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The collectiVe dose equiValent in eValuated region of bone-coal

power stations and bone-coal shafts
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Abstract Du“ng 199l—1993，the radioactiVity leVels ofthe bone-coal mines were investigated in Hubej，Hunan，Ji—

angxi，zhejiang and Anhui PmVinces，respectiVel y，where the reserVe of bone-coal is about 90％of our country’s total

reserVe．The annual addjtional collectiVe dose equjValent within 80km eVaIuated regjon of bone·coal power stations

in Nijiangkou and Anren is 1．7 and 1．9 man‘msV，respectiVel y’and that of zhuantanyan bone—coal shaft is 1．4

man‘mSV．The collectiVe dose equjvalent caused by bone—coal cinder brick produced fbr 25 years in the five prov—

inces is 1．6×105 man．Sv．
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l Introduction

The reserve of bone—coal in Hubei．Hunan．Ji．

angxi，zhejiang and Anhui ProVinces accounts fbr

about 90％of total reserve in China．More than two

hundred years ago，local people spontaneously started

to mine the bone—coal on a small scale．At Dresent，the

bone—coal is not onlv used to make lime and then me

lime used as a building material or to impmve t11e soil，

but also～used as a kind of fUel fbr generating electric-

ity．However'the chimneV’exhaust of the bone．coal

Dower station will increase the radioactive contamina—

tion in surroundings．This is a man—made radioactiVity，

which will lead to possible increase of public dose in

these regions．

In 1 99 1．the National Environment Protection

Agency and the Safety Protection Bureau of me Chi—

nese NucIear Industry Corporation granted a project

named“the study of effect of rnining and utiIizing

radioactivitv—associated bone—coal on environment”．

The inVestigation items include丫radiation doserate，

natural radionuclides．content of non．radioactive ele．

ments，concentration of“‘Rn，evaluation and estima．

tion of the dose equivalent．Lasting more man two

years，the project was completed in 1993．The estima—

tion of collective dose equivalent，which is caused by

bone．coal power station，bone—coal shaft，bone coal

Fig．1 Distr．butjon ofbone—coal mines in five pmvjnces
l Bone—coaI power station；#Bone—coal shaft：

▲InVestigated point；●ProVincial capital．
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cinder bricks(BCCB，commonly also caUed“carbide

brick")with richer natural radioactive radionuclides，

is one of important subprojects in出is inVestigatjon．

The distribution Of bone．coal mines in five Drovinces

is shown in Fig．1．The capacity’eValuated region，

population distribution of Nijiangkou Bone—Coal

Power Station(NJK—BCPS)in Hunan Province，Am．en

Bone—Coal Power Station(AR—BCPS)in Zhejiang

Province and Zhuantanvan Bone．CoaI Shaft(ZTY-

BCSl in Hubei Province are shown in Table 1 and

Figs．2-4．
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Fi2．2 Population distribution map within 80km evaluated

regjon for NJK—BCPS(10。miIIion／p)．
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l强g．3 Popuiation distribution map within 80km evaluated

region for AR—BCPs(1 0-2 million，p)．
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Fig．4 Population distribution map within 80km evaluated

region for ZTY-BCS(10。million，p)．

’I’able 1 Capacity and population of the eValuated region of bone-coal power stations and shafts

ProVinces Local．ty Kind AnnuaI capacity(kW) EValuated region Popula“on(million)

Hunan Nijiangkou

Zhejiang Anren

Power station 5600

Power station 750

Yiyang，Ningxiang，

Hanshou．Xinhua．etc．

Jiande，1bn91u，Fuyang，

Shaoxjng，Lin’an，etc．

9．04

7．62

2 Dose estimatiOn methOd and measuring

instruments

In this investigation，the adopted measurement

methods and the 10wer 1evels of detection(LLD)of

instmments are 1isted in Table 2．

The China Research Institute of Radiation Pro—

tection has estimated the coUective annual additional

ef．fective dose eauivalent of l 92 subareas in the evalu．

ated regions of bone—coal power stations and

bone—cOal shafts，according to the released quantity of

7I’able 2 Details of measurement methods

gas passing through BCPS’s chimneys and the specific

activitv of radionuclides in the dust ftom exhaust ori．

fice of BCPS’s chjmneys，the released quantity of ra．

don f．rom for the radon concentration in)exhaust ori．

fice of bOne—coal shafts．And the local meteorological

data oVer years，the unified parameterS of residents’

reciDes，residence factors，conversion coefficients of

dose and other related Darameters were also consid—

ered．The estimaCing门esuns of c011ective dose equiva．

1ent are 1isted in Table 3．
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1【1able 3 The collectiVe dose equiValent in eValuated regions of BCPS

!皇曼!ig!曼!!i璺璺i∑i璺望垒!垒Q!皇皇g竺i∑璺!曼翌!(丛堇∑!垒2 co Jlective dose

NJK—BCPS SSW First 27 210Pb Ingest 1．7

AR．BCPS WSW

ZTY—BCS E—SSE

First

First

Juvenile 62

Infant，juVenile 28

226Ra

222Rn

29 Ingest 34

Inhalation

1．9

1．4

3 Results of dose estimation

3．1 Bone-cOal power statiOn

From 7Ijable 3，the highest individual annual addi—

tional e骶ctive dose equivalent is 27 LLSv in the first

subarea located in SSW direction of NJK—BCPS．be．

cause of natural radionuclides such as 238U．226Ra．

232Th，40K，210Po，etc．in dust released f．rom chi姗ey'
with the critical radionuclide of川”Pb．the critical wav

of ingest，and the annual coUective dose equivalent of

1．7 man．Sv within 80km evaluated region of the

NJK．BCPS．

The highest individual annual additional e虢ctive
dose equivalent caused by 226Ra，232Th，40K and 210Po

released from the chimney is 62LLSv in t11e first su．

barea located in WSW direction of AR．BCPS．The

critical residential group is juVenile group．The critical

radionuclide is zzoRa which con仃ibutes 29USv．Ingest

is the critical way which brin2s about 34US V．The c01．

1ective annual additional ef．fective dose eauivalent is

1．9 man．Sv within 80km evaluated region of me

3．2 Bone．cOaI shaft

FIDm 1hble 3，it is known mat the highest indi—

vidual annual additional effbctive dose eauivalent

caused onlV bV the radon released f幻m ZTY-BCS is

the first subal．ea lOcated in E．ESE，SE and SSE direc．

tions within 80km evaluated regiOn．The individual

dose equiValent of critjcal groups of infant and juVe—

nile is 28US V，the critical waV is inhalation．The c01．

1ective dose eauivalent is 1．4 man·Sv within 80km

evaluated region of ZTY-BCS．

3．3 Carbide bricl‘s

The coUective dose equivalent caused by

bone．coal cinder brick(BCCB)houses was estimated

according￡o t11e dose estjmation formulas provided by

the UNSCEAR report(1 982，1 993)，¨_1 the total output

of the carbide brick fbr 25 years in the five provinces，

50 year’s duration of living in these houses，and the

dose equivalent fbr the residents living in the BCCB

houses．1j1 The estimated results are listed in T’able 4．

AR—BCPS．

1陷ble 4 Collective dose equiValent attributed to the production of BCCB

1)Quoted f幻m Ref．[3】

Table 4 shows that the c01lective additiOnal ef-

f色ctiVe dose equiValent I’or the residents 1iVing in

BCCB houses of Hubei，Hunan，Jiangxi，Zhejiang and

Anhui Provinces is 6．40×104，8．15×104，2．12×103，

3．76×103 and 3．71×104 man·S v，respectively．The total

collectiVe dose equiValent for the fiVe proVinces is

about 1．6×1 05 man．Sv．

4 Conclusions

(1)It is desirable to select a kind of fine boiler
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system，suitable dust remover(4J for reducing the ef!fect

of bone—coal power station on the enVironment．If a

wet—dust remoVer or electrostatic precipitator is used，

the precipitating efHciency will be enhanced，the dust

released from chimneV will decrease obviouslV，and

the hi2hest individual dose and collective dose within

the 80 km eValuated region fbr BCPS will be reduced

effectiVely．

(2)When the bone—coal cinder with hi曲contents
of natural radionuclides f幻m BCPS is used as mixture

material to produce cement or other building materials，

it is crucial to not exceed the“Limit of Radionuclides

in Building Mat嘶als’’(GB 6566—2001)．【5】

(3)The best way to decrease the radon concen—

tration in bone—coal shaft and the total collective dose

equiValent within 80km eValuated region of the shaft

is to strengthen the ventilation of bone．coal shaft．And

miners’self-protection consciousness and knowledge

of radiation protection should be enhanced．Various

mles and regulations about radiation safety must be

observed．

(4)The BCCB houses surpassing standard limit

of丫一ray dose rates or radon concentration cannot be

used as dweUing of residents in order to preVent pub·

lic f}om undue radioactive irradiation．
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