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A method for estimating the safe
operating life of a nuclear power plant
and mechanisms to extend the life of the
facility

Bilal Ali*
Dr. Abdullah Rastanawi® Dr. Solaiman Dibo®

Abstract

In this paper, we have introduced a new term which is the safe
operating life of a nuclear plant. We defined it as the time during which
the biological shield concrete is exposed to an amount of nuclear
radiation that causes this concrete to reach the threshold of strength loss.
We also introduced another definition is the strength loss threshold of a
concrete as being exposed to a neutron flux and gamma ray dose that
cause a decrease in its relative strength of 0.1 from its initial relative
resistance before exposure to radiation. Accordingly, we developed a
method for estimating the safe operating life of any nuclear plant. Based
on the reference studies of the change in the relative strength of all the
plants, we also determined the life range of the current nuclear plants,
which are in operation. We found that the safe operating life is mainly
related to the type of aggregate from which the biological shield
concretes for those plants were built. And the safe life range of the
current plants, which is determined based on the relative compressive
strength, ranges from approximately 75 years to 110 years.

Keywords: safe operating life, strength loss threshold, safe life
range
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© Dolerite (High E). Kelly (1969)
22 || & Flint Kelly (1969) °
© Whinstone, Kelly (1969)
20 } @ Greywacke, Kelly (1969) o
~ < Andesite, Kelly (1969)
© Homsfels, Kelly (1969) o ©
18 | | = Basalt, Kelly (1969)
© Serpentine, Elleuch (1972) ©
@ Quarzite, Seeberger (1982)
16 | © Granite. Seeberger (1982)
4 Basalt, Seeberger (1982) P o
14 | | v Homblends. Seeberger (1982) < o oy :2uil
O Limestone, Kelly (1969) ° o
> Crombhall Limestone, Kelly (1969) {9
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€ Limestone, Kelly (1969) o
© Calcium, Seeberger (1982)
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6k © Hematite, Dubrovskii (1970)

o Homblends, Seeberger (1982)
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2.00 ¢ o
1.75 f
1.50

1.25
1.00

syl (fim/gehy

0.75

0.50
0.25

N (Rasl

j 0.00
j © Heston Sand, Alexander (1963) © Sandstone, Dubrovskii (1966) & Shg. Alexander (1963)
* ~0.25 | | © Granite. Alexander (1963) © Serpentine, Dubrovskii (1968) © llmenite, Alexander (1963)
& Whinstone, Alexander (1963) © Serpentine, Elleuch (1972) @ Gravel. Alexander (1963)
-0.50 } © Firebrick, Alexander (1963) A Serpentine Mix, Rappencau (1966) @ Haydide'Barytes, Blosser (1948)
o v Sand. Batten (1960) v Quartzite. Secberger (1982) @ Misc, Fujiwara (2009)
® Sandstone. Dubrovskii (1966) O Limestone, Alexander (1963) © Chromite, Dubrovskii (1966)
=0.75 | | # River Rock. Idei (1990) © Limestone, Secberger (1982) © Hematite, Dubrovskii (1970)
® Quanz, Pederson (1971) © Magnetite, Alexander (1963) © Heavy Aggregate, Lyon (1950)
-1.00 } o GravelSand, Stoces (1970) > Barytes. Alexander (1963) 4 Limonite, Dickeman (1954)
10'* 10" 10 10%

(/em®) Aa3g 3 4xill Alladl
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el (i o ) e lesane (el i o hiuly i Lngiall o3¢ s
Glladl (e Slesaas gued (1) Joand) Guy Adline GULGA (uedd cadlsll (4 cagat
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Al Lliad¥) Raglie i laxt Gl e Clesene gued 1(1) Jgiad

o b aBlsll b Basase Aladia Adlide diajibe Clluyd Guedd 33 ) il

fis fus fus fo fu ®
Feos Feoa Feo3 Feoz Feor (n/cm?)
1.5 1.25 1 0.75 0.5 1E+18
1.48 1.24 0.98 0.72 0.46 1E+19
1.47 1.22 0.97 0.7 0.44 SE+19
1.46 1.21 0.96 0.69 0.43 6E+19
1.45 1.2 0.95 0.67 0.4 6.5E+19
1.44 1.19 0.94 0.65 0.35 7E+19
1.43 1.18 0.92 0.63 0.3 7.5E+19
1.42 1.17 0.9 0.61 0.25 8E+19
1.41 1.15 0.88 0.59 8.5E+19
1.4 1.14 0.86 0.57 9E+19
1.39 1.13 0.84 0.55 9.5E+19
1.38 1.11 0.82 0.51 1E+20
1.33 1.03 0.75 1.20E+20
1.23 0.89 1.50E+20
1.1 1.25 2E+20

il cdigme lpd Jia (1) Jgand) b L Llaliml daslie g ol cilily oY 1)k,
canlgll e IS Tan o (mgid) (e & ahal e dilpa IS8 clulall oda 33 5
il Z L) Jary asith o Gamy il L ol Al Adalicall doglial) Jie b

canlsll Ayslie At Aplaliail daslia dgee S 8 Aad Jf aal Cumy il
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o ) Gt Al mgs ¢(—0.5) Ciai laiey AV dgenl) af Galil) iy Dl
(2) sl o Joans Wild cagde o1y 1305 . (+0.5) J3¥) 2 senl)

el 53al) ol isall Lyl Laliai¥) daglie 0 lily Gle sane 1(2) Jsdad

lluyd eedd 33 gale LlSy enall Ll el of any Aliaiie ddlide dinjite il A

fis fur s fe fu @
Feos Feoa Feo3 Feoz Feor (n/cm?)
0.995 0.99 0.987 0.985 0.98 1E+18
0.98 0.98 0.98 0.97 0.96 1E+19
0.97 0.97 0.97 0.95 0.94 5E+19
0.96 0.96 0.96 0.94 0.93 6E+19
0.95 0.95 0.95 0.92 0.9 6.5E+19
0.94 0.94 0.94 0.9 0.85 7E+19
0.93 0.93 0.92 0.88 0.8 7.5E+19
0.92 0.92 0.9 0.86 0.75 8E+19
0.91 0.9 0.88 0.84 8.5E+19
0.9 0.89 0.86 0.82 9E+19
0.89 0.88 0.84 0.8 9.5E+19
0.88 0.86 0.82 0.76 1E+20
0.84 0.78 0.75 1.20E+20
0.75 0.64 1.50E+20
0.6 0.35 2E+20
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b 1+eB
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fcl
Feol

I 127

Be

Feo2

2
[ N N
fc3

Feo3

I3
sew

fed
Feod

4
[ N N
fc3

Feol

210 410" s10* 20" 110¥ 12100 14007
$1.62.43.84.43

3 52 51 cblsAl Agpl) Al o sliall dolyl) LD doyglia :(8) JLi
AL Xi;u[ﬁ Xéltgjgﬂ\ﬁng&ﬂ cgus 5 9 4 $

L) 5 9 4 9 3 B 2 9 1 Cllyall Al Jalaall 4oglaadl) Cf[53 ol

fa(® 099 .
F.pi ®;-9.5x101° (9)
co 14 e o9x1018
fe2(@) _ 1 10
F.., ®,-10x1019 (10)
co 14 e 9x1028
fe3(@) _ 1 1
F - P3-10.5x101° (1D
co3 14 e o9x1018
fea(®) _ 1 12
Foow ®,—11x1019 (12)
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d 1
fcs( ) — - (13)
F.os D5—11.4X10
co 14+ e oxi0t®
554 53 52 51 cllwall dal (e 4, B uiiahd e (3) Jdoaad) oo
55453 52 51 cbludl dal ge 4, B bl iad 1(3) Jgaad
1 alea 2 by 3 Ll 4 Ll 5 aluea
A | 95x10' | 10x 10 | 10.5%x 10 | 11x10*° | 11.4 x 10*°
B 9 x 1018 9 x 1018 9 x 1018 9 x 1018 9 x 1018

s SN 41 Al Aayall (e 350n daxie ol e Liagl Al Jalill Aisglin Lidd LS
fci (d))

Fcoi
(il Jisia) olanV) Lot Ailas alag) PIA (e Jus) maliny plasiuly

= ad?+bpd+c (14)

Al S Lpl) L) Aasliall Al Ll dlie (9) JSEN Cpw
(AUaal) Fliall il e - oY) Al

1.4
1.2
_ 1 (L Ty 'nllllll"iiiillln'o
%:0
9 038 .,
= y = -9E-42x2 - 2E-22x + 0.9972 o,
%J 0.6 .'. .'-_ ... "‘
P y = -2E-41x% + 5E-22x + 0.9948 Ry
jj 04 y=-2E-41x2 + 9E-22x+0.9894 % 3@
,'3* 0.2 y = -3E-41x2 + 1E-21x +0.9829 y
9 y = -8E-41x? + 4E-21x + 0.968%
& 1E+18 1E+19 1E+20 1E+21
4 g i gl Adpedl)
@ ikl dagli. @  Yilalioai Al
Vil o) Lo e o il

) 03_}}:.1.'1_.;3\ L,}&A .........
(w@au..a\ 3.45\&) 3 gaall daxia

(#Aakliail da glia) 3 gaall 3aia

() Akalacai) 4 glsa) 3 gasll daaia
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352 51 cliloall Ll el daiall dlall Jhlil Lolia 1(9) JSi
LS Ay Al S b 5 54

oS Pla 505 54 53 52 5 1 Qllall dul) Ll Ll ol o)
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)

far (@) _ —8x 1071 d? + 4 x 1072d + 0.968 (15)
FCOl
)

fe2(P) =-3Xx107"®2 +1x 107%1d + 0.9829 (16)
FCOZ
)

fes(P) =-2%X10""1®2 +9 x 10722d + 0.9894 (17)
FC03
)

fer (D) =—-2x10"*1d2 +5x%x 10722d + 0.9948 (18)
Fco4
)

fes(P) =—-9x107*2d? — 2 x 107220 + 0.9972 (19)
FcoS

453 52 51 scbluid pud b e a, b, € ) ad (4) Jgaadl o
S
54 53 52 51 tllui Guad dal e a, b, ¢ bl o 1 (4) Joaad)
S
1 Gl 2 lwyi 3 Llwa 4 Lluyi 5 Llwi
a | —-8x107* | —3x107* | —2x107*! | —2x 107*! | -9 x 10742
4%x10721 | 1x1072' | 9x10722 | 5x107%2 | —2x 10722
@ 0.968 0.9829 0.9894 0.9948 0.9972

ely Aol (V) el ead) o e ideliall (¥l Laddl) jasd) (el
108 ¢AilpAl) A sliall )8 Asial Uiyt e WUl L Ly LS 4l Liggpat e

fci(q))
Fcoi
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oSel 1S3 LS claalay) & Aol e 5 b 5@ @liabldl o) i

105 Aaaall ol Y] Ladill eal) o)
. @ X 1years
= >,

).Lé.“ die :\_uj):\);d\ ML}J\ o @1(1 years) = 8.31 X 1017 n/cmz Cua
e say gl Aaaall Jsdi (e 2aly le DA CBS asbsl) g oall dlusal Jalal
(5 AY Alaaa (e Caliay

(21

Gl e (= 1) Wlwall il o) el edd) alay) o(1) Gk
sl Ay e glaally

Al iy G L) doglie chss Jia ) (15) a8l DA e

(i = 1) aloyall Zully G il

D
Jal®) _ g 10-4102 4+ 4 x 10-210> + 0.968 (15)
Fcol
D
fc;( ) 092 09=-8x107410? 4 4x 1021 + 0.968
col

—8x 1072 +4x 107%1d + 0.068 = 0
1aa ddaleal) 038 oy
® =6.3405 x 1019, @’ = —1.3405 X 1019 (asiw)
105 Aanall ol yid¥) el jeall o8 <Xivie

. ®x lyears @  6.3405x 10"
B d, ~@d, 831x1017

bl e laghiin) & Gllpd (uedl ol Ladill el (5) Joad) o
sle delia ld dpalyl A9 Glase eedd legies of oS ) Bjisiall gyl

.kjw

= 76.29 years
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et eally Agpadl) Aghlialy) Aagliall ol Agal Al Adl 1(5) Jsaad

@, @5 @, @ @6

®;(n/cm?) | 6.34x 10 | 6.97x 10'° | 7.49x 10%° | 8.12x 10'° | 9.09% 10*°

t(years) 76.29 83.88 90.23 97.71 109.38

LhlecaV) doslid) Lt s syigiall bl Lolelyiinly L 08 elly o6 1S
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lide i ddane ee il 4l Apail) Sl dallae ey Apasal) bl PIA e
dilss Je 3855 LS i) sday . Jeliall el e i) (any )l
il LS oDl Ut WS el L agdsnl) gl Ailpa o ALl 4 il Al
O WIS ¢ ral agdsall gl Dlupd e Gajll sany DA ddadll) Gy fipl) dlaud)
oSHadaadll jee OIS ¢ s L ST ARl e

rilpagil) (o e pai o LiSa A isal) W) Q&5 Jal (e cdlll)

O Bld dlse gl 5ol (e dagll W (Dl Jeliall laall eley Cadas Yl
C%0Ca, 3%k e ¢ e cliil) ae s QB Ldad e Jelill Jlaia)

ahie 53 @l e s Sl e Ll Ailsel) sl 8 elsed) Jls Jlasiuly Ll
Jie Lo ledly Liba s 06 of duaminy «lig figall sl o paliaied S o
Gl Al Sl 1as 285K 5al) pe asilel)

oSle (na (e Abu AN Blalal Zeall o Jinall ALE daee Ay S 3 Ll
27Al *6Fe :Jie dpulie Alany <l 5 i 5l
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