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POSSIBILITIES OF NUCLEAR POWERED
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Abstract—Nuclesr poweted industrl and agro-indistnal omplesss are rew soseepts thal can make major
cantributiens oo industrial. agricularural aad peoeral economic advancetient i lmn, The produciion of
Poevet, WaLGT and stenm From A large nuckar power plonl s provaie cheasp supplies for nimeness
Indusiries such as peloelestocal mdusiries fincluding oil celinenies), chemical fetilloers, saustic sodn ang
chiorine productoos us well 25 the aliminiom wed steel indusrriss. The stale-efart in the field s reewed
ad The pusscdlities of crearing agro-sdesirial complenas in linn are dscussed. The coaditlons of lmum ars
reviewed. Frergy and waler roguirements are explained. The most econamizal methods of waisr desaling-
linn are reviewed, Candilivns under which desalted water muv be nsed for agrindure nre svpbined. The
mps of nucler power plands oalercad Juc Iran are precenied, Some of the environmests] eilects e
hscussed. Previons erndiés ca he suhject are ales mentoaed. Problems of impkmentation of such a
program are briefy presented. A Feasibilicy study of the sahjecr for Irsn is fecommendad.

L INTREODMUICTION

Nuclear powered industrial aod agro-industrial complexes are new concepls Lhat can
muke major contributions to the indusirial, werienltural and general economic sdvancement of
Iran. This kind of complex, as indicuted in Fig. 1, might consist of a large nuclear power plant
producing electricity, streum and desalted water (electricity, stream and water are [undumental to
many industres). The production of these commodities ul o low cost crestes woind prospecrs of
establishing industries thul make intensive use of such commodities and thos reduces their
manufacturing cosls,

While the high-temperature steam is used for production of electricily. the exhanst steam
from the turbine may be used a3 the heat source for the production of fresh water. The steam
may also be vsed in process industries such as petrochemical industries. Therefore. the
production of power, water and steam Irom a large nuclear power plant can serve o host of
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Fig. I The concepls of the agro-induserial comples,
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indusiries such as petrochemicul, including ol refineries, chemical fertilizers, caustic soda and
chlonnoe, aluminium, magnesiom and steel plants, Figures 2. 3 and 4 schematically show some
of these processes, The low cost enerry produced can be used in processes such us sater
electrolysis for the production of hydrogen required for ammoniu, the electrothermic reducton
of tock phosphate for phosphorons production aod process stcam for heating and cooling
buildings.

Steam can be used to reform a light bydrocarbon such us nalural gas to produce reducing
gas composed of carboo monoxide and hydrogen (Figs. 5 and &). The reaction is:

CHinatural gus)+ H-O(steamp + heat = 0O + 3H,.

This reaction takes plice al high lemperalore [=760°C). wtlizing the heat from a high-
lemperalure ms-conled reactor (HTGR). The hot carbon monoxide-hydrogen mixlure produced
by the reforming reaction will reduce iron oxide (o sponge iron. The direct-reduced spange iron
can then be refined Lo steel in an electnic furnace. for which the power would be produced from
a portion of heat from HTGR. Therefore, the hyvdeocarbon is used onoly as the reducing agent
and not for combustion (o provide heat for the process; hence. it 18 conserved,

Another method is based on the production of hydrogen through the dissociation of water
into hydrogen and oxygen. This cao be done either through electrolysis of water or through
series of reactions requiring heat As seen in Fig. 5, hydrogen from the electrolvsis unit picks up
enough heat (50°C) For the direct reduction of iron ore. The iron 15 then refined o steel in an
electric furnace,

In an agro-industrial complex, consideration should be given to the production of ferilizer
since the presenl und future food needs make intensive agricolture a necessity, From brioe one
can produce hasic chemicals such as canstic soda, chlorine and sods ash. Other energy-
intensive industries such as steel. aluminium and mapnesiom plants may also be considered for
the complex. The chlomine can be used in plastic manufacturing since the most common plastics
are chborinated polymerization products of acetylene and polvethylene. The chlotine may also
be used in adjacent petrochemical industrics. Caustic soda, chlorine and hydrogen are co-
preducts obtained by the electrolvtic decomposition of brine. They are valuable hase chemicals
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Fig. 2. Manutactize of lerldecens:
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Fiz 3. Manufncture of i wods and manine chemigals,

and are used in the manufacture of a wide range of secondary chemical products. Aluminium is
a power intensive industry and o large part of iy production cost is the cnst of the power it
conaumes. Low cost power is required to make aluminium production competitive. Therefare,
i alimioium plant may be a suitable pare of an agro-industrial complex.

The desalting ol sea or brackish water offers a promising meuns of partly meeting [uture
(resh wuler needs, The cosl of desalted water is ut leust several times the cost of normal .
irngation water. For this reason it seems very unfikely that in the near furure the cost of
desalted waler will become low enough to permit ifs use in irmigation, based on the present
irrigation techoology. But using advanced irrigation methods such us subsoil irrigion tech-
migue, the use of desalinated water for agricultture could be made economical. However, we
musi realize that shortage of water is due to rapid economic and population growth, In muny
phaces, one cannot put a price on water and it may be considered priceless,

LIRan

Irun is a mountaineus country that extends between 25 and 4 north latitude and s,
therefore, entirely in the temperate belt of the northern hemisphere. Seen geographicully. it
p¢cUpies Lhe major portion of the Iranian platean,

fran has o totul wrew of 163 million square kilometres, abowt 10000 km® of which have been
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Fig. 5. HTGR-hydrocarbon refarsdsg for direct reduriion.

irrigated and cultivated. The country cun roughly be divided inlo three preas: 1i3 consists of
mountans, 13 of deserts and 13 of forest and woudlands, The Caspian fittoral with jt. forests
and heavy rainfall confrusts sharply with the burren, silty strefches of desert, while the snow
covered mountaing muke & contrast to the palm groves on the Persian Gulf.

The soarthern enastal plains of lean, that widen considerahly in K huzistan st the head of the
Persian Goif, are ot with higch relarive humidiy throughout the vear. Muximum temperilure in

per cent humidity and an air temperature of W°C are common observations along the Oman
coast. In these southern coaslal plaing. the minimum lemperature nevel falls below freezing.
Summers are long und hot and winters are mild und short. Although atmospheric humidity i
high, the amount of anoual precipitation is very low and, ag a result, most of the coastal belt is
basically us anid js the dry interior,

Irsin, with o present population of 32 millien. has 3 growth rale of 3.2% (attempts are being
Meade to reduce this ta 2,75, Shortuge of waler in cities, expecially on the southern coasts]
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Fig. & Combinance of hydeogen [rom water elecimlyss ond HTGR for direc) educhic

area, 15 the biggest problem. For example, it is believed thar water will huve to be rationed in
Tehrun when s present population of nearly 4 million ceaches the 5.5 million level,

The annal precipitution [or the country as a whole averages from M0 1o 350 mm. The range
wuries From less thin 1 mm in desert to more than 200 nun in the southwestern corner of e
Caspian Sea. On average, some S0 cubike kilometres of water are obtained from annusl
precipitation, Of this, 60% evaporates and 19% sioks inlo the ground, leaving only 25% or
125 km' 1o flow on the surface,

3 WATER DEMANDS

Throe quanters of the human body is made up of water indicating the imporiance of water in
ourf life. Lurge amounts of water are needed by agrculiure and industry. Depending on the
climate, ahoue 30-3000 m' of water is normally required per fon of dry mutter produced,
exchuding the various water losses involved in irrigation. For example, for wheat a skilled
farmer muy obtain a yield of 3.5 t/ha needing 5700 m°* of water, thus producing an efficiency of
water nse of 6Mhgm' of water; it takes 30 m’' of water to produce | kg of becf and 760 m to
wrow 11 of alfalfa: it takes 900 m’ of water to make 11 of acetate, 2500 m* o make 11 of
synthetic fuel from coul: Even simple houschold vses require more wuler than most people
reulice.

4 WATER DESALINATION

Fresh water represents only 2% of the total water reserves in the world aod about 75% of
that is immobilized as ice, while most of the remaining 25% is in lakes. rivers and undergronnd
reservoits. The dissolved solids affect the taste and usefulness of water. According to thier salt
content natirl walen are classified as (1) gond potable water with no mare than 300 ppm tatal
digsolved solid {td.s.), (2) slightly salty water with up to 160 ppm Ld.s, acceplable us potable.
(31 salty water with LOOD-280 ppm Ld.s. which is still used in some arid areas for drinking and
household purpeses, (4) brackish water with J000-10000 ppm t.d.s., {5) salt waler with over
1L ppm 1.d.s, wnd (6) sea water with salinity of about 35,000 ppm L.d.s

Cver the next 20 or 3 years il seem likely that the desalting of sea water will prove one of
the mast important factors io the economic development of the world as v whale, Distillation,
s etk 0f Lhe most commaon methods of desalioation. is defined as a process in which a portion
of water ig first evaporated und subsequently condensed,

The most commen systems of distillution proposed and used industrially are the mulii-stage
flash (M5F} and the vertical tube evaporation system (VTEL A hrief description of each of the
mentioned syslems are miven helow,

In multi-stape fHash distillation, the heated Brine is introdoced in open channel Qow into 4
chamber under reduced pressure. Some of the water vaporizes (flashes) immediately and is
condensted on tubes cooled by sea waler [eed flowing toward the steam-heated heat input















