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ALBEDO: A multi-layer albedo computer code

for nuclear criticality safety analysis
*
Yoshitaka NAITO, Tomchiro SAKAI and Kazuc 0SADA

Department of Fuel Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, lbaraki-ken

{(Received May 12, 1988)

A computer code ALBEDO has been developed to calculate albedo
value of reflector which is necessary for criticality safety analysis.
This computer code uses albedo constant library on neutron reflection
and transmission rate of each reflector material of standard thickness.
The albedo constants of water, ordinary concrete and SUS-304 have been
prepared. Albedo of multi-layers composed of different materials is
easily calculated with short computing time. The albedo values
computed with this code show good agreement with those with one
dimensional transport code ANISN-JR. This report is a user's manual

for this code.
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Table 1 Atomic number density of Water

Atomic Number
Density
[1l/barn+cm]
H 6.6735E-2
0 3.3368E-2
L

Table 2 Atomic number density of Concrete

. Atomic Number
Density .
[g/cms] Density
[1/barne+cm]
H 0.023 1,3742E-2
0 1.220 4.5919E-2
C 0.0023 1.1532E~4
Na 0.0368 9.6395E-4
Mg 0.005 1.2388E-4
Al 0.078 1.7409E-3
Si 0.775 1.6617E-2
K 0.0299 4 .6052E-4
Ca 0.100 1.5025E-3
*)
Fe 0.032 3.4492E-4

%) Fe is substituted for Ni.
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Table 3 Atomic number density of SUS-304

Density Atomic gumber
[g/cms] Density

[1/barn-cm]
C 0.063 3.1807E-4
51 0.0793 . 1.7003E-3
*Mn 0.159 1.7385E-3
S 0.024 4 .4682E-5
Ni 0.734 7.5246E-3
Cr 1.507 1.7450E-2
Fe 5.4396 5.8633E-2
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Table 4 Reflection and Transmission Rate

by Water of 1.0 cm thick

Energy Group

Upper Boundary [eV]

Reflection Rate

Transmission Rate

1 1.6487x107 4.34667x10°% 9.47859x1071
2 4.7237%10° 9.86714x1072 9.00944x1071
3 1.0540%10° 1.94410%x1071 8.05541x107"
4 1.8316x10° 2.66926x1071 7.32921x107*
5 5.2475%10% 3.07949x107 1 6.91738x107*
6 1.5034x10" 3.23981x107! 6.75480%10° "
7 5.5308x10° 3.29738x1071 6.69290x10°*
8 5.8295x107 3.31154x107*% 6.66804x10"*
9 1.3007x102 3.31838x107*1 6.64557x1071
10 2.9023%10 3.35399x107" 6.58355x10"1
11 6.4740 3.49274x1071 6.40557x107*
12 1.8554 3.83135x107? 6.04143x1071
13 1.2752 4,00812x1071 5.84788x107*
14 8.7642x107* 4.18380x1071 5.65715x107*
15 6.0236x1071 4.43313x1071 5.38967x1071
16 4.1399x107* 4.71311x1071 5.08827x1071
17 3.4206x107 1 4.87993x10°" 4.90864x1071
18 2.7699x10° 1 5.06130%x1071 4.71311x107%
19 2.1878x107% 5.26244x1071 4.49644x1071
20 1.6743%107" 5.49598x107* 4,24499%x1077
21 1.2293x107* 5.76078x107 1 3.96090%x107"
22 8.5295%x1072 6.00182x1071 3.69965x107 1
23 5.4518%1072 6.36668x10 1 3.31790x10"*
24 3.0600x1072 6.98092x1071 2.68128x1071
25 1.3541x10°7 6.94811x107* 2.65833%1071
26 3.3414x107° 6.88150x107* 2.68471x1071
END 3.3066%10 ~°
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Table 5 Reflection and Transmission Rate
by Concrete of 5.0 em thick

Energy Group | Upper Boundary [eV] | Reflection Rate | Transmission Rate
1 1.6487x107 2.08904x107* 6.93715x107 ¢
2 4.7237x10° 3.61304x1071 6.30350x107"
3 1.0540x10° 5.43504%1071 4.55543%x107"
4 1.8316x10° 5.43240x1071 4.55425%107"
5 5.2475%10" 5.58120%107* 4.39525x1077
6 1.5034x10"% 5.70123x107* 4.26989x1077
7 5.5308x10° 5.84723x107 ¢ 4.10859x107"
8 5.8295x107 5.67896x1071 4.24722x107"
9 1.3007x107 5.66692x1071 4.21445%x1071

10 2.9023x10 5.65739x1071 4.15451x1071
11 6.4760 5.68027x107* 4.03625%1071
12 1.8554 5.80858x10"1 3.84506%107 "
13 1.2752 5.87457%x107% 3.74107x1071
14 8.7642x1071 5.94388x107* 3.63682x1071
15 6.0236x107* 6.04719x107 1 3.49633%x107*
16 4.1399%x107* 6.16385x107* 3.33361x107*
17 3.4206x10"* 6.23565%107* 3.23511%107*
18 2.7699x1071 6.31488x1071 3.12771x1071
19 2.1878x107% 6.40482x1071 3.00714%107*
20 1.6743%1071 6.51204%1071 2.86596%107*
21 1.2293%x107* 6.63720x107* 2.70603x107*
22 8.5295%107% 6.75321x1071 2.55298%107 1
23 5.4518%102 6.94471x107% 2.32977x1071
24 3.0600%1072 7.29388x10~! 1.94947%107"
25 1.3541%10° % 7.57731x1071 1.62828x1074
26 3.3414x10"° 7.10720x1071 1.92589x107*
END 3.3066x107°
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Table 6 Reflection and Transmission Rate
by SUS-304 of 0.2 cm thick

Energy Group | Upper Boundary [eV] | Reflection Rate | Transmission Rate
1 1.6487%107 2.56885%10 2 9.72491x107*
2 4 .7237%10° 3.31676x107% 9.67224x107 1
3 1.0540%10° 3.55346%1077 9.64256x107"
4 1.8316x10° 5.80658%1077 9.41648x107"
5 5.2475%10" 6.98104x1077 9.29745%x107*
6 1.5034x10" 1.23170x107% 8.76036x107*
7 5.5308%10° 1.31788x1071 8.66850%107*
8 5.8295%10% 1.49474x107" 8.48318%107*
9 1.3007x10° 1.32763x107* 8.65273x10°*

10 2.9023%10 1.32290%107°! §.63700x10°*
11 6.4760 1.31777%107" 8.60371x107*
12 1.8554 1.31301x107* 8.57060x107*
13 1.2752 1.30993x107* 8.54983%107*
14 8.7642x107* 1.30659%107" 8.52936%10 71
15 6.0236x107* 1.30265x1071 8.50023%107*
16 4.,1399x107* 1.29808x107* 8.46855%107 1
17 3.4206%1071 1.29489%107! 8.44716x107*
18 2.7699x107 1 1.29105x107* 8.42090x107*
19 2.1878x107% 1.28614%1071 8.38714%10"*
20 1.6743%x107 1 1.27983x107" 8.34343x107*
21 1.2293x107* 1.27151x107 1 8.28552x10 7 *
22 8.5295%107> 1.25984x107 1 8.20358x10°"
23 5.4518x1072 1.24236x107" 8.07895%10™*
24 3.0600%107 2 1.21365%1071 7.86775%107"
25 1.3541x1077 1.16113x107* 7.44844%1077
26 3.3414x107°3 1.05474x1071 6.35481x1071
END 3.3066%10°°
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Table 7 Comparison of calculational results of reflection and
transmission rates with the ANISN code and the ALBEDO code

ANISN code ALBEDO code

Ca Refl
se|Rellector Reflection |Transmis— C?U Reflection|Transmis-— C?U
. Time . Time
Rate sion Rate (s] Rate sion Rate (5]

Waterl) 0.3221 0.2133 17.7 0.3209 0.2141 1.7
" 0.8386 0.0001 52.4 0.8451 0.0002 2.3
Concrete 0.4773 0.0346 11.9 0.4766 0.0352 0.5
" 0.7811 0.0003 26.2 0.7891 0.0004 0.6
SUS-304 0.2061 0.7794 1.3 0.2076 0.7772 0.5
" 0.2117 0.0316 3.8 0.2055 0.0291 0.9
Concrete 0.7104 0.0140 14.2 0.7096 0.0147 0.5
2) 0.4706 0.1412 9.5 0.4707 0.1l414 0.4

o ~ 3 B W

1) Water thickness is 20 cm.
Concrete thickness is 50 cm.
SUS-304 thickness is 2 cm.

2) This is the reflector of water, SUS-304 and concrete.
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Fig. 1 Frow diagram for calculating Albedo constants
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