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Low—alkaline cement using pozzolans is under consideration as a possible filling and
structural material in geological disposal for long-lived radioactive waste. Silica fume
and fly ash are used to develop the low—alkaline cement which is named HFSC, High-volume
Fly ash Silica fume Cement.

In this study, pore structure and diffusivity of chloride ion in HFSC pastes were
investigated in order to understand the fundamental transport properties of ions. HFSC which
included different contents of fly ash (40%, 50% and 60%) with silica fume (20%) and ordinary
Portland (OPC) cement were prepared. Hardened cement pastes were supplied to pore structure
analysis and in—diffusion experiment with NaCl and CaCl, solution. Mercury intrusion method
(MIP) commonly used and image analysis of backscattered electron microscopy (BSE) for pore
in hardened cement paste were performed to investigate the pore structure. The porosity
of HFSC was larger than that of OPC measured by MIP. However, pore diameter increasing pore
volume of HFSC was smaller than that of OPC. It was observed that lager pores were in HFSC
than in OPC from BSE. These large pores in HFSC were originated from cenosphere of FA. The
apparent diffusivity of chloride in HFSC with fly ash of 40% showed smallest value in the
cement pastes. It was concluded that the smallest diffusion coefficient was caused by a

pore of HFSC which had a bended structure and ion exclusion/filtration effect

Keywords: Fly Ash, Silica Fume, Chloride Ion, Apparent Diffusion Coefficient, Radioactive
Waste Disposal
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TFAET DRI MER LT 5, OPC DRIFRKDOFLAR * <2 0PC 38 L OVHFSC (AR 7  BUGHHEIT L
b D) ORHIEOME ™ BRI 1y b Lz, BEEROSPERLVEFET DL, 0PC BLY
HFSC @ Al DPRFEIZZNZI 10° B LN 10 mol /d® FEEECTH D, Tz KD &, HFSC DR T
X7 V) =T VR L EIFIETE RN ERHALNTH D,

(4) AEToicisRE 0,) LR (o), Hl1 4 OEMH~OIGERE (K) OBR

AL A A& > O BB OPEEFREL D, 1%, FIBRE ¢ . EFH~OIGE & K, OMFITEEINDL LD
Thb, ZIHEEIRICEBT 54 42 OEDIEBEREITI A HAKFP TOA A > OJE#fRE D, MO
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Jo  E - (SRR D YRS BB O IERR BRI (9 2 L) | SEBUE SO A A PR T 4 L b L
—varaRTRFICLVERSND, ZIT, FMEBEREARHER ¢ OXIFEB LT D ELIT
DARTERIND LIRET D,

D,=¢"D (4-7 30

nFFERMTRELNRTA=FTHDH, MRFESIL 1 LV/NSVMETHLIDOT, n BRELARD
&L FIEHURE DT NS 2D, TRDO LR n NREL 78D LR ESA A PR - 1T
A4V L= a VORBREREBEEEE LB oD, BT MY U ABIOE VT
DIRIRIZE T DAL A A > D 25°CITRIT 5 B KT OILEARE D £ 0 2 ORIETROEE
TODEHETHE, TROLOMEIZ1.IBIOL.8X10m/s £330, WA TIEL A EERIT M
ol WkMA A D D% 1.9X107m%/s & LT, (4-83) IZHFSC DD, & ¢ DEURE T 4 v T
JEH, n kK ERD,

x4-3 NHEBREROEMOT)—TIKEEEHR U/

T AL O OPC HFSC424
KA R 30% 55% 70% 30%
NaCl ¥&#K 12.1 15.3 17.0 0.5
CaCl, &K 3.8 9.1 9.2 0.7

Cl :0.5mol/dm?3

Al :10"mol/dm?3
Al :10°mol/dm3

Al :10°mol/dm?3

log(FIILS ™ LEEE) (log(mol/dm®)
|

T
-4 Al :10%mol/dm3
\
Al :103mol/dm?3
5 —
10 11 12 13 14

pH

4-15 7)) —FIILKEDOLELHEER
Al DEENREL LD E (KEHDAM) 7U—TFILEIEMN
BAZMICKYREIZHFEET S)

,36,



JAEA-Research 2008-109

1.E-08 E
E BEMAA 2 D B HKBOIRERE
L 1.9%10°m%/s
- 1E-09 ¢ OoPC 1.94
" - py=lox10?
£ i 9+9.07x(1-¢)p
B]1E-10 -
o 1.E-10 :
& B
1= i
S 1.E-11 ¢
Y g & HFSC
ﬁ - S RS
/ D, =19x10° —*
1E-12 ¢ a = 0 ax (- g)p
1.E-13
0 0.2 04 0.6 0.8 1
L[58

4-16 1GIEYA 74 0 RENTDIERE L MR & D%
(&1 OPC, @ :HFSC)

n
p,=— ¥ p’ (1-8 %)
p+(1-9)pKy

HFSC DEEEE o 13 3-6 TR LKL DT 2.16~2.25g/cm® DOFPHIZH D DT, FOHIME
2.2g/cm® % E LTz, £72, OPCIZONTH D, & ¢ OBMRZFRIRICU-8 ) ICLV 74 v T 7
Yok, oz RE2K 4-16 12577,

(4-8 ) DOIEDZ YT EBI AL A A D D, #B5 LT ¢ & OEREHRTHZ LT
REET D MENH LD, ARUTLY D, % ¢ OB E L TRERBRTHZ ENTE, 74T
T ORER IO AW A A DEFI~DULFE % 23 HFSC D K, DfEIL OPC DAL W 7372 D /&Sy,
IEESIC L B A v b RMBHIH T A OGS T —F X— R D2k 5 & kA1 4 OIsE
yBiAR KT 0. 8~83cem’/g TH W, OPC DFHEAE 9. 07cm®/g 1XZ DHEIPAN TH %, HFSC 12DV Ti,
WEEN W2, At TGS SRR 2 BUS L T SO N EOZR Y2 ETT 2 0 ERH D,
T2, BIBREROREFIZHOWTIE, HFSC 1% OPC & Ebifg L TR&E < 7220 HFSC @ D, 1% OPC & Lk
LCRHIBRDJEESCA B - 0 F 7 4 b L= a VOREDPKRELSEHR L TWD Z &N
Hnklrol,
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4.5 HFSC BEILIRIZH 1T DB A 7 > D REHT DILEIR B D4FE

K A 2 B 30% O HESC fEAIRIC IS 1T D W ERBENVREZ TR~ 5 72 DI2, 1RIE1E K > TEPMA &
LT A 4 v O BT OIERE 2 BE L, ZOMMEIT- 7,

HFSC & A & MEAGIR DRI A 7 2 D RENT OJLBEREIT, HFSC424 23 /NS 7oz~ L,
FA DEREZ L RDIZE bRV, ZOMELREL holz, SIHLICRENNELS 252 b
FLENT OISR T R TOE A > MELIET/INE L 2257223, HFSC424 NBEETH Y . 4~TX
10%m?*/s T o7z, HFSC DLW A A o O BENT OILHAREIT, OPC RERIZHE LT R Y v AR K
OHAL AV T D ORERIEOE DI L D ZERIZA LN o7, S 5I2, HFSC 2RI 2t
A F 2 DYEBAEENZEI D D FE#UL, OPC & B2 0 B O A A bR - 37+ 7 4V b L—
arYOPRERNPRKRESEBRLTNDE LD EEZ LN, TNLDORBER44ICE LD D,

3 4-4 HFSCHEILIRICZ & T DIBIEYA 7 2 D REHT DIREIR B D

HFSC fEALARIZ 351 F D AT O YRR EL DR

FLENT D YERAREL D KN TIAT w2 A0%IREG L=, HFSC424 M3 b/ & 70 RENT D4k
Wz E AR LT-, OPC &5 & HFSC424 <OPC<HFSC325<HFSC226
DNEE 78577,

IRIEHI DR ED HFSC Ik LT HIRIEMMIZ & & 720y, OPC &[RRI b1 A4
> O RN OIEBARE D NS K Tp o T2, FEIZ HFSC424 ([ZOWTIEE
OMEANIBAE ChoTe, TOHBE LTI IAT v aDRS T
FOSZ L0 L0 EROMBIEENZL L TWH D EE X i
Do

TRIEIR DOFEEE D E B AL F U W AB I OYEL VS AORIERO RENT OISR
~DEENT OPC ERIERICA LN o Tz,

AL A A OB E HFSC 1%, HbWA A > DUEDMEE A > MELIETH D Z & DR
D %R N7, TOHEMBE LT, CS-HALVOERMNAICHEBEL TS Z
&L 7 U =TIV B N b B EISAAE LIC < WO B S
25 Z LR ENT-, HFSC424 O BHMNT DOILEAREAY OPC (2~
TRVMEZ R T BEH & LT, MIBROEHESA A B - 0177 «
IR L= a VORPRESBERLTWD Z RN RSN, 2D
ZEMMD OPC IR DAL A A4 ORBENORHE L Bip D Z LNy
moTr,
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5 KIEDF LD

ABFFEZ W THAW A A > O FENT OYEBAREUT ST 52BN+ & LT, A > MEEED
IKFIAA RO R | FIBRAEIZ A8 B LIRS L7z, IRIEIED EPMA & W27 &0 ik A 4
> O RBNT OISR A S L, kA 4 OBENCBE L CGHMliA1T > 72, AR TH LT
MREELODDLEUTDE I THD,

(1) AKFHRRIC DN T, HFSC 137 T4 7 v ¥ 2 DEFRICHHE LT, KEML AL > o LG/
MMETL, 7947 v 2 50%Lh BIRAET D Z LIk v, 28 AMECAEREA LY T ATIE
EAEFEL TN &3 R S iz,

(2) KERFEAEIZ X 2 MBS E OFHBIZ BT, HFSC DN T 74 T v ¥ 2 OEF RIS LT
BB KR E < 7oz, EAE A > M 30% DEHLAIC VT, HBRES T 5 BB
R OPC LV /hEL 7o Tz,

(3) AEARFE T BMEE O K BB &2 O 7o BHEMRATIAIC LD EA 0.1 u mELEOHBRRO T
TI&, HFSC D J5A% OPC IZH_ KX ik L, H2ERTITAT v aDIFEIC LD b D EE
bz, 7747 v aDEERICEDHERE~DER TS,

(4) AKEYEA D & OBEHRARNT IR & 2 B ORISR 218 A 5 & HFSC LK) L TR
B VT B FRAT CHE ST HLR 72 BIBRIE . OPC 12 FL~BR D/ X 72 BFRIC L - T STz,

(5) EPMA Z FHV= 71, 1 o ATRES & M E M O BB O R T, EDORWRE T 1 7 7
ANDPFLND Z b, BENT OIBIREEZ BN T B0 R FIED—>Th o7z,

(6) ¥k A Ao O BT OIEEAREL, HFSC424 DEN R B/INEL, 7I9A4 T v a2 DEHRIC
SIS L THEA R E < 72odz, Bk b U U L LML V> 7 WIS & 2 BN o4k
FEDOERITR N h o7,

(7) HFSC424 137 U —F VRIS K DAL A 4 > OIGERE BN BL T 5, TDOZ L7 ) —F L
IR DB A 2 EVEIC X DA R & b —F LT,

(8) HFSC424 @ REMNT DILBARE A/ NS < e o TR K & LT, MBR O JE i EE oA A o HEbR - 017
AP L= a VORRPRELSBRL TV,
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6 FHYIZ

KT ATV Mt A MERIRIZI T 2 WEBE I OV TR A A % 0 BT DL
FRE TR UCHFZE 2 320 U 7=, JEBCRENCE L C X 0 B2 TR D D72 DI2iE, B ~OH LA
T DIE DB L RO IEHR B A RS T 20 E RS H, I HIT, A Y ME{LIETOH
REJR LT, BMPAHWONTEEA Y FRa 7 U —MIH LT MERZH D, £, H
b A F LSO NT HRIG LT HMERH Y | TRU BEFEMIIITB O TIE, HtE g 7 R
MEFHHBWCEETHDL YO T, aURA AU REICOVTOELEETH S,

AFFENTBNTIE, WEBENICER LTV, Aol DL BTk, Y722 HE
EIFHIRTI O VETHD, AV T U REA L FERERE LTEMEHZ DWW THFZERN D 531 T
W5 P, Zofb, KT H VR A MIRT D B ONWTOT — X g b A %I R E
N5,
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WO

AHEFIT, BRKFE AR DIFFEBH RS & 2 EFRFTE & L TR L TS 72 7Eik z
EVFELDIELDTHD, LFEDIEE EM T 2B T TEWTZBIHRE IE#H T2 L E T,
KT FT DEAIT 0 — TN T OWTIR, BAREFOIFERH SR B OEITIE
P Y v 2 — BEREI A 7V TEESERT  BREEEANBAZERS Ly BAfal A0k i G S OMRA
—HRRIZIWMAOTEEE Lz, £/, BRBROFEMIONVTL, @RKRFRFFE  BRB AR
¥oOHE OIWFERK, oo KERE SR TYHE RAFRER G W) on IF
o RWEBIKR (B BT IBE) cSHhaHEE L, AKXV LBz L BT
£7,

,41,



1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)
19)

JAEA-Research 2008-109

SE X

Mihara, M, Iriya, K. and Torii, K. : Development of Low—alkaline Cement Using Pozzolans
for Geological Disposal of Long—lived Radioactive Waste, Doboku Gakkai Ronbunshuu F,
Vol. 64, No. 1, pp.92-103, 2008.

ZRSFIL, BRI, JIRAL: S T 2 — b A L A v MEAZ VDA A
FatE & LR O, EA L hea 7 U — hEasC4E, Vol. 46, pp.510-515, 1992.
BBRBE A 7 VBR SRS - BRI FEE S S - TRU EEDL S ERKREE, JNC TY1400
2000-001, 2003

Bl IX, ATEE, RAEREE], (LA EET X=X W a s U — Moy
A A EE O TE B, BARSEETER U, No. 760/V-63, pp. 109-210, 2004.

AR CERUKIZEL D27 U — NROEAAC A A OFEDILBIREGBR L (R)
-JSCE-G 571-2003, 2003

TR REEICL D27 Y — FROEA A D RN OYEBIREEER T ()
-JSCE-G 572-2003, 2003.

NFAELES, @i, ZJRsFil, ARBARY 7 vamah Licar 7 U — OSBRI Rz
), 207 U— FLEAERGRSCE, Vol.26, No.l, pp. 1053-1058, 2004.

ARFELES, @G, Rl AHW: 7947 v v aBhY I hT7a—Lbar 7Y —hf
DERFHIFERNBET DT, =227 U — b TGRS, Vol. 27, No. 1, pp. 199-204, 2005.
T, iR, AT RCR, SR B A Y bR SO A A AREA T = A LT
B 23R, =7 U — b TR RGR SR, Vol. 23, No. 2, pp. 505-510, 2001.

AN SR, 1 — 3, BRI, SR EPMA |2 K 5 S B L A A A REE T v 7 7 A L ORIE
72 6 N B FEIR M O = B HGIHERNIZ BT 2 428, KPR A o PoFFRHAS, 5 147
=, pp. 5-11, 2004.

P @, mTENE, ERAIE &SP AT 7 ReBA LlcEmE = 7 U — OS5 R%
PEAR —EPMA 2RI U 7234 1 4 2 R BE 53 A DB TE —, #48k, Vol. 54, No. 8, pp. 834-841,
2005.

Goto, S and Roy, D. M. :Diffusion Ions Through Hardened Cement Pastes, Cement and Concrete
Research, Vol. 11, pp.751-757, 1981.

AR LY - SGETH 3R k(8% JEEERR 10, p. 67, JLEikaiatt, 1984,

JIRRGRL, F% 2V —, S a7 U — FOMEERE, RGBS, 2002,

Scrivener, K. L. and Pratt, P. L. :Back-scattered Electron Images of Polished Cement
Sections in Scanning Electron Microscope, Proceeding 6" International Conference on
Cement Microscopy, New Mexocp, pp. 145-155, 1984.

PN WESL, AR —, IR © SO B O BRI X 2B EIRFMIEAE A & b
— A b OMFLAEL OB, TARZERGRICEE, No. 781/V-66, pp. 145-155, 2005.

Diamond, S. : Mercury Porosimetry : An Inappropriate Method for the Measurement of Pore
Size Distributions in Cement-based Materials, Cement Concrete Research, Vol. 30, No. 10,
pp. 1517-1525, 2000.

LRSS 2002 FEEEHIE 2 v 7 U — MERETR S E (i LHF) , 2002.

HA=Z 7Y — FLFHE  BOKFNC LD 207 ) — MEEYOLLIFREZESWEE - &

SCAE, p. 104, 1999.

,42,



20)

21)

22)

23)
24)

25)

26)

27)

28)

29)

30)
31)

32)

33)

34)

35)

36)

37)

38)

39)

JAEA-Research 2008-109

BIEZ, ZIBUS, R, JIIFMRK : B A b7 T4 7 v ¥ 2 bR T & b
AF L DRENE - 27 ) — N LR SCHREESE Vol 18, No. 1, pp. 951 956, 1996

R ILRESC, B, 52 fn, AR . 2> 7 U — N b1 4 U RER B OB EICET 58
RIkEhE R U7 RERERYE - 27 U — b TR SCHREE Vol 19,No. 1, pp. 571
-576 , 1996

R 5, A ILFESC, 32, AR . & 2 v b= ME LR O A A OBELKIKENIC
B3 252 a7 ) — N LPERRSCRESE Vol 19,No. 1, pp. 981 -986, 1997.
ARSI EPMAIEIC L D27 U — NROILHEOmE T TIE (%) ~JSCE-G574-2005, 2005.
ZESFIL, RRPRTE, BREW, BEfZ  EPMA 2k B A v MEGIKD C1 OILEURE &
B E OFHM, = 7 U — b LSRRG SCEE, Vol. 28, No. 1, pp. 1023-1028, 2007.

Press, W. H., Teukolsky, S. A., Vetterling, W. T. and Flannery B. P. : Numerical Recipes
in FORTRAN SECOND EDITION, CAMBRIDGE UNIVERSITY PRESS, 1992.

S, (A —J, I RV, B., ==L/, L-0. 1 BEHPEET LIc kD' AV b
IR DAL A A 2 [EE DOEE, KT A > MRS, 55 151 5, pp. 3-12, 2006.

BF [ — 54, EP AR, MR 207 U — R O¥NRE I RIE TR BB i DR, o
> 7 ) — b LR S 4E Vol 24, No. 1, pp. 597-602, 2002

ARSI —R, @R R & AR X OVERIKENEIC X 0 FFM L7 b1 A o ik tR
B B9 D RE], Vol. 25,No. 1, pp. 725-730, 2003.

ZIESFL, BEfZ 74T v amE AT I AT a— kA MEWIKIZE T 25
A I AR ORE, B AN 37 U— biRsCEE, No. 61, pp.331-337, 2008.
ARz 7 U — h T IWAEZEIIEES WS, p. 40, 1989.

TRk S, R BB, K EERE, KPR ¢ & A > MEBIRORIFLER AR & A A DIEEL, & A
> M ERARTAE R, No. 36, pp. 49-52, 1982.

B, AR SRRSO A v MM LR OBRPGE M, B A - 37 U — M
£, No. 53, pp. 928-933, 1999.

ANRIERRR, ZHSFL AR Y T v emam L& T A Ut a7 U — b oBR%g, 207 U —
k TR RER SCEE, Vol. 25, No. 1, pp. 185-190, 2003.

Heath, T.G., Ilett, D.G. and Tweed, C.]J.:Thermodynamic Modelling of the Sorption of
Radioelements onto Cementitisous Materials, Mat. Res. Soc. Symp.Proc, Vol. 412,
pp. 443-449, 1996.

Arthur, R. C., Sasamoto, H., Oda, C., Honda, A., Shibata, M., Yoshida, Y. and Yui,
M. :Development of Thermo—dynamic Databases for Hyperalkaline, Argillaceous System, JNC
TN8400 2005-010, 2005.

=JRSFEL - TRU BEFEMIALSY > AT LD RTINS I 1 2R ITT — % &~ |, JAEA-Review
2006-011, 2006.

RFHEA, ZJESF9A, AREESER, A HE - BUN BRI Ly S AT MZBIT 5B AV b
FMEORR — R D pH 2K < Lizk A > RO fiE T & B R —, INC TN8400
99-057, 2000.

IR A, sEEEth, = JRSFaL, KFE R, AEI ' X v FRMEHZH T 2 BEONE T — & X
— A DO#&AiE, JNC TN8400 2001-029, 2002.

Sahara, F., Murakami, T., Mihara, M. and Ohi, T.: Evaluation of the Long—Term Mechanical
Behavior in the Near-Fields Considering Chemical Transitions of Barrier Materials,
Proceedings of 15th International Conference on Nuclear Engineering, ICONE15, Nagoya,
2007 (CD-ROM)

,43,



JAEA-Research 2008-109

f+ &

5 4 O BENT OILBARE OB E TNt 7 a 75 4

skskskskskskskekekekeskoiskskskokekskekekekkokskskskskekskskekskkkokskokskskekekekekskotsikskskokskskekekskokkskskskeskeskeskekekkokskokskok

*
*
*
*
*
*
*
*
*
*
*
*

100

o160

— 0
(e

FIDIC ver. 1 :
Fltting DIffusion Coefficients of cementitious materials
Produced by Morihiro MIHARA

$7G7 D% T RUE ST AT OB RS R ART 55681

Tﬂ@ i L 5 IV £,

S, B, B %Eﬁ) EPMAIZS %

@C1®# Qs ”%L@¥ﬁ 27 Y=k

I%E/kg%‘-jzﬁ Vol. 29, No. 1 op. 1023-1028 (2007)
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program FIDIC

integer nd

real*8 x(lOOOO) y (10000)
real*8 c0, err, d er

real*8 xmin, xmax, eps, t, dd, £
real*8 xx, yy,ssl ss2
character*1000 dummy
character*100 title
character*24 fname, csvhame

call getarg(l, fname)

if (fname(1:1).eq.” ’) then

wrlte *, *
& ***********************************************************
erteg* *g * FIDIC ver.1:

write (k, *
& Fitting of Diffusion Coefficient of Cementltlous materials’
write (%, %) ° Produced by Morihiro MIHARA 2007

wrlte * *
& ***********************************************************

write(x,’ (a,8)") > AT 7 ANELEZATLTRFI;
read (*, %) fname

endif

csvname=fname (1:index (fname,’ .’ ))// csv’

opengll,filername,statuSZ’old’)

open (12, file=csvname)

read(11,’ alOO)’ end=900) _dummy
if (dummy (1 eq i ) goto 100
i f (dummy 1:1) eq &) goto 100

read (dummy, * tltle
write (12, (a ) title
t1=t

t=t%24. 0%3600. 0

nd=1

do
read(11,’ (al00)’, end=5) dummy
if (dummy (1:1). eq. #) . goto 1
if (dummy (1:2). eq. ) goto 5
read (dummy, *, end=5) x(nd), y(nd)
nd=nd+1
enddo

nd=nd-1
xmin=-20. 0

d=10%*kxmin
sdt= sqrt(d*t)
do i=
er= erfcc(O 5%x (1) /sdt)
if (er.eq.0) then
xmin=xmin+0. 001

goto 10
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end if
enddo

xmax=—1. 0
eps=1. 0d-10

call GLDIVExmin,xmax,eps,nd,t,x,y,dd, f;
xmin, Xmax, eps, nd, t, x, y, xopt, £

d=10%*kdd

ss1=0. 0d0
ss2=0. 0d0

sdt=sqrt (d*t)

do i=1, nd

sslissl+erfccgo.5*xg ;/sdt; v (i)

ss§3552+erfcc 0. 5%x (i) /sdt)*erfce (0. 5*x (i) /sdt)
enddo

c0=ssl/ss2

write (12, %) ’
write (12, %) ’
write(12,%)
write (12, *
write(12,%) 0.0,
sdt=sqrt (dkt)
do i=1, nd o,
wrage(lZ *) x(1),’,”,v@{), ., cOkerfee (0. 5%x (i) /sdt)
en

write (12, *)

goto 100

continue

stop

end

subroutine GLDIV(xmin, xmax, eps, nd, t, x, v, xopt, )
real*8 xmin, xmax, eps, t, x (nd), v (nd), dd, f

real*8 ss, al x1, xm, d, xl x2, xopt

real*8 f1, £2, dal

al=2. O/(l 0+sqrt (5.0))

x1=xmin

Xm=xXmax

i=0

d=xm-x1

Search loop Start
dal=d*al

if (d-eps) 10,10, 11
if(i) 12,13, 14
x1=xm—dal
fl=ss(x1,nd, t, x, y)
goto 15

x1=xm—-dal
fl=ss(x1,nd, t, x, y)
x2=x1+dal
f2=ss (x2, nd, t, x, y)
if (f1-f2) 16,17, 18

x1=x1
x1= X2
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x1=x1

i=0
d=dal*al**2
goto 20

Xm=x2
x2=x1
£2=f1
i=-1

Final Point is Found

if (i) 21,22,23
xopt=x1

f=f1

return

xopt=0. 5% (x1+x2)
f=ss (xopt, nd, t, x, y)
return

xopt=x2
f=f2
return
END

FUNCTION ss(dd, nd, t, x, y)
real*8 x(nd), v (nd)
real*8 d, t, dd, ss

real*8 erl, er2, sdt

ss=0. 0
d=10. 0*xdd
sdt=sqrt (d*t)
do i=1, nd-1
erlzerfCCEO.B*x i)/sdt)
er2=erfec (0. 5%x (i+1) /sdt)
ss=sst(x (i+1)—x(i))** (-2, 0)*
& Togl0((y(i+1)/y(i))*
& erl/er2)))*x2.0
write (k, %) ss,xéi),erl,x(i+1),er2,(x(i+l)—x(i))**(—2.0),
ad (Llogl0((y (i+1) /y (1)) *(erl/er2)))**2. 0
en

0
ss=—1ogl10(ss)
return
END

FUNCTION erfcc (x) s AR A= BAE O EIE
REAL*8 erfcc, x, xx

REAL*S t, z

z=abs (x)

t=1. /(1. +0. 5%z)

erfee=t*exp (—z*z—1. 26551223+t (1. 00002368+t (. 37409196+t%
*é.09678418+t*(—.18628806+t*(.27886807+t*(—1.13520398+t*
% (1. 48851587+t (—. 82215223+t*. 17087277)))))))))

if (x.1t.0.) erfcc=2.-erfcc

return

END
(C) Copr. 1986-92 Numerical Recipes Software *.#.
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