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1 Background

This document describes the activities and results of Phase 2 & 3 of the Detailed Feasibility
Study conducted on the proposed hydro-electric scheme on the Allt abMhuilinn, also referred
to as the Lochbroom Community Hydro. The report contains the following sections:

1

T
T
T
1

Summary of activities

Ongoing and outstanding tasks

Summary of surveys with impacts on the project
Summary of preferred design and mitigations if required

Financial analysis summary update

The main outputs so far have been the Supporting statement document (used in Planning and
licencing applications) along with drawings, technical appendices and grid connection
application.

2 Summary of Phase 2 & 3 Activities

=A =4 =4 4 =4 4 4 -4 -2

=A =4 =4 =4 4 4 -4

Site meetings with civil contractor and group members.
Refined design options

Ecological Phase 1 habitat/NVC, Protected Species
Topographic surveys including visibility splay information
Drawing visibility splays

Geo-technical survey

Fish habitat survey

BS5837 tree survey

Consultation with relevant statutory bodies: Highland Council Planning, SEPA Hydro
Team, SNH, Wester Ross Fisheries Trust, Scottish and Southern Electricity Power
Distribution

Consultations with stakeholders Forest Enterprise and site visit with the Forest District
liaison officer, FC Planning officer and hand-over to new liaison officer.

Interim financial analysis

Development of Supporting information documents (CAR and Planning)
Mechanical and electrical outline design

Civils outline design drawings, spec for budget, planning/CAR app
Budget quotes for turbine and civils received

Site plans, drawings, printing

Reports write-up & group meeting

3 Summary of Preferred Layout

The currently preferred layout is outlined in red in the site plan (see 006-01-01). (See Phase 1
report Table 1 for definitions of all options previously considered). The principal features are:
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1 Intake structure at grid ref NH 19378 82155, situated on flat bedrock platform between
two large waterfalls. Incorporating Coanda screen (or Tyrolean style bar drop screen if
preferred), compensation flow notch, wing walls, header tank, safety railings (timber
appearance) and breather pipe.

1 Pipeline following the line of least resistance, taking the most suitable and shortest
possible route on the south east bank (irtake B26 fp the powerhouse site on the north
west bank. Pipe route avoids rock outcrops and existing drainage channels where
possible as it runs down the open hillside, crosses underneath the FCS road, skirts the
far edge of a small group of trees then crosses the river via a covered pipe-bridge and
is bunded-over to the powerhouse. Avg gradient on steeper sections of pipe is approx.
1in3, no less than 1lin 100.

1 Powerhouse at NH 19139 82076 on northwest bank of burn, tailrace adjacent to this
14m upstream from the culvert.

9 Electrical connection by buried cable (beneath A835) then across fields to 33kV
network. Connection directly to new pole mounted transformer to export all energy to
grid.

Table 1: Preferred Layout Site Parameters

ltem Data
Power (kW) 100
Energy (MWh/ygar 479
Homes equivalent offset 115
CQC emissionsffset (tonnesAyr) 213
Annual Mean Flow/én 0.153
Design Flow ) 0103
Gross Head, Hg (m) 134.5
Handsff flow (ffs)Q90 0.8
Catchrant Area (Idn 3.8
Depleted Reach (m) 300
Depleted Reach Avg Gradient (%) 0.44
Intake grid reference NH 19378 82155
Powerhouse grid reference NH 19139 82076

4 Specifications of Preferred Layout

4.1 Intake
Grid ref: NH 19378 82155 at 157.75m AOD.

The designs approved by SEPA to date includetwo of 1 500 mm wi de Type E 06qu
(400mm in the vertical) Coanda screens. These are the most effective option for screening out

! Figures based on latest statistics by Department of Energy and Climate Change

4



LaelHydro T Al 't aé Mhuilin

Detailed Feasibility Phase 2&3 Report ‘
Detalled | & babyHydro

fine debris. However, there will be room to accommodate either the Coanda screen or
dyrolean drop screenédepending on client preference. A drop screen may need more frequent
checking and will allow more small silt particles into the turbine than a coanda screen, but will
be cheaper.

A concrete apron or secondary plunge pool may be required at toe of weir to distribute flow
and prevent geomorphological changes further downstream. The river bed at the intake site is
bedrock and the channel sides appear to be of sound condition. It is noted that the
geotechnical report recorded that the rock did contain lateral and vertical jointing, which unless
treated (by e.g. grouting, pinning etc) could allow some seepage into the rock fissures, which
in turn could exacerbate geotechnical stability next to the intake works.

1  The structure will measure approx. 8m wide by 1.5m high and 1.5m deep. The intake
structure should be designed to be capable of passing up to 8m?/s. (approximately 50x
Annual Mean Flow (Qmean) to contain flows within the bank of the channel in full spate.

9 The intake water surface level is estimated to be at 157.75mAOD based on the outline
design as approved by SEPA CAR licence. Levels have been defined by topographic
survey.

See Appendix 1 Figure 41 intake elevations.

4.2 Pipeline

The proposed pipe route has been assessed following several walk-over surveys including
geo-technical, environmental, topographic and civil engineering surveys. It is deemed viable.
The overall gradient of the penstock route is relatively steep in comparison to other micro
hydro schemes in the Highlands, but is by no means the steepest. Risks can be managed by
opening short sections of trench and backfilling promptly and easing the gradients where
possible by cut or fill. Specialist management of the pipe works will be required near trees and
high risk areas identified in the geotechnical report.

9 Total measured length is 505m from intake to powerhouse, with an average gradient of
1in3. A downhill gradient of >1in100 should be maintained for approximately the first 30m
from the intake.

1 A nominal pipe size of 315mm (outside diameter HDPE grade PE100) is recommended
based on a design flow of 103l/s, which is the required flow for a rated capacity of 100kW.
The hydraulic calculations for pipe sizing are based on assumption of 5% total headloss.

1 Penstock trench may be up to 2m deep as it exits the intake, but typical depth elsewhere
nominally 1m. It is expected that at least 600-750mm depth of cover on top of the pipe will
be possible, although invasive ground investigations have not yet been carried out. For the
FC road crossing 900mm min depth of cover is required (or suitable for a 30 tonne
vehicle).

1 Construction access will be from the existing FCS access points. There will be access
created for vehicles to the intake via the existing harvester/quad bike track. An easement
wi || be required ahadengto exdaate gnd ipstab. $Vheredt crgssels
the FC road, easement will not be required. This approach will require suitable area for
pipe joining and laying out - the laydown area (marked daydown Ar e a 2 0 yite mlam
would be the most suitable location and allow working uphill and downhill from the FC
road.

See Site plan 006-01-01 for details of pipeline route.



LaelHydro T Al 't aé Mhuilin

Detailed Feasibility Phase 2&3 Report
Detalled & babyHydro

4.3 Pipe-bridge

The current proposal is to bring the pipe back to the north-west bank because of the more
favourable access and powerhouse position. This presents an opportunity to install a safe
viewing area for the waterfall in the form of a timber decking with the pipe hidden beneath. See
example below.

Photo 1: example of an (unfmlshed) pipe-bridge encased within structural beam. Gangway and
handrails would be mounted above and the banks landscaped.

4.4 Outfall

The outfall structure will be embedded in the bank of the river adjacent to the powerhouse and
could be clad in natural rock to visually blend into the surrounding rocky river channel. The
outfall pipe will be submerged to help attenuate noise and will be suitably screened to prevent
entry by fauna.

4.5 Turbine & powerhouse
NH 19139 82076, floor level 22.5mAOD

The feasibility study identified a Pelton type turbine with 99.9kW installed capacity, operating
on 134.5m gross head and rated flow of around 0.103m%s as the most suitable option. A
maximum of 1.3xQmean, equal to 0.199m*s would likely be permissible under CAR
regulations, which could be done by a 6 t e c hvariatioréih future if required.

We have based the energy output prediction on a quotation received from Gilkes (see
A5086GM Allt a' Mhuilinn Offerd6  fletails). This comprises a single jet pelton with automatic
spear-valve to vary flow rate in line with river flows. A twin-runner or twin jet machine may
allow better match with the 6 f | aflevih ghéracteristics likely at this site, and should be
investigated with suppliers during tender stage.

4.6 Generator & controls

The alternator could be either an induction or synchronous machine, depending on the control

system chosen. It would export to grid over 3-phases, at 50Hz and g e n e r altow Voal tt aéy e 6

ie. 440V. The generator is normally supplied with a control panel specific to the hydro scheme.

The control panel is required to syofirci vteor 6g rciodn te
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The system continually senses the amount of water available using a water level sensor(s) at
the intake. It is imperative that the control system is compatible with the turbine type and is
often provided by the turbine supplier. Remote monitoring by 3G, landline or satellite
connection is recommended for weekly operational checks and diagnostics.

4.7 Transmission line

The connection to grid requires approximately 200m of LV armoured cable from a new
dedicated transformer to a cut-out adjacent to the turbine house. Planning has been approved
for an external cut-out kiosk with timber fence screen. The DNO? switch-gear and meter
cabinet could be housed externally, or within the powerhouse if the meter operator has an
access key. The proposed grid connection would join the existing 33kV spur that terminates at
NH 190 821.

A grid connection application was submitted June 2015 to SSEPD and an offer of connection
was issued to the client on 14" Sept 2015, with connection date of 30" Sept 2017 (subject to
negotiation with local depot nearer time of implementation). This has now been accepted since
first draft of this report.

See document ®OCO Allt A Mhuillin Hydro DOCO - EDY 615 14-09-156for full details of
connection agreement.

4.8 Construction Access

4.8.1 Site access from the trunk road

The site has access to the lower and mid-tier using the existing FCS roads and bell-mouths
from A835. The north and south entrances are herein referred to as Access 1 and Access 2
respectively.

Visibility splays for the accesses have been produced (see drawings 006-08-02 and 006-08-03
for detailed plans). These showed that the Wellingtonia trees are not within the required zone
of visibility for either access. Some foliage, an FC sign and embankment needs to be altered
to improve visibility.

The planning authority c/o Transport Scotland requested further information regarding visibility
distances. A subsequent topographic survey revealed that the view splay south from Access 2
is partially obscured in the vertical and horizontal by the embankment on the road verge,
despite attempts to improve this in recent years. Transport Scotland have been consulted
directly by babyHydro in conjunction with the planning authority and their response confirmed
the proposed embankment works would be sufficient mitigation to proceed with construction;
see planning decision notice 15/02527/FUL for relevant planning condition.

4.8.2 Access from Forestry road

The upper tier of the site to the intake area will require, as a minimum, temporary construction
access to be made. It is proposed to use the existing route of the forestry harvester track,
uphill from the forestry road as shown in the site layout plan 006-01-01. This will require
suitable drainage and potentially borrow material. This measures approx. 950m

Although it could be cost and time effective to use alternative methods to transport materials to
the upper site (e.g. tracked excavator/dumper, skyline winch, or even helicopter), it is
recommended to install the access route to bring it up to a suitable standard for an all-terrain
vehicle or quad bike. Material can be won onsite for granular surface metal using a small
borrow-pit on site, which has been located and is shown on the plans.

% Distribution Network Operator i Scottish and Southern Energy Power Distribution (SSEPD).

7
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The helicopter option could have difficulties while working on steep cross slopes of up to
35deg (1 in 1.8) or near trees but should not be ruled out if permanent access tracks were
seen as prohibitive for some reason e.g. cost. Current estimated cost of upgrading 1km of
access track is estimated to be £25,000, while helicopter may cost around £21,000 for three
days6 hire. With the complication of getting machines up to the intake safely and for
maintenance in future, this option has been ruled out for now. Along the track route there were
no major significant risks found in the geotechnical assessment except the short section
adjacent to the intake. This will require careful design and construction methods. The
remaining risks along the route are generally localised rock outcrops, which can be managed
as per the geotechnical recommendations.

Photo 2: visibility at access 2 is restricted by foliage, sign and bank
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Photo 4: looking downhill along pipeline from next to intake
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m below waterfall

Photo 6: pipelie, powehouse site and direction of outfall -

10
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i

Photo 7: Looking approx. north adjacent to A835. Yellow line shows access route to Mhuilinn
powerhouse site using previous harvester track from existing bell-mouth access to construction
yard; slope beyond is on north bank of burn.

Photo 8: approximate line of penstock route 1in3 gradient (photo by Paul Copestae)

11
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5 Hydrology

The catchment area modelled is 3.009km? and the annual mean flow 0.153m?s. It should be
noted that this basin model was conducted at an intake location slightly upstream of the intake
site and therefore the actual catchment area will be marginally higher.

For consenting purposes SEPA accept this as a suitable estimate of the hydrological
conditions at the site due to the steep topography. As such, a Lowflows river flow estimate
report, produced by Wallingford Hydro Solutions (WHS), was supplied to SEPA as supporting
information to the CAR licence.

For a project of this scale, it may be considered prudent to conduct some form of in-river flow
measurement in order to confirm the desktop model. However, Lowflows is an accepted
industry standard and is widely used for investment and environmental decision making
purposes. The report quotes the uncertainty and confidence levels expected and notes that
results do not take into account unnatural influences, such as abstractions upstream. These
are highly unlikely in this upland headwater tributary. Furthermore, a catchment area of more
than 1km?is considered to yield suitably accurate results.

It was decided that flow monitoring for a 12 month period would not improve the confidence in
the flow forecast model and so was not undertaken as it was not seen to be cost effective.

Based on the Lowflows2 hydrology model the recommended option to take forward is a
100kW scheme with a maximum design flow of 0.103m?%s

6 SEPA - Water Framework Controlled Activities (Scotland) 2011

Water Framework Controlled Activities (Scotland) 2011 or CAR licence has been issued to
LCR Ltd, which covers the construction of the intake, outfall and other in-water structures as
well as the water abstraction volumes permitted.

See CAR licence CAR/L/1137084 for further details.
7 Geotechnical Risk Assessment

7.1 Scottish Road Network Landslides Study (2008)

It should be noted that the site was identified as dligh potential hazarddin the GIS based
Scottish Road Network Landslides Study 2008.

7.2 Coffey Report (2012)

There is an existing geo-technical report by Coffey Geotechnics (2012) for the site,
commissioned by FCS as part of their forestry operations risk assessments. This states a High
Hazard category and a Low/Moderate Risk for the river gorges within the Lael Forest. The
Mhuilinn gorge has not technically been defined in the Coffey risk assessment as a river
gorge, but it has been assumed that it should be included in this category as it is a similarly
incised, deep cut cascade. It recommends:

i No heavy pl ant shoul d wor K wi t hin 10m of
assessment is undertaken. Good housekeeping to ensure debris material is removed
from the gorges where possible. o

This risk level would apply to the intake, pipeline, access, powerhouse and outfall works where
these are less than 10m from the burn, as this is considered to be within the main ravine. FCS
therefore requested a project specific risk assessment to establish the level of risk and
presence of hazards associated specifically with the hydro development.

12
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The layout (as per layout shown in Figure 3) lies within Areas 14 and 15 as defined in the
Coffey report, with the Mhuilinn river gorge acting as the boundary between area 15 and 16.
There are rock crags, embankment slip and debris flow in the vicinity of the development, but
outwith the immediate development boundary. There is potential for block fall and boulders
being dislodged, which is considered a Moderate to High category hazard with Low to
moderate risk. The main receptors to consider are the forest road users and the public road at
the foot of the hill.

Steep gradients are present on site, between 20-33deg uphill of the FCS road and even
steeper slopes of 20-40deg on the downhill side.

Figure 1. Geo-technical point hazards (Coffey, 2012)
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