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Example Report
BGS Keyworth

Ground Source Heat Pump (Basic):

This report is for closed loop systems and contains a geological map with descriptions of rock
types, estimates of mean annual ground temperatures and thermal conductivities.

Ground source heat pumps (GSHP) can provide low carbon solutions for space heating and
cooling of residential and commercial buildings. GSHP systems have relatively low running costs
but relatively high installation costs. Much of the cost is associated with installation of the
external loop and is strongly affected by the geological and environmental conditions at the site.
The site factors can affect both the heating and cooling performance of the heat pump and the
drilling-trenching methods and costs.

Report Id: GR_999999/1
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Contains OS data © Crown Copyright and database right 2019. OS OpenMap Local: Scale: 1:10 000 (1cm = 100 m)
Search location indicated in red

Site Address:
British Geological Survey,
Keyworth

Area centred at; 462160,331670
Radius of site area: 500 metres
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Temperature and Thermal Properties (Basic)

This module is computer-generated and describes the thermal properties of
formations occurring at the ground surface.

Temperature

The temperature of the ground determines the temperature gradient within the
collector loops of the ground source heat pump. Surface ground temperatures are
determined by the air temperature and are influenced by daily and seasonal
variations. These variations diminish rapidly with depth so that at a depth of 10 to
15 m the ground temperature is equal to the mean annual air temperature. Mean site
temperature has been estimated using a model based on the 30-year station
averages published on the UK Meteorological Office (UKMO) web site
www.metoffice.gov.uk. For mainland UK at sea level it varies from about 8 to 12 °C
with the highest values in the south-west and lower values to the east and north and
at sites of greater elevation.

The annual temperature variation is transmitted into the soil layer, but rapidly reduces
in amplitude. It lags behind that of the surface cycle such that at a depth of 3.5 m the
minimum soil temperature is likely to be in the first two weeks of April and the
maximum temperature about the end of October. The annual temperature variation at
3.5 m depth will be about one quarter that at the surface. Soil temperatures at depth
have been estimated using a soil diffusivity of 0.05 m? day™.

At depths below about 15 m temperatures are affected by the small amount of heat
conducted upwards from the sub-surface. In the UK this creates an increase of
temperature with depth that has an average value of 2.6 °C per 100 m. This
geothermal gradient will vary depending upon the nature of the rocks and their
thermal properties. In addition moving groundwater can create warmer regions by
transporting heat from depth; or cooler regions when cold water flows down from
near the ground surface. Estimates of the temperatures at 100 and 200 m depths
have been made from an estimate of the local heat flow and the thermal conductivity
of the bedrock geology shown on the 1:250 000 scale geological map. It should be
noted that anomalies caused by flowing groundwater are not included here.

Estimated temperature parameters of the site (in °C)

Mean annual air temperature 9.6 °C
Mean annual temperature swing 8.2°C
Estimated mean soil temperature 10.6 °C
Minimum annual soil temperature at 1 m 5.2°C
Maximum annual soil temperature at 1 m 16 °C
Estimated temperature at 50 m depth 12.3°C
Estimated temperature at 100 m depth 14 °C
Estimated temperature at 150 m depth 15.6 °C
Estimated temperature at 200 m depth 17.3°C

Soil temperatures at 1 m depth estimated using a soil diffusivity of 0.05 m* day™.
Annual temperature variation based on mean January and July air temperatures.
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Thermal properties

The rate at which heat is exchanged between the collector loop of the ground source
heat pump and the ground is determined mainly by the thermal properties of the
Earth. Thermal conductivity is the capacity of a material to conduct or transmit heat,
whilst thermal diffusivity describes the rate at which heat is conducted through a
medium. For a horizontal loop system in a shallow (1 to 2 m) trench then the
properties of the superficial deposits are important, whilst for a vertical loop system it
is the properties of the bedrock geology that are important.

Thermal conductivity varies by a factor of more than two (1.5 to 3.5 W m™ K*) for the
range of common rocks encountered at the surface and can vary significantly for
many superficial deposits. The thermal conductivity of superficial deposits and soils
will depend on the nature of the deposit, the bulk porosity of the soil and the degree
of saturation. An approximate guide to the thermal conductivity of a superficial
deposit can be made using a simple classification based on soil particle size and
composition. Deposits containing silt or clay portions will have higher thermal
conductivities than those of unsaturated clean granular sand. Clean sands have a
low thermal conductivity when dry but a higher value when saturated.

Typical rock thermal diffusivities range from about 0.065 m? day™ for clays to about
0.17 m? day™ for high conductivity rocks such quartzites. Many rocks have thermal
diffusivities in the range 0.077 to 0.103 m*day™.

Typical values of thermal conductivity and diffusivity for superficial deposits

Class Thermal Conductivity Thermal diffusivity
W mtkK? m?day*
Sand (gravel) 0.77 0.039
Silt 1.67 0.050
Clay 1.11 0.046
Loam 0.91 0.042
Saturated sand 2.50 0.079
Saturated silt or clay 1.67 0.056
Date: 19 December 2018 Page: 4 of 7
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Thermal conductivity-diffusivity (based on 1:250 000 Bedrock Geology map)
The linework and formation names displayed on the following map is based on the
BGS Digital Map of Great Britain at the 1:250 000 scale and may differ from those
shown in other modules that are based on 1:50 000 scale mapping.
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Key to Thermal conductivity-diffusivity:

Map Computer Geological unit Composition Thermal Thermal
colour | Code conductivity [ diffusivity
wmtK?! m? day™
D BLI-LMST BLUE LIAS FORMATION | LIMESTONE 2.54 0.1019
CHAM-ARG CHARMOUTH ARGILLACEOUS ROCKS, 1.3 0.0509
] MUDSTONE UNDIFFERENTIATED
FORMATION
I:l MMG-ARG MERCIA MUDSTONE ARGILLACEOUS ROCKS, 1.87 0.0697
GROUP UNDIFFERENTIATED
PNG-LMAR PENARTH GROUP LIMESTONE AND 2.2 0.089
I:I [SUBEQUAL/SUBORDINATE]
ARGILLACEOUS ROCKS,

INTERBEDDED
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Contact Details

Keyworth Office

British Geological Survey
Environmental Science Centre
Nicker Hill

Keyworth

Nottingham

NG12 5GG

Tel: 0115 9363143

Fax: 0115 9363276

Email: enquiries@bgs.ac.uk

Wallingford Office

British Geological Survey
Maclean Building
Wallingford

Oxford

OX10 8BB

Tel: 01491 838800

Fax: 01491 692345

Email: hydroeng@bgs.ac.uk

Edinburgh Office

British Geological Survey
Lyell Centre

Research Avenue South
Edinburgh

EH14 4AP

Tel: 0131 6671000
Email: enquiry@bgs.ac.uk
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Terms and Conditions

General Terms & Conditions

This Report is supplied in accordance with the GeoReports Terms & Conditions available on the BGS website at
https://shop.bgs.ac.uk/georeports and also available from the BGS Enquiry Service at the above address.

Important notes about this Report

e The data, information and related records supplied in this Report by BGS can only be indicative and should not
be taken as a substitute for specialist interpretations, professional advice and/or detailed site investigations.
You must seek professional advice before making technical interpretations on the basis of the materials
provided.

e  Geological observations and interpretations are made according to the prevailing understanding of the subject at
the time. The quality of such observations and interpretations may be affected by the availability of new data, by
subsequent advances in knowledge, improved methods of interpretation, and better access to sampling
locations.

e Raw data may have been transcribed from analogue to digital format, or may have been acquired by means of
automated measuring techniques. Although such processes are subjected to quality control to ensure reliability
where possible, some raw data may have been processed without human intervention and may in consequence
contain undetected errors.

. Detail, which is clearly defined and accurately depicted on large-scale maps, may be lost when small-scale
maps are derived from them.

e  Although samples and records are maintained with all reasonable care, there may be some deterioration in the
long term.

e  The most appropriate techniques for copying original records are used, but there may be some loss of detail and
dimensional distortion when such records are copied.

. Data may be compiled from the disparate sources of information at BGS's disposal, including material donated
to BGS by third parties, and may not originally have been subject to any verification or other quality control
process.

e Data, information and related records, which have been donated to BGS, have been produced for a specific
purpose, and that may affect the type and completeness of the data recorded and any interpretation. The
nature and purpose of data collection, and the age of the resultant material may render it unsuitable for certain
applications/uses. You must verify the suitability of the material for your intended usage.

. If a report or other output is produced for you on the basis of data you have provided to BGS, or your own data
input into a BGS system, please do not rely on it as a source of information about other areas or geological
features, as the report may omit important details.

e  The topography shown on any map extracts is based on the latest OS mapping and is not necessarily the same
as that used in the original compilation of the BGS geological map, and to which the geological linework
available at that time was fitted.

. Note that for some sites, the latest available records may be historical in nature, and while every effort is made
to place the analysis in a modern geological context, it is possible in some cases that the detailed geology at a
site may differ from that described.

Copyright:

Copyright in materials derived from the British Geological Survey's work, is owned by UK Research and Innovation
(UKRI) and/ or the authority that commissioned the work. You may not copy or adapt this publication, or provide it to
a third party, without first obtaining UKRI’s permission, but if you are a consultant purchasing this report solely for the
purpose of providing advice to your own individual client you may incorporate it unaltered into your report to that
client without further permission, provided you give a full acknowledgement of the source. Please contact the BGS
Copyright Manager, British Geological Survey, Environmental Science Centre, Nicker Hill, Keyworth, Nottingham
NG12 5GG. Telephone: 0115 936 3100.

© UKRI 2019 All rights reserved.

This product includes mapping data licensed from the Ordnance Survey® with the permission of the
Controller of Her Majesty’s Stationery Office. © Crown Copyright 2019. All rights reserved. Licence number
100021290 EUL
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