 

prepared pro bono using my own resources, and is unfunded. 

I am not connected to, nor am I a member of, any activist group, political party, or other 

organisation. I am solely responsible for the contents of this submission. It is supplied in good 

faith, but I can accept no liability resulting from any errors or omissions. 
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1 Introduction 

Angus Energy Weald Basin no. 3 Limited (the operator of PEDL235 and a subsidiary of Angus 

Energy PLC) has applied to the Environment Agency (EA) to vary its permit by “the addition of  

 a groundwater activity comprising the re-injection of produced waters via well BRX3”. 

A crucial aspect of the variation request is the unusually shallow depth of the geological horizon 

into which injection is proposed. Furthermore, it is proposed not only to re-inject produced water 

from the Portland producing horizon at Brockham itself, but to supplement it with saline produced 

water imported from elsewhere in the Weald Basin. 

In effect, while the argument is ostensibly being made that the import of external wastewater 

supplies is necessary to restore adequate pressure in the oilfield, the site is being proposed as a 

wastewater re-injection facility for the whole region. 

2 Inadequacy of the seismic database 

The Operator is using a database of 2D seismic lines dating from the 1960s to the 1980s. Figure 1 

illustrates the density of the lines (shown in brown) available over various oil and gas structures 

in the Weald Basin. These structures (red for gas, green for oil) are typically 2-6 km long, 1-3 km 

wide, and were tested by vertical or slightly deviated wells. The structures, being simple, could be 

fairly reliably mapped by interpolation between the control points of the seismic data. 

As can be seen from Figure 1, Brockham is amongst the smallest of these fields, and it has been 

barely viable economically. BP, which drilled and discovered it in late 1987, relinquished the 

licence before finishing an evaluation of the Brockham-1 results. The field then passed through 

several other operators including Teredo, SOCO and Midmar. 

Brockham-1 was a slightly deviated well. But the new phase of Weald exploration starting about 

a decade ago frequently involves highly deviated wells. SOCO drilled Brockham-X2 in 1998. This 

well is deviated to an inclination of up to 55°. It was followed by the horizontal Brockham-X2Z 

in 1998. Key Petroleum drilled Brockham-X4 horizontally in 2007. 

None of these wells, nor the Brockham-X4Z drilled by Angus in 2017, are controlled by seismic 

data. Figure 2 shows a map covering the area of the Portland oil discovery. The structure contours 

on the Top Portland horizon have been omitted, but the field-bounding fault on the SE side, which 

I call the Brockham Fault, is shown in green. Various wells can be seen diverging downwards and 

deviating away from the wellpad from which they were all drilled. The geological structural 

interpretation is controlled by just three seismic lines, which I have labelled A, B and C. These are 

connected by line D which, however, is on the downthrown side of the Brockham Fault, away 

from the field structure. 
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It is apparent that the simple structure of the field closure at Top Portland can be mapped (and, by 

and large, the half-dozen different versions of the structure interpreted since the 1980s all agree 

fairly closely), but the necessary fine detail required for the EA assessment is lacking. 

Figure 2 shows the location of arbitrary vertical line (or cross-section) X, shown by the dashed red 

line. This runs north along a short distance of line A, then to the NE along the line of the deviated 

wells, and finishes with another short dogleg on line C. Line X itself is shown in Figure 3. The 

vertical red line in Figure 3 is the intersection of seismic line B with the cross-section. The length 

of line X between the two doglegs is 2.0 km. The various wells are projected onto the section in 

green. I have marked the Top Portland horizon (red dashed line) and my mapping of the Top 

Ashdown Sand Formation (light blue dashed line). 

The Operator asserts that a new “detailed re-interpretation of the Brockham 2D seismic data to 

identify the faulting, well locations, general field structure and to define the sensitivity of the 

hydrogeological setting” has been carried out1. The re-interpretation is supported by a purported 

“cross-sectional view” of the field at reservoir depth (Appendix 6, figure 9, reproduced herein as 

Figure 4, right-hand side). But this figure looks more like a perspective view, not a cross-section 

(note the oblique North arrow), and whereas it may inform us about supposed sub-layers within 

the Portland reservoir, correlated between the five wells shown, it tells us nothing about the details 

of the structure ‘Before, behind, between, above, below’, to quote the poet John Donne2. Referring 

back to Figure 3, most of the cross-section is blank, because there are no data. Similarly, by 

referring to the map of Figure 2, it is clear that most of the volume of the rocks at and above the 

oilfield, lying NW of the Brockham Fault and approximately between seismic lines A and C, is 

devoid of data. Even the interpolation between wells shown by the Operator (Figure 4) assumes 

that there are no faults cutting the Portland. An equally valid correlation example is shown (Figure 

4, bottome left), wherein the Portland Sandstone horizons are hypothetically dsplaced by a vertical 

fault with a downthrow to the east of 4-5 m. This magnitude of throw is well below the resolution 

of 2D seismic reflection data (even if there were any such data present here), but within the 

capability of a 3D seismic data volume. 

Therefore the assertion about the seismic data adequacy, and the conclusion drawn by the Operator 

(ref. 1, p. 8) that: 

 

1 Brockham Oil Field Supplementary Hydrogeological Risk Assessment in Support of Permit 

Variation Application for a Groundwater Activity for the Injection of Process Waters. SLR Ref: 

422.07154.00002. Version No: Issue Rev 6, August 2020. 

2 John Donne 1669. Elegie: To His Mistris Going to Bed. 
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“The seismic lines show that there is no faulting within the hydrocarbon accumulation or 

within the overlying aquifers providing additional evidence that there is good integrity of the 

trap within the field and a reduced likelihood of hydrocarbon migration into overlying 

aquifers.” 

is untenable. 

3 Resolution of the 2D data 

The same three seismic lines A, B and C used to define the field by all the operators since the time 

of BP are as follows: A: BP-88-25; B: V84-83V; C: V84-84V. They are reproduced in ref. 1 

Appendix 06 as figures 15, 13 and 14, respectively. The original processing, even back in the BP 

era of the 1980s, included migration. Reprocessing has been carried out, but the improvements are 

marginal at best. 

One of the problems of migration (an image enhancement process) of 2D data is that very small 

structures like small faults or folds on the 10-20 m scale can be smeared out. In the case of the 

three lines quoted above we have no unmigrated version to compare with. The sparse seismic data 

available here have a vertical resolution of 15-20 m at best. 

4 Regional groundwater flow 

4.1 Generalised assertions by the Operator 

The Operator states, firstly: 

“The seismic line (Figure 1, Appendix 06) indicates large-scale folding and faulting across 

the Weald and neighbouring basins. This complicates groundwater flow at a regional scale, 

such that there is unlikely to be a consistent regional groundwater flow pattern. The data 

indicates that the likelihood of a connection between the aquifers beneath the site and the 

shallower parts of the aquifer, remote from the site, is negligible.” 

and secondly:  

“This improbability of the connection, the deep depth below ground level at which the 

Tunbridge Sand Formation (229m) and Ashdown Formation (381m) and their complex 

lithological variation also makes it unlikely that these will contain potable water.” 

Both these statements need to be challenged. The first statement is so vague as to be practically 

meaningless. The scales are not mentioned. I show below that on a slightly more local scale, viz. 

the northern limb of the exhumed Cretaceous Weald basin, there is likely to be a consistent flow 

direction. 

The second statement regarding the Ashdown Sand is erroneous. 
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4.2 The Ashdown Sand Formation 

The Ashdown Beds (or Sands, or Sandstone) are ubiquitous in the Weald, at outcrop and at depth. 

Two drill stem tests (DSTs) were run in the Collendean Farm-1 well. Figure 5 shows a detail of 

the composite log between 700 and 1100 ft depth (MD), along with the log header. Both sandstones 

tested showed “fresh” water; the upper having 497 ppm (presumably of total salinity) and the lower 

568 ppm. The lower sample comes from just below the Top Ashdown Sand, although perhaps the 

Top Ashdown marker itself would be better placed at the top of the upper sand, at (say) 760 ft 

(231.6 m MD). Values of around 500 ppm are higher than normal ‘fresh’ water (0-100 ppm) but 

far lower than the brines being considered for re-injection (50,000-80,000 ppm). The samples 

should be considered as ‘very slightly saline’, but still potable (for which an accepted standard is 

<600 ppm). For example, the French mineral water Évian has a similar salinity to the Ashdown 

water, and Vichy sparkling mineral water is ten times higher. 

Figure 6 shows the depth to the top Ashdown along a regional north-south profile, running along 

easting 520000. It puts Collendean Farm-1, Brockham and other wells into a regional context. The 

Ashdown is at outcrop about 15 km east of the profile. It may be concluded that the groundwater 

flow is regionally downwards and northwards, with fresh water entering the formation from 

outcrop. So the Ashdown groundwater can certainly be considered potable below Brockham, 

although it has not (to my knowledge) been tested. It is possible that potable water from this 

formation exists to depths of 400 or even 500 m. 

By way of comparison, potable water is abstracted from the confined Sherwood Sandstone 

Formation by public service boreholes in the East Midlands which penetrate to 400 m OD, and the 

fresh/saline interface occurs at 600 m depth3. 

In conclusion, the Ashdown Sand Formation is a potential source of potable water at Brockham, 

contrary to the unfounded assertion by the Operator that it is “unlikely” to be so. 

5 Location of the re-injection well 

The Operator does not understand the geology around the proposed re-injection into the short 

sidetrack BRX3 from the old BP borehole Brockham-1. Figure 7A shows a cross-section running 

along the deviated track of Brockham-1 (see Figure 2). Only wells projected less than 50 m from 

the plane of the section are shown. As with the NE-SW cross-section of Figure 3, the section is 

 

3 Edmunds, W.M., Smedley, P.L., 2000. Residence time indicators in groundwater: the East 

Midlands Triassic sandstone aquifer. Applied Geochemistry 15, 737–752. 

https://doi.org/10.1016/S0883-2927(99)00079-7 
 

https://doi.org/10.1016/S0883-2927(99)00079-7
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mostly blank because of a lack of data. The location of the Brockham Fault is shown by 

interpolation; it does intersect line D (vertical red line) at the right-hand edge of Figure 7A. At 

Portland injection depth the fault lies about 300 m to the south. 

Contrast Figure 7A with the Operator cartoons of Figure 7B and 7C. Both of these imply that the 

near-vertical well Brockham-1 lies on the south (downthrown) side of the Brockham Fault. Figures 

7B and 7C are taken from the Operator’s submission (ref. 1), figures 12 and 10, respectively. They 

reveal a grave misunderstanding of the true geology of the area around the proposed injection. The 

EA cannot rationally award a permit to the Operator based on such poor quality work. 

6 Vertical displacement (throw) of the Brockham Fault 

The Purbeck Anhydrite, a supposed crucial barrier to upward flow of contaminated groundwater 

or wastewater, is 15 m thick at BRX3 (see, for example, ref. 1 p. 11). The Operator states, with the 

support of a seismic detail diagram shown in its figure 8, that: 

“The bounding fault to the South is by definition a sealing fault (otherwise no oil would have 

accumulated in the first place) and has created lateral cross fault seal by juxtaposing the 

Portland Sandstone (reservoir) against the Purbeck Anhydrite with a throw of around 9.7m 

across the fault” 

The ‘bounding fault’ is the Brockham Fault. The Operator’s figure 8 purports to show the throw 

of just 9.7 m on a reprocessed version of line V84-83V. But this version looks very smeared-out, 

with no reflection character, and with no marked scales. In contrast, I show a detail of the three 

lines A, B and C at the Brockham Fault in Figure 8. The middle line, B, is V84-83V. My 

interpretation (in two-way time) shows throws of 23 ms, 20 ms and 45 ms, respectively at the Top 

Portland. These correspond to depth throws of around 28 m, 24 m and 54 m, respectively. 

In conclusion, the vertical offset of the Purbeck Anhydrite, overlying the Portland, is a great deal 

more than the 15 m of the formation thickness itself, and therefore it cannot act alone as a barrier 

to fluid migration. 

7 Well and rock integrity and barriers to flow 

The Operator’s submission1 describes two cement bond logs (CBLs) of Brockham-1/BRX1; one 

run in 1987, when the well was drilled, and another in 2003. The new CBL promised in that 

submission has since been run, and described in a report4 dated 2 March 2021. The operator 

submission took an optimistic view of the two previous CBLs, but the new report is less so; some 

 

4 Oilfield International. Assessment of the New Cement Bond Log in the Brockham 3 Water 

Injection Well and Comparison with the Original Cement Bond Log 
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85 m out of the 245 m of bonding of the wellbore (i.e. some 35%) are now categorised as of ‘poor’ 

or ‘intermediate’ quality. 

The CBLs concern only the vertical section of one well at the site, the original Brockham-1. No 

mention is made of the integrity of the highly deviated and horizontal legs of the several other 

wells of the field. It is well known that cement bonding of deviated and horizontal wells is very 

difficult to achieve satisfactorily, because the casing runs excentrically round bends, or on flat 

sections it tends to lie on or near the floor of the borehole. 

More generally speaking, it is a fact that practically all wells will eventually leak fluids (gas and 

liquids) to the surface – it is only a matter of time. The Earth itself rarely provides 100%-effective 

barriers to fluid flow. 

8 The risk of induced seismicity 

It is well-established that fluid re-injection can trigger induced seismicity, even in areas where the 

frequency of earthquakes is very low. 

A swarm of very shallow earthquakes started abruptly near Newdigate, Surrey, on 1 April 2018, 

in a region where earthquakes were hitherto very rare. There is ongoing controversy about whether 

the swarm is linked in some way to, or was triggered by, underground hydrocarbon activities. The 

OGA held a workshop on 3 October 2018 to discuss the problem. The OGA summary of the 

workshop5 held on 3 October 2018 concluded as follows: 

“The workshop participants concluded that, based on the evidence presented, there was no 

causal link between the seismic events and oil and gas activity although one participant was 

less certain …” 

It should be noted that Horse Hill fulfilled the spatial correlation distance used by the meeting 

participants of less than 5 km from the tremors, Brockham, at 7 km distance, did not, so was not 

implicated in the discussion. Even if it is accepted that the start of Newdigate earthquake activity 

has no causal connection to drilling at Horse Hill, and the temporal correlation is purely a chance 

phenomenon, it is a fact that Brockham now finds itself situated some 7 km from a seismogenic 

zone, and it is therefore incumbent upon the EA to take this into account, particularly on the 

question of re-injection. 

 

5 Oil and Gas Authority 2018.  OGA Newdigate Seismicity Workshop – 3 October 2018. 6 pp. 
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9 Conclusions 

The existing database used by the Operator is inadequate for the purpose of determining the 

sensitivity of its proposals to possible contamination of the environment. The Operator has a severe 

misunderstanding of the geology at the proposed re-injection site, which is also at an unusually 

shallow depth. The efficacy of the cement bonding of the old Brockham-1 well has been 

overstated, and the risks to potable water in the overlying formations have been seriously 

downplayed. 

Given that Brockham is situated from 6 km to 9 km NW of a seismically active zone, it would be 

irresponsible for the EA to permit re-injection into the Portland at BRX3, or, for that matter into 

any other well in the locality, given the accepted fact that re-injection is known worldwide to be a 

trigger of induced seismicity. The site is therefore unsuitable for re-injection, being both too 

shallow and too near the earthquake zone. 

Based on these conclusions I recommend that: 

• The current application be refused. 

• The Applicant be required to acquire, process and interpret a new high-resolution 3D 

seismic survey of 5-8 sq km in area, before submitting a revised application. 

The survey should be designed to encompass the oilfield, and be parametrised to identify the fine 

detail of the geological structure at Portland and higher levels – in effect, a high-resolution survey. 

The cost of such a survey is less than that of drilling one well. 

However, IF the EA determines that the permit variation is acceptable, despite these serious 

shortcomings, it should be made a condition of the award of the permit that several seismometer 

stations be set up at the Operator’s expense around the site, to be managed and monitored by the 

BGS, as has been done for the Newdigate area, for the duration of the re-injection operations. 
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Figure 4. Well correlations in the 
Portland Sandstone (right), from re. 1 
fig. 9.
The diagram below shows an
alternative valid correlation having a
fault with a vertical throw of 4-5 m.

Hypothetical fault

Equally valid well correlations
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Figure 5. Two drill stem tests on the 
Collendean Farm-1 well (1964) showing 
fresh water in two sandstones between 770 
and 980 ft MD (238-299 m MD).
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Figure 7. Cross-sections through Brockham-1 in relation to the Brockham Fault.
A. Geometrically correct NW-SE cross-section (vertical scale in TWT).
B. Operator block diagram showing BB-1X/BRX3 on downthrown side of the ‘trap 

bounding fault’ i.e. the Brockham Fault.
C. Operator cross-section showing BR-1X intersecting the fault at Portland level.
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Figure 8. Detail of lines A-C showing throw of Brockham Fault (green). The throw at Top Portland (red horizon) is shown in milliseconds (ms).
The inset map shows the location of the three lines each outlined by a blue box; north is on the left in each case.

Line A Line CLine B

Line A Line B

Line C


	Smythe objection to Angus Energy permit variation may2021 v1.0.pdf
	smythe objection to permit variation may 2021 figs

