-1- UNDERGROUND HEAT STORE AND PROCESS FOR | TS CONSTRUCTI ON The gﬁ?&?u —
invention relates to an-undetrground heat store, and to a process for its (Ig)
construction. The heéat store according to the present invention is

i ntended, for exanple,. to store heat originating’ffom5 any source —
what éver, such as' a solar collector, a heatlpunp, a source of hot water, a
generator of el aNNJERREROGNIS'HEAPISTORE | ANS, PROCASENEOROSTiSDICONSTRUCTIION

St ored heat subsSequentTy Derng UsSed Tor various applications, for .exanple

to heat dwellings or other buildings. A store 10 of this type can be

operated in cycles afhe/ pyesent eimidntion eabapés, tonadaundergrioand heat

seasonal cycles, etc..According to the present ipventi there is provided
an undergro%’i?%ata%q 0 %,a 2% °h -'bﬁ?i 8énﬁg§gg%1"8§r‘ie or nore :
heat - stori ng mat eri @tee ileati stormssceopding 18oothet presentodavention

‘energy-transfer: airc i id enhein e i n that
t he ggat-st??fnlgﬂn%ﬂ%éhf%%%ésﬁ n%gzr’?écpggkaggg\%g?’ %(r%fl% nﬁﬁ{at t he
heat - st dri mpyraQunes whatevebnpiwehian at feharhcellgctoaas@ fedthar and a

speci fic hegly@er dnidurod WE Kt dfat&Psta2§elePatakobired/lcRitiilcaB. The
rigid mass which mainly constitutes the heal store accarding to the present

invention ofSMEEI¥ X CEhdi hike ot¥ihih ofhe heoesiPahiky Oko thep HtoF
advant ages; Hed¥ iubséguén€ly béind agised eSopevaRebus appRldidationst,r ucture

25 t i t Lo d h ; Si i ' f
feter can b onISKaRS F dieat el fogf "ars hEPRE) Bdiauns po i Far °
vol ume wvit0 clhof sthies ytypesean cbeinvperdtead cahocyedepeoif] yarytiag !}ertgtmay
much higher ghan, fh85Fe OF 1 §AYEIY ' QPRl e80! 5daUBhSL Bye1d1CId4d g rocks, .

According to the present invention there is provided

an underground heat store, comprising a buried mass of
one or more heat—storing'materials in which mass a part
15 -of at least one-enetgy¥transfer circuit is embedded, said -
store being characterised in that the heat-storing material
oomprises a binder, clay and water, and that the heat-
'~ storing material.has a compreséion-strength_of at least
0.1 bar and a specific heat per unit volume of at least
20 0.6 calories/°C/cm. ' | ' _
_The rigid mass thch mainly constitutes the heat
store according to the present'invention'offers the combin-
~ation of the following two important advantages; since
it is rigid, it requires neither a supporting structure
25 nor a tank, in contrast to a liguid heat store ;since its
proportion of water can be relatively high, it can have
. - a thermal capacity per unit volume which is very close
to unity (in calories/°C/cm*), that is to say much higher
than those of conventional solid materials, including rocks,
30 dry sand and even sand saturated with water.
The process according to the present invention
enables an underground heat store of the type mentioned
above to be constructed, particularly in water-bearing



30 dry sand and even sand saturated with water. The process according to
the present invention enables an underground heat- store of the type
fit\ oned above to be constructed, particularly in water-bearing -2-

)

|ai_l_& where the water table is near the surface of the land, but also, a

ri, indry land where the water tabbe-may be at- a very great depth.
rocess for- constructing an underground heat 5 store -according to the- =

. : : _ A in q h havi | g
_Péiif“teqhavaer?%'%%%*?f’r%ﬁ%aﬂ%%?tg%éﬁééﬂSﬁ%%f ?»efe% : Ta L‘T# %qam_v%q‘io”};ef‘t ~
i ] ; erial - . e specific heat,
3;“ : g? Sit n?gﬁr% :%é%hegrme#ﬁrgfﬁﬁﬂ ggrgfg?égé?aY§e%ﬁe% Sglrw &% afré?ele? circuit.
~During thqn%qﬁi_ ng. of ‘;%ﬁéhgéga{__hgeé@ﬁt er is constantly filled, at |east -
: t |

partially a suita quid, such as water or a-drilling nud, the

‘correspondi ng part r gzt : Lrouit, i 1

I mobi Ioi sed in themf)él qé#ﬁc%g?l ?ﬁﬁ %ﬁgéﬁgf]g%g?{g th??eru('ia'l ar e‘ﬂ{;%d-g%% o the
~sai d |igui | fbdSr SNt £ 1 €Re© hRdehvenU e idg

appr opr?at%,'&f)gt héeur‘é%di ti v%é ﬁ?cgrgfg sui f“a’gl é'cc S?Selnjsu_r |rvneg:1s ﬁ:’%%ler{%l ng of

t he bi nderiminthe idrding aeiolé&ansvifgt Aevbilgmied ate0 1§<gls|td|é‘qhd_1ntgb a mass of

sui tabl e heat-storage capacity which fills, at |east 20.partially, the
conpl et ed tite. ofothendosieetd bé EbAstPueBREORNGS FAa3Ghathe/yte by way -
of exanple, and illustrated diagrammatically in the attached draw ng. .
at least partially, with one or more materials of a suitable
specific heat, whiist'inéertihg_therein a part of at least
10 one energy-transfer cirguit.  During the digging of the hole
the latter is constaﬁtly filled, at least partially, with
a suitable liquid, such aé:watef.or a dri11ing ﬁud, the
corresponding part of the energy-transfér circuit is submerged
and immobilisea in the liquid filling the hole and there
15 are added to the.said liquid definite-quantities of a_binaer,
such as cement,.and, if appropriate, othéf additives which
are suitable for énsuring the setting:of the binder and,
in this way, éausiné the quﬁid to soiidify.inﬁo é mass
of suitable heat—storége capacity which_fi11s,'ét least
20 partially, the completed hole. - S o »
| Oné_embodiment of the inveﬁ_;ion_is_desgribed below, |
by way of example, and illustrated diagraﬁmatically in
the attached drawing. |

Figure 1 shows. a view, in section along an essentially

25 vertical plane, of an underground heat store according to



Fi'gure'l shows a view, in section along an essentially 25 vertical plane,

of* an underg

round heat store according to the present invention. Figure

2 shows a view, on a |arger scale, of tie Jerail A of Fi gure 1. Fi'gure 3.
shows an alternative to Figure 1, in which the underground store serves a

~a, foundat i on ¥ Pé'etﬁﬂfll'ﬁl-i@ve’#ﬁéo@@nstructlon of the underground heat store"

" w T be desc
Fkgure 1, in
| oose ground
conpact ness,

ri bed below, said store being illustrated diagranmmatically in
a case WHLEWrend §hPWSsEovdqw, -on pelangerd scaleonf dheery

or en, S he ca e may be, in a ground of extrenely |ow
d&fﬁéﬁt&lt%ﬁ FiSP Ex mple, mainly by sand, mud, peat or silt,

the water IeveI I n t(r#f ou e| ng assyned, m)reover to be at a slight
$'g¥i§

dept h. These con

be encounter
type.

dig a hole, "
bei ng dug.
construct

ei}l he r taI I at| an under round construction of this
°31a ers%'OPE e§%8€ea|ﬁw fi2% @ deundakiionda to

Lgce;ti!r}e wal s of the hole tend to collapse as the hole is
a ess, the present invention makes it possible to

, 1 n such ynf avour - abI | and, ea tore, e.volune of which
can attain and even %e‘fioﬁﬁl?ﬁ'ﬁﬁ ﬂ&n&fe&%ﬁ?ﬁ?@?@é” eaﬁrﬁﬁ%

obj ect

thermal capacity—fFor—agrvemrvotmme—at—t-e—+ome At hbs B

is to |rrpart .to the heat sI e, th arg%st pOSSIb|e

belny,

achi eve thi Ss(&gjde%ttorlet volhg illustrated diagrammatically in Figure 1,

in a case where the said §t6re is -to be buried in loose or
very loose ground .or even, .as the case may be, in._e ground
of extremely low compactness, eonstituted, for example,
mainly by sand, mud, peat or silt, 'I:he water level in
this ground being eés_u_med, moredver, to be at a slight

depth, " These conditions are, of course, the most

- unfavourable which can be encountered for the installatibn

of an underground construction of this type. In
part:.cular it is especially dlfficult and complicated to
dig a hole since the walls of the hole tend to collapse

as the hole is being dug, _ Neverth_eless, the present

invention makes it possible to construet,_ in such unfavour-

able land, a heat store, the 'voium_e of which can attain
and even exceed several hundred cubic metres. Another

object : ' | is to impart to the heat store the

largest poss:Lble thermal capacrty for a given volume at the
lowest possible cost, To achieve this object, it would
be possible to envisage using water in the liquid state as

heat-storing material, since the ':t‘ol-lowihg table shows.

‘clearly that its thermal: capacity per unit volume (equal to'

°UF ey addernative tanFigsnead e 3thi ch can

13



* mat ef

e p055|ble to envi sage using water in the liquid state as heat- storlng
"™l , since 'the follow ng table shows clearly that its thernal

capaci 4y per unit volume (equal to _ 4 -4- the product of its density.and
itg ¥pecific heat) is substantially hlgher t han 't he- respective t her ma

capseft i eqypeprdidcy BBl adhei 67 ahat ¥18f s ehm@a e&@; s including .-
Lt

conventional “rocks, dry sand and even sand aturate t'h mate

Nhter'a|ssubsﬂgﬂ¥iéily highesi thén the redpBEERY qg%ﬁ%éy éeﬁacities heaﬂuJ

_per unit gcm Calories/ g vol une Ca orles

7.8 per Qulit volume ofotﬁg ﬁaabﬁity of solid3mater1als 0.2

0.46 Ganite 2. 54 Sandst orfe - 2.4
0.2 includié?‘“bdhﬁéﬁ&ﬁ@ﬁal ro@kg, sana and even sand, 0.40
Lead 0.03 i .34 Quartz . 6

0.2 saturatdd 32L4h wastaw, 1.7 - 02 . 0.34
Sand saturated 2.0 0.3 .0.60 with water Water ,
1.0 Materfials Densityl 0 ASplecifibcthe advThiexgmll laipagiiiyy has a
hi gh thermal capacity per 13 voluneheatis that opez waiy | ow cost.

However, the use_ of a mas¥. 0f under (Caloviealgr as Weidume o 3
- Calories/ C em”

Iron 7.8 0.1 | . 0.78 )

Chalk 2.3 0.2 © 0,46
Granite 2.7 0.2  0.54
Sandstone . = 2.4 - 0.2 - 0,48
Petroleum 0.8 0.5 0.40
Lead 1.3 - 0,03 | 0.34
Quartz = 2.6 0.2 - 0,52
Dry sand 1.7 0.2 0.34
Sand saturated 2.0 0.3 . 0.60
with water :

Water = 1,0 1.0 1.0

Added to tnefadvgntage that weter'hés a uigh thermal
capacify:per'uniﬁ volume,' is thét of a very iow.eost;
However, the use of a mass of underground wafe# as heat
stofe presents certaih.disadvantages: the1layer of eafth
above such a mass of water does not have.eufficient strength
to allow constructions to be built thereon, this being .=
possible, in some casee, bnly by substituting for
said layer of earth a "fcof" which has‘suffieient mechanical
strength and is, consequently, costly to- produce. On
the other hand, it is not possible to bury a 1iquid mass
'directly in loose ground; to prevent the walls of the hole
collapsing, it is indispensable, in that case, to erect
‘walls which are-sufficiently-fobust and which afe,equally




store presents certain disadvantages: the |ayer of earth above such a nass-
of. wat er does not have sufficient strength to allow constructions to be '(Ei
bui | t--t hereon, this 'being, possible, [ sonme - cases, only by E
substituting for said |ayer of earth d‘n?oﬁf" whi ch -has sufficient

nechani cal é#%gﬁgt@oaggngérgﬁgnsequentIy, costly to produce. -On the

ot her hand, not ~ poss €°to bury a liquid mass directly in | oose

geound: to prevent phg wihha1AEntNB MR SdURY Mbcdiiadry 108 aRensabl e,

in that.case, to eréec I ch are-sufficiently robust® and Ich are
~equally t C d@§§&” h qﬁgp qagﬁ {hg to
t he presentﬁfﬁéé%?igﬁggﬁﬁ#aﬁo&;%gnggggﬁgbe , bfﬁ&gg’gPpex n%?%, orﬁag’
“constructi ngoh £2he itheUneht! a¢oier QNAMErAd Yo dpFaihd €5ca1 BHd
2: fron1thgﬂgﬂr§gﬁgeﬁ?§tﬁeggrohn§ % a hol'e of predeterm ned shape, ?orﬁy
exanpl e pargh| g gRbe8d1Cantis2dueren the dwuefelcewPthy rdu®@ Ksa hole
equi pnent,. for éxanpl e nmechanical buckets or "dragline" buckets. As
the hole 2 £ ppeagtdrfiineddshhbeng foud exanplis ghredl sdeypediani £ is
conposed mai nly of a binder such as cenent, clay such as bentonite, water
and vari ousdagdbyi the, useeoff knbiwnhpubldel awirics teguignesrnt | hefort éxampbé
the binder in a suitable way; preferably, water is present in by far the
great est prmechanicahbbuckegst or Gdraglimed dudketonposiAs cthefhale

~drilling mud for carrying out the process according to the present
invention i2 &s beihgwdugyaredrilling mud is introduced thexoebn)iwhiéchs| ag
cenment : 100 -200 kg '

is 6<_>_mpos_.e.d mainly of a binder, such as cement, clay, such as
_ bentonite,.water'and_various:a¢ditives, one of which is:
‘selected to retard the settiﬁg.of the binder in a suitable
way; preferably, water is present in by far the greatest pro-
' port-io'n'by weight,  One exéﬁpie of the composition of a drilling
. mud for.carrying out“thé proceSS'éccording to the present
'iﬁvehtidn is as follows: | |

Water : - 1000 iitres

Slag cement - = ."..  _ 100 - 200 kg -

Bentonité - : 35 kg

Setting retarder, S s . '

for example - : - 1l -5 litres
- lignosulphite :

Thg driiliﬁg mud coﬁposed.in fhiS'way is introduced
.into_the.holé, as the hole is-Being dug, either by means of
a pump ensuring ahcontinﬁous flowrate of mud, adapted tq
the digging rate, or _'discontinuously by pouring into
fhé hole Successive'batches, preferably of thé same approp-:
riate volume, Thehpreportion of the sétting retarder in
the drillinglmud“must; of cdurse, be selected to prevent the .

mud from setting into a solid mass, not only until




tonite o 35 kg Setting retarder, for exanple
' 1 - 5 1litres lignosulphite The drilling nud conposed in this
y is introduced into the hole, as the giqle is being dug, either by neans
[0-g punp ensuring a continuous flowate of mud, .adapted to the digging
e, O confhFSIvn "ePUEhe R¥1BOUM bk | B1%sd hauhei® SeeompidtidPaigehes, . -
preferably of the sanme approp- riate vol une. The- proportion of the - ' 7

setting r ets"%iﬁ?ér%déh'& fskséj?éféﬂbﬁs thdl%'__sﬁlpfbé ogeseribe s YATwed 1P

prevent the nmud Trom ting into a solid mass, not only until

conpl et i on @it NS thoUpropbseiowldf tRONBLELIAR Yetamaquan is -

, .operations which will~be described below, in determning the proportion of .
the settingIsy sidtdssaryi sigl ﬁﬁp%?@ﬁ%ﬂfé’ t6 8ARBORLLY @cdouritrke into
account periods of interrliption in the dLgﬁlng of the hole, for exanple

- during thefp‘éz@ﬂids of intérsupbisnrhaseind aii%giﬁg of the M, tfyr min
function of the drilling nud which fills the hole at |least partially is, in
a way- knovvremfplsee, derDigviné alightg! | s of DhhenBokR ik ?ﬁa@é |o’£)5d1'tégﬂ\&,§]| ng
digging; this function is a fundanental one, particularly in the case where
the ground othitte ikoTelg theseains fancdijon 0vf cthesdenlaithe anal digne ~
gquantities of water near its surface, as has already been nentioned above. -
To provi defilies hged ls6De cavhledsits pelrtid Xy edisi, nihi guwesy karowh Dempanel s
whi ch are heat-insulating and/or inperneable to water are -

' se, to prevent the walls of the hole from collapsing during

digging; this function is a fundamental one, particularly |
in the case where the-groﬁnd which is dug possesses a very
low cohesion and comsiderable quantities of water near its

surface, as has already been mentioned above,

. : . i
To provide the heat store ..~ : ] : | -?

___.’, which is illustrated in Figures 1 and 2, paneZ_LS..
which are heat-insqlating énd/or impermeablé to water are
subSequentiy sﬁbmerged'in'thg not yet_sdlidified drilling.
mud which fills, at least partially, the completed hole.,
In a case of a parallelepipedic hole which is;intended for

_ the construction of a store of the same shape, it is a
ques%ion, in the first place, of submerging aﬁd.immobilising, .

- by suitable means,panels such as 3 a, 3 b..., near the
1atera1,.essentia11y vertical walls of the.hole_Z, the said
panels beihg provided to constitute.the lateral walls of an
_enclosure which is intended to enc1oée the heat stdrg
completely, For a store'ofllarge diménéions, each
lateral wall is, in that case, férméd preferébl& by abutting
the sides of séveral panels, sudh_és_ 3 -a',.__ and the edges of

~ these panels can be smooth or designed so that they can be



subsequently subnerged in the not yet solidified drilling mud which fills, <iju
-l east partlally' the conpleted hole. In a case of a parall el epipedic

hoIe whlch is intended for the construcflon of a stqore of the sane shape,
it is\a-question, in the first pl ace, "of Subrmergi ig™“and i nmobi | i sing, by

- suyi-tabl e nmeanspanels such as 3 a, 3 b..., near the lateral, essentlally

" vertical wal I8i%ked hnbel ene anathenid panélf?reﬁ‘elttbgsyﬁd\ﬁ ; ovadoksstitute
the/lateral walls of an encl osure which is intended to encl ose .t.he heat
store conpl etRdye beenppratainiplaces PREgOTIMARISPERElSah k@& ATGal |

o WS RO IR
have been puts %ﬁ%ﬁ S50 L BORI SRl beE T Fn FubEEpb AT LN GBE r?aow'atai
v AR S
‘the enbodi nen uf$ﬁ§t§gtg§6méﬂg?gu§§go? Q%E%b eac Qﬁhe paﬁa+s a to 3d
can have the fgl tpui Eﬂbéaﬂﬁbht E?lﬁ.h@.’%r*é&'e@.h i F'J.'é\ﬁséé %%doé‘ ded & 9€r '

scale, in Figure 2: each panel or exanple 3b, Is constituted essentially

-by an insul atohgtReapEné1B808a &b 3dmeber h&kreoftﬂé)\&dlqaiwiwwswiy, for
exanpl e of polystyrene or of phenolic foam which is arranged between two

bal | ast-. i ng tutiorckhichalspidiestirated,aions aBaaargbetsdn@h ;e connect ed

to one another by stiffeners such as 6 passing
Figure 2: each panel, for example 3b, is constltuted

| essentlally by an insulating plate 4 made of a material
~of low heat conductivity, for example of polystyrene or
of'phenclic foam; which is arrangedcbetwcen two ballast-
' ing.and mechanical-protection plates 5a and 5b which are
connected to one another by stiffeners such as 6 passing
“through the insulating plate 4, = Each stiffener 6
can be designed to prevent the possible crushing of the
insulating plate 4 by the wcight of the store cr the
thruStzof:the earth; for this purpose, in the case,
for examplc,.of a stiffener held in place by nuts 6a,

- ‘lock nuts 6b can be provided.  On the other hand, the
face of each panel such as 3b which is turned to the
outside of the store; that is to éay towards the.
nearest iateral wall of the hole 2,-a$ well as its other
face, if appropriate, :are covered by sealing elements
cuch as films or sheets 7 impermeable to water, for
example single shéets of synthetic material which are
fixed to the concrete plate S5a by any suitable means,

for example by adhesion. Each panel constituted in_




re or the thrust of the earth; for thi's purpose, In the case, for
A €, of a stiffener held in plaeeBby nuts 6a, lock nuts 6b can
be. provi ded. . On: the other hand, the face of each panel such as 3b which__

is turned +1h ' SEE Y LS S t ds. the. nearest® ®
| at er al vva{tpi%f e’taﬁg%?&%g;% 'éa&;eawe' aslélﬁgéo%%%%ﬂ?a?e‘? ﬂ\&lﬁ?; appropri ate, \
are cover edxeranEdly et Yie Wdrdad | the Okrolifa! In yhiRS 1RADI € O

wat er, for exanple single sheets of synthetic teria Ich are fixed to

the concreig puaiedyadie PartithirbhEy Benbts f Dhsuti8iagephytadassi on.
Each panel constituted in -8 this way reduces to a very |arge extent the

heat exchaigss sheleteqn privverity ¢ wipthdtlgr calll cirshilabibh bg buried, due.
particularly to its insulating plate 4; - its sheet 7 prevents virtually
all circul whiter bietwaterr the viecrericr iof cther enélosarenofoshee stbrighe
store, on the one hand, and the ground, on the other hand, so as also to
avoi d t he brathleooses hand;h ansdilthe egrdund y oomt bkeecotheruhandonsoof wat er;
finally, the concrete plates 5a and 5b inpart to each panel such as.3b a -
suf fi ci ent 86i §lgiot Loa®yaisk Hde eattlesses. which pouldbresultafirpm '
i ncreasi ng,the wei ght of the correspondi ng panel, the concrete plates 5a
and 5b_al s&hese eixeuationsof siteerne Sinalbynctbearensygherged in the -
not yet plates 5a and 5b impart to each panel such as 3b a
sufficient rigidity and mechanical strength. . By
substantially increasing the weight-df the-corresponding
' panel, the concrete plates 5a and 5b also serve as bal-
_iast;once'the'said'panéls aré_subﬁerged'in the not'yet '
solidified mud, |
. Before the hardening of the drilling mud which
£111s the enclosure formed by the panels 3a to 3d, the
lower partsof two:enefgy-transfer circuifs are subse-
quently?submerged therein and fixed therein, approp-
riately by any suitable means, said energy-transfer
circuits consisting of a primary circuit which is
'intended'to-transfer into the-underground'energy store
the heat originating from an energy source and of a
secondary circuit which is intended to transfer at least
part of the heat stored in the store +to consumers
located on the surface of the ground 1 or above,
In the embodiment illustrated in Figure 1, the'primary
circuit is constituted'essenﬁially by electrically |
resistant wires such as 8, each of which is surrounded

by an electrically insuiating.sheéth'and;'ifiappropriate,-




encl osure forned by the panel's 3a to 3d, the |ower partsof two
-energy-transfer circuits are subse- quently subnerged therein and fixed
therein, approp- riately by any suitabl® means, said energy-transfer
CI[CUItS consisting of a primary circuit which is intended to transfer into
the under gr olbyl ®rproyestive tubehBat ori Fheattubegsf Qomren submepgesbur ce and
df_a secomﬁﬂ£;0|rCU|t which‘is intended to transfer at |east part of the
heat stored i¥ntthesdniblingcouduser 8s| oaessume definjtaamosirtions gr ound

solidified mid. Before the hardening of the drilling mud which fills the @

1 or above. In the enbodinment illustrated in Figure 1, the primary circuit
IS constltheih%%%%ﬂtlally by electrlcally resi st ant mﬁres such as 8 each
of which is surrounde an el.ectri aII suI t|n an

appropri ate, -9- pyh EFS?Eéﬁﬂfecg 3 ta‘?"g t%}(jbmar ged

secondary ci LQ@!?%'“?@&%@%% Lhe Préte b;E‘rt ta%&%%"”s ”‘er rv&ffe%a
nor | zont al Iy ETREPERY { S6ce8amBls -xer%& AP BB, AL o t%#ivrends
ﬁgathgigh;ﬁée ?ﬂ ﬁﬁéﬁﬁgr ’Cﬁge %gﬁp%M%%QX%rl e%%%ﬁ%h onedgé%zrggu?e;
the I nput a“dtﬁé’tQH&sOBft Pheleavapio03N4ebhesRa! drd edorir{bcted two by
two, so as to constitute a heat exchanger distributed
in the interior of the abovementioned enclosure; " the
input and Sutput of.the heat exchanger constituted in.'
this_way are connected reepectively by two pipes 12a and
12b, which are, for example, vertioal;.and by other
pipes (not shown) to the consumers‘of the heat energy,
- particularly to a heat exchanger which enables the -
'transferred heat to be extracted, .This secondary
circuit is, of oourse;_intended to be. filled with a
heat-transfer fluid which can be of a suitable known
‘type such as water, air, or the like.
| If the drilling mud does not totally fill the
- - ' 'enclosure formed by the panels 3a to 3d, an additional
quantity of drilllng~mud is then poured, so as to ensure
the complete filling 'of the said enolosure. When the |
drilling mud has entirely' solidified, in the hole
2 and in the enclosure formed by the panels 3a - 34,
into a mass 13 in which-the tubes.9 and 11 of the
primary and secondary circuits are completely embedded, the
said enclosure is closed by means of a roof or celling

which_can be constituted, in particular, by a pane1_3e




thirs way are connected respectively by two-pipes 12a and 12b, which are,
- for exanple, vertical, and by other pipes (not shown) to the consuners of
_heat energy, part|cularly to a heat exchanger which ehables the.
transferred heat to be extracted. = 10Thj s secondary circuit is, of course,
vanded to be.filled with.a.heat-transfer fluid which can be of a sui't abl g~
typesim.ﬂ.aras viat ebhe afXoomwr3dhe | i kef . tburbe,dsebliedgpass-does not =~

aIIy fill the enclosure formed by the panels 3a to 3d, an additional
~quantity olg#s lariengpravidesd tirertivbs reppesopaselo3entor pelrhﬂ.tcch!qd ete
filling of thesaid enclosure. Wien the drilling nud has entirely

sol i di fi edpassege of elgetrical ¢ables k08| osulOdbf whish Iervee toanel s 3a -

3d, into a mass 13 in which the tubes 9 and 11 of the_pri-mary and secondary

circuits aconn@eh dhe Wﬂrﬂﬁﬁde&i%‘%igatﬁ %cﬁ&?&?@aﬂ-ss@llé‘%ocfy means of
a roof or ceilin mhlch can be congtit I n, particular, .panel 3e
simlar . @Sf SorensrEY, andyien Fag. i%E‘éFeﬂnﬂaQ‘s,‘tpﬁ§e§°adél%w ded

e FEREIRLE., o0l APt 1 1O
iy R <y HE N RO R T
A e ™) Bepgdh SPSE LAY SEpbUF JREL 9576k Bac” et oot formed,
formed, in order to restore the continuity of the sur- '
face of the ground 1. | |
- In the case of a store which is constructed by
using a drilling mud having the composition given above
by way.of example and contalning, in particular, 150 kg
of slag cement per l,ooo:litreS'of water, it was’
possible to determine that the solid mass of heat-storing |
mafe:iél'had é'thermalzéapacity.per_dnit.volume of
approximately 0.98 caloriesloc.cmé,which is very near
that of water (1 calorie/?C;ch:). . ZIt.was-alsq.
'poésible-fo dééermiﬁe-that'its_GOmpression strength,
after a=hardening time of one month, is approximafely 5
bars, which is amply sufficient to allow, if" appfo- : LT
priate, buildings to be erected on the surface of the .
ground, particularly'above the layer T, straight above
the hegt:store'according'tO'the present invention,
This store can, in particular, be used advantageously
to provide, by means of its secondary energy-transfer
circuit, heating for buildihgs.= "~ Figure 3 shows
one embodiment of this type in'whiéh the heating radia-
tors R of a building 14 are supplied by means of the



.the canposition given above by way of exanple and containing, in
particul ar, 150 kg of slag cenent perni 000 litres of water, it was
possi.ble to determne that' the solid i %s‘of heat-storing material had a -
thermal capacity per unit volune of approximately 0.98 calories[err], which
i's very near seesmdgrmaistcyit cilok?22+12brpf. a heat| staxe 15se bl e to
determne that its conpression strength, after a hardening time of one
month, is apgi&itmttrsy present ipyemtiananpl y Bhis istere Possesses | f
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by means of téﬁtrﬁtftﬁ\?@pdﬁié( ﬁéégujﬁ%iJf‘ﬁgaflg’9°95n§e§5?§r§%ar%ﬂ§| cord-

ing to the prese ntron. — This store posses such
as 3a, 3b whigheaxionthitatiies irzéntal {ag1SYel anechf 1408 @b 1 and
whi ¢ch serve as foundations for the building 14. The whol e con-

stituted by e nRfss 1335 Hadpaibever tne Bottomabramioby 3d)eal HeigH®t i ng
hori zontal wall 3e which |ies above the nass 13 has, above the bottom or
floor 3d, a ieiwiich iahis:.tbéta:std:alhytl_ebbythans.thbahev.@htheli oft ittsof its

lateral walls such as 3a, 3b;. thus, the horizontal wall

In-the case of a store which is constructed by using a drilling nud havi{éé}?)

' 3e_delimit$, together with the upper parts of the
lateral walls such as 3a, 3b, a substantial volume 15

: ﬁhich can serve as basement for the building 14, .

| If, on the other hand, it is not envisaged to

build straight above the heat store-aécérding to the
présent.invention,.the~rigid.masS which constitutes the
store can have a lower compression  strength,
requiring the:use of a lower proportién of cémenf-in
the drilling mﬁd; for exaﬁple only 100 kg of slég cement,
or even less, per 1,000 litres of water.,l The com-

- pression strength of the rigid mass of heat-storing
'material can thus be reduced, according fo the present_
invention, to approximately 0.1 bar, which is just
sufficient to maintain therein the.ciréuits'9 and 11 of
the heat exchangers and the walls 3a, 3b, ceey 34, 3e
in ;he planned'positions., , Suqh,a'material which a
‘layman would consider to be pasty rather than solid is,
hoﬁever, diStinguiéhed from a.liquid in that it has a
certain cohesion, that is to say it can withstand




al walls such as 3a, 3b; thus, the horizontal wall 3e delimts,

er wth the upper parts of the lateral walls such as 3a, 3b, a _
ntial volume 15 which can serve_as basenent fqr the building 14. If,

oN thé other hand, it is not envisagdd to build strai ght above the heat

store according to the present invention, the rigid mass which constitutes: -«

the store gJiariiiy Stresd¥Oith6QEPseBatantias! defoirmatdem,” wid dhe use i
of a | ower proportion of cenent in the drilling nmud, for exanple only 100

kg of slag eyt .t cuee WEBE, sPaply, V08cbubr aatelriadisgyr whetHer com
" pression strength of the rigid nmass of heat-storing material can thus be
reduced, acsyyitey pastpeoprksguidinvention, to approximately 0.1 bar,
which is just sufficient to maintain therein the circuits 9 and 11 of the
heat exchangers andThéeabeveésd8scribed. embodimenste oifn thee heathmatbre
positions.. Such a material which a | ayman woul d_consi der tqQ be pasty
rather thareceording, toobkeecpreaesti ﬁgueyﬁgenr.rm ¥ellg@s the 3kavet has a
certain cohesion, that is to say it _can withstand : shearing stresses
wi t hout sutmentiongd Jaebhedt PENCARRYERS Quﬁo_tt%l%@r@&?é% ‘H"; |y viscous
materi al s, whether they be pasty_.or |iquid. The.,ahqve-descri bed gnbodi nent -
%E%%gd ng ouﬁﬂ 2

of the heatCRIFM i BTrBPes BARY; NAEHATHINSs |G above-

nder g0 e B% oReSPEZpR. bul RgVeRERRR e (L YBLSRIIRTOL -

The constityfiQlen of the panels 3a - 3e forming the closed

‘enclosure is optional; each panel could be constituted
simply by a plate of heat-insulating material, for
example synthetic material, or else by a plate of mater- |
ial impermeable tp'watefghbut reiatively'thin.
Instead of being ballasted on its two faces by concrete
platés, as illustrated in Figure 2, the plate of
inéulating'material could be”ballasted'b& a concrete
plate on a single face. | The concrete plates can
themselves be gtrengthened.by reinforcements'br'replaced
.by suitabIejsteel'piates. : In addifion; finsteéd
of being,vertical,.thé lateral walls of the closed
_enclosure can be-arrangéd obiiquély for certain
applications, In one altérnative, the lateral wa;ls

- of the closed enclosure, instead'of:béing'constituted
by pangls submerged iﬁ the drilling mud before it '.
-solidifies, are walls cast in the ground by a known
process, before the digging of the hole; in thig case,
of course, the hole is then dﬁg bétwéen'the walls
previously cast.in.the groﬁnd,'énsuring_that they aré’

not damaged3and using a drilling mud which'haé, for -



of each of the panels 3a - 3e formng the .closed enclosure is optional;
each panel coul d be constituted sinply by a plate of heat-insulating
~material, for exanpl'e synthetic materiall30¢ else by a plate of mater- ial

i nper meabl e to water but relatively thin. Instead of being ballasted on its

tuwo faces by Wg 63|{:§Ef)e%ognglﬁrsi‘t& éRtionel! abovet Uie thlkﬁaﬁént

I'nsul ati ng .ma asted by.a concrete pldte on a

fage.  The SR EionB! Arghatin LABHERARS: Do SLERIMRPEPng the

reinforcenents“or replaced by suitable steel plates. I't1on,
i nstead of beifigbe@ryi 884 11hefl aher Heatltpafb e cirerdt S g pite gan be

arranged obliquely for certain applicat ions. . In one alternative, the
lateral walls gpla¢éebefosedthecdedandng Midagdodldh iR ;corié tekssbdy
panel s subnmerged in the drilling nmud before it solidifies, are-walls cast

in the ground énckosuipenipr finadlybconpl ébeddi gfitey thd rdlil&iginud his
case, of course, the hole is then dug between the walls previously cast in
the ground, erbasisoliddfiedsy by theotiksbaltdtion of rthe uppeér ipanelud
whi ch has, for . -13 - exanple, the conposition nmentioned above; the

- subsequent op&eions  renmain-unchanged:: the floor 3d and the tubes 9
and 11 of the heat-transfer circuits are puat in place before the drilling
- nmud solidifies; the cTheeprowilsiom ©f af¢chased encllosuxke areund tthe

dr-illing nmud has solidified, by the installation of the upper panel
heat store — : .. 1is optional;

. such an enclosure can be waived, particulérly whenever
the gfound in.'whic'h the hole can be dug is such as to
limit the exchanges of heat between the walls of the
hole, on t_hé on.e_l hand, and the heat-storing mass, on the
_other ha_nd,'-whether" they be losses by conduction or by

-ciz_-culation of ﬁa‘ber; in particular, it is not

. indispensable to provide a cldséd'exu.c;losure when the

store ___ T S - is to be buried

in ary sand oi-' in virtually impermeable .c".I_.ay'.'__ The
-compositién of the drilling mud is a matter of choice,
the abovementioned proportions being only examples,
- . _The' cement used as binder can also be Portland cement;
| although slag cement is particularly su_itable because of
the relatively high me_chanical : ‘strength which can '
thereby 'be obtained for a low proportion of cement
| and also because of its good resistance to the action
of natural waters containing calcium sulpli_ate,
it can be replaced by any other cement; however, to
obtain é.n'_eguivalent ‘mechanical stréngth with, for

example, Portland 'cement, much' more of this is needed



~Nhe provision of a closed enclosure around the heat store
s pptional; * such an encl osure can be wai ved, parti-cularly whenever the
g nd in which the hole can be dug-i34ssdch as to linmt the exchanges of
heat/bet ween the wal I's of the hole, on the one hand, and the heat-storing

o igﬁiﬁﬁ%ﬁ%&éﬁ%?%e@%ﬁf{ eul ;fﬁ?‘; ?Sw'sﬂﬁiﬁ%%l%ﬁée’ﬂ% L!'r%}%&sﬁﬁv: de 2
b e ioree
proport ondeborhitol senan cohufbedd BSSen iR BRAE bo
$2$ ;e:g&}v@f@_ﬁ?&h nggﬁgnlé%? aﬁ;rgﬁé?ﬁe w&&t%’lbaﬁikhereg9 Eg_d tai ned
the action' B TAEETLPORETEHeniTy, 7, THeRERAIDE Corifarasag, etpbtrance 1o

repl aced by cﬁ?.yf%%@.%rtcﬁf‘sf?f‘ﬁhe Wﬁﬁgkg’ewr@ﬁ%’ a3 EoWtEEher! ngaghani cal

strength wt or exanple, Po ment, much nore of this is needed

-14- than Sltﬂn%?&?‘tﬂgxid dREnaRERM aﬁanogb&fs ke rewhBced. the whole or in -
part, by another suitable binder, “such as Tlying ash, puzzol ane powders, :
lime, or thaecot@ariheicAipPp]te carnel yarlouscliulses 6 eheopatineirgy, but

in

-

and secondary circuits can be distributed irregularly

in the masé of the store, for example concentrated in

its central region. In an alternative version, each
“tube of the secondary cifcuit is closely associatéd with

" a tube of the primary circuit, to which it is, for

-‘égample, brought nearer over at least a part of its
-length,  For certain applications, it is sufficient

to prévide a single enérgy-transfer-circuit which,

during different-periods'of-timé,'canfbe uséd.ét'one ..

time as primary circuit ahd_at-another'time'as secondary

circuit, by inéorpcfating'theréin,-fbr ekample,‘a known

system'of multiple-way valves,

" In an alternmative - = '~ _ process for

constructing a heat.store;according to the present .-
invéntibn, tﬁe binder and, if appropriate, the other
additives are added to the dfilling mud, not before the

latter is used to £ill the hole.being.dug, but only |

after completion of the hole. This obviously dis-

penses with the need to use ;'setting retarder.

The cement and the other possibie'additiveé'can be dis-
charged directly into ‘the drilling mud which fills the



a | arger proportion. | nst ead of cont ai ni ng el'ectri- cal resistors, t
primary circuit can contain a heat- transfer fluid exchanger anal ogous t

that of the secondary circuit. The A& i-ous tubes of the primary and
secaondary circuits can be -distributed irregularly in the mass of the store
for exanple c etaiEthdYelts cemtrals raégsd’rpossibié‘ €6 aéeeaneib%ed

versi on, each tube of the" secondary circuit is closely associated wth a
fube of the peirendtcicombrisingiatchebist oné opumy it ca RIRBSNWHARA ef
over at |least a part of its |ength. For ~certain applications, it is
sufficient toameoliotatredingteidsethe holiesf eso cas ctio texbiradt the dgrill-
“different periods of time, can: be used at. one tinme as primary circuit and
at anot her ti rimgammbcﬂrnimr'bherlatter,bmjrmcsnmmriﬁgimgemdnwlm the
exanpl e, -a known systemof nultiple-way valves. In an alternative -
process for ceesentctand) théeatheroaddiddores nand othéw poaerethei mesuliten,
the binder and, if appropriate, the other additives are added to the .
drilling nud, ingmindnare in’em thechole.used tBnrichment o6l theemud dug,

but only after conpl etion of the hole. Thi s obviously dis- penses mnth
the need to udith semendy intbtheemixexe ic montimged nantikethgomdsring
addi tives can be dis- charged directly into the drilling nmud which fI||S

the -15- cédgildngl the dole crmtaéneﬁ &hepdseces@an PEePerEie®e®cir cuit
"econprising at | east one punp and. a whi
cement, In addition to enabling the setting |
retarder to be saved, this alternative version of the

process : . . - .. . 7 ... allows a

saving of cemenn; in fact, in the case of the process
~ described above in which the cement was already contained
-in tne'drilling_mud used during the digging'of-the hole,
.a part of the mixture end;'consequently,_of the cement
‘which it contained was inevitably carried away with the
excavated materiai end lost as a'result.
| Depending on its volume, the hole which is
intended for the construction of a heat store according '
to the present invention can be dug either as a whole
. in & single operation, without ‘stages or Joints between
ihe verious parts, or in separate parts,each of which
is provided, in panticular,.wifh energy-transfer cir-
cuits and, if appropriate,:witn walls of the closed
enclosure, and is then solidified before the adjacent
part is made. In the case of a heat store of very |
large volume, reqpiring'the:succeseive provision of, for
example, N juxtaposed parts, numbered from 1 to N, the |

parts of the store bearing even numbers, for example,



are-located outside the hole, so as to extract the drill- ing nud fromthe

' mx said drilling nud with the cenent and the other additives and
our the result- ing mxture into the hole. _ Enrichnent of the nud
ement in the mxer is contir&miﬁLﬁnil the mxture filling.the hole

ns the necessary proportion of cenent. In addition to enabling .«
the—Set ti ng nat 3 etdbie vaifilie LhiSsBl 6£raR1 | \dhd St Rftéhethenpess -
all ows a saving of cement;  in fact, in the case of the process descrlbed_¥-/
above i n Wycahlidt difBiHe Werts reealyingninever huambeesdrilling nud used
during the digging of the hole, a part of the m xture -and, consequently, of
the cenent which i It ddsialkready beeni nebtjionedr thatathye arrangee-
excavated material and lost as a result. Depending on its volune, the hole
~which is | memntdext fhhe ttubesnst rtihei enevgyatnansferocdrauddisdiong to t he
present invention can be dug either as a whole in a single operation,

" without stdges ioxside mE tke veewtt siboyaraegergings tooithen presandt e parts,
each of which is provided,» in particulaf, wth e ergy-tra fer cir- cuits

and, if appgropniien ¥§t4lméﬁt_ro?ftﬁ_°i¢ﬁsed enthsdspd o forming

then' solidified bef t h dj . t ' 0, Ln th f h <
Store of vér ARk et VOrHHRTK  CEUPRFAG L HEPLRERLGs POEnS 0y as O of, for
G Ny ettt ine dUboLed Lo Glablfr bl 0B SLore

the secondary exchanger'Can'bé'distribﬁted in any way’

whatever in the-héatfstbring'mésggor-elSe arranged in
circles, spirals, coils and the 1ike._ |

| of bourse; the underground heat store according
to the present invention.qéﬁ also be constructed in a
highly cohesive ground in which the wails.pf'the hole,
during digging, present 1ittie risk of collapsing.
In'this_case, there is no"ﬁééd.to use a drilling mud
during the diggipg of the ﬁole;'t It is suffiéient to
£i11 the completed hole with a liquid mixture composed
mainly of a bi.nd'er, such as cement, clay and water,

If the-correSponding.parts-of thé_eﬁergY—franéfer cir-
cuit or circuits, as well as, if appropriate, the
'lateral walls and the floor of the enclosure of the
store have been installed in the _cpmpleted hole before
it has been filled withthe said iiquid mixture, it is not
necessary to add a setﬁing‘retarder to this mixture.

If, however, a sheet of Qatér'is present at a slight
depth in such ground which is relétively cohesive, but'
not impermeable, the hole can be filled with water as it

is being'dug. : In this cdSe, as soon as the corres=-



wi [l preferably be made first of all, and-then, after their conpletion, t
parts bearing uneven nunmbers.* |t has-already been rentioned that the - ng;;y
arrange- nent of the tubes of the energy-transfer circuits on the inside of~
the Heat store according to the presenfl7Zimvention is a matter of choice.
. Ipstead of formng a sort of network of parallel epi pedic neshes, as in

Fraore 1. thepbrbeagobaks B they enetpylatfaritddlclolde ofCeLFaY

exchanger can be distributed.n any way whatever in'the heat-storing nass
or el se arrangatitsp abrwbei,5spiﬁd|aggrdﬂﬁiéﬁﬁltﬁﬁé'i&%ﬁréi waurse, . the
under ground heat store according to the present invention can al so be
constructed iand thehf}oorhesi thegrncldsurerhaie theenadulsmergédeihol e,
‘during digging, present little risk of collapsing. In this case, there is
no need to us‘gha' vateri £§lidngd thiengonipl etieghihollefandchdme cthen bééni s
sufficient to fil] the conpleted hole with a liquid m xture conposed mainly
of a bi nder.suémmabidéfedt nearafhenwaddiseof the t srid lolegpbheicoppie tionf
the energy-transfer cir- cuit or circuits, as well as, if appropriate, the
| ateral wal | PQ&nihengtpreoregrimes ondiyodihe asiditiontof e eeen
installed in the conpleted, hol e before.,it has been filled w ththe sai

d
| qui dni xt ureSUPR RS fEMeRt.c 204 ¢ 01 theoratey centadmed: dn; khe said

m xture. |f, ver, a sheet of water is. present at a slight depth in such
ground which TS rélatively cohesive, but not inperneable, the hole can be -
filled with water as it is being dug. In this case, as soon as the
corres- _ :



onding_parts of the energy-transfer circuit or cir- cuits, as well
N |ap roprlate the lateral walls and the floor of the enclosure have

bnerg ﬂlllm i | Ml l1ing the conpl eted hole and have then been
i/1i sed the said hole, the conpletion of the store
a i

regeres only thé on of a binder, such as cenment, ‘and clay to the
wat er contalned I n the said hole. -1813CEAINB 1. Under.ground heat *
st or-e, nEr|S|ng a buried mass of one or nore heat - storing materials in
“which- nas§ BAIMEr ¢ of -at |east one energy-transfer CIFCUIt i s enbedded, said
store being charact ri sed |3 hhat the heat-storjn rial conprkses a
bi nder ,- ciay and WA @FgrSHB gAY §EOTS CAMBR VE&e%dﬁa%F

t .
Sg{'ﬁiésiic SBe°bEcEits ; B BalhshPEthaonhe A/ § e“éeﬁ TUg
- char act er that th
corrprlsgsI Foﬂf?ﬁgaﬂﬁefﬁégrgg ?%% %%%gﬂ%éﬁ%%ﬁ%ﬁfgﬁﬂ$bd& ;€§anga&ater
wat er QES?SCFeEﬂgt?ﬁakgggg§%s%%rQﬂw€§§}tﬁh éhéLstoranQQEQeffﬁPrd'ng

to any one 0 aracter in that the heat-storing
mat er i orlespflée a b2nbkbkG G@%&-@ﬂﬁ‘#ﬂﬁeﬂ“ﬂéﬁﬁf@ﬂ&@Jtﬁé Réagreat er ‘than -

0.9 ca err
storing material has a compression strength of at least
0.1 bar and.a'specific ﬁeat per uhit,ﬁo;ume of at least
0.6 calories/°C/cm?. |
2. Store according to Claim 1, characterised in that the
10 binder comprises a cemeﬁt,'that the clay comprises bentenite
.and that of the thfee components'binde:,clay and water,
'water-is-present in the largeef percen;aée,bf]le#{.
3. ? Store according to any one of Claims 1 or 2,
characte:ised.in that the heat-storing maferial has a spec%
15 ific heat per.unit volume equal to or greater than 0.9
calo:ie¥°c/cm’. |
4. . o Store accordlng to any one of Clalms 1 to 3,
characterlsed in that the mass of heat-storing materlal
is insulated, from the earth in which it is buried, by -
20 heat-insulating walls; | .
5. Store according to Claim 4, characterised in that
the mase of storing material ie insulated, from the earth
in which it is buried, by walls which are impermeable to
- water and constitute a closed enclosure around the said

25 mass.



4. Store according to any one of Clains 1 to_BT_QhaLQQLELL§EQE%” th

the mass of heat-storing material is insulated, fromthe earth in I ch ift 3(
is buried, by 20 hedt-insulating walls. 5. m’ﬂ"ﬂﬂﬁmﬂ"nﬁnﬂ d ai my,
chaﬂacterlsed in that the mass of storing naterlal nronlthe
eapth in which.it is.buried, by walls which are |npernea bl 't water and

constitute a cl osed enclosure ar ound the_sajd_25 nass. -19- 6.
re according to Claim5 or 6, charactertf3ed in that at | east some of t he

wall's are cgst in. tggoggogggbfémﬁeto 1955 %10%@%' n%ﬁ%}a P%é?ut ed 5 by

characterised in that a eas the S are ea

at least ong,Dafgt git 3bagd BundSSEThhe %1l dh O'i;mm {8 GEbdha Of I ow

heat - conduct|V|t east one ball-asting and/ o protectlon

plate. 8. 7, St or Qtéi‘:&%@b&&d&ﬁ Clt%' @1&1‘?&1@ Q:Iz“ é he‘cﬂ@féé’@éri‘ﬂe@”d/ or
mechani cal protectlon plate i s nade of steel, of concrete or. of

reinforced ganghgteatdleast sSHA' BEAEHAr Hald s %x@ aéa{&ﬂ conSeiEdeeact eri sed
- . in -that -the. plate of |ow heat conductivity is arranged between

two bal | Bst bgga@ntéastneneapanall pbtadeiedo by lassnbllihg a pFiteemadeor di ng
te either one of Cains 8 and 9 15 chacterised in that each panel is
covered, onofital materdad of low heatFzoaductiadey and atckéasiy ehenment
i mperm eable to water. 11. - Store according to any one of Clalns 1lto
10, which ballasting and/or mechanical protection plate.
8. Store according to Claim 7 wherein the.ballasting
and/or mechanical protection plate is made of steel, of
10 concrete or of .reinforced concrete.
9. Store according to Claim 7 or 8, characterised
in that the. plate of low heat conduct1v1ty is arranged
.'between two ballasting and/or mechanical protection plates.
10. Store according to_either one of Claims 8 and 9
- 15 chacterised in that'each panel is covered, on at least -
one of its two lateral faces, by a sealing element imperm-
eable to water. |
11. Store according to ‘any one of Claims 1 to-lp} which

is installed beneath at least one superstructure';'."

20 . . "> and is characterised in that it serves as a

foundatiop or bed for the superstructure.

12. .saore according to Claim 11, characterised in that

it possesses lateral walls which extend up to the vicinity

of the surface of the groﬁnd and which serve as foundations
25 for 4 : building, and in that the 'whole formed by the mass

of heat-storing material and by a substantially horizontal,



i s |nsta | ed-beneath at |east one superstructure 20 and is s

s as a foundation or bed for the

supe ctu according to Claim 11, characterised in that
itﬁo‘os esses MHMMH“E |ch extend up to the vicinity of the surface

of “t-he groun ~¢ as. foundations 25 for a building, and in .

. that the whole formed by the nass of - heat-storing material and by a
- substantiall'y horizontal, .=20- heat Tn%%lailng wal I which |ies above thé-/

| sand nass has, above the bottom stor . a height substa tlaIIy | ess
' than that laﬁa#-fasnstamammﬁi wgaCFhiaeﬁhé oxed ther A M28a hatel | mits,
t oget her mnth th art | at era I1s the ba of the
bui I di ng. eh?’pﬁ‘eégg ? g{}ﬁ E':'Fl'ng beﬂ‘g Sﬁmgr#?%s any

Trvol ves. dwnfgh%l%ﬂeg LReRan oL 5 AR Qig'%gegés’fé’ ettt Ste ot
Lhe St ore f110sbfygeps! T USLEANGRTEich! AR Ubhan e dilod SRl RRELL

wi th one or Tore g nmateritals conp i nder, vvater

whi ch: ghep, &t ﬁ@vﬁaseﬁeEE”B e%ﬁboﬁui hgggth of at Ieast 0. 1 bar and a

speci fic heat per unit volume of water I"'east 0.6 calories /[err],

whi | st insggting ¥ﬁré@§§§'fo§ Eéhbt?ﬁc%&n %She@%3§¥3¥éheé G circuit,
and is characterised in that, during the digging of the hole the Tatter is

COHStan“Wé'éﬁfdonétofeeialﬁﬁrll bl Y2, Wiphlttd culishrdly il ivhit sl sedr sg wat er ¥
or ‘adrilling nud, in that t-he corresponding part of the energy-transfer

ground, which process involves digging in the ground a

’

w

hole of a volume at least equal ‘to that ot the store to
10 be eonstructed and'filling'this hole, at least partially,-
. with one. or more heat-storing materlals comprising binder,
e$c1ay and water: whlch when set have .a compression strength
fof at least 0 1 bar and a speC1flc heat per unit volume of
water of at least 0.6 calorles / °C/cm®, whilst 1nsert1ng
15 thereln a part of at least one energy-transfer circuit,
and is characterlsed in that, during the digging of the
‘hole the latter is constantly '£filled, at least partlally,
with a suitable liqﬁid'sueh as water or a drilling mud, -
in that the corfesponding.paft of the energy-transfer
20 circuit is eubmerged aad immobilised iﬁ the liquid filling
the hole, and in that the;etare added to the said liquid
quantities of a binder and optionallyaother additives
suitable for ensuring the setting of the binder.and, in
this way, causing the liquid tO'rigidify into-a mass of
25 suitable heat-storage capac1ty whlch fllls, at least partially,

the completed hole.



20 circuit is submerged and i nmmbilised in the Liquid filling the hole,

and ip that there are added to the said liquid quantities of a bimder ani
optionally other additives suitable for ensuring tmnmm bi nd rzj
and, (\nthls way, causing the liquid torigidify i m msuita

heai storage capacity which fills, at least partiallyf® the tomp eted hol e.

-31- 14. . Process- according to Claiml8,2tharacterised in that the
binder and an additive which retards the setting of the binder, at |east

Circu tare ahhed f { $R5chfh Fp e BERL b, TN 1%, RIS e

bl ndor and a5, S HERRe P CARECAA RN B b enl B ?ﬁﬁ‘%fd Jfke o

' fcon’pl eted holge ﬂrfnder chéésgcﬁﬂtfﬂnao glétﬂo?x”%fo‘cthg Q’Jd’i‘} bhd Gnstatl:
or constructlng an urder ground heat “storé which i's enclosed in a

heat -i nsul at j PgoRNGE OFhe e&éﬂ%@nxﬁbﬁeeerc karaeli®) 23R ddaddralo RS tanti piﬁg

vertical walls .of concrete are intended tO constitute the |ateral
wal I's of shemuasyéﬁétélgueevréeaeras.s Gasd itd 1£1919rMeNdidle.a met hod known
per se, 15 in that the hole is then dug between the said cast walls, in-
that, beforel$he |igprdcéss| asgotignboke ©akiich flidss charaedierinsad ain ng
and/or seal ed panel is subnerged in-the said |liquid, said panel being

i Mmobi |l i sed tkat the hinhdem ahdt Aayholkhetro addittivies ernehaddebrtmfthdie

cl osed envel ope, 20 and in that, after the liquid has rigidified and the
energy- . liquid which fills the completed hole.

" 16. Process according to any one of Claims 13 to 15,
10 for constructing an'underground heat store which is enclosed
'in a heat—insulatincland/or sealed”envelope, characterised
.J;n that-substantlally vertlcal.walls of concrete which
are. 1ntended to constltute the lateral walls of the- lnsulatlng
envelope are cast in the ground by a method known per se,
.:15- in that the hole 1s then dug between the said cast walls,
in that, before the llquld f1111ng the hole solldlfles,
a heat-lnsulatlng and/or sealed panel is. submerged in the
said llquld, said panel belng 1mmoblllsed near the bottom
of the hole to constitute the floor of the closed envelope,
20 and in that, after the llquld has rigidified and the energy-
- transfer circuit.has been installed, the envelope is completed
by an upper heat-insulating and/or sealed panel.
17. Process according to any one of Claims 13 to 15,
for constructing an underground heat store which is enclosed
25 in a heat-insultaing and/or sealed envelope characterised

in that panels which are heat-~insulating and/or impermeable



ster circuit has been installed, the envel ope i s conpleted by an upper
f nsul ating and/ or seal ed panel. 17. , Process .according to any one

ai s 13||||lul[ml|mmumnIHructl ng an underground heat store which is
osed 25 ing and/or seal ed envel ope characterised in
tﬁat panel s whi ch dre“heét-lnsulatlng and/ or i nperneabl e to water are

subnerged in the liquid filling the compR& ed hol e, before the said I|qU|d_7g f
-solidifies,.and are i mobilised near the bottomand the lateral walls of \J '

‘the hole, tbow%%r %faéeIL ‘ét\ﬁwmét%gﬂ NG{ eUd h1 f&‘%?ﬁ?&'ﬁ UEHéchﬁB%téHe

cl osed 5 enclosure. . Urder gr ound h store according to Caim1l

wherein th%ieﬁtBEQJEESﬁhéNEEEJ'Ii&ﬁ%ﬂ é&ild&&ie§9|&ﬁa Hféaiﬂﬁobhﬂﬂsgds
-calories/[err]. 19. Under ground” heat store substantially as hereinbefore

10 descri hedriithle bfteicanemd cHdardwali el 19fof | ghecholeando2con-t he
» enbodi nent of Figure 3. 20. . Process of constructing an underground heat

store substdtiuital,| togethercivit are desbogdes wppdrrpanednehet 61bbed
enbodi ment of Figures 1 and 2 or the enbodinent 15 of Figure 3. The text
of the5spenicliosariean has been reproduced by photocopying the applicants _
original typescript. It may contain a few anendnents which are difficult ;
to read. 1Bhe ori nderarguest tiqat aknre mecording taefiadnt i whprgdn
i nspected on-the prem ses. of the Patent & fice '
the- store has a specific heat per unlt volume greater than .
0.8 calorles/qc/cm .
19, Undergreund-heat store:substantially as hereinbefore
10 _described with reference to the embodiment of Figures 1
and 2 or the embodiment of Figure 3. .
JZD; o Process.of constructing an‘undergréund heat store
substantlally as herelnbefore descrlbed with reference
t6 the embodlment of Figures ‘1 and 2 or the embodlment
15 of Flgure 3, |
: The tl:t of the upeeiﬁcatiun has been :cp:oduood 'by puotocop::l.ag " the apolicants o::i.y.m.l

typescript. 1t pay otntain a few anedments which are difficult to read. The oxiginal
typescript comteining these amendments may be mmtod on the premises of the ?sttnt Office



