SREEREN

*QE Q
ERSAK

RTRE HIEX F

SATERF Hibtt



AEXERERETE

FRGRRANBRSOL

RRE KEX &

BERF Rt
Jbxt



SR ]y

FHEAREHEEREMERARBIRENETE, BXEELIRTEZHME SR
GRH R ER PR 1996 4F 6 AXEERBELRE TF 4 BB ERHEE. BB EHRE
BANZ. FIRBEHREREFFROEZEER . ETERTERAFEFNETE . T2%
MZEY AR, B LY 8.

EHARBER ZLUNEFREETARN T AEKERE —F + UEEBRANRESE
BAUREXNBERIBEE, FHUBRRARKERBIAENRBEY, NEHBLERSR
MR AW R TR TRRABR AR SN TREEARRE.

AEFEFERAFEBIAROARTA R EBARMBEE, LUK KL%l #gB
K.

MR, B 50, HIWAIE: 010-62782989 13901104297 13801310933

B BER S B (CIP) ¥R

EABERENBRIAE / RS KEXE. —ILR. HERFEL R, 2004. 10
ISBN 7-302-08430

I. & I.OR- Q% [I. OHBES HROBEW - IH%E PR
V. ®TM613 @TM623. 94

of [ 7 A< B 4548 CIP 3B #% 5 (2004) 3 028015 5

H R & FERFHRME i Hh . LR E KR FE I RE
http://www. tup. com. cn HB % 100084
i B #Hl. 010-62770175 ERIRE: 010-62776969
HERE: R4E

B ¥ & =EmERGRAERLE

& 17 &: FEBELELREOTHN

. 175245 ED3: 19.5 F¥. 381 FF

. 2004 4F 10 A48 1R 2004 4F 10 A% 1 KEVRY
: ISBN 7-302-08430-0/TL « 12

: 1~2000

: 57.00 JT

B3 H#&FH
3 DO

Zii%ﬁuﬁ%ESC?K?édﬁEﬂu&ﬁkﬁiJﬁlﬁ\ﬂiﬁ%ﬁﬂﬁlﬁélﬂ@.iﬁ‘—ﬁ?ﬁiﬁﬁ‘%"ﬂi)ﬁﬁtﬂ
MREREE AR, BEESIE: (010)62770175-3103 5§(010)62795704



Y i At

SRR, WEKPHREHARRIDIb SR, 1
LA, 19564 JE A AR TREPIB R e
TR, 19626 ik, KNI ERR IR 1
S i T A S ME R L FSE T AL 1994 — 2001
AR R R AR BB SEbE K o

WAE, KRR RERAR R bR,
2, MEAES, 1962411 A A THRAEE,
19794F % AR AE TR AR, 19894ERF 5/
W F ik KRR AR I gehe, R L7
fir, Tl RERERIYS TR, 19924 KR8 R Bt R
2 4 kb 5 E ML SRS




U

AHR—ALE NRBBEF C2EMEFEFHERN T AEHKER
B—% 4 BB AR EA RS

MiBEE— R iE B E it AFTILiR, ZET HBETRA=4 SO, \NO, .
MR WA= A CO, , AU FF 37 A0 X I8 /Y BE TR 3R 35, to BB ik CO, i HE
TR B R B BTRR .

HHELEHI0ZIMERMELER S BRBROLEBT 2000, K@ik
HLOHAE B B A A CHEEE EHF RENSE 2SR, XL
W EBREERTZARALFED M.

BEZEUHMEFES T—ERESEERBHELANR,

1958 FE X EHE —EEB I F LR MBS, 3 TH A BB
AR, 1962—1967 FREZEHZBWITRMOE —REHH . BBITH S XMHE
KEMEHITREENAERN SN AR, 19721973 FREEBKBITHAE -
WE R ITHR A5 5 X B KB KR BRI AR 550 M 4800, XK
HEEAR W T RALEMBFHR SR RAOER . FE, 5% 8K R IR B
MEETHRENRSRE, FANESTCRENE A RENBITICRNEL. Z8
FEHRENRRETENE kW - h KB BN TR HMBHRERERK 1~2
B,

1978 E R AT EE=ZMSEB) BHZE, XERERLLE TEANEEH
WL, EFORF RS XL ERE TIFEHNER, 8 1A XA N
Wy FIIETE B AR LT B4 R G R I SO A I T A R A, X — D s —
BITBEREAE, S — A ERERE MREMSTEMER, ANEENLL
FEAE T AR

EREET HTHERBEANLE FFHMABRENEES. #—PRS
BT H RSN RGBT, RN XREHR WarH, XEMER EZXE AT
HERE, HEEEAPRF(EPRDAS, BHEEEFERAZBNBRILA K
EFEEEAAASE, SEEEREEESIE SITT -1l 28 Ltk
7k HE B P 2 5K 3048 (Utility Regirement Documents, URD), R A [ R AL R T
T 2Bl By ST A4 “ BRI B P SR SO (European Utility Requirements, EUR)”, it



2 AABRAGME BRI A%

FE R AN R URD.EUR SR E R, £ & B O Bt 8 A4 7= 0 2K 018 A 2
B BERITREHBKENIA, FTEQEXEHREAABEEI LMK AP-600, %
E GE A RIRF XML K (ABWR) A EEBBARMEEAGTFA R
B A T & O BR N S5 1 22 e HIL2H RO K 3 (EPR) 4§,

20 42 90 FALH A EIF4R T AKX B RS T, = A
B ESHARRGOMWKHKARARBKESERABINAB R TARG LiRA IR
Sh. EXFERT 1999 F 6 AXEBNRRBWE & LR B VU HZER
G 4 REBRER"WEES, ERHEENRIEER/REEZ RIS ]
R, BRI E XM BT RBRMOBZBIEHRAE 2, A LR BATHA L2178
;8 3 REMRAFRMWEHBKELEBHEAR, FEEZCEETT;H 4 0
Bl AT RN EER FEHAR LFE XM S, 5Ok B ATA R 332 M 5 R
B, HF B R RA ENAFE et . BRY T ER DM L&Y #.

BRAAHEEER EANNR S RS R B ST R R
R, SR R 4 7 ORI RL T, & W R A RUSPE VR 205 A BRAEIR ALY

BEBRSAHE (Very High Temperature Reactor, VHTR) i % B %8 4 U
B AR A — o 2R, FE A A R A 1 000°C R . A4 DABEBR KRR IK i
S HE R BRI, MSESE R RE R M S R A TR T R BR A R R 2L 1R
SV HE I R S R L B TR E AR A .



The Advanced Nuclear Energy System and High Temperature

Gas-cooled Reactor

Preface

This is a monographic book, intended to explore all the fundamental
characteristics of fuel cycle, safety and economy for advanced fuel cycle system-
Generation V.

Nuclear energy is a clean type of energy. Nuclear power plants, without
emissions of such pollutants as SO,, NO,, dusts and CO,, are supposed to be
environmentally sound for the urban development, as well as significantly
contributory to the mitigation of CO, emissions.

Nuclear power makes up a more than 20% share in total electricity
generation for a dozen of countries such as France, Sweden, Switzerland, Japan,
South Korea, Germany, Spain, UK and Ukraine, with a strong demonstration of
the economic viability in many countries around the world.

The safety and economy have long been the prevailing factors influencing the
nuclear power development worldwide.

Since 1958, the successful operation of Shippingport nuclear power plant in
the US has given an impetus to the development of nuclear power generation in
large scale around the world. Between 1962 and 1967 the orders for nuclear
power plants were on the first upsurge. In two years the orders for nuclear power
accounted for around 45% of total power capacity. Through 1972 to 1973 came
the second upsurge for nuclear power orders. The orders for nuclear power
registered 55% and 48%, respectively, indicating a wide recognition of the
technical feasibility and economic viability of nuclear power. Meantime, the high-
level safety standards of nuclear power plants have been well established in the
beginning stage, with the records of thousands of reactor-years operation a good
example. The risk of death rate per kW « h power generation resulted from entire
chain of fuel cycle for nuclear power is much lower than other power technologies
by 1-2 orders of magnitude.

Since the accident of Three Mile Island Nuclear Power Plant in 1978 in us,

NRC (Nuclear Regulatory Commission), the tragic experience has been learnt
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the hard way, and brand-new requirements have been set out for both the
installed and new nuclear power plants. The utilities had to make much effort to
improve and install the additional equipment on the safety systems for the
installed and constructing nuclear power plants. This, however, has increased
the cost and made the operation more complicated as well as negative impacts on
the safety in some degree.

Under this background, in order to obtain the useful feedbacks from
operational experiences, make the licensing irrelevant to the sitting and improve
the safety and the operation performance as well as reduce the cost, several
utilities from US and other countries jointly initiated a program on developing a
clean and define URD (Utility Requirement Documents) for ALWR (Advanced
Light Water Reactors). This program implementation was led by EPRI
(Electrical Power Research Institute) and involved by major utilities owning
nuclear power plants in US and several international utilities and closely
coordinated with US DOE (Department of Energy). The European Union has
compiled a similar document like EUR (European Utility Requirements). In
terms of the URD and EUR the international venders for nuclear power plants
developed the innovatory types of ALWR based on existing LWR. The types of
ALWR include AP-600 developed by US Westinghouse, ABWR, developed by
US GE and EPR, jointly developed by France Frametome and German Siemens.

In early 90’s the reform of electricity deregulation launched. The Combined
Cycle Gas Turbine power plants in middle size (300MW) demonstrate the
advantage of competitiveness owing to the short-term construction period. Under
the background US DOE raised the concept of advanced fuel cycle system
“Generation IV” in June of 1999. The Generation ] is considered as the first
commercial power reactor. These were prototypes and demonstration plants that
have now been shut down. The next generation, Generation [l , followed. These
are basically the plants that are currently in operation in the United States and
worldwide. The next designs after that were ALWRs, those now are beginning
to be built and operated in some countries. ALWRs are called Generation Il
reactors. Generation [V , is anticipated to embody significant improvements over
existing designs. It is expected that they will offer ways to overcome current
commercial and public acceptance impediments. In particular, it is anticipated
that they will be highly economical, have enhanced safety, minimize waste

production, and be highly proliferation resistant.



Preface 5

High Temperature Gas-cooled Reactor (HTGR) is well known as the
advanced type reactor in the international nuclear industry. HTGR takes the
advantages of safety features, high efficiency and wide application. The coated
particle fuel with excellent performance at high temperature is used in HTGR.
The helium of inert gas used as the coolant and the graphite used as the
moderator characterize the HTGR.

The VHTR ( Very High Temperature Reactor), a type of High
Temperature Gas-cooled Reactor with 1000°C outlet temperature of helium
coolant, is considered as one option of Generation [V system. In this book Pebble
Bed type Modular High Temperature Gas-cooled Reactor is taken as the case to
describe and investigate the relevant technological and engineering issues in terms

of the fundamental characteristics of advanced nuclear power system.
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