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1. B B
TVFAS ZBHUARE Y v Moif - THREREHRN2BHES DO ° A r 257 5 Bk
SEHENBTRTICE > THEHEESMBBEZHEL, X5 v 7D 0HHENE ' A r OREHEE
EbIUSEEERAE T 5,

2. # =
TR & D AERLY B AHEME ORGTHERENS. R HRLBi+ Y s —0REI LD 2V F
aYUH=Ftry (CRC) BEHEL TV AL TFORE-SOTRDI,

(1) r—RT
Ar—ZiZ, OR 1 GEN®DERIC L ZrhitFRAEBERWT, FOMEETF42 2 TEGRT LR
ELTER LB OMBEETEEER S,

A=N-0o-0 (1—e (—At)] A :BEMEBEHERE (Ba/cn®)

WeNo N :E@ENEAEORTFEE (atoms/cn® ) ‘
N= . 9 Y Gl T — )
M ¢ BEEFE (/o - s)

M ENTERTE .
A HEREEOREERGS)

: FRERFE(S)
W BRITREE(g/om®)
No : 7H&RY Fo#:6.022x10%°
8 : ERENIAEEH

A=N-+-g D [(1—e (—2t))
= 2,49 X10'"X0,66X107%* X5.50X10° (l—e— (1.05-107%~19.3) )
= 1.83 X107 [Bg/cm®] ( 4.95 X107'" Ci/cm®)

Lichi=T, BBy FOBHIZEZ O A r S ES AT, BEHED A r & -TRY v
7SI ENBROMGTRERE L. B ER#D/20 1.8 X10 *° [Bel&EHEIN S,

Ihig. TVFORY v 7008 1.4 X10° (Bql( 3.78 X107° Ci ) @' A r At
LETEICIE B,

W, FIERIIE 3TEDO Y — R TILRTS,

) mAORTEEDE LD, BELT,
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(20 r—R1
LEEDOR ] GENERICK 2hiEFREMZTHWT, ZOTHTELTHEPHET LIRE L TEH
UIHHESSREIC X LT A5 RBEHED (a, n) RIGOFTICE 3 ik FREMERL, —FHK
S LD IGHTEREE L RV FEOREICRTT 2 FUCHTEREE W REZ (T b, 5TERRL
H3JEDr —RATICRT,

EEARBUTO 2 5TH 5,

1) EF AL BEEMEORICHTEREEERE,
Bk F o= 0.66 barn { ~0.5 eV)
A o= 0.41 barn  (0.5~100 eV}
EpREF  —

2) A5 ABHUFIC W T O [“( a,n ) Reactions in Vitrified Glass”:Westinghouse Hanford
Company, USAJIC & B chii: F-RAE R SR,
this 7 3.5%X10'* n/sec/ik
BB, EPHEFEIIREFARS PAERNER - 3D AR v LTHRDI, Bh. PET
BB OSGREIRT R — 5 1R T

Z ORI, IZTFEHROIEHRERE L -, Shid s RELEMS (o, n) RISIC& DFET
BPHFNEELASTEPUETTH D BIHLILHES LEWN S TH 5,
PITCERZERY,
b — & VIESREREE A = A +A, = 3.8 x107'* [Ci/cm®]
1) BpMFICK2RETEEEE A, = 4.3X107'% [Ba/en’] (1.2 X107%2 Ci/cm®)
2) EPHEFIC K AHUEEERE A, = 1.4X107 7 [Bo/en®] (3.8 X107'° Ci/em®)
L= T, A%y Z7ho@EiE 11X10%(Bal (2.9X107 7 Ci) O A r s s,

3. FrEIRIADEH
1) ¥—2IDEE
1) BaddiFER ; ©
CRC T3, BBEEFERAANISN ICLDEHELTWVBA, I TIRRIGENICKD( a. n ) UG
& BREUSERIGIC K DERES N 2 hHEFHERD,
HEL TR, BREShTWAAY S ZAELES S THURE S FEEB L TVWH ELTK
Wiz, BTER- 1805,

( avn) + ( BFELHE )= 1.37 xX10° [n/secT] + 6.17 X107 [n/sec - T]
= 6,30 X107 [n/sec-T]
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RIGTRICE D L2 ICERERE 1 (T B+ v =24 | AKOXEHED -0 Obi:Fissk
Hiz,

F = AFI 300 [ke] FeiE LSO REREYOEmBEIT.

M = 2 zrh= 27 X 21.5 X 84 = 1.135X10" [cm?/T]

fE->T HETFRI.

6.30 X107 [n/sec - T]

= 5,55 X10° [n/cm® ¢ §}
1,135 x10¢ [cm®/T)

2) BaHEEH ; o
YA r OEPETIC & AEUHEETETR I BRER - 2 R K DR,
F7z. 0.66 (barnliIKTEEGHYE B/, TiLDEBVEEL,

0.66 [barn] — 0.66 X107%' [ecm?]

BB, (1) WORDIIHEFIRIZSTHRPHET LRE L,

3) BT HRRTE M
BERE—-20RLD.
39. 948

4) EREOREEFER ; 2
"'Ar OEEEERIL. RTEM - 20RL DRI,
1.05 X107 ( §7' )

5) BREEERG ; t
RERIARISHIZES BB A zEH T 5/cH. £ RE/IVROEMBRHEELL
7o
OZE/—EE @R
a) LT L
V1= 55 X 158 X 2.5 = 217.3 [(m®]
b) TR L F L
Vo= 5.5 X 15,8 X 1.3
c) FEEwy b
Va=m(0.265* X 9.53 — 0.215° X 6.53)= 1.15 [m*/=]
2y b= 115 X 710 & 80.5 [m®]

113.0 [m?]

I

i

Vi+Ve+Ve= 217.3 + 113.0 + 80.5 = 411.0 [n?]

—3 -
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@EEd AR
EREH 411 [m®)
t= = = 19.3 [sec]
BREREEE 76500 [m®/hr]

( AOEE 35 °C, HOEE 69 °C )
6) EHTREE ;W
RAEE— 410D, ERESTO T LT YOEEMEIT 128 Wt ThH Y. Jhh Dk
BEOES( FE ; 0.001293 g/on’® ) O 7T UEBEARDT.

W= 0.001293 x1.28 / 100 = 1.66 xX107° [g/cm®]

) IERIEMATFELL 5 0
ER - 218 RNEEERERDT.

98.6 [¥]

8) BRI OBTHEE ; N
(1) ~ (DETHFDLME LD, FRIRAL TR,

W-No 1.66 x107° X B, 022X10%° x0. 996

M 39. 948

= 2.43 x10'" [atoms/cm®]

(2} r—ROIDES
1) Bt o
3.5%X10'* (n/sec *T)
o = =31 X10* (n/cm® - sec)
1.135%10 * (cn?/T)

2) FRHREH ARG
O #APHEFICIIBEHERE A (Bo/en®]
Ay =N+:p-® (l—e (—21t))
=(2.49 X10'") X(0.66 x107?4)x(3.1x10* X4.18x107'")
X [1—e-(1.05 x107*x19. 3)]
= 4,3x107'* [Ba/cm®] (1.2 X107%% Ci/cm®)
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@ BAPHFICLABEHERE A. [(Be/on]
Ay =N-+p+0 (1—e (=21t))
=(2.49 X10'") X{(0.41 X107%*)x(3.1x10® X2 21X]10" ¢)
X [1—e-(1.05 X107*X19, 3)]
= 1.4X107 7 [Ba/cm®] (3.8 x107'* Ci/cw®)
® hr—FNEETRERE  A(Ci/cn®)
A = A, +A,
=1.2 X107%% +3.8 X107'® = 3.8x107'* (Ci/cm?)
@ TVFhoHEENAHEEEEE RA [Ci/h]
RA=AXHSHEE
= 3,8X107'* (Ci/cm®) X76500(m*/h)
= 2.9%10° " [Ci/h)
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ATEN—1

( o, n) RKIS&BRESBIINE LD ERS N5 T

STANDARD PWR FUEL

ALPHA~N NEYTRON SOURCE 1IN DISCHARGED FUEL, NEUTRONS/SEC

BASIS = 1.0 MTU

NP237
PU23&
PU238
PU239,
PU240
PUz2ad
rU242
PU24 4
AM241
AM243
T CHM242
CHM243
CHi244
CH245
CHZ46.
CHZ247
CM248
BK249
CF24®
CF250
CF2s51
CF252
CF253
CF254
ES253

TOTAL
STAHDARD PWR FUEL

SPONTANEOUS F1SSION NHEYUTRON SOURCE IN DISCHARGED FUEL, NEUTRONS/SEC

BAS1S = 1.0 MTU

pU238
PU24o0
PU242
PUZ44
CM242
CH244
CH246
CH248
CM250
CF250
Cr2s?2
CF254°

TOTAL

B At St Ak ek et et et A et ek ek At ek et ek ] ek Aed Ak Bk Sk A ek A8 e At B

INITIAL
3.40E+02
1.23E400
?.14E403
1.44E403
1.79E403

2.47E-10"

2.44E400.
7.08E-14
2.06E4+05
1.66E+04
1.89E+07
3.2BE+03
1.27E+06
?.532E+01
1.49E+01
3.35E~-05
1.07E-02
5.39E-14
5.95E~04
3.94E~03
2.14E~05
3.10E—02
2.40E-16
5.26E~06
3.21E~-06

2.04E+07

*%x HALW DECAY 2=

INITIAL
6.35E402
4 .B3E4+03
?-65E+02
9.08E~-11
3.84E407
7.43E407
2.34E405
4 +50E402
4 ,50E-04
1.37E+02
4.03E+03
3.05E-01

1.13E+408

1.33E+08

#* HALW DECAY ==x -

5.YR.
3.40E4+02
3.65E~-01
7.09E404

,1-44E+03

2.17E403
1-955“10
2.45E400

"1 74E-12

2.07E+05

‘1.,66E+04

1.85E+04
2.94E403
1.05E+06
?.51E+01
1.49E401
3.35E-05
1.07E-02
P.57E~146
1.50E-03
3.02E-03
2.16E~05
B,.35E-03
0.0

4 ,30E~15
0.0

1.37E+06

5..YRI
4 .93E+03
5.B8BE+Q3

. 9.6BE+02
- 2.23E-07

3.76E404
6.14E+07
2.33E+05
4 .S1E+02
4.49E-04
1.05E+02
1.09E+03
2.49E-10

6.17E+07

6.30E+07
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ARATER— 2
z o E O B OB K&
_ [Eiiivar: TR | BiEER RS LB
BYENME | FEL A o2 7% :
(%) HEmI0 (s (barn)
AT 0.337 {(n. 7 )|%Ar 35.00 |2 29%1077 5. 1
BAT 0. 067 (n. 7 )|*®Ar | 269y - |8 17x10"1! 0. 82
04 r 99, 60 (n, 7 )|"ATr 1.83h | 105X 107 0. 66
N 09635 |(n.p)|'C 5730y | 3.84x 1072 1. 81
BN 0.365 |(n. 7 )|'"N 7.13s | 9.72x107 | 2.48 x107°
170 0.037 |(n. a)|"C 5730y | 3.84x 10712 | 2.35 X107
Q) 0.204 [(n., 7)]*"0 26.9s |2.58x107 | L61 x107*
15¢ .18 [(n., 7 )|MC 5730y | 3.84x107'* | 9.2 X107

SR T—5 Ty 7 (BB 5 T4, HIAERE) Tk 5,
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iR —3
DLC—-2 3 Ek&bEihkFHERARY bV
13- Upper Energy an # F
FiEd (e V)
1 1. 492x%x107 5. 27 X10°°
2 : 1. 22 X107 | 3. 03 Xx10-
3 1.0 x107 1. 20 x10°®
4 8. 18 x10° 3., 34 x10°¢
5 6. 36 X10° | 5. 27 xX1¢°°
6 4. 96 x10°¢ 2, 07 X10°-¢
7 4, 06 x1¢0° 1. 13 x10°
8 3. 01 x10°%" 2. 05 x107!
9 2. 48 x10° ' 6. 55 X107*
10 |- 2.35 x10° 1. 82 %107
11 1. 83 Xx10°¢ 1. 92 x107!
12 .11 x10° 1. 10 x107h
13 5.5 Xx10° 7. 28 X107?
14 1. 11 x10° 4, 70 X107
15 | 3. 35 x10° 5. 55 X107
16 5. 83 x10% 2. 82 X10-°
17 1. 01 Xx10°? 2. 05 x107°
18 2. 80 X10 1. 59 x10
19 1. 01 X10 4, 65 x107°
20 3+06 : 6. 53 X1 0710
21 1. 12 ' 1. 44 x107'°
2 2 4. 14x107" 4. 18 x1071
TOTAL 1. 00

) Pom RO Cn OBREAFLETI( a, 1) FISK X 3hHEFEEREDE
BERFHEFANT b,
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AR — 4

BB K O Ok
B4 #opk (wtX)
N, T8, 47

0. 23. 20
Ar 1. 28
CO; 0. 046
H, 0. 001
Ne 0. 0012
He 0. 00007
Kr 0. 0003
Xe 0. 00004
& & 100

*ALEMEERR QT 3R, RA{bFaN) kX3,
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“(a, n) Reactions In Vitrified Waste"
H.J. Goldberg, Westinghouse Hanford Company
P. 313~316, in Proceeding of Spectrum ’'80, 1990

{Alpha,n) Reactions in Vitrified Waste

H. J. Goldberg
Westinghouse Hanford Company
* P.0. Box 1970
Richland, Hashington -
99352

A package consisting of radloactive wastes
fmaobilized in a glass matrix must have
adequate shielding in order to be handled
safely, In additfon to the ganma radiation
from the decay of the fission products and
the peutron radiation from the spontaneous
fission of any actinides present, the effects
of alpha-emitting radionuc)ides must Dbe
considered, These aipha particles will
interact with ‘the 1ight elements present in
the matrix and give rise to neutron and gamma
radiation over and above that arising from
the waste directly. _The main thrust of this
paper is to calculate the (alpha,n)
contribution to the neutren Tiux and
spectrum.

‘Although alpha particles interact primarily
with the electrons of the material through
which they pass, occasionally they interact
with the nuclel of Lhe stopping material.
These interactions consist of elastic
scattering, Jnelastic scattering, alpha
capture, and the emission of nuclear
particles. The probability of the emission
of various nuclear particies depends on the
Vaws of conservation of energy and momentum,
as well as the potential, barrier surrounding
the target nucleus. -

The full energy of the alpha particle is not
avallable for excitation of the product
nucleus because, as a result of- the
conservation of momentum, some of the energy
must be used for the kinetic energy of the
products. '

_ A
Eo= gt
wheré A is-the atomic mass of the
target,
and E, 1s the alpha particle energy,

Conservation of energy determines whether

energy is Tiberated or absorbed in a
reaction. This 1s called the reaction
energy. If the value of the reaction is

negative the alpha particle must contribute
at least that amount of energy to the
reaction, This minimum required -energy is
called the threshold energy of the reaction,

Because alpha particie and the nucleus are
both positively charged, there 1s a repulsive
potential beiween them due to electrostatic

repulsion. The magnitude (in MeV) of this
barrier is
2,88x10°%32
RO(A1/3+41/3)'
where 7 1is the atomic number of Lhe
nucleus, . _
A is the atomic mass of the
nucleus, :
and R, is the radius of the nuclear

particie in the nucleus.

The atomic mass of the alpha particle has
been included,

Classically the reaction is not allowed if
the energy of the alpha particle is below
this barrier potential even 1f it is above
the threshold energy. f{Quantum mechanically
however, there 1s a probability for the

reaction even at energies below the potential

barrier. Here the barrier does not prohibit
the reaction, but reduces the rate.
Additional barriers exist when the angular
momentum is not zero. .

The nucleus formed from alpha capture is in

2 highly excited state called a compound

nucieus. This compound nucieus can always
decay by the emission of an alpha particle,
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bul Lthe probabllity 1s very low IT Lhe cheryy
is much below Lhe polential barrier. 1L can
also decay by gawma emlssion, but Lhe time
reqitred 1s usually a few orders of maynitude
longer, Lhan the Ulme needed for nuciear
partlcle emission, HNuctear partictes Lhal
may :he emitted are neulrons, prolons,
deuterons, and tritons.

Because of the potential barrier and the'

short range of the alpha particle, this
effect is only lmportant for Tight elements
tn Intimale contact with ihe alpha-emitting
raflonuc] e, The wasle fovin Tor Llie |lanford
Haste  VilriTlcatton  Prant  (IWVP) s
boros{llicaln glass. Tha glass composition |s
based on 26 percenl wasle oxlides and 75
percenl ylass frit, The waste is in the form
of a cylinder 29,5 cm In radius and 239 cm in
heighl, having a volume of 6.60%10° cn.

lhe glass composition 1s given In Table 1.
The basic information 1s taken from the
"Nanford - Waste Yitrification Plant
Description of Waste Form and Canister” v and
the alomlc percentages were calculaled using
3 spreadsheet instailed on a "PC-AT Clone",

Il was assumed that the reaction rate of the

alpha particle with the various elements
wilhin Lthe glass matrix Is proportional to
Lhe alom pnrcentage of Lhabl olemenl in Lhe
malrix. Light elements up to s1iicon wore
consfdered.  In any shietding calculatlons,
Lhese neutrons wilT have to be added Lo those
produced from spontaneous flsslon,

Table I, Composition of HHVP Waste Product
Compound wt% of Element/ Atomic %
Compound Isotope

z!unnnuzl:nl:u:::u:uau:n:n:::ﬂnn:::numqun:uuunuuuu

g0 2.56-03  Ag 4.0E-04
As,0, 1.1E-05 As 1.1E-06
A0 2.3E400 A 4.5E-01
A, 5.0£-03  nu2dl  3.7E-04

Am242  5.7E-07

Am243  6.6E-08
B,0 1IE40) B 1.26401
#a0 1.0E-01 Ba 1.3E-02
Bel 2.5E-02 Be 2.0E-D2
Cal 8.3(-01  Ca 2.9E-01
Cdo 7.6E-0] Cd 1.2E-0]
Cel 1.5E-0) Ce 1.9€-02

Cr U
s
Cu

Uy,
Er?O3

7.3

Euzo3

Fe,U,
G0,

..GefJ3

llo 6
1n,0
t,0
Ln?US
LU
Hyb
Mno
HUQ

" Na'D

NbEo?
N0
Hib >

HpU,
P.0,

phU,
MIo

P, 0
PrZU;
pul,

ith.0
20,
FHQUJ
S0
sble
5963
S5io
SHIG

Snﬁ3

Sro

Taal)5

Tb,0
choi
Tel,
Ti0,

Tn563

- e .
WL WU OO~ 7 ut
m T
¥
=
w

m
]
<
=S

3E-02

Cs
Ca
Dy
Er
Eu
F
Fa
Gd
Ge
llo
In
K
l.a
Li
My
Mn
Ho
Na
b
Hd
Ni
Np237
P

Ph
Pd
Pm
Pr
Puz3g
Puz23ae

- Pu24o

Pu242
ith
ih
]
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Table 1. Continued

Compound wt¥% of Element/ Atomic %
Compound Isotope

Y,0, 5,0£-07 Y 8.8E-03

Iry, 3.BE400 Ir 6.1E-01

Atomic®% of Oxygen =5,6E40]

The neutron yields and energy specltra were
taken Trom "Calculaled Alpha-Induced Thick
Target Neutron Yields and gpectra. with
Comparison to Measured Data"® and "Energy
Spectra of MNeutrons Produced by Alpha-
Particles _ in Thick Targets -of Light
EVements." Table 2 1ists Lhe neutron fluxes
In each energy group., The contribution from
each elewent 1s }isted as well as Lhe total.

In addition to the neutrons produced by
{alpha,n) reactions, there wl1l be ganma
rays. Gamwma rays wlll alsv be gproduced in
olher charged "particle reactions such as
alpha-prolon reacllons, alpha-deuleren
reactions, and inelasbtic scattering of Lhe
alpha  particles t,e., alpha, alpha'
reaclions, _

The gamma ylelds were generally taken from
"Assay of Transqranic Hastes- Containing
(Alpha,n) Sources™ and "Reaction Ganma Raies
in Plugunium Compounds, HMixtures, and
Alloys."™ In addition, much information was
obtalned from H. Il. van Tuyl in privale
comnunication, Table 3 Vists the calculated
gamua {luxes and energies.  AlLhough sume of
the gammas come from non-neulron producing
reactions, such as (alpha,p} reaclions, Lhe
tables are given in Llerms of gammas per
neulron.

The computer code ISOSILD was run-on a CRAY
mainframe compuler in order te obtain lhe
spectrum of the plotons from the waste
itself, Compared to these, the alpha
produced gamma rays represented a negligible
contribution to the dose rate when compared
fo the photens produced by the decay of the
isotopes within the waste form.

The neutron Flux from {alpha,n) reaction wil
lhave Lo be taken inlo account'in any design

of shielding of radloactive waste within a
glass matrix. Many compuler codes such as
ORIGEN2 or BMC-MG are programmed Lo calculate
Lhe neutron fields assuming an oxide chemical
form, or perhaps a nltrite; Mouride, or
carblde form, These numbers should mol be
used for thls waste form, because while

,Joxyyen conlributed 58 percenl of Lhe neulron

flux, the contributions from boron,
magnesium, “and silicon are significant.
However, the gamma rays from Lhe reactions of
alpha particles wilh Llho malrix may be
neglected as they are negligible compared to
those generaled by the Fissfon products,

This research was sponsored by the Division
of Hasle Management Projects for the United
Stales Deparimenl of Energy under Contract
DE-ACG6-B6RL10B38 with Westinghouse llanford
Company.
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lable 2. Heulron Yield and Energy Specirum for HHVP Haste
{n/sec) iy 1B roky rﬁo.ﬂ

n 8 0 F H? Al 51 1otal
{HeY) 25 1-8 -9 1-12 1-13 1-14
0.1 7.5E409 1.30401 2.6E409 2.28410 4.5£409 1.5E4)) 3.FE4N)
0.2 9.30409 1.40410 2.6E409 Z2.0E4)0 4.4E409 ).5E451 3,364
0.3 J.IE410 1.4E4)} 2.6E409 2.0F410 4.JE409 J.5E41) 3.2E41)
0.4 1.2£410 J.7E410 2.7E409 Z.0E4]0 3.56409 }.GE411 3.6E41)
0.5 }.IE410 2.264)] 2.7E409 2.0EH10 4.28409 2.0f411 4.7E40]
0.6 1.4E410 2.5E4]] 2.7€40% 2,1E4J0 4.58409 2.6€4]) 5.5E+11
0.7 1.6E¢10 2.BE4)] 2.5E409 2,2E:]0 4.4E409 2.7E4]) 6.0E¢]]
0.8 2.36410 3.004011 2.4E409 2,28410 4,20409 2.BE41) 6.3E4])
0.9 2.6E4)0 2.9E¢)) 2.5%409 2,2E410 4.JE409 2.7E410 6.)E4)]
1.0 2.6E410 2.4E4)1 2.7E409 “2.2E4)0 A.1E409 2.5E+}1 5.4E41)
1.1 2.6E400 2,50411 3.00409 2.2E4)0 4.6E409 2.2E+i} 5.20411
1.2 3 1Ee]0 2.7E411 3.5€409 2,3E4)0 4.4E109 ).5E4D] A.9E4))
1.3 2.8E410 3.1641) 3,7E409 2.4E+10 4.4E509 ].1E4]1 4.BE+]
1.4 2.9E410 3.3E41) 3.BE409 2.5E410  4.68409 8.4E4]0 A.8E4]]
1.5 3,1E400 3.4E¢]] 3.56409 3.0B4J0 4.08409 6.3E4]0 4,7841]
1.6 345410 3.85E1)) 3.2B409% J.5E4)0 A.9E409 4,5E400 4,0E4(]
1.7 378010 3.080)] 3.0E409 3.5E400 4.DE109 3.3E4]0 5.0Lt]]
1.8 4.38030 4,3C+1]1 2,7E109 3.BE410 LALIE408  2.9E450 5.4E41)
1.9 4, 76410 A, 48+01 2.4E409 A 4E410 3.5E40%8 3.3E410 5,741
2.0 5.28410 AL2E111 2.7E909 4L6E410 3.3E40% 3LGENE0 6.1E1)]
2.) 606410 4, 7E400 2,0E409 A,0E410 3.10109 4.3E010 630410
2.1 6.6E410 4.9E41]  J.0E409 ATOELID c2.0E409 5.1E4]0 6.6E11)
2.3 7.76410 5.06411 J.58409 4.5t4010 2,4E40% 5.9E4)0 6.6EH])
2.4 B.BE4I0 4.BE41] 1.2E409 4.4T410 1,7E409 G6.3E410 6.7E4])
2.5 1.1E4)] A.6E4)] B.68408 4,3F410 7.7E408 G.5E410 6.TE41)
2.5 1.2E410 4.4E4)1 6.5€408 4,.JE410 1,9£408 7.)E410 7.1E4D)
2.7 1.3E1E] 4.2E1)) 4,940 4L 1E410 1.0E410 6.6E401
2.8 148111 3,9E4)] 3.8f408 4,1E410 8.28410 6.5E4})
2.9 1.4E+H 3.70401 2.6E408 4, lE4)0 8.0E410 6.4E4)1
3.0 |,5E4)1 3.5E4)1 ).96408 3.6E4]0 145410 6.1E41)
3.1 L4000l 216401 1.26408 3.164]0 © 6.5E410 5.5E41)
3.2 LAEYH 2,9E45] 7.08407 2.4E400 §,0E410 5.0E1]}
3.3 1A 2.5E40 2.0t110 4.00110 4,409
3.4 L6 2,041 z.0t1l0 3.6E4J0 2.0E4))
3.5 1] 1.7E410) 2.1t410 3.28110 346401
3.6 1.00a01 1.5E4)1 2. 18410 2.7E4]0 3,084])
3.7 9.50400 1.2E41) 2.2E410 1.9E¢40 2.58411
3.8 0.3E419 1,08+1] 2.26410 7.9E409 2.2E414
3.9 7.70410 9,0E4]0 2.20110 F.OE41]
4.0 5.88410 7.3%400 2.21110 1.6E411
4.1 6.0E4]0 6.5E410 2.2f410 1.5€411]
1.2 i.sillo {.3E410 2.261]0 1.28411
23 A.8t410.-3. 45410 2.3E+10 1.0E411
4.4 468400 "2, 06410 2.2E4]0 8.BE410
4.5 4.3E4]0  §,3E410 2.1E410 7.7E410
1,6 3.98510 2.0E4]0 5.9E410
4.7 3.6E4]0 2.0E4]0 5.7E410
4.8 3.36+10 2.0E410 ° 5.3E410
1.9 2.5E4)0 2.0E+10 4.5E410
5.0 1.8k4]0 1.9E410 3.7E410
5.1 1.4E410 1.8E4]0 3.2E410
5.2 1.1E410 1.8E410 Z,8E4]0
5.3 4,7E409 1.7€410 2,18410
5.4 2.70409 J.4E410 1.78410
5.5 2.0E109 : 1.28410 J.4E4]0
5.6 1.76109 ) : 1.1E410 1.3E410
5.7 1.58409 9.7E109 1,180
5.8 9.0E100 B.7£109 9.6E19
5.9 7.5E100 7.50409 0.3£49
5.9 7.5E100 6.7E409 7.4519
6.} 6.0E408 6. 1E109 6.7E10
6.2 5.4€109 5.4E19
6.3 1.7E109 1.7E19
6.1 4.3E409 4.3619
6.5 1.1E109 4.1E019
6.6 4.1E109 4,109
6.7 376109 3.7E19
6.0 3.6E109 3.6E49
6.9 3,26109 3,2E49
7.0 3,0E109 3.0649
1.1 2.9E409 2.9649
1.2 2.5E409 2.5049
1.3 2.5E409 2.5E49
1.4 2.40409 2.4E49
1.5 2.4E409 2.4149
1.6 z. 45109 2.4E49
1.7 2.48409 2.4E49
1.8 2.58409 2.5648
1.9 2.1E109 20849
t.0 1.9E10Y 1.9849
B.1 4.0E100 {.Bt48
Tot 3.1E412 L.2E403 6.76410 1.6E412  9,7£410 3.0£412 218413 ~3 35 EF|L ¢ TVH)



