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Ab8tract Thc cHht oftwo bollc—coal uowcr 8tation8 f6 MWcl oIl cIlviIoIlIIl(mt w。Is

invcstiga“!(1 within thc scopc of t11c d08c contlll)L1 Lio¨cml8cd by variou8 radioIlllcil(1《、s

iIl difnrcIlt wav8 lt b fbtuld that the bes‘lneasures“)reducc t11e e圩ect of b()n c、一(一()。Ll

Dower statioIl on radiatioIl environment include to selcct a矗ne boilcr svst{、lIl。uL‘l，1

conlprehcnsive utilization of the bone．coal cinder(BCC)，800t and asll in f11P(‘；Lf．fllf、I_
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1 INTRoDUCTION

Bone—coal is a natural fuel resources ln the southern China where raw cual】s 111

a short89e In this area，ITlining and utiUzing bone—c。al has never been interrul)tefi、

although bone—coal js low in caloricity，high in ash co【Ltent，and it contaills sulnlr；u】(】

natural radlonucⅡdes．It js feasible to make use of the bone—coal to generak electrⅢty

However，the e仟色ct ofits radiation on enVironInent is a great conc目n Thi8 paper presenl s

an approach to reducing the efrect of bone—co al p。wer station(BcPs)011 envir()nIlleIl{

2 PoLLUTANT ELEMENTS AND PREVENTIoN MEASIJRES

A B CPS consists of a bo订er system，a steam turbine，an electricity generator，a

p。wer distributor，bone—coal storage，bone—coal cinder(Bcc)st07age，and dtIstcr as】1

stor89e The ma协electTical installation and the technological parameter are 1is Le(1 i11

Table 1

As for the efrect。f the Tadiation on environment，the fbUowing stages of the bolle

co出usage in two plants caused us considerable coIlcern：Bone一∞al storage_Fluid-bef【

boikr system—}Bcc and duster ashes．The resulted pouution 1ncludes：(1)the Taisc(1

dust and the 222Rn released fiom the b。ne—coal(bone—coal storage)，(2)the sont aTl(1

222Rm disch盯ged into the atmospheTe from the chimney(b。iler systeTn of nuid—be(])，mld

MnIIuscriut眦eived da“：200l 12 17
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f3)the dust and 222Rn re】eased hom tbe BCe aIld as如jn the catchers fBCC and dus￡cr

ash storage)

Because the BCPS and bone—coal mine are close to each other in a geometrif dls

t(Ⅵtce，the bone—co出can be easjly obtained As a resI工lt，there needs mtle storage nf the

c。al，and often a supply for行ve days is requjred．When an e骶ctive measure is ad。ptc(【，

such as using a water sprinkle，the raised dust can be insigni矗cant The ash is kept lIl

a storage，and the Iongest storage“me does not exceed矗、陀days h1 additi。n，ITlea虬lIes

are taken by providing windbreak，waterproof，and dustpr。of T11e ash call be use(1 aI

a row matet id to Droduce cement Therefbre，the e行bct of the raised dust and ash on

ambient environment is n89hgible．

Thble l Main ele“rical installa“ons and techIl0109ical paramPters of BCPS

Based on∞mputer si刑ulations，it is estimated t11at the public radiation dose cause(1

bv the 322Rn reieased from BCC and ash at the stacking site is onIy sever缸thousⅫ(i LlIs

of that from the dliIllIley．The efrect is also neghgible

BCPS A adopts a circlllating nuid—bed boiler with a consumption rate of coal oj

20 18 t／h(1 21×105 t／a)．The e币ciency of removing dusts using a whjrlwind dust 1enloVer

and a rotatin譬stream plate desuLhrized dust remover is 98％The ash-laden gases exIlaust

flom chiTrmey which has a hei曲t of 80 meters and舢l internal diameter of two meters a1

exhaust pass．The amount of s00t discllarged fIom the chi埘ley is 44 9kg／h(269 4t／a)
The otheT BCPS uses a composite chculating丑uid-bed boiler consisting of tIlree cir

culating elements Tlle coal consumption rateis 2l 87t／h(1．31×105t／a)A desuIfiIrjzecl

Ineasure is adopted by using burnhS Unlestone．The e珩ciency for remoVing dusts usiIlg a
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whirlwind sepaTat凹and electrostatic precipitator is 97 8％．The ash一1ade“gases exhallsl．

from the chimney whjch has a height of 80 meters and an internal(1iaIneter of two met eIs

at骶haus‘pass．T1le amount of soot discharged from the chimney is 19 0kg／lI(114 t／a)

3 ESTIM ATIoN oF PUBLIC RADIATIoN DoSE

3．1 Radio-nuclides from the bone-coal power station

The concentfations of Tadio-ⅡucUdes in the bone—coal'BCC and ash in the catchers

arelistedin Table 2．

Table 2 concentration of radionuclides iIl bom-coal，BCC and a8h in七he catcllcrs(B(1／kg

For the estimation of the pubUc radiation dose，the radio．nucUdes such as 2：‘8U，

204U．232Th．222Rn．2loPb and 210Po盯e concerned．

Based on the results from merature，【1 J duriIlg the burning process of coal，radj0111l_

clides aTe concentrated in the soot from the chinmev．ash in tlle catchers a工ld bolle—c()a1

cinder，especiaⅡv in the soot．It is therefore assunled that the concentration of 2“1rb ancl

210Po in the soot is two times as 10ng as that血ash in the catchers Due to the pr。pertv

of曲e 222Rn gas，it is further assumed that aU the 222Rn is released with smoke into thc

aITlbient environment

Table 3Ⅱsts the radioactive source items obt缸ned from the chjrrmeys according to

the consuIned bone—coal a：nd soot for the t、Ⅳo BCPS under卫eneral operation．

Table 3 Gase01ls radiation e{}hlents of BCPs(×108 Bq／a)

3．2 Results

The computer program，YEAR30(revised edition)，was used to estimate the dose
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Becanse BCPS A is not far away丘om BCPS B，par锄eters related to nleteor0109 y’livillg
custonl，and resident recipes were assllmed to be idernical for the two BCPSs And the

cond“fon is ro【培b扫sme about the two B(乎ss i玎t矗e es抽舶at如n ordoses．I量e maximmi)
pllbUc indiVidual annual e舵ctive dose equivalents are shown jn Table 4

ThbIe 4 Th。p11blic anlluai e位c cive d08e 8quivaIeIn at“lc hwar(1(mSv／a)

As shown in Tab工e 4，the jnf乱Eroup has a maxiInum dose in WSW at tlle 200 meter
from tlle BCPS，the doses are appro]【imately 0．194mSv／a and 0 208mSV／a，respectively，
with a manageable public radiation dose being o．25 msv／a【引，the public doses of bnI h

BCPSs are within the acceptable 1evel．

The dose contributions caused by various radiomlchdes aIld radlations f『oIIl gase叭ls

emuents are shown in Table 5．As shown in tl塘tabk(for BcPS B)，the key radionuclide

is川Po and the primary channel iIlto human body is the ingested a铲icultllr“pro(iucl s

The dose contribution丘om 210Po is 59．6％of the tot a1．The dose caused bv 222Rn in thc

inhaIed越r is only 2．76×10叫mSv／a，a very low quantity compared with the totaI dose

of 0．208msv／a Clearly，the d08e caused by 222Rn is ne91igible

4 MEASURES To REDUCE RADIATIoN DoSE

It was estimated that the public ma】【imum individual annual effbctive dose is e小ljv

alent to 0 208 msv／a． It is loWer￡h柚the manageable objective Value(o．25 msv／}1)、

but stiU higher than the corresponding radiation level caused by ordinary nucleaT power

piant．I“s necessary抽take appropriate rneasures to reduce￡he radiation d。se from the

BCPS

4．1 Increasing height of a chimn8y

工n genera工，increasing height of the chiHmey is a way to reduce the radia‘ion dose

from the BCPS．It is estimated that if the height of the BCPS’s chi舢ey is increased如。111
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80m to 100m or 120m，the maxi枷m doses equjvalent in the in‰t group at WSW—
o．2 knl are o．389 msV／a，o．388msV／a，and o．388msv／a respectiVe】y．The ch芒Ⅱlge of t110

nla豇mLml doses eq血Valent in the infant group is IIlinimal Theref0Te，to increase heiglll

of the c上Limney wiⅡnot be efrective to reduce the radiation level．

11able 5 Tll【!dose contriblltion caused by various radionllclidcs aIld way8(SwS(】．2 kIll)(sv／“

4．2 Selection of boiler system

The composite circulating nuid_bed bo订er used in BCPS B，has advant89es of 10w

pollution aIld higheT dust·removing emciency In addition，its discha。ged arnount of soot

is only 42 3％of that of BCPS A As a reslllt，if BCPS A had a coInposite circIllating

nuid_bed boiler，its discharged咖01lIlt of soot rnjght be decreased to 50％， alld tlle

corresponding pubⅡc nla船枷m radiation dose would be also reduced by about half。
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4．3 Utilization of cinder and ash in catcher

BCPS A Droduces 37600t 0f BCC and 56900t of ash in catcher everv vearf Tlle

e舱ct of such a lar卫e amount of BCC and ash from the catcher in tlLe stacked sitos nn

aIllbient environment is signj矗cant．To make use of the waste to produce useful pr()(1ll“s

js an eH色ctive wav to pTevent pouution． There are matured wavs to utilize the BC(1

and ash hom the catcher as raw materials to produce cernent This will also protect

enviTonment ftom radioactive cont剃nation．Because the BCC and ash from the catchcr
haⅣe concentrated natural radionucUdes，the production of cement using these materials

should f0Ⅱow the correspon(hng codes．I
3J
According to estimation，the BCC sh0111d 110t

exceed 30％and the maximuIn ash coIItent from the catcher is 15％，When rIIixed at a

(BCC／ash)ratio of 1：1．15，the total coInent of the埘xture should not exceed 20％of tlIe
tot al raw materials in wei卫ht

5 CoNCLUSloNS

small_scale BcPs(6 Mwe)may give public individual maxim衄annual e舱ctive
dose equivalents 1ess thaIL the annual manageable objectiVe leVel．HoweVer，it is necessa7y

and Dossible to further reduce the radioactive level ca肛sed bv BCPS．An e靠bctive mea趴lre

is to seIect a只ood boiler system with a rational structure that produces smdl mnoull}of'

soot．An integrated utihzation of the BCC and ash fr锄the catcher is also an efIbctiVc
wav to reduce radiation．
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