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i . %m 3_ 

T*4iJ 
*&&*&$*&%&, &t, 102413 

*Sft«]*ftt#*MI >(lPi£#3E##|*llfc#Jfc& (ADS). i t ^ J a ^ J ^ ^ ^ J * 

*$««tt^4t$«*tt^rw«il5fei7. Jt+ftWTffjfc ADS ftWft,£^J# 

£&ta ipi ina^^ite#^^ (ADS) &#&£#-*$ #&#-&& 

1 ^tgnT^^^^W^HfRl® 

tf]&A3§s&j*mtfe«ra®M#a$^&iR£f6M&ffl^ mjkwmn 40 ^ 

m 1 ^nrwsiij, ^itr^ikisifw^is^^^ 235u m®,*?&mm& 

(i) i$jfcj&»M§&*ts 

fi^22.5t, £*&Rrgj5*t3IHiifcAm l*|5|&*&# 22454.8 kg *K W& 

* *i«^#S2ooo^ 1 #̂*p "̂ Hr̂ f̂feftHS '̂JifKifi1" f̂̂ *ft£»ft±fl£sjm/&fl<]. 



4 I. %M 

* i &mm&n&&® 

MistTtoSfctt (&*?&&*) 

8500 %. • ¥ 
ffi*it 73% 

i#*i£ 17% 
S*iS 10% 

ffi5ydsff*» 434 
&#IWJI 351.2 GWe 

M\MM 91.1 GWe 
%%jft%'*>mm cmmm) 230«• ^ 

<i>a pb«i m * * (teffl^b^«) so m • ^ 
a ^ j ^ i ^ t (JW?) 20 * g - ^ 

m.^% 34.5 kg « « « ! » : « « « « * (MA) &gj 50 kg ft-fc^S^^ 
(LLFP)„ mji-t&ftmmyj&m^z, m^K, mmmftx, mmm 

8!Af&£MiSit!UI*, 3fc&Ma$i*fcgy£, gisUL+^*WW^-^?FS. BBT 

ISA&jSattTS&^lfeflBg (ff i^i»£^j t i l f t*l^*fcS) M§r^&, 

&#&-«£& (P-T), #* i i£^f f£§f§^m#?i img&6y£-^Wfi j 
Ifrtm (*gffl/J^300a). 

(2) H«S«*Jffl* 
«120 &, ®it%#i&te 238u <&&$ 239PU giuii«jsag*jffl*fl«jpt-its. 

m«I>!k±iEiSEffflftlg2K*2«8^t«J. ^ 0 $ . ff fcM MOX TG## 

!E££3£/JF£*iW&*ii^!iiM$it, JS5l!j±Rrftl«iS«W*Jffl*ilK 60 
f&. nvi*:?fcmmMRjm&<&&im%toxm 239PU f f** j«^ C-JS 1 
GWe AS'&itlft 239Pu $Jgtt£j3> 3000 kg), S t t f f £M$Wfc*MIB$tfft#tli*£ 
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* 2 ^H'^jIfM^«^Jltk« 
**atg 

60m2K*'h 

lkg*S 

lkg^/f t 

(0 7%™U) 

lkg2 3 9^ 

I k W ' h 

3 k W ' h 

4kW-h 

SXltfkW-h 

2 9X106kW-h 

6X106kW-h 

8SS«M*;& /GW-a 
(Mt^BDKIG* 450 7JifK«#I) 

—2 7X104 

~157X106 

~ 3 24X106 

(3) ftiSf&Jfeii!iM££tt 

CANDU | PWR 

|Mqx| 
•4-

2««W 

- f t j a h l 

s a a HLLW *M'iS# 

fcfcW 

ft* 
foafrSS* 

EiSffl 
(5%, 300%h <h) 

7ffc<¥ 

MA fH"Fp 

AD-RCNPS 
( f r i t , CANDU, 

HTGR) 
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mm&mmtb'Rm, $m&m&f&%%&®m. a a w « ^ ± w f # ^ 

*7kmRmmmmmmm&±jtt%&m^mmxmm° 

2.1GWeilJSfl!|8.7GWe; SSJH 2020 * £ £ £ , RTIIBi£l!l 20~30GWe2.fi]. iffi 
fflfiSSI^^Rrigii 120 GWe ( i P ! s l 2 0 5 0 ^ « E & « * l § * ^ J S * A $ * W 10% 

i+). sas*42iiH:^iirfflwm*w^ss(B]. 

£ & 3 ^ « K « M W # * M R I H . u 2020 ^aa&te£#i3j 25 Gwe %w. 
m 2050 ^&i^E&m&£*R3l^ 250001 5J$*4, K* MA R LLFP ##Jgj 
*» 12.51 p̂ 27.6 u i w , a r m ^ a, B^5fea«*a*sirEffiiifiiS 
J&MthfifafiHf, aiija-^tiiM^Jf. $P& 2050 ̂ SS&W 120 GWe & 
*£# l§* . WAitffi 50 ^fflisff*. «*:»fi»^ 1.3 X106 t A$«& 

as ($p^^fflffi7Kii*^)o &#£j£* 2 ^f^wift^RrjRie*w 1/3 m, & 

ftm%L®mmwmm&*m$, flM«3g& 238u &&J$,M®&& 239PU, W 

3 im%m&n%mi&mm%m (AD-RCNPS) ^ 
a 2 && AD-RCNPS w^^^K-^iiffl^M^tfe^WEse, g±#ia/& 

http://20~30GWe2.fi


i. %m. i 

ffifflttfcMi 

iMillft 1 GeV40mA 

HLW 
(MA.FP) 

tt_ 
(30ii/p) 

v 
G 

»ns^««is^«ti, laatsttsw) 

95%*a^^s!^ 

MA (<5%) 

MA. FP(<5%) 

"► hi UN 

SI 2 Jtai*«SgiMlttt$S#«ffi*&fej8 

3.1 JjR3 

W9 = «0(1 + A: + A:2+A:3+---) 
\-k 0) 

\-k 
N„ =N.+v- (2) 



I . %%. 

„ f = A ^ = ^ * (3) 
v v \-k 

& S £ . &l|fi#fii&*fcirJMS&*P = £,flVr
f, / # M T 3 M 3 £ , £f = 200MeV 

*«&S!£»iftfi<JtBl;. ftjtkflT^iijmaWIBS*^ (SiSitttti iS&^taSi 

G = — = ̂ L^-— (4) 
£p7 £P v \-k 

k&^Mtf]$i{mm% o.85~o.98 zm. 

SJij AD-RCNPS 4^-iSW /tfiT, *T^ttilfi#Mi+T&SKWra*MJtif&. 
W P , SWn*nit£$+T*£+ u-Pu mmt% o.6, @itk, g ^ l ^ l i 239PU, 
te^l&^£FM S &° £ AD-RCNPS 41, ̂  *=o.85 tfMttmtkft 0.6 + 0.5 = 
i.i, ifMmtt&frmmtiMm-^m&frtfi 239PU m&° £$± t* . -/& 
i#, WFitSt t t^ 0.6 + 0.6 = 1.2 7K¥o £ AD-RCNPS jR^E^, ^ * ~ 0.85 
w, jifcm ĵ 1.75, wijAAJi^TitMfcbo ^ 3 ^ u , a j t t t e « i ^ » , ^ A M I 
& ± $ H J 7 AD-RCNPS ji^giajntT&SBiMSfi&s. £pg£fcg&J£*4, a 

mnm&mr^^^Tw-mm^^ ioMev, mtitajimam^MmjimL 

X = Xa+cjK<f> (5) 

witAi£ <* tRTinffiau^wMh. <* fc-^aw^Ma*. ®mmvmm$t 
MX 0.8 MeV, 237Np ftgggMft 0.6 MeV, $PH$i£l£l*l t ^ W * ^ * * 0.7 
MeV, MlJ 238U, 237Np & 241Am «*W«BT«3S«««jRt«t«|5fiBrii* "Pf«P" 

#jit£>J?ft^ OMEGA WJ^H (Option of Making Extra Gain from Actinides). 
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313 *=Hl&Md8L 

^ 

■f^ta 

i ' ? * ® 

mma. 

ns#« 
i 

*M6 ft* 
2.5 2.9 
1 1 

0.6 0.4 

0.6 <0.6 

0.3 0.3 

0 >0.6 

*?<mm 

AD-RCNPS 

<1 

1/(1-*) 

&* ft* 
(vlk) (vlk) 

i i 

0.6 <0.4 

0.6 <0.6 

0.3 0.3 

t = 0.85 G=15 0.5 1.15 

0.95 50 0.15 0.75 

0.98 130 0.07 0.66 

wwm^Tm. 

*4 %m\m-B.m&$i& 

JllifeS /GeV/mA 

A 

ittBjto^jMwt— 

mm& IG 
$sft /MWdM'1 

« « « $ 

mmmm /a 
s m 

AD-FBR 

1.0/16 

O.Vl-^vrt— 

760(880) 

47.5 

105(7X104) 

1.37(1.27) 

12.5(17.1) 

2 Gwe PWR 

AD-PHWR (U-Pu) 

1.5/45 

0.82 

150G(?000) 

22.2 

lO^XlO3) 

1.00 (=»0.6) 

AD-PHWR(Th-U) 

1.5/10 

0.985 

1840(2000) 

122 

3X104(1X104) 

1.01 (=1.00) 

&-. S^rt&^il&#**g&&<6. 

3.2 «j£i+*£ffil 
^ 4 ^ t i ] 7 M ^ ^ i t ^ M ^ i J : JniSSggajtttTltMli (AD-FBR)* 

AJnii&SKtonffiSTMt (AD-PHWR) - . 

* AD-FBR Mit*E&JlffiLll$&& 
" AD-PHWR Witei^fefj^^fiK. 



10 I. ma 
AD-FBR it#*ifc ANL mm®ft-&mmmtkik®:&, W ^ I M - A 

&ji#B, Mw^m^Rm^mttft-Mm* AD-PHWR m. CANDU m 
m, M ^ b r a sics-TcfMraffig, tta^aE^§&«#. jp*«f JW^. £ AD-FBR 
ffi-iftT, WHHS»{ri?!i* l4%MfWI", *iR7**H»Ji«»i«S 1/3, Rmtt 
nIWM^2 GWe ffizKil^ftJttWlS* (fclS*9&K 1 GWe Jjj^lft AD-FBR, 
W\%&&&1% 8). 

4 AD-PHWR isaT, rt^mmmft, &mt 25%mnnM-&rtm 
y, fcrm»inmm&)mMwmft, amnmmso%~6o%o w*mi# i 
*PMPF. jaiJfcHMK 10%»trj:s&JMHrF, «5»Rr*W*«[|g*. fi$5&^ 
JISMffi. * 7 Th-u US***/*£«) MA tfc u-Pu fliJWKW'NRftK. #f W& 
$£/**»#. &#±fcfc U-Pu #if "£*&#". &£*ft-£HBfc/l^HtiC*t 
AD-RCNPS mxm®mm\ ifim^*. £M&JK5#±«*i&tt-ajw«B«*4 
3.3 /l£,*£vfc 

WJJ3, ^4 i f t t b&* , fMnRTWfcHJinTA/SiSSifc: 

(1) k{MM%&E0.&5~0.9&Z&\. ^k = 0.95 &t, 5PTW>80%M&f&±H 

t J & g ^ j S AD-RCNPS fol&M<&%m, Jl!lRrWi«1S«-*7C Î̂ W * fi. !U 

(2) ftilSf^tM^TS/Sit. ^{X^^^^WftfiffljRSjRIt PWR 

rt1Tt:^^*tkm4W^[t':f±liiJ250 keV, ii7O0keV, Jll!l»:*«3K«jRW 

(3) ?^i(s^it^^ipffiM7xas^ii, s^fijffl^^^, ni^^±ferA^ 

nm PWR *#£H¥W. fcj&^gtejR&ie^ttffl. {g^sm^, £TT#7 
3.4 £ ± t t 

iPJR AD-RCNPS *<0.98, ja!lAW#ffi$£tt. i P & ^ F ^ T M ^ S / S 

' ^CERNWEETW^ffl̂ Th-uajliHî WlnjSSS^aiS;* "«&*«:*;« (EA)-. 
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immmmm. Pb/Bi #tm, m&R&ma LOCA mm, ^ w § 

ST-239PU, 237NP, ^Ammm^ftmmt^u'b (p^y^o.22%, 
0.4%# 0.13%, $/>T B5U «J 0.68%), gjfctoSStt&MftJt^JqAa^Kj 
MA, jettJi^* " « " ^, RIJW» ptt^a-^&fft. jAM±i#, pte 
WHHS5^SiSJ|«i^S;tttfeW^*JW»* (&H*'Jffl CAPRA fcJ|$i£ MA W 
ffift, R#W 237Np, MttT 241Am, 242Cm S LLFP ^m^Jb^^W.^ AD-
RCNPS")). ffijips^h^7^3i§bW^ilfi#mgtiEnrw^^a-^^. 

*5 ^HttfijS+^i-'h+^WttRtktt 
+?«s 

^ I l f S J q * 400keVd+T-Ti *E 

ffi,B£3S»OPi£8& 35 MeV d+Li ( $ & ) 

' H & W f i ^ P J S S S 100 MeV e+238U 

■t'tfeMTM^iPii^ 1000 MeV p+Pb 

(L = 60 cm, ^=10 cm) 

^Trm 
4X10-5n/d 

2.5X103n/d 

5X102n/d 

20n/p 

^ H f e H I /(MeV/n) 

10000 

10000 

2000 

50 

3.5 w^mMMmi&&wmxm!i& 
* 6 ADS asg-tii+^sftafflift 

v&nmm 
FHf. 0.6-0.7 n/T 

4 AD-RCNPS ^^t^oTlTt t 

s> ^i i»^asss^i ig^j taaTgigwffJsa«*«^s^wfiyMWS«. 
(i) 30-100 mA wmwL*ma&%mL%& 
&^ffl LANL BW—£ 800 MeV/1 mA MSSfeiPaS (LAMPF) isfiT 
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*vk%mMi£M, &m& 1 Gev/40 mA tfimmmumm, s^Htrt/spsfj 

WnT^iisy i Gev/iomA M7jĉ p, mM&XTTRfmmnMmmmmmA, 
(2) fi^&ifeilMliM^M. #**¥-£ Btf£M (sKifihlkl&fflM) 

l^ if^i tAftfB^, t l U M f W M f ^ M , ££Wffl^5/T^7T£*f;$M 
%zkm&.&m (tt*> sKBawMfctt* (CANDU) ws«ai±ttw. ^fw# 

(3) #*?««±M$&££ffl=!«iiS;M, IS Pb/Bi j§i!f!S^W?lia, W 
^TIBATWRI®. 

*§±jm M&#±i# AD-RCNPS (B^iiLhffllfc ADS) %m&&-& 

ADS i^fijffl 20 ift*B^4^> &*M£;^#£ftftffifciilkB*rW* 

AD-RCNPS Wffiftffi&SSA&fTfc-Sgfiliflfft, $nWMK3B3&to#:il&# 

*tt /a, texmrnysmmftRmmm^Mft, &&KRi&&mm® «« 

m. ai§5±Ka* ADS j&mftyummmwb, mmzmmmm 
%%*zmRmm, %&-xmftmxm±mn& CRX R T ^ I S (AX W 
m&& (MX "MiltS (I) (fiff* RAMI) ##T, ffi#. & 0 ^ # ^ , T̂ 

WftJR&W RAMI WM îBWf̂ ffl: £&#OT±#fli£*^&&#'W 

ADS WnJfttt±S^^7^5!]*M^Pii^(HPPA)iifi:Mlg^tt,HPPA 
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m&mHtmmm^^* @jit, ADS WRrt^7a^/*^w^a RAMI 

iJN&IK 

2T 75 

50 

50 

ixKv.Jfr 
75 

>-

75 

25 < 
k_ 

75 

75 

75 

I 3 AD-RCNPS I H ^ g E ^ ^ 

l ^ f t t « f M t ^ 7 - ^ f f i ^ . ^ffl#J®##JW#&M 252Cf ̂ i^tf- HMeV 
+7K, SffllttflFftlffttSMASURCAiflfeM, #MUSE. 

J^$3aM§rMfJ»^. 20 tftffi 80 *m*M 90 ̂ fltfo, *fJpJlS3g^#; 

bm%Mmmmm)}%5%^£&*&)jfR° m.^%, mmfermx* 

aa-sf^#jimw®-Rii'ait*ij^M^^. %-P, 2000-2004 ^mm 
%%&&. MADS&-^mRmmm&*®i£&fty)mm*mm 
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* 7 imw§&fate*9m&m&mw^t5&w 

H»J 

*H 

H-+. 

m 

a. 
m 
a 
\ 

m 
m 

mm 

vttsiJ 

APT 
vt-i'J 

ATW 

OMEGA 
i t ial 

EA it-feJ 

KOMAC 
HYPER 

mmxiMti® 

15GeV/100mA 
Amiss 

1 GeV/40 mA 

% (1 MW) Pb/Bi 
ffiSlelK, kg igifefl^ 

NSPvH;iJ«feJ£*4 

• M S 
1 7 GeV/5 3 mA 

l M S 
^.Sle]® 1 GeV/6 mA 
i E S s M S 1 GcV/30 mA 

2 « 9 t 

ft 

l «&&w 

3 ^mmi^ikw 

wm&ik 

2000% 

2005% 

2005% 

2009% 

2015% 

2025% 

2000% 

2005% 

2010% 

2015% 

2020% 

2025% 

2030% 

2000% 

+%vttclJ 

2007% 

2015% 

iljSlOMeV/lOOmA 
LEDA ( f f t ^ / S M S ) 

ffi LEDA H*J*£&##?£ 
ATW fflinjiSW^/EuJ^ 

^ / a f f l f t * » . £ # v 1 

£vt-&ft*i5bl 4W4*HraJftf 

30 MWt £tfiMffl,is 

m>MV/t±KSrlM^ 

mtwn* AASfisiffl 

1 7 GeV/1 5 mA 

1 7 GeV/5 3 mA 

30 MWt 1Pfc%*k 

60 MWt ■$&.%*& 

300MWt/hS*9t 

800MWt|Cjfflf^± 

EA250, 250MWt$&359e 

j&& 1 GeV/10 mA KOMAC 

j t j£ l5 MWt u J ^ S f i 
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2010 so, m&mm&&+wifc?tm&w%fctom$.&Mi&%&'C>. nm 
150 MeV/3~5 mA Jqj&Sggij&M " H a & f f i " ^ g ( i R H 4 f f ^ ) , fflW*t)£ 

M ] W + ¥ i t * J ^ S i , fc&flte«HM£Pim». -&$fifr&MjSII«5W 

Un­
i t (<3 MWt) 

5, licSi&iw^^ftM^iS^IE 

a 4 jgat&iiESSft^s 

6 £ m 
mmmmikmm, & & £ # M ^ &*±M£¥, « & m # 

^i t*yi iBWi^^w#i i , *psawfe^ffl^si#iPT EA-250 M & * c«t 
mf f i j i i ^B i^ f f&T&i is f f * * 1?^ 
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toft®. *^»*ffiaaw«fi6**aaigjg«wa+sssw, Rrjt&auiiw, 

i &< at, Basf^&Kim Mssg f̂tii&fM r̂tajffis. im 9.1 u. \m % 10 R 12 a 
2 OECD/NEAffl*R "il!î $JS?WiSSl̂ S t̂ADSW« "̂̂ «ĵ .l998%:il/!Sl999%ll/! 

A New Option for Exploitage of Future Nuclear Energy 
Accelerator Driven Radioactive Clean Nuclear 

Power System 
DING Dazhao 

China Institute of Atomic Energy, Beijing, 102413 

Abstract: Nuclear energy is an effective, clean and safe energy resource. But some 
shortages of the nuclear energy system presently commercial available obstruct further 
development of the nuclear energy by heavy nuclear fission. Those are final disposal 
of the high level radioactive waste, inefficient use of the uranium resource and safety 
issue of the system. Innovative technical option is seeking for by the nuclear scientific 
community in recent ten years in aiming to overcome these obstacles, namely, 
accelerator driven sub-critical system (ADS). This hybrid system may bridge over the 
gap between presently commercial available nuclear power system and the full 
exploitation of the fusion energy. The basic principle of ADS is described and its 
capability in waste transmutation, conversion of the nuclear fuel are demonstrated by 

two examples AD-fast reactor and AD-heavy water thermal reactor. The feasibility 

of ADS and some projects in US, Japan, etc are briefly discussed. The rationale in 
promoting the R&D of ADS in China is emphasized as China is at the beginning stage 
of its ambitious project in construction of the nuclear power. 

Key words: accelerator driven sub-critical system (ADS), radioactive waste 
transmutatin, nuclear fuel breeding 


