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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD

ISO 17628:2015(E)

Geotechnical investigation and testing — Geothermal
testing — Determination of thermal conductivity of soil
and rock using a borehole heat exchanger

1

This

Scope

International Standard specifies requirements for the Geothermal Response Test (GR|

comprises the in situ determination of the thermal conductivity in saturated and unsatursz

rock
phas

The

exch

A G¢
bore
resp

in a heat exchanger installed in a borehole. For this test, liquid heat transfer medianot
e changes are used.

thermal conductivity is an important parameter used in the design of thermal storage

hnge systems.

othermal Response Test measures the temperature response¢tova thermal energy
hole heat exchanger (BHE) or the extraction of thermal energyfrom a borehole. The {
bnse is related to the thermal parameters of the ground-and borehole filling mate

thermal conductivity and borehole resistivity, and is therefore’used to obtain estimatec

valug

This
lengt

2
The

indig
refen

ISO

Ident

ISO

Ident

ISO 2
Part

EN1
EN1

s of these parameters.

International Standard applies to heat exchangersiinstalled in vertical or inclined bot
h up to e.g. 400 m and with a diameter of up to 200 mm.

Normative references

following documents, in whole or in‘part, are normatively referenced in this docunj
pensable for its application. For'dated references, only the edition cited applies. |
ences, the latest edition of the referenced document (including any amendments) appl

14688-1, Geotechnical investigation and testing — Identification and classification of sc

ification and description

14689-1, Geotechniéal investigation and testing — Identification and classification of ro

ification and description

2475-1, Gegtechnical investigation and testing — Sampling methods and groundwater mea:
1: Technical‘principles for execution

6228%Y;-Drilling and foundation equipment - Safety - Part 1: Common requirements

T). This test
ted soil and
subjected to

hnd thermal

forcing of a
emperature
fial, such as
| or derived

reholes with

ent and are
For undated
es.

il — Part 1:

rk — Part 1:

furements —

228-2 Drilling and foundation equipment - Safety - Part 2: Mobile drill rigs for civil and

engineering, quarrying and mining

3

Terms and definitions

geotechnical

For the purposes of this document, the terms and definitions given in ISO 22475-1 and the following apply.

31

borehole heat exchanger
BHE
one or two U-tubes or one coaxial tube in a borehole through which the exchanger fluid circulates

Note 1 to entry: See Figure 1 and Figure 2.
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Key
ri
ri
I'a
I'o

I's

borehole
inner rad
outer rag
inner rad
outer rag

a) single U-tube

b) double U-tube

radius Ap

lius Aw
lius As
lius of the outer tube AE
lius of the outér-tube B

Figure*l — Cross-section of examples of borehole heat exchanger tubes

¢) coaxial tube

thermal conductivity of the annular space filling
thermal conductivity of the inner borehole tub

[¢)

thermal conductivity of the outer borehole tubj

[¢)

thermal conductivity of the ground
tube spacing

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=da6e7ab2654d5e910303835f0ca9e401

ISO 17628:2015(E)

6
7 ARl G//
//O/ S|/ /
s/ 1 J
il-1% G//
//Q/ dl -
S/ L/ S/
s /sl J
//Q/ @//
S/ L NT
//E/ S/
//Q/ G//
/S / . NE|/ /
AV 1
1% G//
//Q/ gl
a4 2
a4 i=1% S/
//Q/ G//,<—3
S/ ) NT | s
s Nal /oL 4
//Q/ G//
S/ L NELL 5
S/ Aavd
SIS S S S S S
JSS S S S S S S
Key
1 :[eat exchanger outlet
2 eat exchanger inlet
3 borehole wall
4  3nnular space filling
5 ¢onnection
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Figure 2 — Example of a.borehole heat exchanger including annular space filling

3.2
geothermal response test
test fo obtain the thermal conductivity

4 $ymbols-and abbreviations

Table 1 — List of symbols and abbreviations

Symbol Designation Unit
A total cross sectional area of a conducting surface m?2
B tube spacing m
H length of the borehole heat exchanger m
k slope
m mass of a substance kg
PCp volume related thermal capacity J/m3/K
Q heat supply w
ro borehole radius m
ri inner radius m

© IS0 2015 - All rights reserved 3
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Table 1 (continued)

Symbol Designation Unit

ra outer radius m
I'o inner radius of the outer tube m
I's outer radius of the outer tube m
Re Reynold’s number
Ry borehole resistance
T temperature °C
To undisturbed ground temperature °C
Tt fluid temperature at time t °C
t1 minimum test duration

thickness of the conducting surface separating two different temperatures m
A thermal conductivity W/m/K
AE thermal conductivity of the ground W/m/K
Aeff effective thermal conductivity W/m/K
Aest estimated thermal conductivity W/m/K
AF thermal conductivity of the annular space filling W/m/K
As thermal conductivity of the outer borehole tube W/m/K
Aw thermal conductivity of the inner borehole tube W/m/K
5 Installation of borehole heat exchangers

5.1 Drilling rigs and ancillary equipment

5.1.1 Genleral

The drilling

equipment selected shall\be of the appropriate size and type in order to produc
required quplity.

5.1.2 Requirements for the drilling rigs and equipment

Drilling rig4

The drilling

When speci

with appropriate stability, power, and equipment such as drill rods, casing, core ba
and bits shall be selected in order that the required depth and stability of the borehole can be achi

rig and\equipment shall allow all drilling functions to be adjusted accurately.

b the

rels,
bved.

ied) the following drilling parameters should be measured and recorded against depth:

a) penetration rate (m/min);

b) drilled length (m);

c) flushing medium recovery rate (1/min);

d) azimuth and inclination (degree);

e) borehole diameter (mm);

f) casing and casing length (m);

g) flush medium.
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Borehole heat exchangers, filling, and annular space filling materials

5.2.1 Borehole heat exchanger material

The material of the borehole heat exchanger tubes and bottom concerning the following shall be selected
related to the purpose and the design:

a) quality;
b) durability;

c Carraciarn
FOTTOSTOTY;

d) {

f)

g)
h) 1
i) 9

j) dimensions (diameter, wall thickness, and distance).

Plast]
bem

Tube]
dista

Begi

metd
lengt

5.2.2

The
desig

Watg

endanger the ground and the groundwater, if a leakage of the borehole heat exchanger occu

The {
The

e) Inpact resistance;
y

hermal resistance;

draulic resistance;
ompressive strength;
esistance to deformation;

afety, related to contamination of the ground and ground water;

ic tubes shall have the quality of atleast PE 100 blackgpipe for non-potable underground ug
hde of the same material as the borehole heat exchanger which will be installed for the latd

spacers shall be attached to U-tubes in order to avoid thermal shortcuts. The mini
nce shall be atleast 2 m.

r in numerical order starting atzero and increasing to the end of the tubes to check t
h at all times.

Heat transfer fluid pf'the borehole heat exchanger tubes

heat transfer fluid ef.the borehole heat exchanger tubes shall fulfil the requirement
n and the environmental regulations.

r or de-ionizédwater should be used because of its good hydrodynamic properties an

pecificthermal capacity of the heat transfer fluid shall be known.

e and should
r BHE-array.

mum spacer

hning at the bottom of the borehole‘heat exchanger, the tubes shall possess length narks every

he installed

s of the test

d it does not
rs.

1Seof antifreeze additives shall be justified. If used, the annular space filling has to b

e adapted to

freezmg and thawing conditions 1n order to avold cracks.

The design shall take into account the minimum temperature of the heat transfer fluid.

5.2.3 Annular space filling material

The annular space filling material shall provide the thermal transport from the ground to the borehole
heat exchanger and vice versa. It shall seal the borehole to the ground level to prevent contaminants
from entering and aquifers that might have been penetrated. The filling material shall ensure a durable,
physically and chemically stable incorporation of the borehole heat exchanger in the ground. It shall be

suite

d for all the respective deployment temperatures.

The filling material shall be selected according to expected thermal conductivity of the surrounding
ground and ground water.
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Thermally improved filling materials with a thermal conductivity of > 2 W/mK should be used.

The material shall be chemically harmless for the environment and health.

5.3 General requirements prior to installation

5.3.1 Requirements on the drilling and installation site

Drilling points shall be marked on the site before drilling commences. Their location and elevation shall
be surveyed correctly and in accordance with site conditions and entered in a site plan on completion

of the instal

ation

Drilling and
utilities, for
ordnance arj
ground havy

The environ
be applied i

— waters
areas wj
areas wj

ground

The distanc

5.3.2 Seld

The techniq|
the borehold

If installatio
or suitable f

Sampling t¢
ISO 22475-1

The knowle
the results

5.3.3 Pre]

ues and methods for drilling and installation shall be selected according to the purpd

installation sites shall be investigated with respect to relevant hazards, undérgr

d, if necessary, appropriate actions have to be taken. Installation locations on@entamir
to be dealt with by special procedures.

mental impact of drilling and installation shall be considered. Special*principles ha
N

Lpply areas,

ith artesian or confined groundwater conditions,
ith multiple aquifers, and

s with swellable or collapsible rocks or soils.

e to existing buildings should be at least 2 m; the stability may not be jeopardized.

ction of drilling techniques and installation methods

t heat exchanger in relation to the expected geological and hydrogeological conditions

n in unstable ground is necessary, stable or stabilized boreholes are required using ca
lushing media.

chniques, sample transportation, and storage procedures shall be selected accordi
on the basis of the.réquired sample quality class.

ge of the geological and hydrogeological conditions is necessary for the interpretati
f the Geothermal response test and for the selection of the annular space filling mater

liminary information needed before starting drilling and installation

The followitl

pund

mer or current underground mining activities, natural cavities, and unexpected,mhexploded

1ated

ve to

se of

5ings

g to

pon of
ial.

a)
b)
‘)
d)
e)
f)

g) expecte

g preliminary information shall he available hefare starting dri]]ing and installation:

location of the planned borehole heat exchanger;

requirements on numbering of boreholes;

identification and planned depths of boreholes based on the outline design;
orientation, inclination, and acceptable deviations in boreholes;

installation plan of the borehole heat exchanger including the annular space filling;

tolerances of borehole depth and installation length;

d geology and hydrogeology;

© ISO 2015 - All rights reserved
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h) space requirements, accessibility of the drilling site, transport routes;

i) environmental and safety risks associated with, e.g. flushing media or additives intended to be used
as well as regulations for their use;

j)  possible risks, e.g. underground and overhead services, traffic, unexpected and unexploded
ordnance, contamination;

k) preparation of the disposal of drilling mud and cuttings;

1) supply of auxiliary materials, water and energy;

m)
n) 9
o) 1
p) 1
q) f
r) |
s) 9
t) ¢
u)

A

ampling method and sampling category intended;

ample handling, storage, and transport intended according to ISO 22475-1;
equirements concerning planned measurements in the borehole heat exchanger;
equired accuracy and uncertainty of measurements;

requency of measurements;

n situ tests intended;

ite reinstatement;

bnvironmental care;

bmergency arrangements;

larification of necessary permissions;

X)

5.3.4

w) Iame of contact person;

lanned flow of information.

Environmental requiremeénts

Reg
stan

5.3.5

ding nuisance and environmental protection, for each particular situation, the respec

Safety requirements

[ive national

ards, specifications orstatutory requirements or respective international standards shalll be applied.

Regarding safety«on the site and safety of the working practices, the respective national standards,

spec
Drill

Ever

ficationsor statutory requirements or respective international standards shall be apy

rigs shall be in accordance with EN 16228-1 and EN 16228-2.

lied.

berehole shallbe fenced ortemporarily capped in a safe manner until the installation has b)

een finished.

5.4

Execution

5.4.1 Drilling

The drilling methods have to be selected according to the expected geology and hydrogeology. In the
case thatthe borehole is not stable, it shall be stabilized by a supportingliquid (e.g. bentonite suspension)
or by casing.

NOTE In suitable soils, a push-in technique can be used instead of drilling. Where required, the
the casing and the borehole can be checked by an inclinometer measurement.

© ISO

2015 - All rights reserved

inclination of


https://standardsiso.com/api/?name=da6e7ab2654d5e910303835f0ca9e401

ISO 17628:2015(E)

A possibility for sampling of cuttings shall be provided. If more than one drill rig is working at the same
site, the rigs shall keep a sufficient distance from another to minimize the interaction during drilling
and grouting.

5.4.2 Installation of borehole heat exchangers

The borehole heat exchanger shall be prefabricated to avoid welding at the installation site. It shall have a
pressure test certificate. Mechanical damages during transport, storage, and installation shall be avoided.

The borehole heat exchanger tubes shall be filled with water and pressure-tight capped before
installation. It shall be predetermined whether an additional weight is required at the bottom of the

borehole he
its complian
initially wh
from the grj
applies any
shall be rep

In circumst
installation|

The tremie

in the bore}
depending g
pipes shall h

At exchanger tubes. The density of the [lushing media, if used, shall be checked to_ef]
ce with the selected predetermined weight. The borehole heat exchanger shall be held
n placed into the borehole to avoid it from sliding in too quickly. The tubes cannet'be py
ound level. The tubes can only be drawn in a straight position by a suitable device
force directly at the bottom of the borehole heat exchanger. The meter marks on the {
brted.

hnces where the borehole is dry, the BHE tube should not be filled\with water until

bipes for filling the annular space should be placed together’with borehole heat exchg
ole considering the dimensions of the left space. Several)tremie pipes can be reqi
n the borehole depth to ensure continuous grouting. Thechumber and lengths of the ty
ave been defined by the design in advance. The tremie'pipes shall be clearly marked, i.

depth or length of the respective tremie pipe shall be recognizable at the ground level.

During prol
with ground

The installa

5.4.3 Ann

After the in
whose perm
stabilize the
between aq

The grout sh
remain in tH

bnged frost periods, the tubes can also be filled With an antifreeze fluid that is comp4
array design.

fion shall be recorded according to 7.1.2

ular space filling

ctallation of the borehole heat éxchanger, the annular space shall be filled with matg
eability after hardening is équal or less than that of the surrounding ground, e.g. in ord
borehole, to provide a good thermal transfer, and to prevent contamination and connec
hifers and vertical drainage along the borehole heat exchanger tubes.

all be placed by mreans of a tremie lowered to the bottom of the borehole. The tremie s}
e borehole. Ifitis removed, this should not happen until the infill material flows out 3

surface with a densitytequal to the density at which it was injected. The injection operation shj

continued d

If thereis an

liring removal.

requiremen

sure
back
shed

that
ubes

after

nger
hired
emie
. the

tible

rials
erto
tions

jould
t the
11 be

influénce of the ground and groundwater conditions on the filling process, special technical

Ls-for filling shall be specified in advance. Voids shall not occur during the placement

f the

filling matertal in the borehole.

Due to certain conditions, e.g. hydrogeological and geological conditions, more than one grouting tube
can be required to ensure the filling of the annular space from the bottom to the top.

When withdrawing the grouting tube, the outlet shall always be below the current filled level to prevent
entrapped air. A grouting tube that remains in the borehole shall remain filled with suspension.

The annular space shall be infilled, consolidated, and capped in such a manner that there will be no
subsequent depression at ground level due to the settlement to the infill material. After one or two days,
the level of annular space filling shall be checked. Any depressions shall be equalized.

The properties and the preparation of the filling material shall be recorded.

© ISO 2015 - All rights reserved
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The filling amount shall be recorded and continuously compared to the target quantity. If there are any
differences, appropriate measures shall be resolved.

While withdrawing the casing, if used, the borehole heat exchanger tubes may not be damaged.

The annular space filling shall be recorded according to 7.1.3.

After the annular space has been filled, a functional test according to 5.4.4 on the fluid-filled tubes shall
be carried out.

5.4.4 Functional testing

The f
The j

a)

b) {

unctional test of the water-filled borehole heat exchanger consists of a flow test and ap
pressure test shall be carried out under the following conditions:

he test equipment and the heat exchanger shall be completely de-aired;

he tube temperatures shall be in the permissible range; the test equipment, the head
bxchanger and the supply pipes, if used, have to be in the shade;

inti-freeze measures shall be applied, if the temperature is below 0.°C.

pressure test shall be carried out in different stages (see Table 2J.

Table 2 — Course of the pressure test

ressure test.

| of the heat

e Description Duration

Decompression

Only a small differential pressure is built up-during the instal-
lation of the heat exchanger tubes and theflow test. Therefore,
the decompression stage can be omittedyunless a retesting is
required.

Pressure building-up Less than 10 min
The pressure has to be quickly‘built up to 8 bar and then reduce
to 4 bar.

Pressure retaining 20 min
The pressure has to be kept to 4 bar. The minimal pressure may
not be lower than @0ybar during this stage. The pressure loss at
the time 3E shallbe recorded (see Figure 3).

Off-time 60 min
The pressure’at the time 4E shall be recorded (see Figure 3).
The prégsure loss between the times 3E to 4E shall be less than
20 %:

Pressure relief
The water shall be discharged in the test array to lower the pres-

sure for 2 har The amount and the pressure at the time SE shall
be recorded (see Figure 3). The amount of water may not be
larger than as indicated in Table 3. If the amount is larger, air is
present in the BHE tube and the pressure test shall be repeated
including the decompression stage (stage 1).

© ISO

2015 - All rights reserved


https://standardsiso.com/api/?name=da6e7ab2654d5e910303835f0ca9e401

ISO 17628:2015(E)

Table 2 (continued)

Stage

Description

Duration

Contraction

The heat exchanger tube contracts. The pressure is increasing
again. The pressure shall be recorded in 10 min intervals (see
6A, 6B, and 6C of Figure 3). The pressure may not decrease from
6A to 6B and 6 C, i.e. it should slightly increase or stay constant.
If there is pressure loss, the heat exchanger or test equipment

is leaking. In this case, the test equipment and the connections
shall be checked first. Then, each single BHE tube shall be

checked—The-decompression-stage-shallbe-considered (staae 1)
r o C o J

30 min

A pressure loss of more than 0,1 bar relative to the maximum is
notlacceptable if the pressure is recorded by electronic pressure
transducers (noise).

10
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Table 3 — Acceptable water volume for the pressure relief of 2 bar (see also Table 2, stage 5)

Maximum water volume for usual heat exchanger tubes

Tube diameter

Tube diameter

32 mm 40 mm
Tube length Volume Tube length Volume

m 1 m 1

50 0,308 102 0,951
60 0,370 127 1,184
75 0432 45 1306
80 0,493 152 1,418
90 0,55 165 1,539
100 0,617 175 1,632
112 0,691 185 1,725
125 0,771 200 1,865
137 0,845 225 2,098
150 0,925 250 2,331
175 1,079 300 2,798
200 1,234 350 3,264

Supply pipe
Length Tube diameter Tube diameter Tube digmeter

m 32 mm 40 mm 50 mpm

5 0,008 0,012 0,018
10 0,015 0,023 0,037
15 0,028 0,035 0,0%5
20 0,031 0,047 0,073
25 0,039 0,058 0,092
30 0,046 0,070 0,110
35 0,054 0,082 0,129
40 0,062 0,093 0,147
45 0,069 0,105 0,165
50 0,077 0,117 0,184
55 0,085 0,128 O,ZL
60 0,093 0,140 0,220

© ISO 2015 - All rights reserved
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5.4.5 Site

When the ix
importance
public, the ¢

Ifthe borehd

pressure in bar
time in minutes

steps

Figure 3 — Example of @/pressure test

reinstatement

|stallation of the borehole heat exchanger and the tests are completed, it is of the ut]
that the site is restored and\ho hazards are left which would be of potential harm t
nvironment, or animals,

le heat exchanger shallbe used for later production, the water in the tubes shall be evacy

down to 2 np from the ground\sutrface and the tubes shall be capped and protected by heat fusion|

BHE tube ta

If the boreh
excavated t
excavation S

The site sho

ils shall be protected by a lockable iron cast cover.

ple shall b&:abandoned, the tubes should be filled up with grout and the borehole sh{
an apptopriate depth. The BHE tube tails shall be cut and fitted with caps heat fused
hall be'backfilled as required.

most
b the

lated
. The

111 be
. The

uldbe left in a safe, clean, and tidy state.

6 Geothermal response testing

6.1 General

The knowledge of ground thermal propertiesis arequirement for the design of borehole heat exchangers.
The most important parameter is the thermal conductivity of the ground.

The thermal contact of the borehole wall, the tubes, and the heat transfer fluid inside the tubes are
controlled by the following:

a) tube material;

12
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6.2
The

The
The

geothermal response test. It should be possible adjusting different load or cooling steps. Th
pump shall permit the adjustment of the cireulating water amount. Security devices against
flow [problems, etc. should be envisaged.

The

The

insulated in order to minintize the heat exchange with the atmosphere. The connections shot
be aq short as possiblesThe borehole heat exchanger tubes, the connecting pipes, and the t¢
itself shall be filled.with a heat exchanger fluid, preferably water, and shall be fully dea

ISO 17628:2015(E)

thickness of the tube wall;

tube size and configuration;

spacing of tubes;

properties of the fluid inside the tubes;
flow rate of the fluid;

borehole diameter;

1 Lalls
qlIuidl spdlt IIIIgE.

Test equipment

test equipment consists of the following parts:
4 heating or cooling device;

4 circulation pump;

data recording devices (the power supply, the inflow and ‘return temperature, f{
temperature, the flow rate);

gensors to measure temperature and flow rate;
thermal insulation.
test equipment is connected to the borehole ex¢hanger tubes.

Fest equipment shall provide a constant pewer heating or cooling source for the duj

data recording devigeyand the connecting pipes to the borehole heat exchanger tu

he ambient

ation of the
b circulation
bverheating,

temperatures and flow rates shall be measured and recorded with sensors with appropjriate degree
of acfuracy and the thermal petformance calculated from the results.

bes shall be
1d generally
sting device
bratable; for

exanple, by airwvalves installed at the top of the borehole heat exchangers or at the highlest elevated

point of the t€sting equipment.

The

heat[rdate. The heat rate supplied to the heat ground exchanger should be 40 W/m to 80 W/m|
with Tower Tates corTesponding to tower conductivity formations. LOWeT heat Tates shatl

estequipment shall be capable of providing turbulent flow (Re > 2500) to supply an

appropriate
of borehole,

enough to provide a differential BHE tube temperature of 3 °C to 5 °C.

6.3

Test procedure

e sufficient

The test shall not be commenced earlier as 5 d after the filling of the annular space of the borehole heat
exchangers and the thermal disturbances are faded.

Delays of longer than 5 d can be required where air-flush drilling has been carried out, as this introduces
hotairinto the formation, or where cemented grouts are used since the setting of cementis an exothermic
reaction. Measurements should be taken until equilibrium has been reached.

© ISO 2015 - All rights reserved
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The initial temperature of the ground shall be measured before starting the test. The temperature can

be measured

a)

as follows:

measuring the temperature profile in the borehole heat exchanger tubes or in the annular space of

open boreholes without circulation of the heat transfer fluid, each two meters down to the total depth;

b)

initial temperature of the ground as accurately as possible.

the temperature shall be recorded during exactly one cycle of the fluid to measure the undisturbed

The heat transfer fluid heated to a certain temperature shall be evenly pumped through the borehole heat
exchanger tubes. The temperature change compared to the initial temperature should be measured as closely

as possible t

the thcpqnpnf operating temperature The hp;\fing ar r‘nn]ing shallbe aseven as pnccih] .

The temperd

tubes. The 1]

The temperd

The heater

The flow thi

The testsha

iture shall be recorded over time at the inflow and at the outlet of the borehole heat exeh3
ecording shall start when engaging the circulation pump.

an be engaged after measuring the initial temperature.
ough the borehole heat exchanger tubes should be turbulent.

1 be carried out with constant power input until the measure thermal conductivity conve

to a constant value. The definite test duration shall conform to

the dim

ension and design of the borehole heat exchanger (horehole diameter, annular spad

materiall, etc.), and

the con

The minimy
of the groun

stancy of the heating and cooling.

m test duration until the actual beginning efthe determination of the thermal conduct
d can be calculated according to Formula (1):

nger

ture should be measured and recorded with a temporal resolution of several seconds at pojint B.

brges

e fill

ivity

5"02
b=—7 (1
a
where
A
o =est :
pCy
ro id the radius of the borehole (m);
Aest igthe estimated thermal conductivity (W/m/K);
pcp  igthevolime related thermal capacity (J/m3/K).
The durationhof the test shall be based on the convergence of the measured thermal r‘nnﬂnr‘ﬁvify ind a

constantvalue and shall remain after the estimated period to overcome borehole resistance as calculated
by Formula (1). The minimum test duration shall be extended where grouts with < 1,3 W/m/K are used.

The measuring duration shall be extended, if clear temperature fluctuations are recognizable, in order
to compensate the variation statistically.

Moreover, the ambient conditions shall be recorded.

14
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9
1 — 10
~ — VA
T\ T | =
=Qh
2 — Q%}]
A
=
3 _‘ﬂ\ = Q2
s LT L5
—\ L \ . ._'
L 5
6
4‘ \F Q =p
/
G
Key
Q heat flow 4  earth spike to reduce interference on dg
(grounding)
Q1,QR2 heat flow exchange to ambient aiF 5 pump
Qp heat flow of the pump 6  temperature probes and flow meter
Qh heat flow of the heating 7  standard ground heat exchanger drilled to ¢
tube depth at site
A B measuring points 8  ground level
insulation 9  water tank with heating elements
electrical connection 10 purge valves

data acquisition

Figure 4-— Schematic example of a geothermal response test showing possible he

ta recording

xpected BHE

at flows

6.4 Testresults

The test results of the Geothermal response test are

— the inflow temperature at the top of the borehole heat exchanger over time, and

— the outlet temperature at the top of the borehole heat exchanger over time.

6.5 Evaluation of the test results

The test results can be evaluated by the following methods:

— determination by approximation of the line source theory;

— parameter estimation with numerical and analytical models;

© ISO 2015 - All rights reserved
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evaluation according to the cylinder theory, if applicable.

Both methods assume conductive heat transport.

The approximation of the line source theory can be applied, if after the initial period, the temperature
graph results in a straight line using a logarithmic time axis or have such periodical variations which
balance during test duration. The initial period is about 10 hto 15 hand it can be determined according to
Formula (1). The evaluation shall be repeated with an initial time re-calculated according to Formula (1),
when the result of the calculated thermal conductivity strongly deviates from the estimated thermal
conductivity.

The s]ope k_of the temperature grnph shall he determined for r;ﬂru];\fing the effective thermal

conductivity

2‘ =
eff k

The therma

Rb 25'

The values d
measured tg

A mathemat
The parame
the thermal

r according to Formula (2):

Q
4.-7-H

borehole resistance Ry can be calculated according to Formula (3):

]—0,5772]

fk and Rp should be iteratively varied until the modelled temperature response matchg
mperature response as closely as possible.

Ty —Tp)———- il

11 [ln(t)+ln[4 >

4r o

ical simulation model is used for the parameter determination with numerical simulg
ters for the thermal conductivity of the ground.afid for the thermal borehole resistang
conductivity of the annular space filling) shall be varied as long as the actually meag
e graph is obtained.

report

ing, if applicable:

"y log according toJSO 22475-1;
record according to ISO 22475-1;
g record@gcording to I1SO 22475-1;

temperatur¢
7 Repor
7.1 Field
At the proje
of the follow
a) summa
b) drilling
c) samplin
d) record
e) record
f) annular
g) checkin
h)

I

fidentification and description of soil and rock according to ISO 22475-1;

fthe installation ofthe heat nvr‘hangnr tuhes (cnn 71 1);

space filling record (see 7.1.1);
grecord (see 7.1.3);

record of measured values and test results (see 7.1.4).

(2)

(3)

s the

tion.
e (or
ured

't site, for each borehole,etc), a field report shall be completed. This field report shall consist

All field investigations shall be recorded and reported such that third persons are able to check and

understand

16
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7.1.1 Record of the installation of the heat exchanger tubes

The record of the installation of the heat exchanger tubes shall be attached to the summary log and
include the following essential information, if applicable (see also B.1):

a) General information:

1) name of the enterprise performing the installation of the heat exchanger tubes;

2) name of the client or representative;

3) date of installation of the heat exchanger tubes;

b) Information on the used equipment:

c) Information on the installation:

d)

7.1.2 Annular space filling’record

The

following essential information, if applicable (see also B.2):

a)
b)
)
d) i
e) i

4) identification of the project;
3) identification of the borehole;
6) position and elevation of borehole;

T) depth of the free groundwater surface, whenever possible;
1) type and manufacturer of the heat exchanger tubes;
2) dimensions of the heat exchanger tube;

3) method of installation;

1) level of the ground surface and the upper-and lower end of the heat exchanger tube

2) type and location of any installed measuring equipment;

1) name and signature of the qualified operator.

Dther information:

Fecord of the applied annular space filling shall be attached to the summary log and

ame of the-enterprise performing the annular space filling;
ame of-the client or representative;

ate of annular space filling;

«

include the

dentification of the project;

dentification of the borehole;

f) annular space filling material;

g) amount of infilled material;

h) name and signature of the qualified operator.

© ISO

2015 - All rights reserved
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7.1.3 Checking record

The checkingrecord shall be attached to the summarylogand include the following essential information,
if applicable (see also B.3):

a) name of the enterprise performing the checking;

b) name of the client or representative;

c) date of checking;

d) identification of the project;

e) identifi

f) results

fation of the borehole;

bf the checking;

g) name and signature of the checker.

7.1.4 Rec

The record

prd of measured values and test results

include the following essential information, if applicable (see also B.4):

a) inflow emperature;

b) outlet t¢mperature;

c) therma

output;

d) testduration;

e) undistuy

rbed temperature of the ground;

f) power qpplied;

g) variatigns of power;

h) ambient temperature.

7.1.5 Rec

The record

prd of evaluated testresults

of evaluated tést results shall be attached to the summary log and include the follo

essential information, if applicable (see also B.5):

a) therma
b) therma
7.2 Repo

conductivity;

borehole resistance.

of measured values and test results shall be digitally attached, to the summary log

and

wing

rt of the results

The report of the results shall include the following essential information, if applicable:

a) Report of the installation of borehole heat exchanger:

1) the

field report (in original and/or computerized form);

2) final record of the identification and description of soil and rock, according to ISO 14688-1
and ISO 14689-1;

3) graphical presentation of the record of the drilling parameters;

18
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4) graphical presentation of the final record of the identification and description of soil and rock
(borehole log);

5) graphical presentation of the installed borehole heat exchanger including the annular space filling;
6) name and signature of the responsible expert;

b) Report of the geothermal response test:
1) the field report (in original and/or computerized form);

2) test evaluation (including designation of the mean effective thermal conductivity und thermal
borehole resistance, evaluation method)

3) digital presentation of the results of the geothermal response test;
4) graphical presentation of the installed borehole heat exchanger combinedWith a bprehole log;

%) name and signature of the responsible expert.

© IS0 2015 - All rights reserved 19
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Annex A
(informative)

Example of a form for the preliminary information on the
intended installation of heat exchanger

Preliminary information on the intended installation of heat exchanger

Project

Location

Number of borehole

Orientation, ifclination, and accept-
able deviations in
boreholes

Surveying requirements and
expected geolpgical and
hydrogeologidal conditions

Required accyracy and
uncertainty of measurements

Frequency of measurements

Environmentdl and safety risk Oyes O no

(associated wjth e.g. flushing'media, ]

suspensions) If yes, please specify

HazardQus aspessmentidLontami- DO done O notdone O not known 0O not necessary
nated sites

Possible risks Dyes O no

tfyes, pleasespecify

O underground services, such as
O overhead services, such as

O traffic, such as

O unexploded ordnance

O contamination, such as

O other, such as

20 © IS0 2015 - All rights reserved
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Page 2

Preliminary information

Planned depth of the borehole

Sampling method(s), handling,
storage, and transport

Heat exchanger type

Annufal space filling

Heat pxchanger fluid

Intended in situ testing

If yes, please specify

>

0O Geothermal response test g\

Z

0O other, such as

Oyes | D{mf(
v

Borelole completion method
and sfite reinstatement (needs,
material, methods etc.)

Envijonmental care

Emerjgency arrangements O

S
(\%\

Namg of the conta th>s/0n
(clienft or representative)

Flow|of info %n
N
<

Name of qualified operator

Name of responsible expert

Remarks

© ISO 2015 - All rights reserved
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Annex B
(informative)

Field reports

B.1 Record of the installation of the heat exchanger tubes

Record of heat exchanger installation

Name of the pnterprise Name of the client

Name of project No. of the project

Date of installlation Identification of the
borehole

Position of hpat exchanger Elevation of heat m
exchanger

from to . . from to . .
Type m m Diameter| Material Type m m Diameter| Mate¢rial
Remarks

Name of the gualified operator

Signature of[the qualified operator

22
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B.2 Annular space filling record

Annular space filling record

Name of the enterprise Name of the client
Name of project No. of the project
Date of filling Identification of the
borehole
Depth Fill material| Amount Depth Fill ma'tég'hl Amount
m m3 m Q m3
from to from to Q) e
Q 74
from to from to A D
from to from to f'\'\ i
\J
from to from to \\%
from| to from i ‘@s)\
from to from (\<( to
from to from ‘\QV to
N\
from| to fro to
from to R ‘E@m to
from to \&N\from to
from to \\\Q from to
from to xO from to
Remarks . \j\‘
N
P
Name of the qualifz'é~ {:rator
Signa tuyﬁ\gfhe qualified operator
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