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district he,-mng in Teeland is a direct risult of s:vmge temperature of 12;0*’(: the. usetul ‘heat
abundance " of natural heat resources, if seems  above 40°C being approximately. J00MW. - '
bmcﬂ to begin this-paper with a short gccount - Utilization of hot spring water: was for.: cnnumes
3 the general aspocts of thmlal actmty in the limited to*washing .and bathing byt in the_early
miy o ninetcen-twenties -use:: was'-being -made- -of it -for
_ space teating: Farmhouscs . situated close - to.- ot
rocks; the oldast exposcd ‘being: basaltic lavp f © springs were heated by. primitive methods,,. onunty'
t;mary ag!e, ﬂlmm_mﬁnﬁd 1o the whst schoolhouses and .swimiming. pools: were- built in hot
orth ‘west; mﬂ I spring:.arcas: and by 1930 greemhouses  heated. in
~ this ‘manser were: bcmg bmlt ta m vmous kmds
| Of Wge«t.blﬂsi HATL S
Apart- from numerous. smgle farms and gmups at
hasalucmﬁ’s.breccmsnndlavaﬂows. farms - hmwmmmrﬂﬁwﬂ the
2 nurth ;east o squth .west: oriented belt ‘of active eountry; seven district heating systems in towns-and
. thiation villages with a total popylation of 90000 have now
been built, all in the 3 .to A0MW range except that
of-Reykjavik which has. a-heating load of - 250MW.
ecog-  Ia - addition- 120:000m2 of gresnhwses -are Dow
low .~ heated by similar- means, -
Thctnmlhcmngloadmﬁbyhotspmgwalzrm
nearly 300MW and the total energy used. annually
is- approximately 54 million GJ (5400TJ) which
répresents some 20 per-cent. of the nation’s total

wmelg spread about thet oountty'and a'xe' charac- . - .
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.. het spﬂnss in the easfem_part -of _the v
" -were drilled to. a maximuni: depth 4bam
. these yielded 14 Hire/s of water at-87°C repr
© an energy. suliply rate Gf 2:5MW. In 1
distribution - system . was™ “built
‘together with & swimming hall,-
ming pool and- a schoallmuse

nghtsmahotsmﬁgareaatkeyhr‘- Skm.
~-of the city, and ‘between 1939 and-1943 a distribe-
. ton system was built, with'a pumphouse at Reykir,
© a pipeline to the city, and storage- tanks- -of - 3000m?

~ capacity. This system was put into operation of
1 December; 1943; andservedzmﬂhouseshwmg
- .-a'totel heating load of 46MW..

" Ta. 1947 drilling -was started at- Reyk}ahlad, I5km
-east of Reykir and this area was developed in 1949-
" 1950, extensions of the distribution ‘system follow- .

1&,.,,1

" ing. In all, 72 boreholes were drilled in these two developme
areas, the maximum depth being 770m and the total - dri

- yield 330 litre/s of water at 86°C. :

. By employing various ‘methods of axplm'atlon such_

. as systematic measurememts ‘and mapping of the
temperature gradicnt in borcholes, gravity and mag-
netic field measurements ‘and . investigation of the - -

* electrical resistance: of rock formations, hitherto: -
unknown thermal fields were found inside the city,

_ andleSSa]argedriIhﬂgﬁgwaspmchasedm
- co-operation with state authorities and. very -good

~ results were. obtained by drilling in thue fields.
Since 1958 these fields have yielded 470 'litre/s of
water at 119°C: average, represenhng Jan""encrgy:-..-: :

- supply rate of L60MW, -

" These very good. resulfs - led to a mo]unon '_-'bemg' o
_passedmﬂaaCztyCouncdandamualplan was

- made in 1961 for all development areas to be sup-

~ plied with district heating. This work is 06w com- .
'plelaeandthenumberofhnuseswnnectedls%w_ .
the number of inhabitants serviced ‘being 75600 or - |
93 per cent of the city’s population.-The present..

heating load is 250MW, this having built. up as
" shown in Fig. 2. Storageé capacity has been in-
creased to. 26 000m3 and-a 35MW peak load boiler

plant has been, built, the teason for this being that
the size of the system can then be based on the
maximum average 24 hour load rather than the -

V04

amilable energy by
;&"-.‘rﬁl'ﬂ-

A5 sta_tqi preuom y.

560m840ime{sot

DeveIOpment of the

of the bﬁmps, controlled.by a ‘level co
collecting cistern:. . :

~ Where the tﬂmwra;ure of the watef axcwds' 109“(3

(as in the ngk;awk area) & certain mihimum pres-
sure must be maintained to avoid ebullition in the
system and this is produoad by _deep well pumps
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Design factors -

. The maximum loadofthesyswm:sbasndonan
- outside. temperature of —10°C, and an | inside fem-
-_perature 'of +20°C. For.a total. bt ‘yolume
- of 113 million m3, themmmlotdofm
,_.,repmnts 22-5W/m3. The load density of  the
pEnps are systemxsrathcrlowasmaﬂy of the uaqsmthe
a8 speed. c1<ty are single family houses in rather large grounds,
pumpmg . the average being 19-6MW/km?,

3 ILOOkW
'__mstal;led
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'.I‘he anpual mean external temperatun; _Reyll]muk
“is.45°C, that of July being 112°C and of January

. =04°C.. Thc difference between the mean_ tempera-
- ture of the warmest and coldest momhs bcmg thus

. .only appmxlmately 12°C, as s hown in Fig. 4 . the
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load distribution throughout the year is therefore

relatively even, the January load being only 23

times that of July, as shown in Fig. 5. These figures

reflect the island climate of the south western
coastal area of Iceland and: the influence of the

Gulf Stream towards balancing of the temperature.

However, due to the low summer temperatures f;he _

hedting season lasts. throughout the year!
Although the weather in Reykijavik is very unstable,

very low’ tempemtum do notlastlongat any one -

time; days with' tcmperatures below -5°C are on

the average fewer than 10 in any one ‘year. Thus,

as the district heating system obtains its energy .in

the form of hot water from the ground, storage .

mnk&oanbeusﬁdtocarrynmmmoi

cold: weather Iastmg for a few days only. These
tanks are also’ used to supply peak demand durmg___
daytime, which is 15-30 per cent over the mean 24

hdar load. Due to these circumstances, the mlmber

of equivalent hours at full load (the load factor) ‘is.
very high for this system 85 compared. with- equiva:

lent data for Europe or North America, the: average

figure being about 5000 hours per annum, or 57 per
cent. The capacity of the peak-load oil-fired. boiler
plant is approximately 15 per cent of the total
. load factor for the geo-

system capacity dnd
thermal heat supply. afone therefors becomes 5800
hours/annum or approximately 66 per cent.

Fig 6.

Distnct pu ing plants

The city is divided into a number of dlstrlcts. cach
served by its own district pumping plant, as illus-
trated in Fig. 6. In the oldest part of the system,
completed in 1943, the distribution system follows
the single pipe principle. It is fed directly from the
storage tanks situated on a khill which was then

" higher than any built area in ‘the city: it does, how-.

ever, have booster pumps to take care of higher

loads.thcpumpsaddmga‘pressureofappxmn-
mately 2 bar (2 x 10°N/m?). The pumping spead is
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point in, \the,; &s&a'buﬁﬂn miﬂn

In order to utitize water at 120°C énd lnsh -.-whﬂst-"
maiataining the suppl;t to fthe housés at af suitable

temperature: - for'‘domestic: use: (802C),: -ob

single:- and 4wo.:pipe - systems: Kavevbe:n ilemgncd.
such-that: the. high' temperature water is:miked with:.
the ' twopipe section amirl at ‘the.

retumwatet from-

FHVE T AUGUST 1971 [ VOLUME. 39

et

same tlmc supplymg the system thtough the singlc
pipe section.

The piping arrangement in the pumping statlons
serving these combined districts ig such that only
theretumwatbrlspumped,theh:ghtcmperam
water being led: into -the supply: main: on:the pres-
sure -side - of the. pumps:: Fig. 7 _illustratés this

'ammgmnent ‘The temperature of . the: supply: water

is: regulated by an gir- opetamd regulating . valve in’
the. high - temperature. pipe.: controlled: by. the ' tem-
perature.controller. (T) in the supply. pips. Pressure
in-the system, - both. in- the supply .and return. pipes,
is regulated: by: valves. controlled by: pressure regu~
latom «(P). -at' suitable. points: in:the:systém. Each
dl.stnct pumping station is: equipped with twg:pump
unus,oneofwhichxs smdforlﬁﬂpeumtcapaz
city-and- the other for 70 pér.cent- capacity.

All- pumping - stations, apm&omthoaeatbore-
holes, -are. fully-automatic: they therefore do not
require constant waiching. but.are-looked -after by
engineers visiting each station. several-times a. day.
During the wmter seaso:k aﬁﬂl24 }mur watch ig
maintained. .- i

An:electiohic synte.m pmrdes f@n remote sup:r-_
vision: .of “all -the -pumping  plants -and: borehole
pumps: from -a-central ‘control room;: and a number-
of -functions ' can.be controlled there-also,: such: as'
starting and- s!opping the pumps. - Automatic -data.

oy
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logging is included for all stationts, recording tem-
peratures, pressures and the amount of water
pumped by each station, etc. The total number of
district distribution -stations is nine w:th a gross
-pumping power of 2000kw. : .

Distribution network '

The piping wused in the syswm is longltudmally
welded black steel to DIN 2440 up to 150mm and
to DIN 2458 for larger sizes. Street mains larger
than 75mm, and supply and collecting mains, are
laid in buried concrete channels and insulated either
with rockwool or urethane foam cylindrical: shells.
~The channels are placed on a bed. of pebbles  in

which a drain of unjointed concrete sewer pipes is

buried, the minimum fall of channels being kept at
5:1000. At street. Junctlons, the channels meet in
congrete. chambm . containing valves, _anchors,
_expansion joints, etc. These.chambers are. venti-
lated, and-either drmned from the bottom or. 1f that
is not possible, fxpmapumpmt. S

Smaller street mains and house connectlons from
‘street mains are insulated with polyurethane foam
insulation protected by a water jacket of high

density polyethylene. These pipes are prefabricated

in lengths of 6m, the jackets being joined by slecves
of pve, sealed at both ends. by rubber rings, heat
shrunk for further tightness and foamed in situ.
The total pipeline lengths included in the system
are as follows:

 Collecting mains  17-0km_ = .
~ Supply mains " 32:0km
_Street mains .. 129:0km ..

~ House connecﬁbn 131~0km._,.___.;': o

Consumer connecttom
Central - he&tmg ‘has: hem A genatal rule for all

housing ‘in the city for the past 40-50:years; the
vast majority -having: radiator- heatmg systens, and

in:: consequence direct connection: is -nearly-always .
employed as shownin- FlgL 8. Donjestic.. ot water -
is- also . supplied directly. and -water meters are.

therefore included inthe.supply pipe.

Inferential water meters are: used;: wnh ‘a mngm:c:._f
coupling: between. the: water-wheel and:the register -

meohanism, The: district “heating - system ‘provides
water to'each consumer at a certain’minimum pres-
sure in a stngle -pipe-system ot, in-a -double pipé

system, maintains a - certain minimum  pressure

difference to: keep-the: return’ main “pressure 'within:
reasonable: limits to - supply “sufficient ‘back - pt!essure
without -overloading: :the house - systoms. - 5 "

A- minimum of automatic control aquipment.- Lig
mandatory: to ensure proper:utilization of the water,
and: supply is limited, .according=to the heat: re-
quirements .of' each: .consumer,: by sealed: maximum:

regulators. Generally the- control- équipment consists

of :a: solenoid- valve ‘connected: toa: room: thermo-

108

of it as a. single pipe system 5

- stat-and-a high limit -temperature switch mounted

in the return pipe fro_m the ‘radiators, in series. In
the last few years individual thermostatic valves in
the return pipe fmom each rad:ator have become

popular

. COS1’S o
- Capital costs

The capital cost of the dlstm:t heatmg sysm is

- usually divided- into two main parts and these then

ttemized as follows:

i A ‘Heat production: -

- (1) Drilling' :

- {2) Borehole ' development
-(3) Collecting mains..

'(4) Main pumping statmns .
:(5) Supply maing-----

B, Distribution system ) :
“(1) Distribution: pumpm,g statms
“(2) Street: maing ' eI
(3) Service lmnchw o
@ Consumer cnnnections

'I’hecostofthevamusﬁems:sve.tymmblem
- the first group it varies with the capacity of the

thermial areas, the numbef .and distribution. of the
boreholes in the area apd its distance from the

~distribution stations. In the second group, the cost

varies with the size of the distribution systems, the
load density; The type of ground in.the district and
g0 OII

Where the borehole water is plped directly into the
distribution: system it is pOssﬂila ‘to build a:part
“that return .water

is: mpad into the sewer after vmg given wp its

- hgat. to the: iconsumer’s- md?thm’*%s “makés: the
_dutnbutlom network.chedper since the cast'.of a
. simgle .pipe’ nctwork mon]y about 70 per: eenf

that of a ‘.. _

The total replaccmmt value of ' g I}
syster’ today would“‘amunt o > apﬁmmmstely
£9 mﬂhon wnhout allowl “for ‘depre¢ial

Opmtmnal cests B
The:.cofts of?operation foesthe year.: .
follows - (ar an exchange* mte et 210x kranur{£ ster.

ling):: Lot

FHVE [T AUGUST 19711 -VOL'UHEE’ ®




£ 5
Revenue: .
Hot water sales and meter_
rent charges 1530000
Expenditure: s
Pumping plants 129000
Peak power plants network 32000
Maintenance of distribution o .
~ metwork 169000 :
Office costs, blllmg, collect- :
ing 67000 |
Research, social expendl- -
ture, etc. 18000 - .
Deprec_:xatmn 410000

Interest on loans .

139000 .. -

a.\_remgeof? muentoftheyeaﬂy
Toking into’- d ic’hot: water} supptied
directly from ‘the system’s - supply pipes, the tmit'
heatpme:sﬁpfﬁl %ﬁm1theatp:n

PfGJ
Future oef the syst ,,r"
The city- o{ Reyk;amk ‘has n,awumher than
81 500 - inhabitents and, as has-been s pre-

wously 93prmta£_mhouseée.re

maulivetylnﬂe usedfarin:lustrml' rposks. princi-
pally because the supply temperature- of thé dlstl'lbn-
tion: system (80°C)-is not high:enough: .4

It is believed,: hawever, that the available- Qotheemal

enersymthemtyia»nowmoreorbss utitized
and the recently found:resources at Reyldr, if they

turn. out as expected, will satisfy the i :
by: the growth -of the:city for the next
years - allowing . for. expansion -of the ‘s
neighbouring emmnumues havmg aj
30 000-inhabitants. -

t .
At a distance of 30km trom*ihe cﬂy. however therc

is a ‘thermal area where temperatures jof above
260°C - have ; been - encoutitered. This heit .can ‘be
umspoﬂedmthemtyhthefomoiwmgatatem-
perature of 150°C which is- sufficientlyt high for
most industrial uses, such as-in the fish iend other
food -industries. In addition more of the jreenhouse
mdustry could be bmught to the clty, wluch is ns
main: market. . - ...

When -developing high - hemperature Lhemal areas
it is -feasible to utilize part of the heat-available

FEHVE [] AUGUST 1971 (] YOLUME 39
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for the production of electricity by the use of steam
turbines, That energy could among other things be
used for pumping water from the field to the city.

DISTRICT HEATING IN HUSAVIK

Husavik, a town of 2000 people on the northern
coast of Iceland, built a district heating system last
year which is typical of the small town dlstnct
heating development in this country today
thermal area: with almost ﬁollmg water is smtated
19km outside the town and studies had beeni made
for district Yeating from time to time during the
past 40 years, but they always showed the project to
be uneconomical, due to the long supply pipeline
needed to bring the hot water into the town. This
problem was solved in 1969 in a very s:mple manner.
Since the hot water at the spririgs is at nearly 100°C
and 75 to 80°C is a sufficient temperature 1o heat
the houses, ‘the p1pelme dl"d_ 10t require very much
insulation. Furfher, the - e in leve]l between
the town and the springs was enough to eliminate
the need for pumps if a reasonablé size of pipe
were used. Thus, & 250mni diameter ‘asbestos
cerhent pipe ‘was laid, ‘connected by sﬁghtly flexible
couplings” (Reka). 'I'hecmlal expansion is almost
negligible, what litile there 'is ‘being taken up in the
couplings thus elimmatmg the need for cxpanslon
oompensamm t

- The thain‘supply pipe was laid on the surface and

an abandoned road was used asabedforn&rly
half the distance. A trench was dug on one side of
the pipeline to dram the srte and the spoﬂ was used
to cover the pipe. -

The tenIperaturc dmp, at the ‘present load of 33
litrefs, is 17°C and the maximum load which can
be carried by the pipe without pumping is 47 Titre/s
which will' most’likely be sufficient for another 10
to' 15 years. This represents some 11MW and an
annual ‘heat use of 0213 million GJ (213TD). The_
cost of the’ progect Was £300000 of which halt was
for the plpelme '

The distrib systemmthetown!smthesmgle
pipe plmmp e, the main line through the town
being faid in' 2 buried concrete channel, bram:h
pipes being of the urethane and polyethylene insu-
lated type. Hot water is sold through sealed regu-
lators at g fixed price per ainum, no watér meters
bcmgused.'l'hetotalmoomeisestimatedat
£38000/annum which gives the users a saving of
20 per cent for heat service as compared with fuel

References '

1. Arnorsson, S Idmson ¥, aud Tonmsson, J., G‘eueral
aspects of rherma’l acziwty in Iceland.

2. Kristinsson, G. H., and: 1., The Reykjavik Dmrfc:
Heating System, DHA lst ntematonal District I-Ieatmg
Convention 1970,
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In answer to the numerous quesuons abouthis papar
Mr. Krktmmn ‘made the following points,

The: asbestos. pipe referred to in the latier part of.
the paper had no insulation other -than the. earth

covei. No anchoring was pmvaded the weight of the
earth cover alone holding the .pipe in place. The
only expansion precauuon lakm was the. avoidance
of small-radins bends (all expansmn was wken up
by the couplings). The pipe in this system was laid

on the ground partly for snnphclty. partly to.save.

on insulation, partly because of the high water table in
the ares, and partly because
trench automatically provided a degree of insulation,
The scheme was embarked upon on the decision of
the local authority, who then required househol,ders
within their area to-be connected to it as a ‘public
service. On smaller schemes of this kind capxtal was
borrowed from banks and Jocal funds; for larger

schemes it was necessary to float an intemnnonal _

loan. For the smaller schemes the loan Tepayment
period would be five to 10 years, wheréas 20 years
would be commoner for large scale extensions to
such a scheme as that in Reykjavik. Connection
charges helped towards speedy repayment. In the
scheme at Husavik these. charges amounted to 15
per cent of the project cost. Deslgnofthescheme
- took about a year and installation about six months.
The pumping plants throughout the city controlled
the tempcraunobymxingaptopmofthcmtnm
water with the supply water. Used heating water was
run to the drains, the temperature drop on the system
being approx:mately 35°C. A high limit control on
the return pipe from each consumer prevented the
wastage of water at a useful temperature. Most of
the larger buildings in Reykjavik were also connec-
ted to the scheme, except a few recent buildings
such as the Sage hotel which were beyond the limits
of the scheme at the time of building.

The heating service itself did not check- the systems
used by customers. A degree of control was exercised
by the local authority whose prime concern was that
the heat should be used efficiently. One speaker
noticed that the low insulation density of 223 W/m?

110

spmlfromthedmﬁ:age'

‘quite feasible.::

wassimﬂummatmﬂmatBnmbmmem
perature difference between flow and reéturn was
much less in Iceland. Mr. Kristinsson said that there
was ‘a3 manda;tury minimum insulation standard
which was canfly more rigorous: than ;that
obtaining -in Britain . and .this: .would..explain the
difference. Qne speaker wondered whether there-was
not a case in Icelapdic circumstances-for providing
heat at a fixed. rate, thus: dispensing. with the use of
meters, Mr. Kristinsson, agreed, and:said-this-was the
coming - tendeney, - but' the - “existing’ scheme was
equipped with. lGOOﬂmetcﬁs whichzmuld,iot mily
be jettisomed. . o o .

eomparah\rely inert—~and thm ‘were: tm pmnm
mtheromonduetoparuclumﬂ:ewater External
corrosion needed to: be prevented, but/the principal
mineral- content -of the water was caMum m'lmte
which was harmless. .. i

It was: wondered. whether n.xr.m.:-mdmbrs ‘was' 8
pmblem, but Mr. Knsbnsson.thought ‘this -was- only
so in an ﬂl-deslgnnd systeﬁr Steel radmxm's were

The authority’s eontrwt did not. haw -a penalty
clause to allow. for the supply breaking down, but
they had once or twice been forced to pay damages.
Durmg the excessively cold: winter of 196768 there
was-insufficient hot water for' a-couple of -days, the
pressure was insufficient to maintain ‘supply to the
Iugher btuldmgs and in one or two cases the systnms
Supply plpes in Reyk]a-nk were cnrmﬂy insulated
wiih polyurethane, waterproofed with polythene, but
in the very early days of the scheme peat had been
used. Its insulation properties. were quite reasonshle
but it was not durable; it had heglm to disintesmte
and was being replaced.

One speaker wondered whethcr any assmmant had
been made of how long: the:geothermal- hot -water
would last. No survey had -been made, but Mr.
Kristinsson was confident that a source.of supply
that. had been :in existence: throughout: recorded
history was likely to prove reliable. Another speaker,

JIHVE 1] AUGUST 157). [J VOLUME 3



recalling the mexhaustlble escape “of lteam “at

Krysuvik, wondered how much power was available
there. Mr. Kristinsson - i
was available at a rate of between 2- S-S'Gkg]s

Asked about pipe sizing for. domesttc hot m;ter Mr..
Kristins$on said that they had a ‘a. vei'y simple

solution: the piping was sized for the heating load

only. Expenence had_ demonstrated that :about 13

per cent of the water was used for domesncﬁmt water

purposes as an annual average.
The heating. authority’s’ 1unsdtcuon_- endgy

at “the

water meter. The system’ was owned’ byl the city-"-____
sHfor heat- -

authority who had minimum requiremen 5

ing installations connected.to the system. l’roposed
installations -were~checked by -a- quali
in the City. Engmeers department. The

pht. thatsteam fat 130°C -

- -house required very
. "was obliged to eunnect, and did not pass on the addi-

Summer Conference 1971

earths surface if one bored sufficiently decp. The
_highly porous volcanic rocks underlymg Iceland
“allowed, they thought, heated water to rise to the
surface rapldly

Another speaker referred to the very high level of
owner-occupied premises in Iceland and wondered,
since connection to the district heating network was

*obligatory, what provision was made for those
* who could not afford the conmection charge. Mr.

“Kristinsson thought that anyone urable to afford
this charge would be unlikely to own his house, but
the installation charge could be paid over five years
if the consumer wished it. The connection charge

- was-based on-the size -ef--the--house‘-only-;—not on the

length of the connecting pipe. If the. position .of the
long connections the authority

tional cost to the individual consumer. The rate

Gha.rged for -heat was common, and no. spectal
'rates. were: negotiated for industrial or commercial

premises.

as- dtamayed by the thought of large

3 qunnﬁﬁes of ‘warm water being discharged into the’

drains. Why could not this energy be conserved?
- Mz. Kristinsson replied that.some of it was used for
greenhnusm garages, etc., but it was difficolt to
«‘know “whatcould be dnne w:th this relatrvely low
temperature water.

Another speaker wondered what provision was made

e -~ for peak demands. Mr. Kristingson said that an oil-

5-they “exploit 'gedthenua’l ‘fesourcés
_ would be_ o‘bhged to Iiuy th‘ f

which_lmxght be ‘a’ fbrethste of ‘things ‘tot ;
speaker wondéred whether the Govérnmen had con-
sidered the possibilities of thermal elect c"power
Mr. Kristiisson replied that less’than 5°pbr cent of
hydro-eiectm power was 30 far ‘exploited! and geo-
therrnal stéam ‘was' hardly -used ‘at-all. - Efploitation
decisions ‘in ‘the fiiture ‘might ‘well be ba*ﬂ on ‘en-
vironmental and’ ecological:considerationst - .-
One speaker having raised the very basic ;n'obiem of
why -the water was "hot in the “first place, Mr.
Kristinsson ~said that two :theories had fbeen’.ad-
vanced. ’I'he first suggested that in therma¥ areas-the
carth’s” orust- was comparatively thin, al mass of
molten lava near the surface -acting ‘as: @ heating
sourcé” to the ground - water. -Another &chool of
thought -observed: that high :temperatures? were- en-
countered at sufficient” depths at all pointts on the
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fired boiler which stepped up the témperature of the
‘water from Reykir to 110°C was used for this pur-
pose. Provision had also ‘been made for connection to
a’ peak electric plant t6 add to the system’s capacity
but in fact the peaks ooincided and this had never
been used.
The pipe from Reyhr ‘was duphcated s0 that ‘one
pipe could act as a standby in' case of the failure of
the other. Tt had ‘to be remembered that houses in
the city were totally dependent on the district heat-
ing. The temperature at the pumping station was
controlled to 80°C+1°. Transmission losses of up
1o 6 or 7°C occurred, but there were no measurés
taken to guarantee a spec:ﬂed temperature at the
customer’s premises.
‘A speaker wondered whether pmblems had - been
found with mixing taps since the pressures from the
hot and cold water systems were presumably un-
equal, Mr. Kristinsson confirmed this; the hot water
was supplied at 5 to 7 bar and cold at 2 to 4 bar,
which necessitated ‘the use of pressure regulators.
"There ‘had been occasional cases of hot water being
fed back into the cold mains where these regulators
had not been fitted. -~
A vote of -thanks was proposed by the nnmedtate
Past President, Mr. N. S. Bllllngton. and was paSsed
with ‘acclamation.
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