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摘要

介绍了功率为 120MW，供应 90'C热水的两种深水池式供热堆

CDPR) 0 反应堆堆芯放置在一个大而深的水池底部，其活性区高为l1Oc m ，

当量直径为 174cm 。其中 DPR-l 堆芯是自然循环冷却，而 DPR-3 是强迫俑

环冷却。由于反应堆在常压下运行，不会发生堆芯熔化事故，安全性好，可

靠性高，技术上可立足国内。因此，这种深水池供热堆具有商用价值。
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ABSTRACT

The d何igns of two deep pool reactors (DPR) for district heating are presert~·d.

E:lch reactor has the ahility to supply power of 120MW and hot water of 90 C. The rt' ;lC­

tor core is put on the bottom of a large and deep p∞I with activity zone of 11 Oem in

height and 174cm in equivalent diameter. The core of DPR-l is c∞led by nat ural circula­

tion and DPR-3 is c∞led by forced circulation. This type of reactor is operated at normal

pres:mre. and win be no accident of in-core melting. It has high rpliability and good per­

formanct of safety and can be constructed by using domestic technology. The DPR could

be used in commercia l.
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(A) DESIGN FOR DEEP POOL HEATING REACTOR (DPR-})

INTRODUCTION

The temperature of the reactor core and the reactor systems has an important

1m阳ct on the reactor design. A decrease in the temperature will make it 阴暗ible to

improve坦fety. reliability and teonωnicsof the reactor. There exists great diHer­

ences bet....~n the parameters used m the coal-fired boilers and the one used in nu­

clear heating design.

According to the actual water temperature in the existing urban heating grids

in North China. 85- 90 (' inlet temperature of the heating grids will fully meet the

base IO"ld requirements. The DPR heating plant , with low temperature and normal

pressure feature茧. the primary I∞p of which is flooded in a deep open pool (Fig.

1). has the following advantages:

(l) Loss of c∞lant in the reactor can be avoided absolutely and other acci­

dents which have serious impacts on environment art im阳)Ssible.

(2) Systems and facilities in heating plant can be simplified greatly.

(3) Experiences on the pool-type research reactor in China will make the nu­

clear hearing plants to be constructed and put into 01陪ration with less investment in

a shorter time.

Table I ~fain Parame.ers m 'he: DPR-I and .he Healing Grid

<"C)
(t/h>

(M "N)
«(、〉

( t/h)

Item

reactor thermal power (MW)
P∞Id~m~" (m)
pool height (m)
outlet temperature of core ( 'C )
inlet temperature of core ('C)

!Ipecified flow rate in primary I∞p (t/h)
No. of prim Ol ry heat exch.mgcr!\
power of primary heat exchanger
outlet/inlet temperature in intermediate loop
flow rate in intermediate I∞p

No. of intermediate loop pumps (operating/lItandby)
lIpecified outlet/inlet temperature in Ilrid
flow 型巳n gri兰

parameter

120
7

24
112.6

75
2744

4
ZO

100/65
2919
4/2

90/55
2890

The DPR heating plant consists of a big deep pool , an intermediate I∞p ， h~at­

ing grids , residual heat removal system. control system. waste water treatment.

primary and intermediate water purification systems. ventilation system. radi佣c­
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tivity d~t配tive 可stem. power supply system. and etc (Fig. 2). Main parameters

of DPR-l and the heating grid are listed in Table 1.

1 REACTOR CORE DESIGN

TMc回回itions of DPR-l 曲唱团ign are:

(I>The rated re配tor power is 120MW. and the refueling period is ISO full­

power days.

(2) Average water temperature in ∞，re is 93. S'C during full power. Moder'l­

t田 temperature coefficient and cavitation reactivity coefficient remain negative un­

der all 呵~ration conditions.

(3) No boron solution will ~ added into the pool water,

(4) Single rods are used as control rods. m~ting the requirement of tht: one­

rod-gr，ωp-failure principle. the other rods sbωId ~ 3ble to shut-down the reactor

with 5uocritical degree of over 2.

(5) Under the condition of full power 饵~ration. flattening of radical power

distribution requires: p_./冉胃r. < 1. 38 (in X-Y plane) ,

( 6) In equilibrium fuel cycle. average assembly discharge burnup is not less

than 22GWD/tU.

(7) In the reactor design. low specific power and low line power density of fu­

el element are adopted. They will make the surface temperature of fuel element.

central temperature. minimum ratio in firing have great 回fe margin compared with

pow t>r reactors.

(8) on the outlet of the cOle. the water is in suoc∞led state and no voids ap­

pear. thus improve flow stability in the primary natural circulation I∞p.

(9) Natural circulation is used in the primary I∞p. which requires the ratio

H / D of the core height to diameter in the core lower.

The reactor core design:

Based on the features of DPR. special arrangements are made: the height of

the core activity zone is II Oem. the diameter of the activity zone is 174cm. and the

fuel assemblies are kept in small sizes. which will be convenient in refueling and

flattening of power distribution. The fuel element outer diameter is 1Omin. lircaloy

cladding thickness is O. 7mm. fuel pellet diameter is 8. 43mm. and activity height

is l1 0em. The fuel elements are arrayed in 8 X 8 in a回emblies. The 2 X 2 in the

center are replaced by a guide thimble , which together with the three spacer grids
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form the framework of an assenlbly. A control rod 四 aluminum rod is in the guide

thimble. The aluminum rod is Always sus防nded at the end of a c田urol rod. and

th四 well maintain flattening of 阳wer distr;lxJtion in the 路法m恤白. ~h as.wm­

bly has 60 fuel r叫s. The water gap between two as晴m帐~ is O. 8mm. and the

distance between the centers of the two assemblies is 108mm. The pitch between

the fuel elements is 13. 4mm. theωter diameter of the guide thimble is Z9mm.

and its inner diameter is 26mm (water/uranivm in volume is 1. 90).

Reactor ∞re structure:

The core c'mSists of 205 fuel as哑mbli白. or totally 12. 300 f~l rods. The t(头

lal weight of uranium oxide is 7. 715t.

Refueling will be made each year. using new 剖，sembli臼 with uranium-2J5 en­

richment 3%. The 101 control rods are constructed by stainless steel thimbles with

B,C in the cent盯c1added. Theωter diameter is Z4mm. An alternative control

system consists of 89 control rods.

The open pool arrangement is used !n the reactor. and the reactor core ;s I仆

cated at the bottom of the pc时. where the static pressure is o. 3tdMPa (see Table

2).

τahl~ 2 ~Ia 如r Paramdef'5 of the Kcado;,' Core

Item

thermal power
归wer der.~ity

activity height
equivalence diameter
No. of fuel a~~mblie !l
total weight rof UO,
water-to-uranium volume r冉 tio

No. of fuel r时~ in each a~~mbly

fuel rod arranKement in a!l!\{'mbly
fuel 8 :'1!1emhly dimen!lion , em Xcm
pitch between rod :'l

average di!lcharge hurnllp
average line power c!en!lity
:'Itllllc pre:'l.'1ure
normal inlet/outlet tempera l\lre
m何mum central remp('r;l(ure
DNBR

2 PRIMARY LOOP OF REACTOR

(MW)
(kW汀.)

(em)
(cm)

(t)

(mm)
(MWD',U)

(W!cm)
(MPa)

CC)
CC)

parameter

120
45.6
110
174
205

7.715
1.902

60
8X8

10.8XIO.8
13.4

22 ,000
R8.69
0.30]

75/ I1 Z.6
800

>Z.5

An components of the primary'∞p are installed in the 饵>en 阴)01 of the DPR ,
including the reartor core , the riser , and the primary heat exchangers. .".verage
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Micht difference betW«n the re缸toe c田e :and the primary heat eXl"hilngers i..~ 16.

4m. The driving pre据ure of the prill随TV natural circulatvon is 4165 Pa.

The primary toe刻p compor始nts are usuaUy mack of aluminum alloy. which can

br fabricated in high quality. and Ius perfK"t IDf'chanical and anti-eorrosion p民联r­

ties in the tem~ratureran~ of 50-1Z0 'C. Aluminum alloy 巳 also quite inexpen­

SlYe e田npared with other metals and contribut四 to lower the in四stmεot_

The only plant吗配ifie 町uipment 白 the primary heat exchangers. and has th.­

following pr叩nies:

(I )C但由d町iog natural circulation requiremmts. and to AI、四J \,oilinJ! the in

lrots of the exch:mgers aR located at 9m below the water surfa~ and the 川lets n~:I r

the 5urf"Ce. The total flow length is a缸lU t 8m.

(2) Single-pha~ natural circulation requir~ a low flow resist~nc l' in tilt" eX­

changers. favorably limited in the range of 980- f.l 70Pa.

( 3) In order to increase sut'~ly water temperature. the main exchan~er"

should be operated at a low temperature diE~rence between the primary and ~­

ondary loops.

Thr佣gh the analysis of the thr~ feature:> about. it can be conc!ml('d th;'\t • :!

l佣g flow length in the exchanger will ca~ difficulties in maintaining low flow rt-·

sistance; and the low flow resistance and low temperature difference result in an in

crease of the heat exchange area. The impact 巳 C佣lpensated by intensified heat

transfer to im!)rove heat conductivity under the conditions of low temperature. Ill"'­

J>r臼sure and low flow velocity in the design of primary heat exch:lnger!i. SI) till"

CO!its of the primary heat exchangers are kept relatively low.

(B) A NEW DESIGN FOR DEEP POOL

HEATING REACTOR DPR-3

In the previous design. natuml circulation i~ e!itablished in the prim:l r~.. IOPI川门

remove heat from the core. The natural circul:ltion requires all the components ill

the primary loop to be installed in the open JX叫; and s阳cial heat exchanfl:ers

shωId be designed and tested to meet the requirements for natural circulation. SO

some money used in pre-research -35 well as some time will be needed. But a new

design for f)PR 一- DPR-3 Will have none of these problems. The mtlin parame­

ters in DPR-3 de l'lij:tn are similar to that of DPR-l (see Table 3) But the I 汗'民-:l
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hotingn蚓。，. is ba提d ∞ th~ practical t«hnol哩y and appar~tus. SO it can be 四d

directly in project c田\Str削lOll.

t加inc to t~ high flow mista配e in the exchangers. DPR-3 establishes forced

circulation in the primary ~. with the heat exchangers and pumps installed out­

side t~ pool. Still large amounts of water mnain und~r both the level of the pme­

totions in the pool wall and the level of t~ 阳mps and hrat ~xchangers. thus that

me-ans a long ..gr配c' period" and 措cure hi~h inherent :;afety of the reactor.

The spr.cifications and 阴阳meters of DPR-3 are similar to th~ of DPR-l •

the DPR-3 is mor~ feasible 10 be (lllt into construC li:>n than th~ former one due to

using conventional technol句yand 叫lIIpment.

The core of DPR -:> is alωh:aletl itt til t" I!川;'~r 阳rt of the 阳X>I. HoI Waltf out

of the core ~情吉 along the hot W:l ter ri~r. th,"n flowsωtside the pool to enol

°hrωgh the pl:lte he"t exchan~ers an:1 r曹turns to the pool through the stainl~s

阳mps. Such concept of forced circulation kX)(l. avoids the problems occured in

DPR-l. in which ripe technology and device :ue used.

τ.bI~ 3 ~I.jnr ParalMtn-s nl DPR-3

llem p.ua'l1l'lrr

thrrmal power
inner diameter of 阴Xli

d叩th of pool wa: t'r
inlet temperalUfI' of cnrc
out险t lem~ralurc of core
,pecififtl flow ratt of rore
No. of primary he:lI exchanger~

"网r for each heal exchanf(er
inltt!ωtiel lemperalllre or inlrrl1\('dialt loop
flow rate in intt'rmNli:llc I阳市

No. 0: p\lmp~ in intrrm町liillC loop (opt"ratin 町、!rf' rnillivc)

flow rllte in hrlll Itrid!'
inlel/omlel IrmPer:llllrc in hral Io!ricls

("'1W)
1m)
(m)

((' )

( {'>
(I ih>

(~1W>

( {'>
(I ih>

(I Ih >

120

:;4
SO
110
J -t 2。

8
15

70 /1 00
3428
., /2
3434
90/60

At normal 叫>erating condition. the circulation of ("001 water through core i:>

driven by pump. but the natural circularion can be creared by the gas lock when

pump i~ failure. In cal'e the pump 协rkl"n down. the control rods drops and the ~a:;

l饵k located at the riser above the core in the 阴JOI opens automatically. The re5idutll

heat is removed by both pool wtlter tlnd the residual heat exchanger in the pool.

,ompared with DPR-] , DPR-3 has the same ~缸fy fetlture. Owing to the forced

circulation induced , the flow velocity in the main heat exchanger is rtlised with in-
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CRaad Jfacier町 and red町eel h~at ~xchange am. Although. the investm~nt 佣

h~t ~xcha~r .'~ down. the~ is i配rnsernent of pum庐. valvn. aμ ;lump

rooms c四. TM totai mftStments of DPR-l and DPR-3 are similar.

AldKM昭， the~ is more ~lectric pow百 con割mption on pump OJ町~ti∞.DPR­

3 has a grot convenie配e in heat ~xchanger maint四anee. and has safety in part

Io.ded吗町剖ion wh回筑ne 阳mps are broken down. These pr<句~rtie予 are Impor­

tant for the first nuc~ar heating d~m饵l.~tration project. F田 th~ rdiaLility of di:-­

triet Mating has a direct 筑rial influmc曹 on civilian lif~. it is nece:;捕ry to have ;;

higher ~n割m配~.

In our 呵linion. the first DPR to ~ built should be DPR-3 with it:; sin~le POW­

er scale of 120MW or more than ZOOMW. The building of DPR-3 is helpful to tlw

cons:ructi侃 of DPR-1.

Th~ two kinds of heating r~actors hav~ th~ same cor~ structurt:. wnrrol plr

t~rn. f~11帽ding and equipm~nt rnaint~nana m~thods. and similar inl~t and outh:r

core tt"Rl肘ratur~. Th~y a陀 both suitabl~ for the user wh部~ supply water tem~ra­

ture of h~ating grids is ~Iow 100C. ES(黯cially for most North citi~ anti indm;rri:l l

<t reas. UsW with oth~r h~ating sourc~s (such as ~ak load 阮为I~r). th~ supply W ;J­

t~r Tern肘rature in the grids might reach 1Z0r and this is t lu! most economiC'al ",";Iy

for nuclear district heating.

Thecomm侃 features of DPR-1 and DPR-3 is ~X四lIent inherenT s,lfety. sim­

pie structure and relatively lower investment. Because their working temperature is

below 110 C in the reactor core. m(黯t structural mat~rials in the pool are aluminum

alloy.

With aluminum used. there are many convenients in water pr叫~rty control.

water activity. checking and retiring of equipment and the 萨施sibility to study alu­

minum dadd~ fuel rod which will h肌e ~reat henifit for thr: technical and economi­

cal prcpt':rty of the low-tempt':rature heating reactor.

The two kinds of the reactor can utiliU' both the neutron and Y from the cort'

easily and are favorable for comprehem~ive utiliZ<ttion of nuclear ener~y.
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Fig- 2 Syscems Layout of th~ Heating ReactOl"
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