
 

 JUNE 2024  

 

Ynni Cymunedol Twrog 

Tanygrisiau, Snowdonia, Wales 

Report on Reservoir Outflow Q1 2024 

2460134-R01 (03) 



 

 

RSK GENERAL NOTES 

Project No.: 2460134-R01 (03)  

 

Title:  Report on Reservoir Outflow Q1 2024: Tanygrisiau, Snowdonia, Wales 

 

Client:  Ynni Cymunedol Twrog 

 

Date:  June 2024  
 

Office:  Carbon Zero Consulting c/o RSK Environment Limited, Spring Lodge, 172 
Chester Road, Helsby, WA6 0AR Contact (CZC): John Findlay; Contact (RSK): 
Siôn Roberts, Tel: 01928 726006 

 
Status:  Rev03 

Author  Steve Cresswell Technical reviewer  John Findlay 

Signature   Signature   

Project manager  John Findlay 

 

 

Quality reviewer   

Signature   Signature   

 

Revision control sheet 

Revision ref. Date  Reason for revision Amended by: Approved by: 

00 22-05-24 First issue n/a see above 

03 18-06-24 Regulatory Comments SDC See above 

     

 

RSK Environment Limited (RSK) has prepared this report for the sole use of the client, showing reasonable skill and care, for the 
intended purposes as stated in the agreement under which this work was completed. The report may not be relied upon by any 
other party without the express agreement of the client and RSK. No other warranty, expressed or implied, is made as to the 
professional advice included in this report. 

Where any data supplied by the client or from other sources have been used, it has been assumed that the information is correct. 
No responsibility can be accepted by RSK for inaccuracies in the data supplied by any other party. The conclusions and 
recommendations in this report are based on the assumption that all relevant information has been supplied by those bodies from 
whom it was requested. 

This work has been undertaken in accordance with the quality management system of RSK Environment Ltd. No part of this 
report may be copied or duplicated without the express permission of RSK and the party for whom it was prepared. 

Where field investigations have been carried out, these have been restricted to a level of detail required to achieve the stated 
objectives of the work. 



 

Ynni Cymunedol Twrog  i 

Report on Reservoir Outflow Q1 2024: Tanygrisiau, Snowdonia, Wales  

2460134-R01 (03) 

CONTENTS 

1 INTRODUCTION ............................................................................................................................... 3 
1.1 Commissioning ......................................................................................................................... 3 
1.2 Proposed development ............................................................................................................. 3 
1.3 Objectives ................................................................................................................................. 3 
1.4 Scope of works ......................................................................................................................... 3 
1.5 Existing reports ......................................................................................................................... 4 
1.6 Limitations ................................................................................................................................. 4 

2 SITE DESCRIPTION ......................................................................................................................... 5 
2.1 Site location and surrounding area ........................................................................................... 5 
2.2 Topography and ground surface conditions ............................................................................. 6 

3 SURFACE WATER HEATING SYSTEMS ....................................................................................... 8 
3.1 Background ............................................................................................................................... 8 
3.2 OPTIONS FOR WATER SOURCE HEAT PUMPS .................................................................. 8 

3.2.1 Open Loop .................................................................................................................... 9 
3.2.2 Closed Loop .................................................................................................................. 9 
3.2.3 Examples of closed loop systems ............................................................................... 10 
3.2.4 Closed loop installation issues .................................................................................... 11 
3.2.5 Open-loop abstraction design requirements ............................................................... 11 
3.2.6 Open loop abstraction options .................................................................................... 12 
3.2.7 Open loop intake requirements: .................................................................................. 14 
3.2.8 Advantages and disadvantages .................................................................................. 15 

3.3 Tanygrisiau Reservoir Potential .............................................................................................. 17 
3.3.1 Historical flow data and temperature data .................................................................. 17 

3.4 Inflow from Llyn Cwmorthin Flooded Slate Quarry Potential .................................................. 18 
3.4.1 Historical flow data and temperature data .................................................................. 18 

3.5 Inflow at Dwr Cymru’s Hydroelectric Plant .............................................................................. 19 
3.5.1 Historical flow data and temperature data .................................................................. 19 

3.6 Tanygrisiau Reservoir Outflow from Reservoir ....................................................................... 20 
3.6.1 Historical flow data and temperature data .................................................................. 20 
3.6.2 Afon Barlwyd ............................................................................................................... 22 

3.7 The choice between open and closed loop and location of the system ................................. 23 
3.8 Operation of a WSHP; flow and temperature ......................................................................... 23 
3.9 Reservoir Outflow Temperature Q1 2024 ............................................................................... 24 

3.9.1 Installation of Loggers ................................................................................................. 24 
3.9.2 Recovery of Loggers ................................................................................................... 25 
3.9.3 Longer Term Data ....................................................................................................... 28 
3.9.4 Summary ..................................................................................................................... 30 

3.10 Open Loop Regulations .......................................................................................................... 30 
4 REFERENCES ................................................................................................................................ 32 
 

 

 

 



 

Ynni Cymunedol Twrog  ii 

Report on Reservoir Outflow Q1 2024: Tanygrisiau, Snowdonia, Wales  

2460134-R01 (03) 

 

FIGURES 

Figure 2.1 Site location plan 

Figure 2.2 Properties with and without mains gas 

Figure 3.1 WSHP options scheme 

Figure 3.2 Closed loop pipe example 

Figure 3.3 Closed loop installation 

Figure 3.4  Cross section of a screened pumping sump 

Figure 3.5 Submerged abstraction assembly 

Figure 3.6 Open loop in-river abstraction being installed 

Figure 3.7 River bank mounted abstraction and discharge 

Figure 3.8 Llyn Stwlan and Tanygrisiau Reservoir 

Figure 3.9  Inflow from llyn Cwmorthin flooded slate quarry 

Figure 3.10 Inflow at Dwr Cymru’s Hydroelectric plant 

Figure 3.11 Reservoir outflow and Afon Barlwyd Temperature logger data 

Figure 3.12  Energy Centre Map (proposed) 

Figure 3.13  Location of loggers 

Figure 3.14  River Bed Profile 

Figure 3.15  Temperature Difference – Logger A to B 

Figure 3.16  Temperature Data Logger B 

Figure 3.17  Average Air Temperature vs River Temperature 

Figure 3.18 15min air temperature from Logger A 

Figure 3.19  Historic minimum air temperature for Cwmystwyth station 

 

 

 

APPENDICES 

Appendix A  Service constraints 



 

Ynni Cymunedol Twrog  3 

Report on Reservoir Outflow Q1 2024: Tanygrisiau, Snowdonia, Wales  

2460134-R01 (03) 

1 INTRODUCTION 

1.1 Commissioning 

On the instruction of Ynni Cymunedol Twrog, Carbon Zero Consulting (RSK Environment 
Limited) has carried out an assessment of Engie’s hydroelectric lower reservoir outflow 
temperature over two points in Tanygrisiau, Wales between January and April 2024.  

This report is subject to the RSK service constraints given in Appendix A and limitations 
that may be described through this document.  

1.2 Proposed development 

Tanygrisiau is a village in Snowdonia that has areas that are not connected to mains gas 
with hard to heat homes. The buildings are typically located directly on the bedrock (often 
slate) and the terrain is steep. Buildings comprise of a mixture of private owner-occupied 
properties, private rented properties and social housing, along with manufacturing. 

Many of the houses are not connected to the gas network and use coal or paraffin heaters, 
and are in fuel poverty. One or more options for sustainable sources of district-scale 
heating may be required. Initial plans are to potentially provide heat sourced from the 
outflow of Engie’s hydroelectric plant (via a heat pump system) which has elevated 
temperatures compared to surrounding streams, and utilise that at the Rehau factory in 
Tanygrisiau. 

1.3 Objectives 

The objective of the work is to: 

 Record temperature data at two locations in the reservoir outflow to determine:  

a) If there is any temperature loss during water transportation from the reservoir 

outflow to where a potential abstraction point would be located downstream 

b) The minimum temperature encountered during the winter period of 2024. 

1.4 Scope of works 

The purpose of this report is to provide the Client with a desk-based assessment to review 
options to access renewable heating using heat pumps. 

The scope of works for the assessment includes the following: 

 up to five days fieldwork to determine flow rates and water temperatures of accessible 

water bodies  

 review of local geology, hydrogeology and surface water setting, including the 

identification of potential geological hazards assessment of feasibility of closed loop 

boreholes including a desk-top assessment of thermal properties of the underlying 

geology to a nominal depth of 200m 

 assessment of the size of heat store required  
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 a technical and financial report on the feasibility of the potential heat sources including 

risks and benefits 

1.5 Existing reports 

An initial feasibility assessment was issued in November 2023 by Carbon Zero Consulting 
(RSK Environment Ltd). This report utilises sections of the November 2023 report and 
adds additional content from water temperature monitoring between January and May 
2024..  

1.6 Limitations 

This report should be considered in the light of any changes in legislation, statutory 
requirement or industry practices that have occurred subsequent to the date of issue.  

The opinions expressed in this report, and the comments and recommendations given, 
are based on the information obtained during the period of data collection. Logging data 
recorded is only valid for the time periods that any data was collected. 
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2 SITE DESCRIPTION 

2.1 Site location and surrounding area 

The Tanygysiriau site is a village located in Snowdonia, Wales, to the west of Blaenau 
Ffestiniog. A representative postcode would be LL41 3SE. The location is shown in Figure 
2.1. 

 

Figure 2.1: The location of the site (Contains Ordnance Survey data © Crown 
copyright and database right 2013) 

The village is set within a mountainous region with the lowest elevation in the village of 
180 maOD in the valley bottom and the highest elevation around 230maOD. The site lies 
directly north of the Tanygrisiau Reservoir, a 37.5ha body of water that is used to provide 
water to the Llyn Stwlan Reservoir 1.3km to the west at an elevation of 500maOD.  

When electricity is cheap The water is pumped from a pumping station on the Tanygrisiau 
Reservoir (operated by Engie) up to the Llyn Stwlan Reservoir, the controlled return of the 
water under  gravity produces hydroelectric power when there is a demand. The water 
inflow and outflow of the Tanygrisiau Reservoir are carefully monitored, as there needs to 
be sufficient capacity to pump water up to the Llyn Stwlan Reservoir when required and 
enough capacity to allow water from the Llyn Stwlan Reservoir to enter the Tanygrisiau 
Reservoir when electricity generation is taking place without flooding the surrounding 
area. Water in the Tanygrisiau Reservoir is also used to cool the hydroelectric turbines of 
the power station.  
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The reservoir is fed from several natural streams, Nant Ystradau in the south; Nant Ddul, 
Afon Stwlan and other small unnamed streams in the west; and a large water flow into the 
north of the reservoir from the Llyn Cwmorthin disused quarry to the northwest of the 
village at an elevation of approximately 300m. In the north west corner of the Tanygrisiau 
reservoir is a small hydroelectric plant owned and operated by Welsh Water (Dwr Cymru).  

Water exits the Tarygysiriau reservoir via a managed weir in the north east corner of the 
reservoir, which flows north east, skirting the southern edge of the village for 
approximately 350m before joining the Afon Barlwyd and flowing south, ultimately 
discharging to the sea at Tremadoc Bay. The Afon Barlwyd flows due south through the 
village, originating north of the village from the Llynnau Barlwyd Reservoirs at an elevation 
of 455maOD. 

 

2.2 Topography and ground surface conditions 

The study site is mountainous, with a variable topographical elevation. The lowest 
elevation is 170maOD where the Afon Barlwd joins the outflow of the Tanygrisiau reservoir 
in the south. Mains gas was installed in the north of the village but not throughout. This 
results in many properties in the southern, lower elevations and the western upper 
elevations being without gas (see figure xx). The properties without gas in the south of the 
village lie beneath around 200maOD. The properties on the western side of the village 
without gas are at an elevation of 230maOD.  

There are areas of extensive slate mining in the hills to the north and west of the village.  
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Figure 2.2: Properties with and without mains gas. 
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3 SURFACE WATER HEATING SYSTEMS 

3.1 Background 

There are several surface water features that could potentially be utilised as a heat source 
for providing sustainable heat to an Energy Centre at Tanygrysiau: 

 Tanygrisiau Reservoir 

 Tanygrisiau Reservoir Inflow from Llyn Cwmorthin flooded slate quarry 

 Tanygrisiau Reservoir inflow at Dwr Cymru’s Hydroelectric plant 

 Tanygrisiau Reservoir Outflow from Reservoir 

 Afon Barlwyd 

 

3.2 OPTIONS FOR WATER SOURCE HEAT PUMPS 

 

It is envisaged that heat from the surface waters could be utilised by a ‘water source heat 
pump’ (WSHP) to meet the requirements of the district heating system Energy Centre.  

All heat pump systems operate by absorbing heat from the ‘source side’ of water, soil or 
rocks and using an expansion and compression cycle within a heat pump to deliver the 
collected heat into a smaller volume of water on the ‘load’ side of the system. This process 
effectively concentrates the heat taken from the environment and combines it with 
additional heat from an electrical compressor to provide a low carbon source of renewable 
heat. In common with all heat pump installations, a WSHP works best with low 
temperature distribution systems within the buildings to be heated. 

Heat can be taken from a surface water body in one of two ways; open loop or closed 
loop.  

 

 
Figure 3.1. WSHP options schematic 
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3.2.1 Open Loop 

An open loop WSHP exchanges heat with the surface water directly. Water is abstracted from the 
reservoir or river by means of a screened intake and is pumped through a heat exchanger which in 
turn is connected to the heat pump(s). The heat pumps extract heat (in heating mode) or reject heat 
(in cooling mode) directly to the flow of river water within the source side of the heat exchanger. No 
cooling requirement is predicted for this project.  

The cooled river water is then discharged back to the river. The amount of heating available is 
dependent on the flow rate of water that can be abstracted and discharged, and the permissible 
change in temperature of the water.  

An open loop system is non-consumptive but imposes a change of temperature to the abstracted 
water.  The temperature of the discharged, cooled water is critical in terms of defining the heating 
capacity of the system. This, in turn, is partly related to the efficiency and size of any heat exchanger 
(and its cost) and also to the acceptability of a discharge temperature to the regulatory authority.  

No fixed guideline values are available, but in terms of regulating non-consumptive schemes, a 
maximum figure for delta-T (∆T) of circa 10°C between abstracted and rejected water is a normal 
assumption. There is an obvious limitation for open-loop systems when river water temperature 
falls below a level where freezing of water in the system heat exchanger or pipework might occur. 

Mitigating the risk to wildlife around the open loop abstraction and discharge points is of utmost 
importance. Design of intakes and outfalls must take fish and elver issues into account in addition 
to accounting for high and low flow conditions in the river. 

3.2.2 Closed Loop  

A closed loop WSHP system consists of a heat exchanger assembly immersed within the body of 
water. A heat transfer fluid is circulated to absorb heat from the river water via the immersed heat 
exchanger. In heating mode, the warmed fluid then returns to the heat pump to deliver the collected 
energy which is used in the Energy Centre. 

Closed loop systems have a Thermal Transfer Fluid (TTF) circulating in them. This is an anti-freeze 
solution that permits the system to be operated at sub-zero temperatures. This is an advantage 
over open-loop systems as they can be operated even at very low water temperature. 

Although the closed loop systems do not pose the same potential impact to aquatic wildlife as open 
loop systems, there are certain design limitations including prevention of impact on river navigation, 
fishing rights and spillage of heat transfer fluid to the water body. 

The heat exchanger assembly can take one of several forms; 

 Heat exchanger pipework. Plastic pipe is installed within the surface water body, normally 
as a collection of coiled loops bundled together and weighed down keep the assembly in 
position. The length and layout of the pipework will be controlled by many factors including 
river temperature, peak heating and cooling requirements and riverbed topography. 

 Heat exchange panels, looking similar to large central heating radiators, are assembled 
within steel supporting frames and installed vertically within the water body. The heat 
exchange capacity is controlled by factors including the size and number of panels and by 
the rate of flow of the heat transfer fluid through the panels. Various brands of panel are 
available. A typical large panel has a nominal 35kW heat exchange capacity. 
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 Other formats of heat exchange system such as the ‘Thermogenius’ which is a barrel-
shaped assembly suspended or fixed in the water. Again, heat exchange capacity is limited 
to around 30kW per unit. 

All submerged heat exchange panels and pipework used in a closed loop system must be 
protected from physical damage and care taken that they are securely anchored to account for 
extremes of high and low flow. 

3.2.3 Examples of closed loop systems 

The different options for closed loop systems include: 

 Constructions based on various geometric layouts of MDPE or HDPE pipework (medium 
density or high density polyethylene), Figure 4.  

 Assemblages of ‘radiator’ style collectors generally arranged within a rectangular frame that 
can be lifted and secured within the river, Figures 5.  

Both options comprise a completely sealed system filled with the required concentration of a 
thermal transfer fluid.  

Closed loop “lake” collectors (of plastic or metal construction) have been used in the UK for many 
years. They range from small domestic installations, to multi MW heating and cooling systems, 
such as the Kingsmill Hospital, Mansfield which utilises metal “radiators” installed in a large lake 
(with a significant flow-through). 

 

 
Figure 3.2: Example of closed loop, plastic pipe based WSHP installation. The pipe coils have been 
pre-assembled on to a metal framework.  
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Figure 3.3: Example of a  closed loop system being lowered into position in a man-made lake,    

3.2.4 Closed loop installation issues 

The point to be taken from Figures 4 and 5 is that the volume of the closed loop plastic pipe 
configurations is considerably larger than the metal “radiator” solutions. This is due to the more 
effective heat transfer surfaces offered by the metal collectors.  

The heat exchanger collectors would need to be firmly fixed to the bed of the river ore reservoir to 
prevent them from being dislodged during times of high river flows or flooding. It would not be 
acceptable to just lower them on to the river bed as can be the case with inland lakes, even the 
reservoir can have high flow rates when emergency discharge situations occur. 

Closed loop systems have a Thermal Transfer Fluid (TTF) circulating in them. This is an anti-freeze 
solution that permits the system to be operated at sub-zero temperatures. It would be a requirement 
of the Natural Resources Wales and other bodies such as the Wildlife Trust and Angling 
associations, that an acceptable TTF is used in this system.  Pressure monitoring equipment 
installed on the closed loop circuit would indicate loss–of–circuit, and stop the circulation pumps in 
order to minimise any loss of TTF to the river.  

In general, for a closed loop system, the submerged heat exchangers must be protected from 
physical damage and care taken to ensure that they are securely anchored. 

3.2.5 Open-loop abstraction design requirements 

An open loop WSHP system requires a means of abstracting water and then discharging at a 
point downstream to prevent direct mixing of water. 

Options should comply with the following general constraints: 

 The abstraction and discharge ports shall be designed taking into account requirements of 
the Natural Resources Wales, and ensuring provision for regular maintenance. 

 The installation shall be designed to the permitted temperature range and ΔT agreed with 
Natural Resources Wales in view of local conditions and protection of sites and species 
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 The abstraction and discharge ports shall be designed to prevent ingress of litter, wildlife, 
fish etc.  

 The intake pump(s) capacity, configuration and location shall be designed taking into 
account turn down range, redundancy and planned preventive maintenance access. 

 The discharge port shall be designed to ensure water discharged does not ‘short circuit’ to 
the abstraction point or cause erosion or disrupt fish migration and habitats. 

3.2.6 Open loop abstraction options 

There are 2 broad options for abstraction of water; 

1. A screened sump and pump intake of water constructed within the river bank (Figure 6) 

2. A standalone screened intake of water within the river (Figure 7 and 8) 

3. A river-bank assembly with integral intake and discharge assemblies using either a suction-
pump or submersible pumping system, (Figure 9) 

 

 
 

Figure 3.4: Option 1. Cross section of a screened pumping sump constructed within a typical river 
bank.  

 

 

River bank 
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Figure 3.5: Option 2. Sketch of a submerged abstraction assembly mounted within a stainless-steel 
frame 

 

    
Figure 3.6: An example of an open loop in-river abstraction being installed (into the river Thames). 

 

 

 

 

 

 

 

 

 

 

Figure 3.7: a river-bank mounted abstraction and discharge for an 8MW water source heating system 
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Whichever intake technology is chosen, in addition to protecting the pumps and heat exchangers, 
the screening of the intake must be sized and oriented to protect fish and eels. 

3.2.7 Open loop intake requirements: 

The system from river intake through to return to river would be designed, supplied and 
constructed by specialists, to include the following: 

 Primary intake filter / screen 

 Suction & backwash pipe-work 

 Intake pumps 

 Secondary river water filtration 

 Heat exchanger  

 Discharge pipe-work 

 Control instrumentation & Control System to meet NRW and site requirements. 

The anticipated National Resources Wales requirements are likely to include: 

 River abstraction, daily volume, to be within the range of abstraction licence consented 
limits 

 Primary intake to meet Fisheries requirements in terms of: 

o Orifice Size – typically 2 to 3 mm 

o Velocity through orifice - <0.1 m/s 

 Return flow to river to equal the abstraction rate  

 Return water temperature to be within consented ‘delta-T’ 

 The configuration of the return to river discharge should prevent ingress of fish, eels, elvers 
etc. in the same manner as the screened abstraction assembly. 

 

Table 1. Pros and cons of open loop intake options 

Intake option Pros Cons 

Option 1. Screened sump 
and pump within river 
bank 

 Pump located near to the river, 
minimising pumping costs 

 Design can allow for easy access 
to the pump 

 Pump can have integral self-
cleaning 

 Major works within the river bank 
Trash screen requires manual 
cleaning 

 Trash screen can allow some 
species and debris to enter, difficult 
to remove back to river 

 Design complications to achieve 
NRW velocity requirements 

 Requirement for submerged power 
and control cabling 

 

Option 2 screened intake 
within the river or 
mounted on submerged 
section of bank 

 Intake is via a self-cleaning 
screen with no need for manual 
intervention other than 
preventative maintenance 

 Screen is integral part of the 
intake 

 Negative suction pump option has lift 
limitations which need to be 
considered at detailed design stages 

 
 Work required in river channel. 
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 No submerged power or control 
cabling 

 Can utilize suction or 
submersible pumping 

 Screen complies with all EA 
requirements at source 

 Debris is washed away ‘naturally’ 
by river flow 

 

 Potential for obstruction of navigation 
or fishing rights 

 
 May require flood risk assessment 

permit 

 

Option 3 bank-mounted 
assembly for abstraction 
and discharge. 

Screened intake and 
discharge assemblies 
mounted within metres 
for a river system, but 
greater separation for a 
reservoir 

 

 

 

 Intake is via a self-cleaning 
screen with no need for manual 
intervention other than 
preventative maintenance 

 Screen is integral part of the 
intake 

 No submerged power or control 
cabling 

 Screen complies with regulatory 
requirements at source 

 Debris is washed away ‘by river 
flow or by backwash system 

  

 
 Work required on river bank and to a 

smaller degree within river channel. 

 
 Potential for obstruction of navigation 

or fishing rights 

 
 May require flood risk assessment 

permit 

3.2.8 Advantages and disadvantages 

Advantages of closed loop 

 

i) Because the fluid circulating within the closed loop, whether plastic pipe or “radiators” 
can be a thermal transfer fluid (TTF), i.e. an antifreeze solution, the system can run 
down to sub-zero temperatures without freezing.  Thus, the source temperature or 
temperature drop through the closed loop is not as critical as with open loop. It will 
typically be of the order of 3 to 4°C, but this would allow the loop to keep running even 
at the lowest temperatures that have been measured in the river. (see Section 3.3)  

ii) the second advantage is that there are minimal on-going maintenance issues 
associated with the closed loop, e.g. no fouling, blocking, or cleaning requirements (of 
the open loop screen). A degree of monitoring and cleaning of silt deposits in and 
around the closed-loop structures might be required. There are no requirements for a 
filtration system. 

Being a “closed” system there are no requirements for abstraction or re-injection licences 
from Natural Resources Wales.  

 

Disadvantages 

i) the closed loop “collector” will take up a great deal of space in the river or reservoir – 
and as such will need to be restrained to prevent movement during periods of high river 
flow and flooding. 

ii) The river must be sufficiently deep to provide at least 1m of water ‘cover’ above the 
heat exchangers 
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iii) Potential damage of the system by debris carried by the river in flood conditions 

iv) A permit to work within the river channel is required. It might also be concluded by 
Natural Resources Wales that the size and nature of heat exchange hardware required 
to be placed within the river is too large in the relatively small river channel to comply 
with their (flood and fisheries) requirements. 

v) the collector will present a potential hazard to fishing, fish migration and any small river 
craft.  
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3.3 Tanygrisiau Reservoir Potential 

3.3.1 Historical flow data and temperature data 

Tanygrisiau Reservoir is operated as the lower reservoir for the Engie operated Ffestiniog Power 
Station, with water pumped up to the Llyn Stwlan upper reservoir. The two reservoirs act together 
as a closed system with the aim to ensure there is always water available to pump up to the top 
reservoir and space to discharge water when the turbines are operating.  

To this end, water volumes entering and exiting the system are carefully monitored, to ensure that 
the outflow from the reservoir always matches the inflow. The level of the lower reservoir fluctuates 
based on the volume of water that has been pumped to the upper reservoir. Additionally, the water 
of the lower reservoir is used to cool the turbines and therefore the lower reservoir temperature is 
expected to be above what would normally be encountered. Historical flow data into and out of the 
reservoir has not been made available to date, however a site visit observed more than 800 litres 
per second (l/s) entering the system on a summers day, and the operators of the plant indicated 
that this was normal. As the system is balanced, 800 l/s entering the reservoir would require 800l/s 
to exit the reservoir, so there is a consistent and high flow rate causing movement of water across 
the reservoir. 

 

 
Figure 3.8. Llyn Stwlan to the west and Tanygrisiau Reservoir to the East 
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Logistically it is unfeasible to use the cooling water of the turbines for energy generation in 
Tanygrisiau. The turbines run intermittently and are therefore not a reliably consistent source of 
heat, along with potential interference with the works of the hydroelectric plant. 

Utilising the reservoir water is feasible, either via open loop or via closed loop. There is available 
space in the northeast corner of the lake, prior to the water exiting the system through the discharge 
dam for either a closed or open loop system. There are various logistical difficulties that would need 
to be overcome to connect the reservoir system via flow and return pipes across roads and to the 
village, although these challenges are not insurmountable. There may also be the option to site the 
energy centre on the edge of the reservoir. Access to the reservoir is available and it should be 
possible to install either an open or closed loop system. It would be important that any system be 
non-consumptive as far as the balance of the lake is concerned as the Ffestiniog Power Station 
monitors levels closely to ensure that there is precisely the required volume split between the two 
reservoirs.  

Maintenance of an open or closed loop water source heat pump system would be dependant on 
operations at the hydroelectric plant. It is sometimes necessary to discharge a lot of water into the 
reservoir at very short notice, which could be dangerous for anyone maintaining the lake collectors 
or intakes. The Tanygrisiau reservoir levels will frequently drop when the maximum volume of water 
is pumped to Llyn Stwlan, therefore there may be additional works required within the reservoir to 
ensure the collectors are always submerged. 

 

3.4 Inflow from Llyn Cwmorthin Flooded Slate Quarry Potential 

3.4.1 Historical flow data and temperature data 

 

The Llyn Cwmorthin flooded slate quarry is the primary inflow of water into the Tanygrisiau 
Reservoir and at the site visit to the Ffestionig Hydroelectric Plant was measured at circa 800 l/s 
which was verbally confirmed as a normal value. The water that enters the reservoir is not thought 
to be elevated in temperature in any way, and therefore is likely to be cold in the winter. The water 
passes close to the western cluster of houses at 230maOD and a man-made weir directs water 
down the steep slope, past the lakeside café on the northern shore of the reservoir before the water 
discharges into the reservoir.  

Advantages of using this water source are that the water is upslope of the majority of the village, 
and therefore pumping costs would be minimised for an open loop system. The disadvantages are 
that the site is exposed and it may be expected to experience low temperatures in the winter. 
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Figure 3.9. Inflow from Llyn Cwmorthin flooded Slate Quarry highlighted red 

3.5 Inflow at Dwr Cymru’s Hydroelectric Plant 

3.5.1 Historical flow data and temperature data 

 

The Dwr Cymru Hydroelectric plant sits at the northwest edge of the reservoir and also targets 
water from the Llyn Cwmorthin flooded slate quarry to the north when it is operational (dashed red 
line in figure 3.10). Additionally water from the western side of the reservoir flows past the 
Hydroelectric plant (solid red outline in figure 3.10). The outflow area is small and shallow and 
would need considerable modification to allow the installation of a closed or open loop water 
sourced system. Whilst feasible in principle, the flow rate is generally a fraction of the inflow from 
the Llyn Cwmorthin flooded slate quarry via surface water. This is therefore not a primary target.  
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Figure 3.10. Inflow at Dwr Cymru’s Hydroelectric Plant, solid line shows surface water, dashed line 
shows source of hydroelectric plant. 

 

3.6 Tanygrisiau Reservoir Outflow from Reservoir 

3.6.1 Historical flow data and temperature data 

 

The outflow from the reservoir needs to match the inflow to the reservoir to ensure a consistent 
volume of water in the ‘closed system’ of the Ffestiniog hydroelectric plant. It is therefore expected 
that in excess of 800 l/s is exiting the reservoir via a man-made dam and sluice gate.  

A temperature sensor and data-logger was installed in the outflow for a period of two weeks over 
the summer of 2023 to ascertain if there was a temperature difference observed compared to the 
Afon Berlwyd, into which the outflow is directed. The results are plotted in the figure below which 
clearly shows an elevation of 3-4⁰C of the outflow water compared to water flowing within the Afon 
Berlwyd. 
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Figure 3.11. Reservoir outflow and Afon Barlwyd Temperature logger data 

 

The location of the two deployed loggers is shown below on an overview of the Prospus Group 
potential Energy centre map. 
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Figure 3.12. Prospus Group Energy Centre Map with locations of outflow and river temperature 
loggers located. 

 

Both an open loop and closed loop water sourced system are potentially viable at the outflow of the 
Reservoir. A closed loop system is potentially the preferred choice as less long-term monitoring 
and maintenance is involved. and and regulatory requirements are less involved than  for open-
loop.  

3.6.2 Afon Barlwyd 

 

As discussed in the Outflow section, a temperature sensor and data logger was installed into the 
Afon Barlwyd to measure water temperature to compare with Reservoir outflow data. Flow rate was 
not measured but a steady flow was estimated at >500l/s on 2nd August 2023 The temperature 
range in the summer was measured as 10 to 14⁰C.  The temperature will drop significantly lower in 
the winter.  

A heat pump system could utilise this river water, however it is not a primary choice as the reservoir 
Outflow has a distinct temperature advantage. 
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3.7 The choice between open and closed loop and location of the 
system 

 

Closed loop systems are able to operate even with very low river temperatures and have very low 
ongoing monitoring and maintenance requirements. Significant engineering works are required to 
install the heat exchange hardware required in the overflow river channel. 

Closed loop systems are generally lowered on to the river floor with a stand-off to keep them above 
the ‘floor’ to prevent clogging and silting-up. Heat exchange panels should also have at least 1m of 
water cover. The profile of the river would have to be surveyed to locate the preferred lengths of 
the channel to be used. 

If water abstraction from the outflow of the Tanygrisiau reservoir is to be taken forwards, a detailed 
survey of the outflow should be conducted to determine the works required to utilise the heat source 
and the preference of open loop or closed loop. 

3.8 Operation of a WSHP; flow and temperature  

In heating mode, heat pumps take energy from the flow of river water, resulting in a cooled 
discharge of water to the river. The outflow of the Tanygrisiau reservoir appears to have a higher 
temperature than the Afon Berlwyd and therefore it is feasible to reduce the outflow to the same 
temperature of the Afon Berlwyd by passing the outflow water across a heat exchanger with a 
change in temperature (delta-T, ∆T) of 4°C. It is unknown as to whether there is an elevated 
temperature all year round, but the assumption below is that there is sufficient heat in the outflow 
to consistently take at least 3⁰C of heat 365 days per year. Long term monitoring is recommended 
to satisfy all parties of this prior to commissioning works. 

Table 3 provides a summary of flow rates required to provide a given heat output at a heat pump 
with COP of 3.5. At a delta-T of around 3°C (when outflow temperature exceeds 5°C) a nominal 
4MW output is achieved at a water flow rate of 500 l/s. Two other scenarios are shown for lower 
river temperature, and lower delta-T.  

The discharge from the reservoir outflow is likely to support an abstraction with a delta-T of 4°C 
throughout the Winter, although at times of prolonged dry, cold weather, the entire discharge flow 
may be required to satisfy a 4MW demand. This may not be viable physically or by regulation. 

 

Table 3. Flow rates required for delivery of up to 4MW peak heating  

 Water 
flow rate 
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Water 
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For a ‘Standard Rules’ application, see Section 5, the volume of abstraction/discharge should not 
exceed 25% of the Q95 flow of the river. Although this proposal will not meet all the requirements 
of the Standard Rules, based on the 25% of Q95 assumption, the rate of abstraction for the 
WSHP system is viable with the following constraints: 

 

 If outflow temperature falls significantly below 4°C, then the system will need to be backed-
up by boilers 

 If outflow temperature falls below 3°C, then the system should not be operated 

 If river flow rate is very low and temperature is very low at the same time, then the WSHP 
will require backup from boilers. 

In summary, abstraction from the reservoir outflow has constraints at times of extreme low flow 
rate and/or water temperature.  

The reservoir outflow temperature and flow rates should be confirmed by temperature 
measurement from October onward as the river’s temperature reduces with the season. This can 
be achieved by installation of a temporary datalogger. The flow rate can be obtained from Engie’s 
records. 

There might be additional specific requirements and constraints for the proposed rate of 
abstraction from the reservoir outflow. These cannot be known until an application to the 
Environment Agency is completed. 

 

3.9 Reservoir Outflow Temperature Q1 2024 

3.9.1 Installation of Loggers 

 

On the 10th January 2024, two data loggers that measure pressure and temperature were deployed 
in the Reservoir Outflow, Logger A located where the reservoir discharges into the outflow and 
logger B downstream at the approximate location of a plant room, close to the playground in 
Tanygrisiau (Figure 3.13). 

Additionally, an instantaneous river flow survey was conducted which showed that the water depth 
at the time of survey was a maximum of 0.32m deep, with flow rates of up to 0.45m/s. This equates 
to some 371 Litres per second flowing down the outflow. Figure 3.14 shows the River Bed Profile 
and Flow Rate. 
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Figure 3.13 Location of loggers. 

 

Figure 3.14 River Bed Profile 

 

3.9.2 Recovery of Loggers 

The logger deployed by the Reservoir Outflow (Logger A) was recovered on 02 May 2024, 
however it was found on land, neatly coiled up with the retaining string around it. A review of the 
data reveals it was removed from the water on the 19th January 2024, 9 days after being installed. 

The logger deployed downstream (Logger B) had broken free of the string but was found a further 
5m downstream and successfully recovered, so a full data set is available for Logger B. 
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A comparison of temperature data over the 9 day period from 10th January to 19th January shows 
that the variation in temperature between the two loggers was less than 0.5 degrees C (Figure 
3.15). 

 

Figure 3.15 Temperature Difference between Logger A and Logger B 

This result is excellent as it shows that the outflow river does not lose a significant amount of heat 
between where the reservoir outflow enters the stream and where it passes the potential heat 
exchange plant room. Therefore the concern that all of the additional heat from the hydro-electric 
system is dispersed during flow along the outflow river is not valid. In fact the temperature in 
either of the logger locations can be used to determine the water temperature along this stretch of 
the river with an accuracy of +/-0.5⁰C. 

Reviewing the downstream temperature data of Logger B, it can be seen that the lowest 
temperature encountered during the monitoring phase was 3.06⁰C on the 19th January 
(coincidentally the same day that logger A was removed from the dam). Water temperature 
gradually increased from this point ranging between 5 and 10⁰C as seen in Figure 3.16.  

A water flow temperature of 3⁰C is likely the absolute minimum an open-loop water sourced heat 
pump system can run at, and therefore adequate back-up heating would be required were water 
temperature to fall further. 

The ‘pressure’ curve shows the relative height of water above the logger. Higher apparent 
pressure shows the river depth increasing slightly. 
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Figure 3.16 Temperature data from Logger B. 

 

Due to the removal of Logger A from the dam on the 19th January, the logger then recorded air 
temperature, and a comparison between air temperature and water temperature can be made for 
the river.  

Figure 3.17 shows the average air temperature for the preceding 700 records (which is 
approximately one week) to show how the river temperature is similar but somewhat dampened to 
average air temperature, typically matching the high temperatures but not matching the low 
temperatures. Therefore average weekly air temperature can be used as a reasonableguide to the 
water temperature in the river. 
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Figure 3.17 Average air temperature verses instantaneous river temperature. 

 

3.9.3 Longer Term Data 

 

The air temperature measured by Logger A, once it was removed from the river, recorded a 
minimum of 0.6⁰C as seen in Figure 3.18 below.  
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Figure 3.18 15min air temperature recorded from Logger A 

 

Historic temperature data is not readily available for Tanygrisiau, however there is data from 1959 
to 2011 from Cwmystwth weather station (some 70km south but similar terrain), and the monthly 
minimum air temperature can be seen to frequently drop significantly below 0⁰C (Figure 3.19). It is 
unknown how any prolonged period of cold weather would affect the Tanygrisiau system, but should 
the water temperature reduce significantly, and for a long period, then initially the flow rate to the 
heat exchanger is increased (with a lower delta-T) and then in extreme conditions, adequate back 
up heating would be required. 

Figure 3.19 Historic minimum air temperature for Cwmystwyth station from 1959 to 2011. 
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3.9.4 Summary 

 

There was sufficient flow during the spot test to provide a water sourced ground source heat 
pump system with water for heat extraction. Controls would need to be in place to ensure 
sufficient water was available. This can be done with a water depth sensor linked to the pumping 
system. 

The water temperature did not change by more than 0.5 ⁰C over the studied section of river, so 
significant heat is not lost during transport along this section of river outflow. 

The water temperature is generally higher than the average air temperature. 

The minimum recorded air temperature was not below 0⁰C, however historic data from analogous 
locations would suggest that air temperature can at times drop significantly below 0 ⁰C. The effect 
of very low temperature on water temperature during these times is currently unknown and 
adequate back-up heating would be required for these eventualities. 

The lowest recorded water temperature was 3 ⁰C which is the minimum temperature that an 
open-loop GSHP system could utilise the reservoir outflow. Adequate back up heating would be 
required if the water temperature dropped lower than 3⁰C. 

Therefore, the reservoir outflow river is a good candidate for using an open-loop water sourced 
heat pump system, however adequate back up heating will be required for those extremes when 
the water temperature or flow are not sufficient for operation.  

Note that a closed-loop system can operate at lower river temperature, but a significant amount of 
hardware is required to be installed within the river, which is likely to be too shallow. 

3.10 Open Loop Regulations 

The process of abstraction of river (or lake) water and return of the water to the same river, 
requires regulation in Wales by NRW.  

An abstraction licence is required to take water from the river and an environmental permit 
required to discharge it back.  

A ‘Standard Rules’ SR2010No2 application is required in the case where the following constraints 
are met:  

• Daily abstraction of less than 1000m3 

• Change between inlet and outlet of the system does not exceed 10°C  

• The maximum discharge temperature does not exceed 25°C  

• Abstraction and discharge must be from the same water body and not within 200m of 
another heating or cooling discharge  

• The volume of discharge should not exceed 25% of the Q95 flow of the river  

• The discharge is more than 500m from a SSSI or local Nature reserve or Wildlife site.  
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The likely monitoring requirements and design constraints will include:  

• Fish screens to prevent the passage of fish and elvers  

• Flowmeters to record the flow rate and volume of water abstracted and returned to the 
river  

• No adverse impact or cause of pollution  

 

A  ‘Bespoke’ application will be required if the abstraction exceeds 1000m3  per day, or one or 
more of the conditions for a Standard Rules permit is not met. 
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APPENDIX A  
SERVICE CONSTRAINTS 

1. This report and the site investigation carried out in connection with the report (together the 
“Services”) were compiled and carried out by RSK Environment Limited (RSK) for Energy Local 
(the “Client”) in accordance with the terms of a contract [RSK Environment Standard Terms and 
Conditions] between RSK and the Client. The Services were performed by RSK with the 
reasonable skill and care ordinarily exercised by an  environmental consultant at the time the 
Services were performed. Further, and in particular, the Services were performed by RSK taking 
into account the limits of the scope of works required by the client, the time scale involved and 
the resources, including financial and manpower resources, agreed between RSK and the Client. 

2. Other than that, expressly contained in paragraph 1 above, RSK provides no other representation 
or warranty whether express or implied, in relation to the Services. 

3. Unless otherwise agreed in writing, the Services were performed by RSK exclusively for the 
purposes of the Client. RSK is not aware of any interest of or reliance by any party other than the 
Client in or on the Services. Unless expressly provided in writing, RSK does not authorise, 
consent or condone any party other than the client relying upon the Services. Should this report 
or any part of this report, or otherwise details of the Services or any part of the Services be made 
known to any such party, and such party relies thereon that party does so wholly at its own and 
sole risk and RSK disclaims any liability to such parties. Any such party would be well advised 
to seek independent advice from a competent environmental consultant and/or lawyer. 

4. It is RSK’s understanding that this report is to be used for the purpose described in the 
introduction to the report. That purpose was a significant factor in determining the scope and 
level of the Services. Should the purpose for which the report is used, or the proposed use of the 
site change, this report may no longer be valid and any further use of or reliance upon the report 
in those circumstances by the client without RSK ‘s review and advice shall be at the client’s sole 
and own risk. Should RSK be requested to review the report after the date of this report, RSK 
shall be entitled to additional payment at the then existing rates or such other terms as agreed 
between RSK and the client. 

5. The passage of time may result in changes in site conditions, regulatory or other legal provisions, 
technology or economic conditions which could render the report inaccurate or unreliable. The 
information and conclusions contained in this report should not be relied upon in the future without 
the written advice of RSK. In the absence of such written advice of RSK, reliance on the report 
in the future shall be at the Client’s own and sole risk. Should RSK be requested to review the 
report in the future, RSK shall be entitled to additional payment at the then existing rate or such 
other terms as may be agreed between RSK and the client. 

6. The observations and conclusions described in this report are based solely upon the Services 
which were provided pursuant to the agreement between the Client and RSK. RSK has not 
performed any observations, investigations, studies or testing not specifically set out or required 
by the contract between the client and RSK. RSK is not liable for the existence of any condition, 
the discovery of which would require performance of services not otherwise contained in the 
Services. For the avoidance of doubt, unless otherwise expressly referred to in the introduction 
to this report, RSK did not seek to evaluate the presence on or off the site of asbestos, invasive 
plants, electromagnetic fields, lead paint, heavy metals, radon gas or other radioactive or 
hazardous materials, unless specifically identified in the Services. 

7. The Services are based upon RSK’s observations of existing physical conditions at the Site 
gained from a visual inspection of the site together with RSK’s interpretation of information, 
including documentation, obtained from third parties and from the Client on the history and usage 
of the site, unless specifically identified in the Services or accreditation system (such as UKAS 
ISO 17020:2012 clause 7.1.6): 



 

Ynni Cymunedol Twrog   

Report on Reservoir Outflow Q1 2024: Tanygrisiau, Snowdonia, Wales  

2460134-R01 (03) 

a. The Services were based on information and/or analysis provided by independent 
testing and information services or laboratories upon which RSK was reasonably 
entitled to rely.  

b. The Services were limited by the accuracy of the information, including documentation, 
reviewed by RSK and the observations possible at the time of the visual inspection.  

c. The Services did not attempt to independently verify the accuracy or completeness of 
information, documentation or materials received from the client or third parties, 
including laboratories and information services, during the performance of the 
Services.  

 RSK is not liable for any inaccurate information or conclusions, the discovery of which 
inaccuracies required the doing of any act including the gathering of any information which was 
not reasonably available to RSK and including the doing of any independent investigation of the 
information provided to RSK save as otherwise provided in the terms of the contract between the 
Client and RSK. 

8. The intrusive environmental site investigation aspects of the Services are a limited sampling of 
the site at pre-determined locations based on the known historic / operational configuration of the 
site. The conclusions given in this report are based on information gathered at the specific test 
locations and can only be extrapolated to an undefined limited area around those locations. The 
extent of the limited area depends on the properties of the materials adjacent and local 
conditions, together with the position of any current structures and underground utilities and 
facilities, and natural and other activities on site. In addition, chemical analysis was carried out 
for a limited number of parameters (as stipulated in the scope between the client and RSK, based 
on an understanding of the available operational and historical information) and it should not be 
inferred that other chemical species are not present. 

9. Any site drawing(s) provided in this report is (are) not meant to be an accurate base plan but is 
(are) used to present the general relative locations of features on, and surrounding, the site.  
Features (intrusive and sample locations etc) annotated on site plans are not drawn to scale but 
are centred over the approximate location.  Such features should not be used for setting out and 
should be considered indicative only. 

10. The comments given in this report and the opinions expressed are based on the ground 
conditions encountered during the site work and on the results of tests made in the field and in 
the laboratory. However, there may be conditions pertaining to the site that have not been 
disclosed by the investigation and therefore could not be taken into account. In particular, it 
should be noted that there may be areas of made ground not detected due to the limited nature 
of the investigation or the thickness and quality of made ground across the site may be variable. 
In addition, groundwater levels and ground gas concentrations and flows, may vary from those 
reported due to seasonal, or other, effects and the limitations stated in the data should be 
recognised. 

11. Asbestos is often observed to be present in soils in discrete areas. Whilst asbestos-containing 
materials may have been locally encountered during the fieldworks or supporting laboratory 
analysis, the history of brownfield and demolition sites indicates that asbestos fibres may be 
present more widely in soils and aggregates, which could be encountered during more extensive 
ground works. 

12. Unless stated otherwise, only preliminary geotechnical recommendations are presented in this 
report and these should be verified in a Geotechnical Design Report, once proposed construction 
and structural design proposals are confirmed.  

 

 
 


