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ABSTRACT

In this paper,I discuss the advantages of sithg deep under`ダ ound a hi」1-COnversion reactor ννith a Pu― Th

ieled tiま t― ieled assembly,wherchぬ c iel has along bllm― up period By pu世hgt巨s rcac,or far under

the sound, heatcan be removed passively not only dllrmg a steady― state rllll and also ul emergencies,such

as loss of coolant and loss of on― site po、vet hence,the safety ofthe reactor can be lnuch mproved.プ lヽso,

the reactor can be built near a consllmer area,and tlle cvacuation area around it accordmgly mm遣 nized.

This approach reduces the cost of generathg electriciサ by el血hathg the contamer buildhg and

sholtenig transmission lhes.

INTRODUCTION                                     一

The concept of a high― conversion light wtter reactor ushg a hiま conCentation ofPu―■■lcl tight―latice

was proposed・ m the Nuclear Energy Rescarch lnitiativc oこ RI)Proraln[1]ThiS rcactor has a hard

neutton― energy spectrulll close to that of an Na― cooledね st rcactor,so that a high burn― up of ielcan bc

obtamed.A reactor with tlrallilllll fertile material has a positive water‐ coolant'oid coc」五cient;thus,to

obtalns a neg江 市e void― coefFlcicllt,a pancakc‐ ″pe nat core coniguration is nOeded,or a talel assembly

with a neutron― streanlhg void section[2].Tne latter option reduces lleutton economy.The use ofthorillm

fertile material,howeVer,providcs a negative void― coefEciel■ t without hav血 g a neutron― leaけ core

conigwation;the neutron economy accordhgly is IIIIlprOVed`md ahi」 ler bllrll― up of iel attahed

COlllpared、 vith a reactor、 vitll lrallnunl fertile materials. Ho、 vever,the purnphg po、 vcr requtted to cttculate

the water cool祖 t has to be substantially hcreased to remove tile high― densiw heat iom a tigllt‐ laticed

heled core Dllrlllg steady operation,the floM/ofthe coolant can be lnahntamed by increashg the ptllnphg

power severaltllnes abovc that ofthe regular L｀ルR_But,dllrmg emergencies,such as an outage of on― site

po、ver or loss of coolant,hcat removal becomcs serious problem This accident sccnario has been analyzed

in detail,and an expcr血 ental study on heat removal iom a tight lattice is plarlned h thc」 apanese

rescarch prograrll

PASSIVE HEAT REヽ/10VAL      .

To、vithstand an emergency ofloss ofpumphg po、 ver,a passive cooling system is needed tO rcmove heat,

such as ushg the nanral circulation ofthe coolant.Here I Proposc usmg a tight-latticcd

、vater reaOtor embedded in a deep undersound location,、 vhcre it will be cooled by the nattal circulation

ofthe watcr A hiま preSStlrc dil‐ ference bcかハ/ecn the mlet and outlet h the narrow water channel of

the ti」■tlatiCe is generated by the dittrcnce m gaviv fOrce beiveen tlle low densiサ OfbOiled water md

the hi」 1-denSiサ Water condensed attcrthe steam passes though the steam turbme.To achicve such a

high― pressure difference,the vacuum condenser rnust bc located far above the boiling、 ″ater react9r The

pmphg―pressllre diifercnce necded to cttculate water in a regular Bヽ ルЪtand PWR are,respectively,2 atrn

and 1 5 an,equivalentto a 20-15 meter dil‐ ference h Water height.For ollr hiま cOnversion(HC)LWR

wtth a tight lattice,the dil‐ ference m plmphg POWer is hcreased severaltllnes;a water heiま t ofmOre tl■ an

80-60 1ncters is needed to naturally ciculate coolant、 vater.By putthg the reactor deep underg6und,there

is enough space tO get such a high pressllre diftrcnce beヽ veen the mlet and outlet,relyhg on the

densi″ difttrence beヽ veen the steam section and血 e water which is condensed ater passhg throu」 l the

steam ttlrbhe and condenser; Цl our conflguration,both are located fttr above the reactor vessel

By locathg the reactor even deepcr,the pressllre imposed on the pressllre vessel is increased by the

raVitational force ofthe sllroundmg ealth.A、vater presswe of 100 am and 150atn3 for a Bttk and

a PWR can be provided,respectively,by thc eaih's pressllre at a depth of400-and 600-meters.

The passive cooling systeln ushg na● Ial ciculation conventionally proposed is operated m an

/



envttolllnent、 vherem there is not enough pressure,so that the steam‐ water state is not、 vell deflllcd and

some mstabiliv might be created.Hence this is not necessa五 ly a sat operation By operalmg at a high

enOuま presswe,these nonlhear ettcts can be cl血 h江ed,and we can saお ly opcrate

the reactor deepcr underyound.From tllis pollt of vie、 v,there are nlany advantages to the concept of a

deep underttound reactor Due to thc presstlrc of earthls__mavity,the prcssure vesscl itself can be thul;thus,

the reactor would bc much liま ter than that of a regular L■
7‐R operated on the eartll's suJace A huge

heなぃ/cranc would not be rcqured tO move this reactor ttd it could be constrlacted with a modulど _■pe

design

Ushg supcr― critical steam was suggested as beulg a highly eficicnt wayお r gcnerating electiciw[3]This

particular undergound reactorヽ vould requtte 25 am pressure that can be readily achieved by thc earth's

pressure ifthe reactor were placcd at 1000 meter depth where the prOssllre is 26 am. 2へ higher value can

be obtahed by providmg a tllick pressllre vessel.

A DEEP UNDERGROUND FACILITY

The deep underground gcological storage of hi」 1-levclヽ″aste has been sndied extensively The Yucca

Mountah Repository iS abOut 300 meters dcpth,and a tunnel ofrnore than tens of kilo― meters long is

plarlned [4]                                                                ‐‐

í super― Kattliokande detector、 ハ/itll a 50-rneter high and 40-meter diameter water― tank has been hstalled

1000 meters deep h a mountah h Kamioka mme h Japan to measure neuttino oscill江 ions.ⅣIany otller

high― energy icilities,such as the Homestead(USA),and Grand Sasso(Italy),have bem usedお r such

high― energy experllnents

The cost ofthe digghg a largc hall underground is not as expensive as digghg abovc ground.I、 vas

infonned that in」 apan the cost of a 10-x20-Ineter tunnel is about 10,000 dollars pcr l meter depth,

although this depcnds on geological feanres Nevertheless,the cost ofthe digghg in hard rock dcep

undergrotlnd is cheapcr than excavating lll sha1lo、 v but ti・ acttlred rock.

LAYOUT OF A DEEP LINDERGROLIND FACILITY(EMBEDDED REACTOR,TUNNELttTG
SYSTEM)

In reirencc[5],I diSCussed hstall血 g a sulgle rcactor in a vertical holc(like Fig.1),but ttanspotting and

Plachg the reactor's components, such as the pressllle vessel,tllen lr.ightrequire ushg a lを
rge cranc_It

、vill be not suitable for installing largc power systems composed of many rcactors,前 bines,and clectric

gcnerators For such hstallation,the tunnellllg lnethod developed for large IILヽ ん
″geological storage   ,

(■g_2)will be mOre appropriatc By adopthg the conigllration ofhavhg a few stratifled layers h this

mmlelhg system(ng.3),then the turbines,vacullm condenser,and gencrators can be installed in the upper

levcl,、 vhilst the dump tank for emergency cooling can be mstalled in the bottom layer beloM′ the reactor

Due to siting the entire system underttound,there is adequate roo■ l for these separate installations.

Furthellnore,a deep under―「
ground site is lnuch safer as regards earth― quakes because the movement

there is far less than near the surface
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suraccね cllli晨ヽ

TransPortatiOn/cmplacemel1l opcration in tlle underground facilities

(ごiSpOSal tunncl horizontal cIIlplacerllent concept)

Fig.2
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じitiple― layerlayout

Fig.3

To utilize the high pressure of eatth'sE「 avity,the reactor vessel and coolmg pipes should be stlrrounded

M肌器隠蝋T,Ⅷ椰撚薦榔轟I雀鍮are diectly llnposed on the reactor vessel alld the co(
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thermal msulttors Helium gas might be idёal because ofits large sized atom,and becausc it has a

smaller neu■on capture cross― section than does nitrogen or C02・ But it lnight requ■
c alalger volume
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篤ui胤鳳ξ∵穆:::瑞憲:e鮮鼈妃i臆∬id面山be Ⅷd∝ Con∝de so載Sttd Call bc
easily removed,as can concrete gout ushg a suitable tool.
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m・ e reaCt…観 iC狙 挽ぬmm面 まt
,componentS to the site,hstead ofhavhg to

cOnsmctthe rOactor m placee,whiCh takes long time.The components are manufactШ
ed m theね ctow,
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