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Glyn Rhonwy Pumped Storage (EN010072)
PINS Reference: 10031993 Mike Vitkovitch
Deadline 5 – Additional Information on behalf of Jane Huuse
Part 2 Access Roads - Penstock Construction, Conveyor and Surplus Slate
18th June 2016
FAO.Mr Cowperthwaite
Dear Sir,
Further to the Hearing on 17th May 2016 I have separately provided a submission in support of Jane
Huuse regarding the possible alternatives for accessing Q1 through the Glyn Rhonwy quarry. Part of
the research into the requirement for and justification of, access other parts of the works and
whether access to other areas would be required.
In reviewing that matter I found it necessary to look at the Applicant’s earlier proposal to operate a
conveyor system operating within the Penstock and also to consider the methodology of tunnelling
the Penstock. These points are relevant as they suggest a need for access to other parts of the
hillside and the identification of underestimates of the scale of the project, particularly excavation
and surplus slate disposal.
I am a retired Chartered Civil Engineer with over 42 years experience in tunnelling and highway
design and construction. I also attach my CV separately.
With regard to the construction of the Penstock I have sought advice from Mr. David Hobson, a
highly experienced consultant tunnelling engineer, whose views have been attached as a separate
document together along with his CV.
Penstock Design
In 2012 the Applicant’s originally considered a scheme for 2 separate penstocks above ground
penstocks laid in trench from Q1 to Q6.
The 2012 ES states “ 3.6.17 As a result of public consultation events held in June and July 2012
and consultation with regulators on these options, combined with an engineering and economic
review of the information obtained to date, it was decided that the penstock should be constructed
by use of a TBM. “
No consideration of the engineering suitability or practicality of this option was apparently given. For
the 2015 scheme the penstock tunnel was indicated as following the shortest line possible between
the two reservoirs again without any engineering justification or design information.
Again, following the 2015 public consultation, the third and final change to drill and blast was
incorporated into the design. Yet again the Applicant has failed to provide sufficient technical
consideration of the techniques, methods or scale of the construction required or how this change
interacts with the environment and the operation requirements of a pumped storage system.
“Vol2A Ch4 Project Description Excavation Method
4.4.6 The proposed tunnelling method is to use either a tunnel boring machine (TBM) or drill and
blast methods. Due to information gained from the adjacent Dinorwig pumped storage scheme and

the confirmed presence of potentially extensive doleritic intrusions within the bedrock, it is likely to
be either drill and blast or a combination of the two approaches. This will be confirmed upon
instruction of a Principal Contractor (PC). Other factors such as cost, tunnel length, ground
conditions, ease of construction, lining requirements and required shape of the tunnel must be must
be given consideration when eventually deciding upon a tunnelling method.”
As was explained to the Geologist representing AECOM at the Public Consultation last year, at no
time during the construction of Dinorwig was a TBM used for any purpose. The whole facility was
excavated through drill and blast.
The choice of excavation is crucial to the effects on the environment and should have been
established before this Application was made, and the Environmental Statement prepared.
It is clear that the change from TBM to drill and blast has not been carried fully through relevant and
important parts of the documentation. Table 4.1 of Vol.2A Ch4 Project Description refers to the
volume of material excavated from the tunnel as 25,000 m³, “based on a single 4.5m diameter
tunnel” and by reverse calculation, a length of 1571 metres. The FINISHED diameter of the tunnel is
to be 4.5m after lining and to achieve that the excavated face profile would, as suggested on the
Applicant’s drawing 2.06.5 ‘Indicative Elevation Section Penstock’ require a larger tunnel than 4.5m.
In my experience the likely drill profile diameter of the tunnel would be 6m to avoid under-break.
With drill ‘look-out’ the average drilled profile would out-turn at 6.3 to 6.5m. Given the naturally
jointed and blocky structure of slate, where over-break is a certainty, the resultant overall excavated
equivalent diameter would be nearer 6.5 to 6.7m. The calculated ‘in-situ’ volume of slate removed is
therefore around 55,000 m³ even without allowances for additional excavation of plant passing
places within the tunnel walls or a flattened invert to allow plant operations.

The difference between the true excavated volume of rock and the finished profile has also to be
filled with concrete to achieve the smooth lining required to minimise friction losses in the penstock.
So the statement in Table 4.1 that the excavated profile is 4.5m diameter not only underestimates
the excavation quantities by more than a factor of 2 but also underestimates the import of concrete
to the tunnel by 30,000 m³ at a cost of over £1.5m in raw materials alone and perhaps £5m when
placed. Structural concrete relies wholly on the importation of sand, aggregate and cement and
therefore this alone represents a further 6000 of HGV return movements on the public highway and
a similar number within the site. These additional HGV If concrete is to be batched in a compound
near the power house, it is likely that all of these ‘concrete to penstock’ concrete wagons will be
expected to travel over the ‘Green Road’, suggesting HGV estimates can be significantly greater than
currently estimated through Waunfawr.
A review of the Vol 2B Ch12 Transport suggest that the Applicant has failed to find any reference to
any deliveries of sand aggregates and cement at all. If the 1000 concrete truck mixer deliveries
quoted actually refer to deliveries of the concrete itself, and not purely the vehicles themselves,
then 10,000 m³ of concrete and shotcrete will not go very far at all. As shown above schemes of this
type and size can easily consume many 10s of thousands of cubic metres of concrete.
As no expected concrete requirements for the scheme have been given or provided for , it is
impossible to assess the vehicle movements that will be required to construct the scheme. Many of
these unreported HGV’s will have to pass through Waunfawr.

On the whole, it appears that from beginning to end there has been no overall coherent design or
engineering philosophy for what is perhaps the most difficult and critical part of the project. The
concepts appear to have been based on the 2012 submission then altered ‘on the hoof’ to keep up
with changes that should have been evident at a feasibility stage. The ES has been based on a flawed
concept from the start.
As the Applicant has provided so little technical information on tunnel design and construction
methodology there may well be many other subsequent issues that ‘appear out of the woodwork’
that will need full consideration by GAPS and the Authorities at a future date. All too frequently it
appears that issues that should have been properly addressed at this stage of the project are being
reported by the Applicant as ‘the responsibility of the Principal Contractor”.
In the event that the presented scheme is given consent, this will place pressure on the Authorities
to accept changes and additions that they would perhaps at this stage find unacceptable. I make
this point because it is apparent that the ASIDOHL has produced a finely balanced positive outcome.
Any further changes to the scheme at this time could easily reverse this decision. Another example
is the possibility of an increase (Vol2A Ch4 para 4.4.3) in the Penstock length to 1800m, an additional
further 12.5% increase in excavation, deposition and lining concrete and HGV movements onto site.
There is also no indication in the Application of the thickness of the concrete lining for any of the
other lined structures and nor is there any estimate given for the over-break expected in the slate
rock. With the jointed nature of slate, over-break will occur in ALL excavations and result in
increases of excavated rock (to be disposed of) and replacement lining concrete elsewhere. It is a
significant factor in determining all volumes, rates of progress, concrete, vehicle movements and
costs.
The Applicant has made broad assessments of the numbers of HGV movements and the traffic
through the public road and Waunfawr within his Vol2B Ch 12submission. There is a clear case to
show they are broad brush figures will have been severely underestimated bu not including many of
the necessary material deliveries. It is not clear how, during construction, the actual construction
traffic flows are to be regulated. Should consent for this application be forthcoming and the
conveyor system subsequently prove unworkable, what condition would prevent the Contractor
from carrying all the slate waste from Q6 to Q1 sites on the public road and ‘Green Road’??
Proposed Slate Tips
The forecast size of these tips and the information provided to the GAPS has been crucial in their
assessment of the effects of the project on the Historic Landscape
Referring to Table 4.1, assumptions are made that can have a significant effect on not only the
vehicle movements and noise from double handling and processing of slate but also the landscape of
the tips.
The ‘bulking’ factor from bedrock to excavated loose slate is given as 1.6
The compaction factor from excavated loose rock to completed slate embankment is 1.3
These figures are nominal and unsubstantiated. However their accuracy will have a profound effect
on the size of the slate tips formed from the material surplus to construction of the dams. An
underestimation in the bulking factor and an overestimation of the compaction factor will both
result in an increase in the quantity of slate to be dispose of either by additional new slate tips (in

addition to those recognised by the Applicant) or disposal off site. Neither of these possibilities have
been assessed by the Applicant or a sensitivity assessment carried out. The volume of the new tips
given in para 4.9.4 of Vol 2A Ch4 is reported as being 935,000 m³. The estimated surplus from
excavations is, according to Table 4.1, 810,000 m³.
It has been demonstrated above that the true volume of in-situ excavation of the penstock is
30,000cm above that given in Table 4.1, or 48,000 m³ bulked, reducing the ‘spare tip capacity’ by
40%. The attached table considers the sensitivity of variations in the bulking rate of 1.6 and the
compaction factors of 1.3.

Glyn Rhonwy PSS
Quantity Sensitivity Assessment
Dam Volumes Only from Fig 4.1
Volume
Excavated
from Q1 &Q6

Bulk Factor

Q1 +Q6

(550,000+360,000) cubic metres

Volume
Required
for dams

Compaction Factor

Q1 +Q6

910,000

(630,000+90,000) cubic metres

720000

Bulking Factor Applied
1.8
1.7
1.6
A
B
C
1638000 1547000 1456000

Compaction Factor Applied
D
E
F
1.1
1.2
1.3
792000 864000 936000

A-D
Balance between Cut and Fill 846000

B-E
683000

C-F
520000

Boxes B and E represent the Applicant’s assessment for Q1 and Q6 excavated volumes only.
A change in these factors to 1.7 (bulking) and 1.2 (compaction) represented by boxes B and E
respectively will generate an additional 163,000 m³ of material for disposal in tips.
Similarly changing the bulking factor 1.8 and the compaction factor to 1.1 as represented by boxes A
and D respectively, will generate an additional 326,000 m³ of material for disposal in tips. The
majority of this will have to be stockpiled and double handled before transporting up the hillside to
the new tip locations. An additional 14,000 loads (28,000 trips) if transported by a 40T Moxy dump
truck or double that in a conventional 20T tipper.
The chart below indicates how variable the bulking factor can be and in particular shows the factors
for most rocks to be between 1.75 and 1.8 with slate shown as 1.85 to 1.9. The figure for slate is high
because of the angular and slab like manner in which the slate is broken up during excavation. These
same properties prevent it from redistributing itself during compaction unless it has been crushed to
into a graded material.

Summarising this matter alone, the Applicant has provided insufficient, and inaccurate, information
to properly justify the size of the new tips proposed under the scheme with no alternative locations
available for surplus material. The bulking figures he has provided are unsubstantiated and
conservative and the volume figures he has provided are the absolute minimum ‘tight’ excavation
figures which are totally unrealistic.
Slate Tip Engineering
The existing slate tips sit at their natural angle of repose and have undergone no engineering
compaction in their formation. They are the result of ‘end tipping’ and although they may have
undergone some small degree of consolidation and degradation, this is time related and to a
minimal degree. Compaction is difficult at steep angles of repose but these are essential to recreate
the appearance of the original tips and maintain the landscape character.
The downstream Q1 dam slope will be compacted to 1 in 2 (Drawing 2.06.1 Indicative Elevation
Section Q1 refers). The existing quarry tips lie naturally at 1 in 1.5 or steeper slope. It is more difficult
to construct as it is becomes un-safe to have working plant on the edge of such a marginally stable
slope. The dams are constructed by the use of is achieved by only way of creating these new spoil
tips is through ‘end tipping’ with no means of compaction. Engineered slopes of 1 in 2 are not in
keeping with the appearance of existing tips.
The Applicant is clear that the tips will accommodate ‘unsuitable’ and ‘surplus’ material. In
engineering terms this will be material that has not been broken down into a small enough grading
to be suitable for compacting in the dams. A typical specification for the material in the dams will be
a maximum size of rock of 225mm compacted in a 300mm thick layer. Slate greater than this in size
would either need re-processed or be sent to tip as it is not physically possible to compact large
material.

This fact was self evident during the construction of the Upper Access Roads to the Dinorwig
Marchlyn Mawr dam. In 1975 I was part of the Resident Engineer’s supervisory staff on these roads
which were the first roads in the country to be use slate waste as embankment fill. The difficulty in
achieving compaction of the ‘as-dug’ slate was a major point of conjecture during the operation.
However it was established that the necessary CBR strengths were achieved without compaction
and the un-compacted structures are completely stable.
It follows that the surplus material will mainly consist of the large rocks which cannot be easily or
economically broken down or crushed. To break them down into suitable sizes will involve hydraulic
breakers and hence significant additional cost, particularly when there will be nearly 1 million m³ of
material to deal with. As a result compaction in the new slate tips will not be practical, the voids
ratio of the material being very much higher than that of the graded material in the compacted dam.
A compaction factor of 1.3 would never be achievable. It would be more likely, with larger rock to
achieve a compaction factor of only 1 to 1.1. And yet the Applicant states in Vol 2A Ch4 para. 4.9.3
“To derive the figures above a bulking factor of 1.6 has been applied to all excavation and a
compaction factor of 1.3 has been applied to all material to be used in construction e.g. dams and
excess slate mounds:”
This all serves to indicate that the statements made to compare the 2012 scheme to the 2015 larger
scheme will be factually incorrect as the basic data on which they are based is incorrect:“Chapter 6 Landscape Character and Visual Amenity” 6.1.11 Due to more accurate mapping and
modelling, the slate mounds are slightly bigger than those assessed in the 2012 assessment and as a
result Figures 6.4a, 6.4b and 6.4l have been updated. The change, however, is not discernible and it is
considered that the findings of the previous assessment remain unchanged.”
In fact the increases in reservoir size, both excavation and fill, combined with a correction of the
bulking and compaction factors will have a major effect on the findings of the ‘previous assessment.’
Applying a bulking factor of 1.8 and a compaction factor of 1.1 to the figures in the above table
shows an increase from 520,000 m³ to 846,000 m³ for the volume of tips required just to cover the
Q1 and Q6 surplus material alone. Including the additional penstock surplus of 48,000 m³, the new
tips would therefore need to accommodate a total of 326,000 m³ + 810,000 m³ +48,000 m³ =
1,184,000 m³ of slate surplus material, 28% more than currently allowed for by the Applicant and
communicated to GAPS.
The Applicant’s Environmental Statement is insufficient to properly demonstrate the effects of his
proposals on the environment and relies on minimum estimates and sweeping generalisations by
comparing it and using data from the 2012 scheme. For example:
“Chapter 6 Landscape Character and Visual Amenity”
6.1.11 Due to more accurate mapping and modelling, the slate mounds are slightly bigger than those
assessed in the 2012 assessment and as a result Figures 6.4a, 6.4b and 6.4l have been updated. The
change, however, is not discernible and it is considered that the findings of the previous assessment
remain unchanged.”
However, compacted crushed and graded slate is not the same material or appearance as the blocky
slate that makes up the existing slate tips. The appearance of the exposed surface of the dam will be
significantly different to the adjacent and new tips in perpetuity.

“Vol2A Ch4 para 4.3.38 The rockfill will be visible in the ‘downstream’ face of the dam and will be
generally similar in appearance to the existing slate mounds present in and around the development.
Excess rock material will be available for additional landscaping works in the areas surrounding the
reservoirs.”

This statement is therefore untrue and the ‘additional landscape works’ referred to above have not
been defined or considered in the ASIDOHL.
It is difficult to believe that the Applicant has managed to arrive to this stage of the project with so
little essential information. As a result the Applicant’ s Environmental Statement is insufficient to
properly demonstrate the effects of his proposals on the environment and relies on minimal
estimates, generic descriptions and sweeping generalisations in comparing it to the 2012 scheme.
(Although beyond the scope of this Examination, it would appear that the 2012 scheme itself now
justifies reappraisal as just the changes from open cut penstock to drill and blast alone will need to
be fully reconsidered)
Penstock Conveyor System
The Applicant has relied upon the transport of surplus slate waste from Q6 to Q1 by operating a
conveyor belt system to carry the surplus slate waste from the Q6 to the Q1 area and also use a
conveyor system for moving slate onto the new slate tips. There is no information about how this
will operate or any specification for the conveyor equipment.
However Table 4-2 ‘Indicative Construction Programme’ suggests that the transfer will take place
over a 6 month period following the lining of the tunnel (Year 3 Quarters 1 and2). Even using the
Applicant’s own Table 4-1 figures for the quantity of surplus rock, there is 650,000 m³ of slate to be
moved. At 110,000 m³ per month, or 3,666 m³ per day, this equates to 366 HGVs (times 2 for the
return trip) of 20T HGVs per 12 hour day carrying the surplus via the public road through Waunfawr,
unless an on-site Q6 to Q1 access road is constructed. Using the higher bulk factor of 1.8 this figure
would be even higher by a further 5.5% .
In Vol2B ch13, Noise and Vibration, the Applicant correctly states
‘13.9.10 During the Q6 tailpond construction, a crusher unit, graders and excavators at unscreened
locations provide the greatest contribution to the predicted NSR noise levels.’
It follows that this work, including the surface loading and site transport of slate waste should only
be carried out during the daytime working hours and operation of the conveyor system will need to
be restricted accordingly.
It is clear that the viability of the conveyor belt system is fully examined as its operation is crucial to
the validity of the Environmental Statement. Without the Penstock conveyor the only way of
transporting the slate surplus will be by the ‘Green Road’.
Slate is an inherently sharp material and prone to cutting belts. It is classified as a Class 3 material for
conveyor transport and the size of the pieces of slate, in an as-dug condition, will be highly variable
and generally well in excess of 300mm across. This cannot be fed onto the belt very easily as simple
hoppers will ‘wedge up easily’. Any conveyor belting required for this work will need to be steel
reinforced to minimise tearing however high wear rates on the rubber surface will still occur during

loading and transport. This will increase the frequency of replacement and maintenance
significantly.
There has been no assessment of how the conveyor will be powered but it is clear that a full
conveyor belt of 1500m length and 20% grade will require a major power system to propel it.
Underground conveyor belts of this length AND grade are exceptionally rare. The length would not
be an issue if access in the event of a breakdown along the belt length was easy. A torn or broken
belt would require the belt to be cleared, repaired and re-tensioned, a particularly difficult task in
the confines of a tunnel. The conveyor belt will take up a not inconsiderable part of the tunnel floor.
If it not continuous, it will require vertically overlapping belts and additional power units which
increase the belt angle and reduce headroom.
There is no description of how the conveyor is to be loaded but the programme shows that the
Power House shaft has already been lined and is being fitted out with turbines. The only access is
therefore down the 60m deep shaft upstream of the power house. It is patently unsafe to drop
material this distance when there are operatives working below to load it onto a conveyor the end
of which must be protected inside the tunnel. These surface works are only permitted during the
daytime so the conveyor will therefore be required to carry approximately 300 m³ or 600T per hour.
There is no description of how the slate waste is to be recovered from the Q1 end of the penstock
yet Table 4-2 ‘Indicative Construction Programme’ shows that the dam and infrastructure works at
Q1 are already complete. Furthermore it describes the ‘Placement of excess material in new slate
mounds’ at Q1 as already completed whilst only half the material has been moved from Q6 by
conveyor. The only way for the material to be recovered will be by another vertical elevator in the
60 metre deep Q1 access shaft. The timescale of this project has been significantly underestimated
by the simple wording of the construction processes and the avoidance of detailed engineering
methodology.. The programme shown in Table 4-2 is not only impractical but highly optimistic.
The process of using a conveyor to transport the surplus slate is only as strong as its weakest link.
Every aspect of this process is fraught with unresolved technical difficulties from its extensive
installation to its hazardous operation. The proposal will require substantial justification if the
likelihood of a huge increase in road traffic through Waunfawr is to be avoided, the scheme proven
as viable.
It is almost as if an application is being made to build a tower block using a helicopter. Yes it can be
possible, but no, this is not how projects are carried out. The Applicant is suggesting that the
‘Principal Contractor’ will be content to
1) excavate material from the shafts, tunnels and reservoirs and load it into large dump trucks
2) carry it to a temporary stockpile (where is this to be on an already highly confined site?) until he
has accumulated the best part of 1.5million tons.
3) reload it and transport to the temporary shaft where he has spent considerable time and money
installing 1500m of heavy duty conveyor complete with 60m high elevators
4) reload it at the other end into dump trucks or onto more conveyors
5) deposit it in tips

With the construction of a temporary direct haul road from Q6 to Q1 means the PC can avoid steps
3, 4 and 5 completely and save many £millions, save time, reduce noise and eliminate huge project
risk.
Although the Noise assessment for this project includes the noise from vehicles, crushers and
machinery, there is no mention of the noise generated when a lorry full of slate waste tips its load.
The villages of Bethesda and Mynydd Llandegai overlook the Penrhyn Quarry, the biggest
operational quarry in Gwynedd. The noise that affects the residents is not the noise of wheels or
engines, but the sound of slate waste being tipped or loaded in wagons. With the Applicants current
proposals this surface operation will occur hundreds of times a day more often with the
stockpile/conveyor than with the direct haul of material from dig to tip. It is an activity that should
not be allowed to be carried on outside of normal daylight working hours.
An alternative access road as indicated as a feasible option in the first part of this submission, will
be the first thing a Principal Contractor will seek to construct. It should be explored fully and
properly assessed within this application.
More information is essential if informed judgements on the suitability of this project are to be
made.

Penstock Excavation
The services of Consultant Mr David Hobson were requested as it was clear that the drill and blast
excavation of the penstock tunnel was impractical because of its 1:5 gradient. Mr Hobson’s was
selected because of his knowledge and long experience in tunnelling design and construction.
General research supported this argument and it was apparent that driving the tunnel from only two
faces, at Q1 and by the Power House, was not necessarily the manner in which ‘the Principal
Contractor’ would wish to carry the operation out. On schemes of this size it would be expected that
a considerable amount of discussion with tunnelling consultants and contractors would alreadt have
taken place. The tunnelling and lining methods, access and service requirements, muck disposal
arrangements and programme and costs should have been finalised in principle, if for no other
reason but to determine the real environmental effects of the project.
This information combines to create a full picture of what will happen not only below ground, but
also above.
In 1977, I was the Project Engineer on the Dinorwig PSS Diversion Tunnel which carries the Afon
Nant Peris around the south shore of Llyn Peris. As a 6m wide horseshoe section tunnel driven by
drill and blast, it was constructed with the benefit of a central access enabling the tunnel to be
driven from 4 faces thus halving the excavation time compared to only using two. At 6.5m diameter
and 2100m length, the Diversion Tunnel was very similar to the proposed Penstock Tunnel in length
and size but without the steep gradient. Accessing and driving a tunnel from the centre as well as
both ends significantly reduces forced ventilation, service requirements, transport and cycle times
whilst increasing production rates. The additional excavation faces allow early lining installation to
take place at one end whilst blasting continues from the other. Furthermore the effects of any delay,
due perhaps to adverse ground conditions or equipment breakdown, would only affect one face.
Excavation at the other faces would continue, thus increasing programme certainty. Given that the
Applicant considers this part of the works as critical it would be appropriate for the Glyn Rhonwy

scheme to have considered the possibility of a central shaft to open up an additional excavation face
for the programme benefits alone.
As identified by Mr Hobson’s statement, there are additional difficulties in driving a steep 20% grade
tunnel, particularly Health and Safety, vehicle operations, drainage, ventilation and muck removal,
issues that appear to have been totally un-assessed or underestimated by the Applicant. It is very
rare to find a tunnel of this size and length being constructed at this grade in this day and age. In
Norway, where the construction of hydro-electric schemes is commonplace, the designs and
methods now employed deliberately reduce the gradients to about 10%.
It is therefore essential to reduce the grade of the penstock and this would normally be done with a
shaft, in this case of maybe of around 8m diameter driven downwards from the surface to intersect
the line of the penstock. The gradient of the penstock can then be reduced to say a nominal 10%
enabling conventional wheeled tunnelling equipment to be employed and a second face opened up
to drive the tunnel down to the turbine end.
The optimum location of this shaft, which will need an access road, services, winding gear etc.
offices and welfare facilities, would probably be one third of the distance down the Penstock. The
increased rock cover on the high pressure side of the shaft would enable a reduction in the
necessary length of steel lining required in the HP tunnel. The Applicant has anticipated over half the
tunnel 750m would otherwise require lining.
A drawing illustrating the use of such a shaft to reduce tunnel grades to 10% is attached as
‘Alternative Penstock Arrangement’ and a photo-drawing showing its surface position.
As the difficulty of driving a steep tunnel has not been properly investigated by the Applicant his
Environmental Statement does not include the significant effects of such a shaft and the essential
access route to service it with plant and materials. Clearly this will also impact on the viability of the
conveyor system discussed above.
However on 14th June 2016, I met with the Senior Archaeological Planning Officer, Ashley Batten to
discuss the possibility of a route for an access road between Q1 and Q6 avoiding archaeological
features. In the discussion Mr. Batten indicated that ‘the possible need for the construction of an
access shaft and access road on the line of the penstock between Q1 and Q6 would be highly
unlikely to be acceptable, particularly if it involved any raised structures above ground level.’ This
indicates the sensitivity of HLCQ 6.
This therefore suggests that the only way of achieving workable grades for the penstock will be a
significant increase in the depth of the Q1 access shaft to 150 metres. This in turn will require a
150m high vertical elevator to carry the 1.5 million tons of surplus slate blocks. This method needs a
detailed investigation as to its feasibility and how such a system will operate as it is pivotal to the
fundamental construction processes and outcomes laid out in the Environmental Statement and
associated reports.
ES Vol 2B Ch12 12.2.4 “The traffic for the construction effect has been based upon the construction
methodology and information provided relating to numbers of workers onsite and types, sizes and
numbers of any larger abnormal loads to the site.”
There is clear evidence that statements such as this will not reflect reality if the project were to
move to construction.

Mr. Hobson’s statement throws considerable doubt as to the practicality and safety of constructing
the penstock tunnel at a 1:5 gradient. Although theoretically possible, in a properly and coherently
engineered scheme this would not be the chosen option. It is therefore essential that the Applicant
demonstrates the viability and methodology of how the penstock is to be driven without additional
shafts, and that this is properly considered in the light of the operation of the conveyor and access
across the site. By this stage of a project, particularly one of such size and complexity, it is
insufficient to state that these crucial matters are to be the responsibility of the Principal Contractor.
In summarising both this submission and Mr. Hobson’s statement, there has been insufficient
information provided by the Applicant to demonstrate that his tunnelling and surplus rock removal
methods can achieve his project aims without significant changes that impact on the environment.
Considerably more information is required in order that an informed decision can be fairly made at
this Examination. The Environmental Statement is incomplete as it does not identify the significant
effects of above tunnel operations during tunnelling, lining and surplus slate transfers in and out of
the Penstock. It also fails to provide any engineering basis for the critical operations of tunnelling,
lining and the loading, unloading and operation of the conveyor system at a 1:5 gradient within the
lined 4.5m diameter Penstock.
It is unlikely that the construction of the Penstock Tunnel by drill and blast can be achieved without
the introduction of a deeper shaft partway along its length for both practical construction and
programme reasons. This will also require a sophisticated conveyor system, an access road through
the quarry, the construction of which will relieve Waunfawr of the threat of HGVs in numbers
greater than those forecast by the Applicant and offer him the flexibility he clearly needs.
In the light of the forgoing submissions a complete reappraisal of the engineering practicality of
tunnel excavations, slate disposal, conveyor system and access road routes should be carried out so
that the full environmental effects of this substantial and visually significant scheme can be properly
assessed.

Michael Vitkovitch

David Hobson MSc CEng CWEM FICE FCIWEM

Tel
Glyn Rhonwy Pumped Storage Development Consent Order
PINS Reference EN010072
Review of Design and Construction Methods for Penstock Tunnel
13th June 2016

This note has been prepared by David Hobson, Chartered Civil and Tunnelling Engineer at the
request of Michael Vitkovitch.

I have been a Consultant Engineer working on the design and construction of major tunnelling
projects in the UK and overseas utilizing the processes of TBM, drill and blast, sprayed
concrete support, segmental and in-situ concrete linings for more than 30 years. I am a Fellow
of the Institution of Civil Engineers and the Chartered Institution of Water and Environmental
Management
I have specifically been involved in drill and blast tunnelling for hydro schemes in the UK and
Laos and for transportation tunnels in the UK and China
Glyn Rhonwy Pumped Storage Scheme

I have reviewed the Environmental Statement and drawings supplied with the Application for
the Glyn Rhonwy Pumped Storage Scheme and make the following observations.
The Application provides only basic information on the proposed penstock and shafts required
for the project and provides little consideration of the risk and health and safety aspects of
tunnelling in such conditions. The concern is that very little advice on tunnel construction has
been obtained from knowledgeable tunnel design or construction sources.
Drawing 2.06.4 “Indicative Elevations & Section of Penstock Inlet / Outlet Configuration”
details the penstock intake through the upper dam showing a 61.5m deep 6m diameter concrete
lined shaft.
Drawing 2.06.5 “Indicative Elevations & Section of Penstock Configuration” provide cross
section of the penstock from intake to the turbine house as a circular 4.5m diameter concrete
lined tunnel. The level is shown dropping from approximately 334m down to a level of 57m
over an approximate length of 1420m. This equates to a gradient of approximately 19.5%. The
length between access shaft centres is approximately 1410m.
The information on this tunnel is given in the Environmental Statement Vol2A Ch 4 ‘Project
Description’ Section 4.4 Description and Construction of Penstock and Tailrace’.
I confine this note to these elements only, and in particular the tunnel gradient and length.

The tunnel grade of 20% is very challenging and there is little discussion on the practicality and
safety of tunnelling at such grades. Basic aspects such as the difficulty in mucking out on
inclined tunnels leads to the conclusion that TBM tunnelling is not practical without very
specialised equipment.
Furthermore the relatively total length of TBM drive is far too short to make the provision,
installation and removal of a tunnel boring machine an economic option. If the length was
approaching 3km then the TBM may start to become viable. I understand that the developer has
recognised the limitations of a TBM for this project and has settled for drill and blast.
The tunnel profile shown on drawing 2.06.5 is somewhat unusual with a narrow invert and
practically represents a horseshoe cross-section with a consequential increase in face area,
muck volume and drilling times. For a finished diameter of 4-4.5m the practical excavated
tunnel diameter would be around 6.5m. At this diameter round lengths of between 1-4m would
be expected depending on ground conditions and considering the unsupported stand up times of
the rock.
Drill and blast techniques can most certainly be used for the penstock excavation but there are
also limits on maximum gradients for the plant required for every operation involved.
For example rail mounted equipment is limited to 2-3% with special equipment required for up
to 6% grades, whereas wheeled vehicles can be found to work at 20% but practically fully
loaded spoil removal vehicles are limited to around 10-14%. There must be provision for
arresting runaway vehicles both up and downhill. The ventilation ducting carrying fresh air
from the jet fans to the tunnel face would for a tunnel of this size be 1.2 to 1.4m diameter. The
fresh air would be carried in bagging hanging down from the tunnel roof, thus restricting the
available headroom and size of plant used for spoil removal.
Whilst conveyors provide an option for muck removal they are reaching their operating limits
at 18-20%, depending on particle size and the presence of water. A conveyor system is a fixed
installation and restricts space and access on the tunnel floor. The use of conveyors does not
negate the need for vehicle transportation for personnel and materials, however a review of
practical examples of even specialist tunnel plant does not give significant precedent of
operating at such grades over long distances.
In the confined environs of a 6-6.5m tunnel there is insufficient width for passing vehicles so
passing niches would be required and travel times will in any case become considerable as the
tunnel face progresses.
The sequence of operations at the face of a tunnel of this size will be as follows:
1)
2)
3)

4)
5)

6)
7)
8)

Drill 60 to 80 No holes up to 4m deep as blast holes using a wheeled multi-boom drill
platform
Charge the face with approximately 100Kg of explosives
Clear the equipment back at least 50metres (niches would be required at regular
intervals to part drilling plant and allow access for much removal, unless drilling
plant was removed from the tunnel each round, extending cycle times significantly.
Blast the face and carry out a visual inspection of the roof
Remove 250Tonnes of blasted material from the face to a point where it can be
subsequently removed from the tunnel. Scale the rock surface for loose material,
Carry out a geological survey of the exposed rock,
If necessary bring a mechanical breaker to the face to trim any underbreak from the
walls and invert.
Install 3 to 5m long temporary rockbolts using drill rig and access basket,
Bring in sprayed shotcrete equipment and supply concrete to the machine.

9)

Remove all equipment and prepare for drilling the next round.

This cyclic operation could be achieved in a 24 hour turn-around time in good ground
conditions and without plant breakdowns. The progress of the tunnel excavation would
therefore be a maximum 3 to 3.5m per day without allowing for the subsequent installation of
any permanent lining, based in limitations on the numbers and timings of blasts per day.
The developer’s statement of 15m per day given in E.S Vol2A Ch 4 para 4.4.8 is highly
doubtful and his duration for this phase of the works highly optimistic.
As can be seen there are multiple operations all using wheeled equipment travelling up and
down the tunnel. Ventilation is essential at all times and this is provided by large jet fans on the
surface which will run constantly throughout the construction of the tunnel until natural
ventilation commences with breakthrough. Surface compressors will also be running 24 hours
a day to provide power for most tunnel equipment and tunnel water pumps.
Although the developer contends that the entire tunnelling operation is underground he omits to
mention the surface works required to support and maintain 24 hour operations underground.
This includes the batching of shotcrete, supply of rockbolts and other materials and continuous
fan and compressor operation together with the removal of excavated rock to tips.
It is obvious that the tunnel itself is a congested workplace which operates in a strict sequential
cycle. A breakdown in any single operation can delay the progress of the whole drive with no
opportunity to recover lost time.
Furthermore, not until all the tunnel has been excavated is it possible to commence the
installation of a permanent lining. If it is to be a steel lining, as has been anticipated by the
developer for the high pressure side of the tunnel, then this has to be installed working from one
end of the tunnel to the other as one lining tube cannot pass through another. If a concrete
lining is to be formed instead of steel then vehicles will not be able to pass through the rail
mounted lining formwork at the proposed diameter of the tunnel.
In either case, a substantial amount of wet concrete will need to be transported along the tunnel
to be placed pumped behind the steel lining or the concrete lining formwork. As with the
driving of the tunnel this operation will become virtually impossible at a grade of 20% over the
tunnel lengths shown. Its 24 hour cycle will almost certainly demand 24 hour batching plant
operation.
I would suggest that it is necessary to reduce the gradient of the tunnel if it is to be constructed
by drill and blast.
Because the top and bottom levels of the tunnel are fixed by the upper dam and the turbine hall
respectively, the only way in which the tunnel grade can be reduced to an acceptable working
figure is by the introduction of a drop shaft between the two. In many hydro-electric schemes
this is also the conventional way of separating the low pressure tunnel from the high pressure
tunnel, enabling a reduction in the length of high pressure lining required. The use of an
intermediate shaft also enables the penstock to be driven from an additional face, back to meet
the drive coming up from the turbine hall. The combined effect of this is to further reduce the
risk of delays, increase flexibility, particularly in respect of linings and the overall improvement
of the programme.
In my opinion, the penstock tunnel cannot realistically be driven without the need for this
intermediate shaft driven from the ground level above the penstock. The location for this would
be no more than one third of the way down from the upper dam access shaft. The intermediate
shaft would be driven at the same time as the upper and lower penstock access shafts but to a

depth below ground level of around 200m. It would need a diameter in excess of the 6m
nominal tunnel size, probably at around 8 to 10m. Gradients on the penstock could then be
reduced to a manageable 10 % for the low pressure section and 10% for the High Pressure.
At the Dinorwic Pumped Storage Scheme, this intermediate shaft was also used as the ‘surge
shaft’.
Although the ES Vol 2A ch4 para 4.4.12 makes a passing reference to the effects of pressure
surge, the document makes no attempt to consider the implications thereof. On a scheme of this
size pressure surges caused by the daily opening and closing of penstock valves to start and
stop the water flow are considerable but easily estimated. The surges are independent of the
design of the turbines. However the use of an intermediate shaft for this purpose requires that
the surge shaft must be able to hold water at the same level as the upper reservoir. In the case
of the Glyn Rhonwy scheme this would not be possible without a very tall tower structure, a
clearly impractical solution. For this reason the intermediate shaft will need to be capped on
completion of the scheme. Furthermore, a surge shaft should ideally be located as close to the
penstock turbine valves as possible as it is from there that the pressure wave originates.
In the case of Glyn Rhonwy, this means that some form of ‘surge chamber’ would need to be
excavated underground and this would need to be lined in the same manner as the High
Pressure shaft to which it is connected.
Whilst there are other options such as unlined underground surge chambers, it is questionable
whether they would be effective in this geology and rock cover.
These are critical considerations for time and cost and I find it most unusual that these matters
have not been adequately considered and included within the Developer’s design at this stage of
the project. This would normally have been included within the Feasibility Study for such a
Scheme.
A key aspect of delivering underground works in the UK is early consideration of safe working
conditions during the construction, operation and demolition of the scheme. This is
fundamental to complying with the CDM regulations and also the guidance for Risk
Management in Underground Works issued by the insurance industry in collaboration with the
British Tunnelling Society. As such I suggest the proposer is asked to provide details to justify
the advance rates, safety of working at such steep inclines (with precedents) risk of extending
the construction period due to the optimistic rates put forward and details of how, during
operation, transient pressures are mitigated in the simplistic layout proposed. Without this, on
first view, with the limited information available, the impact on the environs of the scheme with
regard to disruption during construction due to noise, dust and vehicle movements appears to
have been significantly underestimated.
If the assessment by the proposer concludes that an intermediate shaft is essential, as I fully
explained it probably will be, then the implications of this additional construction activity must
be fully assessed. Similarly if the option is to deepen the upstream access shaft significantly
(which may not address surge and confinement issues) and hence reduce the gradient of the
tunnel there consequences on schedule and impact must be fully assessed.

Conclusion
The proposer has failed to carry out a full assessment of the practicalities and implications of
tunnelling the penstock required for this project. The location and levels of the upper and lower
reservoirs is fixed and this dictates the level of the turbines. The penstock is shown as a
hypothetical direct link between turbines and upper reservoir without a discussion of the
implications of the 19.5% average gradient shown. There has been no attempt to assess the
working methods or consider alternatives for the practical construction of the penstock.
As outlined above and in my opinion, this will require an intermediate drop shaft or deepening
the upstream shaft which owing to the topography and dam height, cannot then function
efficiently as a surge shaft.
Therefore the design for high pressure surge chambers adjacent to the turbines should also have
been included in the design submitted by the proposer.
Addressing these issue will have a significant effect on access, programme and environmental
impact on the surrounding areas and therefore should be carefully considered.

David A Hobson MSc CEng CWEM FICE FCIWEM
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With over 31 years of experience in the civil engineering sector, including 25 years of highway and rail
experience I was appointed by Jacobs to initially lead their tunneling business in the UK. Since then my
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Tunnel.
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in Laos and expressways in China. Amongst other projects are the Usutu-Vaal and Lower Sundays River
water transportation projects involving 100km of canal, dams, pipelines and tunnels as well as 500km of
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the Portishead Line to assess the potential for re-commissioning. Amongst other schemes was responsible
for the design and supervision of tunnel remediation and relining works for Beacon Hill, Standedge,
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include a number of gas pipeline tunnels on the northern coastline of Europe and flood studies of
underground works for London Underground Limited. Completed the preparation of contract documents for
a number of schemes including the Wimbledon to Pimlico Cable Tunnel, London together with a further
15km of cable tunnel for London Electricity plc. Responsible for the supervision of other members of the
tunnelling department in role as design checker as well as the checking of all departmental schemes for
technical content and buildability.
Over this period acted as the Senior Design Manager within the Howard Humphreys tunnelling department
reporting directly to the head of tunneling
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As the Senior Section Engineer was responsible for the site supervision of a 900m long rock tunnel and
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Carried out the site supervision, survey and measurement of the New Studley Tunnel, the first UK public
works NATM tunnel including supervision of excavation, NATM support techniques and insitu lining of
1.3km long water tunnel through varied folded and water bearing strata.
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Design Engineer for a number of large irrigation projects. Final position as the Design Engineer for the
Lower Sundays River Irrigation Scheme. Structures designed included a 1.3km long reinforced concrete
syphon, 50km of canal, 2km of tunnel and a 20km high earthfill balancing dam. Contract value R300m.
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