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Abstract A small size plant for 8ea胛ater desalination u8．mgⅡuclear heatmg reactor

∞upled with MED process Was developed by七he Institllte of Nuclear Ene。gy nch—

nologyl T8inghua UⅡiversity，China This seawater desaJmation plarlt was designed to

supply potable water demand to 80me coastal location or island where both fresll wa—

ter and energy 8。urce are severely lacki“g．I“s also recommendcd船a demonstration

and tr撕ning facility for sedwater desalinatioIl using nuclear encrgy．

The design 0f small 8ize of seawater de8alination plant couples twn provcn tecll-

n0109ies：Nuclear Hcating Ikactor(NHR)and Multi—Efrect Destination(MED J IHt)一

ce88，The NHR design p08ses8e8 iIltrinsic and passive safcty features．which was demo Jl—

strated by the expericnce8 of七he project NHR一5 The iⅡtermediate circuit a11d steaIIl

circuit were designed a8 the safety barriers between the NHR，reactor and MED de一

8ahnation s弘tem．Within 10～200 MWt《the power raⅡge of the he札ing reactor．tlle

des赳ination plant could provide 8000 to 150，000 m3／d of lligh quality potahle wa阳
Tlle de8ign concept and para以1eters，safety featIlres and coupUⅡg scheme are prcscn托(1

K。ywords Nuclear desalination，Nuclear lleating reactor，MED process．Direct therm()一

coupling

CLC numbers TL413+．2．P747+．15

1 Introduction

SoIne coaBtal location，developing area and island with small or medium p叩、llation，
where both fresh water and energy saurce are severely lacking aIld there have Imt yet been

adequate infrastructure aⅡd basic conditions for construction of a conventional nuckar

power plant，show strong证terest iII potable water production by seawater desalirIation．

Fbr these cases，a smaⅡ0r medil珊size plant of sea water desal．mation by using heating

reactof may be a suitable s01ution．

Such a smaU size f出seawater desalination using nuclear heating reactor coupled with

a demanded MED process was deVel叩ed by the Institute of NucleaT Energy’工bchn0109y，

TsiIl曲ua university，Chjna． It was intended to supply potable water needed in some

coastal aTea and islaIlds，and to be recommended as a denlonstration卸d trailLing faciUty

The design of smaⅡsize seawater desalination plant couples two proVen technol。gies：

Nuclear Heating Reactor(NHR)with illtr主nsic，passive safety features and MED process．

The secondary loop and a ste锄100p were designed as the smty barriers between reactor

and MED des“nation system．Witllin 10 to 200 MWt of the power range of the heating
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reactor，the desabnation plant c011ld provide 8000 to 150，000m3／d oflLigh quality potable

water．

The foUowing comprehensiVe utmzation of thjs desaIination plant project were con—

sidered as the desi昏l objectiVe：
——Potable water production：

一As a tecmcaI persoImel trajning center；

——As a short term，fhU scope deInonstration facjUty fdr sea water desaUnation using

nuclear energy

The design of the nuclear heating reactor used for a sea water desa_1ination plant

is based on the proven tedm0109y and experience of 5 MW prototype nuclear heating

reactorproject(NHR一5)【“，developedbyInstitute ofNude甜Ene。gy T毛chnology(INET)，
T sml业ma u工liversity，C扯na． The NⅡR-5 has been success劬y operated since 1989

The heat．electricity cogenera“on with NHR一5【2 J was also successf仙y carried out during

199l to 1992． very good operation ch越acteristics aIId exceUent safety feature5，such

as lIigh op8ration availabihty)i工Lherent safety and semr8911lation ch甜acteristics were

practically demonstrated．Operating in cogeneration mode，the totd complex(NHR一5

coupled w“h turbine generator and heat grid)is possessed of perfbct operation stabibty，

semreglllating performance锄d perfect load—f0Ⅱowing cllaracteristics．The MED pTocess

is a coInmerciaⅡy weU established and proven technology aILd readily aVailable．

IIl order to invest培ate the coupⅡng scheⅡ1e and technology，the nuclear sea water

desahation experirnent using NHR．5 coupkd to a small MED试t w船carried out and

adopted as a 1in正ted scope d口nonstration．B粥ed on the tecllIl0109y a丑d experience of

NHR．5 aⅡd the limited scope dernonstration，a smaU size of NHR+MED project for

sea water desaliⅡation c0111d be successfil】1y inlplemented ill a short tem and woIlld

also be 10西caⅡy as a mⅡscope deInonstration p1锄t．A Morocco-China c00peration on

performing 8 pre-project study on a demonstratioⅡpIant fbr seawater desaUnation using

a smaⅡnuclear heating reactor，witlIin the矗ameWork of an IAEA Technical Co—operation

pro．ject was smootlIly impleⅡlented．f3】

2 Brief introduction of the NHR nuclear heating reactor

The nuclear heating reactor(NⅡR)is a vessel type of pressllrized waterreactor with

integrated design 0f primary circllit in the pressllre vessel．The reactor core is cooled by

Ught water with natllral circulation and the pri工n射y systenl is sem press砒ized． The

reactor structllre is sh。wn in F培．1．
The reactor vessel is desigtLed with 2，5 MPa of operating pressllre． The core is

located at the bottom of the vessel． There is a riser above the core outlet used for

increasi工lg driviIlg force on natllral circlllation．There are several priInary heat exchaIlger8

arranged in the annular space between the riser and the vessel． The heat carried oveo

from the core is traⅡsfhred to the interInediate circllit via the primary heat exchangers．
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Fig．1 Nuclcar lleating reactor

V01．1l

The reactivity is con上roUed by a conlbination of flxed burnable poison，movable

contr01 rods and the negative teInperatl】re coemcient of Teactivitv．The contTol rods are

driven with a speciaⅡy desig士led hydrauuc driving system，whjch consist 0f a hydrauuc

circlIit 10cated outside the containment，a hydrau且c st8p-moviIIg cyhnder in the core

and two control unjts．When reactor shutdown is needed，the control rods would drop

down into the core driVen by gravity(desi驴ed on“础一safe”principle)．A borate s01ution

1njection system is des培ned as the reserve shutdo咖system and i血tiated with pressurjzed

只as source血the硝工门ⅣS event．

The heat transf．er sygtem of NHR一10 is composed of tkee circuits iIlcIuding the

inte口ated pri士nary circuit in pressllre vessel，the血terme山ate circuit a工1d the steam

circujt．The mte珊ediate circujt，in between the priIllary circuit aIld the stem circuit，is

set at the operating pressure higher than that in the prhary circuit．Therefbr，it w。uld

work粥a barrier and Drotect the steam circllit f}om radioacti、陀contarIlillation

A passive residual heat removal system connected with intermediate circujt is de—

si鼹ed to s蛐digpeIse re目idual heat．

As a ex鼬pk the main desi肛pafameters of NHR·10 is shown in Table 1．   
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Table 1 Main desig“parameters of tllc NHR—10

Rcdctorrati“g power

Pressllre i“prim8ry circuit

Core outlct tcmDcrature

Core inlet tem口erature

Number of fuel甜semblcs

Er【richment of fllel

Diam“crof thc fuel rod

Average power den曲ty

3 Safety concepts and features of NHR reactor

The NHR heating reactor is a new generation nuckar reactor It’s main design

objectiVes aTe to possess the inherent aIld passive safbty characte“stics，and to improve

avaⅡability by simpli矗cation of systeIlls．

3．1 Int89rated design and self-pressurizat-on

Main components of pTi工Ilary circuit，such as reactor core}p血nary heat excha“gers

are iIltegrated血the pressllre Vessel that could avoid the risk of 1arg。pipe break An

appropriate V01ume，filled with steam and血ert gas，at the uppeT p甜t血pressure vessel

of NHR reactor is used for se水pressuriza“on，keep证g reactor at pressurized operation

condition．The self pressu订zation is reaUzed by the parti“pressllr8 principle of inert gas

and ste锄．Therefor there are no separate pressufizer on the primary circuit

3．2 T培htly arranged steel contaillment with higher design pressure(dual

pressure Vessel concept)
The core wiⅡnever be uncovered by coolant，even in case of smaⅡbreak occurred

at the bottom of the primary pressure Vessel

3．3 Natural circulation in priInary circuh

ReactoT core is c001ed by water with natural circlllation．A riser is set on the top

the core to mcrease driVing force on natllral circulation Use of natural circ山ation can

avojd the prhary circulation pump on the prinlaTy cjrctlit and lead to both increasing

in reactor operation reliability and exchl血呕the b培pipe penetration thfough the RPV

3．4 Law po、^rer density and la。ge water inventory in pressure vessel

The core power density of the NHR一10 is about 15kw／L，about 1／5～1／8 of that

in PWR plant design．The water inventory in pressure Vessel is qllite la。ge The ratio of

water volume to core Dower is T¨ore than 1 m3／】ⅥW which is about 20 times of that in

PWR design．With the water inventory in primary system of NHR heatiIlg reactor being

Ⅱmch 1arger than that of PWR and the operaton pressllre as weU as the temperature of

NHR heating reactor being埘血ch lower，the heating reactor ha5 good beha“or and less

serious consequence even m the case of LOCA．

3．5 Hydraulic control rod driving system with passive saf毫ty

A speciaUy designed hydrauHc control rod driVillg system is adopted in NHR heating

react0T It is enclosed iII the pressure、ressel without penetration at the head of pressure

vessel，therefore the accideIlt of control rod ejection can be avoided The hydrauhc control

徽兰詈巍虢淼然撬裟
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rod drivillg system has been successfuUy operated at NHR一5 for several years．Operation

results sho^v that it is s出．reUable and sinlDk in structure．

3．6 Passive residual heat reHloval system

The passive Tesidual heat remdval system is adopted in NHR heating reactor de—

sign The residual heat caIl be dissipated out from the core to atmosphere by naturaJ

circula上ion

3．7 Irltermed-ate circuits

IILtermediate circllits are set up to protect the ste锄circuit aIId desaJination system

from radiation cont枷nation．
3．8 Bnlergeney cooling and water砌king up systems

It is not needed to set up em盯gency coolillg system and emergency water mal【ing

up system due to above mentioned jnherent aIld passive safety features，that 1eads to

simph丑ed systeIIls and王ower cost．

4 NHR desalination Dlant

The NHR desalination plant co邳kd a heatin譬reactor to a MED desahnation pro—

cess with hjgher temperatllre and hi曲er energy emciency．The MED process has lower

energy cons啪ption，10wer investn】捌n cost aIld appears to be 1ess sensitive to corro—

sion，scaling and fouUng．It8叩eration flexibiuty jn partial l。ad is hjgller Therefor the

MED process was adopted in the design． The NHR reactor is used as the heat soIlrce

and operated iIl a heat only mode． A steam譬enerator is iIlstaUed m the intemediate
circllit for supplymg ste锄to the desaliIlatjon process Steam generated in the stearn

generator is totauy supplied to the缸st effect of the MED process．h the des alhaton

system，seawater is heated up to 120。C and then evaporated and condensed in a series of

successive st39es(n锄ed as’e艉ct’) As a exarnple The scllema“c di89ram of the smaH

d郎aliIlation plant with directly thermo-couplillg scheme is shown in Fig．2 The main

parameters is Usted in Table．2．With the heat 0nly operation mode，the 10 MW NHR

desal证ation plant collld supplv 8000 m3／d of potabk water

_I抽le 2 Main paranleters of th desalination plant with NHR_10

Reactorrating power

Cnre outlet temDeratllrc

Corc iIdct temDetature

outlet temDcrature at intennediate dr(1li七

InIct temDerature at intcrmediate circuit

Steam temperatⅢat outlet of steaIu gcIl啪t町
Steam temBerature at the矗t8t e讯“of MED

T0p b血le tcmpcrature

C8pacity of MED desaliIlation unit

Number 0f tl Lc 1lnit

NuⅡlberof e仃ect

GoR
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Fig．2 Coupling 8cheme of NHR desaliIlation plant

5 SeJectjoJ】criteria of optimum coupling scbeme

Special considerations for sekction criteria of optimuIn coupliILg scherrle between

desalhation process and NuclearⅡeating Reactor are as f0Uows：

(1)冗e矗Ⅱ6托￡y： ReⅡable coIlllection between the reactor system柚d desahnation

system The desahnation system and the nuclear reactof systeln甜e mechanicaUy and

thermaUy connected via the main steam pipe and the main feed water pipe in the steam

supply circujt(in-between short dlstance，at a co啪n site) Thermo-en盯gy T。quired

by“s缸jnation process is e伍ciently transferred by steam打om the steam generator t。

the矗rst e熊ct of the desalination sy8tem；

(2)＆噼￡掣：Mlllti_barriers isolatjon．Between nuclear reactor a工1d desahnation sys—

t锄，there盯e three 1ayers of steel waⅡboundaries，(i e heat transfer tubes ofthe primary

heat exchanger，steam generator and the丘I’st eHbct of evaporator of desabnation 8ystem)
and two circuhs(Inte珊ediate circllit and Steam supply circuit)working as baTriers to

雒ectivdy pTevent nLe desalination 8yBtem☆om ra出oactive conta缸dnation
   



12 NuCLEAR SCIENCE AND TECHNIQUES Vul．1l

(3)hherem s对et剪：Appropriate pTessure b甜rier．

Pressure in the primary circuit and the secondary circllit are 25×105 Pa and 30×105 Pa

separately EVen in case of rare fadllre of heat transfer tube or its weldiIlg on the tube

plate of the priInary heat exchanger，the coolant i11 th2 primary circuit would not 1eak

into the intern№diate circuit：

(4)E历ciencF：Perfect match 0f parameters coupling of a hj曲temperature MED

process with the nuclear heating reactor kads to a high energy emciency of the int89rated

des a】j11ation plant．

(5)Ope他6。“姆：s试tabiuty of operation performance．Both of the heating reactor

and the desaHnation system have exceUent sem reglllation c印abmty． When the l。ad

nuctuates within the range of 70％to 100％，no matter the active perturbation happens

in either side，operation of the integrated plant would be very smooth amd with perf毫ct

se博regul“ion performance Adjustment within load range of 40％to 100％is“so easy

and simple to perform

(6)所mp2ic。ty：simplicity and maintailIab山ty of the int89rated system．

(7)EcofDmic毗The inte窄ated desahnation plant with the selected couphng sc}leme

w。uH produce drinking water with optim眦water cost弧d虹gh quahty The optirniz a-

tion wiU eventuaⅡy be econo血cal optiIllization．

6 Conclusions

The NHR type of heating reactor c。11id be buiIt near the city for suppIy heat to

seawater desahnation and very close to the 6n出users，therefbr，the water transport cost

could be draIIlaticaUy reduced due to its perfect safetV features．

The desjgn pararrIeters of NHR nucle盯heating reactor perfectly match the r8quire—

ment of MED process．The heat produced行omNHR heating reactor could be connected

tllrou吐the thjrd circuit to the MED desaⅡnation plant with a t。p brine temperature of

120。C．

The interaction between desaJjnation Drocess and reactor couJd be rnjnindzed with

the pr叩er load f0Ⅱowing accordiIlg to the characte“stics of NHR heating reactor．

A smaU and medim sized sea watef desalination plant us血g nuclear heatinE Te—

actor coupled with MED process would be a sllitable solution to supply potable water

dema肌ded in some coastal district，island or coImtry with smaⅡor medjum population

due to its perfect inherent safety，simp“6cation in structure，proven techn0109y，accept—

ab】e jnvestI刀ent cost and water cost．
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