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NATURAL RADIONUCLIDES

 The world-wide average concentrations of
226Rg 232Th and “°K in the earth’s crust:

40, 40 and 400 Bg/kg[RP-112 1999]
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ENHANCED RADIOACTIVITY OF BY- ¥
PRODUCTS USED FOR CONSTRUCTION

» Construction industry uses large amounts
of by-products from other industries with
enhanced contents of 22°Ra, 2%2Th and *°K

* Phosphogypsum

» Blast-furnace slag
* Coal fly ash

* Peat fly ash I
» Qil shale ash — Why ash?




URANIUM CONCENTRATION IN COAL FLY

ASH AND COMMON ROCKS

« @8- — Basallc rock
- o - - .S coals
we =~ ~ Common shales

R - Granitic iock

w 4D~ - Flyash=10U.S. coals

- = - - - Black shales
w 4 - Phospha® rock
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ACTIVITY CONCENTRATIONS IN

COMMON BUILDING MATERIALS AND
INDUSTRIAL BY-PRODUCTS IN THE EU

L

Material Typical activity concentration | Maximum activity concentration
(Ba/kg) (Ba/kg)

22%Ra | #2Th | 4K Ra-equivalent 226Ra | 2%2Th [ %K Ra-equivalent
Most common building materials (may include by-products)
Concrete 40 30 400 114 240 190 1600 635
Aerated and light-weight concrete 60 40 430 150 2600 190 | 1600 2995
Clay (red) bricks 50 50 670 173 200 200 2000 640
Sand-lime bricks 10 10 330 50 25 {0) 700 122
Natural building stones 60 60 640 195 500 310 | 4000 1251
Natural gypsum 10 10 80 30 70 100 200 228
Most common industrial by-products used in building materials
Phosphogypsum 390 20 60 423 1100 160 300 1352
Blast furnace slag 270 70 240 388 2100 340 | 1000 2663
Coal fly ash 180 100 650 e 1100 300 1500 1644




ROLE OF FLY ASH

* FAreplaces part of cement
* Environmental benefits:
» CO, reduction
* Energy demand reduction
» By-product utilization
 Economical benefits:
 Cheaper cement




COAL FLY ASH

- Radiological considerations:

* When used as the main component of
building material, may result in enhanced
exposure to y-radiation

» Radon emanation power is low

* Radon emanation of FA concrete?
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Uranium?*® Decay Chain

Atomic Number
82 83 84 85 86 87 88

Emissions:
CL Alpha Particles

Element Names:

Bi = Bismuth ﬁ Beta Particles
Pa = Protactinium o
Pb = Lead | Gamma Rays

Po = Polonium
Ra= Radium ' .
Rn = Radon Radioactive Stable

Th = Thorium Ele‘. t E|eiiit

U = Uranium




594% OF HEALTH PROBLEMS FROM
RADIOACTIVITY IS CAUSED BY RADON

TERRESTRIAL 8%
] INTERNAL 11%
COSMIC8%(Outer (Rocks & Soil) (Inside Human Body)
Space)

/M EDICAL X rays11%

NUCLEAR MEDICINE

CONSUMER
PRODUCTS 3%

RADON 54%

OTHER 1%
(Occupational0.3%,
Faiiout0.3%, Nuclear

Fuel Cycle0.1%,
Misceiianeous0.1%)




RADIATION EXPOSURE

* External (direct gamma radiation)

* Internal (inhalation of radon and its
progeny, mainly)




"RADON TRANSPORT TERMINOLOGY

rdsorotio ) diffusion has p artitioning
T ‘/7N. ! )
Ae ‘b’

- x m_

olid particle

_ Tpp e




"RADON TRANSPORT TERMINOLOGY

* The ratio of produced radon to escaped
radon =

o - the macroscopic
parameter, contains the combined
information on radon generation and
transport
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" EMANATION RATIO DEPENDS ON:

« Content of %°Ra (radon parent)

* Microstructure, micro and nano-
porosity

* Specific surface area
* Temperature

* Moisture
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Gypsum Cement Fly Ash
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—o—FA=150, cured 7 d
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-0 FA=150, cured 1 d

¥



bt
) anm

+45.98

+39.68
+33.38




"122 N7

=



NTRAN NV29 2W DIIMNN AR
R2711W 271010 7D AW 90 N*A0R9RXI
2101001 'TIMaA 7711N1 NMo'an ‘Nl

(9K R2?2 1191) 15 nNN122

2.50E-04
5.50E-04
3.90E-03

4.70E-03
6.00E-04

5.98+2.39

8.49+0.67
8.19+0.16
7.55%£1.19

8.10+3.24

4.40+2.02
6.25

8.72+0.70

7.77+0.34
8.30+1.11
8.26+0.48

9.43+0.75

4.60+1.51
7.02

3.8

6.8
4.0

10.9

3.7

2/5/10 10:00

28/4/10
11:00

9/5/10 10:00  2/5/10 14:00
13/5/10 8:00  9/5/10 14:00

9/5/10 10:00

28/4/10
11:00

13/5/10 8:00  9/5/10 14:00

TN

TN
Rimiie
D3NN

110N

17101
DXImnn




TR NU™29 2W DINNN 2RI

2711W 271010 7D AWM 90 N"A0R9RXI
21010001 TN 7711N1 N1gTdn 'nia
(R”M2 27§ 140 - 19K TOD 11V1]) 19 1N

1.7E-02
1.0E-02

2.0E-02

8.0E-03
1.7E-03
1.3E-03

8.17+0.98
8.78+1.05
9.12+3.10
8.69+0.48%
7.22+1.30
5.51+£0.99
4.93+0.40
5.89+1.19

7.52+0.66
7.64+1.22
7.17£1.08
7.44+0.24
6.85+1.18
6.29+1.51
4.94+1.48
6.03+0.98

27/6/10 10:00
117110 14:00
28/3/10 7:00

27/6/10 10:00
117110 14:00
28/3/10 7:00

23/6/10 9:00
27/6/10 10:00
117110 14:00

23/6/10 9:00
27/6/10 10:00
117110 14:00

TN
TN
TN
D3NN
17N
17N
17N
DxINN




NJ'DT MN™IN 22NnW 92 1" 1IRN N9121N 132

(2) nuw 11MOU

9.6E-04 7.0E-03
71E-03 (6.952-7.057)E-03
0.25
0.13 (0.2456-0.249)
0.26 0.25
(0.2484-0.2522)
2.65
12 (2.602-2.701)
e 2.87
(2.794-2.936)
13.86
10.7 (1321-14.52)
209 15.07
(13.59-16.56)
5.94
46 (5.678-6.192)
140 12.07

(11.09-13.06)

44.14
159 (39.77-48.51)
514 29.79
(25.49-34.09)
62.74
20.9 (20.90-104.6)

{045 56.56

270N 7NN
(1) norw v

6.7E-03

(6.574-6.769)E-03

0.26

(0.2563-0.2605)
0.26

(0.2568-0.2618)
2.75

(2.686-2.810)
2.99

(2.900-3.081)
13.77

(12.89-14.66)
14.97

(12.97-16.98)
6.21

(5.883-6.543)
12.75

(11.53-13.97)
44.38

(37.71-51.05)
30.38

(24.37-36.39)
63.15]

(-444.7-268.6)
[57.00]

mu*ld 190nN1 Sk, T4

1w 27nn

7.1E-03

0.26

0.26

2.70

2.94

12.50

14.29

12.50

20.00

25.00

41.67

43.48

(2) nurw MOV

12.0E-04

(11.92-12.06)E-04
0.13

(0.1314-0.1329)
0.14

(0.143-0.1438)
1.49

(1.446-1.525)
1.54

(1.492-1.579)
18.60

(16.31-20.89)
13.27

(12.19-14.35)
5.41

(5.232-5.585)
5.65

(5.350-5.949)

17.39

(16.51-18.28)
41.00

(36.97-45.03)
58.57

M 17nn
(1) nu'w 1MUY

9.7E-04

(9.59-9.82)E-04
0.13

(0.1253-0.1275)
0.14

(0.1378-0.1388)
1.28

(1.242-1.323)
1.24

(1.208-1.266)
16.69

(13.82-19.56)
12.03

(10.71-13.34)
4.80

(4.621-4.958)
4.92

(4.601-5.242)

17.13

(15.85-18.40)
40.31

(34.92-45.71)
56.64

Pw 27nn

9.8E-04

0.14

0.13

1.11

10.00

9.09

3.70

1.1

25.00

33.33

MR

11110

11110

11110

11110

i1Mmng

11Ny

171120

171120

9 W2W

9 W2W

‘g ww

‘g ww

1R

1R

1R

9'p ™71

g7 T

1R

1R

mna

mna

g7 ™Mt

g7 Mt

mna

mna



1131 NIRRT - 0"112°Dil O'RINNI

NMID?2 1N M2 19X X227 110210 1TRIN NDaw 1R -
072N D9 TWRD ,(18-37% -11) 19X 0D 1101
2107 NS NIRRT OD T . 13-66% -2 KR1il 11T'SINKI
17T 2D DaWin? 12120 11TRAN N9 237 20
29% =2 1D 11U

0'T7NN1 N0 aWil NR T2 NIRIINN ,NXT N2 -
-1) 272111 1”122 1V TIMail 19X N1MM22W 22NN
2D NR2M nbawn Nn™n K2 (2”N2 172 140 T 0O
Nnauunn 201921 NNaxiw N*wamn Ny awn 13
o' o rnni




1131 NIRRT - 0"112°Dil O'RINNI

now? 1”7N? 211 11.7 - 5.9 :MTTN1 AD*9Wi JIXP -

200 TIRIIND TINN 2WITTw 92 Ma9Xin Nnp*awn 1P
nouw? 1”7Nn? 211 9.2 - 6.5 .0 110211 N1 12

N2 TN 12" 2D ,NIRXING 2W 2221 NT'a7]
2172 11°0 210N DYWL 20 Apawnn 2212 ,0™121an
110012 TT90 19K N2 20 NDawiln miun Ine

=



112701 NODi - 0 12'Dil D'RINNI

077NN "9 11TRAN 7121 20 NMINw 12700

9 0" JWNIN 0™TNN 02" 21 MU "RIN 07191
1R NA12TN OXR 12790 ,NNKXR71 N19°872 MW
22N NIRRT ND AW X1 AbW?2 0.1 X 1T N91n1
12" ,NDW? 1”7N?2 271122 12 KR1i1 NIUDNIN "VIN2K
DX1INNA1,27Nn?2 2722 150 2D 12D K2 27" NTRIN
-0 102 10" 70N ,i1272 22 T AT 23N OXR QR ;"N
n1W?2 27N?2 2121 60

17T Y2122 23N 011N 112Ki1 O'RINAW




112701 NODi - 0 12'Dil D'RINNI

,ADW?2 0.25 -Nn 11U N1°R 1R NO12MN 1URD -
,27N2 27122 90 2D 12D K2 220w 271 1001
127102 2722 35 -Nn 192 11" 7100 "NIW DI1IMNAI

1?2

Mi22]1 0N ,N11JNNN "RIN21 12°9K ,10 2D 1N°
T2 (120 O710 & AT 2200 112UT11
217NN 112311 ,0 -2 NTI2 112120 11X Na121N
,27N2 271121 130 2D 12D X2 MW 5 MR 701NN
1T 28N 1122 T 22 ™D T2 1WIRW 12T




010'0

072212100 17210 2D 2D) 119N 1R N aw -
(R?2 TR 1"21 OT9 19K 2210 X1 OKXR 1" ,2 702
TINN 2D 12100 NTRT 11212 01712 212D R?

X200 TO°T"'9PN TN 02727 NI "RIN2 K2

0'TTuan) a7 20 1N 77NN KX 01UR?2

2D NDW?2 0.25 -N NUR NI'RkW 1R NO121N
1728 OX 12°9R ,MMNNN "RIN1 XR21 (NDi
My 1901 gownl

O DWA ,VINX 18/1 211 921D ,FA N9UIn -
N1'R (27072 17 140-22 TD) 281W™" 0221211
PTRY 142 N9 WD NR 2210 19182 127N




Thank
you!

s —
A BT P e

———— e ——




