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INTRODUCTION

Analytical solutions to 18 repository design, waste package and radiological
assessment benchmark problems were performed using FORTRAN, BASIC and
LOTUS 1,2,3 spreadsheet programs. These programs are documented and
presented in the following sections.
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1. BASIC PROGRAM RD2.4

This Basic program performs a transient conduction analysis of an infinite
length and width slab with temperature-dependent thermal conductivity
exposed to a constant surface temperature at time zero.

Theory

The engineering aspects of this problem are presented in Section 2.4 of
Reference I (attached for the readers convenience at the end of this section).

Program

Input Data: Input specifications for BETA, X, DX, K, C, RHO, and DT are
found in line 70, as well as values for To (-250) and Ti (-30) in
line 100, and time (-60000) in line 130. Note that To is input
twice in line 100. The specifications may be changed by the user
for the solution of other problems. The user is cautioned to
select values of ax and at that satisfy the stability condition
given on page 24 of the reference.

Line 210: Equation 8 is solved for each time step and distance step defined
by parameters DT and DX.

Output: The output from this program is displayed on the screen. Output
can be redirected to a printer by capturing it as it appears on
the screen or by changing the PRINT statements to LPRINT in
line 230 of the program.

The first column of the output is time (hours). The second
column gives the temperature of the slab at a distance of DX
from the outside boundary (I meter for this problem). Columns 3
through 10 give the temperature at successive DX steps into the
slab, while column 1 1 is the temperature at the center of the
slab.

A listing of the program is contained in Figure 1, and the output for the
problem in Reference I is shown in Figure 2.

I



Figure 1

Basic Program RD2.4 Listing

70 BETA=.0004sX=10:DXlI!:K l!sCO725:RNDz298O:DTaI0O!'3600:TERMfKIDT/(RHO#CfDX*DX

80 DIM O(X/DX+2) ,N(X/DX+2)
100 FOR 12 TO X/DX+2:0(1).30:NEXT I:O(1)-250:N(l1)250
110 LPRINT * TIME TEMPERATURES (C) AT DISTANCES DX FROD THE OUTSIDE EOUNDA
RYm
120 LPRINT '(Hours) DXs1 DXw2 DX-3 DX=4 DX=5 DX=6 DX=7 DXm9 DX-9

DX=z0O
125 L.PRINT
130 FOR T = DT TO 60000.!3600 STEP DT
200 FOR 1=2 TO XIDX+l
210 N(I)=OCI)*(1-2,TERM*(1+BETA*D(I))) + TERffI(l+BETA*O(1))4CO(I1+)+O0(-1)) +

TERMI*BETA*.25*(0(141)*O(1+1)-2*O(141)*DfI-1)+O(1-1)*D(J-1))
220 NEXT I
225 PT=T/(100013600)
230 IF(INT(PT)=PT) THEN LPRINT USING 6I#4## ;T/3600L:FOR 1-2 TO X/DX+1:IF(INT(PT
)-PT) THEN LPRINT USING 1#61# *V'NI);:NEXT I:LPRI T
240 FOR 1=2 TO X/DX4t:O(l)=N():NfiXT I:O(X/DX*2)aD(X/DX)
250 NEXT T
990 END

2



Figure 2

Basic Problem RD2.4 Sample Output

TIME TEMPERATURES (C) AT DISTANCES DX FROM THE OUTSIDE BOUNDARY
(Hours) DXwI DXw2 DXw3 DX-4 DX-5 DX=6 DXw7 DXw9 DX-9 DXwI0

1000
2000
3000
4000
5000
6000
7000
6000
9000

10000
11000
12000
13000
14000
15000
16000
17000
18000
19000
20000
21000
22000
23000
24000
25000
26000
27000
29000
29000
30000
31000
32000
33000
34000
35000
36000
37000
36000
39000
40000
41000
42000
43000
44000
45000
46000
47000
49000
49000
50000
51000
52000
53000
54000
55000
56000
57000
56000
59000
60000

164.01
197.49
198.51
205.21
209.64
213.29
215.99
21. 19
220.05
221.66
223.09
224.39
225.59
226.68
227.72
229.70
229.62
230.50
231.34
232.15
232.91
233.65
234.35
235.02
235.67
236.28
236.97
237.44
237.98
239.50
239.00
239.47
239.93
240.37
240.79
241.19
241.57
241.94
242.29
242.62
242. 94
243.25
243.55
243. 93
244.10
244.36
244.60
244.94
245.07
245.28
245. 49
245.69
245.89
246.06
246.23
246.39
246.55
246. 70
246.85
246.99

96.00
131.65
150.59
162.69
171.26
177. 74
182.88
187.12
190.72
193.86
196.67
199.22
201.57
203.75
205.91
207.75
209.59
211.34
213.01
214.61
216. 13
217.59
218.99
220.32
221.60
222.83
224.00
225. 12
226.20
227.23
228.22
229.16
230.07
230.93
231.76
232.56
233.32
234.04
234.74
235.40
236.04
236.65
237.24
237.79
238.33
236.94
239.33
239.79
240.24
240. 67
241.06
241.47
241.65
242.20
242.55
242.67
243.19
243.49
243.77
244.05

55.62
99.47

110.08
125.11
136.25
144.93
151.96
157.86
162.94
167.43
171 47
175. 17
176.60
181.91
194.93
187.69
190.41
192.99
195.46
197.92
200.07
202.23
204.29
206.27
209. 16
209.97
211.70
213.36
214.95
216.47
217.93
219.32
220.66
221.93
223. 16
224.33
225.45
226.52
227.54
228.53
229.46
230.36
231.22
232.04
232.93
233.59
234.30
234.99
235.65
236.26
236.88
237.46
236.01
236.54
239.04
239.52
239.98
240.42
240.84
241.25

37.72
59.73
79.09
94.28

106.32
116.11
124.31
131.35
137.56
143.13

152892'
157. 31
161. 43
165.34
169.04
172.57
175.93
179.14
192.21
195. 15
187.95
190.64
193.21
195.67
198.03
200.29
202.45
204.51
206.49
209.39
210.20
211.93
213.59
215. 19
216.70
216. 16
219.55
220.89
222.16
223.39
224.54
225.66
226.72
227.75
229.72
229.66
230.55
231.40
232.22
233.00
233.75
234.46
235.15
235.80
236.42
237.02
237.59
239.14
238.66

31.76
43.30
57.67
70.85
92.25
92.09

100.69
106.35
115.27
121.63

139. 25
143.17
147.65
152. 30
156. 55
160.61
164.49
168.20
171.74
175. 14
179.39
161.50
184.47
187.32
190. 05
192.66
195.16
197.55
199.84
202.03
204.12
206.13
206.05
209.98
211.64
213.32
214.92
216.46
217.93
219.34
220.69
221.97
223.20
224.39
225.50
226.58
227.61
228.59
229.53
230.43
231.30
232.12
232.91
233.66
234.38
235.07
235.72
236.35

30.31
35.22
44.31
54.39
64. 10
73. 16
91.54
E9.33
96.61

103.47
09.94

116. 09
121.94
127.52
132.94
137.93
142.79
147.44
151.69
156.15
160.23
164. 13
167.867
171. 44
174.86
178. 13
181.27
164.27
167. 13
199.9B
192.51
195.02
197.43
199.73
201.93
204.03
206.05
207.96
209.B2
211.58
213.27
214.89
216.42
217.90
219.31
220.66
221.95
223.19
224.36
225.49
226.57
227.60
22B.59
229.53
230.43
231.29
232.12
232.91
233.66
234.38

30.04
31.79
36.79
43.69
51.35
59.19
66.95
74. 54
91.91
69.03

10925 4 8
108.81
114.B9
120.72
126.31
131.67
136.90
141.71
146.41
150.92
155.23
159.36
163. 31
167.09
170.71
174. 17
177.48
10.65
163.69
1B6.59
189.37
192.02
194.56
196.99
199.32
201.54
203.67
205.70
207.65
209.51
211.29
212.99
214.62
216.17
217.66
219.09
220.44
221.74
222.99
224.18
225.32
226.40
227.44
229.44
229.39
230.30
231.16
232.00
232.79

30.00
30.54
32.98
37.36
43.14
49.73
56.79
64.05
71.35
78.57

99.20
105.63
111.82
117.77
123.49
129.97
134.22
139.25
144.07
146.69
153. 10
157.33
161.38
165.25
168.96
172.50
175.89
179. 14
162.24
185.21
198.05
190.77
193.37
195.96
196.23
200.51
202.68
204.76
206.75
208.65
210.47
212.21
213.97
215.46
216.98
219.44
219.63
221.16
222.43
223.64
224.90
225.91
226.98
227.99
226.96
229.89
230.76
231.62

30.00
30.15
31.30
34.15
39. 63
44. 32
50.83
57.90
65.00
72.24
79. 43
96.47
93.33
99.97

106.38
112.55
116.48
124. 19
129.64
134.87
139.89
144.66
149.2B
153.6E
157.89
161.91
165. 77
169.46
172.98
176.36
179.59
12.6E
185. 63
189.45
191.16
193.74
196.21
196.58
200.94
203.00
205.06
207.04
209.93
210.74
212.47
214.12
215.70
217.21
219.66
220.04
221.36
222.62
223.83
224.98
226.08
227.14
228.15
229.11
230.03
230.91

30.00
30.06
30.84
33.16
37.20
42.57

55. 73
62.96
70. 13
77. 34
84 4.4
91.36
98.07

104.55
110.8O
116.6O
122.57
128. 10
133.40
13B.47
143.34
147.99
152.45
156.71
160.79
164. 70
166.43
172.01
175.42
178.69
161.92
184.81
187.67
190. 41
193. 03
195.53
197.93
200.22
202.40
204.50
206.50
209.41
210.24
211.99
213.67
215.27
216.60
218.26
219.66
221.00
222.28
223.50
224.67
225.79
226.95
227. 97
22.985
229.78
230.67

3



2.4 Transient Conduction Analysis of an Infinite Slab
With Temperature-Dependent Thermal Conductivity
Exposed to a Constant Surface Temperature at Time
Zero (Dowty and Haworth, 1965, and Ozisik, 1968, p. 380)

Problem Statement - This problem deals with the thermal response of a
slab of infinite length and width, thickness 2L, and initially at
uniform temperature Ti, exposed to a constant surface temperature To
on both sides at zero time (Figure 2.4-1). The thermal conductivity of
the slab is allowed to vary linearly with temperature. The temperature
distribution in the slab at any time is to be calculated. Due to
symmetry, only one half of the slab thickness need be modeled.

T1he governing equation for one-dimensional conduction in a solid may be
written in the form:

P aT - a k aT 0 (1)
Pc~~T -~k ax/

where:
T = temperature,
t time,
p = material density,
c = specific heat,
k = thermal conductivity, and
x = perpendicular distance to a point from the center

plane of the slab.

For this problem, the variation in thermal conductivity is expressed
as:

k = k0 (1 + IT) (2)

where:

ko = thermal conductivity at zero degrees; and
0 = temperature coefficient of thermal conductivity.

The solution to the above equations, subject to the following initial
and boundary conditions:

T(O< x<L) = T1 at t < 0,

aTax = oat x =0, and

T =T 0 at x =L for t > 0,

describes the slab depicted in Figure 2.4-1.
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Objectives - The purpose of this problem is to check the numerical
techniques in the one-dimensional transient portion of the code with
variable conductivity.

Solution - The solution to the above problem is presented by Ozisik
T(168Twho utilized the numerical results of Dowty and Haworth (1965).

The results were developed from finite-difference formulation and
plotted in dimensionless form. Figure 2.4-2a shows the dimensionless
center-plane temperature

(1 + 0.4e T T) e (3)

as a function of the dimensionless time (Fourier modulus)

citao0 (4)*

L

for various values of the parameter

* = 10 OT0 (5)

where:
Tc = center-plane temperature; and
co = thermal diffusivity at zero degrees.

Figure 2.4-2b is a position-correction chart which provides a means of
evaluating the temperature at other positions in the slab. On this
chart, the dimensionless temperature

T - T.0
c (6)

is plotted as a function of x/L and t/T.

The temperature of a given position can be determined by multiplying the
value of

(1+ 0.4 sT T O(7)

by the value of

T -T

Tc T0

6
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The results for comparison have been computed by the following implicit
finite-difference formulation:

Tn.t+ = - 2 ( z (1 + OTn't)} Tnt

~~A at
Di0A

+ = (I + OTn) (Tn+lt + TnI't) (8)

+ = (4_) {Tn+,, -2t Tn+1,t) (Tn-1,t)

+ Tn-lt }
with the stability condition of:

(Ax + ITS) > 2.0

where: TM = 0 if a is negative or the highest temperature encountered
if B is positive.

Assumptions - The assumptions made in solving the above equations
include:

* Density and specific heat are constant; and

a The slab is uniform section and of infinite length and width.

Input Specifications - An example problem is described by the following
data:

* Geometry
- Slab half-thickness

* Material Properties
- Density
- Specific heat
- Thermal conductivity at zero degrees
- Temperature coefficient of

thermal conductivity

* Initial Conditions/Boundary Conditions
- Initial slab temperature
- Applied surface temperature

Output Specifications - Temperature profiles
determined after 30,000 and 60,000 hours.

L = 10.0 n

p
c
ko

To
To

of

=

=

=

U

2980 kg/m3
725 J/(kgeC)
4.00 W/(m0C)

4.00 x 10-4/*C

- 30C
e 2501C

the slab are to be

S



2. BASIC PROGRAM RD2.6

This program calculates the thermal response of an infinite length -bar with
anisotropic thermal conductivity when exposed to a large mass of fluid.

Theory

The engineering aspects of this problem are discussed in Section 2.6 of
Reference I (attached for the readers convenience at the end of this section).

Program

Input Data:

Lines 210-360:

Lines 380-570:

Time (in seconds) is invut by the user via the keyboard when
prompted by the program (? prompt immediately after the
program starts). Values of kx, c, p, and L1 are used to
calculate the constant in Line 120 [(kx/cp)/L,2 = 9.99E-7/4]. In
a similar manner, values of k c, p, and L2 are used to
calculate the constant in Line 130. Lines 140-180 are the first
five roots to the characteristic equation and are unique for the
Nusselt number N. - h.L1 /kx - h.L2 /ky = 2. Values of Ti and
To are used in Lines 320 and 490 to calculate the constants (Ti
- TO) - 270 and To = 30 where Ti and To are in degrees
Celsius.

The characteristic equation is solved along the y-axis (x - 0)
beginning at y - 0 and using step sizes as defined in Line 220.

The characteristic equation is solved along the x-axis (y = 0)
beginning at x = 0 and using step sizes as defined in Line 390.

Output: The first half of the output gives temperatures (degrees
Celsius) along the y-axis at x = 0, while the second half of the
output gives temperatures along the x-axis at y - 0.

A listing of the program is contained in Figure 3, and the output for the
problem in Reference I is shown in Figure 4.
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Figure 3

Basic Program RD2.6 Listing

S
6
10
20
30
40
50
60
70
E0
90
10C
lic
12C
13C
14C
15C
16(
17C

19C
20C
21C
219
22C
23C
24C
25C
26C
263

27C
28C
29C
30C
31C
32C
33C
34C
35C
36(
37(
380
38S
39(
40C
41(
42(
43(
43:
434i
44C
45(
46(
47(
48(
49(
50(
51(
52(
54(
57(

DEFDEL A-HK-Z
DEFINT I-J
INPUT TIME
PRINT
PRINT
PRINT TIME a
PRINT USIN6 I I4#0I,.';TIME;
PRINT 0 SECONDS
TH-TIME/36001
PRINT
PRINT USING *II1I1,.;TH;
3 PRINT HOURS) 8
PRINT n"
TUX=TIME*.0000009991/4#

3TUY=TIME. 0000004999B
M M(1)=1.0769#
M(2)-3.64361
M(3)=6. 5783*
M(4)=9.6295994
DM(5)=12.7223#
PRINT N X/L1 Y/L2 FSUMX

DPRINT 6
LX-O#
FOR IsO TO 10 STEP I

D LY a I/10
FSUMX=01
FSUIMY=O#
FOR J=l TO 5

D ML-M(J
3PX=MLA2ITUX s IF PX>88E THEN PX=88#
PY-ML^2*TUY : IF PY>661 THEN PY88#
FXm4#*(E(SIN(ML))/(2#*ML+SIN(2#*ML)))
FY=41.i((SIN(ML))/(2#tML+SIN(2#*ML)))
FSUMX=FSUMX+FX
FSUMY=FSUMY+FY
NEXT J
CTEMP=FSUMXIFSUMY*270+301
PRINT USIN6 "*##.###lM LXLY;
PRINT USIN6 "f.IINf###*I;FSUAXFSUMY;
PRINT USIN6 "##1#*f1l I#;CTEMP
NEXT I

DPRINT
LY=0#
FOR 1=0 T0 10 STEP I
LX = 1/10O
FSUMXzO#

D FSUMY=0t
D FOR Jul TO 5
4 MLPM(J)
PX=ML^2*TUX:IF PX>BB# THEN PX=BB6
PY=MLA2*TUY:IF PYMM81 THEN PY=BB*

DFX-4#*1'ESIN(ML))/(2#*ML+SIN(2IIML)))
) FY-4I#(((SIN(ML))/(2#*ML+SIN(2#*ML)))
) FSUKX.FSUMX+FX
) FSUMY-FSUMY+FY
0NEXT J
) CTEMP=FSUrX*FSUMY*2701+300
OPRINT USIN6 "11*.*P4#"LX LY:
OPRINT USING '111#.1*#id"diSUMX;FSUMY;
OPRINT USIN6 'l * ;CTEMP
ONEXT I
OEND

FSUMY TEMP (C) 0

/EXP(PX))ICOS(ML*LX)
/EXP(PY))ICOS(ML'LY)

/EXP(PX))*COS(MLILX)
/EXPfPY))#COS(ML*LY)
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Figure 4

Basic Problem RD2.6 Sample Output

RUN

TIME XI,998 000 SECONDS
( 515 HOURS)

X/L I

0.0000
0.0000
0.0000
0.0000
0.0000
0. 0000
0.0000
0. 0000
0. 0000
0. 0000
0. 0000

0. 0000
0. 1000
0. 2000
0.3000
0. 4000
0. 5000
0.6000
0. 7000
0. 6000
0.9000
1. 0000

Y/L2 FSUMX

0. 0000
0. 1000
0. 2000
0.3000
0. 4000
0.5000
0.6000
0. 7000
0.8000
0. 9000
1. 0000

0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0.0000

0.66037
0.66037
0. 66037
0.66037
0. 66037
0. 66037
0. 66037
0.66037
0.66037
0.66037
0.66037

0.66037
0.65656
0.64518
0.62635
0.60029
0.56727
0. 52769
0.48194
0.43060
0.37422
0.31348

FSUMY

0.37014
0.36799
0.36159
0.35099
0.33633
0.31777
0.29552
0.26986
0.24107
0. 20948
0.17547

0.37014
0.37014
0.37014
0.37014
0. 37014
0.37014
0.37014
0.37014
0.37014
0.37014
0. 37014

TEMP (C)

95. 995
95.613
94.470
92.5B1
99. 966
66. 657
82. 691
78.115
72.982
67. 350
61. 296

95.995
95. 6 15
94. 477
92. 596
89.991
86.692
82. 735
78. 164
73. 033
67. 399
61. 32E

RUN
? 3996000

TIME X39996 000 SECONDS
1 ,110 HOURS)

X/L1

0.0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0.0000
0. 0000
0.0000

0. 0000
0. 1000
0. 2000
0.3000
0. 4000
0.5000
0. 6000
0.7000
0. 8000
0.9000
1.0000

Y/L2 FSUhX

0. 0000
0. 1000
0. 2000
0.3000
0. 4000
0.5000
0. 6000
0.7000
0. 8000
0.9000
1.0000

0. 0000
0. 0000
0. 0000
0. 0000
0.0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000

0.37039
0.37039
0.37039
0. 37039
0.37039
0. 37039
0. 37039
0.37039
0.37039
0.37039
0.37039

0.37039
0. 36625
0. 36164
0.35123
0.33656
0.31799
0.29573
0.27005
0.24123
0.20963
0.17559

FSUMY

0. 11625
0.11558
0. 11357
0.11024
0.10563
0. 09981
0.09262
0.08476
0.07572
0.06579
0. 05511

0. 11625
0.11625
0.11625
0.11625
0.11625
0.11625
0.11625
0. 11625
0. 11625
0. 11625
0.11625

TEMP fC)

41.626
41.559
41.359
41. 025
40.564
39. 981
39.283
38. 476
37.572
36.5B0
35.512

41.626
41.559
41.358
41.025
40.564
39.981
39. 283
38.476
37.572
36.580
35.512
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Figure 4

Basic Problem RD2.6 Sample Output (continued)

RUN
? 7992000

TIME X7,992 000 SECONDS
29220 HOURS)

X/L1

0.0000
0. 0000
0.0000
0. 0000
0. 0000
0. 0000
0.0000
0.0000
0.0000
0. 0000
0. 0000

0.0000
0. 1000
0.2000
0. 3000
0.4000
0.5000
0. 6000
0. 7000
0.8000
0.9000
1. 0000

Y/L2 FSUPIX

0. 0000
0. 1000
0. 2000
0. 3000
0. 4000
0.5000
0. 6000
0. 7000
0. 6000
0. 9000
1. 0000

0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000

0.11642
0.11642
0. 11642
0.11642
0.11642
0.11642
0.11642
0.11642
0. 11642
0.11642
0.11642

0.11642
0.11574
0.11373
0. 11039
0.10578
0.09994
0.09295
0.06488
0.07582
0.06589
0.05519

FSUMY

0. 01147
0.01140
0. 01120
0.01088
0. 01042
0.00965
0.00916
0. OO36
0.00747
0. 00649
0.00544

0. 01147
0.01147
0.01147
0.01147
0. 01147
0.01147
0. 01147
0.01147
0. 01147
0.01147
0. 01147

TEMP (C)

30.360
30. 356
30.352
30. 342
30.328
30.309
30. 286
30. 263
30. 235
30.204
30.171

30. 360
30.356
30. 352
30. 342
30. 328
30.309
30.286
30.263
30. 235
30.204
30.171
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2.6 Transient Temperature Analysis of an
Infinite Rectangular Bar with Anisotropic
Conductivity (Schneider, 1955, p. 261)

Problem Statement - This problem is concerned with the thermal response
of an infinite length bar, width 2LI and depth 2L2, initially at
uniform temperature Ti, exposed to a large mass of fluid of tempera-
ture To, on all four sides at zero time (Figure 2.6-1). -The thermal
conductivity of the bar is anisotropic with its principal directions
coinciding with the x and y axes. The temperature distribution in the
bar is to be calculated along the x and y axes at any time.

The governing equation for transient two-dimensional anisotropic heat
conduction in a solid may be written as:

pc aT a (k aT) + a (k aT) (1)
at ax xax ay yay

where:

x,y define a point on a plane in the bar,
T temperature of the solid,
kx, ky thermal conductivity in the x and y directions,
p material density,
c = specific heat, and
t time.

Heat is transferred from the bar's surface to the fluid mass across a
thin layer of fluid adjacent to the bar in which a temperature gradient
exists. This form of heat transfer is called convection. It acts as a
boundary condition for the above conduction equation and may be
expressed as:

q - A h (Ts - T.) (2)

where:

q = rate of heat transfer from surface to fluid,
A - surface area,
h = convective heat transfer coefficient,
T = surface temperature, and
TX = fluid temperature.

The solution to the conduction equation, subject to the convective
boundary equation and the following initial and boundary conditions;

T Tj for t < O.
T. = Tj for t < O,
T. = To for t > O,
aTaxT *o0 at x = 0, and

ay =0 at y - 0,

describes the bar depicted in Figure 2.6-1.
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Figure 2.6-1 Rectangular Bir with Anisotropic Conductivity
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Objectives - The purpose of this example problem is to check the numeri-
cal techniques in the two-dimensional transient anisotropic conduction
portion of the code. The problem additionally checks the coding of the
convective boundary condition in the computer program.

Solution - The solution to the above problem is presented in Schneider
(1955T. The analytical solution to a similar problem Involving infinite
plates was first developed, and then extended to an infinite bar with
anisotropic conductivity. Figure 2.6-2a shows the dimensionless center
plane temperature history for an infinite plate with surface resistance.
In the chart

(Tc - T0) / (T - T0) (3)

is a function of the Fourier modulus

at a t
or T (4)

12

for various values of the reciprocal of the Nusselt number

(l/NNu)x = E or (U/N )3d ' (5)

where:

Tc = center plane or center line temperature,
TX and Ty = Fourier modulus for the x and y axes,
ax and Qy -thermal diffusivity, a = k/cP for the

x and y directions, and
NNu = Nusselt number.

The infinite plate center plane graph is extended to an infinite bar
center line solution by finding the product of the term (Tc-To)/
(Tj-To) from both the x and y axes based on an infinite plate and
setting this quantity equal to a similar term for the infinite bar. The
infinite plate position-correction chart shown in Figure 2.6-2b may then
be employed to find the temperature at other locations within the bar.
This dimensionless graph shows

T -T

T-1 (6)c o

as a function of the inverse of the Nusselt number and distance along an
axis from the center line divided by the half-bar width. The product of
the correction terms from both the x and y axes yields the correction
term applicable to the infinite bar case.

Anisotropic conductivity is incorporated into the solution by the
Nusselt number, the Fourier modulus, and the thermal diffusivity.
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Dimensionless Centerline Temperature for a Plate
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Figure 2.6-2b Dimens;^nless Position Correction
Chart (From Schneider, 1955)

*Reprinted with permission from Schneider, P.D.,
Conduction Heat Transfer, Addison-Wesley Publishing
tompany, Inc., Reading, MA, 1955
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Assumptions - The assumptions made in solving the above equations
include:

l Material parameters such as density, specific heat, and thermal
conductivity are constant.

* The convective heat transport coefficient is a constant.

Input Specifications - The example problem is described by the following
data:

a Geometry
- Bar half-width along x axis
- Bar half-width along y axis

* Material Properties
- Density
- Specific heat
- Thermal conductivity in the
x direction

- Thermal conductivity in the
y direction

* Initial Conditions/Boundary Conditions
- Convective heat transfer coefficient
- Initial bar temperature
- Fluid temperature

LI = 2.0 m
L2- 1.0 m

p - 2760 kg/m3
c = 725 J/(kg9 C)

kx = 2.00 W/(m °C)

k- 1.00 W/(m-rC)

h
TV
To

= 2.0 W/(m 2.@C)
3000C
300C

Output Specifications - Temperature profiles along the x and y axes are
to be determined after 555, 1110, and 2220 hours.
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3. BASIC PROGRAM RD2.8

This program calculates the transient temperature response to the quench of
an infinite length and width slab with a temperature-dependent convection
coefficient.

Theory

The engineering aspects of this program are discussed in Section 2.8 of
Reference I (attached for the readers convenience at the end of this section).

Program

Input Data: The time step, DT, is input in Line 90. Initial temperatures,
To and Ti are input in line 100 (To = 37.8 is input two
times in this line). Thermal conductivity, k, and thermal
diffusivity, or, are used to calculate the constant in Line 110
(k/a = 44,702,800). Slab thickness, L, is input as L/10 = AL
= 0.0203 in Line 110. Variables k and AL are input again in
Line 120 to calculate k/AL. The final time (in seconds)
25200 is input in Line 130. The variables ho = 11.36, W.ho -
0.20448 and To - 37.8 are input in Lines 140 and 160 (To is
input two times in each of these lines).

Line 100: The initial temperature distribution in the slab is determined
here for the 11 segments (the first segment (1=1) and the
last segment (1=11) are one-half the thickness of the other
segments).

Lines 140 & 160:

Lines 150 & 170:

Equation 3 of the reference is solved here for the first and
last segments.

The new temperature, N(I), is calculated in these lines for
the first and last segments.

Line 210: Here, the new temperature is calculated for the middle
segments.

Line 240: The new temperatures, N(O), calculated for the current time
increment, T, are set equal to the old temperatures, O(I),
for the next time increment.

Output: The surface temperature of the hot-side surface is output to
the printer at 0.1 hour increments. The time increments for
printing the results may be adjusted by changing the
constant in Line 225 (the constant = print time in seconds).

A listing of the program is contained in Figure 5, and the output for the
problem in Reference I is shown in Figure 6.
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Figure 5

Basic Program RD2.8 Listing

90 DIM ODIl)IN(11)
90 DT=10
95 MPRINT 7TINE(hr) TEMP (C)"
100 FOR 1=1 TO llst(l)=37.9+(260-37.e)I(I-1)I.l:NEXT I
110 Cf=44702800#*.0203
115 Cl#=i/C#
120 K=3.461.0203
130 FOR T - DT TO 25200 STEP DT
140 P=-(11.36+.204486'D(1)-37.8G)*(01)-37.6)
150 NCI)=0(1)+DT*2*CI#*(P+K*(0(2)-DOI)))
160 P=-(11.36+.2044Bi(0(11)-37.*8 ))*O(11)-37.*)
170 NHll)=O(1l)+DT.2.Cl#*(P+KO ((10)-0(11))
200 FOR 1=2 TO 10
210 N(I)=O(I)+DT*Cl#'(K*IO(Il+)+O(1-1)-2'O0I)))
220 NEXT I
225 XT/360
230 IF(INT(X)=X) THEN MPRINT T/3600,N(11)
240 FOR ltl TO lltOCI)N(I):NEXT I
250 NEXT T
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Figure 6

Basic Problem RD2.8 Sample Output

TIME(hr) TEMP (C)
.1 24B.2393
.2 238.6501
.3 230.7266
.4 224.0928
.5 219.4663
.6 213.6336
.7 209.4322
.E 205.7372
.9 202.4522
1 199.5023
1.1 196.B29B
1.2 194.3655
1.3 192.1357
1.4 190.0501
1.5 188.105
1.6 186.2815
1.7 184.5637
1.8 182.9389
1.9 191.3964
2 179.9273
2.1 178.5239
2.2 177.1801
2.3 175.8902
2.4 174.6496
2.5 173.4541
2.6 172.3004
2.7 171.185
2.8 170.1054
2.9 169.0591
3 168.0438
3.1 167.0577
3.2 166.0988
3.3 165.1657
3.4 164.2568
3.5 163.3709
3.6 162.5066
3.7 161.663
3.8 160.8369
3.9 160.0333
4 159.2455
4.1 158.4746
4.2 157.7196
4.3 156.9B05
4.4 156.2559
4.5 155.5456
4.6 154.8488
4.7 154.1651
4.9 153.4939
4.9 152.8349
5 152. 1874
5.1 151.5512
5.2 150.9258
5.3 150.3108
5.4 149.706
5.5 149.1109
5.6 148.5252
5.7 147.9486
5.8 147.3909
5.9 146.8217
6 146.2708
6.1 145.7281
6.2 145.1932
6.3 144.6659
6.4 144.1459
6.5 143.6332
6.6 143.1275
6.7 142.6286
6.9 142.1363
6.9 141.6505
7 141.171
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2.8 Transient Temperature Response to the Quench
of an Infinite Slab with a Temperature-Dependent
Convection Coefficient (Kreith, 1958, p. 161)

Problem Statement - This problem deals with the transient thermal
analysis of the quench of one side of an infinite slab with a linearly
temperature dependent convection heat transfer coefficient (Figure
2.8-1). The slab, thickness L, is initially in a steady-state condition
transferring heat from one side at temperature Tj to its other side at
temperature To. At time zero, the hot side is exposed to a large
fluid mass of temperature To. The temperature distribution in the
slab at any time is to be calculated.

The governing equation for one-dimensional conduction in a solid may be
written in the form of:

BT a~2TaT = a T~: (1)
ax

where:

T temperature,
t= time,
a= k/pc = thermal diffusivity,
k = thermal conductivity,
p = material density,
c = specific heat, and
x = distance along the x-axis.

Heat is transferred from the surface of the slab to the fluid mass
across a thin layer of fluid adjacent to the slab in which a temperature
gradient exists. This convective heat transfer is a boundary condition
for the above equation and may be expressed as:

q - A h (Ts - T,) (2)

where:

q = rate of heat transfer from surface to fluid,
A = surface area,
h = convection heat transfer coefficient,
Ts = surface temperature, and
To = fluid temperature.

The convection heat transfer coefficient variation may be expressed as:

h = h0 [1 + 8 (Ts - T)J] (3)

where:

ho = convection heat transfer coefficient at zero temperature
difference, and

B= temperature coefficient of convection heat transfer
coefficient.
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Figure 2.8-1 Transient Response to the Quench of an
Infinite Slab with a Temperature-Dependent
Convection Coefficient
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The solution to the conduction equation subject to the convective
boundary equation and the following initial and boundary conditions:

TX = Ti
TX = To
Ts = Ti
Ts = To

for
for
at
at

t < 0,
t > 0,
x - L for t < 0, and
x = 0;

describes the slab depicted in Figure 2.8-1.

Objective - The purpose of this problem is to check the codes' modeling
Of a convection boundary condition with a temperature dependent convec-
tion heat transfer coefficient. The problem also involves a check of
the numerical techniques in the transient one-dimensional conduction
portion of the code.

Solution - The numerical solution methodology for the above problem is
presented in Kreith (1958). A specific problem is solved by the Schmidt
method, a graphical finite-difference solution. The same problem will
be used for benchmarking. The solution is given in Table 2.8-1.

Assumptions - The assumptions made in solving the above equations
include:

* Material properties are constant; and
* The slab is of infinite width and depth.

Input Specifications.- The example problem is described by the following
data:

* Geometry
- Slab thickness L

* Material Properties
- Thermal conductivity k
- Thermal diffusivity
- Convection heat transfer

coefficient at zero difference ho
- Temperature coefficient of

convection heat transfer
coefficient

s Initial Conditions/Boundary Conditions
- Low temperature To
- High temperature Ti

- 0.203 m

- 3.46 W/(m.TC)
= 7.74 x 10-8 m2/s

= 11.36 W/(m2 .TC)

- 0.018 *C-

= 37.8C
= 260.0C

Output Specifications - The surface temperature of the hot surface is to
be determined at 2.3, 4.6 and 7.0 hours.
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Table 2.8-1 Solution to Benchmark Problem 2.8
(From Kreith, 1958)

Time Surface Temperature
hr

0 260

2.3 174

4.6 154

7.0 141
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4. BASIC PROGRAM RD2.9

This program solves the transient thermal analysis of an infinite width and length
slab, with an insulated rear surface, exposed to a uniform radiative environment.

Theory

The engineering aspects of this program are discussed in Section 2.9 of Reference
1 ( attached for the readers convenience at the end of this section).

Program

Input Data: T2 and c are input in Line 70, while To = 546 is input in Line 100.
Variables a, c, and L/10 (2930, 725, and 0.025 respectively) are used
in Line 110 to calculate C. Values for k = 1.15, and L/10 are input
in Line 120. The final time step (345600 seconds) is set in Line 130.

Line 100: The initial temperature distribution in the slab is set equal to To
for the 11 segments (the first segment (1=1) and the last segment
(I11) are one-half the thickness of the other segments).

Line 150: The new temperature, N(l), is calculated here for the first segment.

Line 160: Equation 3 of the reference is solved in this line.

Line 170: The new temperature, N(l 1), is calculated for the last segment.

Line 210: In this line, the temperature distribution of the middle segments is
calculated.

Line 255: The new temperatures, N(l), calculated for the current time
increment, T, are set equal to the old temperatures, 0(I), for the
next time increment.

Output: The front surface and the rear surface temperatures are output to
the printer at times set in Lines 231-245 of the program.

A listing of the program is contained in Figure 7, and the output for this problem
is shown in Figure 8.
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Figure 7

Basic Program RD2.9 Listing

70 T2-273:SlSMAa5.67E-08
80 DIN O(101,N(ll)
90 DT=100
100 FOR 1=1 TO 110(IJ)=546xNEXT I
110 CS=2930#7250.025
115 C=I1I/Cl
120 K=1.15/.025
125 LPRINT OTIME(hrs) FRONT TEMPIK) REAR TEMP(K)n
130 FOR T a DT TO 345600! STEP DT
150 N(1)mO(1)+DT*2*CJ#* KtDO(2)-Otlfl)
160 P=-SI6MA.CO(11)*O(11)+T2*T2)*O(111)+T2)I(0(11)-T2)
170 N(11)=O(ll)+DTI2*CI*§tP+K (0(10)-0D11)))
200 FOR 1=2 TO 10
210 N(l)=D(I)+DT*CI*I(K*(OI41+)+O0(-1)-210(1)))
220 NEXT I
231 IF T=3600 THEN LPRINT T/3600,N(11),N(l)
235 X=T/7200
240 IF(INT(X)=X) THEN LPRINT T/3600,N(11) N(l)
245 IF T=3600'3 THEN LPRINT T/3600,N011)3,A)
255 FOR I- TO lliC0i)zN(l):NEXT I
260 NEXT T
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Figure 8

Basic Problem RD2.9 Sample Output

TIME(hrs)
1
2
3
4
6
S
10
12
14
16
16
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60
62
64
66
68
70
72
74
76
78
so
82
84
86
B9
90
92
94
96

FRONT TEMP(K)
446.7353
428.2263
417.1396
409.2268
397.9985
369.7539
362.9131
376.8427
371.274
366.0956
361.2175
356.6344
352.3129
348.234
344.3825
340.7441
337.3056
334.0553
330.9817
326.0745
325.3236
322.72
320.2552
317.9209
315.7095
313.6141
311.6279
309.7446
307.959
306.2651
304.6577
303.1322
301.6B4
300.3069
299. 0029
297.7624
296.5836
295.4635
294.3987
293.3B65
292.4239
291.5086
290.6379
299.9096
299.0215
268.2715
287.5577
286.6792
296.2314
285.6155

REAR TEIPMK)
545.9913
545.3496
542.5848
537.6113
523.8043
509.2401
492.642
479.2961
464.7595
452.2672
440.7494
430.1263
420.3241
411.2623
402.9748
395.1005
387.9844
361.1775
374.9356
369.1194
363.6936
358.6261
353.8BB2
349.4539
345.2999
341.4049
337.7493
334.3159
331.0882
329.052
325.1937
322.500B
319.9622
317.5679
315.3062
313.1744
311.15B3
309.2526
307.4503
305.7451
304.1311
302.6026
301.1545
299.7623
299.4B14
297.2479
296.0776
294.9671
293.913
292.9123

27



2.9 Transient Temperature Response of a Slab Exposed
to a Uniform Radiative Environment (Rohsenow and
Hartnett, 1973, p. 3-49)

Problem Statement - This problem is concerned with the transient thermal
analysis of an infinite length and width slab of thickness L, with an
insulated rear surface, exposed to a uniform radiative environment on
the front (Figure 2.9-1). The surface temperature of both sides of the
slab is to be calculated at any time.

The governing equation for one-dimensional conduction in a solid may be
written in the form:

DT . a I2T (1)

at ax

where:

T = temperature;
t = time;
a = k/pc = thermal diffusivity;
k - thermal conductivity;
p = material density;
c = specific heat; and
x = distance along the x-axis.

Heat is transferred from the surface of the slab to an object of lower
temperature by radiation. This radiative heat transfer is a boundary
condition for the above conduction equation and may be expressed in
terms of absolute temperature as:

q = c1 a (T4 -) T (3)

for two black bodies,

where:

q = rate of radiative heat flow per area;
cl = emissivity;
aC Stefan-Boltzmann constant;
T1 = higher surface temperature; and
T2 = lower surface temperature.

For two gray bodies, the radiative heat transfer is given by:

q = cF1 -2 (T1 T 2) (3)

where:
F1 -2 - gray-body shape factor (a modulus which accounts for

the emissivities and relative geometries).
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The solution to the conduction equation subject to the radiative
boundary equation and the following initial and boundary conditions:

T CTo for t < O.
q O for t Z O,
T= T2 for tY O, and

a 0 ° at x > L,

describes the slab depicted in Figure 2.9-1.

Objectives - The purpose of this problem is to check the numerical
techniques in the one-dimensional transient conduction portion of the
code and the radiative boundary condition.

Solution - An approximate solution to the above problem is presented in
Rohsenow and Hartnett (1973). Figure 2.9-2 shows the dimensionless
absolute surface temperature cooling history for a thick slab with
insulated rear surface after sudden exposure to a uniform radiative
environment with the initial slab temperature, Tog two times the
radiative environment temperature, Ts. In the charts:

(T - T0) / (Ts 5 T0) (4)

is given as a function of the cooling radiation number

M' aF 2 T 3 LAk (5)

where:
MO - cooling radiation number,

and the Fourier modulus

cat (6)

where:
mT Fourier modulus, and
Ca thermal diffusivity.

Assumptions - The assumptions made in solving the above equations
include:

* Material properties are constant;
* The transmitting medium is nonabsorbing and nonemitting;
* Radiation is the only applicable boundary condition on the
noninsulated surface; and

* Radiative environment is uniform and of constant temperature.
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Temperature Response of Thick Plate With
Insulated Rear Face x = L After Sudden
Exposure to Uniform Radiative Environment
at x = 0 (From Rohsenow and Hartnett, 1973)

Figure 2.9-2

*Reprinted with permission from Rohsenow, W.M. and J.P.
Hartnett, Handbook of Heat Transfer, McGraw-Hill Book
Company, Sew York, 1973.
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Input Specifications - The problem is described by the following data:

a Geometry
- slab thickness
- Gray-body shape factor

* Material Properties
- thermal conductivity
- density
- specific heat
- thermal diffusivity

L =0.25 m
F1-2 - 1.0

k
P
C
a

Z

Z

a

a* Initial Conditions/Boundary Conditions
- radiative environment
temperature T2

- initial slab temperature To
- Stefan-Boltzmann constant a

1.15 W/(m*°C)
2930 kg/m3
725 J/(kg-°C)
5.42 x 10-7 m2/s

273°K
546eK
5.67 x 10-8
W/ (miu K4 )

Output Specifications - The surface temperature of both sides of the
slab is to be determined at 4, 24, and 96 hours.
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S. LOTUS SPREADSHEET RD3.2a

This spreadsheet performs a stress analysis of a circular tunnel in an elastic
medium with a biaxial stress field.

Theory

The engineering aspects of this spreadsheet are presented as part a of
Problem 3.2 in Reference I (Problem 3.2 with corrections is attached for the
readers convenience at the end of this section). A discussion of major and
minor stresses and the angle to the major stress is not covered in the
reference and is given here.

vM = (ar + o,)/2 + ((Or - ao) /4 + trz)+

am = (or + or)/2 - ((Or - a)'14 + rek)+

-= ARCTAN I( 2 )(rr/(Oecr))]

where: ar = radial stress
o, = circumferential stress

Trr = shear stress
am = major stress
um - minor stress

= angle between the major stress and 0

Spreadsheet

(A)

(B)

(C)

Input Data:

Rows 15-16:

Rows 20-44:

Problem specifications are inout by the user in cells E7 through
E12.

Intermediate calculations are performed to find values of
variables used repetitively in the displacement and stress
calculations.

Column A is for user inDut of radial distance from the tunnel
centerline at which displacements and stresses will be
calculated.

Column B is used to calculate radial displacement using Equation
9.

Column D is a copy of column A.
Column E is used to calculate the circumferential displacement

using Equation 9.

Rows 52-71:

Rows 80-99:

Shear stress, radial stress, and circumferential stress are
calculated at the input angular coordinate (0) in Columns C, E,
and G using Equations 3, 1, and 2 respectively.

The major stress and minor stress are calculated in Columns C
and E using Equations A and B respectively while the angle (I)
between the major stress and the angular coordinate (9) is
calculated in Column G using Equation C.
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A graph of stresses (shear, radial, circumferential, major, and minor) and the
angle to the major stress as a function of radial distance will appear on the
screen when the FIO key is pushed.

A sample spreadsheet is shown in Figure 9.
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Figure 9

1
2
3
4
5
6
7
8
9

10
11
12
13
1 4
is
1 6
1 7
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Problem RD3.2a Sample Lotus Spreadsheet

A B C D E F
PROBLEM RD 3.2a - CIRCULAR TUNNEL IN AN ELASTIC MEDIUM

WITH A HYDROSTATIC STRESS FIELD

INPUT DATA * t
I NOTI

TUNNEL RADIUS la' I0) 5.00 1 BE
HYDROSTATIC STRESS lSxl (IPa) 30.00 a Is I
HYDROSTATIC STRESS :Sy' (MPa) 15.00 f ALL
POISSON'S RATIO "Nu 0.20 * E7.
MODULUS OF ELASTICITY 'El (MP&) 6000.00 * ARE
AN6ULAR COORDINATE 'theta' (degrees) 30.00 t

INTERMEDIATE CALCULATIONS
a**2u 25.00 Sx-Syn 15.00 E's 6250

Sx+Syu 45.00 Nu s 0.25 &I*4* 625

E

SURE RANSE PROTECT
ON (TYPE /WGPE).
CELLS EXCEPT
.E12 t A25..A44
PROTECTED.

.00

.00

ANALYTICAL RESULTS AT 30.00 DEBREES FROM HORIZONTAL

DISPLACEMENTS (n) ALONG 30.00 DEGREE LINE FROM HORIZONTAL

RADIUS
(n)
5.00
5.50
6.00
7.00
E.50

10.00
12.00
15.00
20.00
30.00
45.00
60.00
70.00
80.00
90.00

100.00
120.00
130.00
140.00
150.00

RADIAL
DISPLACEMENT

(i)
0.048000
0.047521
0.047280
0.047426
0.048856
0.051281
0.055504
0.063111
0. 077566
0.109233
0.159078
0.209873
0. 243963
0.278155
0.312416
0.346725
0.415437
0.449827
0.484232
0.516650

RADIUS
(M)
5.00
5.50
6.00
7.00
6.50

10.00
12.00
15.00
20.00
30.00
45.00
60.00
70.00
60.00
90.00

100.00
120.00
130.00
140.00
150.00

CIRCUMFERENTIAL
DISPLACEMENT

(M)
-0.020785
-0.019110
-0.018048
-0.017028
-0.016949
-0.017699
-0.019306
-0.022324
-0.026031
-0.040300
-0.059332
-0.078596
-0.091492
-0.104412
-0.117348
-0.130294
-0.156210
-0.169175
-0.182144
-0.195116
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Figure 9

Problem RD3.2a Sample Lotus Spreadsheet (continued)

6 B C D E F 646
47 ANALYTICAL STRESSES AT 30.00 DEGREES FROM THE HORIZONTAL
49
49 SHEAR RADIAL CIRCUMFERENTIAL50 RADIUS STRESS STRESS STRESSS1 4 i) t5pa) (MPA) IMPa)52 5.00 0.0000 0.0000 30.000053 5.50 3.9221 2.9422 29.661154 6.00 6.1193 5.6337 28.949755 7.00 8.0507 10.0458 27.301156 9.50 8.6571 14.6212 25.188557 10.00 9.5249 17.5791 23.671958 12.00 9.1632 20.0787 22.317259 15.00 7.698o 22.2222 21.111160 20.00 7.2310 23.9502 20.112361 30.00 6.8410 25.2170 19.366362 45.00 6.6526 25.7888 19.026163 60.00 6.5845 25.9901 1.905764 70.00 6.5610 26.0590 18.964565 60.00 6.5456 26.1037 18.837766 90.00 6.5351 26.1344 18.819367 100.00 6.5275 26.1563 18.906268 120.00 6.5177 26.1849 18.789069 130.00 6.5144 26.1946 18.783370 140.00 6.5117 26.2022 1E.778771 150.00 6.5096 26.2083 18.775072
73
74
75 *PRINCIPAL STRESSES AT 30.00 DE6REE LINE TO HORIZONTALas
76
77 MAJOR MINOR AN6LE TO78 RADIUS STRESS STRESS MAJOR STRESS*79 ) (MPa) tMPa) (degrees)sO 5.00 30.0000 0.0000 0.000091 5.50 30.2250 2.3783 8.1E0782 6.00 30.4581 4.1252 13.847683 7.00 30.4739 6.8730 21.509384 8.50 30.0470 9.7627 29.301695 10.00 29.6781 11.5719 35.166486 12.00 29.4374 12.9584 41.096487 15.00 29.3647 13.9486 -42.93619e 20.00 29.5125 14.5500 -37.5688E9 30.00 29.7319 14.6514 -33.423790 45.00 29.9700 14.9448 -31.529591 60.00 29.9247 14.9711 -30.960792 70.00 29.9441 14.9793 -30.632593 80.00 29.9570 14.9845 -30.4B4394 90.00 29.9658 14.9879 -30.382795 100.00 29.9722 14.9903 -30.310096 120.00 29.9806 14.9933 -30.215397 130.00 29.9835 14.9943 -30.183598 140.00 29.9857 14.9951 -30.158299 150.00 29.9876 14.9958 -30.1370100
101
102 * FROM 30.00 DEGREE LINE TO HORIZONTAL
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3.2 Circular Tunnel (Long Cylindrical
Hole in an Infinite Medium)

Problem Statement - This problem concerns the stress analysis of a long
circular opening in an infinite medium under various boundary conditions
and material properties (see Figure 3.2-1). Three variations to this
problem will be considered:

(a) Tunnel in an elastic medium with a biaxial stress field;
Tunnel in an elastic-plastic medium with a hydrostatic stress
field; and

(c) Lined tunnel in an elastic medium with a biaxial stress field.

Upon excavation of a tunnel, the in situ stresses within the rock or
soil mass are redistributed from an uniform orthogonal stress field to a
more complex stress distribution. Stress concentrations around a tunnel
cause elastic deformations at the periphery and, if the yield strength
of the material is exceeded, result in plastic deformations and redis-
tribution of stresses due to yielding of the material. In the case of
plastic yielding, a yield zone will develop around the tunnel beyond
which the stresses will be elastic. These processes are modeled by
parts (a) and (b) of this problem.

Part (c) of this problem involves the interaction of a structural tunnel
lining and an elastic media. Although the actual design of a tunnel
lining is more complex, this problem checks the basic interaction
between the two types of material for non-axisymmetric loadings.

ObJectives - This problem has the advantage of being very similar to
repository problems as well as having a closed-form analytical solution.
Several aspects of the computer model will be tested by this problem:

* The ability of the code to simulate an infinite medium by finite
boundaries;

* The solution of equations for displacements in a non-symmetric
problem in two dimensions;

* The computation of plastic stresses and deformations; and

* The interaction between two different materials.

Analytical Solution - The analytical solution to part (a) of the problem
is given by Obert and Duvall (1967) for the case of plane stress (hole
in an infinite plate). The stresses will be the same in the case of
plane strain as for plane stress and displacements can be determined by
using modified values of E and v in the displacement equations. The
stress distribution around the tunnel is given by:
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\z~

4 S. 3)( ±)+.~ (S~ - ) + 38 4- 2
2 J7 cos 26r/

(1)

I a2 1
a a Y(SX + Sy) +- _-7 (Se r7 X.- S7 ) * + T cs2 (2)

(3)Trea ' (Sx - S )
3 a4 2 a2--- ~+-. sin 28
rT r7

where:

r

Ce
Tre
SXSy
a

CC
=
a

IC

C

radial coordinate, OLINQIIZ
angular coordinate measur d clockwi e from the x axis,
radial stress,
circumferential stress,
shear stress,
in situ or initial stresses (tension positive), and

- radius of circular hole or tunnel.

Displacements are given by:

U W I X + a +
4
aY
r

+ 4a2)Cos 28)

(4)

4 F [(v)(r ~r )() -Ty
cos 2

and

V=1IvF L;--Sz
+2a 2

r + 4) sin 2e1

Y[(vY) (r 2a2.+a4\ sin 2a]r -7 sin J (5)

where:

E

where:
u,v a displacements in radial and circumferential directions,

respectively,
E - modulus of elasticity, and
v = Poisson's ratio.
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The solution to Part (b) of this problem is also given by Obert and
Duvall (1967) after Fara and Wright (1963). Stresses around a circular
opening are based on a hydrostatic in situ stress field with yielding
defined by the Tresca criterion. In the plastic zone stresses will be
given by:

co; a 2k ln r (6)

° 2k (1 + In r) for: a < r < c (7)a

az a k (I + 2 ln r) (8)za

and in the elastic zone:

% C S [ 5 ; exp (r _ l) (9)

r~ ~~s
o ea S [l ka2 exp ( - l)]j for: r >c (10)

az 2vS (11)

where:

c - a exp [([SAkJ-1)/2) a radius of elastic-plastic
boundary,

S - in situ hydrostatic stress field,
k = yielding shear strength of the material (one-half

unlaxial compressive strength),
or, ar = radial stresses In the elastic and plastic regions,

respectively,
a', 4 a circumferential stresses in the elastic and

plastic regions, respectively,
a'- longitudinal stresses In the elastic and plastic
z regions, respectively, and

v a Poisson's ratio.

The solution to Part (c) of this problem is given by Paul et al. (1974)
and is based on the work of Burns and Richard (1964). The loads on a
tunnel lining have been shown to be a function of two constants given
as:
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Em

(I + V (I - ZV m
C Lt 1(12)

(1 - Vg) ,:

Em

F O ( yi) (13)

where:

C W compressibility ratio,
F = flexibility ratio,

Em, El = modulus of elasticity for the medium and lining
respectively,

vi,,v = Poisson's ratio for the medium and lining,
respectively.

R,t = radius and effective thickness of the lining, and-
I = effective moment of inertia per unit length of the
Q lining.

For the case of full shear transfer between the liner and the medium,
the thrust (T), moment (M), and shear (S) within the liner are given
by:

T 1 t( + K )(1 bl) + (1 - Ko)(- + b--fb ( T 1- - K1 b2) cos 28] (14)

M 1 o( 2-2
YHR -.( K0 ( 2 - 3) cos 28 (15)

S 1( - K -)(I(16)

11Wt ' - (1 K0)(1 b2 - 2b3) sin 26 (16)

The diameter change is given by:

ADIDR 1[ tl ,,)(Il KO)(1 bl) C

) - K0)(1 - b2 - 2b3) F cos 28] (17)
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in which

V(1 - 2v,j)(C - 1) (8

I (I - 2Vm )(C) + 12

(I - 2v,,)(1 - C) t - 7 (1 _ 2V) C + 2
. E ~~~_ 7. _ O _ _1t)bq w

S.
[(3 - 2v ) + (1 - 2v.) C] F + (j - 8vm + 6v) C + 6 _Svm

[1 + (1 - 2v.) C] F - (1 - 2vj) - 2

t(3 - 2v ) + (I 2vM) C] F + (4 - 8vm + 6,,, ) C + 6 -8yM

E(1 - v )

c (1 + Vm)(l - 2vm) (21)

where:

T. M, S a thrust, moment, and transverse shear in the liner,
respectively,

R, D, AD aradius, diameter and the change In diameter of
the liner, respectively,

H adistance from the ground surface to the center of
the tunnel,

y t unit weight,
Ko = ratio of horizontal to vertical in situ stresses,
Mc constrained modulus of the medium surrounding the

liner,
e = angle defining position on the liner; measured

counterclockwise from the right springline
(Fig. 3.2-1).

Assumptions - Assumptions which are implicit in the theoretical solu-
ions presented above include the following:

o Plane strain conditions apply, with one of the principal stresses
aligned with the tunnel axis; and

* The material is homogeneous and isotropic.

For part (a) the following additional assumption applies:

* The medium is linear-elastic.
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For part (b), the following additional assumptions apply:

o The material is elastic-perfectly plastic in its behavior;

o Initial stresses are hydrostatic within the plane, of the
analysis;

* Yielding occurs when the difference between the maximum and mini-
mum in plane principal stresses reaches twice the shear yield
stress (Tresca yield criterion); and

* The out of plane stresses have no effect on the plastic
yielding.

For part (c) to this problem the following additional assumptions apply:

o The vertical stress is equal to the weight of the overburden;

o The tunnel liner and the medium are both linear-elastic
materials; and

o Because of the elastic assumption and the single-step analysis,
the liner is assumed to be in place before excavation of the
tunnel.

Input Specifications - The following input specifications apply:

e Geometry
- Excavated tunnel radius a = 5.0 m

e Material properties
- Modulus of elasticity E a 69000 MPa
- Poisson's Ratio v g 0.20

e In situ stresses
(a) (b)

- Horizontal stress Sx 30 MPa 15 MPa
- Vertical stress Sy 15 MPa 15 MPa

For part (b), the yield strength (Tresca criterion) of the
be:

(c)
30 MPa
15 MPa

rock will

o Shear stress at yield k - 10 MPa

Properties for the tunnel lining (part c) are as follows:

o Thickness t a 0.50 m
o Modulus of Elasticity E z 20,000 MPa
O Poisson's Ratio V a 0.20

Figure 3.2-1 shows the geometry and loading conditions for fhe three
parts to this problem.
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Output Specifications - The output for parts (a) and (b) are the

stresses and displacements along a line at equals 30 degrees at radii

of Sm, lOn, and 2Om. (Note: displacements for part (b) are not calcu-

lated in the analytical solution). For the lined tunnel, the moment,

thrust, shear, and radial displacements in the liner at 6 equals 0, 30,

60, and 90 degrees will be computed.



6. LOTUS SPREADSHEET RD3.2b

This spreadsheet performs a stress analysis of a circular tunnel in an elastic-
plastic medium with a hydrostatic stress field.

Theory

The engineering aspects of this spreadsheet are presented as part b of problem
3.2 in Reference I (Problem 3.2 with corrections is attached for the readers
convenience at the end of this section).

Spreadsheet

Input Data: Problem specifications are inDut by the user in cells C5 through
C8.

Row 11: The radius of the elastic-plastic boundary tc" is calculated in cell
C12.

Column A:

Column B:

Column C:

Column D:

This column is for user input of the radial coordinate r"e for
which stresses are to be calculated. The first entry is automati-
cally set equal to the tunnel radius ax, and the tenth entry is
automatically set equal to the elastic-plastic boundary Vc".

Radial stress is calculated by Equation 6 for radial distances less
than or equal to the elastic-plastic boundary, and by Equation 9
for radial distances greater than the elastic-plastic boundary.

Circumferential stress is calculated by Equation 7 for radial
distances less than or equal to the elastic-plastic boundary, and
by Equation 10 for radial distances greater than the elastic-
plastic boundary.

Longitudinal stress is calculated by Equation 8 for radial distan-
ces less than or equal to the elastic-plastic boundary, and by
Equation 11 for radial distances greater than the elastic-plastic
boundary.

A graph of stress as a function of radial distance will appear on the screen
when the F10 key is pushed.

A sample spreadsheet is shown in Figure 10.



Figure 10

Problem RD3.2b Sample Lotus Spreadsheet

I PRODBLE RD 3.2b - CIRCULAR TUNNEL IN AN ELASTIC-PLASTIC MEDUM
2 WITH A HYDROSTATIC STRESS FIELD
3 111IeI*{h.*11111*t111eh fe..1 thfI..fuIeItIh.f NDYEt BE SURE RANGE
4 * INPUT DATA 4 PROTECT SWITCH IS
5 t f ON (TYPE /N6PE).
6 t TUNNEL RADIUS '8' (i) 5.00 f ALL CELLS EXCEPT
7 t HYDROSTATIC STRESS '5' IMPa) 15.00 f A20-A27 A29-A47 &
8 f YIELD STRESS k IMPa) 10.00 t Cb-C9 AAE PROTECTED.
9 t POISSONS RATIO 'Nu* 0.20 t
10lu f e....hfthII*1*IfehI.tlh.11.*1.** .*eeee**,th.*
11
12 ELASTIC-PLASTIC BOUNDARY 8'0 6.4201
13
14
15 RADIAL CIRCUMFERENTIAL LONGITUDINAL
16 RADIUS STRESS STRESS STRESS
17 (ic) ftP&) (MPI) (MP&)
18
19 5.0000 0.00 20.00 10.00
20 5.05 0.20 20.20 10.20
21 5.19 0.75 20.75 10.75
22 5.31 1.20 21.20 11.20
23 5.48 1.E3 21.53 11.83
24 5.64 2.41 22.41 12.41
25 5.67 3.21 23.21 13.21
26 6.06 3.85 23.65 13.65
27 6.34 4.75 24.75 14.75
26 6.4201 5.00 25.00 15.00
29 6.56 5.42 24.58 6.00
30 6.88 6.29 23.71 6.00
31 7.32 7.31 22.69 6.00
32 6.18 6.E4 21.16 6.00
33 8.81 9.69 20.31 6.00
34 9.68 10.60 19.40 6.00
35 10.46 11.23 18.77 6.00
36 11.57 11.92 18.08 6.00
37 12.68 12.44 17.56 6.00
38 14.39 13.01 16.99 6.00
39 16.10 13.41 16.59 6.00
40 18.92 13.85 16.15 6.00
41 22.14 14.16 15.E4 6.00
42 27.87 14.47 15.53 6.00
43 33.21 14.63 15.37 6.00
44 41.86 14.76 15.24 6.00
45 48.20 14.82 15.18 6.00
46 56.85 14.87 15.13 6.00
47 60.00 14.89 15.11 6.00
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3.2 Circular Tunnel (Long Cylindrical
Hole in an Infinite Medium)

Problem Statement - This problem concerns the stress analysis of a long
circular opening In an infinite medium under various boundary conditions
and material properties (see Figure 3.2-1). Three variations to this
problem will be considered:

(a) Tunnel in an elastic medium with a biaxial stress field;
b) Tunnel in an elastic-plastic medium with a hydrostatic stress

field; and
(c) Lined tunnel in an elastic medium with a biaxial stress field.

Upon excavation of a tunnel, the in situ stresses within the rock or
soil mass are redistributed from an uniform orthogonal stress field to a
more complex stress distribution. Stress concentrations around a tunnel
cause elastic deformations at the periphery and, if the yield strength
of the material is exceeded, result in plastic deformations and redis-
tribution of stresses due to yielding of the material. In the case of
plastic yielding, a yield zone will develop around the tunnel beyond
which the stresses will be elastic. These processes are modeled by
parts (a) and (b) of this problem.

Part (c) of this problem involves the interaction of a structural tunnel
lining and an elastic media. Although the actual design of a tunnel
lining is more complex, this problem checks the basic interaction
between the two types of material for non-axisymmetric loadings.

ObJectives - This problem has the advantage of being very similar to
repository problems as well as having a closed-form analytical solution.
Several aspects of the computer model will be tested by this problem:

e The ability of the code to simulate an Infinite medium by finite
boundaries;

* The solution of equations for displacements in a non-symmetric
problem in two dimensions;

* The computation of plastic stresses and deformations; and

* The interaction between two different materials.

Analytical Solution - The analytical solution to part (a) of the problem
is given by Obert and Duvall (1967) for the case of plane stress (hole
in an Infinite plate). The stresses will be the same in the case of
plane strain as for plane stress and displacements can be determined by
using modified values of E and v in the displacement equations. The
stress distribution around the tunnel is given by:
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Displacements are given by:

U a
S ( + 7) + ( SY

a4

r
. 5-)Cos 26)

(4)

I V- Sa

h V ina l
cos 29)

and

V
L '% P I

-(P 2a2
) sin 29] (5)

where:

where:
u,v a displacements in radial and circumferential directions,

respectively,
E a modulus of elasticity, and
v a Poisson's ratio.
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The solution to Part (b) of this problem is also given by Obert and
Duvall (1967) after Fara and Wright (1963). Stresses around a circular
opening are based on a hydrostatic in situ stress field with yielding
dOfined by the Tresca criterion. In the plastic zone stresses will be
given by:

qr - 2k ln rL (6)

a6 a 2k (1 + In -) for: a < r < c (7)a

q; - k (1 + 2 ln rL) (8)z~~~~~

and in the elastic zone:

% S I 7-1 e2 S ] (9)
r~~~S

a 6 S 1 + 7_ exp ( -1)] for: r > c (10)

ozee 2v S (11)

where:

c = a exp [(ES/k3-1)/23 radius of elastic-plastic
boundary,

S = in situ hydrostatic stress field,
k = yielding shear strength of the material (one-half

uniaxial compressive strength),
O*, ar = radial stresses In the elastic and plastic regions,

respectively,
a', a6 = circumferential stresses in the elastic and

plastic regions, respectively,
a, a* longitudinal stresses in the elastic and plastic

regions, respectively, and
v a Poisson's ratio.

The solution to Part (c) of this problem is given by Paul et al. (1974)
and Is based on the work of Burns and Richard (1964). The loads on a
tunnel lining have been shown to be a function of two constants given
as:
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C E2t ) (12)

F g ~~~~~~~~~~~~~~~(13)

At 1

where:

C * compressibility ratio,
F aflexibility ratio,

Em, El cmodulus of elasticity for the medium and lining
respectively,

Vm,v, -Poisson's ratio for the medium and lining,
respectively.

R,t a radius and effective thickness of the lining, and
I Weffective moment of inertia per unit length of the
a lining.

For the case of full shear transfer between the liner and the medium,
the thrust (T), moment (M), and shear (S) within the liner are given
by:

;T ' . [(1 + K )(I - bl) + (1 - KO)(1 + b2) cos 26] (14)

- I (1 - K0)(I - b2 - 2b3) cos 26 (15)
YHR T3 o 6(5

S 1I-K)I-b(6
YuT - (1 -K)(1 b2 - 2b3) sin 26 (16)

The diameter change Is given by:

AD/D ' -r )(1 + Ko)( bl) C

- 1(I - KO)( b - 2b1(T~2~ )( b2 -b 3) F cos 2(17)
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in which

b LI I - vm) ( -n (18)

(1 - 2v )(1 - C) F - I (1 - 2vm)2 C + 2((-2,L 1 2 ]F+(- v, v) 6-
"2

[(3 - 2vm) + (1 - 2:v) C] F + ( 1- ev,+ 6v2) C + 6 -v2

[I + (1 - NMgr) C] F - I (1 - 2v,) - 2

(19)

(20)b3 C
[ 3-2v ) + (1 - 2v,) C] F + i - IN, + 6v')

Vi
C + 6 -8v,

M W ~E(1 - v.)
Mc (14 VMM( - ZVm) (21)

where:

T. M, S - thrust, moment, and transverse shear in the liner.,
respectively,

R, D, AD c radius, diameter and the change in diameter of
the liner, respectively,

H distance from the ground surface to the center of
the tunnel,

y c unit weight,
Ko c ratio of horizontal to vertical in situ stresses,
Mc = constrained modulus of the medium surrounding the

liner,
8 g angle defining position on the liner; measured

counterclockwise from the right springline
(Fig. 3.2-1).

Assumptions - Assumptions which are implicit
t10ns presented above include the following:

in the theoretical sol u-

o Plane strain conditions apply, with one of the principal stresses
aligned with the tunnel axis; and

e The material is homogeneous and isotropic.

For part (a) the following additional assumption applies:

* The medium is linear-elastic.
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For part (b), the following additional assumptions apply:

* The material is elastic-perfectly plastic in its behavior;

* Initial stresses are hydrostatic within the plane of the
analysis;

* Yielding occurs when the difference between the maximum and mini-
mum in plane principal stresses reaches twice the shear yield
stress (Tresca yield criterion); and

* The out of plane stresses have no effect on the plastic
yielding.

For part (c) to this problem the following additional assumptions apply:

* The vertical stress is equal to the weight of the overburden;

s The tunnel liner and the medium are both linear-elastic
materials; and

e Because of the elastic assumption and the single-step analysis,
the liner is assumed to be in place before excavation of the
tunnel.

Input Specifications - The following input specifications apply:

* Geometry
- Excavated tunnel radius a = 5.0 m

* Material properties
- Modulus of elasticity E a 6,000 MPa
- Poisson's Ratio v a 0.20

e In situ stresses
(a) (b) (c)

- Horizontal stress Sx 30 MPa 15 MPa 30 MPa
- Vertical stress Sy 15 MPa 15 MPa 15 MPa

For part (b), the yield strength (Tresca criterion) of the rock will
be:

* Shear stress at yield k 10 MPa

Properties for the tunnel lining (part c) are as follows:

* Thickness t a 0.50 m
* Modulus of Elasticity E a 20,000 MPa
* Poisson's Ratio v a 0.20

Figure 3.2-1 shows the geometry and loading conditions for the three
parts to this problem.
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Output Specifications - The output for parts (a) and (b) are the

stresses and displacements along a line 
at equals 30 degrees at radii

of Sm, 1Dm, and 20m. (Note: displacements for part (b) are not calcu-

lated in the analytical solution). For the lined tunnel, the moment,

thrust, shear, and radial displacements in the liner at e equals 0, 30,

60, and 90 degrees will be computed.
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7. BASIC PROGRAM WP2.3

This program calculates the transient temperature response of a solid cylinder
with constant thermal conductivity.

Theory

The engineering aspects of this program are discussed in Section 2.3 of
Reference 2 (attached for the readers convenience at the end of this section).

Program

Input Data: Values of the input specifications h, a, a, k, Ti, and Tf are
contained in Lines 10 - 60. The maximum time for the
analysis is set in Line 90 and may be adjusted by changing
the constant in the TMAX formula. Time steps as a
function of TMAX are also set in Line 90 and may be
changed by the user. The radius step size is set in Line
110 (.2 for this problem) along with the number of roots to
be calculated for equation 28 of the reference (I-1 to 6).
The number of roots (1=1 to 6) is also set in Line 2010.
Tolerance for calculating the roots is set in Line 2000
(EPS-.000003).

Lines 110-160: Equation 27 of the reference is solved in these lines.

Lines 1000-2099: These lines are used to find the roots of Equation 28.

A listing of the program is contained in Figure 11, and the output for the
problem in Reference 2 is shown in Figure 12.
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Figure 11

Basic Program WP2.3 LUsting

I CLS
2 PRINT"FIND THE ROOTS OF THE CHARACTERISTIC EQUATION":PRINT
3 PRINT"ROOT NUMBER VALUE TOLERANCE'
5 DIM LAMBDAI100)
10 H=2.8
15 RSTEP=.2
20 ALPHAe.014
30 Au1!
40 K=.7
50 TI=300
60 TF=400
90 TMAX-.6*A*A/ALPHA:TSTEPwTMAX/3
100 OSJUS 2000
105 PRINT:PRINT CALCULATE TEMPERATURESn PRINT
106 PRINT " RADIUS TIME TEMPERATURE'
110 FOR R=0 TO 1 STEP RSTEPsFOR TIME=TSTEP TO TMAX STEP TSTEP:SUM=O:FDR 1I1 TO 6

120 ARG=LAMSDA(I)*RtGOSUB 1000:JOR3JO
130 ARG-LAMBDA(I)fA:GOSUB 1000:JOAJO
140 SUM-SUM+EXP(-ALPHA*LAMBDA(I)ILAMEDA(I).TIME)IJOR/((LAMBDA(I)9LAIEDA(I)fA*A+(
1*H*A/K) A2).JOA)
150 NEXT I
160 TEMP=SUMa2fH*A/Kf*TI-TF)+TF
170 PRINT USING II*INBH.ii *@####I.II *6S|t§I.B§IP;RtTlME,TEMP
10 NEXT TIME
190 NEXT R
200 END
1000 IF ABS(ARG) >3 SOTO 1050
1010 XwARGiARG/9
1020 J0-1-2.2499997#*X+1.2656208#*XUX-.3163866.X.XIX+.0444479fXfXfX{X-.0039444UX
.X*X.X*X+.00021#XIX*X*X.XtX
1030 60TO 1099
1050 X=3/ARG
1060 FO=.79788456#-7.7E-07'X-.0055274*X*X-9.512E-05*XsX*X+1.37237E-03*X*X*X*X-7.
2805E-04IX*X*X*X*X+1. 4476E-04fX*XfXfX X*X
1070 THETAO=ARG-.785396166-.041663971*X-3.954E-05*X*X+2.62573E-03*X.X*X-5.4125E-
04eX*X*XeX-2.9333E-04*X.X*X.X*X+1.3558E-04fX*XX*X.XeX
1080 JO-X/SQRCAR6)*FO0COS(THETAO)
1099 RETURN
1100 IF ABS(ARG) >3 GOTO 1150
1110 XzAR8.ARG/9
1120 JI-AR6*(.5-.5624998511X+.21093573*'XIX-3.954269E-02*X*X.X+4.43319E-03*X*X*X
*X-3.1761E-04'X*X'X*X*X+1.109E-05*X*XEXOX.X*X)
1130 SOTO 1099
1150 X=3/ARG
1160 Fl t79786456#+1.56E-06IX+1.659667E-02IX*X+j.7105E-04.XeX*X-2.49511E-03'XIX*
X*X+1.13653E-03eX*X*X*X.X-2.0033E-04IXIX'XtXeX*X
1170 THETA1=AR6-2.35619449#+.12499612#*X+.0000565*XoX-6.37879E-03'X*XfX+7.434BE-
04*XeX*X'X+7.9824E-04.XX.X*X*X+-2.9166E-04eX.X*XeX.X'X
1180 Jl31/SQ0RAR6)*F1'COS(THETAI)
1199 RETURN
2000 Z-1.6:SISN1ItEPS z.000003
2010 FOR 1=1 TO 6
2020 Z=3.14+Z
2030 ARSzZiGOSUB 1000:60SUB 1100
2040 VtZIJI-(H*A/K)*JO:Z0Z-V*RSTEP4SISN
2050 IF ABS(V)<EPS SOTO 2070
2060 SOTO 2030
2070 PRINT I Z/AV
2080 SIGN-SIGN:LAMBDA(I)ul/A
2090 NEXT I
2099 RETURN
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Figure 12

Basic Problem WP2.3 Sample Output

FIND THE ROOTS OF THE CHARACTERISTIC EQUATION

ROOT NUMBER VALUE TOLERANCE
I 1.90807? -2.861023E-06
2 4.601646 -2.741814E-06
3 7.520071 2.503395E-06
4 10.54229 -5.36441SE-07
5 13.61248 2.80141BE-06
6 16.70727 -2.861023E-06

CALCULATE TEMPERATURES

RADIUS TIME TEMPERATURE
0.00 14.29 330.091
0.00 29.57 365.755
0.00 42.66 383.459
0.20 14.29 332.440
0.20 29.57 366.968
0.20 42.86 384.056
0.40 14.29 339.336
0.40 28.57 370.555
0.40 42.86 385.782
0.60 14.29 350.276
0.60 28.57 376.076
0.60 42.86 368.451
0.60 14.29 364.311
0.80 29.57 382.966
0.90 42.86 391.779
1.00 14.29 360.023
1.00 28.57 390.501
1.00 42.86 395.416
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2.3 Transient Temperature Response of a Solid Cylinder with
Constant Thermal Conductivity

Problem Statement. This problem is concerned with the thermal response of

an infinite solid cylinder (radial conduction only) of radius a, initially

at a uniform temperature T1 which is equal to the atmospheric temperature.
The atmospheric temperature is suddenly changed to a constant value of Tf.

Subsequent to this change at time zero, the change in the temperature

distribution in the cylinder is to be calculated as a function of time.
See Figure 2.3-1.

The energy conservation equation for transient radial conduction in the

region (O < r < a) is

1 a BT I BT
r Tr r` -- a at

(22)

where the thermal conductivity is considered to be invariant and where

T a temperature [el

r - radial position [L)

t a time [t]

a - thermal diffusivity [E2/t]
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Figure 2.3-1

Cylinder of Radius a Initially in Temperature Equilibrium
with Surrounding Atmosphere at Temperature Ti. At
Time Zero the Surrounding Atmospheric Temperature

Is Increased to a Value TX c Tf
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At the surface of the cylinder, heat may be transferred by convection

-between the cylinder and the atmospheric fluid. The characteristic

temperature of the atmospheric fluid is To. The initial condition is

t< 0 T(r) - T. (O < r < a)

(23)

and the surrounding atmospheric temperature is

t < 0 TX z Ti

(24a)

t > 0 TcO = Tf

(24b)

The boundary conditions are

at r = a, -k DT - h(T-T)

(25)

at r = ° r T = 0

(26)

where

k = thermal conductivity of cylinder material [e/tto]

h = convective heat transfer coefficient between
the cylinder outer surface and the atmosphere [etIt2 G)
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Objectives. The purpose of this problem is to establish a reference solu-

tion for transient radial conduction in a cylinder. It will be represent-

ative of waste package transient cooling when there is an abrupt change in

atmospheric conditions. The solution can be used to determine thermal

conditions where associated thermal stresses may be important.

Analytical Solution. The solution to Equation 22 for the stated initial

and boundary conditions (Reference CA-59) is

T(r,t) - Tc, 2ha Ce J o(nr)

n~ 2 2 (ha)2J onan-1 ] [onaf + ON )a| Jo(Xn) (27)

where An are the characteristic values found from solving

(Mna) Ji(Xna) + (h) o(na) 0

(28)

and where

Jo(Y) - Bessel function of first kind and order
zero of independent variable y

Ji(y) = Bessel function of first kind and order
one of independent variable y

This analytical solution involves evaluation of the terms of an infinite

series until theterms of the convergent series become negligible. (For

the condition specified with this problem, use of the first two roots,

Ang is adequate.) A more rapid solution can be obtained by the use of

charts developed by Heiser (Reference HE-47), Boelter et al. (Reference

B0-42), and Kreith (Reference KR-58). These charts are shown in Figure

2.3-2. They treat r/ra from 0 to 1.0 in increments of 0.2 (six charts).

Each chart presents 11 combinations of values of k/ha in the range from 0

to 10.
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Assumptions.

* The surface convection heat transfer coefficient
is a known constant.

* The atmospheric temperature is constant for t > 0
and therefore independent of the thermal energy
transferred to the cylinder.

* *Thermal conductivity and thermal diffusivity are
independent of temperature and thus constant
through the transient.

Input Specifications.

* Geometry

- cylinder radius, a = 1.0 (ft)

* Material properties

- thermal diffusivity of cylinder material,
- 0.014 (ft AOr

- thermal conductivity of cylinder material,
k = 0.700 (Btu/hr-ft-OF)

* Parameters

- convective heat transfer coefficient,
h = 2.8 (Btu/hr-ft2-OF)

* Boundary conditions

- initial temperature of cylinder and pre-step
(t < 0) atmospheric temperature, Ti = 300(OF)

- post-step (t > 0) atmospheric temperature,
tf = 400 (OF)

For this problem, the first six roots of Equation 28, An, are:

n Xn

1 1.9081
2 4.6018
3 7.5201
4 10.5423
5 13.6125
6 16.7073
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Summations using the first two roots in Equation 27 are adequate to give

values of temperature accurate to 0.01OC.

Output Specifications.

as a function of radius

values in the following

geometric parameters:

This problem solves for the temperature response

and time. The solution can be compared with the

table, which are given in terms of thermal and

T(r) (OF)

0.0
0.0

14.29
0.2

28.57
0.4

42.86
0.6

r
(ft)

0

0.2

0.4

0.6

0.8

1.0

300

300

300

300

300

300

330.09

332.44

339.34

350.28

364.31

380.02

365.76

366.99

370.56

376.08

382.97

390.50

383.46

384.06

385.78

388.45

391.78

395.42



8. LOTUS SPREADSHEET WP2.4

This spreadsheet calculates a one-dimensional transient temperature
distribution with phase change.

Theory

The engineering aspects of this spreadsheet are discussed in Section 2A of
Reference 2 (attached for the readers convenience at the end of this section).

Spreadsheet

Input data: Problem specifications are input by the user in rows 6
through 18.

Row 22: A, which is calculated iteratively in rows 103 through 119, is
reported here.

Row 23: Thermal diffusivity is calculated in cell F23.

Row 24: In cell F24, erf(A) is calculated as follows:

erf(A\) - c(Ti-To)/[(Lir).(A~eA\)j (A)

where: variables are as described in the reference

In cell G24, A convergence is indicated with a value of 1 if
the iterative solution converged on the value in Row 22, and
by a value # I if the iterative solution did not converge; in
which case the temperatures calculated in Rows 30 through
100 are incorrect.

Rows 30-100: Columns A and B contain the distances and times that were
input by the user in Rows 15 through 18.

Column C is used to calculate the temperature at the
corresponding time and distance by the equations at the
bottom of page 27 of the Reference.

Column D calculates the front location, 2A(atf), at the time
(t) shown in Column B.

Columns E through G are used to determine erf(z) where z
equals x/[2(at)i].

Rows 106-118: The iterative solution for A begins in cell H106 with an initial
guess of A * (c(T1-T 0 )/2Lp. This iteration may not converge
for values of A greater than 0.75.

A sample spreadsheet is shown in Figure 13.
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Figure 13

Problem WP2.4 Sample Lotus Spreadsheet

A B S DYE
I PRODLEM NP 2.4 ONE-DICENSIONAL TRANSIENT TEMPERATbRE DISTRYBUTION
2 WITH PHASE CHANGE
3
4 *it fttfte;ttt~tfttfte,..e*tItftIII~htuuboeft NOTEt BE SURE
5 #*INPUT DATA** * RANGE PROTECT6 f DENSITY *RHO* (91cm) 0.92 * SWITCH IS ON7 f SPECIFIC HEAT 't' (cal/V degree C) 0.49 t (TYPE IWGPE).
9 f THERMAL CONDUCTIVITY 'k (cal/cm sec dog C) 528 t ALL CELLS EXCEPT9 4 INITIAL TEMPERATURE OF LIQUID 'TI' (dog C) 0 t F6-FII t C15-E1810 1 BOUNDARY TEMPERATURE OTOO (deg C) -45 t ARE PROTECTED.

11 ft HEAT OF FUSION 'L (cal/g) 144 *12 tffffltttttffftft ft**ftf tllfttlfttt ~ fttf{tftlltf{tftlttfttlf~tIftIE{*f
13 ftftIffftftiI*ftft{§tatt*titI**tftftfff*ftftftftftftftftttttftftftftftfttftftftt*Ifttfti

14 # *nTIMES (sac) AND DISTANCES (cm) FOR USE IN THE PROBLEMum t15 * TIMES 1-Si 0.25 0.50 1.00 2.00 5.00 416 * TIMES 6-9i 10.00 20.00 50.00 100.00 f17 * DISTANCES 1-Si 1.00 2.00 5.00 10.00 20.00 1
18 f DISTANCES 6-7# 50.00 100.00 419 *i***ftatttit{ttt tfatft*I*444f***1* *1******1*****t*I***ft**tItI***
20
21 ... ewwwasUE-1INTERMEDIATE CALCULATIONSwasuuaum..woums
22 LAMBDA 0.267381 LAMBDA
23 THERMAL DIFFUSIVITY a" (k/RHO c) 1195.652 CONVERGENCE
24 erf(LAMBDA) 0.294669 125 aa.:zuzc5."ag~ s..Z .u.s~cuuugss-...suumumg
26
27 FRONT
26 DISTANCE TIME TEMP LOCATION
29 (cm) (sec) (deg C) (cm) erfft) 1/(1+P*2) z
30 1 0.25 -4D.02 9.2456 0.0326 0.9906 0.02B9
31 2 0.25 -35.04 9.2456 0.0652 0.9Q14 0.057B
32 5 .0.25 -20.26 9.2456 0.1620 0.9549 0.1446
33 10 0.25 0.00 9.2456 0.3175 0.9135 0.2892
34 20 0.25 0.00 9.2456 0.5666 0.6407 0.5784
35 50 0.25 0.00 9.2456 0.9591 0.6786 1.4460
36 100 0.25 0.00 9.2456 1.0000 0.5135 2.9920
37
3B 1 0.50 -41.46 13.0752 0.0231 0.9933 0.0204
39 2 0.50 -37.96 13.0752 0.0461 0.98668 0.0409
40 5 0.50 -27.44 13.0752 0.1150 0.9676 0.102241 10 0.50 -10.25 13.0752 0.2276 0.9372 0.2045
42 20 0.50 0.00 13.0752 0.4370 0.8619 0.4090
43 50 0.50 0.00 13.0752 O.S516 0.7491 1.0225
44 100 0.50 0.00 13.0752 0.9962 0.5968 2.0449
45
46 1 1.00 -42.51 1.4912 0.0163 0.9953 0.0145
47 2 1.00 -40.02 19.4912 0.0326 0.9906 0.0269
49 5 1.00 -32.56 19.4912 0.0614 0.9769 0.0723
49 10 1.00 -20.26 18.4912 0.1620 0.9548 0.1446
SO 20 1.00 0.00 19.4912 0.3175 0.9135 0.289251 50 1.00 0.00 18.4912 0.6934 0.6085 0.7230
52 100 1.00 0.00 1.4912 0.9591 0.6786 1.4460
53
54 1 2.00 -43.24 26.1505 0.0115 0.9967 0.0102
55 2 2.00 -41.48 26.1505 0.0231 0.9933 0.020456 5 2.00 -36.20 26.1505 0.0576 0.9635 0.0511
57 10 2.00 -27.44 26.1505 0.1150 0.9676 0.102258 20 2.00 -10.25 26.1505 0.2276 0.9372 0.204559 50 2.00 0.00 2b.1505 0.5303 0.8565 0.5112
60 tOO 2.00 0.00 26.1505 0.8518 0.7491 1.0225
-l
62 1 5.00 -43.69 41.3475 0.0073 0.9979 0.006563 2 5.00 -42.77 41.3475 0.0146 0.9958 0.012964 5 5.00 -39.43 41.3475 0.0365 0.9995 0.032365 10 5.00 -33.87 41.3475 0.0729 0.9793 0.064766 20 5.00 -22.94 41.3475 0.1451 0.9594 0.1293
67 50 5.00 0.00 41.3475 0.3525 0.9042 0.3233
66 100 5.00 0.00 41.3475 0.6396 0.8252 0.6467
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Figure 13

Problem WP2.4 Sample Lotus Spreadsheet (continued)

A E C D E F 6 H
69
70 1 10.00 -44.21 5t.4742 0.0052 0.9985 0.0046
71 2 10.00 -43.42 58.4742 0.0103 0.9970 0.0091
72 5 10.00 -41.06 58.4742 0.0258 0.9926 0.0229
73 10 10.00 -37.13 58.4742 0.0516 0.9B52 0.0457
74 20 10.00 -29.2E 59.4742 0.1029 0.9709 0.0915
75 50 10.00 -6.29 59.4742 0.2536 0.9303 0.2286
76 100 10.00 0.00 5.4742 0.4822 0.6697 0.4573
77
78 1 20.00 -44.44 82.6950 0.0036 0.9989 0.0032
79 2 20.00 -43.89 62.6950 0.0073 0.9979 0.0065
s0 5 20.00 -42.21 82.6950 0.01B2 0.9947 0.0162
81 to 20.00 -39.43 82.6950 0.0365 0.9895 0.0323
82 20 20.00 -33.87 82.6950 0.0729 0.9793 0.0647
83 50 20.00 -17.36 62.6950 0.1E8 0.9497 0.1617
64 100 20.00 0.00 82.6950 0.3525 0.9042 0.3233
85
86 1 50.00 -44.65 130.7523 0.0023 0.99Y3 0.0020
87 2 50.00 -44.30 130.7523 0.0046 0.9987 0.0041
8E 5 50.00 -43.24 130.7523 0.0115 0.9967 0.0102
89 10 50.00 -41.48 130.7523 0.0231 0.9933 0.0204
90 20 50.00 -37.96 130.7523 0.0461 0.9868 0.0409
91 50 50.00 -27.44 130.7523 0.1150 0.9676 0.1022
92 100 50.00 -10.25 130.7523 0.2276 0.9372 0.2045
93
94 1 100.00 -44.75 184.9117 0.0016 0.9995 0.0014
95 2 100.00 -44.50 184.9117 0.0033 0.9991 0.0029
96 5 100.00 -43.75 184.9117 0.0082 0.9976 0.0072
97 10 100.00 -42.51 184.9117 0.0163 0.9953 0.0145
98 20 100.00 -40.02 184.9117 0.0326 0.9906 0.0289
99 50 100.00 -32.56 184.9117 0.0614 0.9769 0.0723

100 100 100.00 -20.26 184.9117 0.1620 0.9546 0.1446
101
102
103 ITERATION TO DETERMINE LAMBDA -- MAY NOT CONVERSE IF LAMBDA >.75
104 * £**fh..,tft****ff******t****f*f********* *************
105 f 7th6UESS 6th6UESS 5thEUESS 4thSUESS 3rd6UESS 2nd6UESS 1stSUESS
106 * 0.267361 0.267381 0.267382 0.267369 0.267635 0.260440 0.273861
107 * 0.919462 0.919462 0.919462 0.919459 0.919526 0.917671
108 * 0.267381 0.267381 0.267381 0.267381 0.267393 0.267150
109 * **1******4*I§tI*4**f*6*I44**I*4***II11111tt1****4*f*tt
10 * 54th6UESS13thGUESS12thGUESSlIthGUESSlOthEUES59thGUESS EthGUESS
11 * 0.267381 0.267381 0.267381 0.267361 0.267381 0.267381 0.267381

112 * 0.919462 0.919462 0.919402 0.919462 0.919462 0.919462 0.919462
113 t 0.2673E1 0.267381 0.267381 0.267381 0.267381 0.267381 0.267381
114 * **************#*f**f *tff*********t*f
115 * 21st6UESS20th6UESS19th6UESSI8th6UES517th6UESS16thEUEES15thBUESS
116 f 0.267381 0.267381 0.267381 0.267381 0.267381 0.267381 0.267381
117 f 0.919462 0.919462 0.919462 0.919462 0.919462 0.919462 0.919462
11 f 0.267361 0.267381 0.267381 0.267361 0.267381 0.267381 0.267381
119 * .*..*1h.h...*ff1*.*1tf I*.*1***1fftI*I*1If*ff*f*tf1*fI1*11f*1**
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2.4 One-Dimensional Transient Temperature Distribution
with Phase Change

Problem Statement. This problem simulates the transient temperature re-

sponse of a fluid initially at OOC as one wall is lowered to a temperature

of -450C causing a freezing interface to propagate into the liquid. Tem-

peratures are to be calculated as a function of time and distance from the

surface boundary.
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Physical Description. A one-dimensional slab is occupied by a liquid at

OOC. At the beginning of the transient (t = 0), the edge is instantane-

ously lowered to a temperature of -450C. The freezing temperature of the

liquid is -0.01C. As heat is removed from the liquid, the freezing front

propagates away from the cold surface and into the liquid (see Figure

2.4-1.

Problem Solution. Conductive

by the following differential

heat transfer with phase

equation

change is governed

2

ax at

where

T - temperature [0)

x - position measured into the solid/fluid region
from the cold edge [tJ

(29)

p = mass density of the fluid and of the solid

c = specific heat of the fluid and of the solid

[m/it3]

[e/m]

k - thermal conductivity of the fluid and of the solid [e/tle)

L a heat of fusion [eli 3 )

Reference CA-59 provides a solution for this problem of:

T(xt) = T (I - erf[ -f/erfoM) for x < 2X(at)1/2

T(x,t) = TI for x > 2X(at)1/2
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oo

CPO

*o,0

co

t< 0

t< 0

t> 0

0< t < tmax

x < 0

O < x < c

x= 0

x = 200

I c O°F

T = 0 0F

T = -45°F

3TX.
ax

be analyzedwhere tmax is the maximum time to

Figure 2.4-1

Slab from Semi-Infinite Freezing Liquid with
One Boundary at T = -450F
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where

T(x,t) = temperature

x = distance from the boundary

t = time

Ti = initial temperature of the liquid

To = boundary temperature

a - thermal diffusivity (a - k/pc)

A - an equation parameter that satisfies

X2 ~ c (T I - T0)
X e erfX =12

Lv 2

c - specific heat

p = density

k = thermal conductivity

L = heat of fusion

Table 2.4-1 provides a list of values of the parameter A as a function of

specific heat, temperature difference, and latent heat. When the value of A

is relatively small (A < 0.2), it can be approximated by

A2 c C(T1 -

Objectives. The purpose of this problem is to provide a basis for examin-

ing the modeling assumptions and algorithms used by codes for the calcula-

tion of temperatures during phase changes for materials with significant

latent heats.

Assumptions. In modeling the problem, it can be assumed that at a point

200 centimeters into the fluid undergoing the phase change, the tempera-

ture remains constant at the initial fluid temperature. It is also as-

sumed that heat transfer is by conduction only. There is no convective

heat transport.
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The following input parameter values should be used:

k = 528 cal/cm sec OC

P = 0.92 g/cm3

c = 0.48 cal/g OC

a = 1196 cm2/sec

L 144 cal/g

To = -450C

c(T1 To)

L 1/2 = 0.0846

A = 0.267

Calculated results can be compared with the values in Table 2.4-2.

Output Specifications. The outputs for this problem are the temperature

as a function of time and distance. The temperatures are to be calculated

at positions 1, 2, 5, 10, 20, 50, and 100 centimeters from the boundary at

times of 0.25, 0.5, 1, 2, 5, 10, 20, 50, and 100 seconds.
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Table 2.4-1

Values of the Parameter X

c(TO-Tl)

r1 /2 A

0.01 0.09386
0.02 0.13236
0.03 0.16164
0.04 0.18611
0.05 0.20749
0.06 0.22667
0.07 0.24415
0.08 0.26029
0.09 0.27534

0.10 0.28945
0.20 0.39902
0.30 0.47737
0.40 0.53937
0.50 0.59095
0.60 0.63520
0.70 0.67396
0.80 0.70845
0.90 0.73951

1.0 0.76755
2.0 0.96121
3.0 1.0773
4.0 1.1596
5.0 1.2230
6.0 1.2742
7.0 1.3172
8.0 1.3540
9.0 1.3863

10. 1.4149
20. 1.5974
30. 1.6992
40. 1.7694
50. 1.8226
60. 1.8653
70. 1.9009
80. 1.9314
90. 1.9579
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Table 2.4-2

Time-Dependent Temperature Distribution in a
One-Dimensional Slab Undergoing Phase Change

Time
(seconds)

* 0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25

Distance
(cm)

1
2
5
9.234*
10
20
50

100

Temperature
OC

-40.01
-35.03
-20.23

0.00
0.00
0.00
0.00
0.00

-41.47
-37.95
-27.42
-10.20

0.00
0.00
0.00
0.00

0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50

1
2

10
13.058*
20
50

100

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

2
5

10
7E.467*
20
50

100

-42.51
-40.01
-32.55
-20.03

0.00
0.00
0.00
0.00

2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

1
2
5
10
20
26.117*
50

100

-43.24
-41.47
-36.19
-27.42
-10.02

0.00
0.00
0.00

5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

1
2
5

10
20
41.294*
50

100

-43.88
-42.77
-39.42
-33.86
-22.81

6.00
0.00
0.00
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Table 2.4.2 (continued)

Time
(seconds)

10.0
10.0

*10.0
10.0
10.0
10.0
10.0
10.0

20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

Distance
(cm)

Temperature
oc

1
2
5

10
20
50
58.399*

100

-44.21
-43.42
-41.06
-37.12
-29.27
- 6.23

0.00
0.00

1
2
5

10
20
50
82.589*

100

-44.44
-43.88
-42.21
-39.42
-33.86
-17.35

0.00
0.00

50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0

1
2
5

10
20
50

100
130.585*

-44.61
-44.21
-43.03
-41.06
-37.12
-25.36
- 6.23

0.00

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

1
2
5

10
20
50

100
184.674*

-44.75
-44.50
-43.75
-42.51
-40.01
-32.55
-20.23

0.00

* Location of freezing front
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9. LOTUS SPREADSHEET WP3.1

This spreadsheet calculates radial and tangential stresses in a thick-walled
cylinder with a radial temperature profile.

Theory

The engineering aspects of this spreadsheet are discussed in Section 3.1 of
Reference 2 (attached for the readers convenience at the end of this section).

Spreadsheet

Input Data: Problem specifications are inDut by the user in cells F6 through
F14.

Row 19: Intermediate calculations DT = T(rj)-T(r0 ), A (Equation 49), and B
(Equation 50) are calculated here.

Column A: The cylinder radii at which temperatures and stresses will be
determined are automatically calculated in Rows 28-37. Values may
be input by the user in Rows 46-54.

Column B: Temperature is calculated using equation 42.

Column C: Radial stress is determined by equation 47.

Column D: Tangential stress is calculated using equation 48.

A graph of stresses as a function of radius (automatic radius calculation version)
is displayed on the screen when the F10 key is pushed.

A sample spreadsheet is shown in Figure 14.
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Figure 14

Problem %T3.1 Sample Lotus Spreadsheet

A 9 C D E F 6
1 PROBLEM NP 3.1: RADIAL AND TANGENTIAL STRESS COMPONENTS IN A THICK-WALLED
2 CYLINDER WITH A RADIAL TEMPERATURE PROFILE
3
4 .ftififffttfft...,ft.,,.......,hh.,fffftftIfftftg,,.f,,f
5 * INPUT DATA I NOTEs BE SURE
6 * WASTE REGION RADIUS Irwl (cm) 30.50 # RANGE PROTECT
7 * CYLINDER INSIDE RADIUS Iri (cm) 30.50 * SWITCH IS ON
S f CYLINDER OUTSIDE RADIUS 'ro" (cm) 67.50 * (TYPE /NGPE)
9 * THERMAL CONDUCTIVITY k' (N/cm deO C) 0.50 * ALL CELLS EXCEPT

10 f THERMAL EXPANSION COEFF. 'alpha' 1/ldtg C) I.IE-05 * A44-A52 & F6-F14
11 f POISSONS RATIO 'NU 0.25 * ARE PROTECTED.
12 t ELASTIC MODULUS 'El (MPa) 1.62E+05 t
13 f CYLINDER OUTSIDE TEMPERATURE *To' (dog C) 200.00 t
14 t VOLUMETRIC HEAT GENERATION I/' N/cc) 1.291E-03 t
15 *t*thftf*fttifitft{§**f**ftf*@*ftifit~ftftffft*ftifft~tftftIfftftif
16
17 *unassusaxammunINTERMEDIATE CALCULATIDNSmucuzzeuxumtua-
IB
19 DT- 0.9540 Au 1.426731 8. 0.2038034
20
21
22
23 AUTOMATIC RADIUS CALCULATION VERSION
24
25 RADIAL TANGENTIAL
26 RADIUS TEMP. STRESS STRESS
27 (cm) (DEG C) (PP&) IMPS)
28 30.5 200.954 .000 -1.422
29 34.6 200.802 -0.139 -0.923
30 38.7 200.667 -0.200 -0.540
31 42.9 200.546 -0.219 -0.235
32 46.9 200.436 -0.208 0.017
33 51.1 200.335 -0.181 0.229
34 55.2 200.242 -0.143 0.413
35 59.3 200.156 -0.099 0.574
36 63.4 200.075 -0.051 0.717
37 67.5 200.000 0.000 0.945

39
40
41 USER INPUT RADIUS VERSION
42
43 RADIAL TANGENTIAL
44 RADIUS TEMP. STRESS STRESS
45 (cm) (DEG C) (MPA) (MP&)
46 30.5 200.954 .000 -1.422
47 35.0 200.789 -0.146 -0.893
48 40.0 200.629 -0.209 -0.439
49 45.0 200.487 -0.215 -0.097
50 50.0 200.360 -0.189 0.179
51 55.0 200.246 -0.145 0.406
52 60.0 200.141 -0.091 0.600
53 65.0 200.045 -0.031 0.769
54 67.5 200.000 0.000 0.845
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3.1 Radial and Tangential Stress Components in
a Thick-Walled Cylinder with a

Radial Temperature Profile

Problem Statement. This problem concerns the radial and tangential

stress components at the inner and outer surfaces of a hollow cylinder

(r1 < r <ro), which suppports a radial temperature distribution

q " r2
T (r) To + 2 Ln (ro/r)

(42)
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as given in thermal problem 2.1. In this equation

r 2 radial position rj < r < rot ]

ri - inside radius of hollow cylinder DO

ro - outside radius of hollow cylinder [L)

rw t outside radius of solid cylindrical region in
which volumetric heat generation q"'' applies
ri < rw I1]

k thermal conductivity of hollow cylinder material
(assumed constant) [e/tUO]

q " = uniform volumetric heat generation rate in solid
cylindrical region of outer radius rw [e/tt3J

To= temperature of outer surface of hollow cylinder
at r = ro le]

Objectives. The solution to this problem can be used to verify the

accuracy of the WAPPA and ANSYS structural analysis models. The verifi-

cation is directed to the treatment of the radial temperature distribu-

tion and the structural response, in terms of the radial and circumfer-

ential stress components that it causes.

Analytical Solution. The general solution given by Timoshenko (TI-56)

for the radial stress component at any position ri < r < ro, where the

radial stress is zero on the inside and outside surfaces, is

~r r2 r 2 r

or _V 1: ; [ | aT(r)rdr + - aT(r)rdrL "r1 r2 (ro2-ri2) r.I

(43)

and the circumferential stress component is given by
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r .2 2 '.0

T- at~r~rdr (r2 2 2 r - aT(r)+

r[ r r r- f
(44)

where

E - material's elastic modulus [f/t2]

v - material's Poisson's ratio [ ]*

a= material's coefficient of thermal expansion [1/6]

r - general radial position in the range
ri < r [ ro E.-

ri - inside radius of hollow cylinder ex]

ro = outside radius of hollow cylinder [t)

Or = radial stress component [f/i2]

at = circumferential stress component [f/i2)

T(r)= temperature rise at position r (rj < r < ro) in the
hollow cylinder [6e l

Figure 3.1-1 shows the solid cylinder configuration in which the heat is

generated and the larger concentric hollow cylinder for which the radial

and tangential thermal stress components will be analyzed.

Using Equation 42 for the.temperature rise

T(r) ' rw2 tn(Yr)
2k )

(42)

Dimensionless

80



Figure 3.1-1

Hollow Cylinder r<rsro with Steady-State Radial Temperature
Distribution for-Which Radial and Tangential Stress

Components Will Be Analyzed
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and for k = constant, the integrals are

E a T(r.)-T(ro)
a t _ ,.

r 2 (1-v)2n(r 0 /r 1 )

r2 -

- In (r /r ) - i -F ~~~~~~~~~~~~~~~~(1-r 2/r2)Ltn (r /r.)
r0 -r i

(45)

and

E a T(r. )-T(r0)

t .2 (1-v)xn(r /ri)
[1 - in (r /r.) - r 2/(r 2_r 2)(1+ r 2/r2) In (r /r )

(46)

Thus, Equations 43 and 44 can be evaluated to give the radial and

tangential stress components for any radial position r for the tempera-

ture distribution given by Equation 42.

Equations 43 and 44 can be written as

ar =A [ -I n (ro/r) - B (1-ro2/r2)]

(47)



and

at =A 1 - (in r./r) - B (1 +

(48)

where

faT (r 1) - T (ro)J

(1-v) Ln (r0/rO)

(49)

and Ifn (ro/r 1)

(50)
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Equations 47, 48, 49, and 50 can be evaluated to predict the radial

distribution of the radial and tangential stress components.

Assumptions.

• The thermal conductivity of the hollow cylinder
material is constant.

* The coefficient of thermal expansion of the
hollow cylinder is constant.

• The material is isotropic

Input Specifications.

* Geometry

- waste region radius rw - 30.5 (cm)
- hollow cylinder inside radius ri 30.5 (cm)
- hollow cylinder outside radius ro 67.5 (cm)

* Material properties

- thermal conductivity k - 0.5 (w/cm0C)
- coefficient of thermal expansion a = 11 x 10-6 (1/oC)
- Poisson's ratio v = 0.25 ( )
- elastic modulus E = 16.2 x 104 (MPa)

* Thermal conditions

- hollow cylinder outside temperature To = 200(OC)
- volumetric heat generation rate q"' = 0.001291 (w/cm3)

Equations 47, 48, 49 and 50 have been evaluated at eight radial positions

as shown in Table 3.1-1 to determine the radial and tangential stress

components at eight values of radius in the range (rj < r < ro).

Output Specifications. The solution to this problem will determine the

stress components at the radial positions indicated in Table 3.1-1.
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Table 3.1-1

Calculated Values of Radial and Tangential Stress Components

r T or at
(cm) (OC) (MPa) (MPa)

30.5 "'00.954 0.00 -1.422

35.0 200.789 -0.146 -0.883

40.0 200.628 -0.209 -0.439

45.0 200.487 -0.215 -0.097

50.0 200.360 -0.189 0.179

55.0 200.246 -0.145 0.406

60.0 200.141 -0.091 0.600

67.5 200.000 0.000 0.845
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10. LOTUS SPREADSHEET WP3.3

This spreadsheet calculates the deformation of a thin rod subject to a step
load.

Theory

The engineering aspects of this spreadsheet are discussed in Section 3.3 of
Reference 2 (attached for the readers convenience at the end of this section).

Spreadsheet

Input Data:

Rows 12-1S:

Column B:

Column C:

Problem specifications are input by the user in cells ES through
E9.

Intermediate calculations are performed in cells D12 through D15.

Time steps are calculated automatically in this column. The user
may input specific times by disabling the range protection (type
/WGPD) and typing the times in column B.

For cases in which the applied force (Fi) is greater than the
yield force (Rm), displacement is calculated by Equation 73 for
times less than or equal to te and by Equation 81 for times
greater than te. In cases where the applied force is less than the
yield force, Equation 73 is used for all times.

A graph of displacement as a function of time will appear on the screen when
the F10 key is pushed.

A sample spreadsheet is shown in Figure 15.
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Figure 15

1
2
3
4
5
6
7
a
9
10
I1
12
13
14
15
16
17
is
19
20
21
22
23
24
25
26
27
29
29
30
31
32
33
34
35
36
37
36
39
40
41
42
43
44
45
46
47
49
49
50
51
52

Problem WP3.3 Sample Lotus Spreadsheet

A B C D E F 6
PROBLEM UP 3.3 DEFORMATION OF A THIN ROD SUBJECTED TO A STEP LOAD

FOR CASES WHERE Fl IS (,=I>, RD

INPUT DATA t NOTEi BE SURE RANGE
MASS t'" (lb.) 3.OOE*04 I PROTECT SWITCH IS
APPLIED FORCE *F1 (lb.) 3.OOE+06 f ON (TYPE IWSPE).
YIELD FORCE IRm llb.) 5.OOEf05 f ALL CELLS EXCEPT
ROD ELONGATION I START OF f ES-E9
PLASTIC DEFORMATION Uye, (in.) 0.166666 1 ARE PROTECTED.
*IIIti**I**II***I*,*I*I*III***t~II*IIIIIII**IIIII
------------INTERMEDIATE CALCULATIONS-----------

yst * Fl/k a 1.000
k * R/ye * 3.OOE+06

OMEGA * ISORT(k/0) * 10.00
tea tACOS(1-ye/yst)/OIIESA a 0.058569 OK IF *'ERR' IF IF1<I(Rm

______ ______ ______ _,____ ______ ______ ______

TIME
(seconds)

0.0000
0.0059
0.0117
0.0176
0.0234
0.0293
0.0351
0.0410
0.0469
0.0527

0.059569
0. 0979
0.1171
0.1464
0.1757
0.2050
0.2343
0.2636
0.292e
0.3221
0.3514
0.4100
0.4685
0.5271
0.5957
0.6443
0. 702E
0.7614
0.8200
0.B785
0.9371
0.9957
1.0542

DISPLACEMENT
(inches)

.00000
0.00171
0.00695
0.01540
0.02732
0.04257
0.06111
0.09297
0.10776
0.13574
0.16667
0.36427
0.63334
0.97388
1.3B5E8
1.89934
2.42427
3.05066
3.74E52
4. 51794
5.35962
7. 2545E
9.43639
11.90407
14. 65760
17.69699
21.02222
24. 63332
29.53027
32. 7130B
37.19175
41. q3627
46. 97665
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I I

3.3 Deformation of a Thin Rod Subjected to a Step Load

Problem Statement. A mass supported by a thin rod is subjected to a

step load which imposes a tensile load in the rod and causes it to ex-

perience elastic strain followed by plastic tensile strain. Figure

3.3-1 shows a mechanical model of the structure and the loading history.

Objectives. The objective of this analysis is to determine the dis-

placement transient of the mass and the time when the displacement is at

its maximum.

Analytical Solution. The ramp portion of the response when the rod is

strained elastically as represented by the spring elongation is regarded

as the first stage. In this stage, there is no slipping at the Joint p.

The differential equation of motion and the boundary conditions are:

my + ky = F1

(67)

t 0, y = 0

(68)



k
F(t)

R A

P

Ye
y

Fit)

(a) (b) (c)

Figure 3.3-1

(a) Mechanical Model and (b) Force Versus Deflection (y) Response
Characteristic of the Rod and c) the Load History (f)
Versus Time (t). In (a) the Friction Joint p Slips

When the Load Reaches Rm Representing Plastic
Yielding of the Rod



t = 0o y = 0

(69)

where the differential Equation 67 is based on Newton's 
second law. The

initial conditions state that the initial deflection 
and initial velocity

of the mass are zero. The solution to the differential equation is

y = yst +Cl Sin wt +C2 COSwt

(70)

where Yst = Fl/k. Upon applying the boundary conditions, it is

that

determined

C1 = 0
(71)

C2 = _Yst
(72)

So the solution can be written as

Y 'YSt (I-COS Wt)
(73)

In Equations 70 and 73, w is the circular frequency defined 
as

W M i
� in.-M (74)

The second stage begins at time t = te when the first stage is completed.

Time range for the second stage which begins at zero when 
t x. te is
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established by defining a time variable ti for the second stage

to

according

ti = t - te

(75)

The differential equation for the second stage is

MY+ Rm F I
(76)

and the boundary conditions are

tl=O, YtYe
(77)

tjOa , 0Y= Yst wSin cst
(7,8)

The general solution to Equation 76 is

y ' ( m -R) I2 2

(79)

Equation 73, which is the dynamic response of the mass during the first

stage, can be used to solve for the time te at which the transition

between the two stages occurs:
A

te I Cos-I Y

(80)
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Applying the boundary conditions of Equations 77 and 78 to the general

solution of Equation 79 gives

y l;; (Fl - R.) tI + (Yst I Sin wte) tI + Ye

(81)

Assumptions. In the analysis, it is assumed that the rod material dis-

plays linear elastic response followed by perfectly plastic force versus

displacement response.

Input Specifications. The problem is completely specified in terms of

four parameters Rm, ye, m, and F1 which allow calculation of k and the

other parameters such as w.

Rm - force necessary to cause yielding in the
rod (f) 5 500,000 (lbf)

ye = axial elongation of the rod when plastic
deformation begins (L) = 0.1666 (in)

k - spring stiffness effort of the rod when
deformation is in the elastic range (f/1)

- Rm/ye a 3.0 x 106 (lb/in)

m = mass attached t? the rod
C 30,000 (lbf-sec /in)

Fl = magnitude of uniform tensile force applied
to the mass = 3,000,000 (lbf)

Output Specifications. The output should be the displacements as a

function of time. This can be determined by using a structural analysis

computer program that will simulate elastic and plastic material behavior

for this structure and its loading. Calculated values can be compared

with those given in Table 3.3-1.

For these values, Equation 74 gives

X = 10 (O/sec)
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Table 3.3-1

Displacement as a Function of Time

Time Displacement
(Seconds) (Inches)

0.000 .00000
0.010 0.00500
0.020 0.01993
0.030 0.04466
0.040 0.07894
0.050 0.12242
0.059 0.16667
0.060 0.17466
0.070 0.23530
0.080 0.30427
0.090 0.38157
0.100 0.46721
0.110 0.56118
0.120 0.66348
0.130 0.77412
0.140 0.89309
0.150 . 1.02039
0.160 . 1.15603
0.170 1.30000
0.180 1.45230
0.190 1.61294
0.200 1.78191
0.300 3.92994
0.400 6.91131
0.500 10.72601
0.600 15.37404
0.700 20.85541
0.8,00 27.17011
0.900 34.31814
1.000 42.29951
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and Equation 80 gives

te = 0.058568 (sec)

4

a..
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11. LOTUS SPREADSHEET WP3.4

This spreadsheet calculates the displacement and velocity of a mass when a
package is dropped on a rigid floor.

Theory
The engineering aspects of this spreadsheet are discussed in Section 3.4 of
Reference 2 (attached for the readers convenience at the end of this section).

Spreadsheet

Input Data:

Rows 11-15:

Rows 18-20:

Column A:

Column B:

Column C:

Problem specifications are invut by the user in cells CS through
C9.

Intermediate calculations are done in these rows.

Time intervals for the table are calculated here.

Time is displayed in this column.

The distance that the mass has traveled relative to its starting
position (positive direction is down) is calculated by Equation 96
for times less than or equal to time to impact with the floor,
and by Equation 97 after impact.

The velocity of the mass is determined by Equation 84 for times
less than or equal to time to impact and, after impact, by the
first derivative of Equation 97 with respect to time:

v = (2.g-h)f.cos(tj.k/m)1 (A)

where: t1 - time after impact (t-to)
and other variables are as
defined on the spreadsheet
and in the reference.

A graph of displacement and velocity as a function of time will appear on the
screen when the F10 key is pushed.

A sample spreadsheet is shown in Figure 16.
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Figure 16

I
2
3
4
5
6
7e
9

10
I 1
12
13
14
15
16
17
i8
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
49
49
50
51
52
53
54

Problem WP3.4 Simple Lotus Spreadsheet

A B C D
PROBLEM NP 3.4 DISPLACEMENT AND VELOCITY OF MASS WHEN A PACKASE

IS DROPPED ON A RIID FLOOR
*§tfi§*i§it~t*e{**o*t*i{*t{{f{§*e§*.a*{**** NOTEt BE SURE RANGE
INPUT DATA f PROTECT SWITCH IS
CONSTANT ' (ca/secd2) 980.621 # ON (TYPE /WGPE).
INITIAL HIEIHT vhN Ice) 50.00 1 ALL CELLS EXCEPT
HASS 'a' lkq) 1.00 * C6-C9
SPRING.CONSt .'k (ke/cm) 9.00 * ARE PROTECTED.

- - - - -------- INTERMEDIATE CALCULATIONS----------------
MAXIMUM FORCE "Fax' (kg) 939.4461 [EQUATION 9B9
TIME TO FLOOR 'tO (sec) 0.3193 [EQUATION 861

TIME TO MAX DEFLECTION (sec) 0.P429 CtO+1/4fnI
MAXIMUM DEFLECTION (cm) 154.3229 [lOMAX(B25. 955)]

RATTLE SPACE lce) 104.3829 [EQUATION 943

TIME INTERVALS FOR TABLE --------(seconds)
TO IMPACT 0.031q

IMPACT TO MAX DISTANCE 0.0524
MAX DISTANCE TO END 0.1047

TIME
(sec)

0.0000
0.0319
0.0639
0.0958
0.1277
0.1597
0.1916
0.2235
0.2555
0.2B74

0.319337
0.3717
0.4241
0. 4764
0.52B8
0.5811
0.6335
0.6859
0.7382
0.7906

0.842936
0.9477
1.0524
1. 1571
1.2618
1. 3665
1. 4713
1.5760
1. 6907
1.7B54
1.8901

DISTANCE
(cc)

0. 0000
0. 5000
2.0000
4.5000
B.0000
12.5000
18.0000
24.5000
32.0000
40.5000
50.0000
66.3291
82. 2561
97.386

111.3547
123. 8099
134.4475
143.0058
149.2740
153.0978
154.3629
149.2740
134.4475
111.3547
B2.2561
50.0000
17.7439

-11.3547
-34.4475
-49.2740
-54.3229

VELOCITY
(cm/sec)
0. 0000
31.3149
62.6297
93.9446

125.2595
156.5743
187.8692
219.2041
250.5189
281.8336
313.1427
309.2933
297. 8221
279.0175
253.3426
221.4296
184.0642
142.1665
96.7683
46.9872

.0000
-96.7683

-194. 0642
-253.3426
-297.8221
-313.1487
-297.9221
-253.3426
-194.0642
-96.7683

.0000
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3.4 Displacement and Velocity of Mass When a Package
Is Dropped on a Rigid Floor

Problem Statement. A mass m represents the contents of a package; the

contents are attached to the package with a linear spring of stiffness

k. The spring connecting the mass to the package acts in the vertical

direction, and all motion of the mass and the package occurs in the

vertical direction as shown in Figure 3.4-1.

Objectives. The quantities to be determined are the displacement and

velocity of the mass when the container reaches the floor and the subse-

quent maximum force transmitted to the mass and the required "rattle

space" as indicated by the maximum deflection.

Analytical Solution. The dynamics of the package contents following

impact are described in Reference TH-65 as

m(XI+ xd)+ kx, cO

(82)

where

m a mass of contents [ml

xl - position of the mass relative to the container
measured vertically [U]

X2 - position of container measured vertically relative
to the floor Wt)

k = linear spring force to displacement ratio Ifit]

dx2 2xl" X2 -i Lt3
dt

t time measured through the dynamic transient fe)
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xl

T
h

4

X2

Figure 3.4-1

Package System Used for Drop Dynamics Analytical Solution
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All rotation and translation, orthogonal to the vertical, are constrained

to zero.

The position of the container before impact is described by

1 gt2

(83)

xl= x2(t) ' gt

(84)

I X 2(t) g

(85)

Using Equation 85, the time to fall from the initial height h supporting

the container to the floor is -

-to C VAh/g
(86)

Following impact, it is assumed that the box remains in contact with the

surface. The mass, M, vibrates on the spring. After impact, Equation

82 becomes:

MxI + kxl 0 °
(87)

With boundary conditions

xI (to) = 0
(88)
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Xl (to) 9 g 12h/g vg

(89)

Redefining time such that

t':= t - to

(90)

the boundary conditions become

xi (0) 0 O
(91)

tl (0) - high
(92)

In solving Equation 87,

x1 (t) - A Sin wnt' + B Cos wnt'

(93)

for t: > 0

where wn c

A, B = constants.

Applying the boundary conditions in Equations 91 and 92 results in

An k

(94)

B = (

(95)
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The position of the mass as a function of time Is:

XI + x2 - 112 gt2

: (96)

xI + X2 = h + g Sin

t > 42h/g

(97)

The maximum spring force is given by

Fmax -kA =- ,t

(98)

whe e

k = spring stiffness [f/ JO

A - maximum amplitude
(see Equation 94)

of the mass m I1 2

Assumptions.

. The mass m is supported within
linear spring of stiffness k.

the box by a

• The mass of the container is large compared
to that of the contents, m, so that the free
fall of the container is not influenced by
the force associated with the relative motion
of the mass, m.

e Upon striking the floor, the container remains
in contact with the floor.

* Neither the container nor the floor deforms on
impact.
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Input Specifications. For an initial height of the box above the plane

of

h - 50 cm

g - 980.621 cm/sec2

the time at which it reaches the plane is given by Equation 86 as

to = 0.3193 (sec)

If the spring stiffness is

k - 9 kg/cm

and the mass of the contents is

m = 1 kg

then the circular natural frequency is

xn = 8 Mr 3si
wnti/ sec

and the vibrational natural frequency is

fn - wn/2w a 0.4775 (1/sec)

Equation 94 can be evaluated to give

A = 104.383 cm

This is the required rattle space in terms of amplitude.
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Output Specifications. The output should include the total displace-

ments x1 + x2 and x2 as a function of time. Outputs can be compared with

values givenin Table 3.4-1. The time when the maximum amplitude is reached

should also be calculated.
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Table 3.4-1

Displacement vs Time

Time Distance
(Seconds) (Centimeters)

0.0000 0.0000
0.0500 1.2258
0.1000 4.9031
0.1500 11.0320
0.2000 19.6124
0.2200 23.7310
0.2400 28.2419
0.2600 33.1450
0.2800 38.4403
0.3000 44.1279
0.3100 47.1188
0.3193 50.0000
0.3200 50.2076
0.3400 56.4664
0.3600 62.7020
0.3800 68.8918
0.4000 75.0137
0.4200 81.0455
0.4400 86.9656
0.4600 92.7527
0.4800 98.3859
0.5000 103.8449
0.5200 109.1102
0.5400 114.1628
0.5600 118.9844
0.5800 123.5578
0.6000 127.8664
0.6500 137.3805
0.7000 144.9323
0.7500 150.3521
0.8000 153.5182
0.8429* 154.3829
0.8500 154.3595
0.9000 152.8571
1.0000 143.0080
1.1000 124.8509
1.2000 100.0075
1.3000 70.6972
1.4000 39.5380
1.5000 9.3133
1.6000 -17.2769
1.7000 -37.8575
1.8000 -50.5900
1.9000 -54.3372
2.0000 -48.7642

* Maximum displacement
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12. LOTUS SPREADSHEET WP3.6

This spreadsheet performs a stress analysis of a pretensioned body that
experiences stress relaxation due to creep.

Theory

The engineering aspects of this spreadsheet are discussed in Section 3.6 of
Reference 2 (attached for the readers convenience at the end of this section).

Spreadsheet

Input Data: Problem specifications are input by the user in cells D6 through
D9.

Column B: Time, in years, is input by the user.

Column Q Time, in hours, is calculated using 8760 hours per year.

Column D. Axial stress in the bolt is calculated using equation 119.

A graph of axial stress as a function of time will appear on the screen when
the F10 key is pushed.

A sample spreadsheet is shown in Figure 17.
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Figure 17

Problem WP3.6 Simple Lotus Spreadsheet

1
2
3
4
5
a
7
I
9
20
21
12
13
14
15
16
17

1 9
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

A 8
PROBLEM NP 3.6 STRESS

STRESS

C D E F
IN A PRETENSIONED BODY THAT EXPERIENCES
RELAXATION DUE TO CREEP

u*f *t *fitii*f t if §{t*ifi****i t**tttt**f ***tii e NOTEs BE SURE RANGE
INPUT DATA f PROTECT SWITCH IS
CREEP CONSTANT IkN (/Hr) 4.7BE-37 f ON (TYPE /WSPE).
CREEP EXPONENT OF STRESS In' 6.9 t ALL CELLS EXCEPT
MODULUS OF ELASTICITY IE (psi) 3.00E407 t D6-D9 & B15-B34
INITIAL AXIAL STRESS Isigma*(psi) 1.OOE+04 t ARE PROTECTED.
ffI**I~ItIIRIIE4(IEtf**EEIESII(E*4IE4It6*t~I*II*

--------TIME--------
YEARS HOURS

0 0
1 6760
2 17520
3 26290
4 35040
5 439OO
10 97600
20 175200
50 438000

100 876000
200 1752000
500 4390000
1000 9760000
2000 17520000
5000 43800000
10000 97600000
20000 175200000
50000 438000000
100000 976000000
200000 1752000000

AXIAL STRESS
IN BOLT

10000
9571
9244

9762
8576
7923
7208
6267
5603
4996
4284
3812
3390
2903
2581
2295
1965
1747
1554
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3.6 Stress in a Pretensioned Body That Experiences
Stress Relaxation Due to Creep

Problem Statement. The ends of a bolt are held a fixed distance apart

for a long period of time. Initially, the bolt is tightened producing

an initial stress of Go. The bolt material is 0.30% carbon steel, which

is assumed to have a creep rate given by

Ic= ken
(112)
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where

= creep rate (l/hr)

k - creep constant (l/hr)

o = axial stress component in bolt (lb/in2)

n = creep exponent of stress ( )

The creep causes the elastic strain to decrease while the creep strain

increases such that the sum of the two is always equal to a constant.

The constant is the amount of elastic strain initially induced in the

bolt by the initial stress co (see Figure 3.6-1 for a schematic of the

bolt).

Objectives. The objective is to calculate the bolt stress as a function

of time.

Analytical Solution. It is assumed that

elastic strain on an instantaneous basis

stantaneous elastic and creep) strain in

the

and

the

initial stress causes only

that the total (i.e., in-

bolt remains constant.

. e .e + Cc

(113)

where

Eoe - initial elastic strain ( )

ce = elastic strain at any time ( )

cc - creep strain at any time (initially zero) ( )

The elastic strain is related to the stress by Hook's law
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T
I

1,

Figure 3.6-1

Bolt of Length 1 in Unloaded State 
Which Is Initially Stressed

to Go = 10,000 psi and Allowed to Stress 
Relax

Due to Creep
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0o E

(114a)

e aE = -E

(114b)

where

E

aO

aT

= elastic modulus of bolt material (psi)

- initial axial stress component in bolt (psi)

- axial stress component in bolt at any time (psi)

Substitution of Equation 114 into Equation 113 gives

E ' C
(115)

and differentiqting Equation 115 with respect to time gives

dec I do
dt F tI

(116)

where the terms on the left side are the material creep rate. Combining

Equations 112 and 115 eliminates the creep rate and gives the first

order non-linear differential equation

_. a da =dt

(117)
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The initial condition is

t - 0 CY Go

(118)

and the solution is of the form

a C0 [ kE(n-Il)a0n-l
-l(n-1)

t + 1 ]

(119)

Assumptions. It is assumed that initially upon loading, the bolt strain

is in the elastic range.

Input Specifications. For the following values of the parameters

k c 4.78 x 10-37 (l/hr)

n 6.9 ( )

E = 30 x 106 (psi)

o0 - 10,000 (psi)

Equation 119 becomes

a 1 0,000
33 x0 t -0.1695

[3.368 x 10-5 t + 11

(120)

Output Specifications. The output is the stress in the bolt as a func-

tion of time. The calculated values can be compared with the values

given below.
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a LOTUS SPREADSHEET WP4.1
(psi)

the gamma flux and dose at the outer surface of a
10,000 ziformly dispersed I MeV gamma source.
9,571
9,244
8,981 Theory
8,762 Df this spreadsheet are discussed in Section 4.1 of
7,922 e readers convenience at the end of this section).
6,267
5,603
4,996 Spreadsheet
4,284
3,812 icifications are inDut by the user in cells F6 through

et is contained in these rows to calculate the
arce self attenuation distance 'z using data input by
Prom Reference RO-56 (attached for the readers
at the end of this section) of Reference 2.

ip factors and attenuation coefficients for various
stored in these rows.

tors for iron, concrete, and the system (iron times
he calculated using the equation on page 149 of

amber of relaxation lengths Ib2" are determined using
on page 148 of Reference 2.

igral, which is determined by numerical integration
3, is reported here.

lux is calculated by Equation 136.

surface dose rate is found by use of the dose
tage 149 of the reference.

gral is solved numerically in this portion of the

n in Figure 18.
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Figure 18

Problem WP4.1 Sample Lotus Spreadsheet

A B C D E F B H
I PROBLEM WP 4.1 HYPOTHETICAL RADIATION SHIELDING PROBLEM
2
3 tititftfttftifitIItftII*tItiffitf*titfft NOTE: BE SURE.RANSE
4 t INPUT DATA * PROTECT SWITCH IS
5 t VOLUMETRIC PHOTON SOURCE 'SvB # ON (TYPE/NGPE).
6 * Mvhotonl/cc/sec) 1.00E+07 # ALL CELLS EXCEPT
7 * RADIUS OF CYLINDER "Ro" (cm) 30.00 t F6-FBAF17 &F19
8 t THICKNESS OF IRON SHIELD '0 (cm) 25.00 ARE P OTEETED.
9 ft ftftuft*Ifffitf~tftftftftft ftftftftftffft*ftfit~ftftfftftftftft

10 mamsummmuuuumummmmsmmaummau------ususuummmmuummmaumuummm-u-mmumama-
11 *mNORKSHEET TO FIND EFFECTIVE SOURCE SELF-ATTENUATION as
12 anDISTANCE (cm) *z USING REFERENCE RO-56 pp362-3 FOR a/Ro < 10.0 an
13 *- (FOR &/Ro > 10.0 USE FIGURE 04 pg 361.) an
14 . an
15 am a/RO a 0.933 an
16 as MUe(CONCRETE)i(&*Ro) * 3.592 an
17 *- pg. 362 VALUE OF M a 0.750 mm
19 is bl-MUe(IRON)#s - 5.128 *
19 an pg.363 FACTOR&ll/M)fMUefzu 1.960 m
20 am z=FACTOR*M/MUe(CONCRETE) * 22.511 mm
21
22
23 DOSE BUILDUP FACTORS AND ATTENUATION COEF. FOR l1eV GAMMA RAYS
24
25 MATERIAL Al ALPHAI ALPHA2 nUt KUe RHO
26 AIR 8.220E-05 3.620E-05 1.293E-03
27 WATER 13.5000 -0.1000 0.0100 0.0706 0.0311 1.0000
26 IRON 6.0000 -0.0895 0.0400 0.4677 0.2051 7.8500
29 CONCRETE 10.0000 -0.090 0.0290 0.1492 0.0653 2.3500
30
31
32 BUILDUP FACTOR (iron) 6.957
33 BUILDUP FACTOR (concrete) 2.757
34 BUILDUP FACTOR (system) 19.177
35
36 RELAXATION LENGTHS (b2) 6.596
37 SIEVERTS INTEGRAL 6.14E-04
3E
39 GAMMA FLUX a Phi
40 Cphotons/cm2/sec3 1.1IE+06
41
42 OUTER SURFACE DOSE RATE
43 IN WATER EMeV/cc/secl 3.47E+04
44 CRad/hri 2.00
45
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Figure 18

Problem WP4.1 Sample Lotus Spreadsheet (continued)

A B C D E F 6 H
46
47
49
49
50
51
52
53
54
55
5657
60

60
61
62
63
64
65
66

77

68
69
70
71
72
73
74
75
76
77
79
79
90
91
92
83
84

3 3 3 . 3 3 8 .. 3 U 3 3 3 3 . U U . S S U . E S . 3. 3. .. 3 3 3 . UgX
an NUMERICAL INTEGRATION SOLUTION OF GIEVERTS INTEGRAL sa
so as
..
.-
anDIVISION

1 I
.. 2

an 3
an 4
as 5
ea 6
as 7
an 9
at 9
'' 10

an 12
an 13
as 14

na 16
an 17

an 1 9
as 20
an 21
an 22
cc 23

sa ~ 24
an 25

am ~ 26
PC 27
mm 28
mm 29
cc 30
cc

KID
POINT THETA CoS

[degrees]Cradians] THETA
1.5 0.026179 0.999657
4.5 0.07e539 0.996917
7.5 0.130899 0.991444
10.5 0.183259 0.993254
13.5 0.235619 0.972369
16.5 0.297979 0.95B819
19.5 0.340339 0.942641
22.5 0.392699 0.923879
25.5 0.445058 0.902585
28.5 0.497418 0.E78817
31.5 0.549778 0.852640
34.5 0.602138 0.824126
37.5 0.654498 0.793353
40.5 0.70665B 0.760405
43.5 0.759216 0.725374
46.5 0.811578 0.698354
49.5 0.963937 0.649449
52.5 0.916297 0.609761
55.5 0.968657 0.566406
56.5 1.021017 0.522498
61.5 1.073377 0.477156
64.5 1.125737 0.430511
67.5 1.178097 0.362683
70.5 1.230457 0.333806
73.5 1.282817 0.284015
76.5 1.335176 0.233445
79.5 1.367536 0.182235
82.5 1.439696 0.130526
95.5 1.492256 0.076459
96.5 1.544616 0.026176

SIEVERTS X 60/PI=

t6EXP(-x/COS
1.36 1E-03
1.336E-03
1,*289E-03
1.219E-03
1.131E-03
1,027E-03
9. 12GE-04
7.919E-04
6.691E-04
5. 451E-04
4.361E-04
3. 336E-04
2.446E-04
1.706E-04
1.122E-04
6.679E-05
3.874E-05
1. 965E-05
E.737E-06
3.283E-06
9.B89E-07
2.211E-07
3.256E-09
2. 609E-09
E.15BE-1l
5.324E-13
I .G93E-16
1.118E-22
3.026E-37

1.17E-02

mm
Em

THETA) 3m.
mm
mm
mm
mu
mm
mm
Sm
mm
mm
mm
Eu
mm
Em
mm
mm
33
mm
mu
mm
mm
mu
mm
mm
mm
mm
mm
Sm
3m
mm
mm
mm

mmmmmmuzmmmmmEummmmmummmmmmummmmmEmmmmgmmmmsmmummmmmEmmmmmmm
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4.1 Hypothetical Radiation Shielding Problem

Problem Statement. The problem requires the estimation of the gamma

flux and dose at the outer surface of a solid cylinder containing a

uniformly dispersed I MeV gamma source. Three subproblems are pre-

sented: no external shield, a 5 cm steel shield, and a 25 cm steel

shield. This is a relatively simple problem that can be solved ana-

lytically by the buildup factor method.

Objectives. The purpose of this problem is to provide a simple ana-

lytical solution that can be used to assess the predictive capabilities

of shielding codes.

Physical Description. A long concrete cylinder contains a uniformly

dispersed 1 MeV gamma emitter with a source strength of 107 disintegrations

116



per cubic centimeter per second and a gamma yield of one gamma per dis-

integration. The cylinder is 0.60 m in diameter and, for purposes of

the analysis, is assumed to be infinitely long. The gamma flux and dose

rate are to be calculated for a bare cylinder and for cylinders with

5 cm and 25 cm annular steel shields.

Analytical Solution. This problem can be solved analytically using

methods described in Reference RO-56. This method assumes that the

shield is a slab. This is a good approximation for the 5 cm thick

shield but may be a poor assumption for the 25 cm shield.

For an infinite length cylindrical source, the gamma flux, *, at an

exterior point is given by:

R.2
* gBSvRo F (',b2)

(136)

where:

* = gamma flux, photons/cm2*sec

B =,buildup factor, dimensionless

Sv = volumetric photon source, photons/cm3.sec

Ro = radius of cylinder, cm

a - distance from cylinder surface to measurement point, cm

z effective source self-attenuation distance, cm
r 1/2

(F',b2 ) fr/J e-(b2 sec 6)de, Sieverts integral or secant
integral, dimensionless
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The buildup factor, B, is defined as the rate of the actual gamma flux

compared to that calculated using exponential attenuation with the

linear attenuation coefficient. Table 4.1-1 gives dose buildup factors

and attenuation coefficients for I MeV gamma photons in selected materials.

The effective source self-attenuation distance can be calculated using

figures In Reference RO-56. The calculated values of z as a function of

shield thickness are given below:

Shield
Thickness (cm)

0
5
25

Buildup factors in concrete and

4.1-1 are given in Table 4.1-2.

(b2) can be calculated from the

Self-Attenuation
Factor (cm)

18.830
21.997
22.511

iron calculated using values from Table

The total number of relaxation lengths

equation:

b2 = VcZ + tilt

where:

Vc - the gamma absorption coefficient for concrete

PI a the gamma absorption coefficient for iron

t - the thickness of the iron shield

Calculated values of b2 are given below:

t

0
5
25

b2

1.23
2.46
6.60

The calculated values of b2 are used to determine F(r/2,b2) from figures

in Reference RO-56.
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Table 4.1-1

Dose Buildup Factors and Attenuation Coefficients
for 1 MeV Gamma Rays

Material

Air
Water
Iron
Concrete

Al al 02

Constant

Ijt

1.0000822
.0706
.4677
.1492

13.5
8.0

10.0

-. 100
-.0895
-.088

.01

.04

.029

le

.0000362

.0311

.2051

.0653

.001293
1.00
7.85
2.35

p

B(pex) - Al exp (-a1jpx) + (1-Al) exp (Iq2uex)

where:

B(Pex) is the buildup factor t 3

Al, 01, Q2 are the empirically determined

Pt is the total attenuation coefficient

e is the energy attenuation coefficient

P is the material density [m/It3]

coefficients

Vl/t)

(1/1L

t I

Dose v *(E)Ve/P MeV/cm3*sec

- 5.767 x 10-5 E¢(E)ve/p Rad/hr*

*5.767 x 10-5 1.602 x 10 -6 er . 1 Rad . 1 . 3600
MeSource: A - 3rg g

Source: AN-63
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Table 4.1-2

Calculated Buildup Factors

No Shield

Concrete

Bc 10 exp (.088-.0653.1B.83),9 exp(-.029..0653.18.83
a 2.458

Iron

Bi a 8 exp (.0895'.2051'0)-7 exp (-.04..2051-0)
= 1.000

Bsystem = Bc*BI
= 2.458

5 cm Shield

Concrete

Bc v 10 exp (.088-0653.21.997)-9 exp (-.029..0653.21.997)
2.715

Iron

B1 = 8 exp (.0895*.2051*5)-7 exp (-.04..2051.5)
2.050

Bsystem ' Bc*BI
5.5566

25 cm Shield

Concrete

Bc = 10 exp (.088*.0fi53*22.511)-9 exp (-.029..0653-22.511)
2 2.757

Iron

BI = 8 exp (.0895*.2051*25)-7 exp (-.04-.1051.25)

' 6.957i.

Bsystem e

C

=

Bc.BI
5.6.18
19.177
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Shield Thickness, t

0
5
25

Sieverts Integral F(V/2, b2)

0.2456 E-O
0.5685 E-1
0.6138 E-3

Substituting these values into the equation for the

exterior surface, the following are obtained:

flux and dose at the

Shield Thickness, t
Gamma Flux, 4
gammas/cm2 sec

1.44E+8
5.27E+7
1.11E+6

Outer Surface
Dose Rate in Water

Rad/hr

258.81
94.60
2.00

0
5
25

The concrete Isotopic content in Table 4.1-3 should

the gamma flux using a transport theory code.

be used to estimate

Assumptions. The analytical solution is based on the following assump-

tions:

The gamma source is mono-energetic and evenly
dispersed through the cylinder.

The shield can be approximated as a slab.

Buildup factors have been appropriately
determined.

Output Specifications. The outputs for this problem are the gamma pho-

ton flux and the dose rate at the outer shield surface.

Comments. The results given here can be compared with the results from

a one-dimensional transport theory calculation. For the 0 cm and 5 cm

shields, good agreement (%20%) between the results given here and code

predictions can be expected. For the 25 cm shield, the results pre-

dicted in this report may vary from predictions derived from a transport
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Table 4.1-3

Elemental Content of Type 04 Cement

Isotope Content (g/cm3)

H

0 (in

0 (in
Mg

Al

Si

K

Ca

Fe

Na

H20)
dry mix)

0.014

0.111

1.062

0.006

0.107

0.737

0.045

0.194

0.029

0.040

2.35Density - g/cm3

Source: AN-63, p. 660. Na content corrected from 0.400 to 0.040. Water
content increased slightly (H from 0.013 to 0.014, 0 from 0.103
to 0.111) to agree with density of 2.35 g/cm3.
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theory code because of the difficulty in calculating attenuation in

thick shields using the shielding factor method.
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EQUATIONS FOR THE FLUX So
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EQUATIONS FOR THE FLUX 363

Notet Knowing o/1 and b, find (l/mn)psZ, . ... - ' '

multiplying by m (from previous
graph) to obtain p$Z.

r - . - a -4 .. 2*j

.. [ _ A- C >,.., j_, > , g ,.1 Ij~ F .i 1 __

T.

* -- 4~~~~~~0V,.71A.

$-j- - SELF-ABSORPTION DISTANCE, Z. OF A CYLINDER AS A

1 1 j , | .fUNCTION OF CYLINDER DIAMETER, fi. 4--4

0.2 ti * r~r FORcIR~lOeC1 ;!

O 2f H4L L6-11 1 56 0e X02 14 06 Is 20 24

14. Wo~~~~~
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14. FORTRAN PROGRAM WP5.2 (RCYLDIF1.EXE)

This Fortran program calculates solute transport by diffusion across an
infinitely long cylindrical segment. Solute concentrations are calculated as a
function of both distance and time.

Theory

The engineering aspects of this program are discussed in Section 5.2 of
Reference 2 (attached for the readers convenience at the end of this section).

Program

Program RCYLDIFL.EXE solves Equation 138 using Function ROOTUI to solve
Equation 139. Functions Y1, XJI, XJZERO, and YZERO are used to calculate
Y1, 11, Jo, and Yo in Equations 138 and 139. A listing of the source code is
shown in Figure 19.

Input Data

Data is input to the program via the input data file CYLDIF.DAT. The first
line of the input data contains values for IOUT, NT, NR, and N in 15
FORMAT where IOUT is the output unit number, NT is the number of non-
dimensional time values (maximum of 10), NR is the number of evenly spaced
non-dimensional radii to be used in the calculation (maximum of 100), and N
is the number of terms to be used in the Equation 138 summation (maximum
of 100). The second line of input data is the value for RMAX (the maximum
value of non-dimensional radius equal to B/A) in F10.2 FORMAT. The
remaining lines of input data (in F10.2 FORMAT) contain values of TNDIM
(one value per line) where TNDIM is non-dimensional time as defined by.

TNDIM - DT/A2

Where:

D - the diffusion coefficient (Meters squared per second)
T = time (seconds)
A - Radius of the inner cylinder (Meters)

Sample input data files are shown in Figure 20 for B/A = 2, B/A - 4, and
B/A e S.

Output Data

Program output data is contained in file RCYLDIFI.OUT. Sample output data
files are shown in Figures 21, 22, and 23 for B/A = 2, B/A - 4, and B/A - 8
respectively.
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Figure 19

C
C
C
C
C
C
C
C
C
C
Ciii

Program RCYLDIFI.FOR Source Code

PROGRAM RCYLDIF
CALCULATION OF A NORMALIZED CONCENTRATION C(RT)/C(A,INF)
AS A FUNCTION OF TIME AND RADIAL DISTANCE FOR THE SPACE
BETWEEN TWO INFINITELY LONG CYLINDERS OF RADII A ND B
WHERE B IS LARGER THAN A. THE CONCENTRATION AT THE SURFACE
OF THE INNER CYLINDER REACHES A STEADY STATE VALUE C(A,INF)
F*A*LN(B/A)/D WHERE F IS THE CONTAMINANT FLUX(MOLES/(M*I2#SEC))
AND D IS THE DIFFUSIYITY(N**2/SEC). AT THE TIME T=O THE CON-
CENTRATION BETWEEN THE TWO CYLINDERS IS ZERO. TRANSPORT IS
ASSUMED TO BE DUE ONLY TO DIFFUSION WITH NO ADVECTION OR REMOVAL
BY SORPTION OR DECAY.

C*I*

C*** GLOSSARY OF TERMS
C NT=NUMBER OF NON-DIMENSIONAL TIME VALUES (MAXIMUM OF 10)
C TNDIM-ARRAY OF NON-DIMENSIONALIZED TIMES. NON-DIMENSIONALIZED
C TIME IS EQUAL TO D*T/A**2 WHERE D IS THE DIFFUSION COEFFI-
C CIENT(M*f2/SEC), T IS THE TIME(SEC) AND A IS THE RADIUS OF
C THE INNER CYLINDER(M)
C NR-NUMDER OF EVENLY SPACED NON-DIMENSIONAL RADII TO BE USED IN
C THE CALCULATION(MAXIMUM OF 100)
C RNDIM-NON-DIMENSIONAL RADIUS EQUAL TO R/A
C RMAX=MAXIMUM VALUE OF NON-DIMENSlONAL RADIUS EQUAL TO B/A.
C C-ARRAY OF NORMALIZED CONCENTRATIONS
C N=NUMBER OF TERMS INCLUDED IN THE SERIES SUMMATION (MAXIMUM OF 100)
C IOUT-OUTPUT UNIT NUMBER
CI PROGRAM REVISIONS BY DICK CHAPMAN (RAC) STARTED 4/e6 TO ADAPT
Ct THE CODE TO MS-DOS FORTRAN. COMMENTS INDICATED BY Cf. CODE ADDITIONS
Ci PRECEEDED BY C*, DATE AND INITIALS, AND FOLLOWED BY C**.
C* 052BE6RAC
C* DIMENSION C(B),TERM(40),TNDIM(B),Z(40),CRDSS(40),SUMIB),CL(9)

DIMENSION C(e),TERM(lOO),TNDIM(e),Z(1O0),CROSS(100),SUM(e),CL(8)
Cif

IN=5
NTMAX-10
NRMAX-100

C. 052886RAC
Cf NMAXzO

NMAX 100
P1-3.14159264

CI 042286RAC
C* CALL OPEN(IN,'CYLDIF DAT ,2)

OPEN(INFILEz-CYLDIF.DAT')
READ(IN910) IOUtNTNR,N

10 FORMAT(415)
Ci 042286RAC

OPEN(IOUTFILEw'RCYLDIFl.OUT )
C**
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Figure 19

Program RCYLDIFI.FOR Source Code (continued)

WRITE(IOUT,20) NTNR,N
20 FORMAT(IX,'NUMBER OF NON-DIMENSIONALIZED TIMESw',15,/,lX,
VNUMBER OF NON-DIMENSIONALIZED RADIIz',15,/,lX,
LNUMBER OF TERMS TO BE USED IN THE SERIES SUMNATIONn'lI5)
IF(NT.ST.NTMAX) 60 TO 1000
IF(NR.ST.NRMAX) CO TO 1010
IF(N.6T.NMAX) 60 TO 1020
READ(IN,30) RMAX

30 FORMAT(F10.2)
DENOMw(RMAXtt2-1.)/2.
DRz(RMAX-1.)/FLOAT (R-1)
READIIN,30) (YNDlM{IT),ITzlvNT)
DO 35 IT=1,NT
SUM(IT)x0.

35 CONTINUE
XNU-O.0
DO 100 I-1,N
NUtiI
2(I)=ROOTU1(XNU,RMAX,NUM)
TERM(I)m(PI/ALOS(RMAX))*(XJZERO(RMAXIZ(1)))112/(2(l)*1(XJl(Z(I)))*
&t2-(XJZERO(RMAX.Z(I))).*2))

C* 042286RAC
C. WRITE(IOUT,2010) Z(l),TERM(I)
CfI
2010 FORMAT(SE10.4)
100 CONTINUE

WRITE(lOUT,110)
110 FORMAT(//,49X,'NORMAL1ZED CONCENTRATIONS',//,44X,

&'NON-DIMENSIONALIZED TIME(D*T/A**2)')
WR7TE(IOUT,120) fTNDIM(IT),JTzlNT)

120 FORMAT(14X,8(E10.4,2X))
WRITE(IOUT,130)

130 FORMAT(4X,'NON-',/,IX('DIMENSIONAL',/,3X,'RADIUS',/)
DO 500 IR-1,NR
RNDIMtFLOAT(IR-1)*(RMAX-1.0)/FLOAT(NR-1)+1.0
TERMOaALOG(R#AX/RNDIM)/ALO6(RMAX)
DO 200 llN
CROSS(I)=XJZERO(Z(I).RNDIM).Y(l{Z())-YZERD(l()iRNDIM),XJ1(Z(I))

200 CONTINUE
DO 400 IT-1,NT
C(MT)TERMO
DO 300 Jm1,W

Ct 042266RAC
POWER=TNDIMIIT)WZ ()124l)
IF (POWER. ST.8) POWER=90

C*'
C(IT)cC(1T)+TERM(3)ICROSS(I)IEXP(-POWER)

Ct 042286RAC
Ct URITE(IOUT,2020)IR,1TI
2020 FORMAT(6I10)

C**
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Figure 19

Program RCYLDIFI.FOR Source Code (continued)

300 CONTINUE
IFIIR.EQ.l) 60 TO 350
SUM(IT)nSUM(IT)t(RNDIK-DR/2.)*DR*(C(17)+CL(IT))/(2..DENUM)

350 CL(IT)-C(IT)
400 CONTINUE

JRITE(IOUT,410) RNDlI,(C(IT),IT=1,NT)
410 FORMAT(lXEIO.4,3X,6(EIO.4,2X))
500 CONTINUE

WRITE(IOUT,550) (SUM(IT),IT.1,NT)
550 FORMAT(/,lX,'AVERA6E-',5X,6(EIO.4,2X))

60 TO 2000
1000 WRITE(IOUT,1005) NTNTMAX
1005 FORMAT(/,IX,'NTe',lSIX, 6T',1X,15)

60 TO 2000
1010 WRITE(IOUT,1015) NR,NRMAX
1015 FORMAT(/,1X,'NR=',l5,1X,'6T',1XIS)

60 TO 2000
1020 WRITE(IOUT,1025) N,NMAX
1025 FORMAT(/,lX,'N-',15,1X,'6T',lXI5)
2000 CONTINUE

STOP
END
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FIgure 19

Program RCYLDIFI.FOR Source Code (continued)

FUNCTION RODTU1(XNU,XLAN,NR)
DIMENSION XBt1),XH{I),XL(1),Dll)
PI=3.141592654
Nc I

IFNSI00
TOLwl.OE-5
TOLl= .OE-4
A'l1.2
BrO. I
IF(NR.NE.1) 60 TO 100
XL(1) =0.0
XB(l)x(NR-0.5)#PI/(XLAM-1.0)
XH(l)=NR*PI/(XLAM-1.0)
60 TO 200

100 XL(0)=(NR-1.0)*PI/(XLAM-1.0)
XB(I)w(NR-0.5)*PI/(XLAM-1.0)
XHCI)aNRfPI/ CXLAI-1.0)

200 D(I)=0.24*(XH(1)-XL(1))
CALL SEARCH(NXBFDXHXLAiDTDLTDL1 DIJ, IFNSICONVXLAM)
ROOTUI=XB(1)
RETURN
END
SUBROUTINE EVAL(XB1 FBIXLAM)
DIMENSION XB(1)
Z=XB(1)
FB5ABS(XJI(Z)'YZERD(XLAK'Z)-Y(l2)*XJ2ER0(XLAM4Z))
RETURN
END
SUBRDUTINE SEARCHfNXBFBXH,XLABtTOLTOL1 ,STPIN,IFNS,
>CONV,XLAM)

INTE6ER FNS,RVS(20)gCONV
DIMENSION XB(l) XL(1),XH(l) ,STP(l) BP(20)
IF (II.6T.0) NRlTE(1,10000) NIFNS, AB, T0LTOL1,(XH(I),XB(I),

> XL(I),I=1,N)
CONV 0 O
IEXP 0
DO 10 I xI,N

IF (XB(1).GT.XH(I)) XB(I)=XHII)
IF (XB(I).LT.XL(I)) XB(I) zXL(I)
IF(XH(I).EQ.XL(I)) STP(I) z0.EO

10 BP(I)= XB(I)
FNS = I
CALL EVAL(XBFBXLAP)
FP sF9
FBP *FB

20 MINFAL a 0
IF (FNS.6E.IFNS) ED TO 210
IF (Ik.GT.0) WRITE(1,10400) FNS
IF IIW.6T.0) fRITE(t11D100)FBPfIBPfI),IeIN)
IF (IW.GT.0) WRITE(l,11100) (STP(I),Il,N)
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Figure 19

Program RCYLDIFI.FOR Source Code (continued)

DO 110 1 =1,N
RVSII) 0 O
IF (STP(I).EQ.O.0E0) 60 TO 100
STOR £ XBM1)
XB(I) 8XEI) + STPII)
IF (XB(I).BT.XH(I).OR.XB(I).LT.XL(1)) 60 TO 40
FNS KFNS 4 1
CALL EVAL(XBFBXLAM)
-IF(W.ST.1) NRITE(1,10200) 1, FB, (XBIJ),JzlN)
IF (FB.6E.FP-TOL1*ABS(FP)) 60 TO 40
IF (IEXP.EQ.O) STP(M) wSTP(I)*A

30 FP=FB
60 TO 110

40 XBM ) STOR - STP(I)
IF (XB(I).BT.XH(1).OR.XB(I).LT.XL(l)) 60 TO 50
FNS - FNS + I
CALL EVAL(XBFB,XLAM)
IF (IW.6T.1) WRITE(1,10300) I,FB,(XB(J),J * 1,N)
IF (FB.6E.FP-TOLlABS(FP)) 60 TO 50
IF 0IEXP.EQ.0) STPII) STP1I) *A
RVS(I) I
60 TO 30

50 11) a STOR
IF (IEXP.EQ.1) 60 TO 110
STP(IM = STP(M) f B
TEMP - ABS(XBMI)/STP(I))* TOL
IF(l.EO-TEMP) 60,70,90

60 STPII) - STP(I) f TEMP
70 TEMP - I.E - 10/ AES(STP(I))

IF(I.EO.SE.TEMP) 6D TO 100
80 STP(I) - STPII) * TEMP

60 TO 100
90 TEMP =l.E-16/ABS(STPMI))

IF (I.EO -TEMP) 80,100,110
100 MINFAL =MINFAL +1
110 CONTINUE

IF l(FBP-FP).LE.TOLIABS(FBP)) SO TO 140
IF (IN.6T.2) WRITE(1,10600) FNS
DO 120 1 a I,N

IF (RVS(I).EQ.O) 60 TO 120
STP(I) -STPtl)

120 CONTINUE
FBP-FP
DO 130 1 l,N
PAT BPII)
BPII) XBI)
XB(I) a 2.EO I BP(I) -PAT
XBM() a AAXIfKB(I),XL(I))

130 XB(I)z AMINI(0XB(),XHMI))
FNS z FNS +1
CALL EVAL(XBFPXLA)

132



Figure 19

Program RCYLDIFI.FOR Source Code (continued)

IF(IW.ST.2) WRITE(1,10700) FP,(XB(I),l1,N)
IEXP a I
60 TO 20

140 IF (IEXP.EQ.1) SO TO 160
IF (NINFAL.GE.N) 60 TO 190
If (IW.GT.2)WRITE(l,10900)
DO 150 1 *1,N

IF (RVS0).EQ.O) 60 TO 150
STP(I) a -STP(I)

150 CONTINUE
60 TO 20

160 lEXP 0 O
FP c FBP
DO 170 1 a 1,N

170 XB(I) zBP(I)
IF tIW.6T.2) URITE(1,11000)
60 TO 20

10 IF (FP.LE.FBP) 60 TO 200
FP a FBP
DO 190 Iw1,N

190 XB(I) *EP(I)
200 IF (IN.6T.O)WRITE(1,10500) FP,(XB(I),Il=,N)

FE x FP
IF tIN.BT.0) WRITE(1,10400) FNS
60 TO 230

210 CONV a 1
IF (IW.ET.0) WRITE(1,10800) FNS
IF (IW.GT.0) JRlTE(l,0l100)FBP,(BP(I),lzIN)
FE a FBP
DO 220 1 1, N

220 XEBI) =EP(I)
230 RETURN

10000 FORMAT(lHl,2X,'U',5X, FNS',15X, 'A',lOX,'E',IOX,'TOL',IOX,
> 'TOL1'/IH ,13,5X,14, 13XF7.4,4XF7.4,4XD1O.3,3X,D1O.3/1HO,3X,
> 'UPPER',13X, 'ST PT',13X,'LOWER'/(IH ,D15.7,3XD15.7,3XD15.7))

10100 FORMAT(3HO* ,D15.7,2X,7D15.7/ (3H ,17X,7D15.7))
10200 FORMAT(2HOF, I2,D15.7,2X,7D15.7/ (3H ,1BX,7D15.7))
10300 FORMAT(2HOR, I2,D15.7,2X,7D15.7/ (3H ,91X,7D15.7))
10400 FORMAT(IHO'FNS= ',15)
10500 FORMAT(IHO,'THE OPTIMUMI VALUE HAS BEEN FOUND '/3H09 , D15.7,2X,

> 7D15.7/(3H ,17X,7D15.7))
10600 FORMAT(ilHO,'AFTER',15, ' FNS A NEW BASE PT. - START PATTERN MOVE-)
10700 FORMAT(IHO,'RESULT OF PATTERN MOYE'/3H P ,D15.7,2X, 7D15.7/(3H

> 17X,7D15.7))
10600 FORMAT(1HT1THE NUMBER OF FUNCTION EVALUATIONS EXCEEDED ',15)
10900 FORMAT(IHO,'BASE PT. EXPLORATORY MODE FAILURE-)
11000 FORMAT(1IIOPATTERN MODE EXPLORATORY FAILURE RES-ORE BASE PT.')
11100 FORMAT(IH ,DEL-S',14X,7D15.7/(lH t19X,7D15.7))

END
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Figure 19

Program RCYLDIFl.FOR Source Code (continued)

FUNCTION YltX)
C CALCULATE THE FIRST ORDER Y FUNCTION FOR POSITIVE ARGUMENTS

Pl'3.141592654
IF(X.LE.0.0) 60 TO 100
IF(X.6E.3.0) 60 TO 50
XD3=X/3.0
Yla(2.0fX'ALO6(0.5*X)XJI (X)/PI-0.&366198
&+0.2212091.XD3'.2+2.1662709*XD3t*4-
&I.3164B27*XD3*#6+0.31239511XD3**S-
0.400976E-lfXD3* 10+0.27873E-2'XD3.*12)/

&X
60 TO 200

50 X13z3.0/X
THETA=X-2.35619449+0.12499612*X13
&+0.5650E-4*XI3*2-0.637879E-2fXI33*3
&+0.7434BE-3X13"*4+0.79824E-3*XI3i'5
&-0.29166E-3*XI3**b
Yl(SIN(THETA)/SQRT(X))f(0.79798456+
10.156E-SiXI3+0.1659667E-1*XI31e2+
&0.17105E-3aXI3"*3-0.249511E-2*X13'*4+
10.113653E-2*XI3*'5-0.20033E-3*XI3*u6)
60 TO 200

100 IRITE(2,110) X
110 FORMATtIX,'ARBUMENT=',E12.3,IX,'LE',1X,'ZERD')

STOP
200 CONTINUE

RETURN
END
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Figure 19

Program RCYLDIFl.FOR Source Code (continued)

FUNCTION XJ(X)
C CALCULATE THE FIRST ORDER J FUNCTION FOR POSITIVE ARGUMENTS

IF(X.LE.0.0) 60 TO 100
IF(X.GE.3.0) 60 TO 50
XD3-X/3.0
XJlm(0.5-0.562499B5*XD3**2+0.21093573*XD3**4

&-0.3954289E-IEXD3*i6+0.443319E-21XD3**S
&-0.31761E-3.XD3'*10+0.1109E-4*XD3.e12)*X
60 TO 200

50 XI3c3.0/X
THETA=X-2.35619449+0.12499612*X13
&+0.5650E-4.XI3**2-0.637879E-2X 13**3
1+0.7434BE-3*XI3**4+0.79824E-3*XI3**5
&-0. 29166E-3*XI3**6
XJl(COS(THETA)/SQRT(X)).(0.79788456+
&0.156E-5'X13+0.1659667E-1fXI3112+
&0.17105E-3.X13ff3-0.249511E-2*X13f*4+
10.113653E-2*X13*15-0.20033E-3eX13**6)
60 TO 200

100 WRITE(2,110) X
110 FORMATCIX,'ARBUMENT&',E12.31 1X,'LE',IX,'ZERO')

STOP
200 CONTINUE

RETURN
END
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Figure 19

Program RCYLDIFI.FOR Source Code (continued)

FUNCTION XJZEROMX)
C CALCULATE THE ZEROTH ORDER J FUNCTION FOR POSITIVE AR6UMENTS

IF(X.LE.O.0) 60 TO 100
IF(X.SE.3.0) 60 TO 50
XD3=X/3.0
XJZER=1 .0-2.2499997*XD3**2+1.26562086XD31*4

&-0.31638661XD3f16+0.0444479*XD3*18
&-0.39444E-2*XD3I'10+0.21E-3*XD3*12
60 TO 200

50 XI3M3.0/X
THETA-X-0.78539816-0.04166397*XI3
1-0.3954E-4*XI3**2+0.262573E-2*X 13*3
&-.54125E-3*X131.4-0.29333E-3*XI3*45
&+0.1355SE-3X1X3*16

XJZERO'(CDS(THETA)/SRRT(X))*10.79788456-
&0.77E-6#X13-0.552740E-2fX13#*2
&-0.9512E-4*X13*f3.0.137237E-2*XI3*.4
&-0.72805E-31X13*'5+0.14476E-3*XI3.*6)
60 TO 200

100 WRITEM2,110) X
110 FORMAT(IX,'AR6UMENT=',E12.3,1X,'LT',IX,'ZERO)'

STOP
200 CONTINUE

RETURN
END
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Figure 19

Program RCYLDIFI.FOR Source Code (continued)

FUNCTION YZEROX):
C CALCULATE THE ZEROTH ORDER Y FUNCTION FOR POSITIVE ARSUMENTS

Pta3. 14592654
IF(X.LE.0.0) 60 TO 100
If(X.6E.3.0) 60 TO 50
iD3-X/3.0
YZERDa(2.0/Pl)*ALO6(X6O.5)iXJZERD(X)+

&0.36746b91+0.60559366*XD3*#2-0.74350354*XD3114+
&0.25300117iXD3.i6-0.04261214*XD3.SB+
&0.427916E-26XD3*l10-0.24846E-3*XD3*112
60 TO 200

50 XI3w3.0/X
THETA=X-0.78539816-0.4166397E-1*X13-
&0.3954E-4*X13.'2+0.262573E-2*XI3**3-
&0.54125E-3eXI3'.4-0.29333E-3*XI31*5+
0.13558E-3*X13f*6
YZERO (SIN(THETA)/SORT(X))*(0.79788456-
0.77E-6'X13-0.55274E-2'X131*2-
&0.9512E-4*X13{f340.137237E-2*X13*'4-
0.72805E-3'XI3f*5+0.14476E-34XI3ff6)
60 TO 200

100 WRITE(2,110) X
110 FORMAT(1X('ARUIMENT-',E12.3,lX('LT' 11X('ZERD')

STOP
200 CONTINUE

RETURN
END
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Figure 20

Program RCYLDIFI Input Data File CYLDIF.DAT for B/A-2, B/A=4 andB/A-8

B/Aa 2

2 5 40 40
2.0
0.01
0.1
1.0
10.0
100.0

B/A a 4

2 5 40 40
4.0
0.01
0. I
1.0
10.0
100.0

B/A a 8

2 5 40 40
S.0
0.01
0.1
1.0
10.0
100.0
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FIgure 21

Program RCYLDIFI Output Data File RCYLDIFI.OUT for B/A=2

NUMBER OF NDN-DIMENSIONALIZED TIMES- 5
NUMBER OF NON-DIMENSIONALIZED RADII% 40
NUMBER OF TERMS TO BE USED IN THE SERIES SUMMATION= 40

NORMALIZED CONCENTRATIONS

NON-DIMENSIONALIZED TIMEfD#T/A**2)
.OOOE+.0 .1000E+02 .1000E+03.IOOOE-0I

NON-
DIMENSIONAL

RADIUS

.1000E+00

. 000E401
* 1026E.01
* 1051E+01
* 1077E+01
.1I103E+01
* .1128E+01
* 1154E.01
.1 179E+01
* 1205E+01
* 1231E.01
* 1256E.01
* 1282E+01
* 1308E+01
* 1333E+01
* 1359Ee01
* 1385E401
.1410E+01
* 1436E+01
* 1462E+01
* 1487E401
* 1513E+01
* 1538E+01
* 1564E4O1
* 1590E+01
* 1615E.01
* 1641E+01
* 1667E+01
* 1692E401
* 1718E+01
* 1744E+01
* 1769E401
* 1795E+01
* 1621E401
* 1846E+01
. 1872E401
* 1997E401
* 1923E401
* 1949E401
.1974E401
* 2000E401

AYERASE=

* 1560E+00
* 1219E400
* 9337E-01
* 7007E-01
.5147E-01
.3696E-01
* 2594E-01
* 1777E-01
. lII8SE-0J
.775 1E-02
* 492SE-02
* 3054E-02
* 1844E-02
. 10B5E-02
* 6221E-03
* 3475E-03
. I BBBE-03
.9914E-04
* 4985E-04
* 2304E-04
.B610E-05
* 1004E-05

-. 2879E-05
-. 4884E-05
-.5819E-05
-. 6127E-05
-. 6060E-05
-.6231E-05
-. 6239E-05
-. 6372E-05
-.6d697E-05
-. 74q5E-05
-.6779E-05
-s1016E-04

-.I 196E-04
-.1393E-04
-.1589E-04
-.1827E-04

-. 2060E-04
-. 2267E-04

.96GIE-02

* 4533E400
* 4175E+00
.3638E400
* 3522E 400
* 3226E400
.2950E+00
* 2693E 400
* 2453E+00
* 2230E.00
* 2023E400
* I B32E400
* 1656E400
* 1493E+00
* 1344E400
• 1206E400
• IOBIE400
* 9663E-01
.B66BE-01
* 7669E-01
.6B0BE-01
* 602SE-01
.5324E-01
* 4690E-01
.4120E-01
* 360BE-01
.3150E-01
* 2740E-01
* 2374E-01
* 2047E-01
* 1755E-01
* 1494E-01
* 1261E-01
* lO5IE-01
* 8625E-02
* 6912E-02
.534 5E-02
* 3695E-02
* 2535E-02
-.1239E-02
-. 1567E-04

* 9461E-01

* 9705E+00
* 9340E+00
* 9895E+00
* 8638E400
* 8301E.00
* 7972EO00
.7651E400
* 7336E+00
.7032E400
* 6733E.00
* 6440E+O0
.6154E400
* 5875E+00
.5601E+00
.5333E+00
.5071IE.00
.4814E+00
* 4562E+00
.4315E.00
* 4072E400
* 3835E400
* 3601E400
* 3372E+00
.3147E400
* 2926E.00
.2709E400
.2495E+00
* 2285E400
* 2078E 400
* 1675E'00
* 1675E*00
* 1476E+00
.1284E400
* 1092E+00
* 9040DE-01
.7182E-01
.5350E-01
* 3543E-01
* 1760E-01
-.9616E-06

.3716E.00
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. I OOOE+.01

.9635E+00
* 9279E+00
* 6931E400
* 8591E+O0
* 9260E+00
* 7935E400
.7618E400
* 7308E +00
* 7004E.00
* 6707E400
* 6415E+00
* 61 30E.00
* 5850E400
* 5575E*00
* 5305E+00
* 5040E400
.4780E.00
.4525E+00
* 4274E400
* 4028E+00
.3785E400
.354 7E+00
* 3312E+00
.3081E.00
* 2954E+00
.2630E400
* 2410E+00
.2193E*00
* 1979E+00
* 17&9E+00
* 1561E400
* 1357E400
.1I 155E+00
* 955SE-01
* 7595E-01
* 565SE-01
* 3747E-01
* 1662E-01
-.2270E-16

.36881E+00

. I OOOE+01
* 9635E+00
* 9279E+00
.8931E400
.6591EO00
* 9260E+00
* 7935E+00
.761SE+O0
*73ODE 400
* 7004E400
* 6707E+00
.6415E+00
.6130E+00
.5850E.00
.5575E+00
.5305E.00
.5040EI00
* 4780E.00
* 4525E.00
* 4274E+00
* 4026E400
* 3785E+00
* 3547EO00
.3312E+00
.3081E.00
* 2654E+00
* 2630E 400
.2410E+00
.2193E.00
* 1979E.00
* 1769E.00
* 1561E+00
* 1357E+00
.1 155E400
.955SE-01
.7595E-01
.565SE-01
* 3747E-01
* IB62E-01

-* 4803E-39

.3681E+00



Figure 22

Program RCYLDIFI Output Data Flle RCYLDIFI.OUT for B/A=4

NUMBER OF NON-DIMENSIONALIZED TIMESs 5
NUMBER OF NON-DIMENSIONALIZED RAD1I. 40
NUMBER OF TERMS TO BE USED IN THE SERIES SUMMATION' 40

NORMALIZED CONCENTRATIONS

NON-DIMENSIONALIZED TIME(D*T/A"*2)
.IOOOE-01

NON-
DIMENSIONAL

RADIUS

IOOOE+00 I OOOE+40 .1OOOE*02 .IOOOE+03

. 1000E+01
* I077E+01
.1 154E+01
.1231E+01
* 1308E401
.1385E+01
* 1462E+01
* 1538E+01
* 1615E+01
* 1692E*O1
* 1769E+01
* 1846E+01
* 1923E+01
.2000E+01
.2077E+01
.2154E+01
.2231E401
* 2306E+0 I
* 2385E+01
* 2462E+01
* 2538E*01
.2615E+01
.26~92E*01
* 2769E401
* 2846E+01
.2923E401
* 3000E+01
.3077E+01
.3154E401
.3231E+01
* 3308E401
.3365E401
* 3462E401
.3536E+0I
.3615E401
* 3692E+01
.3769E401
* 3846bE 01
* 3923E40I
.4000E+01

AVERAGE=

* 7775E-01
* 34B0E-01
* 1271E-01
* 3597E-02
* 6256E-03

-. 1334E-03
-. 2240E-03
-. 3019E-03
-. 2926E-03
-. 276 1E-03
-. 2563E-03
-. 2429E-03
-.2319E-03
-. 2262E-03
-.224SE-03
-. 2257E-03
-.2261E-03
-. 2235E-03
-.2160E-03
-. 2022E-03
-.1825E-03
-.1592E-03
-.1353E-03

II 143E-03
-.9877E-04
-. 9026E-04
-.6841E-04
-. 9107E-04
-. 9436E-04
-. 9527E-04
-. 9131E-04
-. 6171E-04
-.6712E-04
-. 4953E-04
-. 3156E-04
-.15271E-04
-.1814E-05
.6374E-05
* I605E-04
.2175E-04

* 6690 E-03

* 2264E400
* 1756E400
* 1344E+00
* 1009E400
* 7440E-01
.53S0E-01
.3612E-01
* 2643E-01
* 1792E-01
* lIB5E-01
* 7637E-02
* 4777E-02
* 2885E-02
* I666E-02
. 9017E-03
* 4363E-03
* 1621E-03
.6719E-05

-. 768SE-04
-1 163E-03
-.1355E-03
-.1396E-03
-.1365E-03
-g1300E-03

-1216E-03
-.112eE-03
-.1036E-03
-.9461E-04
-g 6542E-04
-. 7636E-04
-. 6722E-04
-. 579 IE-04
-. 483SE-04
-. 3662E-04
-. 2979E-04
-. I9BIE-04
-. 8734E-05
* 1214E-05
.1 12dE-04
* 2093E-04

*9570E-02

* 5784E400
* 5256E+00
* 4776E+00
.4339E+00
.3940E400
* 3576E+00
.3243E400
* 2939E400
.2660E400
* 2406E400
* 2173E400
* 1960E+00
* 1765E+00
* 15BBE+00
* 1426E+00
* 1278E400
* 1144E+00
* 1022E+00
.9119E-01
.E I17E-01
.7211E-01
* 6392E-01
* 5653E-01
* 4987E-01
* 438BE-01
* 3B4qE-01
.3364E-01
* 2929E-01
* 253SE-01
.21B7E-01
. 1971 E-01
* 1586E-01
* 132SE-01
* 1094E-01
.8792E-02
* 6917E-02
* 4979E-02
.3251E-02
.1605E-02
* 1393E-04

* 9357E-01

* 9925E 400
* 93S0E+00
* B993E400
* 9428E+00
.7991E400
.7580E400
* 7191E400
.6822E+00
.6471E400
.6137E+00
.5817E400
.5512E.00
.5219E400
* 4938E+00
* 4668E+00
* 4407E400
* 4156E+00
* 3914E+00
.3679E400
*3452E400
.3233E400
.3020E+00
* 2813E400
.2612E400
.2417E+00
* 222 7E*00
.2042E400
* 1862E400
* 1667E400
.1515E400
* 1348E400
. I 85E400
* 1026E400
.6695E-01
.7169E-01
* 5676E-01
.4214E-01
.27BIE-01
* 1377E-01
* 2550E-06

.2904 E400

. 1000E+01
* 9465E+00
.6968E400
.8502E400
* 9065E+00
* 7653E+00
.7263E400
.6993E400
* 6541E+00
* 6205E+O0
* 5884E400
* 5577E+00
* 5263E+00
* 5OOOE+00
.4728E+00
* 4465E400
* 4212E+00
* 3q6eE400
.3731E400
* 3502E+00
* 3280E+00
.3065SE+00
.2656E400
*2653E 400
* 2455E400
.2263E+00
.2075E400
. 1693E+00
* 1714E400
* 1541E+00
.1371E+00
* 1205Ee00
* 1043E+00
.6644E-01
.7293E-01
.5774E-01
.4266E-01
.2829E-01
* 1401E-01
* 1042E-23

.2941E+00
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Figure 23

Program RCYLDIFI Output Data File RCYLDIF1.OUT for B/A=8

NUMBER OF NON-DIMENSIONALIZED TIMES- 5
NUMBER OF NON-DIMENSIONALIZED RADIIJ 40
NUMBER OF TERMS TO BE USED IN THE SERIES SUMMATION% 40

NORMALIZED CONCENTRATIONS

NON-DIMiENSIONALIZED TIME(D*T/A*12)
.1000E+01 .1000EI'02 .1000E+03. IOOOE-O1 1000E+00

NON-
DIMENSIONAL

RADIUS

. 1000E+01

.1 179E+01
* 1359E401
* 1538E+01
* 1718Ee01
* 1897E+01
* 2077E+01
* 2256E+01
.2436E+01
.2615E+01
* 2795E401
* 2974E+01
.3154E401
* 3333E+01
. 3513E*01
* 3692E+01
* 3272E401
*4051E+01
.4231E+01
.4410E401
* 4590E+01
.4769E+01
.4949E+01
.5126E+01
* 5308E401
.5467E401
.5667E+01
.5646E+01
* 6026E+01
.6205E401
.6385E+01
* 6564E+01
.6744E401
.6923E+01
.7103E+01
* 7282E401
.7462E401
* 764 1E401
*7821E401
.6OOOEI01

AVERASEt

.5426E-01
* 75S1E-02
* 8231IE-03
-7197E-03
-.1545E-02
-.1655E-02
-.1062E-02

-. 6969E-04
.8539E-03
* 1321E-02
.1 12SE-02
* 458 IE-03

-.4170E-03
10 I6BE-02

-.1266E-02
-.6833E-03
-. 1669E-03
* 5865E-03
* 1012E-02
.9755E-03
* 4619E-03

-. 2285E-03
-.8201E-03
-. 1027E-02
-. 9034E-03
-. 2223E-03
.4235E-03
.854SE-03
* B64SE-03
* 4927E-03

-. 1179E-03
-. 6639E-03
-. 9095E-03
-. 747SE-03
-. 2700E-03
.3147E-03
.7410E-03
.8244E-03
.5260E-03
.6669E-05

.2275E-03

* 1517E+00
.8219E-01
* 4035E-01
* 175SE-01
* 6570OE-02
* 116SE-02
* 4306E-03
* 1451E-03
* 236 4E-03
.3210E-03
* 2670E-03
.8215E-04

-. 1503E-03
-. 3264E-03
-. 3712E-03
-. 2707E-03
-. 7525E-04
* 1257E-03
* 243SE-03
* 2315E-03
.1002E-03
-.8616E-04
-.2421E-03
-.2964E-03
-e 2330E-03
-. 7820E-04
* 9443E-04
.2076E-03
* 2126E-03
.1105SE-03

-. 4975E-04
-. 1943E-03
-. 2580E-03
-2132E-03
-.148E-04
.7770E-04
* 1940E-03
* 2179E-03
* 1425E-03
.5761E-05

* 1580E-02

.3857E400
* 3095E+00
* 2463E.00
* 1960E+00
* 1551E+00
* 1220E+00
* 9515E-01
.7361lE-01
.5643E-01
* 4283E-01
.321BE-01
* 2392E-01
* 175SE-01
* 1277E-01
* 9166E-02
.6497E-02
.4545E-02
* 3137E-02
* 2135E-02
* 1430E-02
* 9426E-03
* 6095E-03
.3654E-03
.2370E-03
* 1402E-03
.7832E-04
.3951E-04
* 1569E-04
.2004E-05

-. 5702E-05
-. 9479E-05
-,1088E-04

-.1063E-04
-. 979SE-05
-. 8255E-05
-.6391E-05
-.4392E-05
-. 2362E-05
-.444SE-06
* 1649E-05

* 1535E-01

.7928E400

.7137E400

.6465E.00

.5682E+00

.5369E400

.4914E+00
* 4506E*00
4 137EO00

* 3803E+00
* 349SE400
* 3219E+O0
.2963E*00
.2727E400
.2510E400
* 2309E+00
. 2123E+00
* 1951E+00
* 1791E+00
. I b43EO00
* 1504E+00
* 1376E+00
* 1256E+00
. I 145E+00
* 1041lEi00
* 9433E-01
.8524E-01
.7671E-01
* 687 2E-0 1
.6122E-01
.5415E-01
. 4749E-01
.41 19E-01
* 3522E-01
* 2955E-01
.2413E-01
* 1895E-01
* 139SE-01
.9178E-02
.4527E-02
.404 4E-06

. I 305E.00

. 1000E+01
* 9206E.00
.8525E*00
.7926E+00
.7397E+00
.6919E400
* 6425E+00
.6086E+00
* 5718E400
.5376E+00
.5057 E*00
* 4758E+00
.4476E400
* 4210E+00
.395eE.00
.3718E+00
* 3490E+00
.3272E400
* 3063E+00
* 2664E+00
* 2672E+00
* 2487EO00
.2310E.00
*2138EO00
* 1973E+00
* 1613E.00
* 165BE+00
* 1508E+00
* 1363E100
* 1222E400
* 1065E+00
.9512E-01
.8215E-01
.6952E-01
.5721E-01
* 4521E-01
.3351E-01
.220BE-C1
.1091E-01
* 7444E-10

.2247E400
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5.2 Solute Transport by Diffusion Across an
Infinitely Long Cylindrical Segment

Problem Statement. A constant flux of F and a constant concentration of

zero are specified for the inner and outer surface, respectively, of an
infinitely long cylindrical segment (see Figure 5.2-1) with inner radius
a and outer radius b. The solute diffusion coefficient, D, is assumed

to be constant throughout the segment. No solute is assumed to be present
in the segment initially. The values to be calculated as a function of
time are (1) the concentration profile across the segment, (2) the aver-
age concentration within the segment, and (3) the concentration gradient
at the radius b. As a second part of the problem, these values are to
be calculated at equilibrium.

Objectives. This problem is designed to test the assumption commonly

used in backfill leaching calculation that the backfill can be treated

as a single, uniformly mixed cell.
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Mebt) =

C(r,o) =o r >a

Figure 5.2.1

Cross Section of Infinitely Long Cylinder
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Analytical Solution. The concentration of solute as a function of time

can be described by the diffusion equation in cylindrical coordinates:

42C I aC 1 ac
77 4 rTr- r, fYE

(137)

with the following boundary conditions:

-D (F Cr) F (a constant)

C(b,t) = 0

C(r,o) - 0 for r > a

The analytical solution to this equation is given as follows:

C(r,t) = aF Ln (b) + TF E exp(-Da 2t) x
D r D ~n~l n

0o2(baxn) [J. (ran) Y n) (n )J1r(an n)]

n[Jl32(fan) - JO2 ( ban)]

(138)

where an are the positive roots of

JI(a)YcO(b) - Y1(am)JO(ba) a 0
(139)
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At equilibrium, Equation 137 becomes:

a 2C
r

1 a-, 0
r ar

(140)

with the boundary conditions

-D~i~z
rB

= F (a constant)

C(b) = 0

The analytical solution is

C(r) . aF jn(k)
F7 r

(141)

Assumptions. There is no variation of solute concentration with the

angle or along the axis of the cylindrical segment. Also, solute ad-

vection, adsorption, and decay within the segment are neglected.

Input Specification. Calculations are to

values of inner radius a, outer radius b,

flux F at radius a given in Table 5.2-1.

be performed for a range of

diffusion coefficient D, and

Output Specifications. The solute concentration as a function of time

is calculated for a range of distances between a and b. Also, the aver-

age concentration within the cylindrical segment is calculated as a

function of time. Finally, the concentration gradient at r a b is cal-

culated as a function of time. Concentration profiles for different
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Table 5.2-1

Average Normalized Concentrations and Boundary Derivatives
for Different Values of b/a*

Average Non-dimensionalized
Concentration

CRD = CD
CND Fakn (b/a T

Negative Derivative of
Non-dimensionalized
Concentration**

'Cro \( E r/a)J Cr/a) a b/a

Non-dimensionalized Time b/a b/a

tNID Z Dt/a2
2.0 4.0 8.0 2.0 4.0 8.0

0.01 0.99xlO-2 0.93x10-3 0.24x10-3 - - a

0.1 0.0950 0.96x10-2 0.16x10-2 0.05 - -

1.0 0.372 0.936xlO-1 0.154x1- 1 0.69 0.021 -

10 0.388 0.290 0.131 0.73 0.18 0.025

100 0.388 0.294 0.225 0.73 0.18 0.061

* Results based on the evaluation of 40 terms in the Equation 138 summation.

** Slope based on the last two points plotted in each of the Figures 5.2-2 through 5.2-4.



values of b/a were calculated by use of Equation 138 and are displayed

in Figures 5.2-2 through 5.2-4. The associated average concentrations

and concentration derivatives at r - b are given in Table 5.2-1. In

reporting these results, all concentrations, distances, and times have

been normalized as indicated In Figures 5.2-2 through 5.2-4.

147



I I

- = 4.0
_.- 0.4 tD 10

0.2 lNDa

o o it: A- . < \ 1
0.0 - - -

1.0 2.0 3.0 4.0 6.0

r/a*

Figure 5.2-2

Normalized Concentration Curve for b/a - 2



1.0

r-n.ox at ( ,",

_ ~0.4 tRD'

0.2

10ift>,D fo-2

0.0
1.0 1.1 1.2 1.3 1.4 1.5 1.6 I

Figure 5.2-3

Normalized Concentration Curve for b/a = 4

.7 1.5 1.5 2.0



1.0

0.0 f \ \ t ° at-|D
where

P -fl.a. st t ..I
D -dlffuolvlty iS'!

0.0

0~~~~~~~~~~~~~~~~~~~~~~~~

0.4

0~~~~~~~~~~

S.2

0.0
1.0 2.0 8.0 4.0 1.0 6.0 7.0 *.0 6.0 10.0 11.0

r/s

Figure 5.2-4

Normalized Concentration Curve for b/a = 8



15. LOTUS SPREADSHEET RAU234

This spreadsheet calculates the number of enriching stages and the U234

enrichment based on feed assay and U235 enrichment values input by the
user. It was used to estimate the U234 content of fresh fuel for radiological
assessment benchmark problems 2.4 and 2.5.

Theory

The theoretical aspects of this spreadsheet are discussed in Appendix A of
Reference 3 (attached for the readers convenience at the end of this section).

Spreadsheet

Column A is for user input of U235 enrichment values (in percent)

Column B calculates the number of enriching stages (np)

Column C calculates the U 234 enrichment values (x234) in percent

A sample spreadsheet is shown in Figure 24.

1ii



Figure 24

RAU234 Sample Lotus Spreadsheet

i3
5
6
7
9
9

10
I11
12
13
14
15
16
1 7
19
1 9
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
49
49SO
50
51
52
53
54
55

A 9 C
WORKSHEET FOR U-234 IN ENRICHED URANIUM

#f*ffu11f*.;,.uFEED ASSAY*#####*******#***
XF-235 0.00711 tU-235 FRACTION]
XF-234 0.00005477 tU-234 FRACTIONI

uui**.CALCULATED SEPARATION FACTORS***#**
ALPHA-235 1.0042887974 EtSORT(352/349)]
ALPHA-234 1.0057307059 EISORT(352/348)2

NUMBER OF
U-235 ENRICHING U-234

ENRICHMENT STAGES ENRICHMENT
lpercent) Irrcent)

1.0 161 001670
1.1 206 0.009860
1.2 247 0.0110E9
1.3 295 0.012357
1.4 320 0.013660
1.5 353 0.014998
1.6 383 0.016370
1.7 412 0.017774
1.9 439 0.019210
1.9 465 0.020676
2.0 4E9 0.022171
2.1 513 0.023695
2.2 535 0.025249
2.3 556 0.026826
2.4 577 0.028435
2.5 596 0.030069
2.6 615 0.031729
2.7 633 0.033414
2.8 651 0.035124
2.9 667 0.036859
3.0 684 0.039618
3.1 700 0.040401
3.2 715 0.042209
3.3 730 0.044038
3.4 744 0.045992
3.5 758 0.047769
3.6 772 0.049667
3.7 765 0.05158
3.9 798 0.053531
3.9 611 0.055496
4.0 923 0.057483
4.1 035 0.059491
4.2 947 0.061521
4.3 658 0.063572
4.4 969 0.065644
4.5 B80 0.067737
4.6 891 0.069950
4.7 902 0.071984
4.9 912 0.074139
4.9 922 0.076314
5.0 932 0. 079509

D

NOTE. BE SURE RANGE
PROTECT SWITCH IS
ON (TYPE /WGPE).
ALL CELLS EXCEPT
A15-A55
ARE PROTECTED.
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APPENDIX A

Method for Estimating U-234 Content of Enriched Uranium
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ORIGEN results for benchmark problems 2.4 and 2.5 were In poor agreement
with measured U-234 data. Since U-234 Is a precursor of Ra-226, a potentially
Important radionuclide In estimating dose-to-man, better agreement was desired.
In reviewing the benchmark problem Inputs, the most likely source of error was
the fuel Initial U-234 content. To Improve our estimate of U-234 content the
following method was used.

Step 1: Estimate the number of enriching stages required to produce U-235 of
the desired product enrichment. From Reference Benedict and Pigford (1957),

n Ln p235

where:

n p
= number of stages in the enriching section of an ideal cascade

X235
f

X235p

0235

*235

enrichment plant U-233 feed assay

= enrichment plant U-233 product assay

C separation factor for U-233

mass of U235 F.
mass of U23' Fw

F6

Knowing the number of product stages, the U-234 content can be estimated by:

X234 C I
-p I _ 0231s `"p (I lIx 234)



where:

x23 4 = enrichment plant U-234 product assay

= enrichment plant U-234 feed assay

234 234

C234 =mass of U2 3 4 F

mass of U F6

The U-234 product assay from a diffusion enrichment plant for typical U-23S

enrichments are given in the attached worksheet.

Reference

Benedict, M. and T. H. Pigford, Nuclear Chemical Engineering, McGraw Hill,
New York, 1957, p. 388.
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Table I

U1-234 In Enriched Uranium

No. of
U-235 Enriching U-234

Enrichment Stages Enrichment

1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9

2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9

3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9

4.0
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
5.0

161
206
247
285
320
353
383
412
439
465

489
513
535
556
577
596
615
633
651
667

684
700
715
730
744
758
772
785
798
811

823
835
847
858
869
880
891
902
912
922
932

0.008670
0.009860
0.011089
0.012357
0.013660
0.014998
0.016370
0.017774
0.019210
0.020676

0.022171
0.023695
0.025248
0.026828
0.028435
0.030069
0.031728
0.033414
0.035124
0.036859

0.038618
0.040401
0.042208
0.044038
0.045892
0.047768
0.049667
0.051588
0.053531
0.055496

0.057483
0.059491
0.061521
0.063572
0.065644
0.067737
0.069850
0.071984
0.074139
0.076314
0.078509
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16. FORTRAN PROGRAM ANSIDECH

The Fortran program ANSIDECH uses two ANS methods for computing fission-
product afterheat power from light water reactor fuel. This program was used
in the solution of the Radiological Assessment Benchmark Problems 2.1, 2.2
and 2.3.

Theory

The engineering aspects of this program are discussed in Section 3.2 of
Reference 3 (attached for the readers convenience at the end of this section).

Program

Program ANSIDECH.EXE solves Equations 3.2.1 through 3.2.7 for the detailed
method of computing fission-product afterheat power and Equation 3.2.8 for
the simplified method. A listing of the Fortran source code is shown in
Figure 25.

Input Data

Data is input to the program via the input data file ANSI.DAT. Input data
names, formats and descriptions are shown in Table 1. Input data files for
Benchmark Problems 2.1, 2.2, and 2.3 are given in Figure 26.

Output Data

The output data from this program is sent to a parallel interface printer. The
user can redirect the output by changing the OPEN(2,FILE=/PRN/) statement
in the code. The output data for Benchmark Problems 2.1, 2.2 and 2.3 is
shown in Figure 27.
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Figure 25

Fortran Program ANSIDECH Source Code

PROGRAM ANSIDECH
Cf*ff PURPOSE: CALCULATION OF AFTERHEAT POWER BY THE METHODS Of
Ci**i AMERICAN NATIONAL STANDARD ANSI/ANS-5.1-1979,
C*iif 'DECAY HEAT POWER IN LIGHT WATER REACTORS',
C*iii AMERICAN NUCLEAR SOCIETY, 555 N. KENSINGTON AVE,
Cifff LAGRANGE PARK, ILLINOIS 60525
Cull
C*iif METHODS: FOR FISSION PRODUCTS THE LONG (STANDARD) AND/Ol
Cfftf SHORT (SIMPLIFIED) METHODS AS DESCRIBED IN
C*iii SECTIONS 3.4, 3.5, AND 3.6 OF THE STANDARD.
C***l
Cffff FOR U231 AND NP239 THE METHOD DESCRIBED IN
Cffff SECTION 4 OF THE StANDARD.
Cl***
Cliii REMARKS: A DESCRIPTION OF ALL INPUT DATA IS GIVEN IN
Ci*ii COMMENT CARDS WITHIN THE PROGRAM.
C**ii
C***I AUTHORS: C. C. WEBSTER, WITH MODIFICATION BY J. C. RYMAN
C** _ .

I

I 0

R

REAL LAM19LAM2
CHARACTERiS NAME
CHARACTERi4 QUIT
DIMENSION TITLE(20), 9(6) TCOOL(51), TA(40) POW(3 40) 6(51)
*ALF(23,3) XLAM(23 3) Th(40), PDEC(51), THfA(51), PDEbIS(3 51),
*DECHPR(3 61) DHPIS13,61),F23S9U(51),F239NF'(51), PDHEC5I),NAMM()'
TGMAX(55;,GMAX(55)

bATA ALF/6.5057E-01,5.1264 -01,2.43B4E-01,1.3850E-0195.5440E-02,
I 2.2225E-0293.30e88-03,9.3015E-04,8.0943E-04,1.9567E-04,
2 3.2535E-05,7.5595E-06,2.5232E-0694.9948E-07,1.6531E-07,
3 2.660BE-06,2.2398E-09,8. 1641E-12,S.7797E-119,2.5131 -14t
4 3.2176E-1614.5038E-1797.4791E-1792.0830E-0113.8530E-_01,
5 2.2130E-01 ,9.4600 -02,3.5310E-02,2.2920E-02,3.9460E-03,
6 1.3170E-03,7.0520 -04,1.4320E-04,1.7650E-0517.3470E:06,
7 1 .7470E-06,5.4810E-07,1.671CE-07,2. 1120E-0B,2.9960E-09.
9 5. 1070E-11,5.7300E-11,4.13BOE-14,1.OBBOE-15,2.4540E-17,
9 7.5570E-1711.2311Eu00,1. 1486E+00,7.0701E-01 ,2.5209E-01,
A 7.1870E-02,2.8291E-02,6.6382E-03,1.2322E-03,6.8409E:04,
B 1.6975E-04,2.4182E-05,6.6356E-06,1.0075E-06,4.9e94E-07,
C 1.6352E-07,2.3355E-08,2.8094E-09,3.6236E-11 6.4577E-11,
D 4.4963E-14 3 6654E-16 5 6293E-17 7 1602E-17/
DATA XLAM /2.2138E+61,5.15B7E-6I1;.9594E-61,1.0314E-0193.3656 -02,

1 1.1681E-02,3.5870 -03,1.3930E-03,6.2630E-04,1.8906E-04,
2 5.498BE-0512.0958 -O5:1.0010E-05,2.543SE-0696.6361E-07,
3 1 .2290E-07,2.7213E-08,4.3714E-09,7.5790E-10,2.47866-10,
4 2.2384E-1312.4600E-14,1.5699E-14,1.0020 +01,6.4330E-01,
5 2.1860E-01,1.0040E-01,3.7290E-0291.4350E-0214.5490E-03,
6 1.32S0E-0315.3560 -04,1.7300E-04,4.8810E-05,2.0060E-05,
7 6.3190E-06,2.3580E-0696.4500E-0791.27S0E-0712.4660E-089
B 9.37S0E-09,7.45C0OE-10,2.4260E-1092.2100E-13,2.640C'E-14,
9 1.3800E-14,3.2EBIE+00,9.3805E-0193.7073E-01 ,1.11lGE-01,
A 3.6143E-02, 1.3272E-02,5.0133E-03,1.3655E:03 I5.515BE-04,
B 1.7873E-04,4.9032E-0591.75SBE-0597.0465E 0612.3190E-06,
C 6.4490E-0791.2649E-07,2.554BE-0B8,.4762E:09 7.5130E 10,
D 2.4198E-10 2.2739E-13,9.0536E-14,5.609BE-15/
DATA 7SMAX/1.0,1.512 6 4 0 6.0,0 0 1 OEIl1*5 EuI 2 0E4l 4.OE.1

2 1.0E.3, 1.5E43q2.0E+3,4.0E4396. E*3 G.OE+3,I.OE*4,1.5E+41
3 2.0E+4,4.OE44,6.OE+4,6.OE+4,1.OE+5,1.15E+5,2.OEI5,4.0E45,
4 6.0E.5,G.OE.591.OE46,1 .5E+6,2.OE46,4 OE46 6 OE+6,a 0E46,
5 i.0E47q1.5E+7j2.0E+7j4.0EI7,6.OE+7 8.OE*7,1.OEIB,1.5E49,
6 2 OE+8 4 0E+B 6 OE+8 B OE.B,1.OEi9)
DATA SMAX / 02 1 2 1 2 1 021022 10 2 1 02 '0 2 1 02

1 1:02i,1.012,1.$522,1.623,1.624,1.625,l.'629,1.630,1.632,
2 1.033,1.037,1.039,1.046,1.054,1.060,1.064,1.074,1.061,
3 1.09B,1.11i1.1119,i.124 1.130 1. 131,1. 126,1.124,11.123,

4 1.~~124,1.125,1.127,1. 134,1.146,1.162,1.191,1.233,1.294,
5 1 444 1.535,1.596,1.596,1.49B,1.343,1.065,1.021,1.012,
6 1:.007)
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Figure 25

Fortran Program ANSIDECH Source Code (continued)

DATA LAMI LAM2 E239UE239NP/4.91E-04 3.41E-06,0.474,0.419/
DATA NAME) U-435 ,PU-23q U-23B J
DATA NRD NPR7/512/
DATA QUIftEND /
OPEN(5,FILE 'ANSI.DAT )
OPEN(2,FILEz PRN )

90 CONTINUE
Ct**# READ AND PRINT ONE TITLE CARD

READ(NRD 10000) TITLE
IF(TITLEII).EV.QUIT) 6O TD 350
WRITE(NPRT 10100) TITLE
READ(NRD 16200) ILON6, ISHORT, Is 139DEC

Ciii' ILONHS 6/1 : NO/YES : USE LONG RTHOD
Ci*i' ISHORT- 0/1 s ND/YES : USE SHORT METHOD
Cfl** 16 z 0 : USE 6=1.0 FOR NEUTRON CAPTURE CORRECTION
C§*** AT ALL COOLING TIMES
C'." I = I * USE MAXIMUM NEUTRON CAPTURE CORRECTION FACTORS
C"#"t INTERPOLATED FROM TABLE lO(ANSI/ANS-5.1-1979)
Cf*** I39DEC- 0/1 : NO/YES : CALCULATE AFTERHEAT POWER FROM
Cf*ii U239 AND NP239

READ(NRD,10200) NCODLTNOPP NFISIS
C**** NCOOLT = NUMBER OF COOLING fIMES
Ciii' NOPR a NUMBER OF IRRADIATION PERIODS
Cfiii NFISIS a NUMBER OF FISSIONABLE ISOTOPES
Ci*i' a I FOR U235 ONLY
Ci*i* a 2 FOR U235 AND PU239
C*f* -= 3 FOR U235 PU239 AND U238

READ(NRD,10300) TIM POWEA
Ci*ii TIME - TOTAL OPERAtING PERIOD(DAYS)

READ(NRD,10300) (0CI) I.l NFISIS)
C*Ii = TOTAL RECOVEHABLi ENERGY ASSOCIATED WITH ONE FISSION
Cf*ff (MEV/FISSION) IN ORDER OF U235, PU239, AND U238

READ(NRD,10300) (TCOOL(K),Kai NCOOLT)
C"f"* 7COOL = ARRAY OF CDOLING TIMUS(DAYS)

IF(ILONS.EQ.0) 60 TO 110
DO 100 ID=I,NDPP

READ(NRD 10400) IPR,TA(IPR),(POW(I IPR),I 1 NFISIS)
C*i** IFR W SU9SCRlPT IDENTIFYING IRRADIATION PERIOD
Ci*** TAlIPR)x LENGTH OF IRRADIATION PERIOD(DAYS)
C*fff POW(I,IPR)= POWER(MW) GENERATED FROM FISSIONABLE ISOTOPE
C*i** I DURING IRRADIATION PERIOD IPR

100 CONTINUE
C*i** SET DEFAULT VALUES OF NEUTRON CAPTURE CORRECTION FACTOR TO 1.0

110 DO 120 Ka1 NCOOLT
120 G(K)u1.6

IF(IG.EQ.0) GO TO 130
DO 122 ITal NCOOLT
TG=TCOOL(ITI f 6400.
IF(T6.6T.I.OE9) 60 TO 121
IND-0
IORDER&3
IMAX=55
CALL LINT(SINT T6 TGMAX SfAXIND IORDERIMAXIEX)
IF(GINT.LT.1.03 SINT-Ib
6(1T)=GINT
60 TO 122

121 6(1T)I1.0
122 CONTINUE
130 IF (139DEC.NE.0) READ(NRD,10300) eS F

Ciii' aS = EFFECTIVE ENERGY RELEASE PER FISSION (MEV/FISSION)
C**f* EVALUATED FOR THE REACTOR COMPOSITION AT THE TIME
Cfff. OF SHUTDOWN
C**i' R a ATOMS OF U239 PRODUCED PER SECOND PER FISSION PER
Coiif SECOND EVALUATIED FOR THE REACTOR COMPOSITION AT THE
C** 7TIME OF SHUTDOWN
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Figure 25

Fortran Program ANSIDECH Source Code (continued)

WRITEINPRT,10500) ILON6 ISHORTI6 139DEC
WRITE(NPRT,10500) NCOOLf NbPPNF1IS
WRITE(NPRT,10600) TIME POWER
WRITE(NPRT,10600) (PCI,IwI,NFISIS)
WRITE(NPRT,10600) (TCOOL(K) ,K- NCOOLT)
NRITE(NPRT,10610) (EIK),K-lNCOULT)
DO 140 Kel NCOOLT
*TCDA(K)-TC;OL(K)
TCOOL(K)zTCOOL(K)f(B.64E+04)

140 CONTINUE
TIME a TIME*(8.64E+04)
IF(ILON6.EQ.0) 60 TO 160
DO 150 IPR-l NOPP

WRITE(NPRf,10700) IPR,TA(IPR),(POW(1,IPR),I-l,NFISIS)
150 CONTINUE
160 IF (139DEC.NE.0) WRITE(NPRT,10600) QS,R

IF (ILONG.EQ.0) 6D TO 260
Cffff LONG METHOD

WRITE(NPRT,10800)
WRITE(NPRT,10900)
DO 170 J=l,NOPP

TA(J) a TA(J) f (8.64E+04)
170 CONTINUE

DO 270 K-lNCOOLT
PDEC(K) z 0.0
DO 230 N-l NFISIS

TALF = ICOOL(K)
DO 210 J-IlNDPP

IF (P WINJ).EQ.0.0) TALF - TALF *TA(J)
IF (POW(N J).EQ.0.0) 60 TO 210
TC(J)-TA(3)
DO 200 M-1,2

DECHP c 0.0
IF (M.EQ.2) TALF = TALF + TA(J)
DO 180 11,23

B * 0.0
C XLAM(I N) * TALF
IF (C.LT.56) B = EXP(-C)
D 0.0
E t XLAM(IN) f 1.OE+13
IF(E.LT.50.0) D-EXP(-E)

lEO DECHP a ALF(I N) * B. (I-D) / XLAM(IN) + DECHP
C IF(II.EQ.I) 60 T6 190
C WRITE(NPRT,11000) NTCDA(K),DECHP

190 CONTINUE
IF (M.EQ.1) DECHPT a DECHP
IF (PI.EQ.2) DECHPT - DECHPT-DECHP

200 CONTINUE
PDEC(K) a PDEC(K) + POW(NjJ) t DECHPT / Q(N)
PDECIS(NK) PDECtK)

210 CONTINUE
C IF (IG.EQ.I) 60 TO 220
C WRITE(NPRT,11100) K, PDEC(K)
C 60 TO 230
220 PDECIS(NK) a PDECIS(N,K) t (1.OE0+6)
230 CONTINUE

DO 250 ISaI NFISIS
IF IS.E1.1) DHPIS(IS K) PDECIS(ISK)
IF (IS.EQ.1) 60 TO 240
DHPIS(IS K) c PDECIS(ISK) - FDECIS(IS-1,K)

240 DECHPR(IJ,K) - DHPISIISK)/PDECIS(NFISISK)
250 CONTINUE

DO 260 N-l,NFISIS
TDECHP - PDECIS(N,K) * 6(K)
WRITE(NPRT 11200) NACE(N),TCDA(K),DHPIS(N,K),PDECIS(NK),
DECHPR(N K) 6(K) TDECHP
IF(N.EQ.NnSIS) WkITE(NPRT,11300)

260 CONTINUE
270 CONTINUE
280 IF (ISHORT.EQ.0) 60 TO 320

160



Figure 25

Fortran Program ANSIDECH Source Code (continued)

Cftf. SHORT METHOD
WRITE(NPRT,11400)
DO 310 K(l NCOOLT

T=TCOOLIK)
DO 300 M-192

DECHPw O0
IF (M.EQ.2) TcT+TIME
DO 290 1=1,23

B-0.0
C=XLAM(Il) T
IF (C.LT. 95.) B=EXP(-C)
D-0.0
E-XLAM(I, 1)*.OE+13
IF 6E.LT. B5.) D=EXP(-E)

290 DECHP=ALF(I 1)iBD*1.0-D)/XLAM(I,l) + DECHP
IF (M.EQ.1) DEIHPTsDECHP

300 IF (M.EQ.2) DECHPT-DECHPT-DECHP
PDEC(K)=1.02E+06POINER*DECHPT/Q(1)
TDECHP G(K)fPDEC(K)

310 WRITE(NPRT,11500) TCDA(K),PDEC(K),6(K),TDECHP
320 IF (139DEC.EQ.0) 60 TO 340

C...' U239 AND NP239 DECAY HEAT POWER.
WRITE(NPRT,11600)
DO 330 K=l NCOOLT

TwTCOOLIK)
E-0.0
C=LAMlIT
IF (C.LT. 85.) B-EXP(-C)
D=0.0
E-LAMlITIPE
IF (E.LT. B5.) D=EXP(-E)
F239U(K)wE239UIR*(l.0-D)*B
TERM2=(LAM2/(LAMI-LAM2))*(1.0-D)*B
B=0.0
C=LAM2*T
IF (C.LT. E5.) B EXP(-C)
D=0.0
E=LAM2fTIME
IF (E.LT. 85.) D=EXP(-E)
TERMI.(LAMI/(LAMI-LAM2))*(1.0-D)*B
F239NP(K)cE239NP.Ri(TERMI-TERM2)
PDHE(K)=1.OE+06POWER*(F239U(K)+F239NP(K))/DS

330 WRITE(NPRT,11700) TCDA(K),F239U(K),F239NP(K),PDHE(K)
340 CONTINUE

60 TO 90
350 CONTINUE

STOP
10000 FORMAT(lX 20A4)
10100 FORMAT(I///,lX,20A4//)
10200 FORMAT(1015)
10300 FORMAT(6E10.4)
10400 FORMAT( 13, 7X 4F10.5, 30X)
10500 FORMAT (IX,10It)
10600 FORMA1(6(2X ,F.1 ,2X))
10610 FORlATO6 2X F10.4 2X))
10700 FORMAT(IX 13,7X,FiO.3 IP3EI1.4)
10800 FORMAT(M/ IX, I. L LONG METHOD FOR FISSION PRODUCT DECAY HEAT PO

iWER ***u I
10900 FORMIAT(///,12X 12HCOOLING 7IME eX 7HISOTOPE 12X 5HTOTAL 47X SHADJ

fUSTED / 2X 7HIROTOPE,3X,14HAFTHR §HUTDOWN, 2 16HDECAY HEAT P6WER,
* 2X llHDECAY HEAT POWEReX 5HRAT10 25X 16HDEIAY HEAT POWER,/ 15X
f 6H1DAYS),12X,7H(WATTS),1I1,7H(WATtS),6X, 13HI5OTOPE/TDTALeX,7H6-
VYALUE lix 7H(WATTS)/)

11000 FORMAfI 51 15 12X lEl0.5,12XlE10.5)
11100 FORMAT(IX,15 aX E10.4)
11200 FORMAT(2H ,A6,lPE16.5,SEIS.5)
11300 FORMAT(//;)
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Figure 25

Fortran Program ANSIDECH Source Code (continued)

11400 FORMAT(62H0..*t SHORT METHOD FOR FISSION PRODUCT DECAY HEAT POWER
I ffiuX14HO COOLING TIME,25X 7HCAPTURE,9X 8HADJUSTED/67H AFTER SHU
#TDOWN DECAY HEAT POWER CORRECTION DECAY HEAT POWER/IH ,4X,6
#H(DAYS) lIX 7H(WATTS) IOX,7H6-VALUE,lOX,7H(WATTS)I)

11500 FORMATM(H A(IPE13 5 AX))
11600 FORMAT(44Hl*#f# U234 AND NP239 DECAY HEAT POWER *a*/14HO COOLIN

I6 TIME/15H AFTER SHUTDOWN IOX 5HF239U I6X 6HF239NP 9X 16HDECAY HEA
IT POWER/IH ,4X,6H(DAYS),4i,2(2X,20H(HEV/SEC)/IFISS)SEC)),7X,7H(WAT
*TS)/)

11700 FORMAT(IH ,IPE13.5,7XE12.5,2X,2(BX,E12.5))
END
SUBROUTINE LINT(YLA6,XIX,YIND1,N1,IMAX,IEX)

C*** LAGRAN6IAN INTERPOLATION
Cii. XI IS THE INTERPOLATED ENTRY INTO THE X-ARRAY
C*** N IS THE ORDER OF LAGRAN6IAN INTERPOLATION
Ciii Y IS THE ARRAY FROM WHICH YLA6 IS OBTAINED BY INTERPOLATION
Cff* IND IS THE MIN-I FOR X1l).ST.XI
Ci*# IF IND X-ARRAY WILL BE SEARCHED
C*i* IMAX IS fHE MAX INDEX OF X- AND Y-ARRAYS
Cftf EXTRAPOLATION CAN OCCUR, IEXx-I OR +1
C

DIMENSION X(1),Y(I)
IND=IND1
NsN I
IEX=0
IF(N.LE.ItAX) 60 TO 10
N=IMAX
IEX-N

10 IFfIND.6T.0) SD TO 40
DO 20 JulIMAX

IF(XI-X(J)) 30,130,20
20 CONTINUE

IEX=I
60 TO 70

30 IND=J
40 IF(IND.GT.1) 60 TO 50

IEX--1
50 INL=IND-(N+1)J2

IF(INL.6T.0 60 TO 60
lNLxI

60 lNU=INL+N-1
IF(INU.LE.IMAX) 60 TO 80

70 INL=IMAX-N+l
INUwIMAX

80 5so.
P=l.
DO 110 J=INL INU

PuP#(XI-XIJ))
D=l.
DO 100 I=INL INU

IF(I.NE.J? 60 TO 90
XD-XI
60 TO 100

90 XDzXIJ)
100 D=Di(XD-X(I))
110 SzS+YfJ)/D

YLAGwSiP
120 RETURN
130 YLAGY(J)

60 TO 120
END
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TABLE 1

PROGRAM ANSIDECH INPUT DATA (ANSI.DAT) DESCRIPTION

CARDVARIABLE FORMAT DESCRlPTION

PROBLEM TITLEI TITLE

2 ILONG

IX,20A4

1015

2 ISHORT 105I

0 . NO, DON'T USE LONG METHOD,
I . YES, USE LONG METHOD

0 . NO, DON'T USE SHORT METHOD,
I . YES, USE SHORT METHOD

0 - USE G ' 1.0 FOR NEUTRON CAPTURE
CORRECTION AT ALL COOLING TIMES
I USE MAXIMUM NEUTRON CAPTURE
CORRECTION FACTORS INTREPOLATED
FROM TABLE 10 (ANSI/ANS-5.1-1979)

2 IG

2 I39DEC

1015

1015 0 . DON'T CALCULATE AFTERHEAT
POWER FROM U239 AND NP239
1 - CALCULATE AFTERHEAT POWER
FROM U239 AND NP239

3 NCOOLT 1015 NUMBER OF COOLING TIMES

NUMBER OF IRRADIATION PERIODS3 NOPP

3 NFISIS

4 TIME

1015

1015

6E 10.4

4 POWER 6E10A

NUMBER OF FISSIONABLE ISOTOPES
I - U235 ONLY
2 = U235 AND PU239
3 ' U235, PU239, AND U238

TOTAL OPERATING PERIOD (DAYS)

MAXIMUM POWER LEVEL AT WHICH
FUEL OPERATES WHILE IN THE CORE
(MW/KG)

I ' I,NFISIS. TOTAL RECOVERABLE
ENERGY ASSOCIATED WITH ONE FISSION
(MEV/FISSION) FOR U235, PU239, AND
U238

K a JINCOOLT. ARRAY OF COOLING
TIMES (DAYS)

5 Q(l) 6E10.4

6 TCOOL(K) 6E10.4
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TABLE 1

PROGRAM ANSIDECH INPUT DATA (ANSI.DAT) DESCRIPTION (continued)

CARDVARIABLE

7 IPR

7 TA(IPR)

7 POW(I,IPR)

FORMAT

13,7X,4F 10.5

13,7X,4F1 0.5

13.7X,4F I0.5

DESCRIPTION

SUBSCRIPT IDENTIFYING IRRADIATION
PERIOD

LENGTH OF IRRADIATION PERIOD
(DAYS)

I w 1,NFISIS. POWER (MW) GENERATED
FROM FISSIONABLE ISOTOPE I DURING
IRRADIATION PERIOD IPR



Figure 26

Program ANSIDECH Input File (ANSI.DAT)

DECAY HEAT PROBLEM 2.1.1 N/O 6-fACTOR CDRRECTION--LONS AND SHORT MEHDODS
1 1 1 0

9 1 3
370.EtO 4l.f+0

207.92EtO 207.92E+0 207.92E+O
365.25Et01095.75EtO 3652.SE*010957.5E+O 36525.E+O109575.Eto
36525.Et1109575.E+l 36525.Et2
1 370. 22.322 15.742 2.936

DECAY HEAT PRObLEM 2.1.2 MID 6-FACTOR CMRRECTIDN--LON6 AND SHORT METHODS
1 1 0
9 3 3
690.E+O 43.EtO

206.56E*O 206.56E+0 206.56E+O
365.25Et01095.75E+0 3652.5E4010957.5E+0 36525.E+0109575.EtO
36525.Ee11O9575.Etl 36525.E42
1 370. 29.670 10.546 2.784
2 60. 0. 0. 0.
3 260. 17.171 18.124 2.705

DECAY HEAT PROBLEM 2.1.3 N/D 6-FACTOR CORRECTION--LONS AND SHORT METHODS
11 1 0
9 5 3

1050.E+0 45.EtO
205.77E8O 205.77EtO 205.77EtO
365.25E+01095.75E+0 3652.5E+010957.5E+O 36525.E+0109575.E+O
36525.E1 109575.E8l 36525.E#2
1 370. 22.650 3.967 1.683
2 60. 0. 0. 0.
3 260. 2E.723 13.356 2.920
4 60. 0. 0. 0.
5 300. 21.290 17.946 2.661
DECAY HEAT PROBLEM 2.1.4 N/O 6-FACTOR CORRECTION--LONS AND SHORI METHODS

1 1 1 0
9 1 3

1086.E+0 31.25E+O
206.19E*O 206.19Et0 206.19E8O
365.25E+01095.75E+O 3652.5Et010957.5E+O 36525.Et0109575.EtO
36525.E+1109575.E+l 36525.E42
1 1060. 19.420 9.790 2.040

DECAY HEAT PROBLEM 2.1.4A N/O 6-4ACTOR CORRECTlON--LONS AND SHORT METHODS
1 1 I 0
9 10 3

1O90.E+0 31.25E+O
206.19EtO 206.19E+0 206.19Et0
365.25E+01095.75E.O 3652.5E+010957.5E+O 36525.E+0109575.E+O
36525.E1 109575.E8l 36525.E+2
1 108. 27.163 2.338 1.749
2 106. 24.515 4.635 1.900
3 108. 22.620 6.663 1.967
4 10B. 21.001 9.233 2.016
5 108. 19.543 9.652 2.055
6 108. 19.193 10.969 2.069
7 108. 16.920 12.211 2.119
a 108. 15.707 13.396 2.147
9 106. 14.541 14.536 2.173
1o 109. 13.411 15.640 2.199
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Figure 26

Program ANSIDECH Input File (ANSI.DAT) (continued)

DECAY HEAT PROBLEM 2.1.5 H/D 6-fACTOR CORRECTION--LON5 AND SHORT NETHDDS
11 1 0
9 10 3

1035.Et0 4I.E40
206.lYEtO 206.19EtO 206.19EtO
365.25Et01095.75E£0 3652.5E+010957. E.O 36525.E+0109575.E+O
36525.E+1109575.E41 36525.Et2
1 150. 28.770 3.280 1.951
2 150. 25.076 6.799 2.125
3 60. 0. 0. 0.
4 150. 26.722 11.611 2.667
5 15. 0. 0. 0.
6 150. 23.444 14.805 2.751
7 45. 0. 0. 0.
e 150. 18.E54 16.070 2.576
9 15. 0. 0. 0.

10 150. 16.545 1E.327 2.628
DECAY HEAT PROBLEM 2.2.1 H/J 6-FACTOR CDRRECTION--LONS AND SHORT METHODS

I I I 0
9 1 3

370.E+O 30.EtO
212.B8EtO 212.86EEO 212.E8EtO
365.25E+01095.75E+0 3652.SE.010957.SE+O 36525.Et0109575.EtO
36525.E+1109575.Etl 36525.Et2
1 370. 15.797 12.034 2.170
DECAY HEAT PROBLEM 2.2.2 L/D 6-FACTOR CORRECTION--LDN6 AND SHORT HETHODS

1 1 1 0
9 3 3
690.EtG 30.E£O

211.36EtO 211.36EtO 211.36EtG
365.25E+0IO95.75E*O 3652.SEt010957.5E+0 36525.Et0109575.EtO
36525.EflI09575.E+1 36525.E+2
1 370. 23.360 4.905 1.734
2 60. 0. 0. 0.
3 260. 15.556 9.652 1.790
DECAY HEAT PROBJEM 2.2.3 M/D 6-FACTOR CORRECTION--LONS AND SHDRT METHODS

1 1 10
9 5 3

1050.EtO 30.EtO
211.3bE+O 211.36EbO 211.36EtO
3b5.25E+01095.75E+0 3652.5Et010957.5E+O 36525.Et0109575.E.O
36525.E*1109575.E+l 36525.Et2
1 370. 16.391 2.453 1.157
2 60. 0. 0. 0.
3 260. 19.315 9.781 1.904
4 60. 0. 0. 0.
5 300. 14.666 13.350 1.985
DECAY HEAT PROBLEM 2.2.3A NJD 6-FACTOR CORRECTION--LONS AND SHORT METHODS

1 1 I 0
9 6 3

10e6.E+0 30.E*O
211.36E+O 211.36E£O 211.36EtO
365.25Et01095.75EtO 3652.5E4O10957.SE.O 36525.E40109575.E.O
36525.E+1109575.Esl 36525.E#2
1 370. 16.391 2.453 1.157
2 60. 0. 0. 0.
3 260. 19.315 9.781 1.904
4 60. 0. 0. 0.
5 300. 14.666 13.350 1.985
6 30. 0. 0. 0.
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Figure 26

Program ANSIDECH Input File (ANSI.DAT) (continued)

WCAY HEAT PROBLEM 2.2.3B N/D 6-FACTOR CORRECTION--LON6 AND SHORT METHODS
I I I O

1050.Et0 30.E+O
211.36E+0 211.36E.O 211.36Et0
365.25E#01095.75E.0 3652.5Et010957.5EtO 36525.E+0109575.E.O
36525.E1 109575.E8l 36525.Et2
1 195. 17.426 1.468 1.106
2 165. 15.346 3.446 1.20E
3 60. 0. 0. 0.
4 130. 20.479 7.642 1.950
5 130. 16.147 9.925 1.926
6 60. 0. 0. 0.
7 150. 15.830 12.202 1.967
9 150. 13.497 14.501 2.002

DECAY HEAI PRODBLEM 2.2.4 L/D 6-FACTOR CORRECTIOk--LONS AND SHORT METHODS
11 1 0
9 1 3

1OB0.E.0 25.EtO
211.35Et0 211.35E+0 211.35E.O
365.25Et01095.75Et0 3652.5E+010957.5E+O 36525.Et0109575.E8+
36525.E+1109575.E.1 36525.E+2
1 1080. 16.056 7.396 1.547

DECAY HEAT PROBLEM 2.2.5 M0/ 6-FACTOR CORRECTION--LON5 AND SHORT METHODS
1 1 1 0
9 10 3

1035.Et0 33.Et0
211.36Et0 211.36EtO 211.36Et0
365.25E.01095.75E.0 3652.5E+010957.5E.0 36525.E#0109575.E+O
36525.E81109575.E8l 36525.E82
1 150. 23.344 2.065 1.591
2 150. 23.979 5.311 1.710
3 60. 0. 0. 0.
4 150. 19.251 7.911 1.938
5 15. 0. 0. 0.
6 150. 19.986 11.075 1.939
7 45. 0. 0. 0.
S 150. 14.160 11.983 1.957
9 15. 0. 0. 0.
10 150. 14.917 15.237 1.947
DECAY HEAT PROBLEM 2.2.5A N/O 6-FACTOR CORRECTION-LONG AND SHORT METHODS

1 I I 0
9 12 3

1090.E80 33.E8.
211.36E8O 211.36F.0 211.36E8O
365.25E+01095.75E+0 3652.5E.010957.5E.O 36525.Et0109575.EtO
36525.E81109575.E8l 36525.E82
1 150. 23.344 2.065 1.591
2 15. 0. 0. 0.
3 150. 23.979 5.311 1.710
4 45. 0. 0. 0.
5 150. 19.251 7.611 1.938
6 15. 0. 0. 0.
7 150. 19.986 11.075 1.939
9 45. 0. 0. 0.
9 150. 14.160 11.983 1.957

10 15. 0. 0. 0.
11 150. 14.617 15.237 1.947
12 45. 0. 0. 0.
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Figure 26

Program ANSIDECH Input File (ANSI.DAT) (continued)

DECAY HEAT PROBLEM 2.2.6 U/f 6-FACTOR CORRECTION--LOW AND SHORT METHODS
I I I O
9 10 3

1035.EtO 33.E+O
211.36E+0 211.36E+O 211.36E+O
365.25E+01095.75E+O 3652.5E+010957.SE.O 36525.E+0109575.EtO
36525.!. 109575.E!l 36525.E+2
I 15D. 27.096 2.341 1.564
2 150. 20.228 5.032 1.740
3 60. 0. 0. 0.
4 150. 22.513 1.597 1.B89
5 15. 0. 0. 0.
6 150. 16.724 10.286 1.989
7 45. 0. 0. 0.
6 150. 16.969 13.195 1.917
9 15. 0. 0. 0.

10 150. 12.089 13.923 1.9B8
DECAY HEAT PROBLEM 2.2.6A I/O 6-FACTOR CORRECTIDN--LONG AND SHORT METHODS

1 1 1 0
9 12 3

1OEO.Et0 33.E.O
211.36E+0 211.36E+O 211.36E+0
365.25E*01095.75E+0 3652.5E+010957.5E+0 36525.E+0109575.E+O
36525.E+1109575.E+1 36525.E+2
1 150. 27.096 2.341 1.564
2 15. 0. 0. 0.
3 150. 20.228 5.032 1.740
4 45. 0. 0. 0.
5 150. 22.513 E.597 1.EB9
6 15. 0. 0. 0.
7 150. 16.724 10.296 1.989
9 45. 0. 0. 0.
9 150. 16.888 13.195 1.917

10 15. 0. 0. 0.
11 150. 12.069 13.923 1.988
12 45. 0. 0. 0
DECAY HEAT PROBLEN 2.3.1 VID 6-FACTOR CDRRECTION-LONS AND SHORT METHODS

1 3
1069.E+0 31.027E+O

206.79E+0 206.79EiO 206.79E+O
964.E+0
1 310. 21.964 4.735 1.762
2 64. 0. 0. 0.
3 321. 16.224 11.429 2.174
4 69. 0. 0. 0.
5 305. 12.256 14.60D 2.073

DECAY HEAT PROBLEM 2.3.2A HDO 6-fACTOR CORRECTION--LONS AND SHORT WETHODS
I S 3

J069.E+0 32.475E.0
206.90EtD 206.90E+0 206.90E+0

962.E+0
1 310. 22.348 4.892 1.601
2 64. 0. 0. 0.
3 321. 16.441 11.812 2.222
4 69. 0. 0. 0.
5 305. 12.303 15.095 2.120
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Figure 26

Program ANSIDECH Input File (ANSI.DAT) (continued)

DECAY HEAT PROBLEM 2.3.28 1/0 6-FACTOR CORRECTION--LONS AND SHORT METHODS

1069.E+O 32.475E+D
206.90E+0 206.90E+0 206.90EtO

1143. E.0
1 310. 22.348 4.992 1.901
2 64. 0. 0. 0.
3 321. 18.441 11.812 2.222
4 69. 0. 0. 0.
5 305. 12.303 15.095 2.120
DECAY HEAT PROBLEM 2.3.3 MID 6-FACTOR CDRRECTION--LON6 AND SHORT METHODS

1 l O110
15S 3

1069.E+O 30.253E+O
206.54E+0 206.54E+0 206.54E*O
963.E+O
1 310. 21.023 4.361 1.670
2 64. 0. 0. 0.
3 321. 17.677 io.51e 2.05e
4 69. 0. 0. 0.
5 305. 12.113 13.424 1.961

END
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Figure 27

Program ANSIDECH Output

DECAY HEAT PROBLEM 2.1.1 Y10 6-FACTOR CORRECTION--LONS AND SHORT METHODS

1 I 10
9 1 3
370.0 41.0
207.9 207.9 207.9
365.3 1095.9 3652.5 10957.5

365250.0 1095750.0 3652500.0
1.3B50 1.5986 1.1156 1.0079
1.0000 1.0000 1.0000

1 370.000 2.2322E#01 1.5742E+01 2.9360E+00

36525.0 109575.0

1.0000 1.0000

tft LONE METHOD FOR FISSION PRODUCT DECAY HEAT POHER f4tt

COOLIN6 TIN:
ISODOPE AFTER SHUTDOWN

(DAYS)

U-235
FU-239
u-23e

U-235
PU-239
U-23B

U-235
PU-231
U-239

U-235
fU-239
U-239

3.65250E+02
3.65250Et02
3.65250£+02

1. 09575E.03
109575E+03
1.09575E+03

3.65250E+03
3.65250E+03
3.65250E+03

I .09575E+04
1.09575E904
1.09575E+04

ISOTOPE
DECAY HEAT POWER

(WATTS)

2.96004E+03
2.73523E903
4.73412E+02

6.B5126 t02
6.57692E+02
1.1044BEt02

2.42002E+02
1.16059E+02
2.40029E.01

1.45766E902
6.77921E901
1.416b4E+O1

IOTAL
DECAY HEAT POWER

(WATTS)

2.96004E903
5.69527E.03
6.16B69E.03

6.E5129E902
1.34282E+03
1.45327E903

2.42002E902
3.58061E+02
3.62064E402

1.45766E902
2.13559E+02
2.27723Et02

RATIO
ISOTOPE/TOTAL

4.79850E-01
4.43406E-O1
7.67444E-02

4.71440E-01
4.52561E-01
7.59994E-02

6.33407E-01
3.03769E-01
6.26243E-02

6.4010SE-01
2.97696E-01
6.219E8E-02

E-VALUE

1.3B505Et00
1.36505E+00
1.385059E00

I .59961E+00
1.598619E4O
1.59661E900

1.11561Et00
1*11561E+00
1.11561E+00

1.00794E900
1.00794E+00
1.00795E400

ADJUSTED
DECAY HEAT POWER

(WATTS)

4.09980E.03
7.6822E+03
B.54392E903

1.09526E+03
2.14665E+03
2.32321E+03

2.69979E+02
3.99456E+02
4.26233E+02

1.46924E+02
2.15254E+02
2.29531E+02

169



Figure 27

Program ANSIDECH Output (continued)

U-235
P13-239
U-239

11-235
FU-239
13-239

U-235
P13-239
U-236

U-235
PU-239
U3-238

11-235
PU-239
U-236

3. 65250E+04
3. 65250E.+04
3. 65250EG04

I .09575E 405
1 .09575E+05
1. 09575E.05

3. 65250E+05
3. 65250E+05
3. 65250E+05

1. 09575E+06
1.09575E+06
1.Dq575E406

3. 65150E4C'
3. 652Ev4Ot
3. 6525('E+06

2.72796E+01
1.31052E*01
2. 69969E+00

2.37316E-01
1.30941E-01
2. 56774E-02

1. 0748 4E-03
2.46792E-03
1. 74251E-04

1.04985E-03
2. 29164E-03
1.6 1100E-04

9.74M~E-04
2,221 13E-03
1.54525E-04

2.72796E+01
4.03849E+01
4.30846E*01

2.37316E-01
3.6b257E-O1
3.93934E-0I

1.01484E-03
3.54277E-03
3.71702E-03

1.04985E-03
3.34149E-03
3. 50259E-03

9.74859E-04
3. 19599E-03
3.35051E-03

6. 33165E-01
3.04175E-01
6. 2&660E-02

6. 02425E-01
3.32393E-01
6.51B1E-02

2.8916SE-01
6.63952E-01
4. 68793E-02

12. 99735E-01
6.54271E-01
4. 59946E-02

2.9095BE-01
6. b2923E-0l
4 * b1196E-02

1.00000E+00 . 2.72796E+01
1 .0000DE+00 4.03B49E+01
1.00000E+00 4.30846E401

1.000OO0E+00
1.00000E+0O
1.000O0E+00

I .0000OE.00
i.0O000E+00

1.000OOOE 40

1 *00000E+D0

1. OOOOOE+00

I .00000E+00

1.00000E+00
1.00000E+00

2.37316E-01
3.68257E-01
3. 93934E-OI

1.0749 4E-03
3. 54277E-03
3.71702E-03.

1. 04985E-03
3. 34 149E-03
3.50259E-D3

9. 495E-04
3. 195;9E-03
3.35L,51E-03

*f H SHORT METHOD FOR FISSION PRODUCT DECAY HEAT POWER *tt

COOLINS TIME
AFTER SHUTDOWN'

(DAYS)

3. 65250E+02
1. 09575E+03
3. 65250E+03
1.09575E404
3. 65250E*04
1.09575E*05
3.65250E+05
1.09575E+06
3.65250E*06

DECAY HEAT POWER
(WATTS)

5.54560E#03
1.2E358E+03
4.53387E+02
2.73092E+02
5.1109BE101
4.4460BE-01
2.01371E-03
1.96688E-03
1.62639E-03

CAPTURE
CORRECTION
E-VALUE

ADWUSTED
DECAY HEAT POWER

(LATTS)

1 .3E505E+00 7.6B092E+03
1.59861E+00 2.05195E*03
1.11561E+00 5.058D3E+02
1.00794E+00 2.75260E+02
1.00000E+00 5.11081E401
I.00000E+00 4. 4460E-01
1.00000E+00 2.01371E-03
I.000OEC+00 1 .969SE-03
1.OOOOOEt00 1.92639E-03
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Figure 27

Program ANSIDECH Output (continued)

SECAY IEAT PROBLEM 2.1.2 W/O 64ACTOR CWRRECTION--LONS AND SHORT METHODS

I 1
93

690.0
206.6
365.3

365250.0
1.3E50
1.0000

1
2
3

3
3

0

43.0
206.6 206.6

1095.8 3652.5 10957.5
1095750.0 3652500.0

1.5986 J.1156 1.0079
1.0000 1.0000

370.000 2.9670E+01 1.0546E+0I 2.7640E+00
60.000 .OOOOE+0O OOOOE+00 .OOOOE+00

260.000 1.7171Et01 16124E#01 2.7050E+DO

36525.0 109575.0

I.0000 1.0000

ntt LOhN METHOD FOR FISSION PRODUCT DECAY HEAT FOYER if"t

COOLING TIME
ISOTOPE AFTER S'HUTDORN

IDAYS)

U-235
PU-239
U-236

U-235
PU-239

U-238

U-235
PU-23i
1-238

V-235
FU-239

U-238

3.65250E+02
3. 65250E+02
3.65250E*02

1. 09575E403
1. 0;575E+Go3
1. 09575E+03

3. 65250E+03
3. &5250E.03
3.65250E+03

1.09575E404
1. 09575E+04
1.09575E+04

ISOTOPE
DECAY HEAT PDWOR

(WAITS)

4.61148E+03
2.83369E+03
5.84253E+02

1.35B56E+03
7.47140E+02
1.47340E+02

4.51579E+02
1.69536E+02
3.79391Et01

2.723e9E+02
9.96027E+01
2.25271E+01

TOTAL
DECAY HEAT POWER

(KATTS)

4.61148E+03
7.44515E403
8.02941E+03

I.15B56E+03
1.90570E+03
2.05304E'03

4.51579E+02
6.20114E502
6.58054E+02

2.723895+02
3. 71992E+02
3.94519E+02

RATIO
ISOIOPE/TOTAL

5.74323C-01
3.52913E-01
7. 27641E-02

5.64315E-01
3.63918E-01
7.1766&E-02

6.06234E-01
2.56113E-01
5.76536E-02

6. 90434E-01
2.52466E-01
5.71001E-02

6-VALUE

1.38505E+00
1.38505E+00
I .39505E+DO

1.598615E+0
l.S9B61E+00
1.59861E+00

1.11561E+00
1.11561E+00
1.11561E+00

1.00794E+00
1.00794E+00
1.00794EtOO

ADUSTED
DECAY HEAT POKER

INATTS)

6.36711E+03
1.03119E+04
1.11211E+04

1.95210E+03
3.04649E+03
3.28203E5+3

5.037B5E+02
6.91B05E+02
7.34130E+02

2.74552E+02
3.74946E+02
3.97652E+O2

U-235 3.65250E+04
PU-239 3.65250E504
0-238 3.65250E+04

5.09914E+01
1.92557E+01
4.29386E+00

5.09814E+01
7.02371E+01
7.45310E+01

6.94030E-01
2.5B355E-01
5.76118E-02

1.00000E+00
1.00000E+00
1 * 000E0+00

5.09814E+01
7. 02371E401
7.45310E+01
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Program ANSIDECH Output (continued)

11-235
PU-239
11-238

U-235
PU-239
U-238

11-235
PU-239
11-238

1.09575E+05
1 .09575E+05
1.09575E+05

.3. 65250E+05
-3. 65250E+05
3.65250E+05

1. 09575E+06
1 .09575E+06
1. 09575E#06

4. 43590E -01
1.9256SE-01
4.08603E-02

1. 99936E-03
3.6254DE-03
2.82161E-04

1. 96592E-03
3.4656 7E-03
2.63531IE-04

1 .94623E-03
3.33641E-03
2.481 07E-04

4.43590E-01
6. 3615BE-01
6. 7701SE-01

1.19936E-03
5. b247bE -03
5.906b!5E-03

1. 9b592E-03
5. 43159E-03
5.69512E-03

1. 84623E -03
S. 1264E-03
5. 43075E-03

&.55211E-01
2. 94436E-01
6. 03533E-02

3.38476E-01
6. 13753E-01
4. 777 1OE-02

3.45i93E-0i
6.00534E-01
4.6273 IE-02

3.39959E-01
6. 14355E-01
4.56856E-02

1. O00OEOOEO
1.* OOOOE.00
I.0 O0ODE0OO

1.00000E+00
I.00000OE+0D
1.00000E+00

1. OOOOOE+O0
1.00000OE*00
1.000OOE+00

1.0000OOE+O0
I1.0000OE+00
1.00000OE+00

4.43590E-o1
6.3615SE-01
6.7701 BE-0l

I .99936E-03
5.6247bE-03
5. 9695E-03

1.96592E-03
5. 4315iE-03
5. 69512E-03

1.64623E-03
5. I9264E-03
5. 43075E-03

U.35 65250OE+06
PU B9 i.65250OE+06

11-238 3.65250E+06

t##t SHORT METHOD FOR FISSION PRODUCT DECAY HEAT POKER Mtot

COOLINS TIME
AFTER SHUTDOWIN DECAY HEAT POWER

IDAYS) (WATTS)

3. 65250E.02
1.*09575E*03
3. 65250E403
I.*0q575E*04
3.65250E+04
1. 09575E+05
3. 65250E+05
1. 09575E.06
3. 65250E+06

6. 03328E+03
2. 13900E+03
6.61337E402
5.31997E*02
9.95750E+01
0.66454E-01
3.95506E-03
3.6561BE-03
3. 65843E-03

CAPTURE
CORRECTION

6-VALUE

1.38505E+OD
1.59861E+00
1. 11561E+00
1.00794E+00
1.OOOOOE0+O
1.OOOOOE+00
1.OOOOOE.O0
1.OOOOOE#00
.OOOOOE+OO

ADJUSTED
DECAY HEAT POWER

(VATTS)

1.11265E+D4
3.41944E+03
9.63227E+O2
5.36221E+02
9.95750E+0I
S.66454E-01
3.95506E-03
3.8561GE-03
3.65543E-03
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Program ANSIDECH Output (continued)

DECAY HEAT PROBLEM 2.1.3 H/D 6-FACTOR CORRECTION--LONS AND SHORT KETHODS

I11
9 5
1050.0
205.9
365.3

365250.0
1.3950
1.0000

1
2
3
4
5

3
3

0

45.0
205.6 205.6
1095.8 3652.5 10957.5

1095750.0 3652500.0
1.5986 1.1156 1.0079
1.OOOtc 1.0000

370.000 2.2BSOE#01 3.9670E+00 I.6830E+00
60.000 .OOOOE+00 .OOOOE+00 .OOOOE#00

260.000 2.9723E+01 1.3356E+01 2.9200Et00
60.000 .OOOOE+00 .OOOOE+00 .0000E+00

300.000 2.1290E+01 1.7649E+01 2.6610E+O0

36525.0 109575.0

1.0000 1.0000

fiti LONB KETHOD FOR FISSION PRODUCT DECAY HEAt POWER H t

COOLINS TIME
ISOTOPE AFTER SHUTDOWN

IDAYS)

U-235
PU-239
U-23B

U-235
PU-239

U-23E

U-235
PU-239
u-238

U-235
PU-239
u-23e

3. 65250E+02
3. 65250E+02
3. 65250E+02

1. 09575E+03
1. 09 57SE +03
1.09575E+03

3. 65250E+03
3. 65250E+03
3.65250E+03

1.09575E#04
1.09575E+04
1.*09575E+04

ISOTOPE
DECAY HEAT POWER

(WATTS)

4.69871E+03
2.050B2E+03
5.07472E+02

I.3e8o6E+03
6.25826E+02
I .45486E+02

6.43802E+02
1.95821E+02
4.B0331E+01

3.B9313E+02
1.17261E+02
2.67592E+01

TOTAL
DECAY HEAT POWER

(IATTS)

4.69971E+03
6.74953E+03
7.25700E+03

1. 38806E+03
2.01369E+03
2.15937E+03

6.43B02E+02
B.39623E+02
E.67656E+02

3.B9313E+02
5.06574E202
5.35333E+02

RATIO
ISTOPE/TOTAL

6.47472E-01
2.B2599E-OI
6.99286E-02

6.42807E-01
2.898182-O0
6.73741E-02

7.25283E-01
2.20605E-01
5.41123E-02

7.27235E-01
2.19043E-01
5.37221E-02

6-VALUE

I . 38505E+00
1.39505E200
1. 38505E+00

1.59E61E+00
1.59861E+00
1.598612E00

1.11561E+00
1.11561E+00
1.11561E+00

1.00794E+00
1.00794E+00
1.00794E+00

ADJUSTED
DECAY HEAT POWER

IWATTS)

6.50793E.03
9.34842E203
1.00513E+04

2.21E97E+03
3.21943E+03
3.45200E+03

7.1E231E+02
9. 36691E+02
9.90277E+02

3.92405E+02
5.10597E+02
5.395e4E.02

U-235 3.65250E04
PU-239 3.65250E+04
U-238 3.65250E+04

7.29789E+o0
2.26713E+01
5.48217E200

7. 29798E+01
9.55501E+01
1.01032E+02

7.21342E-01
2.24396E-01
5.42616E-02

1.00000E2O0
l.00000E+00
1.00000E+00

7.29789E+01
9.55501E+O2
1.01032E+02
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Program ANSIDECH Output (continued)

11-235 1.09575E+05
P11-239 1.09575E+05
11-238 1.0'9575E+05

11-235
PU-239
LL-23e

U1-235
Pu-23i
IJ-23e

U-27;
pu-279

11-238

3. 65250E+05
3. 65250E+05
3. 65250E.O5

1. 09575E406
I .O975E+O6
I *0957E+06

3. 65250E.06
3. 65250E,06
3. 65250E+06

6.34355E-0I
2.26962E-01
S.22196E-02

2.S9742E-03
4.26029E-03
3.65694E-04

2.62338E-03
4. 14479E-03
3.41746E-04

2.69923E-03
3.94521E-03
3.21551E-04

6.34355E-01
8.61317E-01
9.13536E-01

2.89742E-03
7.15771E-03
7.52339E-03

2.E2338£-03
6. 96817E-03
7. 30992E-03

2.69923E-03
6. 6344 4E-03
6. 95599E-03

6.94395E-01
2.49443E-01
S.71620E-02

3.85121E-01
S.66272E-01
4.86062E-02

3.86240E-01
5.67009E-01
4.67510E-02

3.6beb6QE-01
5.67168E-01
4.62265E-02

I.OOOOOE+00
1.00000E+00
1.00000E+00

1.OOOOOE+O0
I. OOOE+0O
1.0000E+00

1.0000 DE+00
1.O000E+00
.0000000E+

1.000008E00
1.OOOOOEOO
1.OOOOOE+00

6.34355E-01
8.61317E-01
9.13536E-01

2.89742E-03
7.15771E-03
7.52339E-03

2.82333E-03
6.16917E-03
7.30992E-03

2.68M2E3-03
6.6344UE-03
6.95599E-03

#t.t SHORT METHOD FOR FISSION PRODUCI DECAY HEAT POWEA if*#

COOLINS TIME
AFTER SHUTDOMN

(DAYS)

3.65250E+02
1.09575:+03
3.65250E+03
1.09575E+04
3.65250E+04
1.09575E+05
3.65250E+05
1.09575E+06
3.65250E+06

DECAY HEAT POW!R
(WATTS)

9.91443Et03
2.96727E+03
1.38973E803
8.404e3E+02
1.57339E802
1.36956E+00
6.38816E-03
6. 1264BE-03
5.81686E-03

CAPTURE
CORRECTIDN
E-VALUE

1.36505E+00
1.59861E+00
1.11561E+00
1.00794E+00
.*OOOOOE+00
1. OOOOOE+00
1.00000l+00
I 00000E400
1.OOOOOE+00

ADJUSTED
DECAY HEAT POWER

(WAITS)

1.37320E+04
4.74351E+03
1.55040E+03
8.47158E+02
I.57339E+02
1.36956E+O0
6.3B916E-03
6.129 4E-03
5.61686E-03
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Figure 27

Program ANSIDECH Output (continued)

DECAY HEAT PROBLEM 2.1.4 MIO 6-FACTOR CORRECTION--LONS AND SHORT METHODS

I 1 1 0.
9 1 3
1080.0 31.3
206.2 206.2 206.2
365.3 1095.8 3652.5 10957.5

365250.0 1095750.0 3652500.0
1.3050 1.59B6 1.1156 1.0079
1.0000 1.0000 1.0000

I 1060.000 1.9420E+01 9.7900E+00 2.0400E+00

36525.0 109575.0

1.0000 1.0000

fttt LONS METHOD FOR FISSION PRODUCT DECAY NEAT POWER inl

COOLINS TIME
ISOTOPE AFTER SNUTDOWh

IDAYS)

U-235
PU-239
U-23B

U-235
PU-239
u-23e

U-235
PU-239
U-238

U-235
FU-239
U-23B

3.65250E+02
3.65250Et02
3.6525 0E+02

1 . 09575E+03
1 .09575E+03
1.09575Et03

3.t5250Et03
3.65250E+03
3.65250E+03

I. 05575E*04
1.09575E+04
1.09575E+04

ISOTOPE
DECAY HEAT POWER

INATTS)

4. 225e2E+03
2.67468E+03
5.48729E+D2

1.27577E+03
7.93532E+02
1.51975Et02

6.02676Et02
2.04016E+02
4.73648E+01

3.64661E+02
1 .21309E+02
2.63115E+01

TOTAL
DECAY HEAT POWER

INATTS)

4. 22522E403
7.10050E+03
7,64923E+03

1.27577Et03
2.06930E+03
2.22128E+03

6.02e76E402
B.06894E+02
6.54259E+02

3.6466lE+02
4.85 970E+02
5.142 1E+02

RATIO
ISOTOPE/TOTAL

5.52450E-01
3.75613E-01
7.17366E-02

5.74340E-01
3.57242E-01
6.6417BE-02

7.05730E-01
2.3BB25E-01
5.54455E-02

7.09069E-01
2.35861E-Ol
5.50506E-02

f-VALUE

1. 39505E+OD
1.36505E+00
1.39505E+00

1. 59661E+00
1.59861Et00
1.59861E+00

1.11561E+00
1.11561E+00
1.115615E00

1.0079E4500
1. 00794E500
1.00794Et00

ADJUSTED
DECAY HEAT POWER

IMA7TS}

5.8529bE 03
9.63453E+03
1.05945E504

2.03946E5D3
3.3080IE+03
3.55096E603

6.72574E+02
9.00176E+02
9.53019Et02

3.67556E+02
4.69979E402
5.18365E+02

U-235 3.65250E504
PU-239 3.65250E+04
U-23E 3.b5250E504

6. 2654E+01
2.34530E501
5.39677E+O0

b.82654E501
9.171B5Et01
9.71152E501

7.02932E-01
2.41497E-01
5.55708E-02

1.00000E+O0
l.000005E0D
1.00000E+00

6.92654E501
9. 171B5E+01
9.71152Et01
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Figure 27

Program ANSIDECH Output (continued)

11-235
P11-239

11-239

11-235
FU-231

11-235
PU-239

U-23e

PU-239
U1-238

1.09575E+05
1.09575E+05
1.09575E+05

3. 65250E+05
3. 65250E+05
3. 652,50E+05

1. 09575E.Ob
1 .09575E406
1.09575i+06

3. 65250E+0b
3.6525DE~0b
3. 6525DE+06

5.94236E-01
2.34652E-01
5.13974E-02

2.76500E-03
4.42 196E-03
3.547S1E-04

2.67536E-03
4.26720E-03
3. 29412E-04

2.52185E-03
4. 0621-03
3. )5590E-04

5.94236E-01
8.29888e-01
B. 10295E-01

2.78500E-03
7.20697E-03
7.56172E-03

2.67536E-03
6.94255"-03
7.271969-03

2.52195E-03
6.59006E-03
6.90565E-03

6.7505DE-01
2.66563E-01
5.03873E-02

3 69303E-01
5. 4763E-01
4.69140E-02

3.6790DE-O1
5.86901E-01
4.52989E-02

3.65197E-0O
5.E9113E-01
4.57003E-02

1.000E400
.*00000E+00

1.00000E+00

1.0000OE+00
1.00000E00
1.00000EW

1.ODOOOE+OO
.OOOOC*E+0O

1 .000009.00

1.00000f+00
1.00009E+00
I .OOOOOEt00

5.1423LE-01
6.20BBSE-O1
1.802E5E-01

2.78500E-03
7.20697E-03
7.56172E-03

2.67536E-03
6.94255E-03
7.27196E-03

2.52125E-03
t.59006t-03
6.90565E-03

,fi. SHORT METHOD FOR FISSIOb PRODUCT DECAY MEAT POKER fff

CDOL IHS T19.E
AFTER SH'JTDOON

IDAi~
DECAY HEAT PFOER

INATTS)

CAPTURE
CORRECTION

9-VALUE

ADJUSTED
DECAY HEAT POMER

IWATIS)

3.65250E+02 6.93604E+03 1.3E505E+00 9.60675E+03
1.09575Et03 2.09398E+03 1.598619EO0 3.34747E+03
3.65250E+03 9.89530E+02 1.11561E+00 1.10393E+03
1.09575E904 5.98535Et02 1.00794E900 6.03289E+02
3.65250E904 1.12047E+02 1.000009E00 1.12047E+02
1.09Q75Et05 9.75349E-01 1.00000E+00 9.75349E-01
3.6525C'E+05 4.57116E-03 1.00000E+00 4.57116E-03
1.09575Et06 4.39119E-03 1.00000E+00 4.39119E-03
3.65250E+06 4.13924E-03 1.0000DE+00 4.13924E-03
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Program ANSIDECH Output (continued)

DECAY HEAT PROBLEM 2.1.4A N/0 6-FACTDR CORRECTION--LONG AND SHORt METHODS

9 10
1090.0
206.2
365.3

365250.0
1.*3950
1.0000

I
2
3
4
5
6
7
9
9

10

I 0
3

31.3
206.2
1095.B

1095750.0 31
1.5986
1.0000

109.000 2.7163E+01
108.000 2.4515E+01
10.000 2.2620E#01
108.000 2.1001E+01
10e.000 1.954301E+
106.000 1.8153E+0I
10.000 1.6920E+01
10B.o0K( l.5767E.01
106.000 1.4541E+.0
10.000 1.3411E+01

206.2
3652.5 10957.5

652500.0
1.1156 1.0079
1.0000

2.3380E+00 1.7490E+00
4.6350E+00 1.9000E+00
6.6630E400 1.9670E+00
9.2330E+00 2.0160E+00
9. 6520E+00 2.0550E+00
I .0969E+01 2.0BsoE+00
1.2211E+01 2.1190E+00
1.339oE+01 2.1470E+00
1.4536E+01 2.1730E+00
1.5640E+01 2.1990E+00

36525.0 109575.0

1.0000 1.0000

en' LONS METHOD FOR FISSION PRODUCT DECAY NEA7 POWER e*n

COOLIN8 TIME
ISOTOPE AFTER SHUTDOWN

IDAYS)

u-235
PF-239

u-238

u-235
PU-239

U-23e

U-235
PU-239
U-239

u-235
PU-239
U-23e

u-235
PU-239
U-23B

3.65250E+02
3.6525Ei+02
3.652509E02

1.09575E+03
1.09575E+03
I .09575E+03

3.65250sE03
3. 65250E+03
3. 65250E+03

s.09575E+04
.09575E+04

1.09575E+04

3.65250E+04
3.65250E+04
3.6525DE+D4

ISOTOPE
DECAY HEAT POWER

INATTS)

4.91342E+03
2.15906E+03
5.26351E+02

1. 35699tE03
6.57707E+02
1.48175E+02

6.04217E+02
2.02207Et02
4.73052E+01

3.65166E+02
1.21007Et02
2.E2957Et01

6.83599E901
2.33953E+01
5.39379E+00

TOTAL
DECAY HEAT POWER

iWATTS)

4.B1342Et03
6.97246E+03
7.49BB3E.D3

1.35698E+03
2.01459E+03
2.16276E+03

6. 04217?E02
6.06425E+02
B.5373OE402

3. 6516E.02
4.66193E+02
5.14499E+02

6. 3599E+01
9.17553E+01
9.71491E+01

RATIO
ISOTOPE/TOTAL

6.41BIDE-01
2. 7919E-01
7.0191IE-02

6. 27393E-01
3. 04105E-01
6. 5120E-02

7.0773e9-01
2.36e52E-01
5.540O0E-02

7.09804E-01
2.3519BE-01
5.49976E-02

7.03660E-01
2.40819E-01
5.5520BE-02

6-VALUE

1.3e595E+00
1.39505E+00
1.3e505E900

1.59861E+00
1.59Bb6E+00
1.59861E+00

1.11561E+00
1.115619+00
1.11561E+00

1.00794E+00
1.00794E900
1.00794E+00

.*OOOOOEt00
1.00000E+00
1.OD0DOE900

A3JUSTED
DECAY HEAT POWER

(IATTS)

6.66692E+03
9.6572IE.03
1.03B62E904

2.16913E+03
3. 220559.03
3. 45742E903

6.74070E+02
6. 99655E902
9. 52429E+02

3.68Q086E+02
4. 90054E+02
5.19574E902

6. 935999E01
9.17553E+01
9.714911.01
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Program ANSIDECH Output (continued)

41-235
FUI-239
Ii-23B

U-235
PU-23q
UI-230

U-235
P13-235
U-238

U-235
P13-239
U-238

1.09575E+05
I .09575E+05
1.09575E+05

3.65250E+05
3.65250E+05
3.65250E+05

1.09575E+06
1.09575E906
1.09575E+06

3.65250E+06
3.65250E+06
3.65250E+06

5.94962E-01
2.34157E-01
5.13704E-02

2. 77602E-03
4.41617E-03
3.54979E-04

2.6708IE-03
4.30353E-03
3.30030E-04

2.51422E-03
4. 0902SE-03
3.1602BE-04

5.94962E-01
3.29119E-01
6.90490E-01

2. 77602E-03
7.19219E-03
7.54716E-03

2.670S1E-03
6. 97434E-03
7.30437E-03

2.51422E-03
6.60450E-03
6.92053E-03

6 75717E-01
2.6594DE-01
5.83430E-02

3.67822E-01
5. 95143E-01
4.70348E-02

3.65646E-01
5.99172E-01
4.51925E-02

3.63299E-01
5.91035E-01
4.56653E-02

1.OOOOOE+00
I.00000Et00
1.00000E+00

1.00000E+00
1.000009+00

l.OOOOOEtOO

1.000009+00
1. 00000E00

l.DOOOOE+00

1.0000Et00

1.0000 0E+00
1.00000E+00

1.OOOOOE+00

5.94962E-01
8.29119E-01
B.B0490E-01

2.77602E-03
7.19219E-03
7.54716E-03

2.670EIE-03
6.97434E-03
7.304379-03

2.51422E-03
6.6045DE-03
6.92053E-03

* an SHORT KETHDD FOR FISSION PRODUCT DECAY HEAT POWER *t**

COOL.INS TIME
AFTER SHUTDOWN

IDAYS)
DECAY HEAT POWER

(WATTS)

CAPTURE
CORRECTION
6-VALUE

ADJUSTED
DECAY HEAT POWER

(WATTS)

3.65250E+02 &.936049+03 1.385059+00 9.60675E+03
1.09575;t03 2.09399E+03 1.591blE+00 3.34747E+03
3.65250Et3 9.B9530Et02 1.11561E+00 1.10393E903
1.09575i+04 5.96535E+02 1.00794E+00 6.03289E+02
3.65250E+04 1.12047E902 1.0000090EO 1.12047E+02
1.09575E+05 9.75349E-01 1.00009E+00 1.75349E-01
3.65250E+05 4.57116E-03 1.00000E+00 4.57116E-03
1.09575E+06 4.39119E-03 1.0000DE+00 4.39119E-03
3.65250E+06 4.13924E-03 1.00000E+00 4.13924E-03
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FIgure 27

Program ANSIDECH Output (continued)

DECAY HEAT PROBLEM 2.1.5 H/0 E-FACTOR CORRECTION--LONS AND SHORT METHODS

I I
9 10
1035.0
206.2
365.3

365250.0
1.3E5S
1.0000

I
2
3
4
5
6
7

9
10

10
3 .

41.0
206.2 206.2
1095.6 3652.5 10957.5

1095750.0 3652500.0
1.5986 1.1156 1.0079
1.0000 1.0000

150.000 2.E770E+01 3.2900E.00 1.9510Et00
150.000 2.S076Et01 6.7990Et00 2.1250E+00
60.000 .ODOOEt00 .0000E+00 .OOOOE+00
150.000 2.6722E+01 1.1611Et01 2.6670E+00
15.000 .OOOOE+00 .OOOOE+00 .OOOOE+00

150.000 2.3444E+01 1.4805E801 2.7510E+00
45.000 .0000.0+ .0OOOOE800 .OOOOE00
150.000 1.6854E+01 1.6070Et01 2.5760E+00
15.000 .0000E+00 .0000E+00 .OOOOE+00

150.OOi 1.6545Et01 1.6327E.01 2.6260E+00

36525.0 109575.0

1.0000 1.0000

tttt LONS METHOD FOR FISSIOh PRODUCT DECAY HEAT POWER 4*"

COD NS TIME
ISOTOPE AFTER SHURDN

IDAYS)

11-235
PU-239
U-238

U-235
PU-239
U-239

U-235
PU-239
U-239

U-235
PU-239
U-236

U-235
PU-239
U-238

3.652508+02
3.65250E+02
3.65250E+02

1.09575E803
1.09575 E03
1.09575E+03

3.65250E+03
3.65250E+03
3.65250E+03

1.09575Et04
1.09575E+04
1.09575E+04

3.65250E804
3.65250Eo04
3.65250E 04

ISOTOPE
DECAY HEAT POWER

IWATTS)

4.90874E803
2.22550E+03
5.38757E+02

1.36893E+03
6.70595E802
1.50252E+02

6. 04755Et02
2.02562E802
4.73695E+01

3.65468E.02
1.21137E+02
2.E3216E+01

6.84124E+01
2.34203E+01
5.39873E+00

TOTAL
DECAY HEAT POWER

(WATTS)

4.90674E803
7.13423Et03
7. 67299E+03

1.36es3Eo03
2.03942E803
2.12968iE03

6.04755E+02
E.07317E+02
1.54686E#02

3.65468E+02
4.E6605E+02
5.14927E802

6.94124E+01
9.19327E801
9.72315E801

RATIO
ISOTOPE/TOTAL

6.39742E-01
2.90043E-01
7.021488-02

6.251298-O0
3.06253E-01
6.86185E-02

7. 07576E-Ol
2.37002E-01
5.54221E-02

7.09748E-01
2.35251E-01
5.50012E-02

7.03603E-01
2.40672E-01
5.55245E-02

ADJUSTED
DECAY HEAT POWER

6-VALUE E ATTS)

1.38505E+00
1. 39505E8.0
I .3e5058E00

1.59861E800
1.59B61E+00
1.59618*E00

1.11561E+00
1.11561tE00
1.11561E400

1.00794E+00
1.00794E.00
1.00794E+OD

l.OOOOOE+OO
1.0000000E+
I.0000080E+

6.79993r+03
9.681,2E403
1.06275E+04

2.1E8 3E+03
3.26025E803
3.50045Et03

6.746708E02
9.00650tE02
9.53495E+02

3.66371Et02
4.90469E+02
5.19016E802

6.94124E801
9.1B327E+01
9.72315E801
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Figure 27

Program ANSIDECH Output (continued)

U-235
PU-239
U-23e

U-235
- PU-239

U-236

U-235
PU-23$
U-23B

U-235
PU-239
U-23e

1 .09575E#05
1 .09575E+05
1.09575E+05

3.65250E+05
3. b525PE+(5
3.65250E405

1.09575F+06
1.09575E+06
1.09575E+06

3.65250E+06
3.652508+06
3.65250i+06

5.953E7E-01
2.34394E-01
5.14240E-02

2.79365E-03
4 4226BE-03
3. 5685E-04

2.66941E-03
4.30954E-03
3.3565BE-04

2. 50009E-03
4. 06964E-03
3.12435E-04

5.953B7E-01
E. 277BE-01
E.E1205E-01

2.7936SE-03
7.21633E-03
7.57319E-03

2.66941E-03
6.97795E-03
7.31361E-03

2.50009E-03
6.56974E-03
6.B8217E-03

6.75651E-01
2.65993E-01
5.93564E-02

3.65878E-O0
5.93992E-01
4.71212E-02

3.64855E-01
5.9250E-01
4.56950E-02

3.63271E-01
5.91331E-OI
4.53977E-02

I.OOOOOE+00
I.000000E+0
1.00000E+00

I.O0OOE+00
1.000008+00
l.00000E+00

.00000E+00
1. 000OOEt00
1.00000E+00

1.00000E00
1 ,000006+OO
1.00000+00

5.95387E-01
E.29761E-01
S.E1205E-01

2.79365E-03
7.21633E-03
7.57319E-03

2.66B41E-03
6.97795E-03
7.31361E-03

2.50009£-03
6.56974E-03
6.88217E-03

it## SHORT METHDD FOP FISSION PRODUCT DECAY HEAT POWER O§#I

COOLINS TIRE
AFTER SHUTDOWN

IDAiS)

3.65250E+02
1.09575E+03
3.65250Eo03
1.09575E+04
3.65250E+04
1.09575Et05
3.65250£+05
1.09575E+06
3.65250E8+b

DECAY HEAT POWER
(WATTS)

9.97093E+03
2.67312E403
1.24627E+03
7.53666E+02
1.4e0684E02
1.22904E+00
5S71402E-03
5. 52513E-03
5.19457E-03

CAPTURE
CORRECTION
6-VALUE

1 .38505E+00
1.59861E+00
1.11561E+00
1.00794E+00
.*00000E+00
1.OOOOOE+00
J . OOOOOE+O0
l.00D00E+OD
1.00DOOE800

ADJUSTED
DECAY HEAT POWER

(WATTS)

1.24252E+04
4.27328E+03
1.39035E+03
7.59651E#02
1.41096E+02
1.22804E+00
5.71402E-03
5.52513E-03
5.19457E-03
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Figure 27

Program ANSIDECH Output (continued)

DECAY HEAT PROBLEM 2.2.1 1I0 6-FACTOR CORRECTIDN-LON6 AND SHDRT KEtNDDS

I 1 1 0
9 1 3

370.0 30.0
212.9 212.9 212.9
365.3 1095.8 3652.5 10957.5

365252.0 I09575M.0 3652500.0
1.3850 1.5986 1.1156 1.0079
1.0000 1.0000 1.0000

2 370.000 1.5787E+01 1.2034E+O1 2.178OE.00

36525.0 109575.0

1.0000 1.0000

#mtt LONE METHOD FOR FISSION PRODUCT DECAY HEAT POWER #it#

CODLINS TIME
ISOTOPE AFTER SHUTDOWN

IDAYS'

U-235
PU-239

U-238

U-235
PU-239
U-236

U-235
FU-239

11-238

U-235
PU-239
V-23E

U-235
PU-239
u-23a

3.65250E+02
3.65b250E+02
3.65250E+02

1.09575E'03
1.09575Et03
1.09575Et03

3.65250E+03
3.65250E+03
3.65250E+03

1 .09575E404
1.09575EtO4
1.09575E+04

3.65250E+04
3.65250E.04
3.65250E+04

ISOTOPE
DECAY HEAT POWER

INATTS)

2.0446E8403
2.04223E803
3.43007E+02

4.73260E+02
4.9106bE+02
6.0023e8t+01

1.67165E+02
8.66543E+01
1.73910Et0O

1.00690£t02
5.06163£+01
I .02625E401

1.03437E+01
9.7e490E+00
I . 95603E+00

TOTAL
DECAY HEAT POWER

(WATTS)

2.04469E+03
4. 08692E803
4.42992E*03

4.73260E+02
9.64319E+02
1.04434E+03

1.67165E802
2.53820E+02
2.71211E+02

1.00690E+02
1.51306E+02
1.61569E802

1. 68437E801
2.E6266Et01
3.05847E+01

RATIO
ISOTOPE/TOTAL

4.61562E-01
4.61009E-01
7.74295E-02

4.53165£-01
4.70209E-01
7.6626bb-02

6.16367E-01
3.19509E-01
6.41237E-02

6.23202E-01
3.132elE-01
6.35176E-02

6.16117E-01
3.19929E-01
6.39547E-02

ADJUSTED
DECAY HEAT POWER

6-VALUE INAITS)

1.i3950e5o0
1.3B505E+00
1.38505E 00

1.59861E800
1.59961E+00
1.59661E+00

1.11561E+O0
1.11561E800
1.11561E800

1.00794Et00
1.00794Et00
l 00794E.00

1.00000E00
l.OOOOOEt00
1.00000E+00

2.83198E+03
5.660?E703
6.13565Et43

7.56560E+02
1.54157E+03
1.669508 +C3

1.86491E+02
2.83164E+02
3.02565E+02

1.01499E802
1.52508E402
1.62852E802

I.89437E+01
2.66286E+01
3.05B478E01
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Figure 27

Program ANSIDECH Output (continued)

U-235
PU-239
U-23B

U-235
PU-239
1u-23e

U-235
PU-239
V-238

U-235
PU3-239
U-23B

I1.09575E+05
1. 09575E+05
1. 09575E*05

3. 65250E.05
3. 65250E+05
3. 65250E.05

1.09575E+Ob
1 .09575E+06
I .09575E+06

3. 65250E+0b
3. 65250E+06
3. 65250E+06

1 .6392BE-0I
9. 7765qE -02
l * 9643E-02

7. 4246 OE-04
1.64265E-03
1. 26252E-04

7.25194E-04
1.71103E-03
1.*16724E-04

6.73394E-04
1. 659399E-03
1.1 I1960E-04

1* 392eE-01
2.61694E-01
2.B0299E-O1

7.42460E-04
2.5851IE-03
2.71136E-03

7. 25194E-04
2.43623E-03
2.55295E-03

6.73394E-04
2.3317SE-03
2. 44374E-03

5.84035E-01
3.48792E-01
6.63733E-02

2.73833E-01
t.79603E-01
4.65641E-02

2.64061E-01
6.7021BE-01
4.5721IE-02

2.75559E-01
6.76626E-0I
4.5B149E-02

1.00000E+00
1.OOOOOE+00
l.00000E+00

.OOOOOE+00
1.00000E+00
l.00000E00

I . ODOOOEt00
1.00000E+00
1. 00000E+00

1.00000E+00
1.00000E+00
1.00000E+00

1.6392SE-01
2.61694E-01
2.60299E-01

7.424b0E-04
2.5851IE-03
2.71136E-03

7.25194E-04
2.43623E-03
2.55295E-03

6.73394E-04
2.33179E-03
2. 44374E-03

iftf SHORT METHOD FOR FISSION PRODUCT DECAY HEAT POWER .. ee

COOLINS T1KE
AFTER SHUTDOWN DECAY HEAT POWER

lDAYS) (WATTS)

CAPTURE
CORRECTION
S-VALUE

ADJUSTED
DECAY HEAT POWER

(WATTS)

3.65250E+02
1.09575E+03
3.65250E+03
I.09575E+04
3.65250E+04
1.09575E+05
3.65250E9.5
1.09575Et06
3.65250E+06

3.96322E+03 1.38505E+00 5.49924E+03
9.17321E+02 1.598619+00 1.4644UE+03
3.24017E902 1.11569E+00 3.61477E902
1.95167E+02 1.00794E+00 1.96717E9+2
3.65249E+01 1.00009E+00 3.65249E+01
3.17743E-01 I.OOOOOE+O0 3.17743E-01
1.43911E-03 1.00000E+00 1.43911E-03
1.40565E-03 1.00000 00E+ 1.40565E-03
1.30524E-03 1.000OE+00 1.30524E-03
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Program ANSIDECH Output (continued)

ECAY HEAT PROBLEN 2.2.2 WID 6-FACTOR CORRECTION-LONG AND SHORT KETHDDS

i i
9 3

690.0
211.4
365.3

365250.0
1. 3e50
1.0000

I
2
3

3
3

0

30.0
211.4 211.4

1095.8 3652.5 10957.5
1095750.0 3652500.0

1.5986 1.1156 1.0079
1.0000 1.0000

370.000 2.336DE401 4.9050E400 1.7340E400
60.000 .OOOOE400 .OOOOE+00 .OOOOE+00
260.000 1.5558E+01 9.6520E+00 1.7900E#00

36525.0 109575.0

1.0000 1.0000

fffe LOWS NETHOD FOR FISSION PRODUCT DECAY HEAT PONER i'ft

CO1INS TIME
ISOTOPE AFTEB SHUTDOWN

IDAYS)

1.-235
PU-239
U-239

(.1235
PU-239
U.-238

U-235
PU.-239
U-239

U-235
FU-239

U-238

U-235
P1.-239
U-239

3. 65250Et02
3.65250E402
3.65250E+02

1.05575E+03
1. 09575E+03
1.09575E.03

3.65250E403
3.65250E+03
3.65250E403

I .09575E+04
1.09575E+04
I .09575E+04

3.65250E404
3.65250E#04
3.65250E404

ISOTOPE
DECAY HEAT POWER

INATTS)

3.6239 4E+03
1.35323E+03
3.606b7E402

9.19525E+02
3.59622Et02
9.12792E+01

3.62295E+02
0.25572E+01
2.36647E#01

2.J1566E402
4. 8250E 01
1.4054bEt01

4.09081E+01
9.43927E.00
2.67694E+00

TOTAL
DECAY HEAT POWER

(WATTS)

3.62394E403
4.97709E+03
5.33774E+03

9.19525E+02
1.27915E+03
I .37043E+03

3.62295E102
4.44B52E402
4.69517E+02

2.1e566E+02
2.67392E+02
2.81447E+02

4.09061E101
5.03474E+01
5.30263E+01

RATIO
ISOTOPE1TOTAL

6. 7B9091-O
2.53522E-01
6.75693E-02

6. 70077E-01
2.62416E-01
6.66065E-02

7.73291E-01
1.76210E-01
5.0509W-02

7.76562E-01
I .73481E-01
4.99369E-02

7.71469E-01
1.7801BE-01
5.052lOE-02

6-VALUE

1.39505E+O0
I .38505E+00
I .38505E+00

1. 59661E+DO
1.59681E+00
1.59661E+00

1.11561E+00
1.11561E+00
1.11561E+00

1.00794E.00
1.007941Eo0
1.00794Et00

1.00000E00
l.00000E00
1.000001E00

ADJUSTED
DECAY HEA! POkER

(WATTS)

5.01919E103
6.B9349E.03
7.39303E403

J.4b996E.03
2.04406E+03
2.190781+03

4.04180E+02
4.96291E+02
5.22682E+02

2.20302E+02
2.69516E402
2.83692E+02

4.09081Et01
5.03474E101
5.30263E+01
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Figure 27

Program ANSIDECH Output (continued)

11-235
PU-239
U-239

U-235
PU-239
U-23B

U1-235
PU-239
U-238

U-235
PU1-239
U1-23B

1.09575E#05
1 .09575E+05
1.*0957SE *05

3. 65250E+05
3. 6525DE .05
3. 65250E +05

I.09575E+06
1.*0957 SE*06
1 .09575E+O6

3.6&5250E 406
3,65250E.Db
3. 65250E+06

3.55949E-0I
9.44D37E-02
2.54932E-02

1. 60353E-03
1.7771SE-03
1.76167E-04

1. 577S0E-03
1.7016BE-03
1.645e3E-04

1.48346E-03
1.63773E-03
1.5484BE-04

3.55q47E-01
4.50352E-O1
4. 75846E-O1

1.60353E-03
3.39071E-03
3.5568BE-03

I1.577B0E-03
3. 2796BE-03
3. 44426E-03

1.*48346E-03
3.J12120E -03
3. 27604E-03

7. 40034E-01
1 .98391E-01
5.3574 5E-02

4. 50B26E-0I
4. 99645E-01
4. 952B7E -02

4.5809SE-01
4.94 120E-01
4.774B4E-02

4. 52921lE-01
4.99912E-OJ
4.72666E-02

I *0000E*00

1.00000E+00
1.00000E+O0

1.000O0E+00
I.0OOOOE+00
1.00000E+00

I.OOOOOE400
I .OOOOOE400
I *00000E+00

1.OOOOOE.OO
I.00000E+00
1.*00000E+00

3.55949E-01
4.50352E-01
4.75646E-01

1 .60353E-03
3.3607 1E-03
3. 556BBE-03

1.577BOE-03
3. 2796SE-01
3. 44426E'-03

1. 4934bE -03
3. 12120E-03
3. 27604E-03

giet SHORT METHOD FOR FISSION PRODUCT DECAY HEAT PDUER itit

COOLIKS TIEE CAPTURE ADJUSTED
AFTER SHUTDOON DECAY HEAT POWER CORRECTION DECAY HEAT POWER

(DAYS) (VATTSI 6-VALUE (WATTS)

3. &5250E+02
1.*09575E 403
3. 65250E+03
1.09575E.04
3.65250E+04
I1.09575E+05
3. 65250E+05
1.*0957SE +06
3.65250E.Ob

5. 47733E403
1.45B44E+03
6.00922E+02
3. 62731E.02
6.7B933E#01
5. 90774E-01
2. 4966eE-03
2. &2926E-03
2. 47443E-03

1.*36505E+00
1.59861 E+00
1. 11561E#00
1. 00794E+00
I *00000OE+00
I.000OOE.00
1.00O00E+00
1 *00000E 400
1.*00000E 400

7.58637E+03
2.33148E+03
6.70394E#02
3. 656 12E+02
6.78933E+01
5. 90774E-01
2. 6966SE-03
2. 62926E-03
2.494 43E-03
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Figure 27

Program ANSIDECH Output (continued)

DECAY HEAT PROBLEM 2.2.3 H/O 6-FACTOR CORRECTION--LOWS AND SHORT METHODS

I I
9 5

1050.0
211.4
365.3

365250.0
1.3850
1.0000

2
3
4
5

3.
30.0

211.4 211.4
1095.8 3652.5 10957.5

1095750.0 3652500.0
1.5986 1.1156 1.0079
1.0000 1.0000

370.000 1.6391E+01 2.4530E+00 1.1570E+00
60.000 .OOOOE+00 .OOOOE+00 .OOOOE+00

260.000 1.9315E+01 6.7010E*00 1.9040E+00
60.000 .OOOOE+ 00 OOOOE00 .OOOOE+00

300.000 1.4666E+01 1.3350E+01 1.9650E+00

36525.0 109575.0

1.0000 1.0000

f*M LONE METHOD FOR FISSION PRODUCT DECAY HEAT POWER it"'

COOLING TIME
ISOTOPE AFTER SHUTDOWN

IDAYS)

U-235
PU-239

U-239

U-235
PU-239
U-238

U-235
PU-239
t-239

U-235
PU-239
U-238

3.65250E+02
3.65250E+02
3.65250E+02

1. 095?5E+03
1.09575E+03
1.09575E403

3.65250E+03
3.65250E+03
3.65250E+03

1.09575E+04
1.09575E404
1.09575E+04

ISOTOPE
DECAY HEAT POWER

IWATTS)

3.21B55E+03
1.34102E+03
3.35250E+02

9. 44048E+02
4.14796E+02
9.60280E+01

4.35273E+02
I .329S2E+02
3.16965E+01

2.63195E+02
7. 96978E+01
I . B9762E+01

TOTAL
DECAY HEAT POWER

(WATTS)

3.21955E+03
4.55957E+03
4.99482E+03

9.4404 8E02
1 .3584E+03
1.45487E+03

4.35273E+02
5.681255E+02
5.99951E+02

2.631S5E+02
3.42893E+02
3.61E71E+02

RATIO
ISOTOPE7TOTAL

6.57542E-01
2.73967E-01
6.8490BE-02

6.48897E-01
2.E510BE-01
6.60044E-02

7.25514E-01
2.21655E-01
5.26319E-02

7.27317E-01
2.2023BE-DI
5.24448E-02

B-VALUE

1. 38505E+00
1.38505E+00
I .3e505E+00

1 .59861E+00
1. 59661E+00
1.5986 JE.00

1. 1156 IE+00
1. 1156 IE+00
1. 11561E+00

1. 00794E+00
1.00794E0OD
1.00794E+00

ADJUSTED
DECAY HEAT POkER

IWATTS)

4. 45785E+03
6.31522E+03
6.77956E+03

1.50917E+03
2.17227E+03
2.32578E+03

4.85594E+02
6.33950E+02
6.69311E+02

2.65295E+02
3.456lbE+02
3.64745E+02

U3-235 3.65250E404
FLI-23q 3.65250E404
U3-238 3.65250E+04

4.92695E+01
f.54De9E#01
3.61769E#00

4.92695E+01
6.04783E+01
6.82960E+01

7.2141 IE-01
2.25617E-01
5.2970BE-02

.00000E400
1.000OOOE400
I .00000E+00

4.92695E+01
6. 46783E+01
6. B2960E*01
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Program ANSIDECH Output (continued)

L1-235
f1.-239
11-239

U-235
FU-239
U-23B

13-235
PU-239
U3-238

13-235
PU-239
13-239

1. 09575E .05
1.*09575E+05
1.*09575E+05

3. &5250E+05
3.6&5250E+05
3. 65250E405

1 .09575E+06
1. 095.75E406
1. 05575E+06

3. 65250E+06
3. 65250E+06
3. 65250E+06

4.29849E-0I
.5426EE-01

3.44601E-02

I.95B90E-03
2.E951BE-03
2.41277E-04

1.90853E-03
2. 8!940E-03
2. 25424E-04

1.E1693E-03
2.66166E-03
2.12211E-04

4.29849E-01
5.E3117E-01
6.17577E-OI

1.95B90E-03
4.65408E-03
5.09535E-03

1.90853E-03
4.72793E-03
4.95335E-03

1.91693E-03
4.49B59E-03
4. 710O8E-03

6.94406E-01
2.49795E-01
5.579e9E-02

3.944498E-01
5.6s899E-01
4. 73524E-02

3. 5301E-01
5. 69190E-01
4.55094E-02

3.E5695E-01
5.6925BE-01
4.50477E-02

I .00000E+00
I.OOOOOE+OOl.000OOEt00

1.000009+00

I OOOOOE+00
I.00000.E00

1 OOOOOE+00

1.*000009 400
1.00000E+001.OOOOOE+00

1. 00000E+00
l.OOOOOE+00
l.OOOOOE9+00

4.29849E-01
5.83117E-01
6.17577E-01

1.95B90E-03
4.9540SE-03
5. 09535E-03

1.S9083E-03
4.72793E-03
4.95335E-03

1.91693E-03
4. 49M59E-03
4.710BOE-03

tnfl SHORT METHOD FOR FISSION PRODUCT DECAY HEAT POWER tttt

COQL1N6 TIRE
AFTER SHUTDOWN

(DAYS)
DECAY HEAT POWER

(WATTS)

CAPTURE
CORREC7ION
6-YALUE

ADJUSTED
DECAY HEAT POWER

(WATTS)

3.65250E+02 6.43401E403 1.38505E900 E.91252£+03
1.09575E+03 1.92586E+03 1.59B61E+00 3.07B71E+03
3.65250Et03 9.01984E902 1.1l561E+00 1.00626Et03
1.09575E+04 5.45503E+02 1.00794E900 5.49W35E+02
3.65250E404 1.02119Et02 1.00000E#00 1.02119E902
1.09575Et05 8.69992E-01 1.00000E+00 8.E9892E-01
3.65250E+05 4.14614E-03 1.0000000E+ 4.14614E-03
1.09575E+06 3.97760E-03 I.0000090E+ 3.97760E-03
3.65250Et06 3.77535E-03 I.000000E0O 3.77535E-03
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Figure 27

Program ANSIDECH Output (continued)

DECAY HEAT PROBLEM 2.2.3A M/G 6-FACTOR CORRECTION--LONE AND SHORT METHODS

I11
9 6

1080.0
211.4
365.3

365250.0
1.3850
1.0000

1
2
3
4
5
6

3
30.0

211.4 2 211.4
1095.6 3652.5 10957.5

1095750.0 3652500.0
1.5986 1.1156 1.0079
1.0000 1.0000

370.000 1.6391E+01 2.4530ED00 1.1570E+OO
60.000 OOOOE+00 .OOOOE+00 .OOOOE+00

260.000 1.9315E+01 B.7610E+00 1.9040E+0O
60.000 .OOOOE+00 .000E+00 .OOOOE+00

300.000 1.4666E+O1 1.3350E+01 1.9850E+00
30.000 .OOOOE+00 .OOOOE+00 .OOOOE+0O

36525.0 109575.0

1 . 0000 1.0000

tM LONS METHOD FOR FISSION PRODUCT DECAY HEAT POWER itl#

COOLINS TIME
ISOTOPE AFTER SHUTDOWN

(DAYS)

U-235
PU-239
u-23e

U-235
PU-239
U-236

U-235
PU-239
u-23e

U-235
PU-239
if-238

U-235
PU-239
u-238

3. 65250E+02
3. 65250E+02
3.65250E+02

1.09575E+03
1.*09575E+03
1.05575E+03

3. 65250E+03
3. 65250E#03
3. 65250E.03

1.09575E+04
1. 09575E404
1. 09575E+04

3.65250E-04
3.65250E-04
3. 65250E+04

ISOTOPE
DECAY HEAT POWER

(WATTS)

3.21655E+03
1.34102E+03
3.35250E+02

9. 44048E+02
4.14796E402
5.60260E+01

4.35273E+02
1.32982E+02
3.1b69b5E+0

2.63115E*02
7.96978E401
1.*9762E401

4.92695E+OI
1.54069E+01
3.61769E+00

I0TAL
DECAY HEAT POWER

WVATTS)

3.21855E+03
4.55957E+03
4.89482E+03

9.44048E+02
1.35B84E+03
1.45487E+03

4.35273E#02
5.68255E+02
5.99951E+02

2.63195E+02
3.42893E+02
3.61B71E+02

4.92695E#01
6.04783E01
6.E2960E+01

RATIO
ISOTOPE/TOTAL

6.57542E-01
2.73967E-01
6.8490BE-02

6.488M7E-01
2.B510BE-01
6.60044E-02

7.25514E-01
2.21655E-01
5.28319E-02

7.27317E-01
2.2023EE-01
5.24448E-02

7.21411E-01
2.25619E-01
5.2i70BE-02

ADJUSTED
DECAY HEAT POWER

6-VALUE IEATTS)

I. 385056-00
1 .36505E+00
1.38505E-00

I.5186)E+00
1.59B61E+00
1.59861E+00

1.1 1561E.00
1.11561E+00
I. 115616+00

1.00794E+00
1.00794E.00
1.007q4E+00

1.00000EO00
1.*00000E400
1.00000E+00

4. 45765E+03
6.31522i+03
6. 77956E+03

I.50917E+03
2.17227E+03
2.32578E+03

4.8559 4E.
6. 3350E+02
6.69311E+02

2.65285E+02
3.45616E+02
3.64745E+02

4.92695E+01
6.4b7B3E+01
6. 62960E+o0
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Program ANSIDECH Output (continued)

U-235
PU-239
U-238

U-235
PU-239
U-238

U-235
PF-239
U-23B

U-235
PU-239
U-23B

1.09575Et05
1.09575E#05
I .09575Et05

3.65250E+05
3.65250E405
3.65250E405

1.09575E+06
1.09575Et06
1.09575E406

3.65250Et06
3.65250E+06
3.65250Et06

4.26849E-0I
1.5426SE-01
3. 44601E-02

1 95990E-03
2.89518E-03
2.41277E-04

I . 90653E-03
2.81940E-03
2.25424E-04

1.61693E-03
2.69166E-03
2.12211E-04

4.28849E-01
5.83117E-01
6.17577E-01

1.95E90E-03
4.8549OE-03
5.09535E-03

1.90853E-03
4.72793E-03
4.95335E-03

I. I693E-03
4.49959E-03
4.7IOBOE-03

6.94406E-01
2.49795E-0I
5.579?9E-02

3.81444E-01
5.69199E-O1
4.73524E-02

3.85301E-0I
5.69190E-OI
4.55094E-02

3.85695E-O1
5.69258E-0I
4.50477E-02

I * 0O00E.00
1. 00000E+00
1.OOOOOE+00

1.00000E+00
1.00000E*00
1.0OOOOOE+00

I.00000E+00
I .0000DEf00
I *000O0E+00

1.00000E+00
1.0000 E +00
1.00O00E+OO

4.2964qE-01
5.63117E-01
6. 17577E-0I

1.9569 OE-03
4. 8540BE-03
5.09535E-03

1.90853E-03
4.727i3E-03
4. 95335E-03

1. B1e93E-03
4. 49859E-03
4.7108DE-03

"it SHORT METHOD FOR FISSION PRODUCT DECAY HEAT POWER tttt

CO IN6 TIME'
AFTER SHUTDOWN DECAY HEAT POWER

IDAYS) (WATTS)

CAPTURE
CORRECTION
6-VALUE

ADJUSTED
DECAY HEAT POWER

IWATTS)

3.65250Et02
1.09575Et03
3.65250E+03
1.09575Et04
3.65250E404
1.09575E+05
3.65250E+05
1.09575E406
3.65250E+06

6.49573E+03
1.96105E+03
9.26713Et02
5.60539Et02
1.04934E+02
9.13432E-01
4.28097E-03
4.11243E-03
3.67647E-03

1 .36505E+00 6.996B9E.03
1.59861E.00 3. 1349&E403
I.11561E+00 1.033B5E403
1. 00794E+00 5.64990E.02
1 .00000E400 1.04934E+02
1.OOOOOE+00 9. 13432E-01
I.OOOOOE+00 4.2e097E-03
1.OOOOOEtOO 4.1 1243E-03
1.OOOOOE+00 3.B7647E-03
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Figure 27

Program ANSIDECH Output (continued)

DECAY NEAT PROBLEM 2.2.3i NJD B-FACTOR CORRECTION--LDNS AND SHORT NETHODS

q I
9 B

1050.0
211.4
365.3

365250.0
1.3850
1.0000

I
2
3
4
5
6
7
E

1 0
3

30.0
211.4 211.4

1095.9 3652.5 10957.5
1095750.0 3652500.0

1.59B6 1.1156 1.0079
1.0000 1.0000

1B5.000 1.7426E501 J.46B0E+00 1.l060Et00
1I5.000 1.5346E+01 3.4460E+00 1.20BOE+00
60.000 .OOOOE+OO .0000E00 .OOOOE+00
130.000 2.047BEtO1 7.6420E+00 1.9005E+00
130.000 1.6147E401 9.9250Et00 1.9280E.00
60.000 .OOOEt00 OOOOE500 .0000E+00
150.000 1.5830EtO1 1.2202E+01 1.967OEt00
150.000 1.3497E+01 1.4501E+01 2.0020Et00

36525.0 109575.0

1.0000 1.0000

ii" LONS KETHDD FOR FISSION PRODUCT DECAY HEAT POWER #*##

COOLINS TINE
ISOTOPE AFTER SHUTDOWN

(DAYS)

U-235
PU-23i
U-239

U-235
PU-239
U-238

U-235
PU-239
U-238

U-235
FU-239
LI-239

0-235
PU-239
0-230

3.65250Et02
3.65250E+02
3.652505E02

1.09575"t03
1.09575E+03
1.095755.03

3.65250E503
3.65250E+03
3.65250E503

1.09575E.04
3.09575Et04
1.09575E504

3.65250E504
3.65250E+04
3.65250E+04

ISOTOPE
DECAY HEAT POWER

(MATTS)

3.26355E+03
1.29128E+03
3.33066E+02

9.49294E502
4. 06235E+02
9.57031E+01

4.35361E+02
1.32857Et02
3.16976E+01

2. 63231E+02
7.96698E+oj
1.99743E+01

4.92763E+01
1.54035E+01
3.61694E+00

TOTAL
DECAY HEAT POWER

(WATTS)

3.26355E+03
4.55483E.03
4.88790E503

9.49294E502
1.35553Et03
1.45123E+03

4.353615E02
5.6921BE+02
5.99906Et02

2.63231E+02
3.42901E+02
3.61B75E+02

4.92763E+01
6.46797E+01
6.e2967E+01

RATIO
ISOTOPE/TOTAL

6.676eOE-01
2.64179E-01
6.61410E-02

6.54130E-oI
2.79924E-01
6.59461E-02

7.25716E-01
2.21463E-01
5.28210E-02

7.27409E-01
2.20158E-01
5.24332E-02

7.21503E-01
2.25537E-01
5.29593E-02

ADJUSTED
DECAY HEAT POWER

-VALUE (EATTS)

1.38505E500
1. 38505E500
1.38505E+00

1.59861E+00
1.59861Et00
1. 59861E500

1. 11561Et00
1.11561Et00
1 11561E+00

1.00794E+00
1.00794E+00
1.00794E+00

1.000005E00
l.000000E+0
1.0000DEt00

4.52018E503
6. 306E6.03
6.76997E+03

1.51756E+03
2.16697E+03
2.31996Et03

4.956935+02
6.33909E+02
6. 69260E+02

2.65,22E502
3. 45624E+02
3.64749E+02

4.92763E501
6. 46757E+01
6.92967E+01

189



Figure 27

Program ANSIDECH Output (continued)

U-235
P11-239
U-238

U-235
PU-239
U-23B

U-235
PU-239
U-238

U-235
PUi-239
U-238

1.09575E+05
1. 09575E+05
1.*09575SE+05

3.6&5250E.05
3. 65?50E+05
3.6&5250E+05

1. 09575E+06
1.*09575E+06
1.09575E4Ob

3. &5250E+Ob
3. 65250E.06
3. 65250E+06

4.268M2E-01
1.54221E-Ol
3. 4451BE-02

1.95706E-03
2.90127E-03
2.41290E-04

1.90556E-03
2.B131BE-03
2.25459E-04

I.E1770E-03
2.6B229E-03
2.12219E-04

4.289ME-01
5. 63103E-DI
6.17554E-OI

1.95706E-03
4.85833E-03
5.09962E-03

1. 90556E-03
4.71874E-03
4.94420E-03

1.B1770E-03
4.49999E-03
4.71221E-03

6.94484E-0I
2.4972BE-03
5.57674E-02

3.83766E-01
5. 6891BE-0I
4.73154E-02

3.85414E-01
5.68986E-0I
4.5600BE-02

3.B5742E-0I
5.69222E-01
4.50359E-02

I *00000E+00
3.0000OOE+00
1 .0O00OE+00

I.0000OE400
1.00000OE+00
1.00000OE+00

1.* OOOOOE00
I.0000&E+00
1.00000OE+00

1.00000EO00
I.00000OE.00
1.00000E+00

4.296B2E-01
5.S3103E-01
6.17554E-01

1.95706E-03
4. 85833E-03
5.09962E-03

1.*10556E-03
4. 71874E-03
4.94420E-03

1.61770E-03
4. 4999?E-03
4.71221E-03

e#i SHORT HETHOD FOR FISSION PRODUCT DECAY NEAT POWER OnE

COOLINS lIKE CAPTURE
AFTER SAUTDDON DECAY HEAT POWER CORRECTION

(DAYS) MMATTS) 6-VALUE

ADJUSTED
DECAY HEAT POWER

(WATTS)

3.65250Ee02 6,43481E403 1.38505Ee00 I.11252E+03
1.09575E+03 1.92586E+03 1.59861E+00 3.07871E.03
3.65250EeO3 9.01964E#02 1.IIS6IE+OO 1.00626E*03
1.09575E+04 5.45503E#02 1.00794Ee00 5.49835E,02
3,65250E+04 1.02119E+02 1.00000E+00 I.02l39Ee02
1.09575E+05 S.9B892E-01 1.00000E+00 S.EB892E-01
3.65250E+05 4.14614E-03 1.0O000E+00 4.14614E-03
1.09575E+05 3.97760E-03 1.00O00E+00 3.97760E-03
3. 65250E+06 3.77535E-03 1 .00OOOEe00 3. 77535E-03
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Program ANSIDECH Output (continued)

DECAY HEAT PRODBLEM 2.2.4 W/o 6-FACTOR CORRECTION--LONS AND SHORT METHODS

1 1 1 0
' 1 3
1080.0 25.0
211.4 211.4 211.4
365.3 1095.9 3652.5 10957.5

36525;.0 1095750.0 3652500.0
1.3850 1.5986 1.115b 1.0079
1.0000 1.0000 1.0000

I 1080.000 1.6056E+01 7.3960E+00 1.5470E#00

36525.0 109575.0

1.0000 1.0000

#f1t LONS METHOD FOR FISSION PRODUCT DECAY HEAT POWER Mi#

CODLINS TIME
ISOTOPE AFTER SHUTDOWN

(DAYS)

U-235
PU-239
U-238

U-235
PU-239
U-23E

U-235
PU-239
U-23e

U-235
FU-239
u-23e

U-235
PF-239
U-238

3.65250E+02
3.65250E+02
3.65250E+02

1. 095?5E+03
1.095'5Et03
1.0957 5E+03

3.65250E+03
3.65250E+03
3.65250E+03

1.09575E+D4
1.09575E+04
1.0957E5504

3.65250E+04
3.65250E.04
3.65250E+04

ISOtOPE
DECAY HEAT POWER

lNATTS)

3.40e25E+03
2.11670E.03
4.05960E+02

1.02902E+03
5.8485CE+02
1.12434E,02

4.6U275E+02
1.50365E502
3.50414E+01

2.94 132E+02
2.94072E+01
2.09453E+01

5.50623E+01
1 .72654E501
3.99264E+00

TOTAL
DECAY HEAT POWER

(NATTS)

3.40851E+03
5.52721E+03
5.93317E+03

1.02902E+03
1.61387E+03
1.72631E+03

4.86275E+02
6.3bb40E+02
6.7169E1+02

2.14132E502
3. 3539E+02
4.04485E.02

5.50623E+01
7.23477E+01
7. 63403E+01

RATIO
ISOTOPE/TOTAL

5.74484E-01
3.57094E-01
6.94222E-02

5.96084E-01
3.357B7E-01
6.51297E-02

7.23966E-01
2.23864E-0I
5.21697E-02

7.27177E-01
2.21040E-01
5. 17E2EE-02

7. 21274E-01
2.26425E-01
5.23005E-02

ADJUS7ED
DECAY HEAI PO4ER

6-VALUE (W ATTS)

1.3e5M5E500
I .38505E+00
1.3E505£+00

I.59861E+00
1.59961E+00
1.59861E+00

1.11561E+00
1.11561E+0O
1.115615E00

.?0079E4500
1.00794E+00
1.00794E+00

1.00000E+00
.000005E00
1.0000E+00

4.72095E.03
7. 65544E+03
9.21772E+03

1.645015403
2.57996E+03
2.75970E403

5.42492E+02
7.10241E502
7. 49334E502

2.964beE+02
3.86585E502
4.07697E+02

5.50623E+01
7.23477E+01
7.63403E+01
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Program ANSIDECH Output (continued)

U-235
PU-239
U-23B

L'-235
PU-239
U-238

U-235
PU-239
U-238

U-235
PU-239
U-23B

1.09575E+O5
1.09575E+05
1.09575E+05

3.65250E+O5
3.65250E+05
3.65250E+05

1.09575E+06
1 .09575E+06
1.09575E+06

3.6525OE+06
3.6525CtE+O6
3.65250EtOo

4.79306E-01
1.72943E-01
3.8024BE-02

2.24636E-03
3.2590BE-03
2.62451E-04

2.15792E-03
3.1450IE-03
2.43705E-04

2.034!OE-03
2.99835E-03
2.33479E-04

4.79306E-O1
6.52249E-O1
6.90273E-01

2.2463bE-03
5.50544E-03
5.76789E-03

2.15792E-03
5.30293E-03
5.54663E-03

2.03410E-03
5.03246E-03
5.26593E-03

6.94371E-01
2.50543E-01
5. 50666E -02

3.69459E-01
5.65038E-01
4. 55022E-02

3. 9050E-01
5. 67012E-0l
4.39374E-02

3.e6276E-01
5.6593BE-01
4. 43377E-02

1.0OOOOE+00
1.00OOOOE+00
1.0000OEO00

1.000OOE400
1.00000E+D0
1. OOOOOE+00

1.00000DE+00
I.00OOOOE+00
1.00000E+00

1. OO0O0E+0O
1. 00000E+00
1.00000OEt00

4.79306E-01
6.52249E-0I
6.90273E-01

2.24636E-03
5.50544:-03
5.767E9E-03

2.15792E-03
5.30293E-03
5.54b63E-03

2.034IOE-03
5.03246E-03
5.26593E-Ct

M#. S$DR!' AMETHDD FDA FISSION PRDDJCT KECAY HEA7 POWER fin

CDDLINS TIME
AFTER SHUTDDid DECAY HEAT POWER

(DAYil (NATTS)

CAPTURE ADJUSTED
CORRECTION DECAY HEAT POWER
S-VALUE (WATTS)

3. 6525 0E+02
1 .09575E+C1
3. 6525HE+03
1.09575E+04
3. 65250E+04
1 .09575E+05
3.6525 OE+05
1.*09575Et06
3. 65250E+06

5.41336E+03
1.634 29E+03
7.7229 7E+02
4.67136E.02
8.74495E+01
7.61229E-01
3. 56765E-03
3.42719E-03
3. 23055E-03

1. 38505E.00
1.59B61E+00
1. 11561E+00
1. 00794E+00
1.OODOOE+00
I .00000E+00
1.00OOOOE+00
1.OOOOOE+00
1.0000OOE400

7.49777E+03
2.61259E+03
L6.I5B1E+02
4.70648E+02
6.744 95E+01
7.61 229E-01
3.5676SE-03
3.427 19E-03
3.23055E-03
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Figure 27

Program ANSIDECH Output (continued)

DECAY HEAT PROBLEM 2.2.5 VIC E4ACTOR CORRECT1ON--LONS AND SHORT KETHODS

I11
9 10

1035.0
211.4
365.3

365250.0
1.3850
1.0000

I
2
3
4
5
6
7

9
10

I 0

-33.0
211.4 ~ 211.4

1095.8 3652.5
1095750.0 3652500.0

1.5986 1.1156
1.0000 1.0000

150.000 2.3344E+01 2.0650E+00
150.000 2.3979E+01 5.3110E+00
60.000 .OOOOE+00 .0000E+00
150.000 1.9251E+01 7.ElIOE+00
15.000 .OOOOE+00 .OOOOE+00

150.000 1.9986E+01 1.1075E+01
45.000 .OOOOE+00 .OOOOE+00
150.000 1.4160E+01 1.1863E+0I
15.000 .OOOOE+00 .OOOOE+00

150.000 1.4817E£O1 1.5237E+01

10957.5

1. 0079

1.5910E*00
1.7100OE+00
.OOOOE+00
1.93e0E+00
.OOOOE+00

1 .9390E+00
.OOOOE+00
1.9570E+00
* 0000E+00

1.9470E+00

36525.0 109575.0

1.0000 1.0000

4". LONS METHOD FOR FISSION PRODUCT DECAY HEAT POWER no*

CDOO.NG TIME
ISOTOPE AFTRA SHUTDOON

(DAYS)I

U-235
PU-239

U-238

U-235
PU-239
U-238

U-235
PO-239

U-238

U-235
PU-239
U-238

U-235
PU-239
U1-238

3.65250E+02
3.65750E+02
3.65250E.02

1.09575E+03
1.09575E+03
1.09575E.03

3.65250E+03
3.65250Et03
3.65250E+03

1.09575E.04
1.09575E*04
1.09575E+04

3.65250E+04
3.65250E+04
3.65250E+04

ISOTOPE
DECAY HEAT POWER

IVATTS)

3. 99660E+03
1.58961E+03
4.06073E+02

1.11155E+03
4. 83567E+02
1.12165E+02

4.99054E402
1. 48570Et02
3.48754E+01

2.95534E+02
B.B9G2EE+0I
2.0644 1E+01

5.53211E£01
1.71B63E+O1
3.97333E+00

TOTAL
DECAY NEAT POWER

IWATTS)

3.99660E+03
5. 58621E+03
5.99229E+03

1.11155E+03
1.59511E+03
1.7072EE+03

4.99054E+02
6.37624E+02
6.72500E+02

2.95534E+02
3.94436E+02
4.05260E+02

5.53211E+01
7.25095E+01
7.64828E+01

RATIO
ISOTOPEITOTAL

6.66957E-0I
2.65277E-01
8.77660E-02

6.51063E-O1
2.B323BE-0I
6.56984E-02

7.27219E-01
2.20922E-01
5. I1594E-02

7.2920EE-O1
2.19361E-01
5.14313E-02

7.23315E-01
2.24735E-01
5.19506E-02

ADJUSTED
DECAY HEAT POWER

6-VALUE (WATTS)

1. 38505EO00
1.3650SE +00
1.*30505E+00

1.59861EO00
1.59861E.00
1 .59661E+OD

1.II561E+00
1.211561E+00
1. 11561E+00

1.00794E00
1.*0079 4E400
1.00794E.00

I .OO0OOEO00
1.00000E.00
I * OOOOE.00

5.53547E+03
7.73717E+03
B.29960E+03

1.77693E+03
2. 54997E+03
2. 7292BE+03

5. 45594E+02
7.11340E+02
7. 50247E+02

2.9789CE+02
3.874F9E+02
4. 08499E+02

5.53211E+01
7.25095E+01
7. 64828E.O1

193



Figure 27

Program ANSIDECH Output (continued)

U1-235 1.09575E#05
P11-239 1.09575E#05
11-23B 1.09575E+05

U-235
PU-239
u-23e

U-235
PU-239
U-236

U-235
PU-239
U-238

3. 65250E+05
3. 6525 DE+05
3. 65250E+05

1. 09575E+06
1. 09575E+06
1.09575E+06

3. 6525DE406
3. 65?50E+06
3. 65250E+06

4.03450E-01
1.72030E-01
3.7S454E-02

2.25900E-03
3.24664E-03
2.62537E-04

2.15796E-03
3.16356E-03
2.46693E-04

2.02006E-03
2.9e639E-03
2.29792E-04

4.61450E-01
6.53480E-0I
6.91326E-O1

2.25900E-03
5.50584E-03
5. 76B3BE-03

2.15796E-03
5.32151E-03
5.56821E-03

2.02006E-03
5.00645E-03
5.23624E-03

6.Y64I6E-O1
2. 48841E-01
5.47433E-02

3.91619E-0 I
5.62bbB6E -0
4.55131E-02

3.67550E-01
5.69146E-01
4. 4303BE-02

3. 957B4E-0l
5.70332E-01
4.38849E-02

I1.00000E+00
I .00000E+O0
I .OOOOOE+00

1.00000E+00
I. 00000E+00
1.*00000E+00

I .00000E+0O
I * OOOOEE00
1.*00000E+00

I *00000E+OD

1.00000E+00
1,00000E+00

4.91450E-01
6.53489E-01
6.91326E-O'

2.25900E-03
5.50584 -03
5.76635:E-03

2.15796E-03
5.32151E-03
5.56821E-03

2.02006E-03
5.00645E-03
5.23624;-03

tie. SHORT METHOD FOR FISSION PRODUCT DECAY HEAT POKER ttt'

COOLINS TIME
AFTER SHUTDOWN DECAY HEAT POWER

IDAYS) (WATTS)

CAPTURE
CORRECTION

r-VALUE

ADJUSTED
DECAY HEAI POWER

IWATTS)

3.65250E'02
J.09575Et03
3.65250Et03
1.09575E+04
3.65250Et04
1.09575E905
3. 65250E+05
1.09575E906
3.65250E+06

7.04389E+03 1.38505£+00 9.75612Et03
2.09890E.03 1.59861E+00 3.35534E903
9.7B559Et02 1.11561EtO0 1.09169E903
5.91771Et02 1.00794E900 5.964719E02
1.10779E+02 1.000009E00 1.10?79Et02
9.64247E-01 1.000009E00 9.64247E-01
4.40659E-03 1.OOOOOE+00 4.48659E-03
4.33829E-03 1. 00000+0E 4.33828E-03
4.07872E-03 I.00000E00 4.07B72E-03
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Figure 27

Program ANSIDECH Output (continued)

DECAY HEAT PROBLEM 2.2.5A KID 6-FACTDR CORRECTION--LION AND SHORT METHODS

I11
9 12
1090.0
211.4
365.3

365250. 0
1.3950
1.0000

I
10

2
3
4
5
6
7
B
9
t0
11
12

3
33.0

211.4 21.4
1095.8 3652.5

109575D.0 3652500.0
1.5986 1.1156
1.0000 1.0000

150.000 2.3344E+01 2.0650E+OO
15.000 .OOOOE+00 .OOOOE+00
150.000 2.3979E+01 5.3110E+00
45.000 .OOOOE+0O .0000E+00

150.000 1.9251E+01 7.EI1OE+00
15.000 .OOOOE+00 .OOOOE+00
150.000 1.9986E+01 1.1075E+01
45.000 .OOOOE+OO .OOOOE00

150.000 1.4160E+01 1.1883E+.0
15.000 .OOOOE+00 .OOOQE+00

150.000 1.4817E+01 1.5237E+01
45.000 .OOOOE+00 .OOOOE+00

10957.5 36525.0 109575.0

100079

1.5910E+00
.0000E+00
1.7100E+O0
.OOOOE+00
1.93B0E+00
* OOOOE+00
1.9390E#00
.OOOOE+00
1.9570E.00
.0000E+00

1.9470E+OD
.OOOOE+00

1.0000 1.0000

filt LONS METHOD FOR FISSION PRDDUCT DECAY HEAT POKER *te.

COOLIN6 TIRE
ISOTOPE AFTER SHUTDOWN

(DAYS)

ISOTOPE
DECAY HEAT POWER

(KATTSW

3.95566E+03
I . 57898E+03
4.02769E+02

TOTAL
DECAY HEAT POKER

IWATTS)

3. 95566E+03
5.53464E+03
5.93741E+03

RATIO
ISOTOPEtTOTAL

6.6622BE-01
2.65937E-01
6.7B357E-02

U-235
PU-239
u-238

3.65250E+02
3.65250 +02
3.65250E+02

S-VALUE

1.3£505E+0O
1.3E505E+00
1.3B505E+00

ADJUSTED
DECAY HEAT POKER

iWAT7S)

5. 478672403
7.66574E+03
8.2235.+Q03

U-235 I.C9575E+03
PU-239 1. 09575E+03
U-238 1.09575E+03

U-235
PU-239
U-23B

U-235
PU-239
U-236

3. 65250E+03
3. 65250E+03
3. 65250E+034

1.09575E+04
10 09575E+04
1.09575E+04

1. 10624E.03
4.81632E+02
10 11621E402

4. 8992BE+02
1. 4B539E+02
3.48660E+01

2.95472E+02
1. 9S939E+01
2.06401E+01

5.5309 4E+01
1.71866&E01
3.97271E+00

1.10624E+03
1.5S787E+03
1.69950E403

4.68928E+02
6.37467E+02
6.723339+02

2.95472E+02
3.64366E+02
4.05207E+02

5.53094E+01
7.24960E+01
7.64697E+01

6.50924E-01
2.E3397E-01
6.56789E-02

7.27211E-01
2.20931E-01
5.18583E-02

7.291EBE-01
2.19379f-01
5.1432BE-02

7.23294E-01
2. 24754E-01
5.19521E-02

1.598610E+0
1.59961E+00
1.59B61E+00

1.11561E+00
1.115619E00
1.11561E+00

1.00794E+00
1.00794E+00
1.007949E00

1.000000EOO
1.00000E00
1.00000E+00

1.76645E+03
2.5384 OE+03
2.71654E+03

5.45452E+02
7.11164 E+02
7.SOO51E*02

2.9761EE+02
3.674!BE*02
4.09424E+02

5.53094E+01
7.24960E+01
7.64697E+01

U-235 3.65250E+04
PU-239 3.65250E+04
U-238 3.65250E904
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Figure 27

Program ANSIDECH Output (continued)

1-235
PU-239
U-239

U-235
PU-239
u-238

U-235
PU-239
U-23e

U-235
PU-239
U-236

1.09575E+05
1.09575E+05
1. 09575E+05

3.65250E+05
3.65250E+05
3.65250E+05

1.09575E+06
1.09575E+06
1.09575E906

3.65250E+06
3.65250E+06
3.65250E+06

4.91371E-01
1.72007E-01
3.7E398E-02

2.23259E-03
3. 24684E-03
2.62537E-04

2.15796E-03
3.16356E-03
2.46693E-04

2.04647E-03
2.99BOE-03
2.31937E-04

4.61371E-01
6.5337BE-01
6.91217E-01

2.23259E-03
5.47943E-03
5.74196E-03

2.15796E-03
5.32151E-03
5.56921E-03

2.04647E-03
5.04457E-03
5.27650E-03

6.96410E-01
2.48946E-01
5.47437E-02

3.88820E-01
5.65459E-01
4.572249-02

3.07550E-01
5.69146E-01
4.43039E-02

3.97846E-01
5.69197E-01
4.39565E-02

I.00000E+O0
1.00000E+00
1.00000E+00

1.00000E+00
1.00000E+00
1. 00000E+00

I.00000E+00
1.000009+00
1. 00000E+00

1.0000E+00
1.00000E+00
1.00000E+00

4.91371E-01
6.53379E-01
6.91217E-01

2.232599-03
5.47943E-03
5.74196E-03

2.15796E-03
5.32151E-03
5.569 1E-03

2.04647E-03
5.04457E-03
5.27650E-03

tt#. SHORT METHOD FOR FISSION PRODUCT DECAY HEAT POWER f"'

COOLINB TIME
AFTER SHUTDOWN

IDAYS)

3.65250E+02
1*09575E+03
3.65250E+03
1.09575E904
3.65250E+04
1.09575E+05
3.65250E+05
1.09575E+06
3.65250E+06

DECAY HEAT POWER
(WA7TS)

7.14530E+03
2.15716E+03
1.01939E+03
6.165935E02
1.15429E+02
1.00477E400
4.70907E-03
4.52367E-03
4.26412E-03

CAPTURE
CORRECTION
6-VALUE

1.38505E+00
1.59961E+00
1. 21561E+00
1.00794E+00
1.00000E+00
1.00000E+00
I.000009E00
1.00000E+00
l100000E+00

ADJUSTED
DECAY HEAT POWER

INATTS)

9.89659E+03
3.448469+03
1.13723E+03
6.21489E+02
1.15429E+02
1.00477E+00
4. 70907E-03
4.52367E-03
4.26412E-03
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Figure 27

Program ANSIDECH Output (continued)

DECAY HEAT PRODLEK 2.2.6 KID 6-FACTOR CORRECTION-LOMB AND SHORT RETHOOS

I I
9 10

1035.0
211.4
365.3

365250.0
1.3B50
1.0000

2
2
3
4
5
6
7
B
9
10

I 0
3

3310
211.4 211.4

1095.9 3652.5 10957.5
1095750.0 3652500.0

1.5986 1.1156 1.0079
1.0000 1.0000

150.000 2.7096E901 2.3410E+00 1.5640E.00
150.000 2.0229E+01 5.0320Et00 1.7400E+00
60.000 .0000E00 OOOOE00 .OOOOE+00
150.000 2.2513E901 6.5970E900 1.6890E900

15.000 .00OOE400 .OOOOE00 .OOOOE00
150.000 1.6724E+01 1.028&E+01 1.9890E+00
45.000 .000E+00 .OOOOEt00 .OOOt+00
150.000 1.6898E+01 1.3195EtO1 1.9170Et00
15.000 .OOOOE.00 .OOOOE+0D .OOOOE+00

150.000 1.2089E901 1.3923E901 1.989E0900

36525.0

1.0000

109575.0

1.0000

fi1* LON8 METHOD FOR FISSION PRODUCT DECAY HEAT POWER #"I

CDOLINS TINE
ISOTOPE AFTER SHUTDOWN

tDAYS)

U-235
PU-239
U-239

U-235
PU-239
u-23e

U-235
PU-239
U-23E

U-235
PU-239
u-239

U1-235
PU-239
U-238

3.65250E902
3.65250E+02
3.65250E902

1.09575E903
1.09575E.03
1,09575Et03

3.65250E903
3.65250E+03
3.65250Eo03

1.09575E 04
1.09575E+04
1.09575E+04

3.65250E404
3.65250E+04
3.65250E904

ISOTOPE
DECAY HEAT POMER

INAIlS)

4. 13349E903
1611eOE903
4.04859E+02

1.12743E903
4.B7874E.02
1.1197E.02

4.89575E902
1.49661E902
3.498549E01

2.95799Et02
fi.6q309E+O1
2.09513E901

5.53700EtOI
1.71937E901
3.97469E.00

TOTAL
DECAY HEAT POWER

IWAITS)

4.133489.03
5.745299.03
6.15014E903

1.12743E903
1.61530E+t3
1*72729E903

4.99575Et02
6.39236E902
6.73122E902

2.95799E+02
3.94730E902
4.05581E402

5.53700E901
7.25638E+01
7.65385E.01

RATIO
ISOTOPE/TOTAL

6.72096E-01
2.62075E-01
6.59292E-02

6.52716E-01
2.8245DE-01
6.48341E-02

7.27320E-03
2.20E53E-01
5.19263E-02

7. 29321E-01
2.19268E-01
5.14108E-02

7.2342SE-01
2.24642E-01
5.19307E-02

fi-VALUE

1.38505E900
1. 3H5059+00
1.30505E.00

1. 5996E100
1.59I619E00
1.59B61E+00

1.115619E00
1.1156E1.00
1.11561E00

1.00794E900
1.00794E900
1.00794UE00

I.OOOOE00
1.000009E00
I.OOOOOE+00

ADJUSTEE
DECAY HEAT POWER

(WATTS)

5.72507E+03
7.q5749E.03
6.51824E.03

1.60233E903
2.59225E+03
2.76127E9t3

5.4b174E902
7.12022E+02
7.509419E02

2.99149E902
3.87785E+02
4.09802E902

5.53700E901
7.25639E+01
7.65395E+01
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Figure 27

Program ANSIDECH Output (continued)

U-235
PU-239
U-238

U-235
PU-23S
LJ-238

U-235
PU-239
U-23e

U-235
PU-239
U-238

1. 09575E+O5
1.0957 5E+05
1. 09575E+05

3. 65250E.05
3. 65250E*05
3. 65250E#05

1 .09575E.Ob
1.09575E+06
1.0957SE +06

3. 6525OE 406
3. b5251.E+Db
3. 65250E+06

4.E8I67E-01
1. 7200EO-01
3.785B7E-02

2.25902E-03
3.24elIE-03
2.625BBE-04

2.15656E-03
3.16601E-03
2.4b734E-04

2.02306E-03
2.98b5bE-03
2.29940E-04

4.61967E-01
6.53947E-01
6.91806E-01

2. 25902E -03
5.50714E-03
5. 7b973E-03

2.15M5E-03
5.324 57E-03
5. 5?131E-03

2.02308E-03
5. 009b3E -03
5. 23q57E-03

6.96535E-01
2.14741E-01
5.47245E -02

3.91531E-OJ
5.629SE-01
4.55113E-02

3.67443E-01
5.6E2706-01
4.42966E-02

3.66115E-01
5.70000E-0I
4.38B 3E-02

1.OOOOOE+00
1.00000E+00
1.OOOOOE+00

1.00000E+00
.00000E+00
l.ODDOOE+00

1.00000E+00
1.00000E+00
1. 00000E+00

1.00000E+00
.000006E00

l.00000E+00

4.8B197E-01
6.53947E-01
6.91960E-01

2.25902E-03
5.50714E-03
5.7b973E-03

2.15M56E-03
5.32457E-03
5.57131E-03

2.0230EE-03
5.00963E-03
5.23957E-03

nil SHORT NETHOD FOR FISSION PRODUCT DECAY HEAT POWER 'ttn

COO!IN6 TIRE
AFTER SHUTDOWN DECAY HEAT POWER

IDAYS) (WATTS)

3.65250E+02
l.O9575E+03
3.65250E+03
1.09575E+04
3.65250E+04
1.09575E+05
3.65250E+05
1.09575E+06
3.65250E+06

7.04389E+03
2.09890E+D3
9.78559E+02
5.917711+02
1.10779E+02
9.64247E-01
4.49659E-03
4.33B2BE-03
4.07972E-03

CAPTURE ADJUSTED
CORRECTION DECAY HEAT POWER
6-VALUE IWAITS)

1.38505E+00 9.75612E+03
1.5956 E+00 3.35534Et03
1.115616E00 1.09169E+03
1.00794E+00 5.96471E+02
1.000OOEt00 1.10779E+02
I.00000.E00 9.64247E-01
J.0000OEtOO 4.49659E-03
I.00000E+00 4.33829E-03
1.00000Et00 4.07872E-03
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Figure 27

Program ANSIDECH Output (continued)

DECAY NEAT PROBLEM 2.2.6A (/0 6-FACTOR CORRECTIHN--LONS AND SHORT METHODS

I 1
9 12
1080.0
211.4
365.3

365250.0
1.3B50
1.0000

I
2
3
4
5
6
7
B
9
10
12
12

I10
3

33.0
211.4 211.4

1095.9 3652.5
1095750.0 3652500.0

1.598e 1.1156
1.0000 1.0000

150.000 2.7096E+01 2.3410E.00
15.000 .OOOOE+00 .OOOOE+0O

150.000 2.0228E+01 5.0320E+00
45.000 .OOOOE+00 ,OOOOE+O0
150.000 2.2513E+01 B.5970E+00
15.000 .OOOOEtOD .OOOOE+00

150.00 1.6724E.01 1.02B6E+01
45.000 .OOOOE+00 .OOOOEt00
150.000 1.68E2E.01 1.3195E+01
15.000 OOOOE+00 .OOOOE+00

150.000 1.20B9EtO1 1.3923E+01
45.000 .OOOOE+00 .OOOOE+00

10957.5 36525.0

1.0079 1.0000

1.5640E+00
.OOOOE+00

1.7400E+00
.OOOOEt00
1.8990E+0t

.OOOOEt00
1.9B90E+00
.OOOOE+00
1.9170Et00
.OOOOE+00

1.9B8E+00
.OOOOE+00

109575.0

1.0000

'in LONE METHOD FOR FISSION PRODUCT DECAY HEAT POWER #t##

COOLINE TIME
ISOTOPE AFTER SHUTD3WN

(DAYS)

ISOTOPE
DECAY HEAT POWER

(WATTS)

4.09996E+03
1.60172E+03
4. 01496E+02

TOTAL
DECAY HEAT POWER

IWATTS)

4.09896E+03
5.70067E+03
6.10217E+03

U-235
PU-23i
U-23B

3.65250E+02
3.65250E+02
3.e65250Et02

RATIO
ISOTOPE/TOTAL

6.71721E-01
2.62484E-01
6.57956E-02

6-VALUE

1.38505E+00
1. 38505E.00
I.3s505E+00

ADIUSTED
DECAY HEAT POWER

IWATTS)

5.67725E+03
7.89570Et+3
B.45190E+03

U-235 1.09575Et03
PU-239 1.09575E.03
U-23B 1.09575E.03

U-235
PU-239
U-23B

U-235
PU-239
U-238

U-235
PU-239
U-23B

3.65250E+03
3.65250E+03
3.65250E403

1.09575E+04
1.09575E.04
1.09575E+04

3.65250Et04
3.65250E+04
3.65250E+04

1. 12296E+03
4.86041E+02
1.11433E+02

4.B91468E+02
1.49632E+02
3.4875BE+01

2.95747E+02
6. 9225E+01
2.0848E+01

S.53602Et01
1.71921Et01
3.97407E+00

1. 12296E+03
1.60900E+03
1 .72043E+03

4.B9468E+02
6.38100E+02
6.72976E+02

2.95747E+02
3.84669E+02
4.05517E402

5.53602E+01
7.25523E+01
7. 65263E.01

6.5271BE-01
2.62511E-01
6.47707E-02

J.27319E-01
2.20858E-01
5.18232E-02

7.29307E-01
2.19262E-01
5.14109E-02

7.23413E-01
2.24656E-01
5.19307E-02

1.59861E+00
1 .59661E.00
1. 5986 IE+DO

1. 11561E+00
I * I 5b)E+00
1. 1156 IE+OD

160079 4E+00
1.00794E+00
1.0079 4Ei00

I .OOOOE+00
16 OO0OOE+00
1. 00000E.00

I .79317E+03
2.57217E+03
2.75031E*03

5. 46055E+02
7.1 1870E+02
7.5077BE.02

2. 98095E+02
3. 97724E.02
4.09738E+02

5. 53602E+01
7.25523E.01
7. 65263E+01
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Figure 27

Program ANSIDECH Output (continued)

U-235 1.09575E+05
PU-239 1.09575E+05
U-23B 1.09575E+05

U-235
PU-239
U-238

U-235
PU-239
U-238

U-235
PU-239
U-238

3.65250E405
3. 65250E.05
3.65250E+05

. 09575E+06
1.09575E.06
1.09575E+Ob

3.65250E+06
3.65250E+06
3.65250E.06

4.91100E-01
1.72058E-01
3.78530E-02

2.23674E-03
3.2481IE-03
2.62598E-04

2.15956E-03
3.16601E-03
2.46734E-04

2.04536E-03
2.99764E-03
2.32130E-04

4.91900E-01
6.5365SE-01
6.917I1E-01

2.23674E-03
5. 48495E-03
5.74744E-03

2.15,56E-03
5.32457E-03
5.57131E-03

2.04536E-03
5.04300E-03
5.27513E-03

6.96534E-0O
2.48743E-01
5.47237E-02

3.99172E-01
5.65141E-O0
4. 5678E-02

3.67443E-01
5.68270E-01
4.42866E-02

3.87736E-01
5.66259£-01
4.40045E-02

I.00000E+00
1.000002E00
1.00000E+00

.*00000E+00
1.00000E+00
.00000.0E+

l.00000E00
1.OOOOOE+OO
I.OOOOOEtO0

1.0000000E+
l.00000E00
1.OOOOOEt00

4. 1600E-01
6. 5385BE-01
6.91731E-01

2.23674E-03
5.448E52-03
5.74744E-03

2.15B56E-03
5.32457E-03
5.57131E-03

2.045362-03
5.04300E-03
5.27513E-03

tte# SHORT NETHOD FOR FISSION PRODUCT DECAY HEAT POWER tif

COOLINS TIME CAPTURE ADJUSTED
AFTER SHUTDODN DECAY HEAT POWER CORRECTION DECAY HEAT POWER

IDAYS) (WATTS) 6-VALUE (WATTS)

3.65250Et02
1.049575E03
3.652502E03
1.09575EtO4
3.65250E+04
1.09575E+05
3.65250E.05
1.09575E206
3.65250E206

7.14530Et03 1.39505E+00 9.9965BE+03
2.15716E+03 . 1.59961E200 3.44U846E03
1.01939E203 1.11561E+00 1.13723Et03
6.16593E+02 1.00794Eo00 6.21489E+02
1.15429E+02 1.0000E+00 .15428E202
1.00477E200 1.00000.E00 1.00477E+00
4.70907E-03 1.000002E00 4.70907E-03
4.52367E-03 1.000002E00 4.52367E-03
4.26412E-03 1.OOOOOE+00 4.26412E-03
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Figure 27

Program ANSIDECH Output (continued)

DECAY HEAT PROBLEM 2.3.1 via 6fACTOR CORRECTION--LONS AND SHORT METHODS

I S 3
1069 .0
206.9 ;
964.0

1.5763

31.9
206.8 206.B

1
2
3
4
5

310.000 2.1964E401 4.7350E+00 1.7620E+00
64.000 .OOOOE+00 .OOOOE+00 .OOOOE+00

32i.000 1.6224E+01 1.1429E+01 2.1740E+O0
69.000 .OOOOEt0O .ODOOE+00 .0000Et00

305.000 1.2256Es01 1.4600E+01 2.0730E+00

flif LONE METHOD FOR FISSION PRODUCT DECAY HEAT POWER f*t*

CODLINS T1NE
ISOTOPE AFTER SHUTDOWN

IDAYS)

U-235 9.64000E+02
PU-239 B. 64000E+02

11-238 B.64000E.02

ISOTOPE
DECAY HEAT POWER

INATTS)

I 44501E+03
9.49252E+02
1.76b57Et02

TOTAL
DECAY HEAT POWER

(WATTS)

1 .44501E+03
2.29426E+03
2.47292E+03

RATIO
ISOTOPEIIDTAL

5.64333E-01
3.43421E-0I
7.22456E-02

9-VALUE

1 .57625E+00
1 .5762BE+00
1. 57628EO00

ADJUSTED
DECAY HEAT POWER

(WATTS)

2.27773E+03
3. 61630E+03
3.69800E+03

tttt SHORT METHOD FOR FISSION PRODUCT DECAY HEAT

COOLINS TIME CAPTURE
AFTER SHUTDOWN DECAY HEAT POWER CORRECTION

(DAYS) (WATTS) 6-VALUE

6.64000E+02 2.79335E403 1.57626E+00

POWER fis"

ADJUSTED
DECAY NEAT POWER

(WATTS)

4.40309E+03
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Figure 27

Program ANSIDECH Output (continued)

DECAY HEAT PROBLEM 2.3.2A VD 6-4ACTDR CMRRECTIDW--LOHS AND SHORT METHODS

I I I O
1 5 3
1069.0 32.5
206.9 206.9 206.9
962.0
1.5904

1 310.000 2.234BE+01 4.B920E+00 1.0010E+00
2 64.000 .OOOOE+00 .OOOOEt00 .OOOOE+00
3 321.000 1.6441E+01 1.1612Et01 2.2220E+00
4 69.000 .0000E+00 .OOOOE+00 .0000E+00
5 305.000 1.2303E+01 1.5095E+D0 2.1200Et00

*1 ULOX5 METHOD FOR FISSION PRODUCT DECAY HEAT POWER en'

COOLING TIME ISOTOPE TOTAL
ISOTOPE AFTER SHUTDOWN DECAY HEAT POWER DECAY HEAT POWER

(DAYS) IWATTS) (WATTS)

U-235 9.62000E+02 1.27937Eto3 1.27937E+03
PU-239 9.62000E*02 7.5eJ51E+02 2.03752E+03
U-236 9.62000Et02 1.57175E+02 2.19470Et03

RATIO
ISOTOPE/TOTAL

5.B2937E-01
3.45447E-01
7.16157E-02

6-VALUE

1.59044E+00
I .59044E+00
1.59044E+00

ADJUSTED
DECAY HEAT POWER

INATTS)

2.03475E+03
3.24054E+03
3.49052E+03

is'. SHORT METHOD FOR FISSION PRODUCT DECAY HEAT POWER on.#

COOLIKE TIME CAPTURE ADJUSTED
AFTER SHUTDOWN DECAY HEAT POWER CORRECTION DECAY HEAT POWER

IDAYS) (WATTS) 6-VALUE (WATTS)

9.62000E+02 2.50936EW03 1.59044E+OD 3.99097E.03
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Figure 27

Program ANSIDECH Output (continued)

DECAY NEAT PROBLEM 2.3.2G WID 6-FACTOR CORRECTION--LON6 AND SHORT METHODS

I I1 5
1069.0
206.9

1143.0
1.5994

2
3
4
5

I 0
3

32.5
206.9 206.9

310.000 2.234BE+01 4.8920E+00 1.6OIOE+00
64.000 OOOO0E+00 .OOOOE+00 .O000E*00
321.000 1.6441E+01 1.1612E+01 2.2220E+00
69.000 OOOO0E+00 .OOOOE+00 ,0000E+00
305.000 1.2303E+01 1.5095E+OJ 2.120OE*00

ltit LONS METHOD FOR FISSION PRODUCT DECAY HEAT POFER ntf

COOLINS TIME
ISOTOPE AFTER SHUTDDWN

IDAYS)

U-235 1.14300E+03
PU-239 1.1430OE403
U-239 1.14300Ee03

ISOTOPE
DECAY HEAT POWER

INATTS)

1.03057Et03
5.92266E+02
1.22309E+02

TOTAL
DECAY MEAT POKER

(VATTS)

1.03057Et03
1. 622e4E+03
1.74515E.03

RATIO
150TOPE/TOTAL

5.90536E-01
3.39379E-01
7.00850E-02

6-VALUE

1.59839E+00
1. 59B39E+00
1. 59835E.00

ADJUSTED
DECAY HEAT POWER

(WATTS)

1.64726E+03
2.59393E+03
2.78943E+03

ftt SHORT METHOD FOR FISSION PRODUCT DECAY HEAT

COOLING TI1E CAPTURE
AFTER SHUTDOWN DECAY HEAT POWER CORRECTION

IDAYS) IWATTS) 6-VALUE

1.14300E+03 2.05266E+03 1.59E39EtO0

POWER iti

ADJUSTED
DECAY HEAT POWER

IWATTS)

3.20095E.03
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Figure 27

Program ANSIDECH Output (continued)

DECAY HEAT PROBLEM 2.3.3 1/0 6-FACTOR CORRECTION--LONS AND SHORT METHODS

1 1 1 0
1 5 3
1069.0 30.3
206.5 206.5
963.0
1.5905

206.5

2
3
4
5

310.000 2.1023E+01 4.3610E+00 1.6700E400
64.000 .OOOOE+00 .0000Et00 .OOOOE+OO

321.000 1.7677E+O1 1.051EE+01 2.05eDE+00
69.000 .OOOOE+OO .OOOOE+OO .OOOOE+0O

305.000 1.2113E+01 1.3424E+O1 1.9610E+O0

I#* LON6 METHOD FOR FISSION PRODUCT DECAY HEAT POWER ###*

COQ INS TIME
ISOTOPE AFTEN SHUTDOWN

IDAYS)

U-235 9.63000E.02
PU-239 9.63000E+02
U-23E 9.63000E+02

ISOTOPE
DECAY HEAT POWER

(WATTS)

I.2127E+O3
6.75262E402
1.45656E 02

TOTAL
DECAY HEAT POWER

IWATTS)

1.21827E+03
1.B9354E+D3
2.03919E*03

RATIO
ISOTDPE/TOTA1

5.97430E-01
3.31142E-01
7.14284E-02

6-VALUE

1.59054E+00
1.59054E400
1.59054E+O0

ADJUSTED
DECAY HEAT POWER

IWATTS)

1.93772E+03
3.01176E+03
3.24343E+03

t#tt SHORT METHOD FOR FISSION PRODUCT DECAY HEAT

COOLINS TIME CAPTURE
AFTER SHUTDOWN DECAY HEAT POWER CORRECTION

(DAYS) (WAITTS) 6-VALUE

9.63000E#02 2.33687E+03 1.59054E+00

POWER 9#1#

ADJUSTED
DECAY HEAT POWER

fWATTS)

3.72007E#03
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3.2 ANSIDECH/BURNUP

3.2.1 Code Description

The computer programs ANSIDECH and BURNUP were developed to estimate
the fission-product thermal energy release from light water reactor fuel. The
program ANSIDECH implements American National Standard ANSI/ANS-5.1-1979. The program BURNUP can be used to estimate the fraction of fission
events occurring in 235U, 238U, and 239Pu, one of the required inputs to
ANSIDECH.
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ANSIDECH uses two ANS methods (Reference 6) for computing fission-product
afterheat power. One Is a simplified and conservative method In .which all
fissions are assumed to occur In 235U. The other method, a detalled one,
accounts for fission In 235us 238 U, and 2 39Pu. A short review of these two
methods follows.
e~.

We begin with the detailed method. When the operating history of a reactor can
be represented by a histogram of N time Intervals with constant power P.,from
fissionable nuclide I during Irradiation period a, then the fission-product after-
heat power (uncorrected for neutron capture) from fissionable nuclide I Is given
by the following equations:

Pd(tj) Pj.Fj(ttTa (3.2.1)

U-1 Qi

N-1
tl ' tt' t+ T.*-. tH t + E (3.2.2)

c'1

N
T WET s a , (3.2.3)

where

Ta = the duration of Irradiation period a (s)

tax C the elapsed time after Irradiation period a (s)
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pp. T = Fission product decay heat power contribution todi (4,T) P by ith fissionable nuclide, uncorrected for
neguAIV capture in fission products, MeV/sec.

Pio C Average power from fissioning of nuclide I during
operation period U., MeY/sec.

-.. Q = total recoverable energy per fission for nuclide I
(MeY per fission)

The value of Qi Includes fission fragment and neutron kinetic energy, prompt
gamma energy, the energy of gamma and beta radiation from complete decay of

fission products, and the energy of gamma and beta radiation from capture

reactions in all fuel, coolant, and structural materials. The units of Pi c and Pdi
must be the same. In Equation 3.2.1, F , the decay heat power t seconds after
an irradiation period of T seconds, Is found from

F (t0T) Fil(t= CK F(t C + Theo) (3.2.4)

The values of F1 (t oT ) for 235U, 23 8u, and 2 39Pu can be calculated from
formulas given in Tables 3-20, 3-21, and 3-22.

The total fission-product afterheat power is given by

Pd(t T) a P'(t,) * G(t) (3.2.5)

Pd3tT) 'S1 (3.2.6)
P~~(tsT .1 ar pjtT'
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Table 3-20

Parameters for 2 3 5U Thermal Fission Function F(tT)

a- -

6.5057E-0 I*
5.1264E-01
2.4 384E-0 1
1 .3850E-0 1
5.5!44E-02

2.2225E-02
3.3088E-03
9.3015E-04
8.0943E-04
I1.9567E-04

3.2535E-05
7.5595E-06
2.5232E-06
4.994SE-07
1.9531E-07

2.21 3&E.0 1
5.1587E-01
1.9594E-0l
1.031 4E-01
3.3656E-02

1.1681E-02
3.5870E-03
1 .393DE-03
6.2630E-04
1.8906E-04

5.4988E-05
2.095BE-05
1.O0IOE-03
2.543&E-06
6.6361E-07

2.6608E-08
2.2398E-09
8.1641E-12
8.7797E-1 1
2.5131E-14

I1.2290E-07
2.721 3E-08
4.3714E.-09
7.5780E-10
2.4786E-10

3.2 176E-16
UJ.5038E-17
7.4791E-17

2.2384E-1 3
2.4600E-14
1 .5699E-1 4

Source: Reference 6. (Table extracted from American National Standard
ANSI/ANS-3.1-1979 with permission of the publishers, the American
Nuclear Society.)

* F(tT) = 23
i=1I

aieXt
xi

(I-e-AIT) MeV/Fission

F(T/V) = F(t,101 3 )

t and T in seconds

he Read as 6.5057 x 10 l.
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Table 3-21

Parameters for 2 3 8 U Fast Fission Function F(tT)

a

1.231 1E+0**
1.1486E+0
7.0701E-1
2.5209E-1
7.1870E-2

3.2881E+0
9.3805E-1
3.7073E-1
1.1118E-1
3.6143E-2

2.8291E-2
6.8382E-3
1.2322E-3
6.8409E-4
1.6975E-4

1.3272E-2
5.0133E-3
1.3655E-3
5.515S8E-4
1.7873E-4

2.4~182E-5
6.6356E-6
1 .0075E-6
4.9894E-7
1 .6352E-7

4.9032E-5
1 .7058E-5
7.0465E-6
2.31 9DE-6
6.44S0E-7

2.3355E-8
2.8094E-9
3.6236E-1 I
6.4577E-1 I
4.4&963E-1'.

1.2649E-7
2.554SE-8
8.4782E-9
7.5130E-10
2.41iSSE-10

3.6654E-16
5.6293E-17
7.1602E-17

2.2739E-1 3
9.0536E-14
5.609SE-15

Source: Reference 6. (Table extracted from
ANSI/ANS-5.1-1979 with permission of
Nuclear Society.)

American National Standard
the publishers, the American

* F(tT)= 2;3 i -?'t
1=1 3

(l-e XIT) MeV/Fission

F(T c) = F(tv 10 13)

t and T in seconds

*n Read as 1.2311 x 100.
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Table 3-22

Parameters for 2 3 9 Pu Thermal Fission Function F(tT)*

aI

2.093E-01~
3.853E-0 I
2.213E-0OI
9.460E-02
3.531E-02

2.292E-02
3.946LE-03
1.317E-03
7.052E-04
1 .432E-04

1 .002E+01
6.433E-O01
2.186E-01
1.004E-01I
3.728E-02

j1*435E.02
4.549E-03
1 .328E-03
.5.336E-04
1 .730E-04

1.765E-05
7.347E-06
1.747E-06
5.48 IE-07
1.671E-07

4.88 IE-05
2.006E-05
8.319E-06
2.358E-06
6.450E-07

2.112E-08
2.996E-09
5.107E-I I
5.730E-l I
4.138E-14

1.278E-07
2.466E-08
9.378E-09
7.450E-10
2.426E-10

1 .09SE-15
2.454E-17
7.557E-17

2.21 OE- 13
2.640E-14
1.380E-1 4

Source: Reference 6. (Table extracted from American National Standard
ANSI/ANS-S.1-1979 with permission of the publishers, the American
Nuclear Society.)

* F(tT) 23 i e-lit (Xe-XiT) MeV/FissionE r-
1=1 i

F(T,0) = F(t,10 13 )

t and T in seconds

** Read as 2.083 x 10-.
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with I = 1,2,3 representing 235U (thermal fission), 23SU (fast fission), and 239Pu
(thermal fission). Here, 235U Includes all other fissionable nuclides not
explicitly mentioned (i.e., all others are assumed to behave as does 235U). G(t)
Is a correction factor used to account for neutron capture in fission products.

For shutdown times of t 104 s, operating times of T 1.2614xl08 s (four years),

and 3.0, G(t) Is found from

G(t) 1.0 4 (3.24x006 4 5.23x0-10't)T0 4 * (3.2.7)

where vp is the number of fissions per initial fissile atom. For shutdown times in

the range of 104Lc tic 9 s, Table 3-23 provides a tabulation of the maximum

correction factors, G (t), to apply.
max

The decay heat power should also be obtained by using the following simplified

method. It Is assumed that the decay heat power from fissile isotopes other than
233U is identical to that of 235U and that the fission rate Is constant over the

operating history of the level corresponding to the maximum power Pmax* Only
the Infinite operating period data for 235U are used. This simplified method

overestimates decay heat power, especially with respect to LWR cores con-

taining an appreciable amount of plutonium.

For finite reactor operating time, T. the decay heat power without neutron
absorption in fission products Is

P'd(tT) a 1.02 r nax FMt 4 (3.2.8)

where F and Q are for 235U.
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Table 3-23

Ratio of Decay Heat with Absorption to
Values without Absorption'

- Time after Time after
Shutdown (sec) Gmax(t) Shutdown (sec) Gmax(t)

1.0
1.5
2.0
4.0
6.0
8.0
I .OE. I
1.5E1
2.OE+lI
4.OE+ I
6.OE+1I
8.0E+ I
1.OE1+2
1.5E.2
2.OE+2
4.OEe2
6.01E.2
Z.OE+2
1.OEe3
1.5Ee3
2.OE+3
4.0OE+3
6.OE+3
S.OE+3
1.OE+4
1 JEe4
2.OE+4
4.0E1+4
6.OE+4
S.OE+4
1.OEi5

1.020
1.020
1.020
1.021
1.022
1.022
1.022
1.022
1.022
1.022
1.022
1.022
1.023
1.024
1.025
1.028
1.030
1.032
1.033
1.037
1.039
1.048
1.054
1.060
1.064
1.074
1.081
1.098
1.111
1.119
1.124

2.OE+5
4.OE*5
6.OE+5
S.OEe5
1.OE+6
1.5Ea6
2.OEe6
4.OE+6
6.OE+6
8.0E4-6
1.OEe.7
1.5Ee7
2.OE+7
4.OE+7
6.OE+7
8.OE+7
1.OE+8
l.5E+e8
2.OE+8
4.OE+8
6.OE+8
S.OE.8
1.OE.9

1.130
1.131
1.126
1.124
1.123
1.124
1.125
1.127
1.134
1.146
1.162
1.181
1.233
1.284
1.444
1.535
1.586
1.598
1.498
1.343
1.065
1.021
1.012
1.007

Source: Reference 6. (Table extracted from American National Standard
--- ANSI/ANS-5.1-1979 with permission of the publishers, the American

Nuclear Society.)

* Ratio based on following assumptions: 2 35 U thermal fission for four
years; no depletion; typical LWR spectrum.
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17. FORTRAN PROGRAM BURNUP

The Fortran program BURNUP estimates the fraction of fission events
occurring in 235U, 238U, and 239Pu, one of the required inputs to ANSIDECH.
This program was used in the solution of the Radiological Assessment
Benchmark Problems 2.1, 2.2 and 2.3.

Theory

The engineering aspects of this program are discussed in Section 3.2 of
Reference 3 (attached for the readers convenience at the end of this section).

Program

Program BURNUP.EXE solves Equations 3.2.9 through 3.2.11. A listing of the
Fortran source code is shown in Figure 28.

Input Data

Data is input to the program via the input data file BURN.DAT. Input data
names, formats and descriptions are shown in Table 2. Input data files for
Benchmark Problems 2.1, 2.2, and 2.3 are given in Figure 29.

Output Data

The output data from this program is contained in file BURNUP.OUT. The
output data for Benchmark Problems 2.1, 2.2 and 2.3 is shown in Figure 30.
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Figure 28

Fortran Program BURNUP Source Code

PROGRAM BURNUP
IMPLICIT REAL#S 0A-HO-Z)
CHARACTER*4 TITLE
DIMENSION TITLE(20)
OPEN I2,FILEE'BURNUP.OUT')
OPEN(5,FILEs'BURN.DAT')
IN=5
IOUT-2

5 CONTINUE
READ(IN.10) TITLE

10 FORMAT(2OA4)
IF( TITLE(l).EQ.'END ') 60 TO 1000
WRITE(IOUT 20) TITLE

20 FORMAT(// Ix 20A4)
READ(IN 21) IRTYPE

22 FORMAT(fl)
IF(IRTYPE.EQ.2) 6D TO 30
WRITE(IOUT 25)

25 FORMAT(/,1i,'REACTOR TYPE IS PWR',/)
60 TO 40

30 WRITE(IOUT,35)
35 FORMAT(/,lX,'REACTOR TYPE IS BWk',/)
40 CONTINUE

READ(IN 50) NRF U235P
50 FORMATH10,F10. )

WiRITEfUOUT 60) NRP U235P
60 F0RMATf1X1!5.1X,'IkRADIATION PERIODS',eX,'INITIALLY',

&F1O.3,IX PERCENT U235')
IF(NRP.6T.100) 60 TO 1000
ETVO.ODO
DV =0. 0DO
TFKEEP=0.ODO
U236i:P=O.ODO
P239KP=0. ODO
DO 500 1Pal NRP
WRITECIOUT 30) IP

70 FORMAT(// IX 'REPORT FOR PERIOD',I5,/)
READ(IN 86) L,DUR,VOIDP

80 FORMAT(3F10.2)
NRITE(I0UT 190) PLDUR

90 FORMATIIX, POWER LEVEL' FO.2,IX,'JMW/MTU',SX,
&'DURATIDN=' F10.2 IX 'DAYS)
IF(IRTYPE.E6.2) IVIT(IOUT,95) VOIDP

95 FORMATQIX 'VOID PERCENTA6E=',F10.2)
B-PL#DUR*6.OOIDO
BV=EV+B*VOIDP
BT=BT+B
BAVxBV/BT
WRITE(IOUT1 100) E,ET

100 FORMA¶T(XI PERIOD BURNUP=',E12.3,IX,'MWD/K6U',2X,'TOTAL BURNUP-',
E12.3 IX, MID/KGU')
IF(lRTYPE.EQ.2) 60 TO 300
Q=200.ODO+5.2342DO*U235P*t(-1.0958DO)IBT**(0.11559DOEDLOG(BT))
WRITE(IOUT01 05) a

105 FORMATtIX a VALUEz',FIO.3,
&IX,'MEV/FISSION')

214



Figure 28

Fortran Program BURNUP Source Code (continued)

TFNUPS5.3930D231DT/Q
FNU238=1.703BD20*U235P**(-0.17202DO)fBTifl.0574DO
FNP239u2.7165D20*U235P"*(-O.90385DO)uBTu'1.6125DO
FU238=(FNU236-U23SKP)/(TFNUM-TFKEEP)
FP239=(FNP239-P239KP)/ TFNUM-TFKEEP)
FU235=1.ODO-FU238-FP239
TFKEEP =FNUM
U23BKPxFNU238
P239VP FNP239
PU235-FU235*PL
PU238BFU238*PL
PP239=FP239iPL
WRITE(IOUT,110) PU235

110 FORMATIIX U235 ISOTOPIC POWER=',lX,F10.3,1X,iJM/MTU )
WRITE(IOUT120) PP239

120 FORMATM1X PU239 ISOTOPIC POWERz ,F10.3,1X,(fW/PTU')
WRItE(I0UT1 130) PU238

130 FORMATI 1X 1U238 ISOTOPIC POWER-' IX F10.3,IX,PIN/MTU')
PSIaTFNUM*235.0439/(U235Pe6.02251E+ 4)
WRITE(IOUT 1 135) PSI

135 FORMAT(1X, PSI',F12.4)
60 TO 500

300 CONTINUE
IF(BAV.LT.0.001DO) PAV=35.
O=200.ODO+8.2112DO*U235P**(-0.35234DO).BAVI*

&0.045316DO*BT**(0.066524DO+0.027002DOfDLOS(BT))
WRITE(IOUT,105) 0
TFNUM=5.3930D23*BT/Q
FNU"-3B=1.7923D201U235Pff(-0.24103DO)f7*.(1.0563DO)
DNU238=1.5603D20*U235P**(-0.26939DO) T* (1.0587DO)

&-FNU236
FNP239=J.9941D20*U235P*F(-l.0176DO)*BT**(1.7198DO)
DNF239q1.8505D2O*U235P*f(-1.1043DO).BT4*(1.7499DO)

& -FNP 239
FNU238=FNU23B4DNU238* PAV -20.0DD)/30.0DO
FNP239=FNP239+DNP239*(BAV -20.0DO)J30.0DO
FU238=(FNU238-U238KP)/(TFNUM-TFKEEP)
FP239z(FNP239-P239KP)/(TFNUM-TFKEEP)
FU235sl.0DO-FU238-FP239
TFKEEP=TFNUM
U23BKPxFNU236
P239KP-FNP239
PU235=FU235fPL
PU23B=FU238*PL
PP239-FP239*PL
PSIxTFNUM*235.0439/(U235P*6.02252E24)
WRITE(IOUTI10) PU235
WRITE(IOUT:120) PP239
kJITE(IOUT,130) PU238
URITE(IOUT,135) PSI

500 CONTINUE
60 10 5

1000 CONTINUE
STOP
END
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TABLE 2

PROGRAM BURNUP INPUT DATA (BURN.DAT) DESCRIPTION

CARD

I

2

3

3

4

4

4

VARIABLE

TITLE

IRTYPE

NRP

U235P

PL

DUR

VOIDP

FORMAT

20A4

II

110

F10.3

F10.2

F10.2

F10.2

DESCRIPTION

PROBLEM TITLE

I - REACTOR TYPE IS PWR
2 = REACTOR TYPE IS BWR

IRRIDIATION PERIODS

INITIAL PERCENTAGE U235

REACTOR POWER LEVEL (MW/KG)

DURATION (DAYS)

VOID PERCENTAGE IF REACTOR TYPE IS
BWR
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Figure 29

Program BURNUP Input Data (BURN.DAT)

TEST PROBLEM

24 3.3
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667
37.5 36.6667

PROBLEM 2.1.1
1

1 1.5
41. 370.

PROBLEM 2.1.2
1

2 2.5
43. 370.
38. 260.

PROBLEM 2.1.3
1

3 3.5
28.5 370.

45. 260.
42. 300.

PROBLEM 2.1.4
1

1 3.2
31.25 1080.

PROBLEM 2.1.4A

10 3.2
31.25 108.
31.25 108.
31.25 108.
31.25 lOB.
31.25 106.
31.25 108.
31.25 108.
31.25 108.
31.25 108.
31.25 108.

PROBLEM 2.1.5
I

6 3.2
34. 150.
34. 150.
41. 150.
41. 150.

37.5 150.
37.5 X50.
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Figure 29

Program BURNUP Input Data (BURN.DAT) (continued)

PROBLEM 2.2.1
2

1 1.1
30. 370. 40.

PROBLEM 2.2.2
2

2 2.5
30. 370. 40.
27. 260. 30.

PROBLEM 2.2.3
2

6 2.5
20. 195. 35.
20. 185. 35.
30. 130. 35.
30. 130. 35.
30. 150. 35.
30. 150. 35.

PROBLEM 2.2.3A
2

3 2.5
20. 370. 35.
30. 260. 35.
30. 300. 35.

PROBLEM 2.2.4
2

1 2.7
25. 1080. 35.

PROBLEM 2.2.5
2

6 2.7
27. 150. 20.
31. 150. 50.
29. 150. 20.
33. 150. 50.
28. 150. 20.
32. 150. 50.

PROBLEM 2.2.6

6 2.7
31. 150. 50.
27. 150. 20.
33. 150. 50.
29. 150. 20.
32. 150. 50.
28. 150. 20.

PROBLEM 2.3.1
I

3 2.556
28.462 310.
31.827 321.
28.929 305.

PROBLEM 2.3.2
1

3 2.556
29.041 310.
32.475 321.
29.518 305.

PROBLEM 2.3.3
1

3 2.556
27.054 310.
30.253 321.
27.498 305.
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Figure 30

Program BURNUP Output Data File (BURNUP.OUT)

TEST PROBLEM

REACTOR TYPE IS PWR

24 IRRADIATION PERIODS INITIALLY 3.300 PERCENT U235

REPORT FOR PERIOD 1

POWER LEVEL 37.50 MW/MTU DURATION-
PERIOD BURNUP- .138E+01 MWD/K6U TOTAL BURNUPw
Q VALUEw 201.449 fEV/FISSION
U235 ISOTOPIC POWER= 33.949 KW/MTU
PU239 ISOTOPIC POWER- 1.572 MW/IMTU
u23e ISOTOPIC POWER- 1.979 MIW/MTU
PS61 .0435

REPORT FOR PERIOD 2

POWER LEVEL 37.50 MW/MTU DURATION=
PERiOD BURNUP. .138E+01 MWD/KSU TOTAL BURNUPa
L VALUE= 201.611 MEV/FISSION
U235 ISOTOPIC POWER= 32.117 KW/MTU
PU239 lSOTOPIC POWER= 3.240 MW/MTU
U238 ISOTOPIC POWERk 2.144 MW/MTU
P6S1 .0870

REPORT FOR PERIOD 3

POWER LEVEL 37.50 MW/MTU DURATION=
PERIOD 8URNUP= .l3eE+01 MWD/KGU TOTAL 8URNUPa
& VALUE= 201.806 HEV/FISSION
U235 ISOTOPIC POWER= 30.E34 MW/MTU
PU239 ISOlOPIC POWER= 4.452 MW/MTU
U238 ISOTOPIC POWER= 2.213 MW/M7U
PSI. .1304

36.67 DAYS
.138E+01 ffWD/KGU

36.67 DAYS
.275E+01 MWD/KGU

36.67 DAYS
.413E+01 MWD/KSL

REPORT FOR PERIOD 4

POWER LEVEL 37.50 MlW/MTU DURATIONz 36.67 DAYS
PERIOD BURNUP- .13BE+01 MIWD/KGU TOTAL BURNUPw .550E+01 MWD/KIU
0 VALUE- 202.003 MEY/FISSION
U235 ISOTOPIC POWER- 29.752 MW/MTU
PU219 ISOTOPIC POWER- 5.486 MIW/MTU
U238 ISOTOPIC POWER= 2.261 KW/MtTU
PSI- .1737

REPORT FOR PERIOD 5

POWER LEVEL 37.50 MN/MTU DURATION-
PERIOD BURNUPs .138E+01 MWD/KGU TOTAL BURNUP-
0 VALUE= 202.200 MEV/FISSION
U235 ISOTOPIC POWER. 28.787 MtW/MTU
PU239 ISOTOPIC POWER- 6.414 M4/PTU
U238 ISOTOPIC POWERc 2.299 MW/HTU
PSI= .2169

36.67 DAYS
.688E401 MWD/KGU
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Figure 30

Program BURNUP Output Data File (BURNUP.OUT) (continued)

REPORT FOR PERIOD 6

POWER LEVEL 37.50 MI/MTU DURATIONa 36.67 DAYS
PERIOD BURNUPs .13eE+01 MWD/K6U TOTAL BURNUPz .825E+01 MWD/K6U
9 VALUEs 202.395 MEV/FISSION
U235 ISOTOPIC POWER= 27.902 NW/MTU
PU239 ISOTOPIC POWER. 7.268 MW/MTU
U238 ISOTOPIC POWERs 2.330 MW/MTU
PSI* .2600

REPORT FOR PERIOD 7

POWER LEVEL 37.50 MW/ITU DURATION=
PERIOD BURNUP= .138E+01 MWD/KGU TOTAL BURNUP-
0 VALUE= 202.590 MEV/FISSION
U235 ISOTOPIC POWER= 27.076 MW/MTU
PU239 ISOTOPIC POWER= 8.067 MW/MTU
U238 ISOTOPIC POWER= 2.357 MW/MTU
PSI- .3030

36.67 DAYS
.963E+01 MWD/KGU

REPORT FOR PERIOD 8

POWER LEVEL 37.50 M!J/TU DURATION= 36.67 DAYS
PERIOD BURNUPs .138E+01 MWD/K6U TOTAL BURNUPz .110E402 MWD/KGU
0 VALUEs 202.783 MEV/FISSION
U235 ISOTOPIC POWER= 26.296 MW/MTU
PU239 ISOTOPIC POWER= 8.823 MW/PTU
U23P IStOOFIC POWER= 2.3el MW/MTU
PSI= .3460

REPORT FOR PERIOD 9

P3WER LEVEL 37.50 MW/MTU DURATION=
PERIOD BURNUP= .138E+01 MWD/KGU TOTAL BURNUP=
O VALUE= 202.975 MEV/FISSION
U235 ISOTOPIC POWER= 25.553 MIW/MTU
PU235 ISOTOPIC POWER= 9.544 MW/MTU
U238 ISOTOPIC POWER. 2.403 MW/MTU
PSI= .3889

REPORT FOR PERIOD 10

POWER LEVEL 37.50 MN/MTU DURATION=
PERIOD BURNUP- .138E+01 MWD/KSU TOTAL BURNUP-
O VALUEs 203.167 MEV/FISSDON
U235 ISOTOPIC POWER= 24.841 W/MITU
PU239 ISOTOPIC POWERk 10.236 MW/MTU
U238 ISOTOPIC POWER: 2.423 IW/MTU
PSII .4317

36.67 DAYS
.124E+02 MWD/KSU

36.67 DAYS
.138E+02 MWD/K6U

REPORT FOR PERIOD 11

POWER LEVEL 37.50 MN/?ITU DURATIONs 36.67 DAYS
PERIOD BURNUPw .138E+0 MWD/KOU TOTAL BURNUPz .151E+02 MWD/KSU
9 VALUE- 203.359 MEV/FISSION
U235 ISOTOPIC POWER= 24.155 NW/MTU
PU239 ISOTOPIC POWERz 10.904 MIW/MTU
U23E ISOTOPIC POWER- 2.441 1W/MTU
PSI. .4744
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Figure 30

Program BURNUP Output Data File (BURNUP.OUT) (continued)

REPORT FOR PERIOD 12

POWER LEVEL 37.50 MW/MTU DURATIONs 36.67 DAYS
PERIOD BURNUPz .13BE+01 MWD/K6U TOTAL BURNUP- .165E+02 MWD/KGU
0 VALUE- 203.551 1EV/FISSION
U235 ISOTOPIC POWER= 23.491 MW/MTU
PU239 ISOTOPIC POWER- 11.551 MW/MTU
U238 ISOTOPIC POWER= 2.459 MW/MTU
PsI: .5170

REPORT FOR PERIOD 13

POWER LEVEL 37.50 MW/MTU DURATION= 36.67 DAYS
PERIOD BURNUP= .13eE+0I MWD/KSU TOTAL BURNUP- .179E+02 MWD/KGU
V VALUE= 203.743 MEV/FISSlON
U135 ISOTOFIC POWER: 22.846 MW/MTU
Pi239 ISOlOPIC POWER: 12.179 MW/MTU
U238 ISOTOPIC POWER: 2.475 MWI/MTU
P51= .5596

REPORT FOR PERIOD 14

POWER LEVEL 37.50 MW/MTU DURATION=
PERIOD BURNUP= .138E+01 MWD/KGU TOTAL BURNUPs
O VALUE= 203.935 MEV/FISSION
U235 ISOTOPIC POWERz 22.218 MW/MTU
PU239 ISOTOPIC POWER: 12.791 MW/MTU
U238 ISOTOPIC POWERs 2.491 hWM/TU
PSI= .6020

REPORT FOR PERIOD 15

POWER LEVEL 37.50 MW/MTU DURATION=
PERIOD BURNUP= .138E+01 MWD/K6U TOTAL BURNUP=
Q VALUE= 204.127 1EV/FISSION
U235 ISOTOPIC POWER- 21.605 MW/MTU
PU239 ISOTOPIC POWERs 13.389 MW/MTU
U238 ISOTOPIC POWERz 2.506 MW/MTU
PSI. .6444

REPORT FOR PERIOD 16

POWER LEVEL 37.50 MW/MTU DURATION=
PERIOD BURNUPc .13BE+01 MWD/K6U TOTAL BURNUPw
O VALUE: 204.320 MEV/FISSION
U235 ISOTOPIC POWER. 21.006 KW/MTU
PU239 ISOTOPIC POWER. 13.974 IW/MTU
U23B ISOTOPIC POWER- 2.520 MW/MTU
PSIZ .6868

REPORT FOR PERIOD 17

POWER LEVEL 37.50 MJ/MTU DURATION-
PERIOD BURNUPw .138E+01 MWD/KSU TOTAL BURNUPz
O VALUEs 204.513 MEV/FISSION
U235 ISOTOPIC POWER= 20.418 MW/MTu
PU239 JSOTOPIC POWER. 14.548 MIW/TU
U23S ISOTOPIC POWER= 2.534 PIW/MTU
PSI. .7290

36.67 DAYS
.193E+02 KWD/KGU

36.67 DAYS
.206E+02 MWD/KGU

36.67 DAYS
.220E+02 MWD/KGU

36.67 DAYS
.234E+02 MWD/KGU
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Figure 30

Program BURNUP Output Data File (BURNUP.OUT) (continued)

REPORT FOR PERIOD 16

POWER LEVEL 37.50 W/IMTU DURATION-
PERIOD BURNUPz .138E+01 MiD/KGU TOTAL BURNUPx
Q VALUEs 204.707 MEV/FISSION
U235 ISOTOPIC POWER= 19.641 dW/MTU
PU239 ISOTDPIC POWER= 15.111 MW/MTU
u23e ISOTOPIC POWER= 2.548 IW/MTU
PSI= .7711

REPORT FOR PERIOD 19

POWER LEVEL 37.50 MI/MTU DURATION=
PERIOD BURNUPs .13BE+01 MWD/KGU TOTAL BURNUPs
0 VALUEx 204.901 MEV/FISSION
U235 ISOTOPIC POWER: 19.275 MhW/MTU
PU239 ISOTOPIC POWER= 15.665 MW/MITU
U23E ISOTDFIC POWER= 2.561 MW/MTU
PSI= .8132

REPORT FOR PERIOD 20

POWER LEVEL 37.50 MW/MTU DURATION=
PERIOD BURNUP= .138E+01 MWD/KGU TOTAL BURNUPw
O VALUE: 205.096 MEV/FISSIDN
U235 ISOTOPIC POWER: 18.717 MW/MTU
Pu239 ISOTDPIC PDWERk 16.210 MW/MTU
U23S ISOTOPIC POWER= 2.574 MW/MTU
PSI- .8552

REPORT FOR PERIOD 21

POWER LEVEL 37.50 MW/MTU DURATION=
PERIOD PURNUF= .138E+O1 MWD/KGU TOTAL BURNUPs
O VALUE= 205.292 MEV/FISSION
U235 ISOTOPIC POWER= 16.167 MW/MTU
PU239 ISOTOPIC POWERs 16.747 MW/MTU
U238 ISOTOPIC POWER= 2.586 MW/MTU
PsIs .8971

REPORT FOR PERIOD 22

POWER LEVEL 37.50 MI/MTU DURATION=
PERIOD BURNUPs .13BE+01 MWD/KBU TOTAL BURNUPw
Q VALUE- 205.48B MEV/FISSION
U235 ISOTOPIC POWER: 17.625 MW/ITU
PU239 ISOTOPIC POWER= 17.277 MW/MTU
U238 ISOTOPIC POWER= 2.598 NW/MTU
PSI- .9389

REPORT FOR PERIOD 23

POWER LEVEL 37.50 MN/MTU DURATION=
PERIOD BURNUPs .136E+01 MWD/KGU TOTAL BURNUPx
O VALUE: 205.685 MEV/FISSION
U235 ISOTOPIC POWER= 17.090 MW/MTU
PU239 lSOTOPIC POWERs 17.800 MW/MTU
U236 ISOTOPIC POWERs 2.610 MW/PTU
PSI- .VB07

36.67 DAYS
.248E+02 MWD/KEU

36.67 DAYS
.261E+02 MWD/K6U

36.67 DAYS
.275E+02 MWD/KGU

36.67 DAYS
.289E+02 MWD/KGU

36.67 DAYS
.303E+02 f1WD/KGU

36.67 DAYS
.316E+02 ?1WD/K6U

222



Figure 30

Program BURNUP Output Data File (BURNUP.OUT) (continued)

REPORT FOR PERIOD 24

POWER LEVEL 37.50 NW/MTU DURATION= 36.67 DAYS
PERIOD BURNUP- .138E+01 MWD/KGU TOTAL BURNUPc .330E+02 MWD/KSU
Q VALUES 205.8E3 MEV/fISSION
U235 ISOTOPIC POWERx 16.561 MW/MTU
PU239 ISOTOPIC POWERs 18.317 MW/MTU
U23e ISOTOPIC POWERe 2.622 MW/MTU
PS1= 1.0223

PROBLEM 2.1.1

REACTOR TYPE IS PWR

1 IRRADIATION PERIODS INITIALLY 1.500 PERCENT U235

REPORT FOR PERIOD I

POWER LEVEL 41.00 MW/MTU DURATION= 370.00 DAYS
PERIOD BURNUP= .152E*02 MWD/KGU TOTAL BURNUP= .152E+02 MWDIKSU
0 VALUE= 207.923 NEV/FISSION
U235 ISOTOPIC POWER= 22.322 MW/MTU
PU239 ISOTOPIC POWER= 15.742 rW/MTU
U238 ISOTOPIC POWERz 2.936 MW/MTU
PSI= 1.0237

PROBLEM 2.1.2

REACTOR TYPE IS PWR

2 IRRADIATION PERIODS INITIALLY 2.500 PERCENT U235

REPORT FOR PERIOD 1

POWER LEVEL 43.00 MIW/MTU DURATION- 370.00 DAYS
PERIOD BURNUP- .159E+02 MWD/KGU TOTAL BURNUPw .159E+02 MWD/KGU
0 VALUE= 204.b69 MEV/PISSION
U235 ISOTOPIC POWERs 29.670 MW/MTU
PU239 ISOTOPIC POWERz 10.546 MW/MTU
U238 ISOTOPIC POWERs 2.784 MW/MTU
PSIX .6544

REPORT FOR PERIOD 2

POWER LEVEL 38.00 MW/MTU DURATION 260.00 DAYS
PERIOD BURNUPs .988E+01 MWD/KGU TOTAL BURNUP= .258E+02 MWD/KSU
0 VALUE= 206.561 MEV/FISSION
U235 'SOTOPIC POWER= 17.171 MW/MTU
PU239 ISOTOPIC POWERR 16.124 MW/MTU
u239 ISOTOPIC POWERz 2.705 MKW/TU
PSIs 1.0511
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Figure 30

Program BURNUP Output Data File (BURNUP.OUT) (continued)

PROBLEM 2.1.3

REACTOR TYPE IS PNR

3 IRRADIATION PERIODS INITIALLY 3.500 PERCENT U235

REPORT FOR PERIOD I

POWER LEVEL 28.50 tW/MiTU DURATION- 370.00 DAYS
PERIOD 4URNUPz .1OSE+02 MWD/K6U TOTAL BURNUP= .105E+02 MIWD/KGU
O VALUE= 202.551 MEV/FISSION
U235 ISOTOPIC POWER= 22.850 MW/MTU
PU239 ISOTOPIC POWERs 3.967 MW/ITU
U238 ISOTOPIC POWER= 1.683 MW/ITU
PSI- .3131

REPORT FOR PERIOD 2

POWER LEVEL 45.00 MW/MTU DURATION. 260.00 DAYS
PERIOD BURNUP= .117E+02 MWD/KSU TOTAL BURNUPs .222E+02 MWD/KGU
Q VALUE= 204.085 MEV/FISSION
U235 ISOTOPIC POWER= 28.723 MW/MTU
FU239 ISOTOPIC POWEh= 13.356 MW/MTU
U236 ISOTOPIC POWER= 2.920 MWI/MTU
PSI= .6555

REPORT FOR PERIOD 3

POWER LEVEL 42.00 MW/MTU DURATION= 300.00 DAYS
PERIOD BURNUP= .126E+02 ffWD/KGU TOTAL BURNUPE .348E+02 IWD/KSU
0 VALUE= 205.769 MEV/FISSION
U235 ISOTOPIC POWER= 21.290 MW/MTU
PU239 ISOTOPIC POWER= 17.948 MW/MTU
U238 ISOTOPIC POWERw 2.861 MW/MTU
PSI. 1.0183

PROBLEM 2.1.4

REACTOR TYPE IS PWR

1 IRRADIATION PERIODS INITIALLY 3.200 PERCENT U235

REPORT FOR PERIOD I

POWER LEVEL 31.25 MIW/TU DURATION= 1080.00 DAYS
PERIOD BURNUPs .338E+02 PIWD/KGU TOTAL BURNUP= .338E+02 MWD/K6U
Q VALUE- 206.194 MEV/FISSION
U235 ISOTOPIC POWER- 19.420 IW/MTU
PU2M9 ISOTOPIC POWERz 9.790 MW/MTU
U238 ISOTOPIC POWERs 2.040 MN/MTU
PSI. 1.0766
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Figure 30

Program BURNUP Output Data File (BURNUP.OUT) (continued)

PROBLEM 2.1.4A

REACTOR TYPE IS PWR

10 IRRADIATION PERIODS INITIALLY 3.200 PERCENT U235

REPORT FOR PERIOD I

POWER LEVEL 31.25 MW/MTU DURATION= 106.00 DAYS
PERIOD BURNUP= .338E+O1 MWD/KSU TOTAL BURNUP- .338E+01 MWD/KGU
0 VALUE- 201.756 MEV/FISSION
U235 ISOTOPIC POWER= 27.163 MW/MTU
PU239 ISOTOPIC POWER= 2.338 MW/MTU
U238 ISOTOPIC POWER= 1.749 MW/IMTU
PSI- .1100

REPORT FOR PERIOD 2

POWER LEVEL 31.25 MW/MTU DURATION= 106.00 DAYS
PERIOD BURNUP= .338E+01 MWD/KGU TOTAL BURNUP- .675E+01 MiD/KGU
Q VALUE= 202.256 MEV/FISSION
U235 ISOTOPIC POWER= 24.515 MW/MTU
PU239 ISOTOPIC POWER= 4.835 MW/MTU
U236 ISOTOPIC POWER- 1.900 MW/MTU
PSI- .2195

REPORT FOR PERIOD 3

POWER LEVEL 31.25 KW/MTU DURATION= 108.00 DAYS
PERIOD BURNUP= .338E+01 MWD/KGU TOTAL BURNUPz .1OIE+02 MWD/KGU
Q VALUE= 202.750 MEV/FISSION
U235 ISOTOPIC POWER- 22.620 MW/MTU
PU239 ISOTOPIC POWER- 6.663 W/JMTU
U238 ISOTOPIC POWER- 1.967 MW/MTU
PSI- .3285

REPORT FOR PERIOD 4

POWER LEVEL 31.25 MW/MTU DURATION= 106.00 DAYS
PERIOD DURNUPw .336E+01 MWD/KGU TOTAL DURNUPx .135E+02 MWD/KGU
O VALUE- 203.239 1EV/FISSION
U235 ISOTOPIC POWER- 21.001 MW/MTU
PU239 ISOTOPIC POWER: 8.233 MWt/TU
U236 ISOTOPIC POWER= 2.016 MWJMTU
PS1 .4369

REPORT FOR PERIOD 5

POWER LEVEL 31.25 MW/MTU DURATION- 108.00 DAYS
PERIOD EURNUPt .33EE+01 MWD/K6U TOTAL BURNUP- .169E+02 MWD/KSU
Q YALUE- 203.726 MEV/FISE]ON
U235 ISOTOPIC PQWER: 19.543 NW/MTU
PU239 ISOTOPIC POWER= 9.652 IW/MTU
U23e ISOTOPIC POWER- 2.055 NW/1TU
PSI- .5448
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Program BURNUP Output Data File (BURNUP.OUT) (continued)

REPORT FOR PERIOD 6

POWER LEVEL 31.25 MW/MTU DURATION= 109.00 DAYS
PERIOD BURNUP- .338E+O1 MWD/KGU TOTAL BURNUPx .203E+02 MWD/KGU
Q VALUEw 204.213 NEV/FISSION
U235 ISOTOPIC PDWER- 18.193 MW/MTU
PU239 ISOTOPIC POWERs 10.969 MJ/MTU
U238 ISOTOPIC POWERs 2.089 MPW/TU
PSI= .6522

REPORT FOR PERIOD 7

POWER LEVEL 31.25 KW/MTU DURATION- 10.00 DAYS
PERIOD BURNUP- .338E+01 MWD/KBU TOTAL BURNUPm .236E+02 MWD/KGU
Q VALUE= 204.703 EV/FISSION
U235 ISOTOPIC POWER= 16.920 MW/MTU
FU239 ISOTOPIC POWERx 12.211 MW/MTU
U238 ISOTOPIC POWER- 2.119 MW/MTU
PSIs .7591

REPORT FOR PERIOD 8

POWER LEVEL 31.25 MW/MTU
PERIOD BUNUMP= .338E+01 1WD/KGU
G VALDE= 205.196 MEV/FISSION
U235 ISOTOPIC POWER= 15.707 MPW/
PL23$ ISOTOPIC POWER= 13.396 MW/t
U236 ISOTOPIC POWER= 2.147 PW/P
PSI .8655

DURATION= 108.00 DAYS
TOTAL BURNUPs .270E+02 MWD/KSU

REPORT FOR PERIOD 9

POWER LEVEL 31.25 MW/PTU DURATION- 108.00 DAYS
PERIOD BURNUP= .338E+O1 MWD/KGU TOTAL BURNUPx .304E+02 MIWD/KGU
0 VALUE= 205.693 MEV/FISSION
U235 ISOTOPIC POWER' 14.541 MW/ITU
PU239 ISOTOPIC POWER= 14.536 PIW/MTU
U239 ISOTOPIC POWERS 2.173 MW/MTU
PSI= .9713

REPORT FOR PERIOD 10

POWER LEVEL 31.25 MW/MTU DURATION= 108.00 DAYS
PERIOD BURNUP= .33eE+01 MWD/KGU TOTAL BURNUPw .338E+02 MIWD/KGU
0 VALUEs 206.194 KEV/FISSION
U235 ISOTOPIC POWER= 13.411 MW/MTU
PU239 ISOTOPIC POWER= 15.640 PMW/PITU
u239 ISOTOPIC POWER= 2.199 IW/ITU
P1SX 1.0766
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Program BURNUP Output Data File (BURNUP.OUT) (continued)

PROBLEM 2.1.5

REACTOR TYPE IS PWR

6 IRRADIATION PERIODS INITIALLY 3.200 PERCENT U235

REPORT FOR PERIOD I

POWER LEVEL 34.00 MW/PTU DURATION= 150.00 DAYS
PERIOD BURNUPc .510E+01 MWD/KGU TOTAL BURNUP- .510E+01 MWD/KGU
Q VALUE= 202.012 MEV/FISSION
U235 ISOTOPIC POWER= 28.770 MIW/MTU
PU239 ISOTOPIC POWER- 3.2BO MI/MTU
U238 ISOTOPIC POWER= 1.951 MW/MTU
PSI. .1661

REPORT FOP PERIOD 2

POWER LEVEL 34.00 MIW/MTU DURATION= 150.00 DAYS
PEkIOD BURNUP= .510E+O1 MWD/KBU TOTAL SURNUP- .102E+02 MWD/KGU
Q VALUE- 202.761 MEV/FISSION
U235 ISOTOPIC POWER= 25.076 MW/MTU
PV239 ISOTOPIC POWERn b.799 MW/MTU
U23B ISOTOPIC POWER. 2.125 MIW/MTU
PSI= .3309

REPORT FOR PERIOD 3

POWER LEVEL 41.00 MW/MTU DURATION= 150.00 DAYS
PERIOD BURNUPF .615E+01 MWD/KGU TOTAL BURNUP= .164E+02 MWD/KGL
0 VALUE= 203.650 MEV/FISSION
U235 ISOTOPIC POWER- 26.722 P1W/MTU
PU239 ISDTOPIC POWER- 11.611 MWJMTU
U236 ISOTOBIC POWER= 2.667 MIW/MTU
P5s1 .5281

REPORT FOR PERIOD 4

POWER LEVEL 41.00 MW/MTU DURATION. 150.00 DAYS
PERIOD BURNUP- .615E+01 IWD/KGU TOTAL BURNUP= .225E+02 MWD/KGU
0 VALUEn 204.539 P1EV/FISSION
U1235 ISOTOPIC POWER- 23.444 MIW/MTU
PU239 ISOTOPIC POWER. 14.805 MW/MTU
U239 ISOTOPIC POWER. 2.751 MW/MTU
PSI. .7235

REPORT FOR PERIOD 5

POWER LEVEL 37.50 MN/MTU DURATION= 150.00 DAYS
PERIOD BURNUPc .563E+0I MWD/KGU TOTAL BURNUPz .281E+02 MWD/KGU
Q VALUE. 205.361 MEV/FISSION
U235 ISOTOPIC POWER. 16.854 ffW/lfTU
PU239 ISOTOPIC POWER. 16.070 MW/MTU
U23B ISOTOPIC POWER= 2.576 IW/MTU
PSI. .900E
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Program BURNUP Output Data File (BURNUP.OUT) (continued)

REPORT FOR PERIOD 6

POWER LEVEL 37.50 MW/MTU DURATION= 150.00 DAYS
PERIOD BURNUP- .563E+01 MWD/KGU TOTAL BURNUPs .338E+02 MWD/K6U
Q VALUEw 206.194 MEV/FISSION
U235 ISOTOPIC POWER= 16.545 MW/MTU
PU239 ISOTOPIC POWER- 18.327 MW/MTU
U238 ISOTOPIC POWER- 2.628 MW/MTU
PSI= 1.0766

PROBLEM 2.2.1

REACTOR TYPE IS BWR

I IRRADIATION PERIODS INITIALLY 1.100 PERCENT U235

REPORT FOR PERIOD I

POWER LEVEL 30.00 MW/MTU DURATION= 370.00 DAYS
VOID PERCENTAGE= 40.00
PERIOD BULRNUP- .111E+02 ffWD/K6U TOTAL BURNUP- .111E+02 MWD/KGb
0 VALUE= 212.879 MEV/FISSION
U235 ISOTOPIC POWER= 15.787 MW/MTU
PU239 ISOTOPIC POWER= 12.034 MW/MTU
U238 ISOTOPIC POWERa 2.178 MW/MTU
PSI. .9977

PROBLEM 2.2.2

REACTOR TYPE IS BWR

2 IRRADIATION PERIODS INITIALLY 2.500 PERCENT U235

REPORT FOF PERIOD 1

POWER LEVEL 30.00 MW/MTU DURATION- 370.00 DAYS
VOID PERCENTAGEz 40.00
PERIOD BURNUPs .111E+02 MWD/K6U TOTAL BURNUPz .IIIE+02 MWD/K6U
Q VALUE- 209.644 MEV/FISSION
U235 ISOTOPIC POWERm 23.360 MW/MTU
PU239 ISOTOPIC POWER= 4.905 MW/MTU
U238 ISOTOPIC POWERx 1.734 MW/MTU
PSIs .4458

REPORT FOR PERIOD 2

POWER LEVEL 27.00 MW/MTU DURATIONm 260.00 DAYS
VOID PERCENTAGEs 30.00
PERIOD BURNUPz .702E+01 MWD/K6U TOTAL BURNUPm .IBIE+02 MWD/K6U
Q VALUE. 210.639 MEV/FISSION
U235 ISOTOPIC POWER= 15.558 MW/MTU
PU239 ISOTOPIC POWER= 9.652 ?W/MTU
U23e ISOTOPIC POWERs 1.790 MW/MTU
PSI. .7242
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Figure 30

Program BURNUP Output Data File (BURNUP.OUT) (continued)

PROBLEM 2.2.3

REACTOR TYPE 15 BWR

6 IRRADIATION PERIODS INITIALLY 2.500 PERCENT U235

REPORT FOR PERIOD I

POWER LEVEL 20.00 MW/TITU DURATION- 195.00 DAYS
VOID PERCENTA6E- 35.00
PERIOD BURNUPw .370E+0I MWD/K6U TOTAL BURNUP- .370E+01 MWD/KBU
0 YALUEs 207.981 MEY/FISSION
U235 ISOTOPIC POWER= 17.426 MW/MTU
PU239 ISOTOPIC POWER= 1.468 MIW/MTU
U238 ISLTOPIC POWERk 1.106 NWIMTU
PSI= .1498

REPORT FOR PERIOD 2

POWER LEVEL 20.00 Mb/MTU DURATION- 195.00 DAYS
VOID PERCENTA6E= 35.00
PERIOD BURNUP= .370E+01 ffWDlK6U TOTAL BURNUPw .740E+01 MWD/K6U
Q VALUE= 208.691 MEV/FISSI1N
U235 ISOTOPIC POWER= 15.346 KW/ffTU
PU239 ISOTOPIC POWER= 3.446 MW/MtTU
U23B ISOTOPIC POWER= 1.208 MW/HTU
PSI= .2982

REPORT FOR PERIOD 3

POWER LEVEL 30.00 MW/MTU DUI
VOID PERCENTAGE- 35.00
PERIOD PURNUP= .390E+01 MID/KGU TO
0 VALUE- 209.620 MEY/FISSIDN
U235 ISOTOPIC POWER. 20.478 MW/MTU
PU239 ISOTOPIC POWER= 7.642 MW/MTU
U238 ISOIDFIC POWER= 1.880 MW/MTU
PSI- .4536

RATION-

TAL BURNUPc

130.00 DAYS

.113E+02 MWD/KGU

REPORT FOR PERIOD 4

POWER LEVEL 30.00 tlW/MTU DURATION- 130.00 DAYS
VOID PERCENTAGE- 35.00
PERIOD BURNUPw .390E*01 MWD/KGU TOTAL EURNUPw .152E+02 IWD/KGU
0 VALUES 210.224 MEV/FISSION
U235 ISOTOPIC POWER= 18.147 MW/MTU
PU239 ISOTOPIC POWER= 9.925 ffW/MTU
U238 ISOTOPIC POWER= 1.928 MNW/MTU
PSI: .6087

REPORT FOR PERIOD 5

POWER LEVEL 30.00 MW/MTU DURATION. 150.00 DAYS
VOID PERCENTAGEw 35.00
PERIOD EURNUP. .450E+01 MWD/K6U TOTAL BURNUPz .197E+02 MWD/K6U
Q VALUE: 210.826 P1EV/FISSION
U235 ISOTOPIC POWERm 15.630 ffW/MTU
PU239 ISOTOPIC POWERS 12.202 MW/IMTU
U239 ISOTOPIC POWER. 1.967 KW/PITU
PSI. .7867
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Program BURNUP Output Data File (BURNUP.OUT) (continued)

REPORT FOR PERIOD 6

POWER LEVEL 30.00 KW/MTU DURATION: 150.00 DAYS
VOID PERCENTAGE= 35.00
PERIOD BURNUP- .450E+01 MWD/K6U TOTAL BURNUP= .242E+02 MWD/K6U
Q VALUE- 212.35S MEV/FISSION
U235 ISOTOPIC POWER- 13.497 MW/MTU
PU239 ISOTOPIC POWER- 14.501 MN/MTU
U238 ISOTOPIC POWER= 2.002 MW/MTU
PSIC .9640

PROBLEM 2.2.3A

REACTOR TYPE IS BWR

3 IRRADIATION PERIODS INITIALLY 2.500 PERCENT U235

REPORT FOR PERIOD 1

POWER LEVEL 20.00 MW/MTU DURATION= 370.00 DAYS
VOID PERCENTAGE' 35.00
PERIOD BURNUP= .740E401 MWD/K6U TOTAL BURNUP: .740E+01 MWD/K6U
Q VALUE- 208.891 MEV/FISSION
U235 ISOTOPIC POWER: 16.391 MIW/MTU
PU239 ISOTOPIC POWER= 2.453 MW/MTU
U238 ISOTOPIC POWER= 1.157 MW/MTU
PSI= .2982

REPORT FOR PERIOD 2

POWER LEVEL 30.00 MW/IITU DURATION= 260.00 DAYS
VOID PERCENTAGE: 35.00
PERIOD BURNUP- .7B0E+01 MWD/K6U TOTAL EURNUP- .152E+02 MWD/K6U
O VALUE= 210.224 PEV/FISSION
U235 ISOTOPIC POWER- 19.315 MW/MTU
PU239 ISOTOPIC POWER: 8.781 MWi/MTU
U238 ISOTOPIC POWER' 1.904 MI/MTU
PSI: .6087

REPORT FOR PERIOD 3

POWER LEVEL 30.00 IW/MTU DURATION= 300.00 DAYS
VOID PERCENTA6E= 35.00
PERIOD BURNUP= .900E+01 KWD/K6U TOTAL BURNUP- .242E+02 IWD/KGU
Q VALUE: 211.358 HEY/FISSION
U235 ISOTOPIC POWERk 14.666 MW/MTU
PU239 ISOTOPIC POWER- 13.350 MW/MTU
U236 ISOTOPIC POWER: 1.965 MW/MTU
PSI= .9b40
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Program BURNUP Output Data File (BURNUP.OUT) (continued)

PROBLEM 2.2.4

REACTOR TYPE-IS SWR

I IRRADIATION PERIODS INITIALLY 2.700 PERCENT U235

REPORT FOR PERIOD I

POWER LEVEL 25.00 MW/MTU DURATION- 1080.00 DAYS
VOID PERCENTAGE- 35.00
PERIOD BURNUP= .270E+02 MWD/K6U TOTAL BURNUP= .270E+02 MWD/K6U
0 VALUE- 211.750 MEV/FISSION
U235 ISOTOPIC POWERs 16.056 MW/MTU
PU239 ISOTOPIC POWER= 7.396 MW/MTU
U238 ISOTOPIC POWER- 1.547 Mf/MTU
PSI' .9959

PROBLEM 2.2.5

REACTOR TYPE IS EWR

6 IRRADIATION PERIODS INITIALLY 2.700 PERCENT U235

REPORT FOR PERIOD 1

POWER LEVEL 27.00 KW/MTV DURATiONs 150.00 DAYS
VOID PERCENTAGE= 20.00
PERIOD BURNUP= .405E+01 MWD/i;SU TOTAL BURNUPz .405E*01 MWD/KGU
0 VALUE- 207.669 MEV/FISSION
U235 ISOTOPIC POWER= 23.344 MW/MTU
PiJ239 ISOTOPIC POWER= 2.065 MW/MTU
U238 ISOTOPIC POW£ER 1.591 Mf/MTU
PSI- .1520

REPORT FOR PERIOD 2

POWER LEVEL 31.00 MW/MTU DURATION- 150.00 DAYS
VOID PERCENTAGEs 50.00
PERIOD BURNUPz .465E+01 MIWD/KGU TOTAL BURNUP- .870E+01 MWD/K6U
G VALUE= 208.920 MEV/FISSION
U235 ISOTOPIC POWER- 23.979 MW/MTU
PU219 ISOTOPIC POWER- 5.311 MW/MTU
U238 ISOTOPIC POWER= 1.710 MW/KTU
PSIs .3246

REPORT FOR PERIOD 3

POWER LEVEL 29.00 MN/MTU DURATION- 150.00 DAYS
VOID PERCENTAGE= 20.00
PERIOD BURNUPw .435E+01 MND/KSU TOTAL BURNUP- .131E+02 MWD/K6U
Q VALUE- 209.581 MEV/FISSION
U235 ISOTOPIC POWER- 19.251 MW/MTU
PU239 ISOTOPIC POWER- 7.611 MW/ffTU
U238 ISOTOPIC POWER- 1.938 MW/IMTU
PSI- .4854
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Program BURNUP Output Data File (BURNUP.OUT) (continued)

REPORT FOR PERIOD 4

POWER LEVEL 33.00 IW/tTU DURATIONx 150.00 DAYS
VOID PERCENTASEm 50.00
PERIOD BURNUPs .495E+01 HWD/K6U TOTAL BURNUPc .160E+02 MWD/K6U
Q YALUEs 210.336 KEV/FISSION
U235 lSOIOPIC POWERs 19.986 IIW/MTU
PU239 ISOTOPIC POWERa 11.075 NW/ITU
U238 ISOTOPIC POWER= 1.939 PI/M7U
PSIS .6671

REPORT FOR PERIOD 5

POWER LEVEL 28.00 MW/MTU DURATION= 150.00 DAYS
VOID PERCENTA6E- 20.00
PERIOD BURNUPw .420E+01 MWD/K6U TOTAL BURNUF= .222E+02 tIWD/K6U
9 VALUEx 210.801 MEV/FISSION
U235 ISOTOFIC POWER= 14.160 MW/MTU
PU239 ISOTOPIC POWER' 11.683 KW/MTU
U238 ISOTOPIC POWERh 1.957 MW/MTU
PSI= .8210

REPORT FOR PERIOD 6

POWER LEVEL 32.00 MW/MTU DURATION= 150.00 DAYS
VOID PERCENTAGEz 50.00
PERIOD BURNUPs .4E0E+OI MWD/K6U TOTAL BURNUPz .270E+02 MWD/KGU
Q VALUE= 211.364 MEV/FISSION
U235 15OTDPIC POWER= 14.817 MW/MTU
PU239 ISOTOPIC POWER- 15.237 MW/MTU
U238 ISOTOPIC POWER= 1.947 MW/MTU
PSI= .9958

PROBLEM 2.2.6

REACTOR TYPE IS BWR

6 IRRADIATION PERIODS INITIALLY

REPORT FOR PERIOD I

POWER LEVEL 31.00 MW/MTU DUI
VOID PERCENTAGEz 50.00
PERIOD BURNUP- .4b5E+01 MWD/KSU TO'
0 VALUE: 208.157 MEV/FISSION
U235 ISOTOPIC POWERs 27.096 MW/MTU
PU239 ISOTOPIC POWER- 2.341 MW/MTU
U238 ISOTOPIC POWER- 1.564 HWM/TU
PSI= .1741

2.700 PERCENT U235

150.00 DAYS

J~s .465E+01 MWD/K6U

RATIONs

TAL BURNL

REPORT FOR PERIOD 2

POWER LEVEL 27.00 MW/MTU DURATION& 150.00 DAYS
VOID PERCENTAGEn 20.00
PERIOD BURNUPc .405E+01 NWD/KSU TOTAL BURNUPw .870Et01 IIWD/K6U
C VALUE- 208.920 MEV/FISSION
U235 ISOTOPIC POWER; 20.228 MW/MTU
PU239 ISOTOPIC POWER- 5.032 MW/ITU
U230 ISOTOPIC POWER- 1.740 KW/MTU
PSI- .3246
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Program BURNUP Output Data File (BURNUP.OUT) (continued)

REPORT FOR PERIOD 3

POWER LEVEL 33.00 NW/MTU DURATION= 150.00 DAYS
VOID PERCENTA6E- 50.00
PERIOD BURNUP- .495E+01 MWD/KSU TOTAL BURNUPw .137E+02 MWD/K6U
Q VALUE- 209.799 MEV/FISSION
U235 ISOTOPlIC PDWERx 22.513 MN/JTU
PU239 ISOTOPIC POWER= 8.597 MW/ITU
u239 ISOTOPIC POWER= 1.889 IW/MTU
PSI= .5072

REPORT FOR PERIOD 4

POWER LEVEL 29.00 MW/MTU DURATION= 150.00 DAYS
VOID PERCENTAGE= 20.00
PERIOD EURNUP= .435E+01 MWD/KBU TOTAL BURNUP- .180E+02 MWD/KGU
Q VALUE= 210.33B MEV/FISSION
U235 ISOTOPIC POWER= 16.724 MW/MTU
PU239 ISOTOPIC POWER= 10.286 MW/MTU
U238 ISOTOPIC POWER= 1.989 MW/MTU
PSI= .6671

REPORT FOR PERIOD 5

POWER LEVEL 32.00 MW/MTU DURATION= 150.00 DAYS
VOID PERCENTAGE- 50.00
PERIOD BURNUP= .480E+01 MWD/K6U TOTAL BURNUP= .228E+02 MWD/KGU
O VALUE: 210.952 MEV/FISSION
U235 ISOTOPIC POWER= 16.888 MW/MTU
PU239 ISOTOPIC POWER- 13.195 MW/MTU
U238 ISOTOPIC POWER= 1.917 MW/MTU
PSI= .6425

REPORT FOR PERIOD 6

POWER LEVEL 28.00 MI/MTU DURATION= 150.00 DAYS
VOID PERCENTA6E= 20.00
PERIOD BURNUPs .420E+01 MWD/K6U TOTAL EURNUP- .270E+02 MWD/KGU
Q VALUE: 211.364 PEV/FISSION
U235 ISOTOPIC POWER= 12.089 MIW/TU
PU239 ISOTOPIC POWERw 13.923 MW/MTU
U238 ISOTOPIC POWERz 1.988 MhW/TU
PS1 .9958

PROBLEM 2.3.1

REACTOR TYPE IS PWR

3 IRRADIATION PERIODS INIIALLY 2.556 PERCENT U235

REPORT FOR PERIOD I

POWER LEVEL 28.46 MW/MTU DURATIONz 310.00 DAYS
PERIOD BURNUP- .8E2E+01 MWD/IKU TOTAL EURNUP- .E82E+01 MWD/K6U
Q VALUE: 203.268 PEV/FISSION
U235 ISOTOPIC POWER- 21.964 NW/MTU
PU239 ISOTOPIC POWER- 4.735 MIW/MTU
U238 ISOTOPIC POWER: 1.762 KW/ITU
PS1- .3574
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Program BURNUP Output Data File (BURNUP.OUT) (continued)

REPORT FOR PERIOD 2

POWER LEVEL 31.63 MW/MTU DURATION- 321.00 DAYS
PERIOD EURNUP- .102E+02 11WD/KGU TOTAL BURNUPs .190E+02 11WD/K6U
0 VALUE= 205.154 MEV/FISSION
U235 ISOTOPIC POWERz 16.224 MW/MTU
PU239 ISOTOPIC POWERn 11.429 MIN/MTU
U238 ISOTOPIC POWER= 2.174 IMW/MTU
PSIM .7642

REPORT FOR PERIOD 3

POWER LEVEL 28.93 MW/MTU DURATIONs 305.00 DAYS
PERIOD BURNUPs .8B2E+01 MWD/K6U TOTAL BURNUPs .279E+02 MWD/KGU
a VALUE= 206.793 KEV/FISSION
U235 ISOTOPIC POWERx 12.256 MW/MTU
FU239 ISOTOPIC PDWERz 14.600 MW/MTU
U236 ISOTOPIC POWER= 2.073 MW/MTU
PSI6 1.1095

PROBLEM 2.3.2

REACTOR TYPE IS PWR

3 IRRADIATION PERIODS INITIALLY 2.556 PERCENT U235

REPORT FOR PERIOD I

POWER LEVEL 29.04 MW/MTU DURATION= 310.00 DAYS
PERIOD BURNUP= .900E+01 MWD/K6U TOTAL BURNUPz .900E+01 M1WD/KGU
O VALUE= 203.302 MEV/FISSION
U235 ISOTOPIC POWER= 22.348 HW/MTU
PU239 ISOTOPIC POWER= 4.892 MW/MTU
U238 ISOTOPIC POWERa 1.601 IW/MTU
PSI .3646

REPORT FOR PERIOD 2

POWER LEVEL 32.48 MW/MTU DURATION= 321.00 DAYS
PERIOD EURNUPz .104E+02 MWD/KGU TOTAL BURNUPs .194E+02 MWD/KGU
Q VALUE- 205.226 nEIV/FISSION
U235 ISOTOPIC POWERs 18.441 MW/MTU
PU239 ISOTOPIC POWERz 11.812 MW/MTU
U238 ISOTOPIC POWERx 2.222 HW/MTU
PSI. .7795

REPORT FOR PERIOD 3

POWER LEVEL 29.52 MW/MTU DURATION= 305.00 DAYS
PERIOD BURNUPm .900E+01 MWD/K6U TOTAL BURNUPw .2B4E+02 MWD/KSU
0 VALUEz 206.900 EV/fISSION
U235 ISOTOPIC POWER= 12.303 ffW/ffTU
PU239 ISOTOPIC POWER. 15.095 MW/MTU
U23e ISOTOPIC POWER. 2.120 NW/MTU
PSI= 1.1315
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Figure 30

Program BURNUP Output Data File (BURNUP.OUT) (continued)

PROBLEM 2.3.3

REACTOR TYPE IS PWR

3 IRRADIATION PERIODS INITIALLY 2.556 PERCENT U235

REPORT FOR PERIOD I

POWER LEVEL 27.05 MW/MTU DURATION- 310.00 DAYS
PERIOD BURNUPI .839E+01 MWD/K6U TOTAL BURNUP- .639E+01 MWD/KGU
0 VALUEs 203.187 MEV/FISSION
U235 ISOTOPIC POWER: 21.023 MW/MTU
PU239 ISOTOPIC POWER- 4.361 MW/MTU
U238 ISOTOPIC POWER- 1.670 MW/MTU
PSI: .3399

REPORT FOR PERIOD 2

POWER LEVEL 30.25 NW/MTU
PERIOD BURNUPs .971E+01 MWD/K6U
0 VALUE. 204.981 MEV/FISSION
U235 ISOTOPIC POWER. 17.677 MW/P
PU239 ISOTOPIC POWER& 10.518 MW/v
U238 ISOTOPIC POWER. 2.058 fW/M
PSI= .7270

DURATION= 321.00 DAYS
TOTAL BURNUP- .lB1E+02 MWD/KGU

REPORT FOR PERIOD 3

POWER LEVEL 27.50 MW/MTU DURATION. 305.00 DAYS
PERIOD BURNUP- .839E+01 MWD/K6U TOTAL BURNUPs .265E+02 MWD/KGU
Q VALUE= 206.535 MEV/FISSION
U235 ISOTOPIC POWER= 12.113 MW/MTU
PU239 ISOTOPIC POWER. 13.424 MW/MTU
U238 ISOTOPIC POWER: 1.961 MW/MTU
P5I= 1.0560
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The computer program BURNUP Implements the five-step method outlined
below to estimate the relative power from 235U, 238U, and 239Pu. This method

Is based on the observation that Pia tQi = N' ,, where N'lIds the number of
fissions of nuclide I In time period a.

Step I. Beginning with the first Irradiation period, estimate the
cumulative number of fissions, Na, by all nuclides

through the end of the Irradiation period by the following

expression:

N 5.3930 x 1023 B (3.2.9)

where Na Is the total number of fissions per kilogram of
uranium, Bat is the fuel burnup In units of MWD/kgU, and

Q01 is the burnup averaged energy In MeV for all fissions

of all isotopes through the end of Irradiation periodca.
The constant In Equation 3.2.9 Is obtained as follows:

5.3930 x 1o23 1 MeY 13 86400 sec
1.60209 x 10- watt-sec (3.2.10)

10 watts

Tables 3-24 and 3-25 provide correlations that can be used
to estimate the value of Qa for pressurized water reac-

tors and boiling water reactors, respectively.

Step 2. Estimate the cumulative number of fissions by 238 U and
239Pu through the end of Irradiation period ausing the

correlations given In Tables 3-24 and 3-25 for PWRs and
BWRs, respectively.
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Table 3-24

Correlations for Average MeVlFission and Total 2 38U
and 2 3 9Pu Atoms Fissioned for PWRs

Average MeV/fission:

Qa = 200 + 5.2342 E 0 8 5 8 q 11559nBt

Total atoms fissioned per kgU:

for 2 3 8U

for 2 3 9Pu

Nit = 1.7038 x 1020 E-. 17 2 0 2 B. 1.0574

Ni = 2.7165 x 1020 E--9 0 38 5 B 1.6125

E = 2 3 5U enrichment in weight percent

B = burnup in MWD/kgU at the end of time period a

Note: These correlations are based on results of CorSTAR analyses of l5xl5
Westinghouse fuel assemblies using a version of the code LEOPARD.
The correlations were developed for the following range of
parameters:

1.5< Ed 3.5

I (B < 5* 10-E
_ e-
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Table 3-25

Correlations for Average MeV/Fission and Total 23 J8U
and 2 3 9 Pu Atoms Fissioned for BWRs

Average MeY/fission:

Q =200 3 8.21 lE(-*35234) v (.045316) B. (.066524 + .027002 InB )

Total atoms fissioned per kgU:*

f- 23811
WsI --- W

for 2 3 9 pu

N. = 1.7923 x 1o20 E- 2 4 1 0 3 B. 1.0583 (V2

N. = 1.603 x 1020 E-' 2 6 9 3 9 B 1.05 8 7 (V=
ia

N. = 1.9941 x 1020 E-1. 0 17 6 B. 1.7198 (V-
ia 2

Ni = 1.8505 x 1o20 E-1 1 043 Ba 1.7499 (V=

E = 2 3 5U enrichment in weight percent

Be, burnup in MWD/kgU at time a

Va exposure average void percentage at time a

:20%)

:50%)

-20%)

:50%)

If V.1 is not known, use V. = 35% as the best

estimate and V. = 50% for a conservative estimate

Note: These correlations are based on results of CorSTAR analyses of 8x8
General Electric fuel assemblies using a version of the code
LEOPARD. The correlations were developed for the following range
of parameters:

1.1 < E < 3.5

1 < B < 5 + 10 - E
-a-

* To estimate the number of atoms fissioned for average void percentages
between 20% and 50%, use linear interpolation.
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Step 3. Calculate the cumulative number of 235 U fissions through

the end of Irradiation period a by subtracting the total

number of 238U and 239Pu fissions calculated in Step 2
above from the total number of all fissions of all nuclides

calculated in Step 1.

Step 4. For each of the nuclides, 235U 238 U9 and 239Pu, calcu-
late the number of fissions that occur during irradiation

period a by subtracting the total number of fissions that

occurred through the end of time step a - I from the

total number that occurred through the end of time step

a.

tNica a i HiCL-1 (3.2.11)

Step S. Repeat steps I through 4 for each irradiation period.
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18. FORTRAN PROGRAM CELLTRAN

The CELLTRAN program simulates the radionuclide transport from
groundwater through the environment and food chain to man. It was
developed to check the calculations of the PATHI/DOSHEM code.

Theory

The theoretical aspects of this program are discussed in Section 4.2 of
Reference 3 (attached for the readers convenience at the end of this section).

Program

The CELLTRAN program includes four executable codes and numerous input
and output files. The relationship between the various codes and files is
illustrated in Figure 31. CELLTRAN.EXE calculates the environmental
transport of radionuclides and generates a file of radionuclides in the
sediment, groundwater, surface water, and soil. CELLPOST.EXE processes the
radionuclide amount file written by the CELLTRAN program into a form
suitable for input to the DOSECAL2 program. DOSECAL2.EXE calculates the
dose to the maximum exposed individual by radionuclide, organ and pathway
based on radionuclide concentrations in the soil and water. DOSEFACEXE
calculates inhalation and ingestion dose factors for selected radionuclides for
seven organs. The output from this program forms the basis for one of the
input files (DOSE.DAT) to the DOSECAL2 program.

Listings of the Fortran source codes for these programs are shown in Figures
32 through 35.

Input Data

Data is input to the various programs via data files as shown in Figure 31. A
description of the input data files that are prepared by the user is provided
in Tables 3 through 6. Example data sets for CELL.DAT, CPOST.DAT,
DOSEFAC.DAT and DOSE.DAT are shown in Figures 36 through 39.

Output Data

Output data files generated by the programs include CELL.OUT, IP.OUT,
CONC.DAT, DOSEFAC.OUT, and DOSECAL.OUT. Example outputs are shown in
Figures 40 through 44. Note that Figure 44 shows only a small portion of the
output file (4 of the 82 time periods).
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Figure 31

CELLTRAN Program Codes and Files

CELLTRAN.EXE

CELL.DAT

QIN.DAT

V -

I
ERROR.MSG

I QOUT.DAT

CELL.OUT

I
IP.OUT

0

CELLPOST.EXE CPOST.DAT

-

ERROR.MSG
DOSEFAC.DA T

- ~~~~~II

DOSEFAC.EXE

DOSEFAC.OUT

CONC.DAT

DOSECAL2.EXE
- DOSE.DAT

I
DOSECAL)UT
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TABLE 3

CELLTRAN PROGRAM INPUT DATA (CELL.DAT) DESCRIPTION

CARD VARIABLE EDRMAT DESCRIPTION

I ITER IS NUMBER OF ITERATIONS (CASES)
"NOTE: COMPLETE SET OF DATA
CARDS 2-21 REQUIRED FOR EACH
ITERATION

LOGICAL: I TO WRITE TO IP.OUT FILE2 IPINV I5

2 IOUT 15

2 IPRNT 15

2 QDATI

2 QDATO

15

15

UNIT SPEC FOR THE OUTPUT FILE

LOGICAL: I TO WRITE TO CELL.OUT
FILE AFTER WRITING TO QOUT.DAT
FILE

LOGICAL: I TO OPEN QIN.DAT FILE &
WRITE TO QIN.DAT FILE

LOGICAL: I TO OPEN QOUT.DAT FILE
& WRITE TO QOUT.DAT FILE

LOGICAL: I TO WRITE TO IP.OUT FILE

PROBLEM TITLE

NUMBER OF ZONES

LOGICAL: I - NO CHAIN DECAY, 2 .
CHAIN DECAY

NUMBER OF CALCULATION TIMES

2 IPINV

3 TITLE 20A4

4 NZONES

5 ICHAIN

6 NTIMES

7 TIME(IT)

8 SOLID(IZICOM)

8 ALIQ(IZICOM)

9 IZO

I5

15

15

E10.3 CALCULATION TIMES IN YEARS
(INCREASING ORDER) IT-I,NTIMES

E1O.3

E10.3

15

MASS OF SOLID (KG) IN EACH CELL
IZ-INZONES; lCOM- 1,4
( I -SEDIMEN T,2'=SUR FACE
WATER,3-GROUNDWATER,4=SOIL)

MASS OF LIQUID (L) IN EACH CELL
IZ'1,NZONES; ICOM=1,4
( I -SEDIMENT,2-SURFACE
WATER,3-GROUNDWATER,4-SOIL)

ORIGIN ZONE *NOTE: REREAD UNTIL
IZO-0 (BLANK CARD #10 IS READ)
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TABLE 3

CELLTRAN PROGRAM INPUT DATA (CELL.DAT) DESCRIPTION (continued)

CARD VARIABLE FORMAT DESCRIPTION

9 ICO 15

9 IZD I5

ORIGIN COMPARTMENT "NOTE:
REREAD UNTIL IZO-0 (BLANK CARD
#10 IS READ)

DESTINATION ZONE (=0 IF SINK)
**NOTE: REREAD UNTIL IZO-0 (BLANK
CARD #10 IS READ)

DESTINATION COMPARTMENT (-0 IF
SINK) "NOTE: REREAD UNTIL IZO-0
(BLANK CARD #10 IS READ)

9 ICD 15

9 ST E10.3 SOLID TRANSFER RATE (KG/YEAR)
BETWEEN CELLS "NOTE: REREAD
UNTIL IZO=0 (BLANK CARD #10 IS
READ)

9 ALT E 10.3 LIQUID TRANSFER RATE (L/YEAR)
BETWEEN CELLS **NOTE: REREAD
UNTIL IZO=0 (BLANK CARD #10 IS
READ)

10 BLANK CARD

I I IZOR I5 DEFINES ZONES & COMPARTMENTS
"NOTE: READ IF QDATO-I

I I ICOR I5

I I lZDEST

I I ICDEST

12 NCINV

13 INVIZ(IV)

13 INVIC(IV)

14 RNAME

IS

Is

I5

I5

IS

AS

DEFINES ZONES & COMPARTMENTS
**NOTE: READ IF QDATO=l

DEFINES ZONES & COMPARTMENTS
**NOTE: READ IF QDATO=I

DEFINES ZONES & COMPARTMENTS
"NOTE: READ IF QDATO=I

DEFINES ZONES & COMPARTMENTS
"*NOTE: READ IF IPINV=l

DEFINES ZONES & COMPARTMENTS
**NOTE: READ IF IPINV-I, IV=I,NCINV

DEFINES ZONES & COMPARTMENTS
"NOTE: READ IF IPINV=I, IV=I,NCINV

RADIONUCLIDE NAME
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TABLE 3

CELLTRAN PROGRAM INPUT DATA (CELL.DAT) DESCRIPTION (continued)

CARD VARIABLE

15 RHALF

16 DRPHY(IZ,ICOM)

ED-MAT DESRIPTION

E10.3

E10.3

17 IZ I5

RADIOACTIVE HALF LIFE (YEARS)

PHYSICAL DECAY RATE (YEARS)
ICOM-1,4; IZ=INZONES

ZONE NUMBER FOR ICONST *NOTE:
NOT READ IF (QDATI.NE.1 & IR-2).
REREAD IF (IZ.0 & IR=I)

COMPARTMENT NUMBER FOR ICONST
**NOTE: NOT READ IF (QDATI.NE.I &
IRm2). REREAD IF (IZ'0 & IR=1)

17 ICOM I5

17 ICONST

18 Q(ICELL,IT)

'5

E10.3

LOGICAL: 1 IF CONSTANT EXTERNAL
INPUT RATES "NOTE: NOT READ IF
(QDATI.NE.1 & IR'2). REREAD IF (IZ-0
& IR=1)

RADIONUCLIDE EXTERNAL INPUT
RATE (ATOMS/YEAR). =1 IF CONSTANT
**NOTE: NOT READ IF(QDATI.NE.I &
IR=2) & NOT READ + NOT REREAD
IF(IZ'0 & IRm2) OR ICONST=1

19 QC E10.3 RADIONUCLIDE EXTERNAL INPUT
RATE (ATOMS/YEAR). -I IF CONSTANT
"NOTE: NOT READ IF (QDATI.NE.I &
IR-2) OR IF (IZ'0 & IR=2)

20 AI(IZICOM)

21 KD(IZ,ICOM)

E10.3 INITIAL RADIONUCLIDE
CONCENTRATION (ATOMS) ICOM-1,4;
IZ=I,NZONES

E10.3 DISTRIBUTION COEFFICIENT (L/KG)
ICOM-1,4; IZ=I,NZONES

244



TABLE 4

PROGRAM CELLPOST INPUT DATA (CPOST.DAT) DESCRIPTION

CARD VARIABLE

I NR

I NT

FQRMAT DESCRIPTION

I5 NUMBER OF RADIONUCLIDES

IS NUMBER OF TIME PERIODS
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TABLE S

PROGRAM DOSEFAC INPUT DATA (DOSEFAC.DAT) DESCRIPTION

CARD

I

2

3

4

5

VARIABLE

TI

TC

OMASS(IO),IO= 1,7

NAME(IR)

RHALF

ISOL

EQiMAT

F10.0

F10.0

F10.0

IX,A8

E10.3

I5

DESCRIPTION

INTAKE TIME (YR)

DOSE COMMITMENT TIME (YR)

MASS OF ORGAN IO (GM)

NAME OF RADIONUCLIDE IR

RADIONUCLIDE HALF-LIFE (YR)

I IF RADIONUCLIDE IN SOLUBLE
FORM
2 IF RADIONUCLIDE IN INSOLUBLE
FORM

FRACTION OF INGESTED
RADIONUCLIDE TRANSFERED TO
BLOOD

RADIONUCLIDE BIOLOGICAL
HALF-LIFE IN ORGAN IO (DAYS)

FRACTION OF INGESTED
RADIONUCLIDE REACHING ORGAN
10

EFFECTIVE ENERGY DEPOSITED BY
RADIONUCLIDE DECAY IN
ORGAN 10 (MEV/DISINTEGRATION)

6 FTB E10.3

7 BHALF(IO),10=1,7

7 FO(IO),IO'1,7

7 E(IO),10=1,7

E10.3

E10.3

E10.3

NOTE: IO - 1 (TOTAL BODY)
2 (BONE)
3 (THYROID)
4 (LIVER)
5 (KIDNEYS)
6 (LUNGS)
7 (GI-LLI)

CARDS 3 THROUGH 7 READ FOR EACH RADIONUCLIDE UNTIL
RADIONUCLIDE NAME - END
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TABLE 6

DOSECAL2 PROGRAM INPUT DATA (DOSE.DAT) DESCRIPTION

CARD

2

3

4

5

6

VARIABLE

IOUT

SI

DLV

TI

WHL

FRD

7 HVC

8 HWC

9 DCPC

10 BCPC

FORMAT DESCRIPTION

15 OUTPUT FILE NUMBER

F10.2 SPRINKLER IRRIGATION (L/SQ.METER)

F10.2 DENSITY OF LEAFY VEGETABLES
(KG/SQ.METER)

F10.2 IRRIGATION TIME (DAYS)

F10.2W WEATHERING HALF-LIFE (DAYS)

F10.2 RADIONUCLIDE DEPOSITED ON LEAVES
(FRAC.)

F10.2 HUMAN VEGETABLE CONSUMPTION
(KG/YR)

F10.2 HUMAN WATER CONSUMPTION (L/YR)

F10.2 DAIRY COW PLANT CONSUMPTION
(KG/DAY)

F10.2 BEEF CATTLE PLANT CONSUMPTION
(KG/DAY)

F10.2 DAIRY COW DRINKING RATE (L/DAY)

F10.2 BEEF CATTLE DRINKING RATE (L/DAY)

F10.2 MEAT CONSUMPTION BY HUMANS
(KG/YR)

F10.2 MILK CONSUMPTION BY HUMANS
(KG/YR)

F10.2 FISH CONSUMPTION BY HUMANS
(KG/YR)

F10.2 AIR SUBMERSION (HR/YR)

F10.2 SOIL EXPOSURE (HR/YR)

F10.2 TIME SPENT SWIMMING (HR/YR)

13

12

13

DCDR

BCDR

HMTC

14 HMLC

15 HFC

16

17

18

AS

SE

SWIM
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TABLE 6

DOSECAL2 PROGRAM INPUT DATA (DOSE.DAT) DESCRIPTION (continued)

CARD VARABEJ FORMAT DESCRIPTION

19 SRF F10.2 SOIL RESUSPENSION
(UG/CUBIC METER)

FACTOR

20 HBR

21 ET

22 DCT

23 SD

FlO.2 HUMAN BREATIONG RATE (CUBIC
METERS/YR)

Fl0.2 EXPOSURE TIME FOR HUMANS (YR)

F10.2 DOSE COMMITMENT TIME (YR)

F10.2 SOIL DEPTH (CM)

24 SDEN

25 CRFWF(IR)

26 CRVEG(IR)

27 CRMILK(IR)

28 CRMEAT(IR)

29 DFEA(IP,IR)

29 DFEW(IP,IR)

29 DFEG(IPIR)

F10.2 SOIL DENSITY (GM/CUBIC METER)

E10.3 CONCENTRATION RATIO FOR FISH
((CI/KG)FISH/(CI/L)WATER) IR-I,NR

E10.3 CONCENTRATION RATIO FOR
VEGETATION ((Cl/KG)VEG/(CI/KG)SOIL)
IR- 1,NR

E10.3 CONCENTRATION RATIO FOR MILK
((CI/L)MILK/(CI/DAY)INTAKE IR-I ,NR

El0.3 CONCENTRATION RATIO FOR MEAT
((CI/KG)MEAT/(CI/DAY)INTAKE IR-1,NR

El0.3 EXTERNAL DOSE FAC. AIR
SUBMERSION (REM/HR PER
UCI/CU.METER) IPG1 FOR SKIN, IP-2
FOR TOTAL BODY IR=I,NR

E10.3 EXTERNAL DOSE FAC. WATER
IMMERSION (REM/HR PER
UCI/CU.METER) IP'I FOR SKIN, IP=2
FOR TOTAL BODY IR-I,NR

E10.3 EXTERNAL DOSE FAC. GROUND
EXPOSURE (REM/HR PER'
UCI/SQ.METER) IP-I FOR SKIN, IP-2
FOR TOTAL BODY IR=',NR
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TABLE 6

DOSECAL2 PROGRAM INPUT DATA (DOSE.DAT) DESCRIPTION (continued)

CARJD VARIABLE

30 DFINH(0IIR)

31 DFING(IOIR)

FORMAT DESCRIPTION

E1 0.3

E10.3

INHALATION DOSE (REM)
IO1,7 SEE NOTE IR-INR

INGESTION DOSE (REM)
10-1,7 SEE NOTE IR=I,NR

NOTE:

IO ' I(TOTAL BODY)
10 - 2(BONE)
IO ' 3(THYROID)
IO ' 4(LIVER)
IO = 5(KIDNEYS)
10 - 6(LUNGS)
10 ' 7(GI-LLI)
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Figure 32

Fortran Program CELLTRAN Source Code

PROGRAM CELLTRAN
C* //YKDCELL1 JOB INDC9,361 A,10,10,0)1DOU6 V06T'
C* /iTITLE-VOGT AR702N 654-8094
C* //STEPI EXEC FORVCOMP
Ct //COMP.SYSIN DD *
C UPGRADED VERSION OF CELL7RAN BEGUN 0130B4MTM
C PROGRAM CONVERTED TO DOUBLE PRECISION ON 0216B4MTM
C PROGRAM TO CALCULATE THE AMOUNT OF RADIONUCLIDES IN THE SEDIMENT
C SURFACE WATER GROUNDWATER AND SOIL COMPARTMENTS OF UP TO 2 ZONES.
C FOUR COMPARTMENTS/ZONE * 2 ZONES a 8 CELLS. THE PARTITIONING OF A
C RADIONUCLIDE BETWEEN THE SOLID AND LIQUID COMPONENTS OF A CELL IS
C VETERMINED BY THE DISTRIBUTION COEFFICIENT FOR THE RADIONUCLIDE
C IN THAT CELL. THE RADIONUCLIDES CAN BE TRANSFERED BETWEEN CELLS
C ALONG WITH THE ASSOCIATED SOLID AND LIQUID TRANSFERS. THE
C RADIONUCLIDES CAN BE REMOVED FROM THE CELL EITHER THROUGH
C RADIOACTIVE DECAY OR TRANSFER TO A SINK. THE RADIONUCLIDE IN!UT
C RATE TO EACH CELL CAN BE EITHER SPECIFIED AS A CONSTANT OR A TIME
C DEPENDENT VALUE. ANY NUMBER OF RADIONUCLIDES MAY BE TREATED.
C IF THE USER SPECIFIES THAT THE RADIONUCLIDES ARE MEMBERS OF A
C DECAY CHAIN THEN THE INPUT RATE FOR A RADIONJCLJDE IN A CELL
C WILL BE AUGMENTED BY AN AMOUN7 EQUAL TO THE PRODUCT OF THE PARENT
C RADIONUCLIDE AMOUNT AND THE PARENT DECAY RATE. THE MAXIMUM NUMBER
C OF CALCULATION TIMES IS CURRENTLY 62.
C*
Ct PROGRAM REVISIONS BY DICK CHAPMAN (RAC) STARTED 4I25/B6 TO ADAFT
Cf THE CODE TO MS-DOS FORTRAN. COMMENTS INDICATED BY Ct CODE ADDITIONS
C* PRECEEDED BY C*,DATE AND INITIALS, AND FOLLOWED BY e**.

IMFLICIT REAL*8(A-H,6-Z)
REALt4 KD

C OO584MTM
CHARACTER*4 CNAME

C 0105S4MTM
CHARACTEPkt RNAME QUIT
INTEGER QDATIQDATO,QI,QO

C (0O.46TM
C REALtB RNAME QUIT

DIMENSION KDUI 4),AI1 4) AICL(4) BKEEP(4,4) A(4 62)
DIMENSION B(4 ,Ht(4 41 R6OTR(4) hOTI(4 ANgl4 4,)
DIMENSION TITIEH20) fIMi(82) SOLID(1,4),AMIQ(l,A),CNAME(4),

&STRANS(4,5) ALTRAN(4,5),Q(4,62),Y(4)
DIMENSION DAPHY(1,4)

C o1304MTM
DIMENSION INVIZ(2),INVIC(2),INVCL(2)
COMMON/A/IOUT
DATA CNAME/'SED. , S.W.,6..,SOIL'/
DATA QUIT/'END /
1 N5

C O1O054MTM
C E17
C O1O5B4MTM

01=9
QO B

Ci 05OBB6RAC
OPEN (QI,FILEDQIN.DAT')
OPEN (QOFILEw QOUT.DAT')

C 0130B4MT
JPEO10
IZERO=O

C O0O5B4MTM
MITERs4

C O0O054MTM
C CALL OPEN(INjCELL DAT',2)
C* 042596RAC

250



Figure 32

Fortran Program CELLTRAN Source Code (continued)

OPEN(INFILE='CELL.DAT')
lOUT =6

C* OPEN(IOUTFILEx'CELL.OUT')
Cf 060486RAC

OPEN(IOUT,FILEv'ERROR. 1s6')

C* 042BB6RAC
OPEN CIP,FILEz'IP.OUT')

CI'
C 010584MTM
C* READIIN 5) ITER
C* 042826RAC

READtIN,30) ITER
C"*
C 0105B4MTM
Ct IFCITER.GT.MITER) 60 TO 1080
Ce 042566RAC

IF(ITER.LE.MITER) 60 TO 3
WRITE(IOUT 1090) ITER MITER

1090 FORMAT(// IX'NUMPER 6O ITERATIONS(',12,') EREATER THAN THE MAXIMU
&M ALLVWED1l',12()')
CO TO 3000

3 CONTINUE
C**
C* 04286&RAC

CLOSE(IOUT)
Ce*
C 0105E4M1TM

DO 2000 ICASE=1,ITER
REWIND 01
REOIND 00
15W=D3
Ql=QD
DO-]SW

C 013084MTM
C READ(IN 5) IOUTIPRNT,QDAT1,QDATO
C 013084MtM

READ(IN 5) IOUT,IPRNT,QDATI,QDATD,IPINV
C 013084tMh
C 5 FORMAT(415)
C O13084MTM

5 FORMAT(515)
C* 0428B6RAC

OPEN(IOUT,FILE-'CELL.OUT')

C OlJ684MTM
WRITE(IOUT,7) ICASE

C 011684MTM
7 FORMAT(//,lX,'ITERATION NUMBER',12,1X,'FOR CELLTRAN',/)

C 0105E4M1TM
C* IF(ODATI.EQ.1) CALL OPEN(QI,'QIN DAT',2)
C* 042586RAC
C. IF(DDATJ.EO.l)OPENIQI,FILE='QIN.DAT')
CI*
C 010584MTM
C* IF(QDATO.EQ.1) CALL OPEN(GO,'EOUT DAT',2)
C* 042586RAC
C* IF(QDATO.EO.I1)PEN(0DFILE='OOUT.DAT')
C**

PIAXT-82
C READ IN THE PROBLEM TITLE

READ(IN 10) TITLE
10 FORMQATMOA4)

WRITEMIOUT 20) TITLE
20 FORMAT(1X,i0A4)
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C READ IN NUMBER OF ZONES
READ(IN 30) NZONES

30 FORMAT(}5)
IF(NZONES.GT.MAXZ) SD TO 1000
WRITE(IOUT,35) NZONES

35 FORMAT(/ 1X 'NUMBER OF ZONES',15)
C PROGRAM ASSUMES 4 COMPARTMENTS PER ZONE

NCELLS=4*NZDNES
C DETERMINE WHETHER RADIONUCLIDES ARE TO BE CONSIDERED MEMBERS OF
C A CHAIN(ICHAIN=1 NO CHAIN DECAY; ICHAIN=2,CHAIN DECAY).

kEADCIN 30) ICHAIN
IF1ICHAIN.Eg.2) ED TO 50
WRITE(IOUT 40)

40 FORMAT(/,i,'NO CHAIN DECAY')
60 TO 70

50 WFRITE(IOUT 60)
60 FORMATQ/,i 'CHAIN DECAY ASSUMED')
70 CONTINUE

C INPUT CALCULATION TIMES(YEARS)
READ(IN.30) NTIMES
IF(NIlMES.GT.MAXT) 60 TO 1020
WRITE(IOUT,80) NTIMES

80 FORMAT(/ IX 'NUMPER OF CALCULATION TIMES', 15)
C TIMES MUtT tE INPUT IN INCREASING ORDER AND CORRESPOND TO THE
C TIMES SPECIFIED FOR RADIONUCLIDE INPUT RATES.

READ(IN 90) (TIME(IT),ITaINTIMES)
90 FORMAT(910.3)

WRITE(IOUT,100)
100 FORMAT(/IIX 'CALCULATION TIMES(YEARS)',/)

WFITE(IOUT 110) (TIME(IT),IT=lNTIMES)
110 FORMAT(IXE10.3)

C 013084MTM
IFiIPINY.EQ.I) WRITE(IP,115) (TIME(IT),1T-1,NTIMES)

C 013064MTM
115 FORFMAhBE10.3)

C INPUT THE MASS OF SDLID(KG) AND THE AMOUNT OF LIDUID(L) IN
C EACH CELL IDENTIFIED BY (ZONE-COMPARTMENT)
C COMPARTMENT 1=SEDIMENT
C 2=SURFACE WATER
C 3x6ROUNDWATER
C 4=SOIL

READ(IN 120) U(SOLID(IZICOM)sALIQO(Z,ICOM),ICOM=1,4),
&IZ=l NZbNES)

120 FORMA4(2E10.3)
WRITE(IOUT 130)

130 FORMAT(//,iX 'MASS OF SOLID AND AMOUNT OF LIQUID',/,12X
&'FOR EACH 20NE-COMPARTMENT' /J I6X 'SOLID(K6,)'3X'LIQUID(L)',/)
WRITEIOUT 140) l(UZ,CNAMEiCOM) ,SdLID(IZ,ICOM),

&ALIQ(IZ IC6M) ICOM-1,4),IZu INZONES)
140 FORMAT(IX'ZONE' 12 -' A4 2i ,E10 3 2X E10.3)

C INPUT TRANSFER RATEM FOR SOLIbDK6iYEARl AND LIOUID(LJYEAR) BETWEEN
C COMPARTMENTS OR FROM A COMPARTMENT T0 A SINK(IZD ICD=O).
C TRANSFERS ARE ALLOWED BETWEEN COMPARTMENTS OF DIFFERENT ZONES.
C TERMINATE INPUT WITH A BLANK CARD.
C (IZOICO)wORIGINQZONE COMPARTMENT)
C (IZD,ICD)uDESTINATIONlZONECOMPARTMENT)
C ZERO OUT TRANSFER HATRICES

NCPI=NCELLS+"
DO 145 IO=1,NCELLS
DO 145 IDw1 NCPI
STRANS(IO ,b)=1.OD-6
ALTRANCIOID)w1.OD-6

145 CONTINUE
150 CONTINUE
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READ(IN 160) IZO ICO,IZD,ICD,ST,ALT
160 FORMAT(I45 2EIO.1)

IF(IZO.EQ.6) 60 TO 185
IF(I2O.LT.0.OR.IZO.GT.NZONES) 60 TO 1040
IF(ICO.LT.1.OR.ICO.6T.4) 60 TO 1040
IF(IZD.LT.0.OR.IZD.6T.NZONES) GO TO 1040
IF(ICD.LT.0.OR.ICD.ST.4) 60 TO 1040
*IF(IZD.EQ.0.AND.ICD.NE.0) 60 TO 1040
IF(ICD.ED.O.AND.IZD.NE.0) 60 TO 1040
ICELLO-=IZO-1)t4+ICD
IF(IZD.EQ.0) 60 TO 170
ICELLD-(IZD-1)f4+ICD
60 TO 180

170 ICELLD=NZONES*4+1
180 CONTINUE

STRANS(ICELLO, ICELLD)-ST
ALTRAN(ICELLOICELLD)=ALT
60 TO 150

165 CONTINUE
C OUTPUT RELATIONSHIP BETWEEN ZONES,COMPARTMENTS AND CELLS.

JFITE(IOUT 190i
190 FORMAT(//,IX,'RELATIONSHIP BETWEEN ZONES, COMPARTMENTS AND CELLS',

&I)
DO 210 IZ=1,NZONES
DO 210 ICOM=1 4
ICELL=(IZ-1)*i+ICDM
WRITE(IOUT1 200) ICELL,IZ, ICOM

200 FORMATCIX, CELL,12,' - ONE',12,', COMPARTMENT',I2)
210 CONTINUE

WRITE(IOUT1211) NCPI
211 FORPAT(IX, CELL' 12,' - SINK )

C PRINT OUT SOLID AND LIQUID TRANSFER MATRICES.
WRITE(IOUT 22r0)

220 FCFMAT(///)// 44X 'TRANSFER OF SOLID BETWEEN CELLS',/,54X,
&'(K-/YEAR)' / 53i 'ORIGIN CELLS' I)
WRITE(IOUT,2301 (HELL ICELLaINCELLS)

230 FORMAiT(16X,12 7(10X,12b)
WRITE(IOUT,246)

240 FORMA(I///, IX 'DESTINATIDN',/,4X,'CELLS',/)
DO 260 ICELLD-INCFI
WPITE(IOUT 250) ICELLD,(STRANS(ICELLO,1CELLD),

&ICELLO=1,NLELLS)
C 011084MTM
C 250 FORMAT(///I//,5X,12,5X,6CEI1.5,IX) )

250 FORMAT(//////,5X,12,5X,6(EI1.5, 1X)
260 CONTINUE

WRITE(IOUT 270)
270 FDRMAT(I//)//,44X,'TRANSFER OF LIQUID BETWEEN CELLS',/,55X,

&'(L/YEAR)',// 53X 'ORIGIN CELLS' I)
WRIIE(IOUT,236) (iCELLICELL=1,NIELLS)
kRITE(IOUT,240)
DO 280 ICELLDuINCPI
WRITE(IOUT 250) ICELLD,(ALTRAN(ICELLD,ICELLD),
&ICELLO=IINELLS)

260 CONTINUE
C INPUT INFORMATION FOR RADIONUCLIDES
C IF THE RADIONUCLIDES ARE PART OF A DECAY CHAIN, RADIONUCLIDE DATA
C MUST BE INPUT IN THE ORDER OF THE DECAY.

IF(QDATO.NE.1) 60 TO 282
READ(IN 5) 120R 1COR IZDESTICDEST
ICLORPI}ZOR-I)f4+ICOR

262 CONTINUE
C 0130864nTM

IF(IPINV.NE.1) 60 TO 284
C 013064MTP

hEAD(IN 5) NCINV
C 013064Mtn

DO 263 IV^1,NCINV
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C 013084MIM
READ(IN 5) INVIZ(IV),INVIC(IV)

C 013084Mfn
INVCL(IVI=4*(INVIZ(IV)-1)+INVIC(IV)

C 013084ITM
283 CONTINUE

C 013084MTM
284 CONTINUE

IFIRST-1
285 CONTINUE

READ(IN,290) RNAME
C 011184
C 290 FORMAT(IX,AS)
C O11IB4MTM

290 FOhdAT(A8)
C 010O564MTM
C IF(RNAME.EG.QUIT) 60 TO 2000
C 010584MTM

IF(RNAME.NE.QUIT) 60 TO 295
C 010584MTM

REWIND 8
C 0105B4MTM

60 TO 2000
C 010584M1TM

255 CONTINUE
WRITE(IOUT,300) RNAME

C 01084MTM
C 300 FORMAT(//I///,IX*I**t ANALYSES FOR RADIONLiCLIDE%,2X,A8,1X, ***
C 011084MTM
C &**')
C 011084MTM

300 FORMAT(//////,IX,'*44** ANALYSES FOR RADIONUCLIDE ,2X,A6,IXC**

C READ IN RADIONUCLIDE HALF-LIFE IN YEARS
READ(lN 310) RHALF

310 FORMAT(d10.3)
DRATE=0.69315/RHALF
WRdTE(IOUT 320) RHALF DRATE

320 FORIAT(/ 1i 'RADIOACTIVE HALF-LIFE= E10.3 IX YEARS ,/,
&IX RADI6ACtIlVE DECAY RATE= ,E10.3,1 ,'YEAAS**-1')

C READ IN PHYSICAL DECAY RATE5 FOR THE
C RADIONUCLIDE FOR EACH ZONE-COMPARTMENT COMBINATION

READ(IN 441) ((DRPHY(IZICOM),ICh-=1,4),IZ=1,NZONES)
WRITElI6UT 321)

321 FORMAT(// 15X, PHYSICAL ,/,16X, DECAY ,/,17X, RATE',/,
&13X iYE4^S*,-1) /)
WRIIEIIDUT 443) (l1Z,CNAME(ICDM),DRPHY( 12,ICDM),ICDO=1,4),

&IZ=1 IN70NEfl
C ZERO OUT RADIONUCLIDE INPUT RATES

DO 330 ICELL-1 NCELLS
DO 330 IT=1,NTiMES
Q(ICELL ITJ=O.

330 CONTINUE
C READ IN RADIONUCLIDE EXTERNAL INPUT RATES(ATOMS/YEAR).
C MUST END INPUT WITH A BLANK CARD.
C IF ICONST=1 THE EXTERNAL INPUT RATE FOR THE RADIONUCLIDE IS
C CONSTANT OVER THE TOTAL CALCULATION PERIOD.

334 IR-0
335 IR=1R+I

C 011684MTM
C IF(IR.EQ.3) 60 TO 365

IF(QDATI.NE.l.AND.IR.EQ.2) 60 TO 365
IF(IR.E0.1) INPUT=IN
IF(IR.EQ.2) INPUT=QI

336 CONTINUE
READ(INPUT 337) IZ,ICOMICONST

337 FORMAT(3I51
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C 011684MTM
C IFMIZ.ED.O.AND.IR.EQ.1) 60 TO 360
C 0116841TM

IF(IZ.EO.O.AND.IR.ED.1) 60 70 335
IF(IZ.EQ.0.AND.IR.EQ.2) GO TO 365
lF(IZ.LT.1.OR.IZ.ST.NZONES) 60 TO 1060
IF(ICOM.LT.1.OR.ICOM.ET.4) 60 TO 1060
ICELLm(12-1)*4+]COM
IF(ICONST.EQ.I) GO TO 340
DO 336 1Tz1 NTIMES
READ(INPU T,0) D(ICELLIT)

338 CONTINUE
C 011684MTM
C O 70 360
C 011664iTM

SO TO 336
340 READ(IN 90) DC

DO 350 IT=l,NTIMES
Q(ICELL IT)-QC

350 CONTINUE
60 TO 336

C OIl6B4MTM
C 36( 60 10 335

365 CONTINUE
WRITE(IOUT 370) RNAME

370 FORMAT(// 45X AS 1X, EXTERNAL INPUT RATES ,/,54X,
6 (ATOMS/YA½) 7/ 7X CELL',/)
bRITE(IOUT,230) (JICELL,ICELL=I,NCELLS)
WRITE(lOUT,380)

380 FORMAT(4X, TIME /,4X,((YR)',/)
DO 400 IT'1 NTIMHS
WiITE(IOUT,i90) TIME(IT) (D(ICELL,IT),ICELL=1,NCELLS)

390 FORMAT(E10.3,1X,8(E10.3,hX))
400 CONTINUE

IF(IFIRST.ED.1) 60 TO 440
IFCICHAiN.NE.2) GO TO 440
DO 410 ICELLwI NCELLS
DO 410 IT-1,NTIMES

C ADD EFFECTIVE INPUT RATE DUE TO DECAY OF PARENT RADIONUCLIDE.
Q(ICELL IT)=0(ICELL,IT)+A(ICELLIT)*DOLD

410 CONTINU9
WRITE(IOUT 420) RNAME

420 FORMAT(// A6X AS 1x 'TOTAL INPUT RATES',/,54X,
& (ATOMS/yAV 7/ i7X 'CELL ) /
WRITE IOUT,2j0) t(ICELL,ICELL=1,NCELLS)
IRITE(IOUT 380)
DO 430 1IziNTItES
_ JRITE(IOUT, 90) TIMEtIT),(Q(ICELLIT),ICELL=INCELLS)

430 CONTINUE
440 CON7INUE

C INPUT INITIAL RADIDNUCLIDE CONCENTRATIONS(ATOMS)
READ(IN 441) ((AI(IZ1 ICOM),ICOM=1,4),IZ=1,NZONES)

441 FORMAT(4E10.3)
WRITEGIOUT 442)

442 FORMAMT(//iX, INITIAL,/X,15X, RADIONUCLIDE1,/,1CX, AMOUNT ,/,
&SCIX (ATOAS)' I)
WRIfE(IOUT,44i) ((IZCNAjE(JICOM),AI(IZICOM),ICDMfl,4),lZzI,

&NZONES)
443 FORMAT(QXZONE ,12, - ,A4,2XE10.3)

DO 450 IZINZOANS
DO 450 ICOM=l 4
ICELL&IZ-I}*X+COM
AICL(ICELL)zAIlfII2COM)

450 CONTINUE
C INPUT THE DISTRIBUTION COEFFICIENTS(L/K6).

READ(IN 441) ((KD(IZICOM),ICOMx1,4),1Z-1,NZONES)
WRlTE(IdUT 460)

460 FORMIAT(//115X,iKD'(L/K(6),,/)
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WRITE(IOUT 443) (1IZ CNAME(ICOM),KD(I],ICDM),
&ICOM-1 4) ,IZ1,NZONEH)

C 013084ATM
IF(IPINV.NE.1) 6O TO 465

S 013084ITM
WRITE(IP 461) RNAMEvNTIMESDRATE

C O13084tiTM
461 FDRMAT(AB,15,EI0.3)

C 013094MTM
DO 464 IVzl,NCINV

C 013084fiTh
IZZ=INVlZ IV)

C 013084MTM
ICCuINVIC(IV)

C 013084MTM
WRITE(lP462) IZZ,ICC,KD(IZZICC),SOLID(IZZ,ICC) ,ALID(IZZ,ICC)

C 013O84MTtI
462 FORMAT(215,3E10.3)

C 0130B4MTM
464 CONTINUE

C 013084MTM
465 CONTINUE

C CALCULATE THE INTERCELL TRANSFER MATRIX.
C 8(IO,ID)=TRANSFER MATRIX ELEMENT FOR ORIGIN CELL ID AND
C DESTINATION CELL ID(YEAR*e-1)

DO 480 IZO=1,NZONES
DO 479 ICO=1,4
DO 478 IZD INZONES
DO 477 ICD=1 4
IF1I2D.ED.I2i.AND.ICD.EQ.ICD) 60 TO 477
ICELLOz(IZD-1)*4+1CO
ICELLD=(12D-1)*4*ICD
IF(KD(17 lCD).LT.1.OD-10) KD(IZO ICO)=1 OD-10
B(ICELLD ICELLO)m(I.O/(SOLID(IZ ,ICDO+ALIQ(IZO ICO)/
&KD(IZO,ICO)))*STRANS(ICELLD,ICELLD)+(1.O/(SDLlDI120,ICO)*
&t;D(IZOICO)+ALIO(IZO,ICO)))*ALTRAN(ICELLO,ICELLD)

477 CONTINUE
478 CONTINUE
479 CONTINUE
4BO CONTINUE

N=NCPI
DO 500 I2OD=1,NZONES
DO 500 ICOD=1 4
ICLOD=( IDD-1I*4+ICDD
B(ICLOD,ICLOD)=-((I.O/(SDLID(IZDD ICOD)+ALIQ(1ZOD ICOD)/

&KD(IZOD ICDD)))fSTRANS(ICLOD N)+(l.0/(SOLID(IZDD ICOD)#KD(IZOD,ICO
&D)+ALIOI20D ICOD)))*ALTRAN(ICLDD N)+DRATE+DRPHYlJ2OD ICOD))
IF(QDATO.EQ.I.AND.IZOD.EQ.IZOR.ANb.ICOD.EO.ICOR) eT=-4ICLOD,

&ICLOD)-DRATE-DRPHY(IZOD,ICOD)
DO 490 ICLPz1 NCELLS
IF(ICLOD.E.JILP) 60 TO 490
E(ICLOD ICLOD)=B(ICLOD,ICLOD)-BIICLP,ICLOD)

490 CONTINUE
500 CONTINUE

DOLD=DRATE
C PRINT OUT TRANSFER MATRIX

WRITE(IOUT 510)
510 FORMAT(//W 3X TRANSFER MATRIX ,t,55X, (YEAR**-1),X//,54XODRI6IN

& CELLS' /
WRITE(16UT,230) (ICELL,ICELL=lNCELLS)
WRITE(IOUT,240)
DO 520 ICELLD=1,NCELLS
WRITE(JOUT,250) lCELLD,9((ICELLDICELLO),lCELLOwlNCELLS)

520 CONTINUE
C FIND THE EI1ENVALUES AND EISENVECTOR FOR MATRIX B(ID ID).

CALL RILMAT(B HROOTR ROOTI NCELLSNCELLSIPRNTNCALI
IF(IPRNT.EQ.1I WRITE(OUT,5i1) NCAL
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521 FORMAT(/,jX ,NCAL;'415)
C MATRIX B NO CONTAINS THE REAL COMPONENTS OF THE EI6ENVECIJRS.
C NOW FIND THE INVERSE OF B.
C CONSTRUCT A DIASONAL MATRIX OF ONE'S AND SAVE B IN BKEEP.

DO 540 1:1 NCELLS
DO 540 J =1NCELLS
BKEEPlIJ)=bfI1 )
IF(I.EQ.J) 60 TO 530
ANS(IJ)c0.ODO
60 TO 540

530 ANS(IJ)-l.ODO
540 CONIINUE

CALL MATED(B ANS D NCELLSNCELLS NCELLS)
C MATRIX ANS N6W C6NTAINS THE INVEhSE OF B.

DO 560 l1-,NCELLS
Yfl)-0.ODO
DO 560 J=1 NCELLS
Y(I) Y(I)+ANS(I,J)*AICL(J)

560 CONTINUE
TL=TIMIE(1)
DO 600 IT-1,NTIMES
DO 590 I-1,NCELLS
X-ROOTR(I)*(IIME(IT)-TL)
YV(I)Y(I)*EXPON(X)
YYI0. ODO
YY2=0.ODO
DO 580 J=1 NCELLS
IF(IT.NE.11 60 TO 570
Qlzo1j,1)
02=01
60 TO 575

570 Ql=Q(JIT-l)
0201(J, IT)

575 CONTINUE
YYI.ANS(I,J)*QI+YYI
YY2=ANS(1,J)*02+YY2

580 CONTINUE
IF(IT.EQ.1) GO TC 586
IF(DAbS(X).LT.0.OlDO) 60 TO 585
Y(I)=Y(I)+(YYI+(YY2-YYI)/((TIME(IT)-TL)*ROOTR(I)))e

&(EXPON(X)-I.ODO)/RDOTR(Il)-(YY2-YYI)/ROOTR(Il)
60 TO 586

585 Y(I)=VYl)+(YYI+(YY2-YYI)/((TIME(IT)-TL).ROOTR(l)))*(TIME(IT)-TL)*
&(I.D0+0.5D00
&X+.166666666666667DO*X**2+0.416666666666667D-*X**3+
&O.833333333333333D-2.X*;4+0.138888BB9888889D-2#X*.5+
&.1984126984D-3'XI*6)-(YY2-YYI)/ROOTR(I)

566 CONTINUE
590 CONTINUE

DO 595 u1j NCELLS
AUl IT) O.DO
DO 595 J11 NCELLS
A(1 IT)Jf=,lIT)+BKEEP(IJ)*Y(J)

595 CONTINUE
TL1ImME(IT)

600 CONTINUE
C PRINT RADlONUCLIDE AMOUNTS FOR EACH CELL AS A FUNCTION OF TIME.

WRITE(IOUT 610) RNAME
610 FORMAT(///)// 51X AB, AMOUNTS' / 56X I(ATOMS)',//,57X,'CELL',/)

WRITE(IOUT,236) (1CELLICELL=,IkCHLLSl
WRhTE(IOUT 380)
IF(QDATO.E .1) WRITE(QO,6101) lZDESTlCDEST,IZERO

6101 FORMAT(315)
IF(QDATO.EQ.I.AND.IPRNT.EQ.I) WRITE(IOUT,611) IZDEST,ICDESTIZERD

611 FDRMAT(IX,315)
DO 620 IT=1,NTIMES
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IF(QDATO.NE.1) 60 TO 616
QOUTP=8T*A(ICLOR IT)
WRITE(QO 6111) QUTP

6111 FORMAT(E10.3)
IF(IPRNT.EQ.1) WRITE(1OUTl162) QOUTP

612 FORMAT(IXE10.3)
616 CONTINUE

WRITE(IOUT,390) TIME(IT),(A(ICELL,IT),ICELL-1,NCELLS)
620 CONTINUE

IF(ODATO.EQ.1) WRITE(DO,621)
621 FORMATC'

C 013084MTM
IF(IPINV.NE.1) 60 TO 710

C 013084MTM
DO 700 IT-1,NTIMES

C 013084MTM
DO 690 IV1,NCINV

C 013084MTM
ICX=INVCL(IV)

C 013084MTM
WRITE(IP,630) A(lCXIT)

C 013084MTM
630 FORMAT(E10.3)

C 013084MTM
690 CONTINUE

C 013084MTM
700 CONTINUE

C o030e4MTM
710 CONTINUE

IFIRST-0
60 TO 265

1000 WRITE(IOUT 1010) NZ2NES,MAXZ
1010 FORMATi/,IX1 'NUMIER OF ZONES(',12,') GREATER THAN THE MAXIMUM ALL

HOWEDC',12,')J
C 010564MTM
C 60 TO 2000
C 010584MTM

60 TO 3000
1020 bRITE(IOUT 1030) NTIMES,MAXT
1030 FORMAT(//,IlX 'NUMBER OF TIMESC',12,') GREATER THAN THE MAXIMUM ALL

&OWED(',12,')1
C O105B4MTM
C 60 TO 2000
C 01054MTM

60 TO 3000
1040 WRITECIOUT 1050) IZO ICD IZD 1CD
1050 FORMAT(// IX, 'ERROR IN ZbNE-4OMPARTMENT SPECIFICATION FOR SOLID AN

&D LIlQUID RANSFERS',/,1X,'IZO',15,1X,'ICOz',15,1X,'1ZD=',15,IX,
&f'ICDl ,15)

C 0105 4ATM
C GD TO 2000

60 TO 3000
1060 WRITEIOUT 1070) lllCOM
1070 FORMAT(// Ix 'ERROR IN ZONE-COMPARTMENT SPECIFICATION FOR RADIONUC

&LIDE INPUI, RATES',IX, 'lZ,15,1IX,'ICOM=',15)
C oIoO5e4MTH

GD TO 3000
C 010564MTM
Cf 1080 WRITE(6,1090) ITERMITER
C 010564MTM
Cf 1090 FORMAT(// IX 'NUMBER OF ITERATIONS(',12,') GREATER THAN THE MAXIMU
C* &M ALLOWEDI',I2,')')
C 010584MTM
C* 60 TO 3000
2000 CONTINUE

C 0110B4MTM
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3000 CONTINUE
C 0I30B4MTM

REWIND IP
STOP
END
FUNCTION EXPON(X)
IMPLICIT REAL*8(A-H,O-Z)
COMMON/A/lOUT
IF(X.LT.-50.) 60 TO 10
IF(X.GT.50.) 60 TO 20
EXPON-DEXP(X)
6D TO 30

10 EXPON=O.ODO
60 TO 30

20 WRITEIIOUT 25) X
25 FORMAT(//,IX,'OVERFLOkW,FIO.2,IX,'6T 50o)

ST OP
30 CONTINUE

RETURN
END
SUBERUTINE RILMAt(A HROOTR,ROOTI M ID IP,NCAL)
REAL{8 A(4 4), H(4 4) HLR(4,4) HL}d 41
> ROOTR(4),0D0II(4)'VEtTR(4),VEITI(4)'RT4I4) MULTR(4),
> MULTI(4) ABIG AB6I RIqSUt,VTI,BIG,TEMPI, 0TR.EPS,TEMPRTEMF,RR
LOGICAL INTH(4) TWICU
INTEGER INT(4),RRP1,RP2
IRET - I

10 CONTINUE
NCM
IF (N-2) 20,20,50

20 IF (IRET.EQ.0) 60 TO 40
DO 301;1 N

DO 303=1,N
30 Hl( J3)=A(IJ)
40 CALL EIGOA (A, M, ROOTR, ROOTI, IP, ID, NCAL)

so TO 190
C
C REDUCE MATRIX A TO UPPER HESSENEERG FORM
C

50 NM2=N-2
DO I6ORzI NM2

RPI=R+
RP2-F;+2
ABI6s0. DO
INT(R) RPI
DO 601=RPI N

ABSleDWS(Atl R))
IF (ABSI.LE.AgI6) SO TO 60
INT(R)wI
API6=AEBSi

60 CONTINUE
INTER=INTCR)
IF (AblG.EQ.O.DO) 60 TO 160
IF (INTER.Eg.RPI) 60 TO 90
DO 701=R N

TEMP4A(RPI 1)
A(RPI I)'AIINTER,I)

70 A(INTiR,I) TEMP
DO 8011l N

TEIIP.A(I,RPl)
A(Il,RPI)=A(I INTER)

so A(I INTEf)LTNP
90 DO 1001uRP2,N

MULTR(I).A~ll R)/A(RPI,R)
100 A(I R)wMULTRII)

DO 1201z1,RPI
TEMP0O.DO

259



Figure 32

Fortran Program CELLTRAN Source Code (continued)

DO IIOJ=RP2 N
110 TEMP-TE4+iA(I J)OMULTR(J)
120 A(I RPI)&A(IRPli.TEMP

DO 140}RP2 N
TEMPsO.D6

DO 130J=-P2 N
130 TEMP-TEMI+A(I J)fMULTR(J)
140 A(I RP1)=A(IRPl+TEMP-MULTR(I)*A(RPlRPl)

DO 1501IRP2 A
DO 150J-RP2 N

150 A(lIJ)AUl,J)-MULTR(I).A(RPlJ)
160 CONTINUE

IF (IRET.E9.0) 60 TO 10
C SAVE A IN H

DO 1701=1 N
DO 1703=1,N

170 H(l,J) A(lJ)
C
C CALCULATE EISENVALUES
C

Ieo CALL EI6QR (A, M, ROOTR ROOTI, IP ID, NCAL)
190 IF (NCAL.EQ.0.OR.IRET.Eb.O) 60 TO 510

C
C CALCULATE VECTORS
C

EPS=O.DO
DO 200 IN-,N

200 EPS=EPS+DABS(H(1,I))
DO 220 1-2 N

SUMn=O.DO
IM1=I-1
DO 210J-IKM N

210 SUM=sU+b4isABS(A(I,J ))
220 IF (SUM.GT.EPS) EPS=SUM

C. EPS=DSORT((DFLOAT(N)))*EPS'1.D-19
C*

EPS=DSDRT((DbLE(N)))IEPS4l.D-19
C**

IF (EPS.EG.O.DO) EPS=1.D-19
NsM
NMl-N-1
ITAGI-O
ITAG2=0
NMT * NCAL

230 DO 470 L = 1 NCAL
LMT ,L-ITA I
DO 2501-1 N

DO 2403-1 N
HLR(I,3)"H(I J)

240 HLI(I,3) O.DO
HLR0I,l):HLR(III)-RDOTR(L)

250 HLI(I 1l -l.DO*ROOTIIL)
DO 2901;1 NK1

MULTR( )-O.DO
MULTI (I)-0.DO
INTH(I)-.FALSE.
IPlwI1+
IF ((IHLR(I+* I)).'2+(HLI(1+1,I))*'2.LE.(HLR(II))612+(HLI(,
I))4f2) 60 TO 270

INTH(I)=.TRUE.
DO 260J=1,N

TEMPR:HLR(Ii ,J)
TEMPI=HLI(I+1 J)
HLR(.1+,J):HL;(IJ)
HLI(I+1,J) HL1(IJ)
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Fortran Program CELLTRAN Source Code (continued)

HLR (I J3)TEMPR
260 HLIII 3 )x7EMPI
270 IF (HLR(1,I).EO.O.DO.AND.HLI(II).ER.O.DO) 60 TO 290

MULTR(I)=-(HLR(1I+l,).HLR(II)+HLI (14l,)*HLI(I, I))/(IHLRfI,
> 1) i.2+HLI(1 I)*f2)

PMULTI(I)=(HLR(1+l,)*HLI(II)-HLI(l1+,1).HLR(l, I))/(HLR(I,
> 1) h*2+HLII1,1)**2)

DO 2803c1P1 N
TEMPR=HLk(I,+,))+MULTR(I)*HLR(IJ)-MlULTI(l)1 HLI(I,JI
TEMPI-HLI(I+I 1J)+MULTR(I)*HLI(IJ)+MULTJ(I)1 HLR(I,J)
HLR(1+1 ,3)TEMPR

280 HLI(I+IJ)=TEMPI
290 CONTINUE

DO 300I=1 N
VECTR ()=I.DO

300 VECTI(I)cO.DO
TWICE=.FALSE.

310 IF (HLR(N N).EQ.O.DO.AND.HLI(NN).EQ.0.DO ) HLR(N N) wEPS
TEt¶PRw(VE TR(N)*HLR(N,N)4YECTI(N)eHLI(NN))/IHLR(h, N)**2 +

> HLI(N N)*f2)
TEMFI=1VECTI(N)EHLR(N,N)-VECTR(N)*HLI(N,N))/(HLR(N, N)f* 2+

> HLI(N,N)t*2)
VECTR(N)uTEMPR
VECTI(N)wTEMPI
DO 3301-1,NMI

K=N-I
DO 320JKNMI

TEMPR=YECTR(K)-HLR(K,J+1)'VECTR(3+1)+HLI(K,J+ 1)fVECTI(J+
> 1)

TEMFI=VECTI(K)-HLR(K,3+1)'VECTI(J+1)-HLI(K,J+ 1).VECTh(J+
> 1)

VECTR(K)=TEMPR
320 VECTI(K)=TEMPI

IF (HLR(K K).EQ.O.DO.AND.HLI(K K).EQ.O.DO) HLR(K K)=EFS
TEMPR-(VEE;TR(K)*HLR(KK)+VECTI(K)*HLI(KK))/ (HLR(K,K)f*2+

> HL10' K)ff2)
TEMPI=-VECTI (K)IHLR(KK)-VECTR(K)*HLI(K,K))/ (HLR(K,K)**2+

) 1HLI(K,K)ff2)
VECTR(RK)TEMPR

330 VECTI(K)=TEMFI
BI6O-.D0
DO 3401=1 N

SUM-D AS(VECTR(I))+DAEBS(VECTI(I))
340 IF (SUM.ST.B16) BIG=SUM

DO 3501=1 N
VECTR (l)VECTR(I)/I/6

350 VECTI(l)&VECTILI)/B16
IF (TWICE) 60 TO 380
DO 3701al NMI

IF (.NHT.INTH(I)) 6O TO 360
TEMPR=VECTRII)
TEMPI-VECTIII)
VECTR(I)=VECTR(1+1)
VECTI(I)zVECTI(1+1)
VECTR(I+1)sTEMPR
VECTI(ll1)'TEMPI

360 VTR=VECTR +1l)+IULTR(I)*VECTR(I)-llULTI(I)* VECTIII)
VTI=VECTII1)4MULTI(I)*VECTR(1)+MULTR(II'VECTIlI)
VECIR(4+l)=VTR

370 VECTI(1+1)=VTI
TWICE&.TRUE.
60 TO 310

380 IF (N.ED.2) 60 TO 410
NM20N-2
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Fortran Program CELLTRAN Source Code (continued)

DO 4001=1 NM2
N1 IIN- -
NII=N-1*1
DO 390J=NII,N

VECTR(J):H(JNII)VECTR(NIT+l)+VECTR(J)
390 VECTI(J() H(3JN1i)#VECTI(NII+I)+VECTI(3)

INDEXcINT (Nil)
TEMPR-VECTR(Nll+l)
TEMPI=VECTIIN1I+l)
VECTR(NII+l)=VECTR(INDEX)
VECTI(N11+1)=VECTI(INDEX)
VECTR(INDEX)-TEMPR

400 VECTI(INDEX)=TEMPI
410 DO 4201;1 N

IF (VEfTI(I).NE.O.DO) 60 TO 430
420 CONTINUE

60 TO 450
430 ITAGI=ITAG1+l

IF (VECTI(I).LT.O.DO) 60 TO 470
ITA62=ITAG2+1
NMT a NCAL-2*ITAG2

C ITAGI lELLS HOW MANY COMPLEX VECTORS, ITA82 HOW MANY STORED IN A
DO 4401=1 N

A(l ,NMf+l)=VECTR(I)
A(I NMT+2)=VECTI(I)

440 CONTINUE
RTR(NMT+i)zROOTR(L)
RTR(NMT+2)vROOTl(L)
GO TO 470

450 DO 4601=1 N
A(ll LT)'VECTR(I)

460 CONTINUE
RTR(LMT)wROOTR L)

470 CONTINUE
C PUT REAL PARTS OF EIGENVECTORS IN A, IMAGINARY PARTS IN H

DO 460 1=1 N
DO 4803-= NMT
ROOTR(JJ)A=TR(JJ)
ROOTIQ(J3)O.DO

480 H(1 4J3)O.DO
IF (NMT.EQ.NCAL) 60 TO 510
NtTPINhT+1
NM1 a NCAL - I
DO 4901=1 N

DO 4903=NMTP11NM1 2
ROOTIQ()w-RTR(3.d
ROOTI(JI1)=RTR(J+1)

490 H(1,J+1 )A( ,J+0)
DO 500 1=1 N

DO 500 3-NNTP NMII,2
ROOTR(J)=RTA(J)
RDOTR(J+1)=RDOTR(J)

500 A(IJ+1)=A(IJ)
510 RETURN

END
SUBROUTINE DQRT(A N R SI 6,D ID)
REALfS A(4,4),PS1I2},6(3 ),IGDEN,XK,AL, C,DE,RGMAX,
> 61 62

C 0222 4MTM
C* ERRSET SUBROUTINE USED FOR EXTENDED ERROR HANDLING ON IBM
Cf MAINFRAMES. NOT AVAILACLE ON THE PC.
Ct CALL ERRSET(208,256,-1,1,0,208)
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Fortran Program CELLTRAN Source Code (continued)

NIzN-1
lAtN-2
IPzIA
IF (N-3) 410,50,10

10 DO 403;3 NI
J31N-3
IF IDABS(A(JlI+ Jl))-D) 50 50 20

20 DEN=A(3I1+lJ1,+1*(A(J3+l1JI+1I-SI6)+A(J1+1,JI+2)I A(31+2, J1+1)

IF (DEN) 30 40 30
30 IF (DABS(A(31+1 Jl)fA(31+2 Jl+11)(DABS(A(4Jl+l3l+l)+A(31+2,Jl+
> 2)-SIG)+DABSIAIJI+3,31+2)b/DEN)-D) 50,50,40

40 IP=JI
50 DO 60J=1,IP

J 1lP-J+1
IF (DAbS(A(1J+1,J1))-D) 70,70,60

60 19=31
70 DO 4001=IP NI

IF 1I-I) 90 B0 90
80 6(1)rA(IPIIPI.(A(IP IP)-5I6)+A(IP IP+1)*A(IP+1,IP)+ R

6(2)sA(IP+1 IP)#(AdP IPP)+A(IP+ivP+l)-SI6)
6(3)-A{lPf1,IP)*A(IP+I!1P+I)
AfIP+2 IP)u'.D0
60 TO 120

90 GM:}A(1,1I-1
6(2) A(I.1 I-I)
IF II-IA) I00 100,110

100 6(3)wA(1+2,1-1)
60 TO 120

110 G(3)=O.DO
120 CONTINUE

IF (6(1).E.O.DO.AND.6(2).EQ.O.DO.AND.6(3).E.O.DO) 60 TO 190
6NAX = Ell)
IF fDABS(G(2)).ST.DABS(BHAX)) 6D TO 130
61 = 6(2)
60 TO 140

130 GMAX = G(2)
61 = Gll)

140 IF (DABS(SM3))A6T.DABS(6MAX)) 60 TO 150
62 - 6(3)
60 TO 160

150 62 e GMAX
SMAX 6(3)

160 CONTINUE
C 011184MTMl
C XK z DABS(SIMAX)#DS0RT( (61/tBMAX)'2 + (62/MAX)**2 + I.DO)
C O0I14MTM

XK - DABS(6MAX)fDSORT( (61/6MAX)f2 + (62/6MAX)'42+1.DO)
IF (6(1).6E.0.DO) 60 TO 170
XK = -XK

170 CONTINUE
IF (XK) 18O 200,180

IO AL=6(1)/XK+I.DO
PS11)w6(2)/(6(1)+XK)
PSI(2)=G6(3)/(6(1)+XK)
60 70 210

190 XK a O.DO
200 AL=2.DO

PSI (1)0.DO
PSI(2)w0.DO

210 IF (I-IC) 220,250,220
220 IF (1-IP) 240,230 240
230 All I-1)a-A(II-1

60 70 250
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Fortran Program CELLTRAN Source Code (continued)

240 AI I1-1)=-XK
250 DO i00J=I N

IF Il-IA) 260,260,270
260 C=PSI12)fAtII+2,)

60 TO 280
270 C=0.0
280 E7AL*(A(I J)+PSl(l)'A(141,J)+C)

A(I,J)=AzI J)-E
A(4+1,J)&A1+1 J)-PSZ(I)*E
IF (I-IA) 290 29O,300

290 A(1+2,J)wA(I+5,J)-PSI(2)*E
300 CONTINUE

IF (1-IA) 310,310,320
310 L-1+2

GC TO 330
320 L=N
330 DO 360J-=Q L

IF (I-I1h 340 340,350
340 CaPSI(2)*A(J,1+2)

GO TO 360
350 CuO.0
360 E=AL*(A(J I)+PSI()1A(J,I+1)+C)

A(J,I)=-A3 I)-E
AIJ i+1).Al3iJ+J)-PSIl)*E
IF hI-IA) 376 370 380

370 A(J 1+2)=A(J,i+2)!PSI(2)*E
390 CONtlNUE

IF (I-N+3) 39G 390 400
390 E=AL*PSI(2),A(c+3,1+2)

A11+3,1)--E
AtI+3,I+l)-PSI (1[E
A1I+3,I+21wA(I+3,1+2)-PSI(2)*E

400 CONTINUE
410 RETURN

END
SUBROUTINE EI6OR (A,M,ROOTR,hOOTI,IFRNT,ID, NCAL)

C PRO0RAM TO CALL DR TRANSFORMATION
C

REALfB A14 4)
REALeB ROOtRM4 RODTIM4 AA B,C,DEFSNRIGXS
>ZEROIXNN XN2llZqjib
COMMON/A/16UT , I)Z 2lVQsgAB DDEF,6, HRSIGXS
N=M
NCAL v N
IF (IPRNT) 10 20 10

10 WRITE(IOUT 10600;
20 ZERO=0.DO

JJwI
30 XNNz0.DO

XN2=O.DO
AA=O.DO
B=O.DO
C=O.DO
DD0.DO
R-O.DO
S16=0.D0
ITER=O

40 IF (N-2) 50 90 100
50 IF (IPRNT) l0 o0,60
60 WRITECIOUT 10100 A(ll)
70 ROOTRtI)All 1)

ROOTI1)sO.D6
E0 RETURN
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Fortran Program CELLTRAN Source Code (continued)

90 JJ3-1
100 Xc(A(N-1 N-I)-A(N N))*92

S&4.DO*AIN N-i)*AlN-1,N)
ITER=ITER+4
IF (X.ED.O.DO.DR.DABS(S/X).BT.1.D-1.6) 60 TO 150

1'2 IF (DABS(ACN-lN-1))-DABS(A(N,N))) 130,130,120
120 E=A(N-1 N-I)

GSA(N,NI
60 TO 140

130 G=A(N-1 N-1)
E=A(N N;

140 F-O.D6
H-O.DO
GO TO 200

150 S-X+S
X=A(N-1 N-1)+A(N N)
IF (S) 190,160,1L0

160 S0=DSQRT(S)
F-O.DO
H-O.DO
IF (X) 170,170,160

170 E=(X-S0)/2.0D0
6=(X+SQ)/2.ODO
60 TO 200

180 G=(X-Sc)/2.ODO
E=(X+SQ)/2.ODO
60 TO 200

190 F=DSQRT(-S)/2.0DO
E=X/2.ODO
6=E
H=-F

200 CONTINUE
IF QJJ) 220 210,210

210 D=l.OD-17.(iABSS)+F)
IF (DABS(A(N-1,N-2)).6T.D) 60 TO 250

220 IF (IPRNT) 230 240,230
230 WRITE(IOUT,10160)EF,ITER

WRITE(IOUT,10i00)GH
240 ROOTR(N)=E

ROOTI(N)=F
ROOTR(N-1)-6
ROOTI(N-i)H
N=N-2
IF (JJ) 60 30 30

250 IF (DABS(AIN -1l)).6T.l.0D-17*DABSCA(N,N))) 60 TO 290
260 IF (IPRNT) 2o, 280 270
270 WRITE(IOUT 10160)AIN,N),ZERO,ITER
280 ROOTR(N):AIN N)

ROOTl(N) 0.D6
N=N-I
60 TO 30

290 IF (DABS(DABS(XNN/A(N,N-1))-1.DO)-l.D-13) 310 310 300
300 IF (DABS(DABS(XN2/A(N-1 N-2))-l.DO)-l.D-13) 310,310,400
310 VD=DABS(A(NN-1))-DABS(A(N-1,N-2))

C OllOB4MTM THE FOLLOWING LINE HAS BEEN REMOVED SINCE IT WAS
C GARBLED IN TRANSMISSION FROM THE MICROCOMFUTER AT TEKNEKRON.
C LINE REMOVED
C 011084MTM

IF(ITER-15) 450,320,350
320 IF (VD) 330 330,340
330 R-A(N-1 N-21**2*1.DO

516G2.D6 *A(N-I,N-2)
60 TO 500

340 R=A(NN-l)#*2
S16=2.DOIA(N.N-I)
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Fortran Program CELLTRAN Source Code (continued)

60 TO 500
350 IF (VD) 380 380 360
360 IF (IPRNT) i70, 40 370
370 WRITE(IDUT,10260)AIN-1,N-2)

60 TO 230
380 IF (IPRNT) 390 280 390
390 WRITE(IOUT,10260)AIN,N-1)

G0 TO 270
400 IF (ITER.LE.50) 60 TO 420

NCAL * M - N
MNO * M - NCAL + I
DO 410 K I INCAL

II * NC + K - I
ROOTRWK) z RDOTR(II)

410 ROOTIK) ROOTIHII)
60 TO 80

420 IF (ITER.6T.5) 60 TO 450
430 Zl- (E-AA)"t2+(F-BS*t2 - 0.25DO*(E*E + F#F)

22= (6-C)u*2+(H-DD)#i2 - 0.25DO*(6e8 + H*H)
IF (Zl) 440,440,470

440 IF (22) 450,450,460
450 R=E*E-F*H

SIG=E+G
60 TO 500

460 R=E*E
SIG=E+E
60 TO 500

470 IF MZ2) 480,480,490
4BO R=6*G

SIG=G+G
60 TO 500

490 R=O.DO
51=0O.DO

500 XNN=A(N,N-1)
XN2=A(N-1,N-2)
CALL DQRT(A,NR,SIG,D,ID)
AA=E
B-F
Cz6
DD-H
60 TO 100

10000 FORMAI(///JlX 9HREAL PART 14X,14H1MAGINARY PART,26X,
> 13HTAKEN AS IERO 6X 4H]TtR//)

10100 FORMAT(IXE13.6 13Xfi3.6,30X,13)
10200 FORMAT(64X,E13.I)

END
SUBRiOUTINE MIATEQ(A,B,D,IIIJJJID)
REAL*8 AB R S D
DIMENSION 0i4,4),B(4,4)
KK-II
NVulABS(JJJ)
Dzl.ODO
IF (JJJ.LT.0) Dw0.ODO
KKMrKK-1
DO 901=1 KKM

SO. 0bo
DO 1031 KK

R-DAB9(A(J IM
IF MR.LT.SD 60 TD 10
S R
L=J

10 CONTINUE
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Fortran Program CELLTRAN Source Code (continued)

IF (L.EQ.I) 60 TO 50
DO 20 J-1 KK

SA7I,!JlzA(L,J)
20 A(L,J)-S

IF (NV.LE.0) 60 TO 40
DO 30 J=1 NV

S=b(I 3)
BtJB(LtJ)

30 B(LJ)=S
40 D'-D
50 IF (A(1,1).EQ.O.) 60 TO 90

IPOI+l
DO 80J=lPO,KK

IF WA(1) EQ.O.) 60 TO 80
STA(J,I]/A!II)
A J l)x0.ODO
DO l0 K=lPO KK

A3,IK)wAlJ,K)-AC1,K)*S
60 CONTINUE

IF (NV.LE.0) 60 TO 80
DO 70 Kl1,NV

BQJK)=B4J,K)-BCI,K)*S
70 CONTINUE
sO CONTINUE
90 CONTINUE

DO 1001=1 KK
100 DD*A(1I)

IF (NV.LE.6) 60 TO 130
KMO = KK-1
DG 120K=1 NV

B(KVK;=B(KK, K)/A(KK,KK)
DO I I0I=1,KMb

NK K -I
DO II OJN,KMO

110 B(N,K);!(N K)-A(NJ+1)*B(J+1,K)
120 DIN f=P( NK)/A(N,N)
130 CONTINUE

RETURN
END

C* /
C* //STEP2 EXEC FORVLKSMNAMEmkJDC9VKD.CELLTRAN.LOAD',
C; // DISK=FILE03
C* /*
Ci ?
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Fortran Program CELLPOST Source Code

PROGRAM CELLPOST
Ci //VKDCELLP JOB (WDC9,361 A,10,10,0),'DOUS YOST'
Ct /TITLEwVOGT AR702N 654-809
Cf X/STEP1 EXEC FORVCOMP
Cf //COPP.SYSIN DD f
Ci PROGRAM REVISIONS BY DICK CHAPMAN IRAC) STARTED 5/21/66 t0 ADAPT
Cf THE CODE TO MS-DOS FORTRAN. COMMENTS INDICATED BY Cf, CODE ADDITIONS
C* PRECEEDED BY Ci, DATE, AND INITIALS, AND FOLLOWED.BY Cfi.

C*tf PROGRAM TO POST-PROCESS THE RADIONUCLIDE AMOUNT FILE WRITTEN
Cfff BY CELLTRAN. THE OUTPUT OF THIS POST-PROCESSOR IS USED FOR INPUT
Cff* TO THE DOSECAL PROGRAM.

CHARACTER*8 RNAME
DIMENSION CS(7,82),CW(7,62),RNAME(7),TIME(62)
IN=5
INPUTxJ
IO=9
IOUT=6

Ci 060386RAC
OPEN(IN.FILEu'CPOST.DAT')
OPEN(INPUT,FILE= IP.OUT )
OFENIO, FILE=CONC.DATl)
OPEN(IOUT,FILEx'ERROR.MSG')

C**
READ(IN 10) NR,NT

10 FORMAT(125)
READ(INPLIT 15) (TIME(IT),IT=1,NT)

15 FORMAT(8E16.3)
DO 100 IR=I NR
READ(INPUIT 2) RNAME(IR),NTIMES,DRATE

20 FORMAT(A8,15,E10.3)
IF(NTIMES.NE.NT) 6 TO 1000
READ(INPUT,30) IDlID2,F1LALSOL,ALWAT
READ(INPUT,30) IDl,ID2,FlS,ASSDL,ASWAT

30 FORMAT(215,3E10.3)
DO 50 IT=1,NT
READ(INPUT,40) ATWAT
READiINPUT,40) ATSOIL

40 FORMAT(EIO.3)
Ac=ATSDIL.FIS/(FlS+ASWAT/ASSOL)
CS(IRIT)m8.5646E-13iDRATE*AS/ASSOL
CW(IRIT)=6.5646E-13*DRATE*ATWAT/ALWAT

50 CONTINUE
100 CONTINUE

WRITE(10 105) NR,NT
105 FORMAT(2}5)

WRITE(IO 107) (TlME(IT),IT-1,NT)
107 FORMAT(et1o.3)

WRITE(IO 110) (RNAME(IR),IR=I,NR)
110 FORMAT(16AB)

DO 500 IT1,NT
WRITE(IO 120) (CS(lR,IT),IRwI,NR)

120 FORMAT(6W10.3)
WRITE(109120) (CW(IRIT),IRw1,NR)

500 CONTINUE
6O TO 2000

1000 WRITE(IOUT 1010) NTIMES NT
1010 FORMAT(/,1iERRORi*iNTIMES( ,13,IX, ) NOT EQUAL TO NT(,13,1X,)

2000 CONTINUE
C 013084MTM

REWIND 9
STOP
END

Ci 0603S6RAC
Cf /i
Cf //STEP2 EXEC FORVLKSM,NAME= WDC9VKD.CELLPDST.LOAD',
Cf // DISK=FILE03
C 1*
C ?
Ci*
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Fortran Program DOSECAL2 Source Code

C UPGRADE OF DOSECAL OIIBB4MTM
C PROGRAM TO CALCULATE THE DOSE TO THE MAXIMUM EXPOSED
C INDIVIDUAL BY RADIONUCLIDE ORGAN AND PATHWAY BASED UPON
C RADIONUCLIDE CONCENTRATIONS IN SOIL AND WATER COMPARTMENTS
Ci PROGRAM REVISIONS BY DICK CHAPMAN (RAC) STARTED 5/21/96 TO ADAPT
C* THE CODE TO MS-DOS FORTRAN. COMMENTS INDICATED BY Cf CODE ADDITIONS
Cf PRECEEDED BY Cf, DATE AND INITIALS, AND FOLLOWED BY e**.
Cf****Ct*****
C GLOSSARY OF USAGE AND EXPOSURE PARAMETERSIJNPUT)
C****f
Ct*****
C SI =SPRINKLER IRRIGATION(L/M**2)
C DLV =DENSITY OF LEAFY VESETABLES(KG/M*'2)
C TI aIRRIGATION TIME(DAYS)
C WHL xWEATHERING HALF-LIFE FOR RADIONUCLIDES DEPOSITED
C ON PLANI LEAVES(DAYS)
C FRD -FRACTION OF RADIONUCLIDE DEPOSITED ON LEAVES
C HYC wHUMAN VEGETABLE CONSUMPTION(K6/YR)
C HWC =HiMAN WATER CONSUMPTION(L/YR)
C DCPCxDAIRY COW PLANT CONSUMFTION(K6/DAY)
C BCPCtBEEF CATTLE PLANT CONSUMPTION1K6/DAY)
C DCDR=DAIRY COW DRINKING RATE(L/DAY)
C BCDRaBEEF CATTLE DRINKING RATE(L/DAY)
C HMTCaHUMAN MEAT CONSUMFTION(KS/YR)
C HMLC=HUMAN MILK CONSUMPTION(L/YR)
C HFC *HUMAN FISH CONSUMPTION(KS/YR)
C AS sAIR SUBMERSION(HR/YR)
C SE =SOIL EXPOSURE(HR/YR)
C SWIM=TIME SPENT SWIMMING(HR/YR)
C SRF xSOIL RESUSPENSION FACTOR(MICROGRAMS/M**3)
C HBR aleUMAN BREATHING RATE(Muf3/YR)
C ET =EXPOSURE 7IME FOR HUMANS(YR)
C DCT -DOSE COMMITMENT TIME(YR)-NOT DIRECTLY USED IN THE
C CALCULATION. IMPLICIT IN THE INHILATION AND INGESTION
C DOSE FACTORS.
C SD -SOIL DEPTH(CM)
C SDEN=SOIL DENSITY(SM/CM**3)
C CONCS(lR)=SOIL CONCENTRATION OF RADIONUCLIDE IR(MICROCURJES/KG)
C CONCW(IR)=WATER CONCENTRATION OF RADIONUCLIDE IR(MICROCURIES/L)
C*i **
C**{***
C GLOSSARY OF CONCENTRATION RATIOSIINPUT)
Ci****

C CRFWF(IR) wCONCENTRATION RATIO FOR FRESH WATER FISH FOR
C RADIONUCLIDE IR((CI/KG)FISH/(CI/L)WATER)
C CRVEG(IR) *CONCENTRATION RATIO FOR VEGETATION FOR RADIONUCLIDE IR
C ((CI/KG)VEGETATION/(CI/KG) SOIL)
C CRMILKIIR)zCONCENTRATION RATIO FOR MILK FOR RADIONUCLIDE IR
C ((CI/L)ILK/I(CI/DAY)lNTAKE)
C CRMEAT(IR)zCONCENTRATION RATIO FOR MEAT FOR RADIONUCLIDE IR
C l(Cl/KG)MEAT/fCI/DAY)INTAKE)
C**it*
C#****
C GLOSSARY OF DOSE FACTORS(INPUT)
C*i"**
C*{****
C DFE6(IPIR) =GROUND EXPOSURE EXTERNAL DOSE FACTOR FOR RADIONUCLIDE
C IR AND IPuI(SKIN) OR IP=2(TOTAL BODY)
C (lREM/HR)/(IMCROCURIE/M**2))
C DFEN(IPIR) uWATER IMMERSION EXTERNAL DOSE FACTOR FOR RADIONUCLIDE
C IR AND IP=1(SKIN) OR IP=21TOTAL BODY)
C ((REM/HR)/IMICROCURIE/M*#3))
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C DFEA(IPIR) cAIR SUBMERSION EXTERNAL DOSE FACTOR FOR RADIONUCLIDE
C IR AND IPzl(SKIN) OR IPw2(TOTAL BODY)
C ((REM/HR)/(MICROCURIE/M*i3))
C DFINH(IOIR)=INHALATION DOSE FACTOR FOR RADIONUCLIDE JR AND ORGAN
C ID(REM/I(MICROCURIE/YR))
C DFING(ID,IR)cINGESTION DOSE FACTOR FOR RADIONUCLIDE IR AND ORGAN
C ID(REM/((MICROCURIE/YR))
C IO-1(TOTAL BODY)
C I0-2(BONE)
C IOz3(THYROID)
C ID=4(LIVER)
C 10=5(KIDNEYS)
C IOI(LUNGS)
C 10=7(GI-LLI)
C INHALATION AND IN6ESTION DOSE FACTORS ARE BASED UPON AN
C EXPOSURE FOR 4ET) YEARS AND A COMMITMENT FOR (ET) YEARS
C**i**
C****i

C TYPE AND DIMENSION SECTION
C***l*
C***+*
C+**+**

REAL*P NAME
DIMENSION NAME(10)
DIMENSION CONCS(10),CONCW(10) DINHT(7) DIN6T17) DT(7,10),DTT(7),

&CRFWF(10),CRVEGCI0) CRMILK(101,CRMEAT(1O) DFES(i,10),DFEW(2,1O),
&DFEA(2 1O),DFINH(7 ,iO) 1DFING(7,10),DEXTT(i)

C* 050586WAC
Ct DIMENSION TIME(33),DINH(7,10),DlNG(7,10),DEXT(2,10)

DIMENSION TIfE(82) ,DINH(7,10),DING(7,10),DEXT(2,10)
Cii
C+*****

C*****
C INPUT SECTION
Ci****
Ci**i*
Cf*****

IN=5
INPUT-7

Cf 052186RAC
C. CALL OPENCIN ,DOSE DAT 2)
C* CALL OPEN(INPUT, CONC D47M,2)

OPEN(IN FILE- D6SE.DAT')
OPENPlN^UT,FILE- CONC.DAT )

Ci**
READ(IN 5) IOUT

Ci 052286RAC
OPEN (IOUT,FILE- DDSECAL.OUT )

5 FORMAT(15)
READ(INPUT 10) NR,NT

10 FORMAT(2151
WRITE(IOUT,11) NRNT

11 FORMAT(IX ,NUMBER OF RADIONUCLIDES-',15,1X, NUMBER OF TIMES= ,15)
READ(INPUf 111) (TIMIE(IT),IT7l,NT)

111 FORMAT(BE16.3)
READ(INPUT 12) (NAQE(IR),IRulNR)

12 FORMAT(1OAW)
WRITE(IOUT 13)

13 FORMAT(// lx ***RADIONUCLIDESi*ii,/)
WkRITECIOU 14) (NAME(IR),IR=1,NR)

14 FORMAT(lX 10A)
DO 1000 Ila1,NT
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Ctt**t
Ct**§*#
C READ IN USAGE AND EXPOSURE PARAMETERS
C.tt..

IF(IT.6T.1) E0 TO 391
READ(IN 15) SEDLY TI WHL FRDHYC, NC DCPCSCPC,
&DCDR SDR HMTCHML6,HFC,AAE,SWIM,SREHSR,ET,

15 FORAATlFIO.2)
C11.11
C41#***
C PRINT OUT USAGE AND EXPOSURE PARAMETERS
C*t***
Ct**t*

WRITE( OUT 16)
16 FORMAT(// IX 'USA6E AND EXPOSURE PARAMETERS',/)

WRITE1OUt 17) Si
17 FORMAT(IX 1SPRINKLER IRRI6ATlDN=',F10.2,1X,'L/M*12')

WRITE(IOU1t16) DLV
19 FORMATtIX DENSITY OF LEAFY VE6ETABLES-',F10.2,IX,'K6/M**2')

WRITE(IOUt 19) TI
19 FORMATIX 1IRRIGATION TIME-',F10.2,IX,'DAYS')

WRITECIOUT 20) WHL
20 FORMAT(IX 'WEATHERIN6 HALF-LlFEv',F10.2,1X,'DAYS')

WRITE(IOI 21) FRD
21 FORMAT(IX, FRACTION OF RADIONUCLIDE DEPOSITED ON LEAVESu',1X,F10.2

WRITE(IOUT 22) HVC
22 FORMAT(1X 'HUMAN VEGETABLE CONSUMPTION=',FIO.2,IX,'KS/YR')

hRITE(IOUT 23) HWC
23 FORMAT IX IHUMAN WATER CON9UMPT1ONw',F10.2,1X,'L/YF')

WRITE(IOUT 24) DCPC
24 FORMAT(IX tDAIRY COW PLANT CONSUMPTION-',F1O.2,1X,'KS/DAY')

WRITE(IOUt 25) BCpC
25 FDORAT IX 1BEEF CATTLE PLANT CONSUMPTION=',F1O.2,IX,'.6/DAYW)

WRITE(IOUil26) DCDR
26 FORMAT IX DAIRY COW DRINIKING RATEw',F10.2,1X,'L/DAY')

WRITE(IOUT 27) SCDR
27 FORMAT IX 1BEEF CATTLE DRINKING RATE-',FI0.2,1X,'L/DAY')

WRITEIIOUid29) HMTC
2B FORMAT IX MEAT CONSUMPTION BY HUMANSz',F10.2,1X,'KS/YR')

WRITE(IOUt129) HMLC
29 FORMAT IX, MILK CONSUMPTION BY HUMANS=',F10.2,1X,'L/YR')

WRITE(IOUT 30) HFC
30 FORMAT(IX IFISH CONSUMPTION BY HUMANS',F10.2,1X,'KG/YR')

WRITE1IOUT 31) AS
31 FORMAT IX AIR SUBMERSIONw',F10.2,1X,'HR/YR')

WRITE(IOU1132) SE
32 FORMAT IX SOIL EXPOSURE=',F10.2,1Xq'HR/YR')

WRITE(IOUR 33) SWIM
33 FORMAT( IX TIME SPENT SWIMMIN6ws'F10.2,1X,'HR/YR')

WRITE(IDUT 34) SRF
34 FORMAT IX ISOIL RESUSPENSION FACTOR=',E10.2,1X,'US/M"3')

WRITE(I0UT 1 35) HBR
35 FORMAT IX HUMAN BREATHIN6 RATEw',F10.2,1X, 'M13/YR')

WRITE(I0UT 1 36) ET
36 FORMA TIX EXPOSURE TIME FORi HUMANS=',F10.2,1X,'YR')

WRITEIIOUI,37) DCT
37 FORMAT(IX DOSE COMMITMENT TIME-',F10.2,IX,'YR')

WRITE(IOUT 35) SD
38 FORMATIIX SOIL DEPTH=MF10.2,1Xt-CM')

WRITE(IOUT 39) SDEN
39 FORMAT(IX, SOIL DENSITY=',F10.2,1X,'6M/CM"*3')

391 CONTINUE
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CI***i
C READ IN SOIL AND WATER RADIONUCLIDE CONCENTRATIONS
C..***
C#****

READ(INPUT 40) (CONCS(IR),IR-INR)
40 FORMAT(8E10.3)

READ(INPUT,40) (CONCW(IR),IR1lNR)
C****,
C***i*
C PRINT OUT SOIL AND WATER RADIONUCLIDE CONCENTRATIONS
C***#,
C**,**

WRITEIIOUT 411
41 FORMAT(// IX 'SOIL AND WATER RADIONUCLIDE CONCENTRATIONS',/)

DO 50 IRsl ,N
WRITEI0OUT 42) NAMEIIR) CONCSIR) CONCW(IR)

42 FORMAT(IX As 2X 'SOIL C6NCENTRAT16N=' 2X E10.3 IX, MICROCURIES/KG
& /,l X WATEA C6NCENTRATION:',IX,E10.3,li,'MZCIOCURIES/L')

50 COhTINUE
IF(IT.6T.1) 60 TO 69

C****
C*,***
C READ IN CONCENTRATION RATIO TABLES
C***,*
C,,,',

READ(IN,40) (CRFWF(IR),IR:1,NR)
READ(IN,40) (CRVES(IR) IR I NR)
READtIN,40) (CRMlLKQIR),IR=,NR)
READ(IN,40) (CRMEAT(IR),IR=1,NR)

C*****
C PRINT OUT CONCENTRATION RATIO TABLES
C**t***
Cf**#*

WRITECIOUT 51)
51 FORMAT(II IX 'CONCENTRATION RATlOS',/)

DO 60 IRzI,Nk
URITEIIOUT 52) NAMECIR) CRFWF(JR),CRVEB(IR) CRMILKIIR) CRME-AT(IR)

52 FORMATflXfABq2X 'RATIO OR FISH. 7XIE10.3 lX, 1(CI/KG3FISH/lCIL)
&WATER)' ,/ 'llX,'AT1O FOR VE6ETATI6N= IX E16 3 lX, l(CI/KG)VEGETATI
&ON/(CI/KAGSOIL) / I1X, RATIO FOR 1ILKe 7X,EI6.3,1X, ((CI/L)MILK/(
&CI/DAY)INTAKE)' ),IIX, RATIO FOR MEAT= ,7X,EIO.3,lX,'I(CI/K6)MEAT/
i(CI/DAY)INTAKE) )

60 CONTINUE
Ct**#*
C*****
C READ IN DOSE FACTOR TABLES
C*****
Cf**#*

READ(IN 61) (IDFE6(IP IR) ,PT1,2),(DFEWIIPIR),IP=1,2),
&(DFEA(I? IR) IP1,2),IR.1,NR)

61 FORMAT(6110.1)
READ(IN 62) ((DFINH(IOIR),IO=1,7),IR1,UNR)

62 FORMAT(OE10.3)
READ(IN,62) ((DFIN6EIO,IR),IO=1,7),IR-1,NR)

C** P TT
C PRINT OUT DOSE FAC70R TABLES
Ct****t
C***tv
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WRITEIOUT ,63)
63 FORMAT(/// 37X EXTERNAL DOSE FACTORS:,/X ICX

&'6ROUND EXPOSURE' 9X WATER IMMERSION ,101 'AIR SUBMERSION'
&16X '(REM/HR PER 6CI)Mi*2) ,3X 2f'(REM/HR PER UCI/Mf*3) 13XlJ IXI
&'RA610NUCLIDE'7 4X 'SKIN' 5X 'THTAL BODY',5X,'SKIN',5X,'TOTAL BbDY
& 5X 'SKIN',SX THtAL DOD0* ))

C* kRIEMIOUT 64 (NAME(IR),fDFEGlIP,1R),IP=1,2),(DFEW(IPIR),IPzl,2)
C* t (,DFEA(IP, R),IPsl,2)qIRw1,NR)
C. 0522E6RAC

DO 110 IR=1 NR
110 WRITE(IOUT ,4) NAME(IR),(DFEG(IPIR),IP-1,2),(DFEW(IP,IR),IP-1,2),

If &DFEA(IPIh),lPsl,2)

64 FORMAT(1X AS 6X,6(E9.3,3X))
WRITE(IOUt,,6)

65 FORMAT(///,37X,*INHALATION DOSE FACTORS-)
WRITE(IOUT,66R

66 FORMAT(43X '(REMI(UCI/YR))'IIIX,'RADIONUCLIDE 2X,'TOTAL BODY',
&5X 'bONE' iX, 'THYROID ,6X,'LIVER',tX,'KIDNEYS',6i,'LUNGS',6X,
&'6I-LLI' ))

Ct 052286RAt
C. WRITE(IOUT 67) (NAME(IR),(DFINH(IO,IR),10=1,7),IRzl,NR)

DO 120 IR-! NR
120 WRITE(IOUT, 7) NAME(IR),(DFINH(IO,IR),10D,7)

C**
67 FDRMAT(IX AB 0X,7E9.3,M)

WRITE(IOUT,66)
69 FORMAT(///,37X, IN6ESTION DOSE FACTORS')

WRITE(IOJT,66)
Ct 052286RAC

DO 130 IR=z NR
130 WRITE(IOUT, 7) NAME(IR) (DFING(ID IR) 10-1 7)

Ct WRITE(IDUT,67) (NAME(IRl,4DFING(I6,IRWlI=1,7),1R=lNR)
C**
C*f ***
C**i**
C RADIONUCLIDE INTAKE AND EXPOSURE CALCULATION
C*t***

C*****
C CONVERT FROM WEATHERING HALF-LIFE IN DAYS(WHL) TO WEATHERING
C RAIE(WR) IN YR(i*-1)

WRz253.172IWHL
C CONVERT IRRIGATION TIME FROM DAYS(TI) TO YEARSTIlYR)

TIYR=TI/365.25
69 WRITE(IOUT 691) TIME(IT)

691 FORMAT// Ix 'TIME;, E10.3 IX,'YEARS',/)
C BEGIN LOO DOER RAD dNUCLI6ES

DO 500 IR-1,NR
C CALCULATE HUMAN INTAKE(HIDW)(MICRDCURIES/YR) OF RADIONUCLIDE
C IR DUE TO DRINKING WATER

HIDW=HWCfCONCW(IR)
C CALCULATE HUMAN INTAKE(HIF)(MICROCURIES/YR) OF RADIONUCLIDE IR
C DUE TO FISH CONSUMPTION

HIFsHFCiCRFWF(IR)*CDNCN(IR)
C CALCULATE RADIONUCLIDE IR DEPOSITION(DR)(HICROCURIES/KS) ON
C VEGETATION DUE TO SPRINKLER IRRIGATION

DR-FRD*CONCW(IR)*SI/DLV
C (PC) IS THE VEGETATION RADIONUCLIDE IR CONCENTRATION
C (MICROCURIES/K6) DUE TO BOTH UPTAKE FROM SOIL AND DEPOSITION
C BY SFRINKLER IRRIGATION

COEFF=WRiTIYR
IF(COEFF.LT.50.) 6 TO 70
PC=CRVES lR)%CONCS l)+DR/WR
60 TO 75
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70 PC-CRVE6(IR)iCONCS(IR)+(DR/NR)e(l.-EXP(-NR*TIYR))
75 CONTINUE

C (P1) IS THE ANNUAL HUMAN INTAKE OF RADIONUCLIDE IR DUE TO
C EATING VEGETABLES

PIxHVCIPC
C (HIM) AND (HIS) ARE THE RADIONUCLIDE IN6ESTIDN RATES FOR HUMANS
C (IICROCURIES/YR) DUE TO "ILK AND BEEf CONSUMPTION RESPECTIVELY

HIM=(DCPC*PCIDCDR*CONCW(IR))*CRMILK(IR)EHMLC
HIB=(DCPC*PC+BCDR'CONCWtIR))*CRMEATtIR)fHMTC

C (HINGES) IS THE TOTAL ANNUAL HUMAN IN6ESTION OF RADlONUCLIDE
C IR

HINGES- HIDW+HIF+HIM+HIB+Pl
C CALCULATE THE AIR CONCENTRATION (AC)(MICROCURIES/M*t3) OF
C RADIONUCLIDE IR
C THE FACTOR 1.OE-9 IS USED TO CONVERT THE SOIL RESUSPENSIDN
C FACTOR FROM (UG/Muf3) TO (KG/M#*3)

AC=CONCS(IR)*SRF.1.OE-9
C CALCULATE EXPOSURES TO RADIONUCLIDE IR DUE TO INHALATION,
C AIR SUbMERSIONGROUND EXPOSURE AND SWIMMING

HlNHALsAC4HBR
HEX7AzB766.*ET.AC

C THE FACTOR 1.OE+3 IS USED TO CONVERT THE SOIL DENSITY FROM
C (GM/C"*13) TO 7 KG/M.'3). THE FACTOR l.OE-2 IS USED TO CONVERT
C THE SOIL DEPTH FROM (CM) TO (M)

HEXT6-SE*ET*CONCS(IR)*(I.OE+3*SDEN)fI.OE-2.SD)
C THE FACTOR 1.OEf3 IS USED TO CONVERT THE RADIONUCLIDE
C CONCENTRATION IN WATER FROM (MICROCURIES/L) TO (MICROCURIES/M**3)

HEXTS=SWIM*E7*CONCW(IR)*I.OE+03
C*****
C**** *
C*{****
C DOSE CALCULATIONS
C*****
C**#* *
C*****

DO 100 IP=z,2
DEXT(IP IR)aHEXTA'DFEA(IPIR)+HEXTS*DFEG(IP,IR)+HEXTS*DFEW(IP,IR)

100 CONTINUE
DO 200 101,7
DINH(O, IR)=HINHAL*DFINH(IOIR)
DING(ID IR)sHIN6ES*DFIN6(IO,IR)

200 CONTINUE
500 CONTINUE

C END LOOP OVER RADIONUCLIDES
DO 600 IPa1,2
DEXTT( IP) 0.
DO 550 IRuI NR
DEXTT(IP) DiXTT(IP)+DEXT(IPIR)

550 CONTINUE
600 CONTINUE

DO 700 ID=1,7
DINHT(IO)=0.
DIN6T(IO)0.
DO 650 IRaI NR
DINHT(IO) DiNHT(IO)+DINH (O,IR)
DINGT(IO)zDINGT(IO)+DING(IOqIR)

650 CONTINUE
700 CONTINUE

DO eoo IRl ,NR
DT1I IR)DEXTI2,IR)+DINH(1,JR)+DING(1,IR)
DO 7~0 10-2 7
DT4I, IR)aDINH(IDIR)*DINU(10IR)

750 CONTINUE
600 CONTINUE
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DO 900 10=1 7
DTTID10)0.
DO 650 IR=l NR
D7T(10) DTT IO)+DTCIO,IR)

E50 CONTINUE
900 CONTINUE

C***tt
Ctt****
C PRINT OUT CALCULATED DOSES
C*i i**

WRITE IOUT,901)
901 FORMAT(//// 12X EXTERNAL DOSE'1,/16X,'(REI)',//,1X, RADIONUCLIDE'

& 4X SKIN',tX,'t0TAL BODY')
Ct 6 52186RAC
Cf IRITE(IOUT 902) INAME(IR),(DEXT(IP,IR),IP:1,2),1R=1,NR)

DO 140 IR=l NR
140 WRITEIIOUT,402) NAME(IR),(DEXT(IP,IR),1P=1,2)

C**
902 FORMAT(IX AR 6X,2(E9.3,3X))

WRITE(IOUI 963) (DEXTT(IR) IP-I 2)
903 FORMAT(4X 1TOTAL ,6X,2(E9.3,3X)3

WRITE(IOUt 904)
904 FORMAT(// 46X 'INHALATION DOSE-)

WRITE(IOUI,905)
905 FORMAT(51X (REM) // 1X RADIONUCLIDE ,4XSKIN',5XTOTAL UODYX

&6X. BONE ,6X, THY4OIf ,lx, LIVER ,6X, KIDNEYS ,6X, LU
& 61-Il' I

C' 0522R6RAE
C* WRTE(IOUT 906) (NAME(IR),(DINH(IO,IR),IO=1,7),IR=1,NR)

DO 150 IR=1 NR
150 WRITE(IOUT, 406) NAME(IR),(DINH(lO,IR),IO=1,7)

Cit
906 FORMAT(1X AB 16X 71E9.3 3X))

WRITE(IOUt 967) lDINHT(IO),IO'1 7)
907 FORMAT(4X ,TOTAL',l8X,7(E9.3,3XI)

WRITE(IOUT 906)
908 FORMAT/ ,46X lIN6ESTION DOSE')

WRITECIOUf,90&)
Ci 052266RAC
C* WRITE(IOUT 906) (NAME(IR),(DINB(IO,IR),I0i1,7),IRl,NR)

DO 160 IR=1 NR
160 kJRITE(IOUT,406) NAMEfIR),(DING(IO,IR),101,7)

Cit
WRITEMIOUT,907) (DINST(IO),q0I1,7)
WRITE(IOUT 909)

909 FORMAT /,191, 'TOTAL DOSE')
WRITE(IOUT,905)

C* 052286RAC
Ct WRITEMIJOUT 910) (NAME(IR),DEXT(IIR),(DT(IO,IR),10O1,7),1R-1,NR)

DO 170 IR-1 NR
170 NRITE(IOUT,410) NAME(IR),DEXT(I,IR),CDT(IO,IR),10-1,7)

Cit
910 FORMAT(IX AS 6X B1E9 3 3X))

WRITE1IOUT 911) DEXTT(1) (DTT(ID),ID1,7)
911 FORMAT14X,'TOTAL',6X,BCE4.3,3X))
1000 CONTINUE

STOP
END
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PROGRAM DOSEFAC
C PROGRAM TO CALCULATE INHALATION AND INGESTION DOSE FACTORS
C FOR SELECTED RADIONUCLIDES FOR 7 ORGANS
C* PROGRAM REVISIONS BY DICK CHAPMAN (RAC) STARTED 5/21/86 TO ADAPT
C* THE CODE TO MS-DOS FORTRAN. COMMENTS INDICATED BY Cf, CODE ADDITIONS
C* PRECEEDED BY C*, DATE, AND INITIALS, AND FOLLOWED BY C**.
C**,..
C**#**i
C GLOSSARY OF INPUT VARIABLES
C****.
C**i**
C NAME(IR)=NAME OF RADIONUCLIDE IR
C RHALF=RADIONUCLIDE HALF-LIFE(YR)
C ISOLul(RADIONUCLIDE IN SOLUBLE FORM)
C ISOL2'(RADIONUCLIDE IN INSOLUBLE FORM)
C TI=INTAKE TIME(YR)
C TC=DOSE COMMITMENT TlME(YR)
C OMASS(lO)=MASS OF ORGAN 1O(6M)
C IO=1(TOTAL BODY)
C w2(FONE)

3'(THYROID)
: 4(LIVER)

C =5(KIDNEYS)
C x6(LUNGS)
C =7(GI-LLI)
C BHALF(IO)-RADIONUCLIDE BIOLOGICAL HALF-LIFE IN ORGAN IO(DAYS)
C FO(IO)zFRACTION OF INGESTED RADIONUCLIDE REACHING ORGAN 10
C FTB=FRACTION OF INGESTED RADIONUCLIDE TRANSFERED TO BLOOD
C FB(10)sFRACTION OF RADIONUCLIDE TRANSFERED FROM THE BLOOD
C TO ORGAN ID(USED IN THE CALCULA7ION OF INHALATION
C DOSE FACTORS)
C FB(IO)cFOI1O)/FTD
C E(1O)xEFFECTIVE ENER6Y DEPOSITED BY RADIONUCLIDE DECAY IN
C ORGAN IO(MEV/DISINTEGRATION)
C DFINH(IR,IO)-INHALAIION DOSE FACTOR FOR RADIONUCLIDE IR AND
C ORGAN IO(REM/(UCI/YR))
C DFING(IRlO)-INGESTION DOSE FACTOR FOR RADIONUCLIDE IR AND
C ORGAN IO(REM/(UCI/YR))
C* CHARACTER*B NAMEQUIT
C* 0521B6RAC

CHARACTERID NAME(20),QUIT
Ci.
C* DIMENSION NAME(20)

DIMENSION OMASS(7) BHALF(7),FO(7),FB(71,E(7),
&DFINH(20 7) DFIN6(20 7)
DATA QUIf/'END
IN=5
IOUT=2

C. CALL OPEN'51 DOSEFAC DATV,2)
C. 0521D6RAC

DPEN(INFILEe'DOSEFAC.DATI)
OPENClOUTFILEz DOSEFAC.OUT '

C.
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1 Rz0
READIIN 5) tI TC

5 .ORMAT(IF!0.O0
WRITE(lOUT,8) TlTC

8 FORMAT(lX,'INTAKE TIME=',F102 2X 'YEARS',/,IX,
&'COMMITMENT TIME&' FIO 2 2X,YEARS',I)
READ(IN 10) COMASS1IO),16=1,7)

10 FORMATfiF10.0)
NRITE(tOUI 12) (OMASS(10) 103117)

12 FORMAT(3X, ORGAN' 7X, 'MASS{(M) /,
& lX,'tOTAL iODY',3X,F8.1,j),
& 4X,'BONE' 6XFSI /,
& 2X,'THYRO!D' 5XF I ,,
& 3X,'LIVER' 6i F4 1,J,
& 2X,'KIDNEY9' 5X F8.1,/,
& 3X,'LUNGS'16iF.1,//
& 2X,'6I-LLI ,6X,F.*I,;/)

20 IR=IR+1
READIIN 30) NAME(IR)

30 FORMATNIX A8)
IF(NAME(IA).EQ.QUIT) 60 T0 110
WRITE(IOUT 30) NAME(IR)
READIIN 401 RHALF

40 FORMAT (10.3)
WRITE(IOUT,50) RHALF

50 FORMAT(/ IX,'RADIOACTIVE DECAY HALF LIFE-',E10.3,2X,'YEARS')
READ(IN 55) ISOL

55 FDRMATCi5)
IF(ISOL.EQ.1) WRITEIJOUT 56)

56 FORMAT(IX 'SOLUBLE FORK'3
IF(ISOL.E6.2) WRITE(IOUT,57)

57 FORMAT(1X 'INSOLUBLE FORM')
REAP4(IN.46) FtB
WRITE(IOUT.58) FTB

5B FORMATI/,1X,'FRACTION OF RADIONUCLIDE TRANSFERED TO THE BLDOD=',E1
&0.3)
READI(IN 60) (BHALF(IO),FO(IO),E(IO),IJO=,7)

60 FORMAT(3E10.3)
DO 65 10=1 7
FB(IO)=FO(O)/FTB

65 CONTINUE
WRITEIIOUT,70) (EHALF(IO),FO(ID),FB(10),Ef10),JD=s,5),BHALF(6),

&E(6) E(7)
70 FORMAT(/,3X 'ORGAN' 6X 'BIOLOGICAL HALF-LIFE',3X

&'FRACTION RZACHING 6RGhN' 3X 'FRACTION FROM BLOOD' 3X
&'EFFECTIVE ENERGY' / 21X '(DAYS)' 41X 'TO ORGAN' 71 'IMEV/DISINTEG
&RATION)',/IlX,'T0TAL BODY' SX E16 3 15X E10.3,13XE10.3,10X. E10
3 / 4X, BONE' IIX E10.3 15i EI0.3 1iX EID.3,15XEi0.3 I,2X, THYRO

lIDl 1OXEl0 3 15X ,I0 3 13X E10 3 lox E10.3 /,3X 'LIVEA' IlX.EIO.3
& 15X E10 3 i3i E16.3,i0iE16 3 /,iX K1DNEYd' 10XE10.3 I5X E13.3
&13x Elo lox 1o 3,,3xLuN56 3 ;lX,E10.3 m lSX 10i '-') 13x il'-')
& 10i EIO.3,/,fx,'6I-LLI',1IX,10( -',15XO I(- ),13X,15('-'),10X,
D{o 3 10.

IFIIO.EQ.7) 60 TO 90
BHALF(IO)=BHALF(I0)/365.25
IF(BHALF(IO).LT.3.17E-B) 6HALF(IO)=3.17E-6
D00.69315' RHALF4BHALF(I1))/(RHALFeBHALF(10))
P-D*TC
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Figure 35

Fortran Program DOSEFAC Source Code (continued)

IFtP.6E.50.) 60 TO 71
EI=EXPI-P)
60 TO 72

71 El1O.
72 P=Df(TC-TI)

IF(P.6E.50.) 60 TO 73
E2uEXP(-P)
60 TO 74

73 E2-0.
74 CONTINUE

IFflO.EQ.6) 60 TO 60
DFIN61(iR,10)=0.0187E6*IFDl10)*E(10)/(OMASS(10)}D*42))*

&(TI*D+EI-E2)
DFINH(IR,IO)=O.01B7E6*0.25*(F6(1O)*E(10)/(OMASSl1O)*D**2i)*

&(TI*D+El-E2)/FLOAT(ISOL)
IF(ISOL.EG.1) DFINH(IR,ID)-DFINH(IR,1O)+0.5'DFIN6(IR,10)
G0 TO 100

Bo DFIN6(IR,10)WO.
DFINH(IIsO)xi.C0187E6*0.125*(ISOL-1)E0IO)/lDMASS(1O).D**2i)*

&(TI*D+E1-E2)
60 TO 100

90 P=(0.541/365.25)*0.69315/RHALF
C 0.541 IS THE TIME IN DAYS FOR TRAVEL FROM THE MOUTH TO THE LLI

IF(P.GE.50.) 60 TO 91
EX=EXP(-P)
60 TO 92

91 EX=O.
92 CONTINUE

DFINe(IR,10)=2.56E+1#TI*0.75*AMAXI I.-FT 0O.05)*E(I0)fEX/OMASSIU0)
DFINH(IR,10)1(0.50+1ISOL-l)*0.125)*DFING(1R10)/

&(AMAXIII.-FTB,0.05)4(ISOL-1)+2-ISOL)
100 CONTINUE

60 TO 20
110 NF=4R-1

WRITE(IOUT 120)
120 FORMATI// 42X 'INHALATION DOSE FACTORS')

WRITEH(OUT,136)
130 FORMA1(46X ,IREM/(UCI/YR))' //, 48X '*IOR6AN***' /, 17X

&'TOTAL PODY',5X,'BONE':5X 'THYAOID ,5X 'LIVER',5i,'kIDRYS',
5X 'LUN6S5X,'61-LLI' / 2X 'RADIONUCLiDE',/)

C* WR!TE(IOUT,146) (NAMEdIRJ,(bFINH(IRIO),101,7),JR1l,NR)
C* 052186RAC

DO 135 IR-1 NR
135 WRITE(IOUT,140) NAMIIE(R),(DFINH(IRID),IOz=17)

Ce e
140 FORMAT(5X AS 4X EIO.36(EXIE10.3))

WRITECIOUT 150)1
150 FORMAT(// 43X 'INGESTION DOSE FACTORS')

WRITEfIIOUf136)
Cf WRITE(IOUT,140) (NAME(IR),(DFIN6(IRIO)IO=1,7),IRxlNR)
Ct 052186RAC

DO 155 IR=1 NR
155 WRITE(IOUT,140) NAME(IR),(DFINS(IRIO),IO=1,7)

C**
STOP
END
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Figure 36

Program CELLTRAN Input Data (CELL.DAT)

2
1 0 0 1 0

ZONE I SIMULATION FOR BMP 3.0
I ZONES
2 CHAIN DECAY
B2
O.OEO

O.IE-2
0.2E-2
0.3E-2
0.4E-2
0.5E-2
0.6E-2
0.7E-2
0.7E-2
0.9E-2
0.9E-2
0.2E-1
O.3E-1
0.4E-1
0.5E-I
0.6E-l
0.7E-1
O.EE-1
0.9E-1
0.IE+O
0.2E+O
0.3E+O
0.4E+O
0.5E40
0.bE+0
0.7E+O
0.8E+0
0.9E+O
O.IE+1
0.2E+l
0.3E+1
0.4E+I
0.5E+l
0.6E+I
0.7E+l
D.BE+1
0.9E+1
0.IE+2
0.2E+2
0.3E+2
0.4E+2
0.5E+2
0.6E+2
0.7E+2
O.BE+2
0.9E+2
0.1E+3
0.2E+3
0.3E+3
0.4E+3
0.5E+3
0.6E+3
0.7E+3
0.8E+3
0.9E+3
0.1E+4
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Figure 36

Program CELLTRAN Input Data (CELL.DAT) (continued)

0. 2E+4
0.3E+4
0.4E+4
0.5E+4
O.6E+4
0.7E+4
O.EE+4
0.9E+4
0. IE+S
0.2E+5
0. 3E+5
0. 4E+5
0. 5E+5
0. 6E+5
0.7E+5
0.8E+5
0.9E+5
0. IE+6
0.2E+6
0.3E+6
0.4E+6
0.5E+6
0. 6E+6
0. 7E+6
0. eE +6
0. 9E+6

1.39E10 5.3'E9
3.44E6 1.33E10

9.6BE12 1.48E12
1.12E11 2.O'EIO

1 1 1 2 1.39E9 5.33E8
1 2 1 1 1.39E9 5.33EB
1 2 1 4 1.12E6 4.OOEIO
1 3 1 2 O.OEO 2.16E12
1 4 1 2 1.12E8 4.OOEIO
1 4 1 3 O.OEO 9.bOE10
1 2 0 0 3.00E9 1.16E13

1 2 1 2
242PU

3.763E5
O.OEO O.OEO O.OEO O.OEO

1 3 1
3.E0E23

O.OEO O.OEO O.OEO O.OEO
5.0E4 l.OES 5.0E3 I.OE3

236EU
4.46SE9

O.OEO O.OEO O.OEO O.OEO
1 3 1

7.52E27

O.OEO O.OEO O.OEO O.OEO
5.OE3 I.OE4 5.OE2 I.OE1

234 U
2.445E5

O.OEEO 0.0EO O.OEO O.OEO
1 3 1

2.8BE23

O.OEO O.OEO O.OEO O.OEO
5.OE3 1.OE4 5.OE2 I.OEI
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Figure 36

Program CELLTRAN Input Data (CELL.DAT) (continued)

2307H
7. 7E4
O.OEO O.OEO O.OEO O.OEO
1 3 1

1.04E23

O.OEO O.OEO O.OEO O.OEO
5.OE4 I.OE5 5.OE4 1.OE4

226RA
1600.EO
0.OEO O.OEO O.OEO O.OEO
1 3 1

2.16E21

O.OEO O.OEO O.OEO O.OEO
5.OE3 5.OE4 5.OE3 1.OE1

222RN
0.1048E-1

6070.EO 364.E+3 0.OEO 51.4E+O
1 3 1

1.41EI6

O.OEO O.OEO 0.OEO O.OEO
O.OEO O.OEO O.OEO O.OEO

210P1
22.3E+O

O.OEO O.OEO O.OEO O.OEO
1 3 1
3.0E19

O.OEO O.OEO O.OEO O.OEO
5.OE3 l.OE4 5.0E2 1.OEl

END
1 0 1 0 I

ZONE 2 SIMULATION FOR BMP 3.0
1 ZONES
2 CHAIN DECAY
E2
0. OEO

O.IE-2
0.2E-2
0.3E-2
0.4E-2
0.5E-2
0.6E-2
0.7E-2
0.SE-2
0.9E-2
O.IE-I
0.2E-1
0.3E-I
0.4E-1
0.SE-1
0.6E-1
0.7E-1
0.EE-1
0.9E-1
O.lE+O
0.2E+O
0.3E+O
0.4E+O
0.5E+0
0.6E+O
0.7E+O
O.EE+O
0.9E+0

281



FIgure 36

Program CELLTRAN Input Data (CELL.DAT) (continued)

0. lE+I
0.2E+1
0.3E+1
0.4E+1
0.5E+1
0.6E+1
0.7E+1
O.BE+1
0o 9E+1
0. 1E42
0. 2E+2
0.3E+2
0.4E+2
0. SE+2
O.6E+2
0. 7E+2
O.EE+2
0.9E+2
0. 1E+3
0. 2E+3
0. 3E+3
0. 4E+3
0.5E+3
O.6E+3
0.7E+3
0. BE+3
O.9E+3
0. IE+4
0.2E+4
0.3E+4
0.4E+4
0. 5E+4
0.6E+4
0. 7E+4
0. 8E+4
0.9E+4
0. IE+5
0. 2E+5
0.3E+5
0.4E+5
0.5E+5
0. 6E+5
0.7E+5
O.8E+5
0.9E+5
0. IE+6
0.2E+6
0.3E+6
0. 4E+6
0.5E+6
O.bE+6
0.7E+6
0. BE+6
0.9E+6

5.23E10 2.O1E1O
1.91EB 2.B7E12

1.56E13 2.39E12
1.lOEII 1.98E10
1 1 1 2 5.23E9 2.01E9
I 1 0 0 2.74E9 1.05E9
1 2 1 1 5.23E9 2.01E9
1 2 1 4 3.16E6 4.76E10
1 4 1 2 1.58E6 2.3BE10
1 4 1 3 O.OEO 9.50E10
1 3 1 2 O.OEO 2.16E12
1 2 0 0 9.13EB 1.38E13

2
1 2
1 4
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Figure 36

Program CELLTRAN Input Data (CELL.DAT) (continued)

242PU.
3. 763E5
O.OEO O.OEO O.OEO O.OEO

O.OEO O.OEO O.OEO O.OEO
S.OE4 1.0ES S.OE3 l.OE3

23BU
4.468E9

O.OEO O.OEO O.OEO O.OEO

O OEO O.OEO O.OEO O.OEO
5 OE3 1.0E4 S.OE2 I.OE1

234U
2.445E5

O.OLO O.OEO 0. OEO 0. OEO

O.OEO O.OEO O.OEO O.OEO
S OE3- 1.0E4 S.OE2 1.0E1

230TH
7.7E4
O OEO O.OEO O.OEO O.OEO

C OEO O. OEO .O. OEO O.OEO
S. OE4 1, OE5 5. OE4 1. OE4

226RA
1600.EO
O.OEO O.OEO O.OEO 0. OEO

O.OEO O.OEO O.OEQ O.OEO
5.OE3 5.0E4 5.0E3 1.0EI

222RN
0. 1048E-1

6070.EO 364.E+3 O.OEO 51.4E+O

O.OEO O.OEO O.OEO O.OEO
O. OEO O. OEO O. OEO O.OEO

210PB
22. 3E+O

O.OEO O.OEO O.OEO O.OEO

O.OEO O.OEO O.OEO O.OEO
S.OE3 1.0E4 5.0E2 1.0E1

END
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Figure 37

Program CELLPOST Input Data (CPOST.DAT)

7 62
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Figure 38

Program DOSEFAC Input Data (DOSEFAC.DAT)

70.
70000.

242PU
3.763E5
2

0.30E-4
650.E2
365.E2

0.EO
146.E2
320.E2

365.25EO

23eu
4. 46BE9
2
0. I OE-1
1 00. E0
300.EO

0.EO
0. EO
15. EO

120.EO

234U
2.445E5
2
O.OlEO
100.E0
300. EO

O.EO0. E 0
15. E0

120. EO

230TH
7.7E4
2
0. IE-3
570.E2
365.E2

0.EO
570.E2
220. E2
1.461E3

226RA
1.6E3
2
0.3HO
S. 1E3
164.E2
0.EO
0.EO
0.EO

120.EO

210PB
22. 3EO
2
O.OSEO
1.46E3
3.65E3

0.EO
1.95E3
5.31E2
120. EO

END

70.
7000.

0. 300E-4
1.35E-5

O.EO
1.35E-5

0. 600E-6
0.EO

0.OIEO
1. 1OE-3

0. E0
0.EO

1. IOE-3
0.EO

0.01EO
0. IIE-2

0. E
0.EO

0. lIE-2
0.EO

0. IE-3
0. 7E-4

0.EO
0.5E-5
0.SE-5

0.EO

0.3EO
0.03EO

0.EO
0.EO
0.EO
O. ED

20.

51.EO
2.5E2
0. ED

51.EO
51.EO
51.EO
.51E0

43. EO
220. ED
0. EO
0. EO

43. ED
43. ED
.43E0

49. ED
2.4E2
0. ED
0. EO

49. EO
49. EO
.48E0

0. 4SE2
0. 242E3

0. ED0
0. 4SE2
0.4eE2
O. 4BE2
0. 47E0

0.1I1E3
0. 1 IE3
0. EO
0. EQ
0. EO

0. I IE3
3. 7E0

1800. 310. 1000. 150.

0.08EE 5.2E0
0.02E0 29.EO
0. EO 0. ED

0.64E-2 10.EO
0.OlEO l0.EO

O.EO 25.07E0
0. 460E0
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Figure 39

Program DOSECAL2 Input Data (DOSE.DAT)

2
400.
5.2
62.
14.
.25
190.
370.
50.
50.
60.
5 0.
95.
100.
6.9
6760.
2920.
15.
3.5
8000.
70.
70.
2.5
2.8

3.5E+00
2.5E-4
2. 5E-e
5.OE-3

1. 60E-E
6. 32E-7
5. OE-7
1.OOE-7
1.55E-5

0.OEO
1.70E-8
7.63E+3
7. 90E+I
9.OOE+1
7.09E+3
1.55E+4

0.0EO
1.28E+2
9.16E-1
3. 16E+O
3. 60E+0
2.64E+O
1.16E+4

0.OEO
3.54E+I

2. OE+00
2.5E-3
6.OE-4
5.OE-3

1. 1OE-9
3. 52E-7
7. 32E-9
7. 62E-9
1.2EE-S

0.OEO
1.30E-B
3. 02E+5
1.34E+3
1.46E+3
2. 63E+5
1.54E+4

0.OEO
3.71E+3
3.63E+1
5.27E+1
5. 75E+1
1.02E+2
1.54E+4

0.OEO
9. 26E+2

2. 0E+00
2.SE-3
6.OE-4
5.OE-3

3. bOE-9
9.32E-7
1. 24E-8
4.4 41E-9
5.03E-6

O.OEO
3. bOE-7
O.OOE+O
0. OOE+O
O.OOE+O
0. OOE+O
0. OOE+O
0.OEO

0.OOE+0
0. OOE+O
0. OOE+O
0. OOE+O
0. OOE+O
0.OOE+0

0.OEO
O.OOE+O

30. E+00
4.2E-3
2.5E-6
5.OE-3

1. IOE-10
7. 36E-B
1. 16E-9
1.22E-9
3. 26E-6

0.OEO
3. OOE-9
4.33E+4
0. OOE+0
O.OOE+0
1. 17E+4
5.35E-1

0.OEO
I.OOE+3
5. 13E+O
0. OOE+O
0. OOE+O
5.84E+O
4.01E-I

0.OEO
2.79E+2

50. E+00
1.4E-3
2.OE-4
9.9E-4
1. 60E-6
S. 1 IE-4
5. 2BE-6
1.68E-6
2. B9E-3

0.OEO
3. 36E-4
3. 26E+4
3. 1IE+2
3.54E+2
5. 70E+4
1.52E+I

O.OEO
3. 34E+3
3. 92E+O
1.22E+I
1.39E+1
2.85E+1
1. 14E+1

0.OEO
8. 35E+2

O.OEO
O.OEO
0.OEO
0.OEO

5. 10E-8
3.38E-5
5. ISE-7
5. 45E-7
1.51E-3

0.OEO
2.69E-6
1.1E+4
3.31E+3
3. 7BE+3
4. 16E+4
6. 47E+3

O.OEO
1.90E+3
0. OOE+O
O.OOE+O
0. OOE+O
O.OOE+O
0. OOE+O

0.OEO
0. OOE+O

100.E400
6. BE-2
I.OE-5
9. 9E-4

2. 83E+O
2. 39E+O
2.67E+0
2. bIE+O
2.06E+l

0.OEO
2.55E+O
4.57E+O
3.85E+o
4. 30E+O
4. 2 1E+O
2. 32E+1

O.OEO
3. 79E+0
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Figure 40

Program CELLTRAN Output File (CELL.OUT)

ITERATION NUMSER 2 FOR CELLTRAN

ZONE 2 SIMULAtlION FOR SMF 3.0

NUMEBER OF ZONESx I

CHAIN DECAY ASSUMED'

NUJMBER OF tALCULATION TIMES= en

CALCULATION TIMESIYEARS)

* 4OOE+C02

. 300E403
* 2C0E+04

q C* 0 E + Cl 5

. I OOE-02
. 9('AE-02
* 20 E -01
. 70C:-E1.0(
. 600,E+01
. 500E *02
* 40OE403
* 300E+04
* 2C0E+05
* 10CE*06
.90'0E+06

* 2DOE-02
* IOOE-01
* 90(6--01

* 700E+01
6"00E +02
* 500E+03
* 40C'E+04
* 300E.C'5
* 200E+06

. 3OCIE-02
* 2C'E-01
* 100E+C00
* 900E+00
.800E+0Ci
. 7v.OE+02
. 6C'0E403
* 50C:E+04
* 4Ci0E.05
.300E+06

. 4O0iE-02
* 300E-01
. 20('E.00
. 1(QOE+01
. 9Ci0E.Ci
* 800E+02
* 70iE.03
. 600E+04
* 500E.05
. 400E+06

.500E-02

.400E-01
* I100E.00
.200Ee01
* I 0~')E+O
. 900 E + 2
* eOOE+0C3
* 700E+04
* 60('E+05
. 5(0E+06

.600E- -C?
* 500 E - I'
* 40(:'E40C,
. 3('CE40J
* 2C0E+02
. Il00E+0:
. 9C'OE +C'
.2 VO0E +04
* 7 0C')E + 5
.600E+06

.70bE (12

. I i.0'E vi C

. 406E,0

.4 U7 C' E tO~ I
* 200- '01
* I1 ;,' E *'~T4
* 901.'CE+ ('4

* su Eb*('t

MASS OF SOLID AND AMiOLNT OF LIQUID
FOR EALH ZONE-COMPARTMENT

ZONE
2 ONE
ZONE
2ONE

I-SEL.
1-5. W.
I-S. W.
I-SOIL

SOLID (KS)

.523E411
.IS1IE*09
* 156E+14
*.II DE412

LIQUID(L)

. 201E+1 I
* 287E+13
* 239E+13
.)98E.11

RELATIONSHIP BETWEEN ZONES, COMPARTMENTS AND CELLS

CEIL I - ZONE 1, COMPARTMENT I
CEL 2 - ZONE 1, COMPARTMENT 2
CELL 3 - ZONE I, COMPARTMENT 3
CELL 4 - ZONE 1, COMPARTMENT 4
CELL 5 - SINE
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Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)

TRANSFER OF SOLID BE70EEN CELLS
(KG/YEAR)

ORDIGN CELLS

1 2 3 4

DES11NAT ION
UE LL S

I

3

* IC000'IE-05

.52300E+10

* 10('OOE-05

* 523C'OE.10

* 10000E-05

* 10000E-05

* icOOCE-05

* OOC'OOE+00

* J00('OE-05

* IOOOOE-05

* I !B0OE+07

* 000'0 CE+O0

4 .10000E-05 *31600E+07 .10000E-05 . IOOOE-05

5 .274u00E10 . 91300E+09 . 10000E-05 . 1000DE-0'
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Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)

TRANSFER OF LIVUID BETWEEN CELLS
(L/VEAR)

ORIGIN CELLS

I 2 3 4

D~EST INAT ION
CELLS

I .100C'OE-05

4. .201C'OE+10

-1 .1000('E-05

4 .10000E-05

5 .10500E.10

* 20100iE 41 0

* IOO00E-OS

* IC0006E-05

*47600E+1 1

* 13EOOEt14

* 10000E-05

* 21600E+13

* IOOOOE-05

* 1OOO0E-05

* IOOOOE-05

* IOOOOE-05

*23800E+I11

* 95OCCE+ 11

* 1000fE-05

* 1OOOOE-05
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Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)

*1**' ANALYSES FOR RADIONUCLIDE 242PU *.*

RADIOACTIVE HALF-LIFE- .376E+06 YEARS
RADIOACTIVE DECAY RATE- .164E-05 YEARS#*-I

PHYSICAL
DECAY
RATE

(YEARS**-1)

70NE
Z 0 I'E
2 ON -
2 C r1 E

I-SED.
I1-S.frW.

I-EDIL

. OO0E+00
. OOCE+Oti
. 00C.E+00
.OOOE+00

242PtI EXTERNAL WNU1 RATF5

CELL

T IME
(yIk)

I 100E-02
* 20&E-02

* 300E-O2
*4 C; (' E - 0:

• 60':-OA -(
• 70'-JE *2

.2~oE - .

.1OuE-01

* 00E:-01
.400E-01
*600 E -0 I
7 00E-uC'

* 2100E+00
• 30C'E+C00
• 400E.OC'

.7(00E 400

.S00E+00
* 9(iE400
. 10(iE+01
.200E+01
* 300F401
* 400E401
. 500E+01
.600E401
* 700E+01
.800E+01
* 900E401
. 10054+02

.OOO'E 400
• OOC;E+C'0
• Ci00E+00
* OO'OE+00
• 000E400
• OOOE+(00

0 OOOE +00
G 0 E 400

*(7f U! E + 00
P 0 0 C 4 C' C

*0005+00
* 00QE40C0
*0005400
* OCOE+00
. 000E+00
.OOOE+00

. OOOE+00
• 0005400
• OOOE+00
* 000E400
* 0005400
.OOOE+00
.0005+00
* 0005+00
* 0005.00
* 000E400
.O0OE+00
* 0O0E400
* 00OE400
* 0005400
.OOOE+00

2

*000F+0(1
* 502E416
* 147E417
.257El17
* 370E+17
.464E*17
.598E+17
.712E+17
827E+17
.941E+17
J016E418

.220'E+ I8

.449E*16
.564E+18
.676E+1I8
* 7935+18
.908F+18
. 0102E 1 9
.1 145+19
.229E +1 9
.344E119
* 459E+19
.575E419
.692E*19
.808E+19
* 525E+19

I 1045.20
I 116E420
.235E'20
*358E+20
.483E+20
.610E420
.741E+20
. 873E+20
. IO01E+21
* 114Ei+21
* 1265+21

3

. 0005 +00

.OOOE+0(

.OOOE+00
0005E+00

. OO.E+00O
0005E+400
0005E+400

.000 E+40*00051+00

.00'E+00
000(E+;Cb
000E+00

*OOOE+O0
0005E+00* 0005400

* OOOE O00* 0005400
.OOOE+.0
.OOOE+OO(
.OOOE+00
*0005 '00

. 000E+00

.OOOE00

.OOOE+OO

.OOOE+00

.000E+00

.OOOE+00

.OOOE+00

.OOOE+00

.OOOE00

.QOOE+00. 0005. 00

.OOOE+00

.OOOE+00

.OOOE+00
OOOE+00
.OOOE+00

4

* (100 +0'-'
.00605400
*006E400
.0005400
* 00CE.+00
.0005E+0(
* 000E-00

00fO E +.C'0
*006!E+0.')
.000E+ 00
*000E.OC'
* (0005+00
• C0C'C'E+00
• OOOE400
• 06C'E+00
• OOOE+00'
• 000 E 400
.OOOE400
* 060CE+00
* OOOE+00
.000 £400
* OOOE+00
.00054-00
.OOOE+00
.000E.00
.OOOE 400
* 0005+00
.OOOE+00
.0005.00
.OOOE+00
• OOOE 400
• OOOE+00
.00054-00
* OOOE.00
.OOOE+00
.OOOE 400
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Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)

.200E+02

.300E+02
400E+02

.500E+02

. 60(E+02

.700E+02

.800E+02
*900E+02
. 0OOE+03
.2000E+03
.300E+03
.40'iE+03
.500E+03
.600E+03
.700E+03
, BO!E+03
. 50CE+03

lOOE+t04
.200E+04
.300E+04
.400E+04
. 500E+04
600E+04

.700E+04
.8C'OE+tC4
, 900E+04
. IO 'E 05
.200E+05
. 300Et05
.0 £ 0E+ 05
. SOE4+05
.600E+05
.7C.'.E ('5
.. ,OE+Q05
. 90 ) E +o 05
. I C*0EtC'F
., 0( - t06
. %0*+0c
.40e')E+06
.50CE+E06
. 6tOE+06
. 700E+06
* 800E+46
• 900E+06

*OOOE+00
OOOE+OO
OOOE+00

.OOOEt00
OOOE+00
OOOE+00

.OOOE+00
.OOOE+0O
OOOE+00

.OOOE+00
OtlOE+0O

• OOOE+00
.000E 400
OOOE+C0

.000 E+00
.OOOE+O0
. OOOE+QO
.OOOE+400
• OOOE+00
• 0004+00

0OO-OE+OCO
.OOQE+00
.OOOE+OQ
.000 E 40
.OOOE+00

(000E+O4
OOCE+00
f OEE+00

.OOOE+00
OOOE+00

0O0E+00

OOOEtOO
OCCE+C0O
004(0E+00

.OOOE+00.OOO.E+t0O
()OOOEtOO
.OOOE+OO

.274E+21
429E+21
5E8E+21
750E+21
912E+21
IOEE+22

.124E+22

.140E+22

.157E+22

.320E+22

.483E+22

.646E+2 2

.609E+22

.971E+22

. 113E+23

.129F+23
I145E+23

. 61E+23

.317E+23
467E+23
609E+23
745E+23
875E+23

*999E+23
. 112E+24

123E+24
*134E+;4
219E+24
272E+24
306E+24
32eE+24
341E+24

.350E+24
.355E+24
359E+24
.361E+24
365E+24
365E+24
365E+24
365E+24

*365E+24
.365E+24
.365E+24

365E+24

OOOE+00
OOO0E+OO
OOOE+00
OOOE+00
OOOE+00

.OOOE+00

. OOOE+00
*OOOE+00
OOOE+00

.OOOE+OO
. 000E+00
000E+0O
OOOE+00
000E+(00

.OOOE+00
OOOE+O0
000E+00O0('E 400

.OOOE+00
.000 £400
.000E400
. OooE+o0

OOOE+00
OOOE+00
OOOE+00
OOOE+00
OOOE+00* COE+Otl
OOOE+OO.000E++ 00

.000E400.OOOE+Of,
*OOOE+OO
OOOE+tCO
OOOE+00
OOOE+00

6OCOE+00
.000 E +00QOOOE+0O
*OOOE+04
OOOE+00
OOOE+0O
000E+00
OOOE+00
OOOE+OQ
OOOE+OO

.OOOE+00

.OOOE+00
OOOE+00
OOOE+00
OOOE+00
.OOOE+00
.OOOE+00
OOOE+00

.OOOE+O0
OOOE+OO

• 000E+00
OOOE+00

• OOOE+00

OOOE+00

.OO()E+OO.000£+00
00QiE+(00* 000E400•OOOE+OC

OOO(E+00.OOOE+OO
0oCOE+00
00UOE+400
000tE+t00
OOE+0O
OOOE+QQ

0 oC E+ 00

OOOE+OO
OQ OE+00

. 0 C) ' E 400
.OOOE 00OOOE+00

Ot!OE+()O
OQOE+Ot,
.OOOEtQQ

OOOE+Ot0
OOOE+oo
.OOOE+(O

INITIAL
RADIONUCLIDE

AMIOUNT
(ATIMS)

OQOE+00
*OOOE+00
.OOOE+00
.OOOE+00

zONE
ZONE
ZONE
20NE

1-SED.
I-S.W.
1-6.w.
1-SOIL

KD(L/K6)

ZONE l-SED. .500E+05
ZONE 1-S.W. .100E+0b
ZONE 1-6.W. .500E+04
ZONE 1-SOIL .100E+04
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Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)

1hANSFER MATRIX
(YEARI~rl)

ORIGIN CELLS

I 2 3 4

DESTINATION
CELLS

I -. 1I5239Ei+0C .23805E.02 .64113E-19 .90984E-i7

2 .10000(E+00 -.28606E+02 .27691E-04 .23069E-03

3 .19121E-16 .45517E-14 -.29533E-04 .86.'48E-0Z

4 .1912JE-16 .165S0E-01 .64113E-19 -.10960E-02

242PU AMO~UNTS
(AT OMS)

CELL

TIME
(YIF)

* 000E+00
. IOOE-02
. 200E-02
. 3(OE-0:2
* 400E-02
* 500E-02
. 600E-O2
* 700E-02
.8OCE-02
. 900E-02
. IOOE-0I
* 200E-01

I

. OOOE400
* 196E+I I
* 175E+12
* 677E+12
* 177E+13
.370E+13
.671E413
. II OE+14
* 169E414
*246E414
.342E414
.284E+15

2

* 000 E +0(
* 249E+13
* 122E+14
.318E+14
.618E+14
* 102E*15
* I53E+15
.213E+15
* 283E415
.362E+15
.450E+15
* 178E+16

3

. OOOE+00
* 29E+01
.5C'OE402
* 283E+03
.981E+03
* 258E.04
* 564E+04
* 109E+05
* 192E.05
.316E+05
.491E+05
* S4BE+06

4

* OC'OE400
. 137E+08
. 122E409
* 471E+09
* 123E+10
*257E.10
*467E410
.768BE+10
. I 16E+1I
* 171E+1 I
.239E4-11
* 198E+12
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Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)

.300E-01
.400E-01
.5tOF-01* OOE-O1.600E-01
. 700 -01
.SOOE-01
* 9D0E-01
*IOOE+00
.200E+00

300E+00
, 400E+00
* 500E+00
. 600E+00
. 700E+00
. 00Et0

900E+0Q
, JOOE+01
*20'E01
.400E+0il.400E+01
5.60E+(01

. 7'0GE+01

.*i0E+01
S900E+01

. IOC'EG02
*200E+C2
. 300E+02

.9 C53 E + 0-

7 V + o,1

*0C. k' t 0 (t
* 2iC;E+O:'*900 E 03)
IOOE+04

. 200E+036 o L 031

I OOE+04

.3O0fE+04
.400E+04
.5(0t,+0)4
.60(E+04
.7 00E+04

8 00E+049it0E+04
.l00E+05
.20CE+05
.30,iE+C5
.400E+05
.500SE+05
.6bOE+05
.700E+05
.BOOE+05

. IOOE+06

.200E+06

.300E+66
.400E+06
.500E+06
.600E+06
.700E+06
.B00E+06
.900E+06

933F+15
.212E+i6
.394E+16
.648E+16
*979E+16
.139E+17
. 189E+17
.247E+17
.134E+1B
.337E+18
.633E+18
.102E+19
.151E+19
.20eE+19
.275E+19
.351E+19
.436E419
.179E+20
. 402E+20
.709E+20
.II(CE+2I
.156E-21
.210E+21
.271E+21
. 339E+21
.413E+21
. 146E+22
. 89E+22
.455E-22
.634E422
*SEi..22
* 101E423
.121E+23
.140E+23

16 CE _ 4 r
.356E+23
.55'-E+2'
.749E#27
.945E+23
.114E424
.13:E+74
.152E+24
.172E+24
. 191E+24
.379E424
. 559E+24
.730E+24
.E94E+24
.105E+25
.120E+25
.135E+25
.148E+25
.161E+25
.263E+25
.327E+25
. 368E+25
.395E*25
.411E+25
.421E+25
.428E+25
.432E+25
.435E+25
.440E+25
.440E+25
.440E+25
.440E+25
*440E+25
.440E+25
.440E+25
.440E+25

.37?E+16
.627E+16
.914E+16
.123F+17
. 157E+17
.192E+17
.228E+17
.266E+17
.664E+17
.107E+16
.146E+18
.190E+1E
.232E+IE
.275E+1B
.31EE+I8
.361E+1B
.4t5E+ I8
.867E+18
.137E+19
.192E+19
.250E+ 19
.311E+19
* 37bE+19
.445E+ 9
.515E+19
.589E+19
.146E+20
.251F+20
.364E+20
.4E4E+20
. 60(6E+2 0
.732E+20
.B5&E+20
.908E+20

I IIE+21
236E+21

.362E +1
.4ERF+ 1
* 613E+21
.736E+21
.B 1 F2I
.984E+21
1 IIIE+22

.123E+22
24 3E +2.2

.359Et22
.46BE+22
*573E+22
673E+22
7769E+22

.862E+22
947E+22
103E+23

.169E+27
*210E+23
.236E423
.253E+23
.263E+23
270E+23

.274E+23

.277E+23

.278E+23
*281E+23

"2BIE+23
*281E+23
*2E1E+23
.281E+23
.281E+23
.2E1E+23
.261E+23

.427E+0(7
*131E+0O
*310E+0Q

62('E+0B
lI IIE+09

.1B2E.09
.2BOE+09
.411E+09
.474E+10
.1&6E+11
.477E+1l
. 980E. II
.175E+12
.286E+12
.436E+12
.631E+12
.878E412
.760E+13
.268E+14
.65SE+14

13 E+15
*234E+15
360E+15

*580E+15
B843E+15
1IBE 16
lI IIE417

.420E+17
108~E+18
.22&E18

.41E *1BE
.67?E+16
. 1U5E+19
.154E+19
216Et19
193E+20

.521E+21
.e12E+21

.119E+22
l 66Eb+22
223E+22

.143E+23
.397E+23
78b6F+23
131£+124

.195E+24
.270E+24
* 356E+24
.451E+24
555E+24
190E+25

*351E+25
.51 1E+25
. 655E+25
.778E+25
079E+25

.961E+25
I VE426
IOSE+26

.123E+26
.124E+26
. 124E+26
.124E+26
.124E+26
.124E+26
. 124E+26
.124E+26

et5';.-12
.147E+13
.275E.1|
.452E+13
.6B3E413
.971E+13
*132E+14
.173E+14
.939E+14
.237E+I15
.449E+15
.728E+15
108E+16
.150E+le
.I9E+16
.255E+16

.1B6.+1b
137E+17
.321E+17
593E+17
957E+17
142E+1B

. 199E+1E
.266E+18
.345E+1B
*436E+18
.210E+19
.533E+19
.103E+2C
.172E.20
.260E+20
.367E+20
494E+20
639E+20

• 64=+2i'!
7346E+21
*7bl +25

* 29 C' E +22

.606E'+22
1726E+22

86E+21
*555E+.23
*716E+23
.87 6E423

5103E+24
117E+242
131E+24
14 4E+24

.246Et+24
.31 1E+24
. 352E+ 24
.779E+24
.396E+24
.406E+24
.413E+24
.418E+24
.420E+24
. 425E+24
.425E+24
.425E+24
.425E+24
.425E+24
.425E+24
.425E+24
. 425E+24
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Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)

it**# ANALYSES FOR~ RADIONUJCLIDE 238U

RADIOACTIVE 1HALF-LIFEw .447E+10 YEARS
RADIOACTIVE DECAY RATE- .155E-09 YEARS**-1

PHYSICAL
DECAY
RATE

(YEARS' #-I)

ZONE I-SED. .OOOE+00
ZONE I-S.W. .OOOE+00
ZONE I-S~.W. .OOOE+00
ZONE I-SLIL .OOOE*00

23811 EYTE'RN4L INFUT SATES
(A7O"'.SIYR)

CELL

1 2 3 4
TIME
(YR)

.* .0 (oOOE,00 OOOE+C'0 * OFiO400 00i* 0
* 10k;E-CA` .OC'OE*OO * 102E+292 .OOCE+OC) *(;0)E+OC
* 200E-02 . 000E4C'C'1 *305E.22 .OOCE+O(0 * OOE+C'O
* 30C'E-02 *O00)E+00 .537E+ 2 *(OOOE+Oi) *00:.E+O-j
* 40 'iE02 * OOOCF+00 * 780E422 * O('CE*OC .600OE+00
.500E-01 .OOOEtPOO~ .102E+23 OC'c>E.O0 *OOOE+00
6 .F-0 OOC'E+00 *i 27E.+23 * OOOE *OO 0o(0E+0.'

.7(t0E-02 .00C'E+OO *I5~'E+23 .0OOOE+00 .OOOEt00

.800~E-02 * O(O(E+00 1 76E+'3 * C'OE*00 * OO0E+00
.90C!E-02 .000CE+00 .20IE.23 *OODE+00 *OOOE400
* IOOE-01 .C'OOE+0O *2bE+23 *OuOE.0O .0OOE+Qc':
.20C'E-01 .0OCOE+00 .472E+23 .000E+OO .C'O(E+('O
* 300O--o1 OOOEi00 * 719E+2 * OOOE400 .OOC'E4(00

.400iu-01 .OOOE+00 .965E+23 *OOOE+00 *OOOE+O0
.500E-01 .OOOE+00 * 11E424 *OOOE+Oo .c00E+0C,
*600E-01 .000E+00t .146E+24 .OOOE+00 .0CE+(00
.700E-01 .CO0'E+00 .170E.24 .OOOE+00 .OOOE#00
.8OOE-01 *OOOE+00 * 19E+24 *OOOE.00 .00~)L+CiO
.900CE-01 * OOE+OO . 22OE424 *OOOE+00 OOO'E+OC0
.100E+C0O .OOC'E+C' .245E+24 *OOOE+00 .O0kOE+00
.2(!OE+OO! .0OOE+OO .452E.24 *OOOE+00 .OCOE+00
* 300Ei(,O0 OC'OE.00 *74(,-E+24 *OOOE+OO *O00'E+00
* 40CKE'OO * OOOE400 * 9BEE424 .OOOE+00 * (iOCE+00
*500E+00 *OOCE+0C' .124E.25 *OOOE+00s *COOE*00
.6O0JE+00 *OOOE+00 . 149E+25 OOO0E400 .0OOE+0O
.700E+O0 *OO(.E+00 .174E425 *OCGEe+0 *OOOE+00
.BO&E+00 *OOOE+O0 * 199E*25 *OOOE400 .0C'FE+OO
.900E+O' *OOOE+00 .224E+25 .OOOE+00 .OOOE.00
*100E+O1 .OOOE.OO .249E+25 OQOOE+0O OOE00E
.200Eo01 OCOOE+00 .504E+25 .000E+00 *OOOE+00
.300E+01 *OOOE+00 .764E425 .OOC'E4OC .OOOE+0O
.400E+01 *OOOE+00 .103E426 *OOOE.00 *OOOE+00
.500E4C'1 *OOOE400 .130Et26 *OOOE+00 O00OE*00
.600E+01 *OOOE+00 .157E426 .OOOE+00 *OOOE400
.700E.O2 *OOOE+00 .185E+26 *000E400 *OOOE+00
.SOOE+01 .OOOE+00 .213E426 *OOOE+O0 *OOOE+C00
.900E*01 .OOOE+00 .242E+26 *OOOE+00 .QOOE+00
.100E+02 .OOOE+00 .270E+26 .OOOE+OO *COOOE.00
.200E+C'2 *OOOE+00 .570E.26 *OOOEt00 .OOC'E+00
*300E+02 .OOOE+00 e883E+26 .OOOE+O0 .OOOE+00
.400E+02 .OOOE400 .120E+27 *OOOE+00 .OOOE+O(?
.500E+02 *OOOE+00 .152E+27 OOE400 *OOOE.00
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Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)

.600FE+02

.700E+02

.eOOE+102

.900E+02

.I OOE+03
.200E+03
.300E+03
.400E+03
* S0OE+03
.600E+03
.700E+03
. EroE+03
.900E+07

100E+04
.200E+04
.3.OE+04
• 40CE +04
. SOPE +04.bOOE.ti4• 6100F04- '
. 700E+04

60'F.+(14
.9C -+ 04
* IOt'+f15
.2uOE+05

40C0E+05

* 60C0E+05
700E+O.

I IOE+06
.200E+06
.300E+06
, 4 (0E't 06
. 5#'-( E+C06

700E+Oc

. 9vtOE.O6

.00UE+U0
.OOOE+OO
.OOOE+O0
.OOOE+00
.OOOE+00
.OOOE+00
.OOO6E+OO
.OOOE+00
.OOOE+00
.OOOE+00
.OOOE+00
.OOOE+00
.OOOE+00
.COOE+00
.OOOE+00
.OOOfrOO
.OOOE+0O
. OOOE+00
.OOOE+00
.OOOE+00
.00 CAF40 c. OOOE+O(,
000E+t00

* OOOE+00

.OOOE+O0000)OE+00

.OOOE+OO

.000CE.00
. 000 E4-0(
* 000E4+00. OOC'E+00

.000E+00

* 0001E 00
. OOOE+0O
. 00k)E+(!o
, OOO!E+t0

.OOOE+Ot0

.OOOE+OO

.184E+27
.216E+27
.248E+27
.2BOE+27
.311E+27
.620E*27
.915E+27
.120E+28
.147E428
.173E+28
.198E+28
.221E+28
.244E+28
.266E+28
. 438E+28
.549E+28
.621E+2B
.*668E+2E
. 697E+2B
.717E+28
.729E+28
.737E+28
.743E+28
.752E+2e
.752E+28
.752E+28
.752E+28
.752E+28
.752E+2B
.752E.28
.752E+2E
.752E+26
.752E+26
.752E+28
.752E+28
.752E+2B
.752E+28
.752E+26
.752E*28
.752E+28

.OOOE+O0

.OOOE+00

.000E400

.OOOE+00
* OOOE+00
.OOOE.00
.OOOE.00
* OOOE.00
* OOOE +00
* 00OE400
.000E400
* OOOE400.OOOE+00
.OOOE+0O
.OOOE+00
.OOOE+00
.00OE400
.00CE+00
.OOOE+00

.OOOE+O0O

.000E+00

.000E+00

.OOOE+00

.*00E+400

.OOOE+OO

.OOOE400

.OOOE+00

. 000E400

.OOOE+00

.00O.E+00

.OOOE+00
.OOOE+00

.OOOE+00
.OO;E+C0

.OOOE+DO

. 000E0+0
.OOOE+400

OtiOF+OO

.OOOE+OO

* 00CF +0(.'I
.OOOE+00
.000E+00
.OOOE+O0
.00E+00
* 000E 400*OOOE+O0
.OOOE+OQ
.OOOE+00

.OOO0E+OO.OOOE+00

.000E+00

.OOOE+OO
.OOOE+O0

.OOOE+OO
.000E+400
*0OOE+00

. 00C'E+00

.000E+00C

. OOOEtOO0

.DOOE+00O

.OOOE+00

.OCOE+0O

.OOOE+0D

* 0t!(!E+oc!.000E+0O

. 0(:!t'E+tto.OOOE+00.000 E + 00

.000tE+00.OOE.E+O0

.OOOE+00

. OOC'E+00
• 000,E 00

000Ooo~i0
.OQO!E+OO
.060E+00
. OOQE+OO

, OOO'E.00'

.OOOE+O00

TIME
(YR)

.OOOE+00
.IOOE-02
. 200E-02
. 300E-o)2
. 400E-02

500E-02
.600E-02
.700E-02
.6OOE-02
.900E-02
.IOOE-01
.200E-OI
.300E-61
.400E-01
.5OOE-01
.600E-01
.700E-01

I

. OOOE+00
*364E+05
.323E+06
.125E+07
.326E+07
.682E+07
.124E+08
.203E+08
.312E+08
.453E+08
.630E+08
.524E+09
.172E+10
.390E+10
.726E+10
.I 19E+ II
.180E+1I

2

.OOOE+00

.102E+22

.305E+22

.537E+22

.7BOE+22

. 102E+23

.127E+23
.152E+23
.176E+23
.201E+23
.226E+23
.472E+23
.718E+23
. 965E+23
.121E+24
.146E+24
*170E+24

3

. OOOE+00
.545E-05
. 920E-04
.520E-03
. IBIE-02
.474E-02
.104E-01
.201E-01
.354E-01
.52E-01
.905E-01
.156E+01
.786E+0I
.242E+02
.571E+02
.114E+03
.204E+03

236L' TOTAL INPUl RATES
(ATOMSIYR)

CELL

4-

. 000E+00
.253E+02
.225E+O4
.6BE+03
.227E+04
.474E+04
.860F+04
.141E+05
.217E+05
.315E+05
. 438E+05
.365F+6O
.120E+07
.272E+07
.506E+07
.832E+07
.126E+09
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Figure 40

Programl CELLTRANS Output File (CELL.OUT) (continuede)

.800E-01 .256E+11 .195E+24 .334E+03 .179E+08
.900E-01 .348E+11 .220E+24 .516E+03 .243E+OE
lOO0E+OO .450E+I 1 .245E+24 .757E+03 .31EE+08

.200E+00 .247E+12 .492E+24 .B72E+04 .173E+09
.300E+00 .620E+12 .740E+24 .342E+05 .437E+09
.400E+00 .117E+13 .968E+24 .6t78E+05 .626E+09
.500E+00 .18BE+13 .124E+25 .181E+06 .134E+10
.6OOE+OO .278E+13 .149E+25 .323E+06 .19EE+10
.700E+00 .3E4E+ 13 .174E+25 .527E+06 .276E+ 10
.6()(E+00 .507E+13 .199E+25 .E03E+Ok .3thE+10
.900E+00 .647E+ 13 .224E+25 .116E+07 .469E+ 10
lOO0E+OI .6C,4E+13 .249E+25 .1Ib2E+07 .586E+10

.200E+01 .329E+ 14 .504E+25 .140E+08 .252E+1 I

.300E+01 .740E+14 .764E+25 .493E+ti6 .592E+ll

.400E+01 .131E+1S .103E+26 .121E+09 .109E+12

.500E+0l .202E+15 .130E+26, .243E+09 .176E+12

.600E+0 1 .2.°°E+ 15 .157E+26 .43vE+09 .261 E+l12

.700E+01 .3B7E+15 .IB5E+26 .700E+09 .366 +12,

.8GOE+01 .500E+IS .213E+26 .107E+10 .491E+12

.900E+01 .625E+15 .242E+26 .155E+10 .636E+ 12
I1OOE+02 .761E+15 .270E+26 .217E+10 .eO4E+ 12

.20tE+02 .269E+16 .570E+2t, .204E+11 .3B7E+13

.300E+02 .532E+16 .883E+26 .773E+11 .962E+13

.4t0£+02 .630E+16 .120E+27 .199E+12 .190Etl4

.50GE+02 .117E+17 .152E+27 -. 416E+12 .317E+14

.600E+t02 .151E+17 .164E+27 .756E+12 .47SE414

.700E+02 .1IB7E+17 .216E+27 .125E+17 .6o76E+14
B()(0E+(,2 .223E+17 .24BE+27 .15E+13 .909E+14
.900E+02 .25,BE+17 .2BOE+27 .283E+11 .1IBE+ 15
l100E+03 .2 95E+17 .311IE+27 .397E+13 .148E+15
.200E+03 .657E+17 .620E+27 .3555E+14 .6-17E+15S
3tlOE+Q3 .102E+18 .915E+27 .123E+IS .144E+16
.400E+03 .138E+16 .12(0E+28 .291E+15 .252E+16
.500.-+C0, .174E+18 .147E+28 .563E+15 .3e5E+16
.60>0E+O" .210E+18 .173E+2P .959E+15 .540E+16
.71.0E+0J3 245E416 .19BE+28 .150E*16 .715E+16
80vOE+(13 .281E+18 .221E+28 .219E+16 .90EE+ 16
.900E+03 .316E+16 .244E+28 .306E 16 .11.E+17
lOO0E+v4 .352E+18 .266E+28 .410E+16 .134E+17

.200E+tl4 .696E+ 18 .43E£+2B .264E+17 .404E+ 17
.300E+04 .103E+19 .549E+2B .731 E+17 .712E+ 17
.400E+014 .135E+19 .621E+2B .145E+18 .102E+18
SOO0E+014 .165E+19 .668E+28 .240E+1E .132E+18
.600E+C4 .194E+15 .697E+2B .359E+18 .36]E+16
.700E +v4 .221 E +19 .717E +2B .497E+1 E .1I 9E +1l
E(0vE+04 .24EE+19 .729E+2E .655E+18 .216E+18
.909E+04 .272E+19 .737E+28 .631 IE+ 18 .241E 1 B
.100E+05 .297E+19 .743E+26 .102Etl9 .265E+18
.200E+05 .485E+19 .752E+2B .349E+19 .453E+16
.300E+05 .603E+19 .752E+2B .647E+19 .573E+16
.400E+t5 .678E 19 .752E+28 .541 E+19 .649E+1 e
.500E+05 .727E+ 19 .752E+28 .121 E+20 .6q9E+ 1B
.600E+OS .756E+ 19 .752E+2E .143E+20 .729E+18
.700E+05 .77bE+19 .752E+26 .162E+2(\ .749E+1 B
.800E+OS .1E7E+ 19 .752E+2E .177E+20 .760E+l1e
.900E+05 .796E+19 .752E+2B .1IB9E+20 .769E+18
l100E+06 .801E+19 .752E+28 .198E+20 .774E+18

.200£+06 .610E+19 .752E+28 .227E+20 .783E+IE
.300E+06 .ElOE+19 .752E+28 .229£+20 .783E+18
.400E+06 .810E+19 .752E+28 .229E+20 .783E+ 18
.500E+06 Bl1OE+ 19 .752E+2B .229E+20 .763E+1 E
.600E+06 .810E+19 .752E+28 .229E+20 .783E+18
.700E+06 .810E+19 .752E+28 .229E+20 .783E+18
.800E+06 .810E+19 .752E+28 ..229E+20 .763E+18
.900E+06 .81 OE+ 19 .752E+28 .2Z9E+20 .783E+ 18
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Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)

INITIAL
RADIONUCLIDE

AMOUNT
(ATOMS)

I-SED. .OOOE+OO
I-S.W. .OOOE400
1-G.W. .OOOE+0O
I-SOIL .OOOE+OO

KDD(L/KG)

ZONE
Z ON
ZONE
ZONE

ZONE
2 ON
2 0 N-
ZONE

I-SED.
I1-S.WI'.
I -G - W
I S JI IL

* 5C0E+04
. 1OOE+05
.~00 E 40~3
* 100E+U02

TRANSFER MATRIX
(YEAR**-I)

ORIEIN CELLS

I 2 4

DE S TI N ATI ON
CELLS

I -.15239E+00 .10942E+02 .6421 IE-19 .982Z2E-17

.10000E'00 -.15755E.02 .27684E-03 .2126BE-01

3

4

.19123E-16 .2Orw23E-14 -. 27684E-03 .84837E-01

.19123E-16 .16569E-01 *64211E-19 -.10610E+00
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Figure 40

Program CELLTRAN Output File (CELL.OUT) (continuked)

23eU AMOUNTS
(ATOMS).

CELL

TIME
{Y0)

.OOOE+O0

. IOOE-02

.200E-02

.300E-02

. 40(3EE-02

.5kOE-02

.600E-02

.70GE-02
6800E-02

.qOOE-01

.200E-Ol* '2uOE-')1. 3C'OE-0i

.400E-01

.500E-01

. 600E-01

.700E-01

.8dOE-QI

. 9o0E-01

. I HE +00

.2001F+0(

.300E+00

.400E+OG

. 500E+QO
* 600E+00
* 700E4.1
* 8 () OW£ ( 0
, 9(0E+((')
.1C!fE+(i I

.260E.OI

.40)0E+01

.500E+01

.200E+01

.70O~E+01

.BuOE+01

. 00E+01

.IOOE+02

.200E+02

.300E+02

.400E+02

.500E+02

.600E+02
.700E+O'

.BOOE+02
.900E+02
.IOOE+03
.200E+03
.300E+03
.400E+03
.500£+03
.600E+03
.700E+03
.80OE+03
.900E+03
.IOOE+04
.200E+04
.300E+04

I

.OOOE+O0

. 185E+16

.166E+17
.648E+17
.171E+18
.360E+iB
.657E+1e
.109E+19
.167E+19
.244E+19
.342E+19
2iHSE+,O

.233E+21

.444E+21

.747E+21

.1 15E*22

.167E+22

.231E+22

.308(E+22
.18BE+23
.505F+2
. 59E+E23
.164Et 4
.246E+24
.344E+24

. 50CE+24

.737 +4

.308Et25

.695E+25

.123E+26
1869E+26

.268F+26

.360E+26

.462E+26

.57'E+26

.699E+26

.237E+27

.455E+27
• 699E+27
.956E+27
.122E+28
.148E+28
.175E+28
* 202E+28
.228E+28
. 4B8E+28
.736E+28
.976F+28
.120E+29
.142E+29
.163E*29
.183E+29
.202E+29
.221E+29
.365E+29
.459E+29

2

.OOOE+O0

.507E+18

.252E+19

.666E+19

.131E+20

.218E+20

.32E'.E+20
462E+20
.617E+20
.795E+20
.954E+20
.411E+21
.904E+21
.155E+22
.234E+22
.324E+22
.4N3E+22
.531E+22
.646E*22
.767E+22
* 218E+23.
.373E+23
* 532E+23
.694E+23
.857E+23
.102E+24
.11 9E424
.135E+24
.1'2E+24
32EE+24

.517E+24

.71EE+24

.931E+24

.1 15E+25

. 13`'E+25

.163E+25
IBBE+25
.214E+25
.510E+25
. 847E+25
.120E+26
.157E+26
.194E+26
.231E+26
.26SE426
.306E+26
.342F+26
.703E+26
.105E+27
.13BE+27
.170E+27
.200E+27
.229E+27
.25bE+27
.283E+27
.309E+27
.510E+27
.640E+27

3

.OOOE+00

.596E+08

.I 0I E + I(

.575E+10

.201E+II

.532E +II

.117E+12

. 228E+12

.403E+12

.666E+12

.104E+I,

.186E+14

.959E+14

.302E+15

.728E+15

.148E+16

.269E+16

.450E+16

.705E 16

.105E+17

.135E+16

.564E+16

.151E+19

.319E+19

.582E+19

.963E+19

.146E+20

.216E+20

.302E+20

.264E+21

.915E+21

.219E+22

.431E+22

.745E+22

.118E+23

.176E+23

.250Et23

.341E+23

.257E+24

.803E+24

.175E+25

.314E+25

.50(E+25

.734E+25
.102E+26
.135E+26
.173E+26
.807E+26
.189E+27
.338E+27
.527E+27
.750E+27
.1OIE+28
.129E+2B
.161E+28
.195E+28
.625E+28
.114E+29

4

.OOOE+00
.281E+13
.251E+14
.98EE+14
.259E+15
.545E+15
.994E+15
.165E+Ib
.254E+16
.370E+16
.51BE+)6
.447E+17
.15'E+18
.353E+18
.673E+18
.113E+19
.175E+19
.253E+19

.407E+19

.2U85 E+ 20

.768E+20
U. 1~E+2 1
.2' IE+2 1
.375E+21
*526E+21
. 702(E* I
904E+21

.4 13E+24:

.IIOE +23

.196E+23
306F+23
.439E+23
.5i5E+23
.772E+21
.971E+20
. 119E+24
.434E+24
.871E+24
. 138E+25
.192E+25
.249E+25
.306E+25
.364E.25
.423E+25
.480 E+25
.104E+26
.159E+26
*211E+26
.260E+26
.308E+26
.354E+26
.396E+26
.438E+26
.479E+26
.794E+26
.998E+26
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Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)

.40 C'E +04
* 5OOE+04
* 60 'E 404
.700E+04

.900E+04
. I 00E405
* 200E+05
. 300.E+05
.400E 405
* 500E+05
.600E+05
*700~E+05
80C0E405

*900E.05
I IOOE+06

* 300E+06
* 400E406

. 60twE406
* 900E+06

. 52(1E+i-9

.56C'E42q

.584E429

.601Ei29

.61 IE+29
*618E+29
* 623E+29
.631E+29
.631E429
.631E+29
.631E429
.631E429
* 63)E429
.631E+29
.631E429
.631E429
.631E429
.631E+29
.631E429
* 631E425
* 631E*29
* 611E+291
* 631E+29
* 631E+29

*725E4Z7
.780E+27

.814E427
* 637E+27
.851E+27
* B61E427
. 86BE+27
* B79E+27
.B79E+27
* 79E427

* 979E+27
. 879E427
* 679E427
• 67 9E 427
• B79E427
*879E+27
.879E+27
*879E+27

.879E+27
*879E +27

* B79E+27
* 879E427
.879E+27
. 879E 27

* I66E42r,
.213E+29
*254E429
. 286E+29
.316E429
* 339E429
* 357E429
*415E+29
. 420E+29
.420E429
* 420E+29
.420E+29
*420E429
*420E+29

* 420E+29
.420E+29
*420E429
*420E+29

* 420E429
• 420E4'>9
• 4210E429
* 420E429
* 420E429
* 420E+29,

1 113E+27
* 122E+27
* 127E*17
* 131E427
* 133E427
* 134E427
* 136E+27
* 137E427
* 137E+27
* 137E427
* 137E+27
* 137E+27
* 137E427
* 137E+27
* 137E+27
* 137E+27
* 137E.27
* 137E+27
* 137E+27
* 137E+2'
*11~7E.27

* 137E427
* 137E+27
* 137E427

.*~i* ANAL',SES FOR RADIONUJCLIDE 234U

RADIGAC1IVE HALF-LIFE= .245E+06 YEARS
RALDIOHIYVE DECAY RATE= .263E-05 YEARS*f-1

PHYSICAL
DECAY

RATE
(YEARS**-I)

ZONE I-SEL.
ZONE l-S.W.
ZONE 1-G.W.
ZONE 1-SOIL

* OOOE+00
. 000E+00
. OOOE400
. OOOE400

234U

TI ME
MY)

. 00('E400
. IOOE-02
* 20DE-02
*300E-02
.400E-02
* 500E-02
.600E-02
.700E-02
.600E-02
.'900E-02
. IOOE-01
* 200E-01

I

* OOOE+OO
.OOE00E4'
. OOCOE+00
* OOOE.00
. OOOE*00
* OOOE+00
. OOOE400
* OOOE.00
. OOOE40C
* OOOE+00
*OOOE.00
. OOOE+00

2

* OOOE+00
.391E+17
* 117E.16
* 206E+18
.299E+16
.392E*18
*487E+18
*581E+18
.675E+18
.770E+18
.664E418
. 181EG19

3

. OOOE+00
* OOOE400
. OOOE+00
* OOOE+00
* OOOE400
* OOOE+O0

. OOOE+00
. OOOE+O0
*000E400
. OOOE+O0

EXTERNAL INPUT RATES
(ATOME/YR)

CELL

4

*OOOE+00
*OOOE+00
.0OOE+00

*OOOE+00
.OOOE+00
.OOOEtOO
*000E+00
OOOE+00

.OOOE+O0

.OOOE+00

.OOOE+00
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Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)

.30OE-01
.400E-01
.500E-01
.600E-01
.700DE-01
.600E-01
.900E-01
. IOOE+00
.200E+00
.300E+OO
.400E+00
.500E+O0
.600E+00
.700E+00
.E800£+00* BOOE+60.900E+00
. I00E*0 I
.200E+01
.300E"01
.400E+O1
.500E+01
.600E+01
.700E+01
.EOOE+01
.900E+01
.100E+02
.200E+02
*300E+02

.5RvE+02
, 6C'OE t ),
.7C00E+02
.B 00E+02
.900E+02
100E+3O

.200E+0i3

.300r+4(:3

.400Ei03

.500E 4 (1
* 1vE+(O;

9IOOE+04
*200E+04
.300E+(14
. 4C't'E+04
.500E+04
.600E+04
.700E+Q4
.800E+04
.90(0E+04
.100E+05
.200E+C5
. 3C'OE+05
.400E+05
.500E+05
.600E+05
.700F+05

BOOE+05
.90GE+05
.lOOE+06
.200E+06
.300E+06
.400E+06
.500E+06
.OOE+.06
*700E+06
800E+06
.900E+06

OOOlE+00
. OOOE+0O

.OOOE+O0

.OOOE+00
.OQCE+00
.OOOE+00
.OOOE+00
.OOOE+00
.OOOE+OO
.OOOE+00
.OOOE+00
. OOOE+00
.OOOE+00
*OOOE+00
.OOOE+0O

.OOOE+00
.OOOE+00
.OOOE+00
.OOOE+00
000E+00

.OOOE.+00
OOOE+00
000E+00
OOOE+OO
OOOE+00

.OOOE+00

* 00(E+00.000E+00
.OOOE+00
.OOOE+00

* 00( E+ 00
. C00E+0(
.OOOE+00

COOOE+00
OOt)E+00
0OC'E+00

.OOOE+00
*OOOE+00

. W0E400

.OOOE+O0

.OOOE+00
.OOOE+0O
.OOOE+00
.OOOE+00

.OOOE+00

.OOOE+00

.OOOE+00
*OOOE+00
.OOOE+00
.OOOE+OO
.OOOE+00
*OOOE+00
.OOOE+OO
.OOOE+00
.OOOE+00
.OOOE+00
*OOOE+00
OOOE+00
:OOOE+OO

088E++88
:OOOE+OO
.OOOE+00.OOOE+O0
.OOOE+00
.OOOE+00
.OOOE+OO
OOO0E+OO

.275E419
.370E+19
.464E+19
55BE+19
653E419
.747E+19
.B42E+19
.937E+19
l EBEE+20
283E+20
37BE+20
474E+20
569E+20
665E+20

.761E+2t0

.657E+20
954E+20
193E+21

. 293E+21
394E+21
.497E+21
.602E+21
7(19E+21A'
.816E+21
.925E+21
104E+22

. 218E+22

.336E+22
*460E+22
Se*3E'22

*705E+22
B628E+22
*950E+22
. 107E+23
.1 19E+23
237E+23
35JE+23
.459E+23
5t.3E+23

.662E+23

.757E+23
*648E+23
.935E+23
.102E+24
.Ib6E+24
.211E+24

223BE+24
.256E+24
26BE+24
275E+24
2£0E+24
283E+24
2B5E+24
2B9E+24
289E+24
.289E+24
289E+24
2B9E+24
.2B9E+24
.2E9E+24
289E+24
289E+24
289E+24
.289E+24
.289E+24
*2B9E+24
.2B9E+24
289E+24
2E9E+24
289E+24

.00COE+00

. OQOE+00

.OOlE+00
. OOOE+00
.0CE+tOC
. OO)OE+00
.OOOE+00
.OOOE+00
.OOOE+0O
.OOOE+00
. OOOE+00
.OOOE+00
.OOOE+00
.OOOE+00
.OOOE+00
. OOOE+0O
. OOOE+00
. OOOE+00
.OOOE+00
.OOOE+00
. OOOE4Cit'
.O0OE400
. OOE400
.OOOE+00
. OOOE+00
.OOOE+00
. OOOE+00
. OOOE+100
* (00 +0 +
.0OOE+00
.OOOE+00
.00('E+00
*OOOE+0C'
(OOOE+Ot0

.OOOE+00
.OOOE+00
Q OOOE+O(C
.OOOE+Q0
* OOOE+00
.OO0E+ 00
. 000E+ 0C'
.0OOE+0O
.OOOE+00

OOOE+OO
.OOQE+O0

.OOOE+0O
000E+t00

9OOOE+00
OOOE+00

.OOOE+00
OOOE+00

.OOOE+00
.OOOE+00
COOE+00

.OOOE+00
*OOOE+0O
OOOE+00

.OOOE+00
OOOE+00

*OCOE+00
.000E+00
.OOOE+0O
* 000E400
OOOE+00

.OOOE+00

.OOOE+00

.OOOE+00
0001E+OO
.OOOE+00
.OOOE+00

* 000F4+40
.OOOE+00
OOOe 0+OO

.OOOE+00
OOOE+00

.OOOE+00
.OOOE+OO
OOOE+00
OOOE+00
OOOE+00
.OOOE+00
OOOE+00
OOOE+00
OOOE+00

.OGOE+00

.OOOE+O0
QOOOE+00
.OOOE+0O

D000E+t'0
OOOE+00

. 00CE+0(0
.OtOE+0C'
. O00E+*O)
.OOOE+00
*OOOE+00
.OOOE+00
• OCOE+&0

OQOE+00
QOt 0 E .Ct
O0E+0

.OOOtE+0(

.OOOE+00
•O C'E*00
• ObOE+00
.000 +0o
.OOOE+00

*(1COE+00
OOCE+0O

*OOOE+00
OOOE+O(O
0AHE+CO
0GOE+0O

.00 E+0 0
. 00O0+00
.000E+00

OOOE+00
OOOE+.0

.OOOE+00
. OOOE+OO
.OOOE+00
. OOOE+00
.OOOE+00
. OOOE+00
.OOOE+00

COOCE+00
. OOOE+00
. OOOE+OQ
.OOOE+00

OOOE+O0
OOOE+00

. OODE+OiD

. 0002E00

.DOOE+00

.OOOE+00

. OOOE+OO
. OOOE+00
.OOOE+00
. OOOE+00
. OOOE+00
.OOOE+00

I
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Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)

234U TOTAL INPUT RATES
(ATOMIS/YR)

CELL

TIME
I YR)

*OOOE+00
I OO0E-02
*200E-02
* 300E-02
• 400E-0'2
.50CE-02
* 600E-02
. 7C'OE-02

- .80E-02

*900E-02
*IC'OE-01
*2vOE-01
.300E-01
. 4CiOE-01
.5C00E-01
* 60OE-oI
.700E-0
* 900E-01

lot0C'E +0C
*30'E+(' 0
*400E+OV0
* 50E +00C
• 60C0E+00
• 700E+00
* 800 E 00
.9(!0E+CAi

.400i401

.500E+01
* 600E401
* 700E+01
* BOOE4OI
* 900E+01

I IOOE.C02
*200E+0C2
.300E+02

* 400E+02
* 500E+02
*600E+02
*700E+02
* SOOE+02
* 900E+02
l 10E403
*200E+('3
* 300E+03
• 400E+03
• 5002:+03
• 600E+03
* 700E.03
.800E403
* 900E+03
. I OOE+04
* 200E*04

I

.OOOE+00

.2B7E+06

.257E+07
I OOE+08

.265E+08

.558E+06

.102E+09

.169E+09

.260E+09

.Z79E+09

.531E+09

.458E+10

.155E+1I

.361E411

.689EtlI

.116E+12

.179E+12

.259E+12

.359E412

.478E+12

.292E+13

.784E+13

.153E+14

.254E+14

.381E+14

.534E+14

.712E+14

.915E+14

.1 14-15

.478E+15

.l OBE+16

.190E+16

.293E+16

.416E+16

.558E+16

.717E+16

.B93E+16

. 108E+17

.36BE+17

.706E+17

.102E+18

. 148E+18

. 189E418

.230E+16

.272E+I1

.313E+18

.354E+18

.757E+16

.114E+19

.151E+19

.187E+19

.221E+19

.253E419

.284E+19

.313E+19

.342E+19

.567E+19

2

OOOE+00
.391E+17
.117E+1E
.206E+18
.299F+18
.392E+18
.487E+18
S581E+18

. 675E+18

.770E+18

.864E+18

. 181E+19

.275E+19

.370E+19

.464E*19

.55E+19

.653E+19

. 747E+19

.842E+19

.937E+19
I B8E+20

.268E420

.378E+20

.474E+20

.569E+20

.665E+20

.761E+20
*E57E+20
.954P+20
.193i+21
.293E421
.394E+21
.497E+21
.602E+21
.709E+21
.B16E+21
.925E+21
.104E+22
.218B+22
.338E+22
.460E+22
.583E+22
.705E+22
.828E+22
$950E+22
.107E+23
.119E+23
.237E+23
.351E+23
.459E+23
.563E+23
.662£+23
.757E+23
.848E+23
$935E+23
.102E+24
*16BE+24

3

.OOOE+00

.924E-02

.156E+00
. 892E+00
.312E+01
.B25E+01
.182E+02
*353E+02
. 625E2O2
.103E+03
.161E+03
. 282E+04
.149E+05
.469E+05
113E+06

.230E+06

.41 eE 8'6

.698E+06

.109E207

.163E+07

.20E+40B
.875E+C E
.234E+09
.495E+09
.904£+0$
.149E+10
.230E+10
.335E+10
.4c9E+10
.410E+l 1
.142E+12
.340E+12
*66EE+12

I 16E+13
. 183E+13
.273E+13
.387E+13
.529E+13
.359E+14
.125E+15
.271E+15
.4E8E+15
.776E+15
.114E+16
.158E+16
.209E+16
.268Et16
.125E+17
.293E+17
.525E+17
.817E+17
.116E+18
.156E+18
.201E+1I
.249E+18
.302E+19
.969E+18

4

OOOE+00
.435E+03
.390E+04
.152E+05
.401E+05
.845E+05
.154E+06
255E+06
393E+06
574E+C6
B804E206
.694E+07
.235E+08
.547E+OE
.104E+09
.176E+09
*271E+09
.3932+09
544E+09
.724E+09
.443E+JI
119E'11

.234E+II

.388E+11

.58.4E+I1

.BlbE+11

.109E+12
*140E+12
.17c6:+12
.745E+12
.170E+13
.304E+13
.475E+13
.681E+13
.923E+13
*120E+14
* 151E+14
.185E+14
.673E+14
.135E+15
.214E+15
.299E+15
.3B6E+15
.475E+15
.565E+15
.656E+15
.745E+15
.162E+16
.246E+16
*327E+16
.404E+16
.473E+16
.549E+16
.615E+16
.680E+16
.743E+16
.123E+17

301



Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)

.300E+04
* 400E.04
* 500E+04
.600E.04
. 700Ei04
.6 EOO+04
.900E.04
. I OOE+05
* 200E*05
.300E.05
.400E+05
. 500E+05
* 600E.05
• 700E+05
* 8OOE+05
• 900Ei-05
* 100E+06
• 200E.06
.300E+06
.400E.06
* 500E+06
* 60GE +06
• 700E+06
• 6OOE+06
• 900E+06

.712E+19

.806E.19

.868F+19

.906E+19

.932E+19
9 48E +19
.959E+19
.967E419
.979E+19
.979El19
.979E+19
.979Ei19
.979E+19
* 979E.19
* 97 9E 419
.979E419
* 979E+19
.979E"19
.979E+19
.979E419
.979E+19
.979E+19
.979E.19
* 979E.19
.979E+19

.2 1IE +2 4

.238E+24
* 256E+24
.26BE+24
* 275E+24
. 280E.24
.283E'24
.285E+24
* 289E+24
* 289E.24
* 2B9E424
. 2B9E+24
* 2B9E+24
* 289E+24
.289E+24
.2B9E424
* 2B9E+24
. 289E+24
* 2e9E+24
.2B9E+24
.289E424
.289E.24
* 289E+24
* 289E.24
.289E+24

* 177E+19
.257E+19
.330E419
.393E419
.446E+19
.490E.19
.525E4 19
.553E4lq
.644E+19
.652E+19
*652E419
.652E+19
.652E+19
.652E+19
*652E+19
.652E+l9
* 652E+19
.652E.19
* 652E+19
.652E+19
.652E+19
.652E+19
.652E+19
.652E+19
* 652E+19

* 155E+17
* 175E.17
* 169E417
* 197E417
.203E+17
*206E.17
.209E417
.210E+17
.213E417
.213E.17
.213E417
*213E+17
.213E417
.213E+17
.213E+17
.213E+17
.213E417
.213E417
.213E+17
.213E+17
.213E4'17
. 213E+17
.213E+17
.213E+17
.213E+17

INITIAL
RADIONUCLIDE

AMOUNT
(ATOMS)

.OOOE+O0

.OOOE+OO

.OOOE+00

.OOOE+OO

ZONE
ZONE
ZONE
ZONE

I-SED.
1-S.W.
1-6. W.
I-SOIL

ZONE
ZONE
ZONE
ZONE

I-SED.
I -S. iW.
1-G*.W.
I-SOIL

KD (L/ KS)

.500E.04

. I1OOE+05
* 500E.03
. 100E.02

TRANSFER MATRIX
(YEAR#*-I)

ORIGIN CELLS

4I 2 3

DESTINATION
CELLS

I -. 15239E4OO .10942E+02 .64211E-19 . 96232E-17
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Program CELLTRAN Output File (CELL.OUT) (continued)

2 .10000E+00 -.15755E+02 .27684E-03 .2126SE-01

3 .19123E-16 .20923E-14 -. 27967E-03 .84837E-01

4 .19123E-16 .16569E-01 .64211E-19 -.10611E+00

234U AMOUN'TS
(ATOMS)

CELL

(YR)

. OOOE+00

. 1 OOE-02

. 200E-02
. 300E-02
* 40DE-On
* 500 E-02
* 600 E- C)2
.700OE-02
.9OCE-02
.I0OOE-0 I
2 OQE-0 I
1 00E-01
*40C'E-01

* 5O0E-01
* 600E-01
. 700E-01
.6 C'0 E-0 1
* 90C)E-01
. I OOE+00
.20 'E +00
* 30C'E+00
* 400E*00
. 5('OE+00
* 600E+00
• 700EQ00
• B00E+00
• 900E+00
• lODEt0l
.200E+01
* 300E+01
.400E+01
.500E401
.600E*01
. 700E401
* BOOE+01
.900E+01
. I OOE*02

I

.OOOE400
. 710E+1 I
.636E+12
.24~EE-13
.655E+13
* 13PE+14

251E+ 14
*41 7E+14

.642E414
.938E+14
* 13JE+15
.1 13E+16
.3B3E+16
.E92E+16
* 170E+17
.286E+17
.442E*17
.641E+17
.886E.17
. I I 8E +I8
.719E.le
* 193E419
.378E+19
.627E419
.939E+19
* 131E+20
. 1 75E+20
. 225E+20
* 282E420
* II BE+21
* 266E+21
.469E+21
* 724E421
* 103E+22
* 138E+22
. 177E.22
* 220Et22
* 26SE+22

2

* 0OOE+C00
* 194E+14
.967E.14
* 256E+15
.502E+15
.837E+15
* 126E+16
* 177E+16
.237E+16
.305E+16
.381E+16
* 157E417
.347E417
.596E.17
. 896E+ 17
* 124E418
* 162E+18
.203E+18
* 24 7E 418
* 294E418
.B32E418
* 147E419
.203E .19
.265E+19
*'32BE+19
.390E+19
. 454E 1 9
.51BE+19
*582E419
. 126E+20
* 19BE+20
.275E420
.356E420
.442E+20
.532E420
* 624E+20
* 721E+20
* 823E.20

3

* OOOE+00
.228E 404

* 3b7E+05
.221E40b
.772E*06
.204 E +07
. 449E+07
.87 3E 4 0 7
. 155E+08
*255E+OB
* 399E+06
.711E+09
.367E410
.116E4II
.279Eo11
.566E+11
* 103E412
* 172E+12
. 270E 1 2
* 402E+12
.517E+13
.216E414
.57SE414
* 122E+15
.223E+15
.368E415
* 567E+15
.827E+15
.116E416

. 1IE +1 7

.350E+17

.640E417
* I65E+18
.285E418
.452E+1B
* 674E+1B
.956E+18
* 131E+19

4

* OOOE+00
I 109E+09

*964E+09
.376E410
*99dE4 I0
*205'E4 I1
*38IE411
. 611E+l I
.973E+1 I
* 142E*12
* 199E*12
* 171E+13
.5 8, E. 13
135E4 14

.256E+14

.4Z4E+14

. 670E+ 14

.971E.14
* 134E+15
* 179E+15
. 109E+16
.294E4I6
.576E+16
.956E416
* 14ZE*17
.201E417
.269E.17
* 34 bE+417
.433E*17
* 184E.18
.420E+18
*750E.16
* II7E+19
* 168E+19
.228E.19
. 296E. 19
.3.72E.19
. 456E. 19
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Program CELLTRAN Output File (CELL.OUT) (continued)

.200E+C'2
* 300E+02
.400E+02
.500E+02
.600E*02
* 700E+02
* 6001E .02
* 900E+02
. 100E+03
* 200E+03
* 300E+03
*400E+03
.500E+03
* 600E+03
* 70DE403
*8C'OE+03
. 900E+07
* 100E+04

.4 OOE 04

. 60C)EI04
* 700E+04
* eOOE*04
*90-'E +04
.200 E 05

.400E 405
500,E+t'5
* 400E+05
.700 E +05
.600iE+05
* 700E+C)5
* 100E+05
* 900E+05

.300E+06
*4C0."F+C0t
* 50 ' E *-0 b
.600 E 06
* 7C'E+06
* 8C'E+06
* 900E+06

* 908E+22
* 174E+23
.26SE423
* 366E+23
* 467E+23
.569E+23
.671E+23
* 773E+23
.874E+23
* IB6E+24
.282E424
* 373Et24
.461E+24
.544E+24
* 624E+24
.701E+24
.774E+2,4
* 846E+24
* 140E+25
* 176E+25
* 199E+25
.214E+25
* 225E+25
M23E+25
.235E+25
* 3!7E+215
* 239E+25
* 242E+25
* ?42E+25
* 242-E+25
* 242E+25
.24'E+25
*242E2
*242E+2'5
* 242E+25
* 24!E+25
* 42E+25

* 242E+25
.242E+25
* 242E+25
* 242E+25
* 242E+25
.242E+25
.242E+25

* 195E+21
.324E+21
.461E+21
.602E+21
* 743E421
.886E+21
* 103E+22

I 117E+22
* 131E+22
* 269E+22
. 402E+22
.528E+22
.650E+22
.766E+22
8 77E+?2

* 983E+22
* 109E+23
* I 1BE+23
* 196E423
* 246bE 23
.278E+23
.299E+23
.313E+2'
.321E+23T

* 327E+23
.3Z IE+2' ;
.333E+23
.133E+23~
*338E+2.3

* 338E+23
.338E+23
* 338LE+23
. 338E+3
* 336E+23
*336E+23
*338E+2Z
.336E+23

* 338E+2.3
* 338E+23

.986E+19
* 307E+20
* 670E+20
* 120E+21
. 192E+21
.281E+21
*3B'5E421
.516E+21
* 661E421
. 309E+22
* 723E+22
* 130E+2-3
* 202E+23
. 287E+23
.3E5E423
.495E+23
* 63bE +23,
.746E+20
* 24C'E+24
* 439E+24
* 637E+24
.817E+24
.975E+24
* I I E+25
* 122E+25

* 30E425

* 160E42!5
* 162E+25

* 162E+25
* 162E+25
* 162E+25
* 162E+25
* 162E+25
* 1b2E425
* 16'E+25
* 162E+25
* 16E+25

I 162E+25
* 162E425

* 162E+25

* 166E420
* 333Ei20
* 52BE+20
* 738E+20
.954E420
* I 17E+21
* 140E+21
* 162E+21
.164E+21
.399E.21
*.60EE+21
*807E+21
.997E4-21
*I I BE+22

*136iE+22

*184E+22
*304E+22
*3E3E+21

* 433E+22
* 466E+22
* A86E422
.501E+22

5 I1E+2:
.SloE+22'
52 OE 2

*527E+224
.527E +22
.527E4 2

*527E+22
.527E'22
* 517E+22
.527E+22
.52,7E+22
.52,7E.22
*527F"22

.527h'- 22
.527E 422
* 527E+22
.527E+22I
.577E+22
. 527E+22

f**** ANALYSES FOR RADIONUCLIDE 230TH

RADIOACTIVE HALF-LIFEw .770E+05 YEARC
RADIOACTIVE DECAY RATEz .900E-05 YEA.Si*-1

PHYSICAL
DECAY

RATE
(YEARS*-I)

*#*fI

ZONE I-SED.
ZONE I-S.W.
ZONE I-G.W.
ZONE 1-SOIL

. OOOE+00
* OOOE*00
* OOOE+00
* OOOE+00
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Program CELLTRAN Output File (CELL.OUT) (continued)

230TH EXTERNAL INPUT RATES
IATOMS/YR)

CELL

TI ME
(YR)

* OOOE+00
. I OOE-02
* 200E-02
.300E-02
.4 OE -02
* 50uE-02
. 6('OE-02
* 700E-02
* SOOE-02
• 900E-02
• 10('E-01
* 200E-01
* 300 E-01
* 40CE-01
.500E-01
.600'E-01
* 700E-01
* BO0E-01
* 900E-01
* I OOE+00
• 2C'0E*00
. 300E+OC'
* 40C'E+00
* 500E+00
. 60UE+00
* 700E400
* 8O0E+00
* 90C0E400
* 100E+01
.200E4.01
* 300E+01
* 400E+01
* 5'0E+01
* 600E+01
* 700F+0.1
* BOOE+01
* 900E401
* 1O0E+02
.200Ei02
* 300E+02
.400E 402
* 500E+02
* bO0E402
.700E4.02
* BOOE+02
* 900Et02
* IOOE.03
.200E+03
.300E403
.400E403
.500E.03
* 600E+03
.700E403
.e00E403

1

.OOOE.00
.OOOE 400
* 00OE+00
. OOOE+00
* OOQE.00
.OOOE+O0
* 000E+00
* OOOE+00
• OOOE.00
• OOOE+00
.00O E+00
* OOOE+00
* OOOE4.00
• OOOE.00
• OOOE400
OO00E400
*OOOE.00
.OOO0E400
. 0O0E.O00
* OOOE+00
.000E+00
.OOOE4.00
. 000E400
.O0('0E 400
. 000r*00
.000E4-00
.OOOE400
* OOOE+00
. 000E+00
.OOOE.00
* OOOE 400
* 00OE+00
. OOOE400
* 000E400
. DOOOE+00
* OOOE 400
.00 CiE +00
* OOOE+00
.O0OE.00
. OOOE+00
* OOOE+00
* OOOE+00
.OOOE.00
.OOOE+00
. OOOE400
* OOOE400
.000OE400
.OOOE 400
.OOOE+00
• OOOE400
.00 E + 00
* 000E400
* 0O0E400
* OOOE400

2

.OOOE+00
* 137E+15
.402E+15
.702E415
. 1OIE+16
* 132E+16
* 164E416
* 195E4.16
. 226E4 16
.258E+16
.289E+16
* 602E+16
.916E4.16
* 123E+17
* 154E+17
* IS6E+17
* 217E+17
* 24BE417
* 28(1E 17
.311E417
.616E+17
.941E417
* 126F+1B
* 157E+18
*18?E+18

.253E418
.285E+18
.317E418
* 644E418
.979E+18
* 132E+19
*167E+19
.203E+ 19

.239E+19
.276E+19
.313E419
.351E419
*751 E 1 9
*I IBE+20

W ~E+20
* 206E+20
. 250E.20
* 295E+20
.340E+20
*385E4.20
* 430E420
.EB1E+20
* 133E421
.179E421
.224E+21
.269E+21
• 315E+21
• 360E+21

3

* OOOE+00
. OOOE+00
.000OE +00
. OOOE+00
.OOOE*00
* 0OOE400
* OOOE+00
.0OOOE400
* OOOE 400
. OOOE+00
.000OE +00
. OOOE+00
.000E 400
*OOOE+0C'
OOOE+00
*OOOE+00
.000 E 400
•OOOE+00
.0• 00 E 00
.OcOE+00
* OOOE4C00
.000E 400
• 00OE+00
• OOOE.00
* 00OE400
. OOOE+00
.0OE00E O
.OOOE+00

. OOOE400
* OOOE+400
. OOOE400
. OOOE+00
. 000E400
• OOOE+00
* OOOE+00
. 00OE4.00
* OOOE 400
.OOOE+00
.OOOE400
.OOOE4.00
.OOOE.00
.OOOE400
* OOOE+00

•OOOE 400
• OOOE400
.OOOE+00
• OOOE.00
• OOOE400
.000E+00
* OOOE400
. OOOE+00
• OOOE+00
• OOOE+0Q
.OOO0E+00

4

OOO0E+00
* OOOE4.00
.000E 400
*OOOE+00
QOOE 400
* OOOE+OC'
. OOOE.00
.000E 400
.00(1E 400
• OOOE4.O0
• OOOE+00
.OOOE400
. OC'E+00
.OOOEtCJ0
. OOOE+0C'
.OOOE400
* OOE~+00
* OOOE+00
.00 OOE +00
.00 (E 4)00
*0('OE+0('
OOO0E+00
*OODE+00
.OOOE+OC'
.000 E+00
000E4Ou,
(100E 406
*OOOEiOO
* OOOE 400
00O0E+00
OOOE+00
OOOE+00
OD(OCE+00
.OOOE 400
* OOOE+00
00O0E+0&
00('OE.00
.OOOE 400

. ODDE+00
*00OOE400
• OOOE.00
• OOOE+00
00OOE*00

• OO0E400
.OOOE 400
(100 E +00

. OOOE400
.OOOE.00

. OOOE+00

.OOOE400
• OOOE400
• OOOE+00
.0OE00 E4(
0OOOE400
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Program CELLTRAN Output File (CELL.OUT) (continued)

* 900E 403
• 00E 404
.200E+04
* 300E+04
.400E404
.500E+04
* 600E.04
* 700E 04
. 8OOE+04
* 900E 404
• I OOE+05
• 200E+05
* 3C0E*05
• 40CE4C'5
• 500 E +05
* 600E405
• 700E405
• 6OCE+05
• 900E+05
• I OOE+06
.20 C'E+06
* 300E.06
• 400E.Cb
.S5O0E+06
• 600E+06
* 700E+06
. EC*CE+C'6
* 900E+06

M i(EW0
* OOOE+C00
.OOOE.00
* OOOE+00
. OOC'E.00
* OOOE+00
. OOCE+00
.OOOE+00
* OOOE+00
* 0OOE400
. OOOE+00
* OOOE+00
* OOOE+00
* OOOE+00
* OOOE+00
* OOOE*00
* OOOEeOC'
.OOOE+00
* OOOE+00
* OOOE+00
* OOOE+C0
.OOOE+O0
. 000EO00
.OOOE+00
* OOOE+00
* 000E +00
* OCOE+00
. OOOE+0C'

* 406F421
* 451E+21I
* 906E+21
* 136E422
* 18IE+22
.225E422
. 269E.22
.312E+22
* 354E+22
* 396E422
.438Ee22
.823E+22
. I 16E+23
* 146E+23
* 171E423
* 194E+23
. 213E+23
.231E423
• 246E+23
• 259E+23
• 326E+23
*344E423
*349E+23
*350E+23
* 350E+23
* 350E+23
. 350E423
* 350E423

. OOOE400
* OOOE+00
* OOOE400
* OOOE400
.OOOE+00
* OOOE400
.OOOE.00
.OOOE400
* OOE400
.OOOE+00
• OOOE+Q0
* OOOE+00
* OOOE+00
*OOOE+00
*OOOE+00
OOO0E400

* OOOE+00
*OOOE+00
*000E400
*OOOE+00
* 000E+00
. OOOE+00
* OOOE+00
.OOOE+00
. OOOE+00
* OOOE+00

0 O0E.00
*OOOE+00

* OOOE .00
.0 C' C'E +00
* OOOE+00
. 000E+00
* OOOE+00
. OOOE+00
* OOOE+00
*OOOE400
. OODE.00
* OOOE400
. OOOE+00
* 0O0E400
.OOOE+00
* OOOE+0Cj
. (iCE+C00
.OOOE+C0
* OOCE+00
.OOOE+00
* OOOE+00
. OOOE+00
* 000E+00
* OOOE+C'0
.0OOO E +00
. OOOE+00
.COOE+00
* OOOE+00
. 00c'CE00
* OOCE+00

230TH TOTAL INPULT RATES
(ATOMIiSYRa

CELL

(YR)

.000 E 40(

.200E-02
* 300E-02
.460;CE-02
*500E-02
.600E-C'2

*700E-02
* 600E-02
. 900E-02
. COE-01
.200E-01
.300E-01

.400E-01
* 500E-01
* 600E-01
. 700E-01
.BOOE-01
* 900E-01
.I OE+00

* 200E.00
* 300EO00
*400E+00
* 500E400
.600E400
. 700E+00

I

.0OE0 C .C
* 201 E406
* I 0E.07
. 704E+07
.18B6E.0B
.391E+Oa
. 714E+08
• II BE+09
. 182E409
* 266E+09
* 372E*09
. 321E410

I IOBE+I I
*253E-1 I

.482E+l1

.812E+11

. 125E+12
* 182E412
.251E.12
* 335E+12
.204E413
* 54BE+13
* 107E.14
. 17eE+14
.266E.14
* 373E+14

2

.OOOE+00
* 137E+15
.402E+15
7012 E+ 15

• 101E+16
* 132E+16
* 164E+16
* 195E+16
.226E+16
.256E+16
.269E+16
.602E+16
.916E+146
. 123E+17
* 154E417
.18e6E+17
.217E+17
.248E417
.29 OE417
*311E+17

.626E+17

.941E417
* 126E+18
. 157E+18
* 189E+18
.221E418

3

.OOOE400
*647E-02
I IIOE+00
*625E+00

.219E+01
.578E+01
* 127E+02
. 247E402
.43BE 402
.724E402
I 13E403

*201E+04
. I 04E405
.328E+05
.791E+C'5
.16IE406
* 293Ee06
.489E406
.765E.06
. 114E+07
* 147E+OB
* 612E+08
* 164E4('9
. 346E409
.631E+09
. 104E410

4

* 000E4-00
.305E+03
. 273E+04
.107E405
.2eiE.05
.592E+05
. I DBE +06
* 179E+06
* 276bE 06
.403E406
*563E+06
*486E+07
* 164E+06
* 3B3E+08
.731E+08
* 123E+09
.15&E+09
.275E+09
.3B1E.09
.507E+09
.310E.10
.833E+10
. I63E41 I
.271E+11
.407E+11
* 570E41II
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Program CELLTRAN Output File (CELL.OUT) (continued)

.EOOE+O0

.900E+00
100E+O1
*200E+01
*300E+01
*400E+0O
*500E+01
. bOOE+0I
.7 tOE01
B'OOE+01

.900E+01
I OOE+02
200E+02
.300E+02
.40GE+02
.500E+02
.6OOE+02
.700E+02

t80CGE+02
.900E+02
IOOEE03

.200E+03
300E+03
400E+03
.500E+03
.b00E+03
.700E+03
.800E+03
.900E+03
It;OE+04
200E+04
.300E+04
. 400E+04

500E+04
.600E+04
.700E+04
• 800E+04
.9O0E+04
.1OOE+05
.200E+05
. 300E+05

400E+05
500E+05
bOOE+05
700E+05
.800E+05
900E+05
100E+06
200E+06

*300E+06
*400E+06
.500E+06
O 60CE+06

.700E+06
*600E+06
*900E+06

.497E+14

.639E+14

.799E+14

.335E+15

.755E+15

.133E+16

.205E+16

.291E+16
*390E+16
.502E+16
.625E+16
.759E+16
.257E+17
.494E+17
.759E+17
. 104E+1B
.132E+18
.IIE+16
.190E+IB
.219E+16
248E+IB

.529E+Ie

.BOIE+18

.106E+19

.131E+19

.154E+19

.177E+19

.199E+19

. 220E+19

.240E+19

.357E+19

.500E+19

.5*5E+19

.608E+19

.637E+19

.654E+19

.666E+19

.673E+19

.678E+19

.667E+19

.687E+19

.6E7E+19

.687E+19

.687E+19

.*67E+19

.6B7E+19

.687E+19

.6E7E+19

.*67E*19

.6B7E+19

.6B7E+19

.687E+19

.687E+19

.687E+19

.6B7E+19

.667E+19

.253E+18

.285E+1B

.317E+18
.644E+18
.979E+1E
.132E+19
.167E+19
.203E+19
.239E+19
.276E+19
.313E+19
.351E+19
*751E+19
.118E+20
.161E+20
.206E+20
.250E+20
.295E+20
.340E+20
.385E+20
.430E+20
.e21E+20
.133E+21
.179E+21
.224E+21
.269E+21
.315E+21
.360E+21
.406E+21
.451E+21
.906E+21
.136E+22
.IBlE+22
.225E+22
.269E+22
.312E+22
.354E+22
.396E+22
.43BE+22
*823E+22
.11bE+23
.146E+23
.171E+23
.194E+23
.213E+23
.231E+23
.246E423
.259E+23
.326E+23
.344E+23
.349E+23
.350E+23
.350E+23
.350E+23
.350E+23
.350E+23

.161E+10
.234E+10
.328E+10
.2B6E+ll
.994E+1I
.238E+12
.467E+12
.809E+12
.128E+13
.191E+13
.271E+13
.370E+13
.280E+14
.872Et14
.190E+15
.341E+15
.543E+15
.798E+15
.llOE+16
.146E+16
.187E+16
.B76E+16
.205E+17
.367E+17
.572E+17
.E14E+17
.109E+18
.140E+18
.175E+18
.212E+IE
.680E+16
.124E+19
IBOE+19

.232E+19

.276E+19

.314E+19

.345E+19

.370E+19

.3e9E+19

.454E+19

.460E+19

.460E+19

.460E+19

.460E+19

.46bE+19

.460E+19

.460E+19

.460E+19

.460E+19

.460E+19

.460E+19

.460E+19

.46('E+19

.460E+19

.460E+19

.460E+19

.761E+1I
S980Ell

.123Et12

.521E+12

.I119E+13

.213E+13

.332E+13

.477E+13

.646E+13
B839E+13

.105E+14

.129E+14

.471E+14

.945E+14

.150E+15

.209E+15

.271E+15

.333E+15

.39tE+15

.459E+15

.521E+15

.113E+16

. 172E+16

.229E+1b

.283E+16

.334E+16

.364E+16

.431E+16

.47bE+16

.520E+16

.663E+16
109E+17
I 2;E+17
* 132E+17
* 13EE+17

.142E+17

.145E+17

.146E+17

.147E+17

.149E+17

.149E+17

.149E+17

.149E+17

.149E+17

.149E+17

.149E+17

.149E+17

.149E+17
.149E+17
.145E+17
.149E+17
.149E+17
.149E+17
.149E+17
.149E+17
.149E+17
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Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)

INITIAL
RADIONUCLIDE

AMOUNT
(ATOMS)

I-SED. .OOOE+OO
1-S.I. .OOOE+00
I-S.W. .OOOE+00
I-SOIL .OOOE+OO

K D(LIKG)

ZONE
20NE
ZONE
ZONE

ZONE
ZONE
ZONE
ZONE

1-SED.
I-S.W.
I-6. W.
1-SOIL

* 5('E+05
* 1OO.E+06
.500E+05
. I100E+05

TRANSFER MATRIX
(YEAR**-I)

ORIGIN CELLS

4I 2 3

DEST INAT ION
CELLS

I -.15240E+00 . 23805E+02 .64104E-19 .90917E-17

2 .10000E+OO -.28606E+02 .27692E-OS .35999E-04

3 .19121E-16 .45t17E-14 -.11771E-04 . B6362E-04

4 .19121E-16 .16~55E-01 .64104E-19 -. 13136E-03
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Program CELLTRANI Output File (CELL.OUT) (continued)

2301H AMOULNTS
(ATOM.S)

CELL

1 2 3 4
TIME
1YR)

.DODE+00 OOOE+00 . OOOE+OO0 OOOE+00 OOOE+00
IOO0E-02 .540E+09 .679E+ 11 .79?E-02 .375E+06

.20(1E-02 .479E+10 .332E+12 .133E+00 .333E+07
.300E-02 .185E+ 11 e868E+12 .767E+00 .129E+08
.400E-02 .484E+I1 . I69E+13 .266E+01 .336E+08
.500E -02 .101 E +12 .279E+ 13 .704£+01 .703E+08
.600E-02 .IB3E+12 .417E+13 .154E+02 .127E+09
.70,DE-02 .302E+12 .5B2E+13 .298E+02 .210E+09
.80IE -02 .403E+ 12 .774E+ 13 .52bE+02 .322Et09
.900E -02 .672E+ 12 .990E+ 13 . E64E+02 .4b7E+09
. lOOC-01 .936E+12 .123E+14 .135E+03 .6e51E+09
.200E-01 .777E+13 .4B7E+14 .233E+Q4 .541E+ 10
.3QOE-01 .255E+14 .103E+15 .117E+05 .178E+l1l
.400E-C01 .579E+ 14 .172E+15 .362E+05 .403E+ 11
.500E-OI .105E+15 .25PE+15 .857E+05 .751E+ll
.600E-01 .177E+15 .336E+15 .172E @06 .124E+12
.700E-01 .26BE+1S .429E+15 .307E+06 .IB7E+12
. EGOE-O1 .381E+1S .525E+15 .505E+Ob .26&E+12
.900E-Q1 .517£+15 .625E+15 .7BI E+G6 .361E+12
.1lOOE+OO .6e77E+15 .72BE+15 .115E+07 .473E+12
.20tiE+G0 .366E+16 .181E+lb6 .13EE+08 .257E+13
.300E+OO .921E+16 .293E+lb .553E+08 .e49E+13

.400E+0E0 .173E+17 .4G7E+lb .146E+09 .123E+14
.500E+(OG .neoE+17 .539E+16 .310E+09 .199E+14
bOO0E+OO i 12E+17 .634Et 16 .571E+O9 .295E-14

.700E+OQ .570E+17 .751 E+16 .957E+09 .410E+14

.8vOE+00 .753E+17 .869E+16 .1I5SE+I1O .544E+ 14

.900E+00 .961IE+ 17 .9BBE+ 16 .223E+ 10 .698E+ 14

.100(E+Cl . I1SE+18 JI1IE+17 .319E+10 . B71E+14

.200E+01 .4£9E+1B .238E+17 .376E+11 .374E+15
:;l0E+0I .110E+19 .376E+17 .154E+12 .862Fi15

.400EtO1 .194E+IS .524E+17 .429E+12 .1le3E+16
.500,E+01 .300E+19 .6e83E+ 17 .964E +12 .263E+1 6
.600E+01 .426E+19 .853E+17 .1l88E+13 .390E+16
.700E+01 .576E+19 .103E+18 .333E+13 .546E+le
.600E+01 .744E+19 .122E+IB .54EE+13S .733E+16
.900£+01 .910E+19 .141E+18 . B51E+13 .951E+I6
.1OOE+02 .1;3E+20 .162E+IE .126E+14 .120E+17

.200E+02 .401E420 .402E+18 .196E+1S .5se3c+ 17

.30GE+02 .7$7E+20 .690E+IB .660E+15 .149E+16

.400E+tl2 .125E+21 . IOOE+19 .243E+16 .289E+18

.500E+02 .175E+21 .133E+19 .542E+lc .48ZE+18

.600E+02 .227E+21 .167E+19 .104E+17 .733E+16

.700E+02 .2BOE+21 .201E+19 .17EE+17 .104E+19

.BOOE+02 .333E+21 .235E+19 .284E+17 .140E+19

.SOOE+02 .387E+21 .270E+19 .426E+17 .182E+I9
.I00E*03 .442E+21 .305E+19 .61 IE+17 .230E+19
.200E+03 .969E+21 .653E+19 .642E+18 .102E+20
.300E+03 .153E+22 .lOOE+20 .225E+l9 .23BE+20
.400E+03 .209E+22 .136E+20 .539E+19 .431E+20
.500E+03 .263E+22 .170E+20 .106E+20 .k60E+20
.600Et03 .31eE+22 .205E+20 .182E+20 .983E+20
.700EtO3 .373E+22 .241E420 .2B7E+20 .134E+21
.600EtO3 .428E+22 .275E+20 .425E+20 .175E+21
.900E+03 .484E+22 .311E+20 .599E+2Q .221E+21
.1OOE+04 .538E+22 .346E+20 .81"E+20 .273E+21
.200E+(14 .109E+23 .697E+20 .576E+21 .106E+22
.300E+04 .164E+23 .105E+21 .167E+22 .230E+22
.400E+04 .21EE+23 .139E+21 .343E+22 .392E+22
.500E+04 .271E+23 .173E+21 .5e6E+22 .SBBE+22
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Program CELLTRAN Output File (CELL.OUT) (contiAued)

.600E.C4

.700EtO4

• 90C'E+('4

. 200E.O5

.300E.05
* 400E4.05
* 500E.05
* 600E+05
.700E 405
* BOOE+05
.900E.05
I 100E*0b

*200E.Ob
.30OE 406

* 500E406
* 6OOE+06
* 700E+(i6
* 6OOE+06

. 324E+23
* 37bE +23
4 21eE+13

* 477E+23
.5'17E423
*99IE+213

*140E424
* 17bE+24
. 206E+24
* 234E+24
* 256E.24
* 278E+24
* 2rrE.24
.312E+24
.392E+24
*414E+24

.420E*44

.421Ea24

.421E.24
.421 E *24

42)1 E+24
.421L+24

.207E421
. 240E+21
* 273E+21
.305E+21
.Z37E4'21
*634E421
* S94E+21
. I12E.22
* 132E+22
* 149E+22
* 164E422
* 178E+22
* 190E+?2
*200E+22

.2r,1E+22
* 265E422
. 269E+22
.270E+22
* 270E+22
.270E+12
*270E+22
*270E+22

• S9E +22
• I 25E +23
.167E+23
.2i3E+'3
.264E'23
.926E.23
. 183E424
.290E424
.4iDE424
.537E+24
* 669E+24
. 80TE+24
* 935E424
* 107E*25
* 205E+25
. 255E+25
* 277E+25
* 2e5E.25
* 287E.25
. 286E+25
.28SE+25
* 288E+25

* 162E+23
* 192E+23
• 525Ee'23
• 672E+23
.1 19E424
* l4bE+24
* 171Ee24
* 192E+24
.211E*24
.227E.24
.241E142
.312E+24
.333E*24
* 3 40E+24
* 34 OE5t2 4
* 340E424
.34oEf+24

I*4*4 AkAL-YSES FOR WNŽONUCLIDE 226F(P

R~ADIOACTIVE HALF-LIFE= .160E404 YEAR~S
RADIOACTIVE DECAY RA7E= .433E-03 YEARS**-l

PHY$ICAL
DEC~AY

ATE
(YEAR~S**-I)

ZONE 1-cED.
ZONE l-S.W.
ZONE 1-G.W.
ZONE 1-SOIL

. 0C'0E400

. MEW+0
* 0005+00
.0005.00

226FRA EXTER~NAL 1N;UT FRAlES
tATDOiS/YR)

CELL

TIME
(YF-)

. 000E+400

.100E-02

.20DE-02

.30tE-02

.400E-02

.500E-02

. 6OOE-02

.700E-02

.800E-02

.9OOE-02

.IOOE-01

.2005E-01

.300E-01

.400E-01

.500E-01

I

* 000E400
.OOOE+00
.OOOE+00
. 000E+00
.000E+00
* 000F+00
.OOOE+OO
.OOOE+00. 000E400.OOOE+00
.OOOE+00
.000E+00
OOOE+00

.OOOE+00

.OOOE+00

2

.OOOE+O0

.267E+14

.841E414

. 147E+15

. 212E+15

.27EE+15

.343E*15
.4094+15
.475£+15
.541E+15
.607E+15
.126E+16
.192E+16
.258E+16
.324E+16

3

.000 + 00
* OOE+~00
.O 054;00
. OOOE+00
* 000E+00
.000OE400
.OQOE.00
. OOOE+00
* OOOE+00
* 00OE400
.000OE+00
* O00E+00
. OOOE400
* OOOE*00
* 00DE400

4

, 000E+00
OOOE+00

* 0005400
.OOOE+00

OOOE+t00
.OOOE+00
.000E+t00
.OOOE+00
.OOO0E+OO
.OOOE+00
.000£+00. OOOEo00
.OOOE+00
.OtOE+00
.OOOE+00
. 000E+00
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Program CELLTRAN Output File (CELL.OUT) (continued)

.600E-1 .O()OE+00 .390E+16 .00 IFttOC .OOOE+GO,

.700E-O1 .OOOE+00 .456E+16 .0tiA-Ci sOOOE+00.

.600E-O1 .OOOE+00 .522E+16 .OOOE+OO .OCOE+00
90tiE-Ol OPOE+0O .58BE+16 DDOEiOD OOOE+00
.100E+00 OOOE+00 .654E+16 OOOE+OO OOOE+0O
.200E+OO0 OOOE+00 .131E+17 .OOOE+OO0 OOOE+00
.300E+OO .OOOE+00 .19BE+17 OOOE+00 .OOOE+00
.400E+OQ .OOOE+00 .264E+17 OOOE+00 .OOOE+QO
.500E+OO OOOE+00 .331E+17 .OOOE+0O OOOE+00
.600E+00 OOOE+00 .39BE+ 17 .OOOE+OO0 OOOE+00
.70CE+OO0 OOOE+OO .465E+ 17 .OOOE+00 OODE+00

EOO(E+OO0 OOOE+0O .532E+17 .OOOE+OO0 OOOE+OO
.900E+OO0 OOOE+00 . 600E+17 .OOGE+00 OOOE+00
I OOE+OI1 OOPE+OO . 667E+ 17 .OOOE+00 OOOF+00

.2t0tE+01 .60r0+00 .135E+1I6 OOOE+0O OOOE+03

.300E+O1 .OOOE+OO .206Et16 S OOOE+0C .OOOE+(O

.400E+f0I OOOE+OO .27BE+18 . OOOE+OO0 OOOE+OO
SOO0E+01 .OtiOE+0O .351E+ 18 .OOOE+00 OOOE+0O

.600E+0J .OOOE+Of4 .426E+18 OOOE+00 OOOE+00

.700_+01 tOt o+00 .502IE+4I . OOOE+OO .000tE+t0
BOQE+O I O0fE+OO . 575E+ 18 .0OOOE+OO0 OOOE+00
SOO0E+O1 .OOOE+0O .656E+16 .00OOOE+OO .000iOE-(iO
IOO0E+02 .OC E+00 .737E+IB .OOOE+OO .OOfE+00

.200ES+0S . OOOt +00 .1 58E+ 19 .OC OE+00 .000£+0fi

.300E+02 .fOOE+0O .247E+19 .OOOE+00 .OOOE+OO

.400E+02 .OOOE+OO .336E+15 .OOOE+0O .OOOE+00
S.O0EtO2 OOO0E+00 .431E+1 9 .O.OUE+00 OOOE+00

.6001;+02 .OOOsE+00 .524E+19 OOOE+0O OOOE+500

.700E+fu2 .O(OOE+00 .617E+ 19 .OOtiE+0O OOOE+OO
EtOO tO02 OOOE ;+00 .71 IE+l19 .00 i)E+OO .09flE+Ot

.900E-02 OOOiE+00~ .Et04E+19 OOOE+00 OOOE+0O

.100-+0-. t.'(0i.(J0 E+0 E9-I 9 O1O,;J+Ofo O OOE+fJO

.200E+07 OOOE+(O .183E+2t0 OOOE+OO .OOOE+OC;

.300E+03 OOOE+OC .276E+201 OOOE+Ot .OOQE+00

.400E+C03 .OOOE+00 .369E+2(1 OOOE+00 .000£+00

.500E+t 3 .OQOE+00 .461 E+20 .O(OOE +00 .OOOE+t)O

.600E+03 . OOE+00) .553E+20 .OOOE+00 OOOE+00
7(iO- + ,3 .OOOe +00 .6b45E+20 .00(t +OO . OtitE+OO

E!JOE+O .OOCE+OO .736E+20 .OOOE+OQ .(1OCE+OO,
.90OE40i .OOOE+OO .B27E+20 . OO0E+00 . OOOE+OO
ICO0E+64 .OOOE+OO .918E+20 .OOOE+OO .OOOE+00

.20GE+04 .OOOE+OO .181E+21 .OOOE+60 .OOOE+OO
.300E+04 .OOOE+00 .268E+21 .OOOE+OO0 OOOE+OO
.400;E+04 .OOOE+OO .354E+21 .OOOE+00 .OOOE+OO
.50CE+04 .OOOE+0O .439E+21I OOOE+00 OOOE+00
.600E+04 .OOOE+0O .522E+21 .0OOOE+OO OOOE+OO
.700E+04 .OOOE+00 .604E+21 .OOOE+00 OOOE+00
ao i0Et04 .OOiOE+OO . B5SE+21 .0OOOE+OO .OOOEt+tl
.90&E+04 .OOOE+00 .764E+21 .OOOE+00 OOOE+0O
I OOE+05 .OOOE+OO .843E+21 .OOOE+00 OOOE+0O
.200E+05 .OOOE+00 .157E+22 .OOOE+0O OOOE+00
.300E405 .OOOE+OO .221E+22 .OOOE+0O OOOE+00
.400E+OS5 OOOE+00 .277E+22 .OOOE+0O .OOOE+OO
.50 0E+t5 .OOOE+00 .326E+22 .OOOE+OO OOOE+()O
.600E+OS .600E+00 .369E+22 .OOOE+00 OtOE+00
.700E+05 .OOOE+00 .406E+22 .OOOE+OSJ0 OOOE400
.80OE+05 .OOOE+00 .439E+22 .OOOE+00 OOOE+00
.900E+05 wOOOE+00 .468E+22 .OOOE+00 .OOOE+00
lOO0E+06 .OOOE+00 .493E+22 .OOOE+00 .OOOE+00
.200E+06 .OOOE+00 .620E+22 wOOOE+00 .OOOE+00
.3DOE+06 sOOOE+00 .654E+22 .OOOE+00 .OOOEtOO
.400E+O6 .OOOE+0O .663E+22 .OOOE+00 wOOOE+00
.500E+O6 .OOOE+00 .6b5E+22 .OOOE+00 .OOOE+00
bOO0E+O .OOOE+00 .666E+22 .OOOE+OO .OOOE+00
.700E+O6 .OOOE+00 .^66E+22 .OOOE+00 .OOOE+0O
EOO0E+06 .000£+00 .666E+22 .OOOE+OO .OOOE+00
.900E+06 .OOOE+00 .666E+22 .OOOE+00 .OOOE+00
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Program CELLTRAN Output File (CELL.OUT) (continued)

226RA T0TAL INFUT RATES
(ATOMS/YS)

CELL

TIMtE
(YR)

.OOOEeO0
I OO0E-02

.200E-02

.300E-02
*40DE-02
.500E-O2
*600E-02
*700E-02
*BC'(E-02
*900E-02
IOO00-01

.200E-01

. 300E-01

.400E-01
* C50OE -01
.600E-01
.700E-01
.80OE-01
* 900E-01

4 00E+0C0
* 2COE+0C'
7 00E+COO

*BOOE+00
*900E 400

3 00E+01

.400E+01

. 500 E 01
* 600E4C'1
.7&00E 401
.S00E+01
.900E.01
. I OOE+02
.200 E402
* 300E+02
* 400E+02
* 5OOE+02
* 600E+02
* 700E+02
* BOOE.02
.900E.02
* I0OE403
.2 '00E 403
* 300'E+03
* 400E.03
.500E+03
* 600E403
*700E.03
.6OCE.03
.900E+03
* IOOE+O4
*200E+04

1

.0O0E4O0
.486E+04
.431Et05
. 167E+06
* 435E 406
.910Ei06
* 165E+07
.272E+07
.416E407
* 605E 07
. 842E+07
* 700E+08
. 230E+09
.521E409
. 970E409
* I60E+10
.241E+10
.343E+10
.466 E 1(1
.61C'E+10
.329E*1 1
.819E+11
* 156E412
.252E+12
.371E+12
.513E4'12
* 676E+12
* 865E412
* 107E*13
.440E413
.990E+13
* 175E+14
. 270E. 14
.385E+14
* 519E+14
.670E+14
.837E+14
* 102E+15
.361E+15
.717E.15
.1 13E.16
* 158E+16
.204E+16
* 25 2E 416
.300E+16
* 349E416
.39BE+16
.889E+16
* 138E+17
. 188E+17
.237E+17
.266E417
.336E+17
.385E+17
.435E+17
.4e4Ea17
.'979E417

2

0 OOE+OO
* 287E+14
.841E+14
* 147E+15
* 212E+15
.278E+15
.343E+15
.409E+15
.475E +15
.541E+15
.607E+15
* 126E+16
* 192E.16
.25BE416
.324E416
.390E+16
.456Ei'16
* 52 2E 16
* 568E+16
.654E+16
.131E417
* 198E+17
.2b4E417
.331E+17
.398E*17
.465E+17
. 532E* 17
* 600E+17
* 667E+17
1 135E.1IB

.206E418

.27BE+18

.351E+IB
* 426E+16
.502E+18
.579E+18
* 658E418
.737E+18
* 15BE+19
.247E+19
.33EE+19
.431E+19
.524E+19
.617E419
.711E419
.804E+19
.E9BE419
* le3E.20
* 276E+20
.369Ei20
.461E*20
* 553E.20
.b45E+20
. 736E+20
* 827E+20
.918E420
. 181E421

S

* OOOE.0O
.71BE-07
* 119E-05
. 69 1E-D5
.241E-04
* 633E-04
* 139E-03
. 26eE-03
*473E-03
.77BE-03
* 121E-02
*21OE-01
* 106E+00
* 326E+00
.771E400
* 155E+01
* 276E+C'1
*455E401
* 703E+01
* 103E+02
* 124E+03
. 498E+03
.132E.04
. 279E+04
* 514E404
. 862E+04
* 135E405
.201E+05
* 267E+05
* 338E406
* 139E407
* 3e7E+07
* 86e E.07
. 169E408
* 300E*08
.493E408
* 766E+08
* 114E+09
* 179E+10
* 77 4E 410
.219E41 1
*488E+11
.933E+11
* 160E+12
.255E+12
.3B3E+12
.550E412
.578E+13
.202E.14
.4BSE+14
.950E414
* 164E415
. 25BE. 15
* 382E.15
.539E415
.731E+15
.520E416

4

*OOOE+00
* 33BE +01
*300E+02
.I1IE+03

• 303E+C'3
* 633E+03
* 115E+D4
I e69E+04

* rE+04
* 421E404
* 586E+04
* 467E+05
* 160E406
*36'E+06
*676E*06
* I11E+07

* 166:.C;7
.239E+07
.325E+07
. 426E+07
* 2-1*E+Os
.58B4 E +08
• I I E+09
• I1BOE+09
• 265E.09
.369E+09
* 490E4-09
* 628E+09
*784E+09
.337E+10
* 794EF I 0
.146E+11
.236E+1 I
*351E411
*452E+1 I
* 660E+1 I
.657E'11
. 1OBE+12
.525E+12
.134E+13
.261E+13
.435E413
* bb0E+13
.935E413
* 126E414
.164E+14
.207E414
* 921lE 414
*215E*15
.388E*15
.612E415
.BB5E+15
* 121E+16
* 158E.16
* 199E+16
.246E416
*'955E416
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Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)

* 300E+04
* 400E*04
* 500E+04
.600E+04
* 700E+04
.800E404
• 900E+04
• I00E+05
* 200E+05
*300E405
* 400E+05
* 500E.05
* 600E+05
. 700E+05
.BOOE+05
* 900E+05
. 100E406
* 20('E+06
* 300E+06
. 40OF+C)6
* 500E+C'6
* 60GE406
* 7100E 06
* B0C'+06
* 90CE+06

* 147E+IB
* 196E+1E
.244E+16
.291E.IB
.338E+18
.3e4E.16
.429E+18
*475E+18
.892E+18
* 126E419
* 15BE+19
. IBSE+19
* 210E+19
.231E+19
.250'E+19
* 267E+19
*281E+19
*353E+19
.373E+19
.378E419
.379E+19
* 37 9E 19
.379E419
*379E419
.379E+19

.268E421
.354E+21
.439E+21
*522E+21
*604Ei+21

* 685E+21
*764E+21
*843E421
*157E+22

.221Ei22
.277E422
.326E+22
*369E+22
*406E+22
*4749E+22
*468E422
* 493E+22
*620E+22
* 654El22
* 663E122
* &65E+22
.666E+22
*666E4-22

* 666E422
* 666E+22

* 150E417
.309E417
.527E+17
.803E+17
* 1 13E+18
* l50E+18
* 192E+18
* 237E+18
.833E+18
* 165E*19
.261E+19
.369E+19
* 484E+19
.602E*19
.722E+19
.842E419
.960E+19
* 154E*2C'
• 230E+20
• 24S'E+20
* 256E+20
* 259E420
.259E+20
* 260E420
* 260E+20

.207E*17
.353E417
.530E417
.732E+17
*956E417
* 120E418
*146E+.16
p17 -.E+ I

.476E+18
*785E+18
* 107E419
* 132E+19
.154E419
* 173E419
* 190E 1 9
* 204E+19
.217E*19
.2eIE+19
.300E419
.305E+19
.306E+19
*3(J6E+19
* 3C6E4 19

.306E+19

INITIAL
RADI]ONUCLIDE

AMO0LINI
(ATOMS)

.OOOE+00

.OOOE+0()
* OOOE+OC0
* OOOE+00

2 ON'E
2 ONCE
2 ONE
ZCl NE

I-SED.
1-Sw.W
1-G.W.
I-SOIlL

Z 0NE
ZONE
ZONE
Z ONE

I -SED.
I -5. W.
1 - 6. Wi .
1-SOIL

KD (L /KG)

* 500E+04
.500E+05
. 500E.04
. 100E+02

TRANSFEF~ MATRIX
(YEAR**-I)

ORIBIN CELLS

4I 2 3

DESTINATION
CELLS

I -. 15262E.OO .21055E+02 .641.13E-19 .98232E-17
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Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)

2 .IOOOOE+0O -.25859E+02 .27691E-04 .21266E-O1

3 .19123E-16 .4025BE-14 -.46091E-03 .84637E-01

4 .19123E-16 .16554E-01 .64113E-19 -.10I654E+O0

226RA AMOUNTS
(ATOMS)

CELL

T I t;E
(YR)

000hi)O+ 00
* 10--)E-02
. 230(E-02,
* 400E-C'2
* 500E-02
* 600E-02
* 700E -02

* 900E-024
* IOOE-O)
.200E-01
.30DE-01
* 400E-01
* 500E-C'1
* 600E-01
* 700E-01
.80('E-01
* 90 'E -01
* 100E+00
* 200E*C00
* 300E.00
* 400Ei-00
* 500F.00
.600iE4OC
* 700E+O0'
* 000E+00
* 900E+00
* 100E+01
*200E+01
* 300E.O1
* 400E+01
* 500E*01

I

* 0CE+00
*10(;E409
EBB8E+C'9

.343E.10
.898E4-10

I 18 E + I
.34 IE,4 I

.562E.11

.862E+11
• 1215Ei12
* 175E.12
* 146E+13
.4B1Et13
. 1IOE+14
.206E+14
.340E+14
.515E+14
.736E+14
. 100E+15
* 132E'+15
. 726E+ 15
. IE4E+16
.349E.16
.567E416,
.837E+16
.116E+17
* 153E.17
* 196E+17
.244E417
. IOOE+18
.225E+18
.397E+18
.614E+18

2

* OOC'E+00
I 142E+11I

.695E+1 I

. 1862E.12

.355E+12

.588E+12

.e79E*12
* 123E+13
* 163E+13
.209E+13
.2b1E*13
* 104E4'14
.221E+14
.371E+14
.544E.14
.736E+14
.943E414
.116E415
* 13rE+15
* 162E+15
.411E.15
.671E415
.93'E+15
* 120E+1b
* 147E+16
* 174E+16
.20JE+16
.229E+16
.257E416
.549E+16
.871E+16
* 122E'17
* 158E4.17

3

000OE+C00
.* 6&7E+01
.2EiE+02
* 159E.03
.5~53E4.03
* 145E+04
.31 BE+C'4
.616E+04
* 109E.05
* 179E4.05
• 278E+C'5
.482E+06
• 244E4-07
. 754E+07
* 179E+08
.358E+08
.641E.CBE
. 106E+09
* 163E4'C9
.241E+09
• 282E.00
• I1E411
.287E411
.592E+1 I
* 1O6E+12
* 173E+12
*263E412
.381E+12
.529E.12
.449E+13
* 154E+14
.369EI14
.725E414

4

*00('E'0C
.767Ei05
. 69'9E+06
.270E'iu7
* 7 C6 E + C7
* 148E+OB
• 266E+08
• 442E+08
* 676E +062
* 966E+0B
. I ~7E+C'5
.115E+10
*379E.10
.864E+10
* 162E+11
• 267E+ I1
• 4C6F+ I
57 9E + 1I

.789E+11
* 104Et12
.572E.12
* 146E413
* 276E413
* 449E+13
.663E+13
.920E+13
* 122E+14
* I56E+14
* 194E+14
.BO9E+14
* 184E+15
.330Et15
.516E+15

314



Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)

* 60DCE +01
* 700E.01
.800 E 01
.9 C)0£E+01
. I OOE.02
.200 E +02
* 300E+02
* 400E+02A
* 500E+02
* 600E+02
* 700E.02
. 6C30E.02
* 900E.02
. IOOE*03
. 200E.03
* 300E.Ci3
* 4C0E.03
*500E.C'3
*600E+03
*700E.03
.8 00£E.0
*900E+403
I O00E+04

* 2OCF+04
*300E+04
*400E+ 04

* 500E 404
• 600E*C'4
• 700E.04
*800E.04
.900E +04

.10OOE405

.20C)E405

. 30C'E.05
* 400E+015
*5(')E 405
* 60( E + C5
* 700E+.O5
* 8')E+05
• 9, COE +05
* 200OE.06
.2 i00E + c6
* 300E.06
* 400E.06
* 500E+06
* 600E+06
* 700E.06
* 800E+(s6
. 900E+06

.875E+18

.I 1ISE+19
* 152E419
* 190E.19
.231E+19
.813E 419
* 160E+20
* 252E+20
.350E+20
* 452E420
.556E+20
* 662E+20
* 768E.20
* 875E.20
. 194E421
.3(00E 421
.406 E+ 21
. 51 IE+51
.616E421
.721E.21
.825E+21
.929E+21
* 103E+22
.205E+22
.305E+22
.403E.22

* 500E.22
.595E.22
. 689E+22
.7B1E.22
.871E422
.961 E.22
* 179E+23
. 252E+23
.316E+23
* 372E.23
.421E.23
* 464E+23
.50(1E .23
.54E2

.56'E23
* 708E'23
* 747E+23
* 757£. 23
.759E+23
* 761E+23
* 761£E3.23
.761 E.23
.761E.23

* 197E.17
.238E'17
.281E417
.326E417
.373E+17
* 923E417
* 157E418
.228Eo18
.302E+18
.377E.18
.454E+18
.531E+1B
.60BE+18
. 685E+ I
. 146E+19
.223E.19
.300E+19
.376E+19
.452E+19
.52BE+19
.604E+19
.67?E£.19
.755E.19
* 14?E+20
.221E+20
. 293E420
* 363E4-20
. 432E+20
* 500E.20
*567E.20
.63'F+20
.698E+20
*130E.21

.163E421

. 229E+21

.270E.21
* 306E4'21
* 336E.21
. 364EG21
.368E+21
. 406E+21
* 51 4£.21
• 542E+21
• 549E+21
* 551E+21
. 552E+21
.552Ee21
• 552E+21
• 552E+21

* 116E*15
.200E+15
.298£E 15
.424E+15
. 580E. 15
.449E416
* 143E+17
.318Ee17
.579E417
.933E.17
* 138E.18
* 153E+18
.25BE+IE
.332E+18
* 161E.19
.3B4E.19
.697E+19
. 110E+20
* 15BE+20
.214E*20
.276£E+20

• 349E.20
• 427E+20
• 154E.21
.314E211
.509E.22
• 73'2E+21
• 978E.21
. 124E+22
.-153E.22
* 182E+22
*211E.22
.558E.22
. 913E+22
* 132E+23
. 172E+23
.210E+23
.249E.27

*286E+23
* 32 1E+2 3
.355E.23

.59w0F+23
.703E423
• 749£E-23
• 7b6E'e23
* 772E+23
. 773E'23
* 774E+73
* 774E+23

.743E+15

. 10 1£+1 6
* 132E+16
* 166E+16
* 204 E 416
.771E3.16
* 159E3.17
.257E.17
.365E417
.478E4-17
.595E.17
.714E417
.833E+17
.954E+17
.216E+18
.337E.IE
* 458E+1B
*579£.18
.760,E18
.821E+18
.942£. 18

* 106E419
.1I IBE+19
.240~F.I9
* 362E. 19
.487E+19
.613E+19
739 E+ 19

.e65E+19
* 992E+19
.112E+20
. 125E+20,
.247E420

*457E+20
* 543E.2C'
. 619E+20
.66e5£E20
. 743E+2C'
* 794Ei+20
. 839E.2C
* 106E+21
.112E+21
* 114E+21
.1 14E+21
.114E+21
. I 14E.21
.1 14E+21
* 114E3.21

ii*** ANALYSES FOR RADIONUCLIDE 222RN

RADIACTIVE HIALF-LIFE= .105E-01 YEARS
RADIOACTIVE DECAY RATE= .661E+02 YEARS**-l

PHYSICAL
DECAY

RATE
IYEARSfe-1)

ZONE 1-SED. .607E+04
ZONE l-S.W. .364E+06
ZONE 1-6.W. *OOOE+00
ZONE 1-SOIL .514E+02

315



Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)

222RN EXTERNAL 2NPUT RATES
(ATOMS/YR)

CELL

TIME-
(YR)

* OOOE"00
I IOOE-02
.200E-02
.300E-02
*400E-02)
* 500E-02
. 600E-02
.700E-02

* 900E-C2
I DC, OE-0 I

* 20(iE- b
*30C'E-0I
*400E-01
.500E-01
. 600E-01
* 700E-01
* SODE-01
* 90DE-01
• 100E4.00
• 200E4.00
• 300E4+00
.400c400
*500E4.OC'
*6C0E4.0C
.700E,00
* 600E+00
*900E4.00
*10C1E401
* 200E+01
. 3G0CE401
* 400E+01
* 500E+01
.600E+01
.700 E 4'Ci
.eo0E.01
* 900Ei+01
. I OOE+02
* 200E4-02

7 00E+01
.400E+02
* 500E4.02
.60DE402
*700E+02
*600E.02
* 900E4+02
. I OOE .03
* 200E+03
* 300E+03
.400E4'C3
*500E4.03
* 600E4.03
* 700E4+03
* 800E403
.900E403
* OO0E+04
• 200E+04

I

.ODOE4.00
• OOOE.00
• OOOE*00
* OOOE+00
. OOOE4-00
.O00OE 4.00

. OOOE+00

.O000E 400

. OOOE+00
* 000 E +00
. 00'E4.00
* OOOE+00
* 0( 0E 40 0
. OOOE+00
.000 E +00
.OOOE+00
*000E+00
* OOOE+00
. 00C'E+D0
* OOOEtOO
. OOOE+00
* OOOE+00
*OOOE 400
*OOOE+00
00O0E4.00

.00C.E+0C
*000E+'00
*OOOE+00
* 00CE 400
* OOOE400
*OOOE+C00
*OOOE+00
*OOOE+00
* OOOE4.00
.000E400
* 0O0E400
OOO0E400
OOO0E4+00
000OE+00
* OOOE400
.000E4+00
OOO0E4.00
.OOOE+00
* OOOE+00
* OOOEO00
* OOOE4.00
* 000E4.00
* OOOE+00
* OOOE4.00
.OOOE+00
.OOOE .00
* OOOE4.00
.OOOE400
* OOOE4.00
.000OE +00
* OOOE+00
. OOOE.00

2

.000E4+00
.490E4 I11
.981 E+1I
* 147Et12
* 196E4.12
* 24 5E 412
.254E+12
.34,3E412
.392E+12
.440E+12
* 4B9E+12
* 975E*12
. 146E+13
* 194E4.13
* 243E4+13
.291E4.13
.339E+13
.388E+13
.436E4.13
.484E4+13
* 967E.13
* 145E4.14
* 193E.14
.242E+14
* 290jE414
.338E4+l4
.386E4.14
.435E4.14
.483E+14
.966E+14
* 145E4.15
* 193E+15
.241E+15
* 290E4.15
* 338E4.15
.386E4.15
.434E+15
.483E4.15
.965E+15
. i45E+16
* 193E4.16
* 241E+16
.289E4.16
.337E416
.3B6E4.16
.434E4+16
* 48'E4.l
.96~2E4.16
* 144Ee17
* 192E4.17
.239E+17
*286E4.17
.333E+17
.380E+17
.427E4.17
* 47 4E 417
.933E.17

3

OOOE+OO.OOOE+00
000E+00
.OOOE+00
.OOOE+00
.OOOE+00

• OOOE+00
.OOOE+00
* 000E+00
*00CEi00C
000E+00
OOOE+00

.OOOE400
.000 E 400
.OOOE+00
.OOOE+.00

000E+Ou
.OOOE+00
.000E+00
.OOOE+OO
.OOOE+OO
.OOOE+OO
.OOOE+OO
.OOOE+OO
.OOOE+bO
.OOOE+OO
.OO;E+OO
.OOOE+OO
.OOOE+OO.000E+00
OOOE4+0

.OOOE+00
OOOE+00
OOOE+00
.OOOE+00
.OOOE+00
.OOOE+00

* 000E+00

*OOOE+0O
.OOOE+00
OOOE+00
OOOE+OO

.OOOE+00
OOOE+00

.OOOE+00

.OOOE+00

.OOOE+00

.OOOE+00

.OOOE+00
*OOOE+00
.OOOE+00
.OOOE+00
OOOE+00
.OOOE+00
.OOOE+00
.OOOE+00.OOOE4.00

4

.OOOE+00

.OOOE+00

.000F+O0(

.OOOE+00
* OOE+00
.OOOE+00
O0OE+40
.OOOE+00
.OOCE+O0t
.OO0O0 E+00
.000E+00
.OOOE+00
.OOOE+O0
.OOOE+00
.OOOE+00
.OOOE+00
. O;OE-GOt
.OOOE+00
OOOE+00
.OOOE+00
.OOOE+00
OOOE+00
0(0E +00
.OOOE+00
.000E+00
.OOOE+00
.OE+OC'
.OOOE+00
.OOOE+00
.OOOE+00

OOOE+O00
.0OOE+40'
.OOE+00
.OOOE+00
000E+00
OOOE+00
OOOE+00
.OOOE+00
.OcOE+00
.OOOE-00
.OOOE+00
.OOOE+00
OOOE+00
QOOOE+00
*OOOE+00
.OOOE+00
.OOOE+00
.OOOE+00
.OOOE+00
.OOOE+00
. OOOE+00
.OOOE+00
.OOOE+OO
.OOOE+00
.OOOE+00
*OOOE+00
.OOOE+00
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.3001E+0
* 400E40
* 500E+0
.600E+O
* 700E40
*800 E +0
*9001E+0
*100E.0
* 200E+D
.300E.O
.400E+0
* 500E+0
*600E+O
.700 E +D
80BOE+0
*900E+C'
*100E+0
*200E+C'
* 300E+0
. 400E+C'
* 5O0E+O
. 60t'E+(:
* 700E+O
. B(0E.0
* 900E+u

Program CELLTRAN Output File (CELL.OUT) (continued)

4 .OOOE+00 *138E418 .00U~E+0Q .O(,OE+0C)
4 .OOOE.O0 *182E418 .OOOE+00 *OOOE+00
4 *OOOE+00 .226E+IE .OOOE+00 .OOOE.00
4 .OOOE.00 .268E.18 *OOOEe00 .OOOE+00
4 .OOOE+00 .310E+IB .OOOE+00 .OOOEO00
4 .OOOE+00 .352E.18 .0DE00O0 *OOOE.00
4 .0001E+00 .393E41e .OOOE+00 .OOOE+00
5 .OOOE+O0 *433E+18 .OOOE.00 .0OOOE.00
5 .OOO1E+00 .807E+le .OOOE+00 .OOOE+00
5 *OOOE+00 .1.14E+19 *OOOE+00 .0001E.00
5 .OOOE+00 *142E+19 .0001E.00 .0001E+00
5 *OOOE.00 .16BE+19 *OOOE+00 *OOOE+00
5 .0001E+00 *190E+19 .OOOE+00 *OOOE+00
5 .OOOE+00 .209E.19 .00DE400 O00OE400
S *OOO'E.00 .226EI19 *OOOE+O0 *OOOE+C00
5 .OOOE+0O .240E+19 .OOOiE+00 *OOOE+00
6 .000EtOO .253E+19 *OOOE*00 .OOOE+00
6 .OOOE+00 .318E+19 .OOOE+00 *OOOE400
6 .OOOE+00 .336E+14 .OOOE+00 .OOOE+00
6 .OOOE+OC' .341E+19 *OOOE+00 .OOOE+00
6 *OOOE+00 .342E+19 .OOC'E+00 .OOOE+00
6 * OOOE+00 * 342E+19 * OOOE+00 O COOE+00
& .OOOE+00 .34'E+19 .OOOE+0C .OOOE+00
IL .OCOE+00 .S42E+19 .0EtOOE0 .OOOE+00
6 *OOOE+00 .342E+19 OO00E+00 .OOOE+00,

222FiN TOTAL INPUT RATES
(ATOMBIYR)

CELL

1 2 3 ~~~~~~~~~~~4

o OOOE+00 * OOOE+00 * OOOE+00 *OOOE+00

. 473Ei.0~ .490E+1I .724E-03 .341E+02
2 365E+09 *981E+11 .122E-01 .303E+03
2 149E+07 *147E+12 .6B9E-01 .117E+04

2 .385E+07 .196E.12 .239E+00 .306E+04
2 *B4E+07 .245E+12 *629E+00 .640E+04
2 148E+OB .294E+12 .13BE+0I .116E+05

2 .244E+05 .344E+12 *267E+01 .191E+05
2 .374E+08 .393E*12 *470E+01 *294;+CIS
2 543E+08 .441E+12 .774E+01 .427E+0s.

. 757E+08 .490E+12 .120E+02 .595E+05
1 .632E+09 .979E+12 .209E+03 *497E+06
1 .209E+10 .147E.13 .106E.04 .164E+07
I .476E+10 .196Ee13 .326E+04 .374Et07
1 .890E+10 .245E4'13 .774E+04 .700E407
I *147E+11 .294E+13 .155E+05 .116E+09
I .223E+11 .343E413 .278E+05 .176E+08
1 *319E+1I .393E+13 .458E+05 *251E+08
I *434E+1I .442Ee11 .708E*05 .342E.08
o .571E+11 *491E+13 .104E+06 .449E+08
O .315Ei12 *985E+13 .122E+07 .248E409
O .799E.12 .14BE+14 .4B2E+07 .631E.09
o .151E.13 .197E+14 .124E+08 .120E.10
o .246E+13 .247E+14 .256E+08 .194E+10
o .362Ee13 .296E+14 .459E4O8 .287E.10
o .502E+13 .346E414 .749E+08 .399E+10
o .664E+13 .395Et14 *114E+09 .528E+10
O .849E+13 .445E*14 .165E+Ci9 .676E+10
I .106E+14 .494E+14 .229E.09 .842E410
I .433E+14 .990E+14 .194E+10 .3501E+ll
1 .974E+14 .149E.15 .669E+10 .799E.11
I .172E415 .198E.15 .160E+11 .143E+12

TIME
CYR)

* COOE+0
1 0C'F-0

.2'OUE -0
* 300E-C
*400E-0
* 500E-0
. 600E -0
• 700E-0
* 8 &0E -0
* 900E-0
* 1O0E-0
• 200E-0

'DO0E-0
*400E-0

* 5OOE-0
*600E-0
.700E-0
* 60C'E -0
* 900E-0
. I OOE+O
.200E+0
* 3001E+C
.400E +0
* 500E+0
.600E+O
.700E+0
* 800 E +0
9 C'C'E +

. I 00E+0
* 200E.0
* 300E+0
* 400E40
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Program CELLTRAN Output File (CELL.OUT) (continued)

* SOOE4O1
.600lE401
*700E.0 I
* 00E 401
* 900E+01
. I OOE+02
.200E402
. 300E+02
.400E402
* 500E.02
.b0OE402
.700E+02
* BOOE+02
* 900E+02
*100E+03
*200Ee03
*300E+03
*400E+03
* 50C'E.'3
*60C'E40S
*7uC'E+03
* BOOE+03
* 900E+03
*100E404
.2(00E 04 C
* 300E+04
. 40(0E04C
* 5C'E+04
.600~E+04
*700E.04
800OCE+04
* 900E+04
. I 00E405
* 2(:0E405
*..3O0E+05
. 400E+05
.500E+05
*600E+Or
* 700E+05
* BOOEl-05
*900E +05
*100E+06
*200E4&P6
*300E406
.400E*Oc6
*500E+06
*b00E406
* )O0E+06
.BOOE406
*900E+06

* 26 6E 415
* 37 9E 415
.5J0E+15
.657E+15
.621E.15
. I OOE. 16
.352E+16
.695E+16
* 109E417
* 152E+17
* 196E.17
.241E+17
.287E+17
* 33 3E 17
.379E+17
. 640E+17
* 130E.16
* 176E.18
.222EtlB
.267E418
.313E418
.356E+18
.403E418
.448E418
.889E+18
* 132E+19
* 174E+19
.217E+19
. 56E+19
.296E.19
.733E.1 9
* 377 E 419
.416.E.19
.776E419
* 109'E+20
. 137E+20
* 16JE420
* 182E+20
.201E420
.217E*20
*23 IE+2 0
*244E+20
*307E+20
*324E+20
.328E+20
*329E+20
. 329E420
* 329E420
. 329E 420
* 329E420

.248E.15
.299Ee15
.34I6Ei15
.398E415
* 44 BE 415
.49'9E+15
* 100E*16
* 152E+16
* 203E.16
* 254E416
.305E416
* 35 7E 416
.409E416
.460E416
.512E+16
* 103E+17
* 154E417
.205E+17
* 255E417
.3C'6E4'17
* 356bE 417
.406E+17
.456E417
.507E417
* 99BEe1 7
* 14BE+IB
* 195E+18
* 24 2E .12
.267E.I8
.372Ee1B
.377E+18
.420E418
.463E+IB
.663E+IB
* 122E.19
* 152E+19
. IBOE+19
.203E419
.224Ei19
.242E+19
.257E+19
.271E419
.340E+19
.359E419
.365Ei19
.366E+19
.366Ee19
.366E+19
.366E419
.366E+19

.31 4 E II

.544E41 I

.665E411
* 129E*12
* 184E412
.251E412
* 194E+13
.620E413
* 138E414
.251E+14
.404E414
.599E414
*936E+14
* 112E415
* 144E+15
.698E415
* 166E416
. 302E416
.475E416
.684E+16
.927E416
* 120E417
* 151E417
* 185E+17
.669E417
* 136E+11
* 22(E418
.317E+18
.424E.18
.539E+18
.661E+18
.789E*1B
.912Ei-1B
.242E+19
.404E*19
.573E+19
.743E+19
.912E419

I IOBE420
*1214E.20
* )35E+20
* 154E120
* 256E420
* 305E420
.324E'20
. 332E+20
* 334E+20
* 335E420
• 335E420
• 335E+20

.224E+12
.322E412
.438E.12
.570Ei12
.719E412
*694E+ 12
.334E+13
.689E413
. 11E414
* 15BE414
.207E+14
.258E414
.309E414
.361E414
.413E414
.936E414
* 146E+15
* 198E+15
.251 E+ 15
.30.3E+ 15
.356Ei15
* 40 BE 15
.46OE +15
.513E415
. 104E,+ 1
* 157E+16
.211E+16
.265E416
.32DE4i16
.375E416
.430E+16
.484E416
* 539E416
* 107E417
* 155E417
* 19BE+17
.235E+17
.26BE417
.297E+17
.322E+ 17
* 344E+17
.363E+17
.460E417
.467E.17
.4i4E+17

49 5E 417
.496E+17
* 49bE417
.496E+17
.496E+17

INITIAL
RADIONUCL IDE

AMOUNT
(ATOMS)

. OOOE+00

.0 0OE+00

.OOOE+00

. OOOE+00

ZONE I-SED.
ZONE I-S.W.
ZONE 1-S.W.
ZONE 1-SOIL

ZONE
ZONE
ZONE
ZONE

1-SED.
1-S.W.
1-6.W.
I-SOIL

IKD(L/KG)

.000E+00

. O0OE+00

. OOOE400

. OOOE400
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Program CELLTRAN Output File (CELL.OUT) (continued)

TRANSFER MATRIX
(YEAR*:-I)

ORII6N CELLS

I 2 3 4

DESTINATION
CELLS

TI
c y

. 000

.100

.2 0(

.300

.40 C)

. 5)0
. 60C&
.700
.600
. 900
. 100

I -. 6136'7E+04 .70035E-03 .41841E-IB .5050S0E-1E6

2 .10000E+00 -.36A07E4+06 .90377E+00 .12020E+01

3 .49751E-16 .34643E-18 -.67044E.02 .4798C'E.01

4 .49751E-16 .16585E-01 .41E41E-18 -.12354E+03

222RN AMOUNTS
(ATOMS)

CELL

ME
R')

E+00
E-02
E-02
E -02
E-02
E-02
E-02
E-02
E -02
E-02
E-0I

I

* OOOE+00
.593E+01
.537E+02
.213E+03
.570Ei-03
* 121E+04
. 223E+04
.371E+04
.574E.04
* 940E+04
. I IBE+05

2

* OOOE+00
. 134E+06
* 269E+06
* 404E+06
.538E+06
.673E.06
.60BE406
.943E+06
.I OBE.07
.121E+07
* 135E+07

3

.OOOE+00
* 172E-02
* 133E-01
.443E-01
* 1O5E400
* 208E+00
* 371E+00
.616E+00
* 970E+00
* 147E*01
.215E401

4

* OOOE+00
. IO0BE+0 I
* 42SE+01
.976E+01
. IB8OE+02
.299Et02
. 465E+02
* 693E+02
. I OOE.03
* 140E4'03
* 192E.03
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Program CELLTRAN Output File (CELL.OUT) (continued)

.200E-01 .10 2E+06 .269E+07 . 398E+QO .21 lEtO4

.360E-01 .33bNE+06 .404E+07 . 195E +03 * 774E+04

.400E-01 .769;E+06 .5s37E+07 .59s4E+03 .19s4E+05
StiOE-OI .144E+07 .674E+07 .138E+04 .390E+05
.600E-01 .23EE+07 . sosE+07 .269E+04 .680E+05
.700E-01 .362E+07 .942E+07 .466E+t04 .10BRE+06
.800E-01 .517E+07 .108sE+08 .739E+04 .159sE+06
.900E-01 .705E+07 .l21E+OB .110E*05 .223E+06
IOO0E+OO .9s26E+07 .1l35E+06 .155E+05 .299E+06

.200E+OO .51l2E+08 .270E+OB .133E+06 . IBeE+07

.300E+00 .1l30E+09 .406E+08 .379E+06 .486E+07

.400E+00 .246E+09 .5s41E+08 .787E406 .9s12E+07

.500E+00 .400E+09 .679E+Oe .13BE+07 . IS3£+06

.600E+tlO .590E+09 .614E+t0E .218E+t07 .227E+08

.700E-00 .&16E+09 .9s49E+08 .322E+07 .31 6E+06
BOOCE+OO .108E+10 .lOBE+O9 .450E+07 .419E408

.900E+00 .138E+ I0 .1l22E+09 .607E+07 .53eE+08
I OOF.+0 O I 1 72E+ 10 . 136E +09 . 79 ;E+07 .6A7)IE +0(6

.20fUE+01 .706E+l1O .272E+09 .486E+08 .282E+09

.300E+O1 .159wE+11 .409E+09 .1l44E+09 .644E+09

.4QOE+0 1 .2BOE+ 11 .545E+09 . 319sE+0 .115 E+1I

.500E+01) .434E+11 .^61E+09 .594E+09 .180E+10
oOO0E+Ol .618E+11 .E20E+os .s99E+09 .260E+10

.7(!OE+Cl . E30E'+l .95s7E+09 .15 3E+10 . 353E+10
800(%-.+01 .10s7E+12v .109sE+lo .224E+10 .46 IE+ 10
59CI(E+01 .1I34E+12 .123E+10 .314E+10 .581E+10J

.1t!OE40') .163E+12 .117E+10 .424E+ILO .715E+10

.200EtO2 .574E+12 .27'6E+10 .309E+11 .270E+1

.300E+02 .113E+13 .417E+10 .9s64E+1 l .557E+1

.40JE+02 .17SEE+13 .557E+10 .212E+12 .901 E+11

.500E+02 .247E+13 .69ssE+10o .3B'E+12 .1l28E+1 2

.60IOE+02 .715E+13 . B3iE+10 . 614E+12 .168W +12

.70CE+02 .. 42E+}3 .980E+10 .06BE+11) .209iE+1:
l.S,OE+C32 bl7E+13 .l1E+11 .217E+13 .334E+12
200E-+03 .137E+ 14j .2e2E+1I1 .16sE+l 4 .7s7E+ 12,

3f)0E+03 .J7E+13 .1413E+11 .217E+135 .334Ee 1
4200E+03 .267E+14 .2sb2E+l .105E+14 .7571E+12
5300E+t. .2.22E+14 .423EF+11 .249,E+14 .:Rci +13
640(E+03 .287E+14 .5642E+11 .4512E+14 .245E+ 13
5 0..OE + 0 . 5BsF+!4 .70B +l I .7136E-+15 20PS'+ 13

.6C-OE+O" .e35E+14 .112E+12 .102oE+15 . 34E+13

.800E+0,3 .5bS6E+14 .112E+12 I2BOE+15S .373EO+1'3

IOO0E+04 .729E+14 .140E+12 .276E+15 .415E+13
.20uOE+04 .1l45E+15 .277E+ 12 .9s6E+15s . E4 1E+1I3
.300E+04 .215E+15 .411E+12 .203E+16 .127E+14
.40;(E+0U4 .284E+15s .5s43E+1 2 .32?E+ 1 .17 IE.+14
SOO0E+04 T-53E+15 .676E+12v .477E+ 16 .215E+1 4

.6t OE+0)4 .420E+ 15 . B03E+ 12 .6b32E+ 16 . 259- +14

.700E+04 .486E+15 .9s31E+12 . E04£+16 .303E+14

.800E+04 .553E+15 .106E+13 .98&EE*6 .34EE+14

.900E+04 .615E+15 . IBE+13 .I IBE+17 .392E+14
IOO0E+05 .6b79E+15 .13tE+13 .1l38E+17 .437E+14

.200E+0s .126E+16 .246E+13 .361E+17 .865E+14

.300E+0)5 .17BE+ 16 .35DE+13 .603E+ 17 .126-+15

.400E+OS .223E+16 .439E+IT .e55E+ 17 .160E+IS
S500E+O5 .263F+16 .521IE+13 .lIIE+18 .l90E+15
.60GE+05 .297E+16 .592E+13 .136E+18 .217E+15
.700E+05 .327E+lb .654E+13 .161E+IB .240E+1S
.600E+05 .354E+16 .710E+13 .185E+1B .261E+IS
9tlOE+OS .377E+16 .757E+13 .208E+IE .279E+15
IOO0E+O6 .397E+I6 EOIE+13 .230E+18 .294E+15
.200E+06 .500E+16 .103E+14 .3BIE+IB .372E+IS
.300E+06 .527E+lb .llOE+14 .454E+18 .394E+1S
.400E+06 .535E+16 .112E+14 .484E+IE .40t0E+15
SOO0E+06 .536E+16 .113E+14 .495E+18 .401E+15
.600E+06 .537E+16 .113E+14 .499E+16 .4t01E+15
.700E+06 .537E+16 .113E+14 .500E+18 .401E+15
EOODE+06 .537E+16 .113E+14 .500E+18 .401E+15
.900E+06 .S37E+lt .113E+14 .500E+18 .401E+15
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Program CELLTRAN Output File (CELL.OUT) (continued)

#*i~. ANALYSES FOR RADIONUCLIDE 210PB *"**

RADIOACTIVE HALF-LIFE- .223E+02 YEARS
RADIOACTIVE DECAY RATE- .311E-O1 YEARS*t-l

PHYSICAL
DECAY
RATE

(YEARS'i-I)

ZONE l-SED. .OOOE+OO
MrNE I-S.W. .OOEO+00
ZONE l--G.. .OOOE+OO
ZONE 1-SOIL .OOOE+OO

210PB EXTERNAL INPUT FATES
(ATOMS/YR)

CELL

1 2 3 4
TIME
(YR)

. OOOE+OO . OOOE+00C . OCDE+OO . OOOE+OO . OOOE+OO

.IOOE-02 OOOE+OO .408E+13 .OOOE+OO .OOOE+00

.200E-02 .OOOE+00 .122E+14 .00(_+00 .OO(PE'tO0

.300E-C2 .O)OE+OO .214E+14 .OOEi+OO .OOOE+OO

.400E-02 *OOOE+00 .311E+14 .OOOE+00 .*OOE+30
*50OE-O *OOOE+0O .409E+14 .OOOE+OO .OOOE+O0
JtIAE-02 .OOOE+OO .507E+14 .'OOE.OO . OO(E+OO

.700E-02 .OOOE+OO .605E+14 .OOOE+OO . OOOE+OO

.S(C0E-O2 .OOfOE400 .704E+14 .000E4(O0 .OCIOEt t?

.9C'iOE-0, . OOOE+OO .802E+14 . OOOE+O0 0 OOOE+0CC

.100,E-01 .OOOE+0O0 ,900E+14 ,OOOE+tlO OOOE+O0

.200E-01 .OCOE+lO .188E+15 *OOOE+OO .OOCE+OO

.300E-01 .COOOE+OO .2e7z+15 *OOOE400 .00*E+C'0

.400E-01 .OOOE+OO .3E5E+15 .OOOE+OO .OOOE+OO
500E-OI .OOOE+OO .4B3E+15 .OOOE+OO *OiOOE+O0

.60DE-O1 .OOOE+OQ .582E+15 .OOOE+OO .OOOE+OO

.7Ci('E-I .*OOOE+OO .6ECDE+15 .OOOE+OO .OOOE+OO
.ECOOE-O1 .OOOE+OO .779E+15 .OOOE+OO .OCOOE+OO
.9OOE-O1 OOOE+OO .677E+15 .OOOE+OO .OOOE+OO
.IOOE+OO .OOOE+OO .976E+15 .OOOE+OO .OOOE+OO
.200E+OO .OOOE+OO .196E+16 .OOOE+OO .OOOEO00
.300E+OO OOOE+00 .295E+16 .OOOE+00 .000E+00
.400E+00 OOOE+00 .394E+16 OOOE+00 .000=+00
.SOOE+OO OOOE+00 .494E+16 .OOOE+00 .000+00
.6O0E+00 OO.E+00 .593E+26 . OOOE+OO .000E+00
.700E+00 OOOE+00 .693E+16 . OOOE+00 .OOOE+00
.800E+00 OOOE+00 .793E+16 .000E+00 .OOOE+OO
.900E+00 .000E+00 .893E+16 .OOOE+00 .OOOE+00
.100E+01 OOOE+00 .994E+51 OOOE+00 .OOOE+00
.200E+01 .100E+00 .201E+17 .OOOE+00 .OOOE+00
.300E+01 .000E+00 .304E+17 .OOOE+00 OOOE+00
.400E+01 OOOE+00 .410E+17 .OOOE+0O .OOOE+00
.500E+01 .OOOE+00 .516E+17 .000E+00 OOOE+00
.600E+01 OOOE+00 .624E+17 .OOOE+00 .OOOE+00
.700E+01 OOOE+00 .734£+17 .OOOE+00 .OOOE+00
.SOOE+01 OOOE+00 .e44E+17 .OOOE+00 .OOOE+OO
.900E01 .OOOE+00 .956E+17 .OOOE+00 .000E+00
.100E+02 .OOOE+00 .107E+18 .000E+00 .OOOE+00
.200E+02 .OOOE+00 .222E+18 .OOOE+00 OOOE+00
.300E+02 .OOOE+00 .340E+18 OOOE+000 OOOE+00
.400E+02 .OOOE+00 .459E+18 .000E+00 .OOOE+00
.500E+02 .000E+00 .577E+18 OOOE+00 OOOE+00
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Figure 40

Program CELLTRAN Output File (CELL.OUT) (coutlnfued)

.buut+02

.700E+02

.6OOE+02
900E+02
IOOE +03

.200E+03
.300E+03
.400E+03
.500E+ 03
.600E+03
.700E+03
. 8OOE+SO3
.90dE+031

.200; +04
* 3:.)E+C'4
.400E+04
.5C30E+04

.700 E +04* B(~OEt+4. SC OtE +0(~4
.900E +04
, 1CrC.E+05
* 200£E405
300E+05

.400E+05
, 50C0E+05
* 600E£405
.700E+C'5
.800£E+05
900E*05
I OOE +/ju2 00E+C'6

*30C0E+06
.40 Ci E +(
. 500E£t

, 700E+06

.700E+Or.

. OOOE+00

.OOOE+00

.OOOE*00
OOOE+00
OOOE+OO

.OOOE+00
OOQOE+00

• OOOE+00
OOOE+00
000E+00
OOOE+OO

.OOOE+OO

.OOOE*00

.OOOE+00
• OOOE+00
.OCjE000
. QOE+O40
*OOOE+OO
i(OOE+£00

. OOOE+00
OO!E*00
OO('E+00
OOOE+00
0'OOE+00
OOOE+00

.OOOE+00
t OOOE+00

.OvOE+'00
QOO'E+00

.OiOE+00

. OC,0E+O4'
OO(OE 400

. O(OE+00
.OOOE+00

OOOE+00
000E+'0
000E*00

.0OE+00
* OOC'+00
.OOE+00

.695E+18

.814E+18

.932E+1B
.105E+19
.117E+19
.234E+19
.351E+19
.467E+19
.583E+19
.698E+19
.B13E+19
.928E+19
.104E+20
.116E+20
2?BE+20
.337Et2C0
.445E+20
.551E+20

b655E+20
.758E+20
B59E+20
959E+20
106E+21
1 97E+21

*277E+21
.34BE+21
.409E+21
463E+21

*510(Et21
.551E+21
.586E+21
b 1£E+21
777E+21

.820E+21

.832E+21

B835E+21
• 836E+21
* 636E+21

.OCOEt00

. OOE+00

.OOOE+00

. OOOE+00
000E+00
OOOE+00
00OE+OO

.OOOE+00

.OOOE+00
OOOE+OO
OOOE+00

.OOOE+00
OOOE+00
OOOE+OO
OOOE+00
000£+00

. OO0E+C*O

.OOOE+Ot

.OO0E+QO
OO0E+00
OOOE+OO
OOOE+O\0

*000-+00
O0OF+00
*OOE+00
OOOE+00
OOOE+00
OOOE+O0
* 0005E00
.(OOE+00
.000E+00
000)E+OO
000E*+00

.000E+00
000E+0O
OOOE+00
.OOOE+00

OOOE+00
C005E+00

000E+00

. (,OC'4 00
.OOOE+OO
OOOE+0O
.00OE+OO
000£+00
OOOE+00

.OOOE+OO
.OOOE+00
. 0OOE+OO
.OOvE+00
. OOOE+00
000E+OO

*O OE+00
OOOE+OO
OOOE +00
OOO+o00
G OOE+Oo
O OOE+OO
.OO(E+OO
.000E+00
* 0005E+00
OOOE+00

. 000540 C,OOOE+00

. OOQE+0C

.OOOE+00
. OOOE+00

OOOE+500
.OOOE+00

000£E+00
.000E +.0

.000E+00

OOOE +00

.000E+00

.000E+0t* 0O~fE400

. OOC'E+00

210FE. TDtAL INPUI RATES(AIOMS/YR)

CELL
I

TIME
tYk)

. OOOE+00

. IOOE-02
. 200E-02
.300E-02
* 4Q0E-02
*500E-02
*600E-02
.700E-02
.BOOE-02
.900E-02
.IOOE-01
.200E-01
.300E-01
.400E-01
.500E-01
600E-01

. 700E-01

.OOOE+OO

.392E+03

.355E+04
*141E+05
.377E+05
.803E+05
.148E+06
.246E+0b
.380E+06
.556E+06
.778E+06
.6724E+07
.222E+50
.508E+08
.952E+08
, 158E+09
.239E+09

. OQO£+00
.408E+13
.122E+14
.214E+14
.311E+14
.409E+14
.507E+14
.605E+14
.704E+14
.802E+14
.900E+14
.16BEt15
. 287E+15
.385E+15
.4B3E+15
.582E+15
.680E+15

3

. OOOE+OO
I 13E+00
E882E+00

293E+01
.695E+01
*138E+02
.246E+02
.407E+02
.641E+02
.971E+02
.142E+03
.263E+04
.129E+05

393E+05
.912E+05
*178E+06
. 308E+06

4

Q00OE+OO
.716E+02
. 283E+03
.645E+03
.119E+04

198E+04
. 308E+04
.459E+04
.661E+04
.928E+04
.127E+05
.140E+06
. 51 2E+06

128E+07
*258E+07
.450E+07
.713E+07
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Figure 40

Programn CELLTRAN Output File (CELL.OUT) (continued)

BOO0E-O l 342E+09 .779E+ 1S .48E9E+06 .105E+OS
.900E-01 .466E+09 .877E+IS .726E+06 .147E+OB
IOO0E+OO .613E+09 .976E+1S .103E+t7 .198E+08

.200E+00 .339E+10 .196E+16 .877E+07 .124E+09

.300E+OO B861 E+10 .295E+ 16 .250E+08 .322E+09

.400E+OO .1lb3E+11 .394E+16 .520E+OB .617E+09
SO0OE+OO .264E+11 .494E+16 .913E+08 . l0lE+10

.600E+OQ .390E+11 .593E+16 .144E+09 .150E+10

.700E+00 .54 IE+I I .693E+1 6 .213E+09 .205E+ 10

.8OOE+0t0 .716E+11 .793E+16 .298E+09 .277E+10

.900E+00 .914E+ll .693E+16 .401E+09 .356E+10

.100E+01 .114E+1Z .994E+16 .525E*09 .444E+10

.200E+01 .467E+12 .201E+17 .321E+10 .IB6E+11

.300Ei0l .1l05E+13 .304E+17 .95HE+10 .426E+11

.40bE+01 .185E+13 .410E+17 .211lE+11 .762E+11

.500.+01 .287E+ 13 .516LE+17 .393E+11 .119E+12
bOO0E+OI .408E+13 .624E+17 .656E+11 .172E+12

.700E+01 .549E+13 .734E+17 .102E+12 .234E+12

.SOOE+tl .708E+13 6844E+17 .148E+12 .305E+12
Sti00E+O i1 EE5F +13 .956F+ 17 .2QBE+ 12 .384F+ 12
.I00E+02 .108E+14 .107E+18 .2BlE+12 .473E+12

(20OE+02 .38tE+14 .222E+18 .204E+13 .179E+13
.300E+t02 .749E+14 .340E+16 .638E+13 .369E+13
.40t0E+02 .117E+IS .459E+18 .140E+14 .596E+13
.500E+02 .16!E+15 .577E+IE .253E+14 .B46E+l 3
.600E+02, .211E+1S . 695E+18 .406E+14 .11 Ei414
.700E+02 .26t0E+ 15 .814E+18 .600jE+ 14 .138Ec+14
Et8C0E+02 .30$E+15 .932E+18 .E~bE+14 .166E+14

.9()tE+02 . ;59E+1S .105Etl9 .111£+15 .193E+14
IOO0E+03 .408E+15 .11;E+19 .t43E+15 .221E+14

.200EtO3 .905c+15 .234E+19 .692E+15 .501E+14

.300jE+03 .140E+16 .351E+19 .164E+16 .7B1E+14
40tiE+(,V- .190E 16 .467E+19 .298E+16 .1l0bE+JS

:5;)t)E+() .239E+16 .583'E+19 .469E*16 .134E+15
Ctti-E+(,3 .286E+16 .698E+19 .b7cE+lt .162E-1-5

.70 t-iO; .37.7E+16 B13NE+19 .916P+16 I 9.H_+1 5
.806!F+017 .3S5Fi16 .928E+IS .115E+17 .21BE+15
.500E+O).- .434E+16 .104E+20 .14SE+17 . ,47E+1S.'
IOO0E+04 .482E+lc .1I16E+20 .1IB3E+17 .275E+1S

.200E+104 .958E+16 .226E+20 .660E+17 . S5bE+ 1S

.330E+04 .14iEf17 .337E+20 .134E+18 .B40E+ 1S

.400,E+04 .188E+17 .445E+20 .217E+18 .113E+16
SOO0E+04 . 233E+17 .551E+20 .313E+18 .14 ,E+16
.6i,-O+(,4 .276'E+17 .655E+20 .41BE+18 .17'1E+16
.70QE+04 .321E+17 .75BE+ 10 .532'E+18 .2101E+lb
6800£+04 .3b5E+17 .859E+ 0 .652E1 23El
.900E+04 .407E+I7 .959E+20 .77BE+IB .259E+16
lOO0E-05 .449E+17 .106E+0,l .9lOE+lE .289E+16
.200E+OS .836E+17 .197E+21 .238E+19 .572E+16
.300E+05 IIB8E+18 .277E+21 .399E+19 .B30E+16
.400E+05 .146E+18 .348E+21 .565E+19 .106E+17
5(OCE+v5 .174E+IB .409E+21 .7.13E+19 .126E+17
.600E+05 .197E+IB .463E+21 .900OE+19 .144E+17
.700E+05 .216E418 .510E+21 .106E+20 .159Et17
.8OOE+05 .234E+16 .551E+21 .122E+20 .172E+17
.9OOE+0S .250E+IB .586E+21 .137E+20 .164E+17
IOO0E+O6 .263E+18 .618E+21 .152E+20 .194E+17
.200E+Ob .331E+1B .777E+21 .252E+20 .246E+17
.300E+06 .349E+18 .B20E+21 .300E+20 .261E+17
.400t+06 .354E+IB .832E+21 .320E+20 .264E+17
S50OE+O6 .355E+18 .835E+21 .327E+20 .265E+17
.6OOE+O6 .355E+IB .835E+21 .330E+2C .265E+17
.700E+06 .355E+1B .835E+21 .331E+20 .265E+17
BOO0E+06 .355E+IB .836E+21 .331E+20 .265E+17
.9OOE+06 .355E+1B .836E+21 .331E+20 .2t5E+17
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Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)

INITIAL
RADIONUCLIDE

AMOUNT
(ATOMS)

1-SED. .OOOE+00
1-S.W. .OOOE+00
I-G.14. .OOOE+00
1-SOIL .OOOE+00

KDCL/KG)

ZONE
2ONE
ZONE
ZONE

2 ONE
ZONE
2 0 K
2 ONE

I -BED.
1-5.W4.
I1-6. W.
I-SOIL

* 500E+04
. 100E+05

. 100E+02

TRANSrER MATRIX
(YEAR**-I)

ORIGIN CELLS

4I 2 3

DESTINATION
CELLS

I -. 18347E+00 .10942E+02 .64211E-19 .98232E-17

2 .10000E+00 -.15787E402 .27684E-03 .2126BE-01

3 .19123E-16 .20923E-14 -.31360E-01 .84B37E-01

4 .19123E-16 .16569E-01 .64211E-19 -.13719E+00
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Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)

210FPB AMOUNTS
(ATOMS)

CELL

T[IME
(YR)

* OOOE+00
.I (OE-02

* 200E -02
. 600E-02
* 7OC0i-02
.SGOE-02
9O6i(E-0~

* OOE-02
2 9COE-01

.900E-01
* 400E-01
* 500E-C'1
.600E-01
* 700E-0 1
* 6('E-0 I
9 00E 01

36( 100F0

*400E+00C
* 500E+00
*6Ct0E+00
*700E+00
* BC'O+0('
*900E4OC)

* 200E+01
. 300E 401
.400E+01
.500E401
* 600E+01
. 70C)E4&1
* 800E+01

I IOOE+02
* 200E+02
* 300E+02
. 500E402
* 600E 402
* 700E402
.e00E402
* 900E+02
. i00E403
* 200E403
* 300E+03
. 400E4OZ
* 500E+03

I

*OOOE4OC'
.741E407
.664E408
. 259E+09
* 662E+C'9
* 144E410
.262E+10
.434E+10
* 6b9E410
.976E410
.1:7E*11

I I BE+ I
.39EE412
.928E412
* 177E+13
. 298E413
.460'E+13
.667E413

* 746E+14
* 2101E+15
* 392E415
.649E415
.972E+15
* 136E416
. 181E416
.233E+lb
* 290 E 16
* 120E+17
.269E+17
* 469E417
.717E417
. 101E+18
* )34E418
* 171E+18
.211E418
* 254E+18
.e01E+18
* 146E+19
.216E419
.287E+19
.359E+19
.431E419
.503E.19

.574E419
*647E+19
* 136E420
* 207E420
.278E+20
.348E+20

2

.OOOE+00
• 203E+ I0
. IO 1E4 I1I
.266E41 I
. 522E+1 I
.872E+11
* 1311E412
* 184E+12
.246E+12
.317E+12
.397E411
* 164E4.13
.361E413
• 62tJE 1 3
• 932E 1 3
* 129E+14
* 169E414
*21 2E+ 14
*25BE + 14

.306E+14

.866E414
* 148E+15
.212E415
. 276E+15
.341E+15
.406E415
* 472E415
.538E415
.605E+15
* l30E+lb
.205E416
.284E416
.367E+16
.454E416
.544E+1b
.637E+16
.733E416
.832E+16
* 191E417
.307E417
.427E*17
.547E+17
.667E+17
*788E+17
*908E*17
* 103E+18
I JS5E418
.234E+18
*353E+18
*47 2E 418
*590E41B

3

* 000E400
* 2,8E+00
.404 E 01
* 230E+02
* 904E402
.212E4C'3
.468 F 03
* 90YE+03
* 161E*04
* 266E+04
.415E404
.740E+05
* 382E4Ob
* 120E+07
.290E4C)7
.591E+07
* 107E+0B
* 179E+OE
.281 E 40
* 418E4Oe
* 537E409
.224E410
* 599E 410
.126E411
.230E411
.360E+11
.564E41 I
*850E411
.1I19E412
* 102E'13
.349E413
.825E*13
* 160E+14
* 27 2E 414
.425E+14
.624E+14
.874E414
* 118E415
*777E+15
.215E+16
.419E416
.&BIE+16
.M9E+16
* 134E+17
* 272E427
,213E+17
.256E+17
.787E.17
* 145E416
.223E418
.312E418

4

*OOOE+00
*112E405
*101E+06
*392E406
* IO3E+07
. 217E.07
.397E+C'7
.657E+07
*101E*C'B

* 14BE406
* 207E.06
* 172EE40
. 60Z'E+OS
* i41E+10
* 26 SE41 0
.45iE+10
.697E+30
. 101E+1 1
*140E41 I
* 186E+11
.114E412
.305E+12
.5S7 E +1 2
.9iDE+11

*20BE+13
.277E+13
*357E+13
4 '46E+ 1 3
IS1BE414

.424EJ41
* 75OEi4 1
*116E415
* 165E+15
.221E415
*2B5E+15
.355E415
.431E+15
. 14'2E 1 6
.27iE416
.415E416
.560E+16
.70bE4I6
.854E416
*100E.17
I ISE+ 17

*130EW1
.276E417
.422E417
.567E417
.712E417
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Figure 40

Program CELLTRAN Output File (CELL.OUT) (continued)
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Figure 41

Program CELLTRAN Output File (IP.OUT)

* OOOE+00
* EOOE-02
* 700E-01
.600E+00
.500E+01
.400E.02
.300E403
* 200E404
. lOOE+05
.'900E+05
.SOE+06

242PU
1 2
1 4

.OOOE400

. OCDE.00

.249E+13
* '137 E +08
* 122E.14
* 122E+09
.31BE414
. 471 E409
.618E414
IN12E410
* 102E415
.257E.10
* 153E+15
.467E+10
.213E4 15
.768E410
* 293E 415
. I IBE41I1
.362E+15
* 171E+11
.450.E+15
.238E +11
* 17BE+16
* 19EE+12
.377E+16
* 65 GE 12
.627E+16
* 147E+13
* 914E+16
.275E+13
* 123E417
.452E413
* 157E.17
*.683E+13
* 192E417
.971E413
.228E+17
* 132E+14
.266E+17
* 173E.14
* 664E+17
* 939E+14
*107E418
.237E415
* 148E+18
* 44 9E 15
* 190E+16
.728E+15
.232E+18
. I 0SE+16
.275E+18
* I5OE416
.318E418
* 199E416
.36lEG 16

*hIC-C'E- C .20(-E-02
*900E-02 *100E-01
.600E-01 .900E-01
*700E*00 *BOOE400
.600E+01 *700E401
.500E+02 .600E.02
*400E403 *SO0E+03
*300E404 *400E+04
*200E+05 *300E+05
.100E+06 *200E406
*900E+06

82 .184E-05
*100E406 .191E+09
.1OOE+04 .11OE412

.255E+16

.405E+18
*318E+16
.667E+1B
* 137E4'17
* 137E419
.321E417
* 192Ee19
.593E*17
.250E+19
.957E417
.31 1E+19
* 142E*IB
*376E+19
* 199E+18
.445E+19
.266E*IB
.515E+19
* 345E+18
.5B9E+19
.436E+16
* 146E+20
.210E+19
* 251E+20
.533E.19
* 36 4E 20
* 103E420
.4B4E+20
* 172E420
.b06E+20
* 260E.20
.732E*20
.367E42D
* 956E+20
* 494E+20
* 9B0E+20
.639E+20
*IIIE421
* 904E*20

.3 C'0 E-02
* 2C'E-01
. I OOE400
* 900E'0C0
* OOOE+01
* 700E4'02
.600E403
* 500E+04
* 400E405
* 300E+06

*400 E -02,
*300E-0i
* 200E400
* 100E401
.900E401
* BOOE+02
* 700E+03
. 600E.04
* 500E405
. 400E+06

* 500E-02
.400E-01
. 300E+00
* 200E+01
. 100E.02
* 900E'02
. 6OOE+03
.700E+04
. 600E+05
.500Ea06

* 600E-02
.500.E-0 1
* 400f+00
* 300E401
* 200E+02
. I OOE.03
.900E403
* EOOE+04
* 700E+05
* 600E+06

. 7C*OE-02

.60orE-Ol
.50('E+00
.400 E +01
.300E'C'2
.20C'E403
* 100E.04
. 90 GE 404
* 600E'+05
. 700E.06

* 2B7E.13
* 196E+1 I

.236E+21
* 346E421
.362E421
.781E421
. 48BE421
* 137E+22
.613E421
.209E422
* 73BE+21
* 293E+22
.B61E421
* 388E+22
* 984E+21
.493E422
.1 Il E+22
• 606E+22
* 123E+22
* 726Et22
• 243E+22
.219E+23
* 359E+22
• 386E423
• 46eE+21
* 555E4-23
* 573E+22
*718E*23
* 673E422
* 876E423
.769E422
. 103E424
. 862E422
. 1 17E+24
*947E422
* 131E+24

* 103E+23
. J44E.24
* 169E4-23
. 246E*24
.210E423
.311E.24
• 236E423
• 352E.24
* 25 3E 423
* 379E+24
* 263E+23)
* 396Et24
* 270E+23
.406E+24
. 274E.23
.413E.24
.277E+23
.418E.24
• 278E+23
.420E+24
• 281 E.23
• 425E.24
* 29 1E 423
* 425E.24
.281E423
. 425E4+24
.281E+23
* 425E+24
*281E423
. 425E*24
.281E.23
.425E+24
.281E.23
.425E424
.281E.23
* 425E424
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Figure 41

Program CELLTRAN Output File (IP.OUT) (continued)

238U
1 2
1 4

* 000E4-OO
* OOOE+00
.507E+1B
*281E*13
.252E+19
.251E*14
.666Ei19
.981E+14
* 131E.20
* 259E+15
.2JBE+2C'
. 545E+15
.328E+20O
.994E+15
* 462Ei20
. 265Ef lb
.617E+20
.254E+Ib
.795E+20
.370E+16
* 994Et20
.518E+lb
. 41 I E+21
* 447E+17
* 904E.21
* 151E+18
* 155E+22
.353E+18
. 234E+22
. 67 3E+ 16
* 324E.22
* iI3E+29
. 427E+22
* 175iE+J9
.531E422
.2 5"E+19

.b46 E +22

.350E+19

. 767E+22
* 467E+19
. 21BE+23
* 285E+20
* 373E+23
• 768E+20
* 532E.23
* 151E+21
* 694E+23
. 250E +21
.B57E+23
. 375E'21
* 102E+24
* 526E+21
.119E+24
• 702E+21
* J 35E.24
• 904Ei21
• 152E+24
• I1I3Et22
• 32BE.24
* 480E*22
.517Ee24

82 .155E-09
.IOOE+05 .191E+09 .267E+13
.100E+02 .lIOE+12 .198E+1l

.110E+23

.718E+24

.196E+23

.931E+24

.306E+23

.115E+25

.439E+23

.139E+25

.5q5E+23
.163E+25
.772E+23
.IBBE+25
.971E+23
.214E+25
.119E+24
.510E+25
.434E+24
.e47E+25
.871E+24
.120E+26
.138E+25
.157E+26
.192E+25
.194E+26
. 249E+25
.231E+26
.306E+25
.266E+26
.364E+25
.306E+26
.423E+25
.342E+26
. 480E+25
.703E+26
.104E+26
.I05E+27
.159E+26
.1368E+27
.211E+26
.170E+27
.260E+26
.200E+27
.308E+26
.229E+27
.354E+26
.256E+27
.396E+26
.2B3E+27
.4368E+26
.309E+27
.479E+26

SIOE+27
794E+26

.640E+27
998E+26

.725E+27

.113E+27

.780E+27

.122E+27

.814E+27

.127E+27

.837E+27

.131E+27

.851Et27
* 133E+27
.861E+27
.134E+27
.868E+27
.136E+27
.879E+27
.137E+27
.879E+27
• 137E+27
.879E+27
• 137E+27
.879E+27
.137E+27
.879E+27
.137E+27
.879E+27
.137E+27
.B 79E+27
.137E+27
.879E+27
.137E+27
.879E+27
.137E+27
.679E+27
.137E+27
.679E+27
.137E+27
.879E+27
.137E+27
.B79E+27
.137E+27
.879E+27
.137E+27
.879E+27
.137E+27
.B79E+27
.137E+27
.879E+27
.137E+27
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Figure 41

Program CELLTRAN Output File (IP.OUT) (continued)

234U
1 2
1 4

* OOOE+00
*OOOE+00
* 194E+14
. 10SE+09
.967E+14
.964E+0)9
* 256E+15
.376EE10
.502E*15
.992E410
.837E* 15
*209E+1 I
*126E4 16
.381E+ II
* 177E+16
. 631E+1 1
.237E+16
.973E+11
.3U5E+16
* J 42E412
*381E+16
* 199E.12
* 157EW1
* 171E+13
.347Ei17
* 5eOE.13
.596E+17
* 135E+14
*e96E+17
.258E+14
* 124E+18
.434E+14
. 162E+I e
* 670E+14
* 203E+IS
.971E+14
* 247E4+IB
. 134E+ 15
.294E+i e
* J79E+J5
.E32E.I8
.109iE+I6
* 143E4'19
.294E+16
.203E+19
.576E+16
.265E+19
.956E4'16
32SE+ 19
* 143E917
.390E419
*201E.17
.454E*19
.269E+17
*51eE+19

*346E-&
.582'
* 433E
* 126E4.

~2 *2B3E-05
100OE*05 .191E+09

.10OE.02 .11OE+12
* 287E+13
. 198E411

.164E418
* 198E.20
.420E+18
. 275E.20
* 750E.18
* 356E+20
• I117E* 19
* 442E+'20
* 168E+19
* 532E+20
.228E*19
* 624E+20
.296E+19
.721E42('
.372E+19
. 623E+20
.456E419
* 195E+21
* 166E+20
• 324E+21
• 333E+20
.461E.21
. 528E+20
.602E421
.738E+20
.743E+21
* 954E+20
.686E+21
. J J7E+21
* 103E+22
* 140E421
* 117E+22
. 162E+21
* I31Ei22
* IS4E*21
* 269E+22
. 399E421
* 402E+22
. 608E+21
* 528E+22
* 807E+21
. b50E+22
* 997E.21
• 766E422
• B1E422
• 877E+22
• 135E'+22
.983E'22
* 152E+22
* 109Ei23
* 168E.22
. I I E 23
* 164E.22

* 196E+23
* 304E+22
* 246E423
* 3B3E+22
* 278E423
* 433E422
. 299E+23
* 466E+22
.313E+23
.486E422
.321E+23
* 501E+22
* 327E+23
. 51IE+22
.331E.23
.516E+22
* 333E+23
* 520E+22
* 338E+'23
.527E'22
.338E+23
.527E+22
. 338E+23
* 527E+22
. 336E423
.517E+22
* 338E+23
. 527E+22
* 338E+23
.527E422
*33eE+23
*527E+22
.33BE+23
*527Eo'22
* 338E423
.527Ee22
.338Ei23
* 527E422
. 338E+23
.527E+22
* 338E+23
* 527E422
.338E+23
.527E*22
. 338E+23
* 527E422
* 338E+23
• 527E+22
• 338E423
• 527E422
* 338E.23
.527E.22
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Figure 41

Program CELLTRAN Output File (IP.OUT) (continued)

230TH
1 2
1 4

* OOOE+0O
.679Ei'1I
.375E+Qb
.332E.12
* 333E+07
.8bBE*12
* 129E+08
* 169E.13
* 316E+08
.279E+13
.703E+08
.417E413
* 127E+09

.210E+09

.774E.13

.322E+09

.990E413
* 467E+09
* 123E+14
.651E+09
.407E+14
.541E+10
* 1C3E+15
* 176EiiI
* 172E+15
.403E+ I
.250E+15
.7 5 1E + I
.336E+15
* 124E+12
* 429E+15
*187E+ I
.525E415
.266E+12
* 625E+15
* 361Et12
.728E4-15
.473E+12
. I BIE + 16
.257E+13
.293E+lb
.649E+13
.407E+16
* 123E414
.519E416
* 199E414
.634E.16
* 295SE 414
.751E416
.410E414
.869E416
* 54 4E 14
.9698 E+16
*69BE414
. II I E 1 7
*B7IE414
.238E417

92 *900E-05
.100E+06 *191E409
.100E405 *110E412

.267E.13

.198E411

* 374E+15
* 37 6E 17
.682E+15
.524E+17
* 163E416
.683E+17
.2b3E416
.853E417
.390E416
* 103E41B
.546E+16
* 122E418
.733E+16
* 141E.18
.951E416
* 162E+1E
* 120E417
.402E418
.583E+17
. 690E+18
* 145'E+18
. I OOE+ 19
.269E.18
* 133E+19
.483E418
* 167E419
.733E*IB
.201Ee19
* 104E419
.235E419
* 140E+19
.270E419
. 192E419
.305E+19
.230E+19
. 653E +19
* 102E420
* IOCIE+20
• 23 BE 420
* 136E+20
.43lEi20
* 170E420
• 6B0E420
• 205Ee20
.983E420
*241E420
* 134E421
* 275E420
* 175E421
.311E420
.221E421
*346E420
.273E421

. 697E+20
* 106E+22
*105E421
*230E422
*139E421
*392E422
*173E421
*588E4229
* 207E+21
*813E422
. 240E+21
* 106E423
.273E421
*133E423
*305E421
*162E423
* 337E421
. 192E423
.634E421
* 529E423
*e94E+21
* 972E423
A 12E422
. I1i9E424
* 132E+22
* 146E+24
* 149E422
* 171E424
* 164E+22
* 192E424
* 178E422
*21 IE424
* 190E422
* 227E424
*200E422
*241E424
.251E422
.312E424
*265E422
*333E+24
.269E-+22
. 339E424
* 270E422
. 340E424
* 270E422
* 340E424
*270E422
*340E424
.270E422
*340E424
* 270E422
* 340E+24
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Figure 41

Program CELLTRAN Output File (IP.OUT) (continued)

226RA
1 2
1 4

.OOOE00EO
* OOOE400
* 142E*11
* 767E+05
.697E411
* 699E+06
* 182E+12
* 270E+07
. 355E+12
* 706E+07
.588E+12
* 149E+08
.679E+12
* 269E+08
*123E+13
* 442 E *O
* 163E+13
* b7SE408
.209E+13
* 986E+OE
.261E+13
* 137E409
* 104E.14
* 115Ei10
* 221E.14
.179E.10
.371E.14
.664E+10
.544E*14
* 1b2E4'11
.736E.14
* 267E+1 I
.943E.I4
* 406E+1 1
* 116E415
* 579E4'1
* 139E+15
.789E+l1
* 162E415
* 104E+12
* 41 IE+15
.572E+12
.671E+15
* 146E+13
.933E+15
.276E413
* 120E4'16
.449E+13
* 147E4'Ib
.66e3E4I3
* 174E+16
.920E+13
.201E*16
.122E414
* 229E416
* 156E+14
.257E416
* 194E4 14
.549E*I6

12 *433E-03
.500E+05 .191E+09
.10OE*02 *110E412

*287E.13
.198E+11

.609E.14

.873E416
* 184E+15
.122E*17
.330E+15
* 158E+17
.516E+15
* 197E4'17
.743E*15
*238E+17
. IO1 E + I6
.2elE*17
* 132E+16
.326E*17
* 166E4'16
.373E*17
. 204E+16
* 923E+17
.771E+16
* 157E+18
* 159E+17
.228E4-18
* 257E+17
* 302E*18
.365E+17
.377E+IB
.478E+17
.454E+18
.595E.17
.53)E+16
.714E+17
* 60 BE.18
.633E+17
.665E+18
.954E+17
* 146E+19
*216E.18
.223E.19
.337E418
. 300E4 19
.458E.16
* 376Ee19
.579E+IB
.452E419
.700E+18
*528E*19
.e21E+18
.604E+19
*'942Ei18
* 679E+19
* 106E+19
.755E*19

I1BE+19
* 149E+20
*240E+19
*221E+20
.362E+19
* 293E+20
.487E.19
.363E+20
*613E419
* 432E+20
*739E+19
* 500E+20
.865E+19
.567E420
.992E419
*&32E+20
I 112E+20
*698E+20
* 125E+20
* 130E421
* 247E*20
* 163E+21
* 358E+20
.229E+21
* 457E+20
• 270E+21
• 543E+20
* 306E+21
*619E+20'
*336E+21
*685E+20

.364E+21
*743E+20
*3B8E+21

.794E+20
. 408E+21
* 839E.20
.514E+21

10I6E+21
* 542E421

122E421
*549E+21
I 114E*21

.551E421

.114E421
* 552E+21
.114E+21
.552E421
. I 14E*21
.552E421
* 114E*21
*552EG21
* 114E+21
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Program CELLTRAN Output File (IP.OUT) (continued)

222RN
1 2
1 4

*OOOE+0O
*OODE400
* 134E+06
. 1O8E+01
* 269E+06
* 429E+01
* 404E+06
* 976E+01
. 538E+06
* 1B0E+02
. 673E4O6
* 299E+02
.80FE.06
.465E+02
* 943E406
.693E+02
*IOBE+07
I ICOE+01
* 121E407
* 14C0E+03
* 135E+07
* 192E+07
*269E407

.211IE+04
* 404E+07
* 774E+04
* 537E+07
* 194E+05
*674E+07
*390E+05
S OEE+07
*68cE+I 5
*942 E +07
* 106E+06
* 106E+08
* 159E+06
* 121E+08
. 223E+06
* 135E+0B
* 2M9+06
*270E+0B
I 188E+07

* 406E408
* 486E#07
.541E+08
* 932E407
* 679E+08
* 153E+0B
.e14E408
.227E+08
* 949E+0B
.316E+08
* 1OBE+09
.419E408
* 122E+09
.538E+06
* 136E+09
.67JE+0B
.272E+09

82 .661E402
*OOOE+00 .191E+09
.OOOE400 .110E412

.287E+13
.19SE+11

.282E+09
.409E.09
* 644E+09
.545E+09

1 115E+10
.6elEtO9
• 1BOE.10
.B*20E*09
* 260E.10
. 957E.09
.353E+10
* 109E+10
.461E+10
* 123E+10
*581E+10
* 137E.10
.715E+10
.276~E+10
.270Ee1I1
.417Efr1O
.557E.11
.557E+10
*901E+11
.698E+10
* 129E*12
.839E+10
* I68E+12
* 980E4-1O
.209E+12
* 112E+11
.250E412
* 127E+11
.292E+12
* 141E+11
.334Ei12
.292Efrll
.757E+12
.423E+11
* 1ISE+13
.564E+11
* 161E+13
.703EI11
.203Ei13
.842E.11
*245E413
.992E+11
.288E+13
.112E412
.330E'13
* 126E+12
* 37 3E 13
* 140E412
.415E+13

* 277E+12
.641E+13
.411E+12
* 127E+14
.543E+12
* 171E+14
.676E+12
.215E414
.803E+12
.259E+14
.931E412
.303E414
* I06E+13
.348E+14
. IIBE.13
* 39 2E 414

I 1E141 3
.437E+14
.246E+13
.665E+14
.350E413
* 126E+15
.439E+13
* 160E+15
.521E+13
* 190E+15
.'592E+13
.217E+15
* 654E+13
.240E+ 15
.710E413
.2b1E+15
.757E+13
.279E+15
*SOIE.13
* 29 4E 415
* 103E+14
* 372E+15
. I11E+14
.394E+15
.112E+14
.400E+15
*113Et14

*401E415
*113E414

*401E415
*113E*14
*401E+15

1 I13E+14
*401E+15
*113E414
*401E+15
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Figure 41

Program CELLTRAN Output File (IP.OUT) (continued)

1 2 .100E.05 .191E409
1 4 .100E+02 .110E412

* OOOE+00
.OOOE400
.203E'iO
* 112E.05
* 101E+11
* 101E4-O6
.266E+11 BE1
.392E+06 .205E+16
.522E*11 .424E+14
.103E407 .424E416
.871E411 .750E+14
.217E+07 .675E416
.131E+12 .167E+15
.397E.07' .454E+16
* 164E+12 .1654E415
.657E41J7 .544E+16
.246E+12 .221E+15
.1C'1E+08 .637E+16
.317E+12 .235E415
*148E+('8 .733E*15
.397E+12 *735E+15
.207E+08 B325E+16
.164E+13 .431E415
:178E+09 .491E417
.361E413 .145E+16
.603E+09 .307E417
.62C'E+13 *074E+17
.141E+10 .4274E.17
.932E+13 .415E+16
.268E+10 .547E417
.129E414 .560E+16
.451E+10 .566E+l7
.169E+14 .76OE+16
.697E4-10 *788E*17
.212E+14 .754E+16
.101E411 *985E417
.258E+14 .100E+17
.140E+11 .103E+18
.306E+14 .115E+17
.186E+11 .115E+16
.866E+14 . 135E+17
.114E412 .234E417
.14BE+15 .276E417
*305E+12 .353E+17
.212E+15 .422E+17
.597E+12 .472E+17
.276E+15 .672E+17
.990E+12 .590E418
.341E+15 .712E417
.148E+13 .707E+17
.406E415 .855E*17
.208E413 .824E418
.472E+15 .99E4E17
.277E413 .99941E71
.538E+15 .141E*16
.357E413 .106E419
.605E+15 *128E+18
.446E+13 .128E+19
.130E+16 *1E1

.287E+13.198E.11

* 143E*1e.232E+19
.283E+19
.343E419
.419E+18
* 453E+19
.554E*18
.561E+19
* 687E+18
.667E+19
.817E*18
.772E+19
.946E+1e
.e75E+19
* 107E+19
.977E+19
* 120E+19
. 108E+20
* 132E.19
.201E+20
* 246E+19
. 2B2E'20
.347E419
* 354E+20
.436E+19
*417E+20
.512E+19
. 472E+20
.5~B (OE +19
.520E+20
.639E+19
.561E+20
.690E+19
* 597E+20
.734E419
. 630E+20
.775E+19
* 792E+20
.974E419
*835E+20
*103E+20
.848E+20
* 104E+20
.851 E+210
* 105E+20'
*851E+20
* 105E.20
*e51E+20
* 105E+20
• e52E+20
• 105E420
* 852E+20
* 105E420

333



Figure 42

Program CELLPOST Output File (CONC.DAT)

7 E2.OOOE+00 .1OOE-02 .200E-02
.BOOE-02 .900E-02 .IOOE-01
.700E-O1 .800E-01 .9OOE-OI
.600E+00 .700E+OO .6OOE+00
.SOOE+O1 .600E+01 .700E+01
.400E+02 .500E+02 .600E+02
.30(0E+03 .400E+Q3 .500E+03
.200E+04 .300E+04 .400E+04
.100E+05 .200E+05 .300E+OS
.qOOE+05 .100Et06 .200E+06
.600E+06 .900£+06

2428V 23SU 234U 230TH
.OOOE+OO sOOOE+00 .OOOE+00
.OOOE+00 .OOOE+00 .OOOE+00
.196E-21 .333E-20 .234E-20
.137E-17 .235E-16 .164E-16
.175E-20 .256E-15 .209E-19
.b70E-17 .117E-15 .817E-16
.675E-20 .116E-16 .814E-19
.175E-16 .30BE-15 .216E-15
.176E-19 .307E-18 .215E-18
.339E-16 .606E-15 .424E-15
.36BE-19 .64bE-18 .452E-18
.5bDsE-16 .l0lE-14 .707E-15
.669E-19 .llEE-17 .E25E-18
.840E-16 .152E-14 .106E-14
.110E-18 .196E-17 .137E-17
.117E-15 .214E-14 .149E-14
.169E-16 .301E-17 .21lE-17
.1 5E-15 .2B5£-14 .200E-14
.245E-1B .439E-17 .307E-17
.199E-15 .368E-14 .258E-14
.341E-18 .614E-t7 .431E-17
.247E-15 .460E-14 .322E-14
.264E-17 .530\E-16 .370E-16
.977E-15 .190E-13 .133E-13
.931E-17 .179E-15 .126E-15
.207E-14 .41BE-13 .293E-13
.211E-16 .418E-IS .292E-15
.344E-14 .717E-13 .503E-13
.394E-16 .796E-15 .55BE-15
.502E-14 .108E-12 .757E-13
.647E-16 .134E-14 .939E-15
.675E-14 .150E-12 .lOSE-12
.978E-16 .207E-14 .145E-14
.B62E-14 .196E-12 .137E-12
.139E-15 .300E-14 .210E-14
.105E-13 .246E-12 .171E-12
.189E-15 .415E-14 .290E-14
.125E-13 .299E-12 .209E-12
.246E-1S .554E-14 .367E-14
.146E-13 .355E-12 .24BE-12
.134E-14 .33BE-13 .236E-13
.365E-13 .l0lE-ll .703E-12
.339E-14 .910E-13 .636E-13
.5BBE-13 .173E-11 .121E-ll
.643E-14 .179E-12 .125E-12
.813E-13 .246E-11 .171E-II
.104E-13 .296E-12 .207E-12
.104E-12 .321E-11 .224E-ll
.155E-13 .445E-12 .310E-12

.300E-02 .400E-02 .500E-02 .600E-02 .700E-02.200E-01 .300E-01 .400E-O1 .SOOE-O1 .600E-OI.IOOE+OO .200E+00 .100E+00 .400E+00 .500£+0tl.900E+00 .lOOE+Ol .200E+01 .300E+01 .400E+CI.BtlOE+Ol .900£+01 .IOOE+02 .200E+02 .300E+02.700E+02 .800E+02 .9OOE+02 .IOOE+G3 .200E+03.600E+03 .700E+03 .800E+03 .900E+03 .1OOE+04.500E+04 .600E+04 .700E+04 .800E+04 .9OOE+04.400E+05 .500E+05 .6(0OE405 .700E+OS .B(OQE+05.300E+06 .400E+06 .500E+06 .600E+06 .700E+06

226RA 222RN 210PB
.OOOE+OO .OOOE+OO0.000£+00 .OOOE+00
.OOOE+OO .OOOE+ .00 +OOOF0 .OOOE+00
.267E-22 .261E-21 .OOOE+OO .266E-20
.182E-18 .183E-17 .264E-17 .IEEE-16
.233E-21 .231E-20 .OOOE+OO .240E-19
.692E-1B .501E-17 .531E-17 .937E-lb.904E-21 .894E-20 .OOOE+00 .932E-19
.233E-17 .235E-16 .797E-17 .247E-1S.235E-20 .234E-19 .OOOE+OO .245E-IB
.454E-17 .459E-16 .106E-16 .434E-15
.493E-20 .490E-19 .OOOE+OO .516E-1&
.749E-17 .760E-16 .133E-16 .809E-15
.890E-20 .888E-19 .OOOE+OO .S44E-18
.112E-16 .114£-15 .155E-16 .122£-14
.147E-19 .146E-18 tOOOE+00 .156E-17
.156E-16 .159E-15 .186E-16 .171E-14
.226E-19 .225E-18 .OOOE+00 .240E-17
.2DBE-16 .211E-15 .213E-16 .228E-14
.327E-19 .327E-18 .OOOE+OO .352E-17
.266E-lk .270E-15 .239E-16 .254E-14
.456E-19 .454E-IB .OOOE+00 .492E-17
.330E-16 .337E-15 .266E-16 .36BE-14
.379E-18 .381E-17 .OOOE+OO .423E-16
131IE-15 .134E-14 .531E-lt .152E-13
.125E-17 .126E-I6 OOOE+OO .143E-15.277E-15 .286E-14 .797E-36 .335E-13
.282E-17 .286E-16 .OOOE+OO .335E-15.462E-15 .479E-14 .106E-15 .575E-13
.526E-17 .536E-16 .OOOE+00 .637E-15.671E-15 .703E-14 .133E-15 .E65E-13
.669E-17 .B84E-16 .OOOE+00 .107E-14
.902E-1S .951E-14 .159E-15 .120E-12
.131E-16 .134E-15 .OOOE+00 .166E-14
.115E-14 .122E-13 .186E-15 .157E-12
.186E-16 .192E-IS .OOOE+00 .240E-14
.141E-14 .ISOE-13 .213E-15 .197E-12
.253E-16 .261E-15 .OOOE+00 .333E-14
.168E-14 .160E-13 .239E-15 .239E-12
.331E-16 .344E-IS sOOOE+00 .442E-14
.196E-14 .209E-13 .266E-15 .284E-12
.IBOE-15 .IE9E-14 .OOOE+00 .271E-13
.4B6E-14 .S31E-13 .533E-1S .B04E-12
.455E-1S .4B4E-14 .OOOE+00 .725E-13
.787E-14 .E67E-13 .B0lE-15 .137E-ll
.B62E-15 .414E-14 .OOOE+00 .142E-12
.10qE-13 .121E-12 .107E-14 .1$7E-II
.139E-14 .149E-13 .OOOE+00 .235E-12
.139E-13 .155E-12 .134E-14 .256E-II
.207E-14 .220E-13 .OOOE+00 .352E-12
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Figure 42

Program CELLPOST Output File (CONC.DAT) (continued)

.127E-12 .396E-11 .277E-11 .170E-13 .190E-12 .161E-14 *316E-11
.215E-13 .624E-12 .435E-12 .287E-14 .305E-13 OOOE00E *495E-12
.151E-12 .472E-11 .329E-1.1 .202E-13 .225E-12 .187E-14 .377E-11
.285E-13 .832E-12 .582E-12 .381E-14 .404E-13 .000e+0OO .659E-12
.175E-12 .~55E-11 .383E-11 .233E-13 .260E-12 .213E-14 .438E-11
.365E-13 .107E-11 .749E-12 .489E-14 .517E-13 .OOOE+00 .649E-12
.19BE-12 .624E-11 .437E-11 .265E-13 .296E-12 .241E-14 .499E-11
.455E-13 .134E-11 .'937E-12 .610E-14 .642E-13 OOE00E *106E-11
.222E-12 .703E-11 .492E-11 .29BE-13 .332E-12 .26BE-14 .561E-11
.196E-12 .5b9E-11 .398E-11 .262E-13 .266E-12 .OOOE+00 .447E-11
.476E-12 .152E-10 .106E-10 .639E-13 .709E-12 .537E-14 .121E-10
.460E-12 .130E-10 .909E-11 .61SE-13 .609E-12 OOO0E400 .IOIE-10
.752E-12 .239E-10 .167E-10 .101E-12 .113E-11 .607E-14 .190E-10
.849E-12 .232E-10 .162E-10 .114E-12 .109E-11 .OOOE+00 *178E-10
.105E-11 .332E-10 .232E-10 .141E-12 .158E-11 .IOBE-13 .264E-10
.137E-11 .363E-10 .253E-10 .184E-12 .171E-11 .OOOE+DDi .276E-10
.137E-11 .431E-10 .301E-10 .183E-12 .204E-11 .134E-13 .341E-1O
.203E-11 .520E-10 .364E-10 .273E-12 .246E-11 .OOOE+00 *392E-10

.285E-11 .705E-10 .494E-10 .383E-12 .334E-11 .OOOE+00 *526E-10

.206E-11 .643E-10 .449E-10 .277E-12 .306E-11 .189E-33 .505E-10

.381E-11 .915E-10 .641E-10 .514E-12 .437E-11 .OOOE+00 .67BE-10
.244E-11 .754E-10 .527E-10 .32BE-12 .363E-11 .21SE-13 .591E-10
.494E-11 .115E-09 .805E-10 .666E-12 .550E-11 .OOOE+00 .844E-10
.2B3E-11 .e7DE-bO .609E-10 .379E-12 .421E-11 .243E-13 .68C'E-10
.625E-11 .141E-09 .967E-10 .841E-12 .676E-11 .000E400 .103E-09
.323E-11 .~99E-10 .695E-10 .435E-12 .48'CE-11 .27(0E-13 .772E-10
.301E-10 .'515E-09 .359E-09 .409E-11 .255E-10 .OOOE+00 .345E-09
.602E-11 .236E-09 .165E-09 .IOBE-11 .119E-10 .544E-13 .177E-09
.76ZE-10 .103E-08 .721E-09 .104E-10 .527E-10 .OOOE+00 .652E-09
.13BE-10 .392E-09 .274E-09 .185E-11 .203E-10 .823E-13 .285E-09
.14BE-09 .164E-Oe .114E-08 .203E-10 .851E-10 .OOOE+00 .987E-09
.200E-10 .555E-09 .389E-09 .269E-11 .295E-10 .11OE-12 .396E-09
.246E-09 .22BE-08 .160E-08 .33SE-10 .121E-O9 .OOOE.00 .133E-08
.266E-10 .726E-09 .506E-09 .357E-11 .390E-10 .138E-12 .508E-09
.372E-09 .295E-08 .206E-0B .514E-10 .15SE-09 .OOOE+0O .16SE-08
.333E-10 .B'97E-Oq .6'7E-09 .449E-11 .487E-10 .165E-12 .619E-09
.526E-09 .363E-08 .253E-089 .729E-10 .197E-09 .OOOE+00 .203E-08
.402E-10 .107E-0B .74eE-09 .540E-11 .5V7E-10 .193E-12 .731E-09
.70SE-09 .432E-06 .303E-06 .981E-10 .236E-09 .OOOE+00 .23SE-08
.470E-10 .124E-08 .870E-09 .63JE-11 .666E-10 .221E-12 .643E-09
.915E-09 .501E-08 .351E-08 .12BE-09 .276E-09 .OOOE4+00 .274E-08
.53SE-10 .142E-OB .98SE-09 .725E-11 .7BbE-10 .25iE-12 .956E-09
.115E-08 .569E-08 .39aE-08 .161E-09 .316E-09 OOOE00E .309E-OE
.609E-10 .15SE-08 .1U1E-08 .819E-11 .885E-10 .27SE-12 .107E-0B
.496E-OB .123E-07 .664E-08 .715E-09 .715E-09 .OOOE+00 .657E-08
.130E-09 .325E-O8 .227E-0B .175E-10 .189E-09 .556E-12 .217E-O6
.112E-07 .IBeE-07 .132E-07 .167E-08 .112E-08 .OOOE.00 .100E-07
.199E-09 .486E-08 .339E-08 .269E-10 .28SE-09 .B34E-12 .326E-08
.196E-07 .250E-07 .175E-07 .302E-08 .152E-O9 .OOOE+00 .135E-07
.26SE-09 .63SE-08 .446E-08 .365iE-10 .38SE-05 .111E-11 .43aE-08
.299E-07 .30BE-07 .216E-07 .476E-08 .192E-08 .OOOE+00 .169E-07
.337E-09 .786E-08 .549E-08 .457E-10 .486E-09 .139E-11 .54BE-06
.420E-07 .365E-07 .255E-07 .689E-06 .232E-08 OOOE00E .203E-07
.405E-09 .925E-08 .647E-OB .551E-10 .5e4E-09 .166E-11 .6&56E-08
.556E-07 .420E-07 .292E-07 .939E-Oe .272E-0B .OOOE+00 .23BE-07
.473E-09 .106E-07 .741E-08 .647E-10 .682E-O9 .194E-11 .765E-08
.706E-07 .469E-07 .329E-07 .123E-07 .312E-08 .OOOEi00 .271E-07
.540E-09 .118E-07 .830E-08 .739E-10 .78DE-09 .221E-11 .673E-0B
.86SE-07 .519E-07 .364E-07 .155E-07 .35C-0B .OOOE400 .304E-07
.609E-09 .131E-07 .92JE-08 .835E-10 .877E-09 .249E-11 .984E-08
.104E-06 .56SE-07 .39BE-07 .191E-07 .391E-08 .OOOE+00 .340E-07
.67SE-09 .143E-07 .997E-08 .929E-10 .976E-09 .276E-11 .110E-07
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Figure 42

Program CELLPOST Output File (CO NC.DAT) (continued)

.314E-06 .941E-07 .65BE-07 .743E-07 .7$5E-08 .OOOEtOO .673E-07

.133E-OB .236E-07 .166E-07 .187E-09 .193E-08 .546E-11 .215E-07

.553E-06 .11BE-06 .B29E-07 .161E-06 .120E-07 .OOOE+00 .597E-07

.197E-08 .256E-07 .20EE-07 .282E-09 .286E-OE. E1 IE-11 .3tBE-07

.795E-06 .134E-06 .937E-07 .275E-06 .161E-07 .OOOE+OO .132E-06

.257E-08 .335E-07 .235E-07 .373E-09 .379E-08 .107E-10 .420E-07

.103E-OS .145E-06 .IOIE-06 .412E-06 .203E-07 .OOOE+00 .163E-06

.315E-08 .361E-07 .253E-07 .465E-09 .469E-Oe .133E-10 .521E-07

.125E-OS .ISIE-06 .106E-OS .570E-06 .245E-07 .OOOE+00 .194E-06

.370E-08 .377E-07 .264E-07 .556E-09 .55BE-08 .15BE-10 .619E-07

.148E-05 .155E-06 .108E-06 .743E-06 .286E-07 .OOOE+00 .225E-Ok

.422£-OB .3B7E-07 .271E-07 .645E-09 .646E-OE .IE4E-10 .716E-07

.16SE-05 .ISBE-06 .IIIE-06 .932E-06 .325E-07 .OOOE+00 .255E-06

.473E-08 .394E-07 .276E-07 .733E-09 .733E-OB .209E-10 .812E-07

.188E-05 .159E-06 .112E-06 .114E-OS .371E-07 .OOOE+00 .2B5E-Ob

.570E-OE .39SE-07 .260E-07 .819E-09 .817E-02 .233E-10 .907E-07

.206E-05 .161E-06 .113E-06 .135E-OS .414E-07 .OOOE+00 .314E-06

.566E-08 .401E-07 .281E-07 .905E-09 .902E-08 .25BE--10 .IOOE-06

.352E-05 .162E-06 .114E-06 .371E-05 .81BE-07 .OOOE+OO .585E-06

.92BE-08 .407E-07 .285E-07 .170E-08 .168E-07 .485E-10 187E-06

.445E-05 .162E-06 .114E-06 .611E-05 .119E-06 .OOOE+00 e825E-06

.llSE-07 .407E-07 .2ESE-07 .240£-08 .236E-07 .690E-10 .262E-06

.SC4E-OS .162E-06 .114E-06 .834E-05 .15tE-06 .OOOE+00 .104E-OS

.I OE-07 .407E-07 .285E-07 .301E-08 .29tE-07 .866E-10 .325E-06

.543E-05 .Ib2E-OS .114E-06 .102E-04 .160E-06 .000£+00 .122E-OS

.139E-07 .407E-07 .2ESE-07 .355E-08 .349E-07 .103E-05 .387E-06

.567E-OS .162E-06 .114E-06 .120E-04 .205E-06 .OOOE+00 .13BE-05

.144E-07 .407E-07 .285E-07 .400E-08 .395E-07 .117E-09 .43BE-06

.5e2E-05 .162E-06 .114E-OS .135£-04 .227E-06 .OOOE+00 .152£-OS

.14BE-07 .407E-07 .285E-07 .440E-08 .434E-07 .129E-09 .463E-06

.592E-O' .162E-06 .114E-06 .14BE-04 .246E-06 .OOOE+OO .164E-05

.150E-07 .40!7E-07 .265E-07 .47BE-08 .470E-07 .140E-09 .521IE-06

. 99E-05 .162E-06 .114E-06 .159E-04 .2S3E-O6 OOOE+00 .175E-05

.152E-07 .407E-07 .285E-07 .510E-08 .501E-07 .149E-09 .554E-06

.602E-OS .162E-06 .114E-06 .169E-04 .278E-06 .000£+00 .184E-05

.153E-07 .407E-07 .2B5E-07 .537E-08 .527E-07 .158E-09 .565E-06

.609£-OS .162E-06 .114E-06 .219£-04 .351E-06 .OOOE+00 .232E-05

.154E-07 .407E-07 .2B5E-07 .674E-08 .664E-07 .203E-09 .735E-06

.609E-05 .162E-06 .114E-06 .233E-04 .371E-06 .OOOE+0O .245E-OS

.154E-07 .407E-07 .265E-07 .712E-OB .700E-07 .217E-09 .775E-06

.tO9E-05 .162E-06 .114E-06 .238E-04 .37eE-06 .OOOE+00 .247E-05

.154E-07 .407E-07 .285E-07 .722E-OB .709E-07 .221E-09 .767E-06

.609E-05 .162E-06 .114E-06 .238E-04 .378E-06 .OOOE+00 .250E-05

.154E-07 .407E-07 .2&SE-07 .725E-08 .712E-07 .223E-09 .790E-06

.S05E-05 .162E-06 .114E-06 .23BE-04 .378E-06 .OOOE+00 .250E-OS

.154E-07 .407E-07 .2B5E-07 .725E-OE .713E-Q7 .223E-09 .790E-OS

.609E-05 .162E-06 .114E-OS .238E-04 .378E-06 .OOOE+00 .250E-05

.154E-07 .407E-07 .285E-07 .725E-OE .713E-07 .223E-09 .790E-OS

.609E-05 .162E-06 .114E-06 .238E-04 .378E-06 .OOOE+00 .250E-05

.154E-07 .407E-07 .285E-07 .725E-OE .713E-07 .223E-09 .791E-06

.609E-05 .162E-06 .114E-06 .238E-04 .378E-06 .OOOE+00 .250E-QS

.154E-07 .407E-07 .2E5E-07 .725E-08 .713E-07 .223E-09 .791E^06
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Figure 43

Program DOSEFAC Output File (DOSEFAC.OUT)

INTAKE II1E= 70.00 YEARS
IOMMITMEHT TINES 70.00 YEARS

ORSAN NASSfEM)
7OTAL BDDY 70000.0

E-34h- 7000.0
THYROID 20.0
LIVER 1800.0
KIDNEYS 310.0
LUh-. )ItD(1.D

61-L:I 150.0

242FU

RADIVACTIVE DECAY HALF LIFE: .376E+06 YEARS
INSOLULE FORM

FRA^TION Oi RADIDNiCLIDE thANSFERED TO ThE ELOOD= .30(E-O4

ORGAN 11OLOSICAL HALF-LIFE FRACTION REACHINE ORfAN FRACTION FRO" 8LOUD EFFECTIVE ENEF:~

TOTAL EODY

L!-'~!
K [N?; -'
LUNE=

6!-LLI

(DAYS) TO ORAN (NEvIDISINTEBRA11iD

.650E+05 .300E-04 .100E+01 .510E+02

.365E+01 .135:-04 .45&EF+00 .~EO

.000E+00 MONOOE .000E+30

.14~E4C5 .135E-04 .45CE.A0 450E0
* 20E4O5H .600E-06 .200E-01 .51'E+02

.365E+03 .5 ---- --- 10E+0"r
-~ ~ ~ ~ ~~----- -----. 51i+0E.

238"

RAn!OA.TIVE DECAY HALF LIFEc .447E+10 YEARS
DES ?L9PE FM.R4

FRACTIOs OF

ORE AN

TOTA.. BODY

LIVER
KIDNEYS
LUNBS
61-LLI

RADIONACIDE TRANSFERED TO THE BLOOD* .1OOE-01

BIOLOGICAL HALF-LIFE FRACTION REACHING DRSAN FRACTION FROM BLOOD EFFECTIVE ENEF.DY
(DAYS) TO DRb4N (NEVIDISINTEBRATION)

.100E+03 .10DE-01 .100E+01 .4DOE+C02

.30DE+03 .110E-02 .IIOE+30 .220E+03
.OOOEtC'0 .000E40,0 MOOEWO .OoE+0e
.000E.00 .O000EiW .OOOE+00 .0OOOE+Df')
.150E+02 .1IOE-02 .1ICE+00 .430E+D"
.120E+03 --- --- .43DE+D;

---------- ------------- .430E+00
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Figure 43

Program DOSEFAC Output File (DOSEFAC.OUT) (continued)

234U

RADIDACTIVE DECAY HALF LIFEs .245E+06 YEARS
INSOLUBLE FORM

FRACTION OF RADIONUCLIDE TRANSVERED TO THE PLOODs .JOOE-DI

ORSAN BIOLOICAL HALF-LIFE FRACTION REACHINS ORGAN FRACTION FROM BLOOD EFFECT 'IVE ENEPSY

TOTAL BODY
BhONE

THYPOID
LIVEP

KIDNEYS
L UNLC

61-LLI

(DAYS) TO CREAN (KEV/DISINTES;A710h!

.IOOE+03 .100E-OI .IOOE+OI .49(OE+02

.300E'03 .1IOE-02 .IIOE+00 .240E+03

.OOOE+00 .OOOE+00 .OOOE+Oj .OOOEO00

.OOOE+0O .OOOE+00 .OOOE'0O .0QOE+N00

.150E+02 .1IOE-02 .I1OE+00WO+0

.120E+03 ----------- __ .490zE+.0
---------- --------- ---------- .~~4K80E.O

230Th

RADIOACTIUE DECAY PALr LIFEs .770Et05 YEARS
INKS2Ub.E FO;'

FRAWTIO OF

CREAN

R4D!0NjCLJDE TRANSFERED TO THE BLOOD' .IOOE-03

BIOLOICA. HALF-LIFE FWRATION REAWFNB5 OREAN FRACTION F40D ELOD: EFFECTIVE ENE;.t
(00s) TO 0MS&N (NEVIS41NTE6S: ON;

TOTAL BDY .57E.+0 .IOOE-03 .100lt01 .48EH+02
B.s; .3i65E&C- .700E-04 .7005. W .242E+03

THi'F^-ii .Ov E+OG' .OOOE+0G .00 tt+00 ?
LIvEn .5705+05 .5:9Gi-05 .5'S-01

KIDiY, .22QDE'35 .500E-05 .500'E-Q! .410E .4O
LX~~~hS; , 14bE+G4 --------- _ _~~-------- . !4'EsLt1 ~ .146E+04 4 -'

i-LiL! ---------- ----- ----------

RADODAi: tV: DECAY HALF LIFE- .IbOE+04 YEARS
IhSi,.UEE FORI,

FRACTION OF RADIONUCLIDE TRANSFERED TO THE BLOODs .300E+00

ORfiAh BIOLOCICAL HALF-LIFE FRACTION REACHINS ORGAN FRACTIOb FROM BLOOD EFFECTIVE ENERiy
IDAYS) TO ORGAN (MEMISINTESWATICS)

TOTAL BODY .6105E04 .300E+00 .lOOEtOI .IIOE+03
BONN .164E+05 .300E-01 .100lE00 .110E+03

THYF.OD .000,E00 .OOOEtO0 .OOOEt00 .OOOE+00
LIVtER .OOOEWO .0005+00 .OOOEt00 .00.0-+00

K!DNEtYS .OOOE+00 .000+00 .000E00 .000E+Q0
LUNSS .120Et03 -------- ---- .1IOE+03

61-LLI ---------- - -- .370Et01
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Figure 43

Program DOSEFAC Output Flle (DOSEFAC.OUT) (continued)

2IOPE

RADIDA:TIVE DECAY HALF LIFEz .223E+02 YEARS
INSOLLBLE FDRm

FRACTION OF RADIOUCLIDE TRANSFERED TO THE BLOOD .80OE-01

ORBAN RIOLOSICAL HALF-LIFE FRACTION REACHINS ORBAN FRACTION FROG BLOOD EFFECTIVE ENEREv
(DAYS) TG OR6A? (MEVDISIhTE64ATION)

TOTAL EDDY

LIYER
KIDNEYS
LONSS
61-LLI

* I4EE+04
.365E*04
* 0C*0E+(00
* 195E.O4

* 202.03

.60(1E-01
* 20C'2-O1
.OeOE*00
.6402-02
*. 100-01

.IOE+01

.250EtOO
* 000 t+0&
. 8Ot-OG
.125.000

_______---

.520E- C0
* 29C02+02
.00024!0
* 105E+Di
. 1002+0:~
.251E2'~'2
* 46)E+00

IN4LATION DOSE FACTORS
(REM (UCI/YR))

.nORGAN..*

TOTAL BODY BONE THYROID LIVER KIDNEYS LUN5S 6!-LL1

24i +

234u
23 CT H
226RA
21lOPE

.3B2E+04

.395t202

.4502.02

.355.+04

.4252.04

.553E+02

.7822.05

.65H 'O3

.7192.03

.119E+06
* 642E2.04
* 145E+04

. 000E+00

.00O2+00
.000+00
.00020Q
.0002.00
.00Et+00

.506E+05

.OOOE+00

. OOOE00

.690E204

.000E+00

.412E203

.15E2+05

.169Et03

.3452.05

.000iE00

.126E+04

. 11E+05
.33 E+04
.377E+04
.426E-05
.E47E+D4
.190E204

.2S6:'0i

.241E.01

.269E.02
* 261E+0i
.2072.02
.259E+01

INSESTIDO DOSE FACTORS
(REN/(UII/YRO)

##.OR6BNtne

TOTAL BODY BONE THYROID LIVER KIDNEYS LUNES 61-LLI
RADDIONJIL IDE

2421J
239J
4234L'

230TH
226RA
21 OPB

.916E+00

.316F+01

.3ttt01

.294E+01

.116t+05

.354E+02

.189E202

.527E202

.575E+02

.949E+02

.154+E05

.926E+03

.OOOE+00

.OOOE+00

.0002E00

.000E+00

.OOOE+00

.000E+00

.122E+02

.000E+00

.000+00

.5522+01

.000+00

.2642+03

.379?E+OI

.I EE+02

.135E+02

.276E+02

.OOOE+00

.0965+03

.OOOE00

.OOOE+00

.000E+00

.OOOE+00

.OOOE+00

.OOOE+00

.457E'01

. 426E401

.421E+01

.23'E+52
.379E+0!
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Figure 44

Program DOSECAL2 Output File (DOSECAL.OUT)

NUMBER OF RADlINUCLIDES2 7 NUMBER OF TIMES= 52

fURADIONUCLIDESMf

242PU 236U 2341i 230TH 226RA 222RN 21bPS

USASE AND EIPDSURE PARAMETERS

SPRINKLER IRRIGATION5 400.00 L/Rif2
DENSITY OF LEAFY VEBETABLESs 5.20 KSJE/t2
IRRIGATION1 TiMEl 62.00 DAYS
WEATHERINE HALF-LIFE* 14.00 DAYS
FRACTION OF RADIONU41DE DEPOSITED ON LEAVES=
HUMPk VEGETAbE CONSUPP7IONs 190.00 KG/YR
HUMNh NATER CDNSUM-TIDONl 370.00 L/YR
DAiRt CON PLAN! CONS'J"TI0HN 50.00 KS/DAY
EEE; CATTLE PLANT CONSXI;TION= 50.00 KG/DAY
DAIRY COW Dh1*,Ih-N RA7Ez 60.00 L/DAY
BEEF CATTLE DRINNINS RATE= 50.00 L/DAY
MEAT COlSJMlTiON BY HUNANS: 95.00 KGIYR
MILK CDNSLMFTIDN DY NUMANSz 100.00 LIYR
FISH CONSUgFTIDN BY HJMANS= 6.90 K6/YR
AIR SUE.EF.5MN% e760.00 HR/YR
SOIL E SOtI4E: 2920.00 HR/YR
TIMt SPENT S;lftMINS= 15.00 HRIYR
SOIL RES SFENSIOh FA:TORz .35E+0I USI/til
HUFAN BR--A1H]Nz RATEz 9B00.00 Nt*3/YR
EMFJSL'.E TIME FOR HURANSz 70.00 YR
DOSE COMMITMENI TIEz 70.00 YR
SOIL DEPTH' 2.50 CH
SOIL DENSITYs 2.90 6M/C0n3

SOIL AND WATER RADIONUCLIDE CONCENTRATIOLN

.25

242PU

236U

234U

2307H

226RA

222RN

21 OPD

SOIL CONCENTRAtlIt4
WATER CONCENTRATIODN
SOIL CONCENTRATION=
WATER COIENTRAT ION
SDIL CONIENTRAUION
WATER CONRENTRATIONz
SOIL COb:ENTRAIIOhz
WATER CONCENTRATION=
SOIL CONCENTRATIONs
WATER CON ENWhfiA1T0I
SOIL CONCENTRATIONz
#ATER CONCENTRATION=
SOIL CONCEltRATlN=
lATER CONCETRMATIONx

.OOOE+00 MICROCURIES/a6

. 000F+00 MICRDCURIES/L

.OOO0i'00 RlCROCURIES196

.000f+0O MICROCURIES/L
.ODOE400 NICRDCURIESIX6
.OOOE+00 MICRO~tJRIES/L
.0O-)E+00 NICRO'RIESIVS
* OHOOE 0 MICROC&IIES/L
.OOOEOO RICRDCURIES/KB
.OOOE+00 HICRDCURIES/I.
.OOOE+00 MICROrURIES/KS
.OOOE*00 P.ICROEURIES/L
.0O0EO0D MILRBOCIIESIKE
.OOOE+00 MJCROCURIES/L

CONtCEkTRATION RATIOS

242PU RATIO FOR FISH=
RATIO FOR VESETATIONz
RATIO FOR MILK'
RATIO FOR MEAT'

23CU RATIO FOR FISH'
RATIO FOR VESETATIONt
RATIO FOR MILK
RATIO FOR MEATs

234U RATIO FOR FISH'
RATIO FOR VEGETATIQNz
RATIO FOR NILKs
RAT10 FOR NEAT'

.350E+01
.250E-03
.250E-07
.500E-02
.200E+O1
.250E-02
.600E-03
.500E-02
*200E*O1
.250E-02
.600E-03
.500E-02

I(CI/KS)FISH/CI/MAL)TAtER)
(MCI/KXIVEGETATION/ CI/KI)SOIL)

ICIIL)MILKJ IXIIDAY) NIAXE)
1(CI/KGS)EAT/(CI/DAY)INTAKE)
((CI/KG1FISHf(CI/LI WATER)
I(ClI/KG )VE6;TATIDN/(CI/k6)SOIL)
f(CI/L)MILM M lCl/DAY) lNTAKE)
I(CI/K61)MEAT/MCI/DAY) INTAKEI
ICltS)FISH/IC)IL)NAER)

I(CIM/KGVEGETATION/(CI/K)SOIL)
I CI /L)MILK/(CI/DAYJIN'TAKE)
(ICIMKS)MEAT/ (Cl/DAY)IINTAKE)
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Program DOSECAL2 Output File (DOSECAL.OUT) (continued)

230TH RATIO FOR FISH= .300E+02
RATIO FOR VEGETATIONz .420E-02
RATID FOR KILK& .250E-05
RATIO FOR EATs .500E-02

226RA RATIO FOR FISHr .500Et02
RATIO FOR VEGETATION: .14DE-02
RATIO FOR MILKs .200E-03
RATIO FOR MEATz .990E-03

222RN RAfiO FOR FISH- .OOOEt00
RATID FOR VEGETATION .OODE+00
RATIO FOn MILK: .OOOE+00
RAT10 FOR KEAT: .OOOE+00

210PB RATIO FOR FISH= .IOOE+03
RATIO FOR VE5ETATION: .69OE-OI
RATIO FOP MILK: .100E-04
RATIO FOR NEAT: .99OE-0O

11CIIKB)FISH/I(C/I)NATER)
i1CI/KM)YESETATION/(CI/KG)SDIL)
I1CI/L)MILK/(CI/DAY)INTAKE)
f(CI/KG)HEAT/ICI/DAY)INTAKE)
I(CI/K)FISH/ tI/L)AtER)
I(Cl/KG) YEETATION/ICI/KG)SOIL)
f(CI/L)MILK/ICI/DAY)INTAKE)
(ICl/KG) EAT/(CI/DAY)INTAKE)
f(CI/KG)FISH/(tI/.)MATER}
M SlC/K) VEBETATIGN/0(I/K6)S01L
I(CI/L)ILK/(CI /DAY)INTAKE)
IlCI/KM)IEAT/ I/DAY)INTAKE)
(CI/KG)FISH/ CI/L)NATER)
IICI/K6)VEGETATION!ICI/KG)S01L)
(ICI/L)MILK/ICI/DAY)INTAKE)
I1CIM(G)MEAT11CI/DAY)INTAKE)

EXTERNAL DOSE FACTORS

RADIDNh.'LIDE

242P';
2385w
234U
230TH
226RA
2?22k
2!OFS

GROUND EXPOSURE
tREX/H; PE; UCI/%**2)
SKIN TOTAL BODY

.16E-07 .llOE-06

.t32E-06 .352E-06

.50BE-06 .732E-08

.lOOE-Ot .7B2E-08

.155E-O4 .126E-04

.OOOE+0O .OOOE+00

.170E-07 .130E-07

HATER IMNERSION
IREM/HR PER UCI/Mit3)
SKIN TOTAL BODY

.360E-OS .IIOE-09

.932E-06 .736E-07

.124E-07 .1IEE-G8

.441E-OS .122E-06

.503E-05 .326E-05

.OOOE+O0 .OOOE+0O

.360E-06 .300E-08

AIR SUBMERSION
IREM/HR P-h UCI/M*13)
SKIN TOTAL BODY

.160E-05 .S1OE-G7

.BlIE-03 .338E-04

.520E-05 .5EE-06
.IEOE-05 .545E-06
.28ME-02 .151E-02
.OOOE+OO .OOOE+00
.336E-03 .269E-05

RADIONUCL IDE

242,Ft
23G 8LI
234U
230TH
226RA
222RN
210PB

RADIONUCLIDE

242FU
239U
234U
230TH
226RA
222RN
21OPD

TOTAL BODY

.763E+04

.790E+02

.900E+02

.709E+04

.155E+05

.OOOE+00

.I29E.03

TOTAL BODY

.YI6EO00

.316E+01

.360E+0I

.284E+01
* II6E+05
.OOOE+00
.354E+02

INHALATION DOSE FACTORS
(REM/(UCIJYR)

DONE THYROID LIVER KIDNEYS

.302E406 .OOOE400 .433E+05 .326E+05

.134E+04 .OOOE+O0 .00E+O0 .311E+03
.146E+04 .OOOEt0O .O0OE+00 .354E+03
.263E+06 .OOOEtO0 .117E+05 .570E+05
.154E+05 .OOOE+G0 .535EtOo .152E+02
.OOOE+00 .OOOE+O0 .OOOE+00 .OOOE+00
.371E+04 .OOOE+O0 .1OOE404 .334E+04

DONE

.363E#02
.527E+02
.575E+02
* 102E+03
* 154E.05
.OOOE+00
.926E+03

INGESTION DOSE FACTORS
IREM/IUCI/YR))

THYROID LIVER

.OOOE+00 .513E+0I

.OOOE+O0 .OOOE+00

.OOOE+O0 .OOOEtO0

.OOOEt00 .5e4E+OI

.OOOE+0O .401E+O0

.OOOE.00 .OOOE+O0

.OOOEtO0 .279E+03

LUNGS

.IIGE+05

.331E+04

.37BE.04

.416E+05

.B47E+O4
* OOOEO00
* I9OE+04

LUINS

.OOOE.00

.OOOE4-O0

.OOOE+O0

.OOOE+00

.OOOE+OD

.ODOE.OO
* OOOE.O0

SI-LIl

.283E+0l
* 233E+01
.267E+01
.261E+01
.206E*02
* OOOE+00
* 255E+0I

61-Il

.457E+01

.3BSE+01

.430E+0l

.421E+01

.232E+02
* OOOE+O0
.379E+01

KIDNEYS

.392E+01

.122E+02

.139Et02

.2B5E+02

.114E+02

.OOOE+O0

.835E+03
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Program DOSECAL2 Output File (DOSECAL.OUT) (continued)

TlNE- .OOOE+OO YEARS

EXTERNAL DOSE
IREM)

RADIONUCLIDE SKIN TOTAL BODY
242FU .OOOE+O0 ,OOOE+O0
238U .OOOE400 .OOOE+00
234U .OOOE+O0 .OOOEtOO
230TH .OOOE+O0 .OOOE+O0
226RA .OOOE+DO .OOOE+00
222Rk .OOOEt00 .OOOE+O0
210PE OOOOE+O0 .OOOEO0

TVTAL OOOE+O0 .OO0E+OcO

INHALAT1ON DOSE
(REM)

RADIONirLIDE SKIN TOTAL BODY BONE THYROID LIVER KIDNEYS LUNGS 61-LLI

242PU OOOE+0O .OOOEtOO OOOEtO0 .OOOE+00 .OOOE+0O .OOOE+0O .OOOE+OO
23L .00E0E+D0 ODOE+O0 .OOOEO .ODDEDOO .006E+O0 .OOOE+O0 .OO0Et0v
234-' .OOOE+O0 .OOOE+0G .OOOE+OD .OOOE+00 OOOE+CO .OOOE+O0 .OGOE+OO
230t .OOOE+OO .OOOE400 .OOO'+O0 .OOOE+O0 OOOE+OO .OOOE+OO .OQOE+OO
226RA OOOE+0O OOOE+OO .OOOE+O0 .OOOE+O0 OOOEDOO .OOOE+OO .OOOE+00
222RN .OOOE+O0 .OOOE+O0 .OOOE+OO OOE.O0 .OOOE+0O .OOOE+OO .OOE400
210ri .OOQEi00 .OOOE+00 .OOOE+00 .OOOE+00 .OOOE+O0 .OOOEtO0 .OOOE+O0

TOTAL .OOOE+OQ .OOOE+0O .OOOEtOO .OOOE+OO .OO&E.+0 .OOOE400 .000EtOO

INSESTION DOSE
(REM)

RADIDNUCLIDE SKIN TOTAL BODY BONE THYROID LIVER KIDNEYS LUNSS El-LLI

242FJ OOOOE+O0 .OOOEO0 .OOEO .O OOE+00 .OOOE.D0 .OOOE+O0 .DOOEO0
23iU OOOE+00 .OOOE+00 . OOQE+C .OOOE+O0 .OOOE+O0 .OO£E+00 .OOOE'OO
2341 .OOOE+O0 .OOOE+00 .000E+00 .00E+OO .OOOE+OO .OOOE+OO .OGOEtDO
230TH .OOOE+OO .OOOE+OO .O.OE+OO OOOE+00 OOOE+OO .OOOE+OO .O00E+O0
226RA .OOOE+0O .OOOE+00 .OOOE+O0 .OOOE+O0 .OOOE+OO .ODOEOO .OOE+O0
222Rh .OOOE+00 .OOOE+00 .OOOEt00 .O0OE+00 .OOOE+OO .OOOE+00 .OO0E+00
210P5 .OOOE+00 .OOGE+OO .OOOE+OO .OOOE+O0 .OOOE+O0 .OOOEtOQ .OQOE+O0

TOTAL .OOQE+O0 .OOOE+OO .OOOEtO0 .OOOE+OO .OOOE+OO .OOOE+Q0 .OOOE+GO

7T0AL DOSE
(REM)

RADIONUCLIDE SKIN TOTAL BODY BONE THYROID LIVER KIDNEYS LUNSS SI-LLI

242PU .OOOE+O0 .OOOE+00 .OOOE+0O .OOOE+OO .OOOE+O0 .OOOE+O0 .OOOE+OO .O0QE+OO
23tU .OOOE+OO .OOOEt00 .OOOE+OO .OOOE+OO .ODOE+O0 .OOOE+OO .OOOE+OO .0OCE.04
234U .OOOEtOO .OOOE+OO .OOOE+O0 .OOOE+OO .OOOEtOO .OOOE+OO .OOOE+O0 .O0OE+OO
230TH .OOOE+00 .OOOE+OO .OOOE+OO .OOOE+O0 .OOOE+OO .OOOE+OO . +00E0 .OOOE4OO
226RA .OOOEt0O .OOOE+OO .OOOE+OO .OOOEt00 .OOOE+00 .OOOE+OO .OOOE+OO .OWOEfO0
222RN .OOOE+O0 .OOOE+OO .OOOE+O0 .OOOEt00 .OOOE+OO .OOOEtOO .OOOEtO0 .OOOE400
21OPE .OOOE+O0 .OOOE+O0 .OOOE+OO .OOOEtO0 .OOOE+O0 .OOOEt00 . OOOE+00 OO0OO

TOTAL .OOOE.0O .OOOE+OO .OOE+00 .OOOE+OO .OOOE+OO .OOOE+OO .OOOEtOO .OOOE+00
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Program DOSECAL2 Output File (DOSECAL.OUT) (continued)

SOIL AND WATER RADIOIUCLIDE CONtENTRAIIONS

242PU

238U

234U

230TH

226RA

222RN

210PE

SOIL CONrEKTRATIONz
WATER CONCEKTRATIONx
SOIL CON£ENTRATION:
WATER CONCENTRATIODN
SOIL CONOENTRATION=
MATER CONRENTRATION-
SOIL CONCENTRATIONz
WATER CONCENTRATION:
SOIL CONCENTRATION
WATER CONrENTRATIONs
SOIL CON'ENTRATIDN:
WATER CONCENTRATION:
SOIL CONCENTRATION=
WATER CONCENTRATION%

.196E-21 NICROCURIESIKS

.137E-17 MICROCURIES/L

.333E-20 111CROCURJES/K6

.235E-16 NICROCURIES/L
.234E-20 NICRO"dRIES/KS
* 164E-16 RICROCURIESlL
.263E-22 RIERDEURIESIYK6
.192E-18 MICROCURIES1L
.261E-21 MICROCURIES/KS
* 163E-17 NICROCURIESIL
.OOOE+00 RICROCURIES/KS
.264E-17 MICRO'URIES/L
*266E-20 KICROCURIES(K6
*189E-16 NICROCURIES/L

TIM.S .IOOE-02 YEARS

RADIONUCLIDE
242PU

234'1.

222Rk'
2 104

TOTAL

TERNAL DOSE
MREK)

SKIN
.522E-20
.230E-I6
.231E-1E
680E5-21
.972E-17
.OOOE+00
.711E-17
.401E-16

TOTAL BODY
.161E-21
. 183£-17
.206E-19
*236E-21
.631E-17
.000E00
.597E-19
.E23E-17

RAD10hJLLIDE

242PU
236LU
234U
230"t
226RA
222irN
210F5

TOTAL

SKiN TOTAL BODY

.419E-22

.737E-23

.590E-23

.522E-23

.113E-21

.OOOEt00

.953E-23

.183E-21

INHALATION DOSE
IREM)

BONE THYROID

.166E-20 .OOOE+00

.125:-21 .OOOE+0O
.957E-22 .OOOE+00
.194E-21 .000E+00
.113E-21 .000E+00
.OOOE+00 .Ooo000
.276E-21 .000E+00
.246E-20 .000E+00

LIVER

.23BE-21

.000E+00

.OOOE+00

.662E-23

.391E-26

.000E00

.745E-22
.321E-21

KIDNEYS

.179E-21

.290E-22

.232E-22

.420E-22

.1IIE-24

.0005+00

.249E-21

.522E-21

LUNSS

.644E-22

.309E-21

.24eE-21

.306E-22

.619E-22* 000500

.142E-21

.855E-21

RADIONJCLIDE SKIN

242PU
23EU
231U
230TH
226RA
222RN
210PB

TOIAL

INLESTION DOSE
IREM

TOTAL BODY DONE THYROID LIVER KIDNEYS LUNDS

.796E-15 .31tE-13 .0DDEtOO .446U-14 .341E-14 .OOOE0OO

.4U9E-13 .781E-12 .000E+00 .000EtOO .1I1E-12 .000E+00

.373E-13 .595E-12 .000E400 .OOOEDOO .144E-12 .OO0E#00

.423E-15 .152E-13 .00OEtO0 .869E-15 424E-14 .OOOE+00

.195E-10 .259E-10 .0OOE+00 .675E-15 .192E-13 .OOE500

.OOOE+00 .OOOE+00 .OOOEt00 .000E00 OOOE+00 .00OEt+0

.840E-12 .220E-10 .00E050 .6625-Il .19BE-10 .O0OE+00

.204E-10 .493E-10 .COOOE00 .663E-11 .202E-10 .OOOE+00

S1-LLI

* 1555 -25
22--24

* 175 E-24
* 192 z~
* 151E-24
.000E,0Cl
.19o5-24
.756E-24

SI1-LLI

.397E-14

.57JE-13

.445:-13

.62bi-15

.39OZ-13

.OOOE.00

.8"Z-13

.2355-12
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Program DOSECAL2 Output File (DOSECAL.OUT) (contlnued)

TOTAL DOSE
(REM)

RADIONUCLIDE SKIN 7OTAL BODY DONE THYROID LIVER KIDNEYS LUNSS 61-LLI

242PU
23EU
234U
230TH
226RA
222RN
23 POP

TOTAL

.522E-20

.230E-16

.231E-16

.J80E-21
.972E-17
.OOOE400
.711E-17
.401E-16

.796E-15
.469E-13
.373E-13
.423E-15
* 195E-10
.OOOE+O0
*940E-12
* 204E-10

.316E-13

.761E-12

.59SE-12
* 152E-13
.259E-10
.OOOE+00
.220E-10
* 493E-1O

.OOOE+00

.OOOE+00

.OOOE+00
*OOOE+00
.O00E.0O
.0OOE+00
.OO0E+00
* OOOE+00

.446E-14

.OOOEO00

.OOOE+O0
J969E-15
.675E-15
.OOOE+00
.662E-1I1
.663E-1 I

.341E-14
.ISIE-12
* 144E-12
.424E-14
.192E-13
.OOOE+OO
* 196E-10
.202E-10

A464E-22
.309E-21
.24BE-21
.306E-22
.619E-22
.OOOE+O('
* 142E-21
.65SE-21

.397E-14

.571E-13

.445E-13

.390E-13

.OOOE+00

.fl99E-13

.235E-12

SDIL AND WATER RADIONUCLIDE CONCENTRATIONS

242PL'

23861

234U

230TH

226RA

222Rh

210PO

SOIL CONCENTRATION,
WATER CON-ENTRATIOhz
SOIL CONENtRAUONs
NAtER C5:'EhTRAT1Ohz
SOIL CONCENTRATION-
WATER CONENTRATION:
SOIL CON"ENTRAIIOt:
WATER CONZENTRATIONz
SOIL CON:EhTRA7tIONz
WATER CON:EkTRATION:
SDI! CONCEN7RAIJONz
WATER CONOENTR'4tION
SOIL CDNPENWTRAION:
WATER CONCENTRATIONz

* 17SE-20 WICRDCURIES/KB
.67(E-17 RICROCURIES/L
.29SE-19 NICROC'J1RIES/K6
.117E-15 NICROURIES/L
.209E-19 hICRiCtIRIES/KBi
.B17E-36 NICROCURIES/L
.233E-21 NICROCURIESIKS
* 992E-16 NI1CROCURIES/L
.231E-20 NICROCURIESIKE
.90IE-17 RICRCfJURIES/L.
.0005+0 MICRDOuRIESJKS
.531E-17 RICRr,:URIESIL
.240E-15 NICRO~,URIES/KS
.937E-16 HICROCURIES/L

TIME: .IOOE+0I YEARS

EXTERNA DOSE
(REM)

RAD] ONJCL.IDE
242!U
23eJ
234U
230TH
226RA
222RN
210P8

TOTAL

SKIb
.113E-13
.190E-10
.697E-1I
.98?E-14
.160E-10
.OOOE+00
.23BE--II
.443E-10

TOTAL EDDY
.742E-15
.729E- 11
.104E-12
.721E-15
.129E-10
.OOCE+00
.215E-12
.205E-10

INHALA7ION DOSE
(REM)

RADIDNUCLIDE

242PU
23eU
234U
230TH
226RA
222RN
210Pb

TOTAL

SKIN tOTAL BODY VDNE THYROID LIVER KIDNEYS LUNSS 61-LLI

.972E-14 .395E-12 .OOOE+00 .552E-13 .415E-13 .150E-13

.296E-14 .503E-13 .OOOE+00 .OOOE+00 .117E-13 .124E-12

.236E-14 .3E3E-13 .OOOE+00 .OOOEt00 .929E-14 .992E-13

.121E-14 .449r-13 *ODOE+00 .200E-14 .974E-14 .711E-14

.279E-13 .277E-13 .OOOE+00 .962E-19 .273E-16 .152E-13

.ooo0+00 .000E+00 .000E00 .OOOE+00 ,000E-00 OOOE+00

.380E-14 .IIOE-12 .OOOE+00 .297E-13 .991E-13 .5b4E-13

.479E-13 .*65&E-12 OOOE+00 .69E5-13 .171E-12 .317E-12

.361E-17

.e975--16

.701E-16
* 416E-18
.370E-16
.OOOE+00
.757E-16
.276E-15
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Program DOSECAL2 Output File (DOSECAL.OUT) (continued)
ISESCT10 DOSE

IREIi

RADIONULI~LDE

242PU
239U
234U
230TH
226RA
222R%
2i0pi

TOTAL

SKIN TOTAL IODY IONE THYROID LIVER KIDNEYS LONSS SI-LLI

.129E-09 o511E-08 .OOOE+OO .723E-09 .552E-09 .OODE400 .644E-05
.140E-07 .234E-06 .OOOE+00 .OOOE+OO .541E-07 .000E+OO .171E-07
.112E-07 *179E-06 .OOOE#OO .OOOE4OO .432E-07 .0OOE+OO .134-O07

.2E-I .4EB .OOOE-OO .142E-09 .694E-09 .OOOE+*0 .1OEO
.35AE-05 .470E-05 .000E+00 .122E-Oi .34eE-08 .OOOEDO0 .70980E~
,OOOE+00 .O~OO .OOOE+0 O .OOOE+00 .OOOEtOO OOOEl.00 ,OO0E'O 000+D.25!E-9~ .t5E-05 .OOOE*OO .19BE-05 .592E-05 .OOOE+DO .2b9E-07

AAAE~A tearhe, -AtFl-ft .0OOO0.0 .b5IF-07
.382E-0D .l I Itl-u . vVVrTVV . a YV6 VW ..... .." -

-RADIONUCLIDE

242%O
23E2:
234~1
23(,TS
226b'
MEN~
205H

IDIAL

SKIN

* I11E-13

*bSE-1I

.OD',;+DO

.233E-I1
* 443E-I0

TOTAL DOSE
(REMi)

TOIAL BODY IONS THYRDID LIVER KIDNEYS LU1455 B1-LLI

.129E-09 *511E-02 .OODE+00 .723E-09 .552E-09 .150E-13 .644E-Oi

.140E-07 .234E-06 .000E,00 .O005+00 .51-? .124E-12 .171E-07

.112E-07 .179E-06 .000E400 *OOOE#00 .4325-07 .992E-13 .134E-07

.692;-10 .249E-05 .000E400 .142E-05 .6~4E-09 .711E-14 .103E-OS

.3545-05 .470E-05 O00OE+00 .122E-09 .3455-0 .152E-13 .708;E-OE

.000E+O6 .0005+00 .OOOE+0O .0O05O .000 .O00E+D0 .ODDE+t,251E-Ob .657E-05 O000E400 .19BE-05 .592E-O0 .564E-13 .269E-07
fine-&& 11AIX&AA AQUAS .603E05 .317E512 *b5IE&07

..5ut-yz a I I t-v`1 .Vvivv, VW . . .w. ww

SOIL AND WATER RADIONUCLIDE CONCENTRATIONS

242%U

2 1 U.

234U

23 CTH

226FAP

222RN

21 OPB

SHLi Cow5I(NRAdION:
WATE; CONCENTRATION*
SDI, CON:ENTRAIIONZ
MAT E N R J i :
SOIL CONCENTFATIONZ
WATER CL'N:ENTAAT1ONz
SOIL1 CDhE%TRA7ION=
NATER CO-~-!.'f TRpT!Ot4
SDiL CO%:NTRATI1N
kAdER CONENTRATION=
SOIL EDNE`NTRtA!IDNz
MATER CRIN~ETRATIO~e
SOIL. CONCENPTRA7ONS
WATER CON:ENTRAT ION:

.196E-!2 N C O R E I .
.476E-12 NICRNURIESIL
.5695-11 01CRDCLJR1Eb/K6
* 152E-10 NH1 CROURIES
.3955-11 HICROUR1E51K6
.106j-10 RICROCURIESIL
.262E-13 MICPM~R1ES/K6
.639E-13 MICROCURIES/L
.26E 5-12 ~ L D U 1 S K
.709E-12 RICROCURIES/L
.000 +00 NJCRD:URIES/xs
.537E-14 HICROCURIESIL
.447E-11 HICRD~b;IES/V.&
.12JE-10 HICRDCURIES/L

1IMEz .IOE+03 YEARS

EXTERNAL DOSE
(REM)

RADIONUCLIDE
242PU

234UJ
230TH
226RA
222RN
210PB

TOTAL

SKIN
.263E-09
.530E-07
. 2E9E-07
.230E-09
.705E-07
.OODE+00
, I I6E-08
154E-06

TOTAL BODY
.181H-O
.26BE-07
.419E-09
.IBOE-10
.582E.-07
.OOOE+DO
.578E-09
.680E-07
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Program DOSECAL2 Output File (DOSECAL.OUT) (continued)

INHALATION DOSE
(REM)

RADIONUCLIDE

242PU
239U
234U
230TH
226FA
222PS
2IOP

7TOAL

SKIN T0TAL BODY DONE

.246E-09 .972E-08

.126E-10 .213E-09

.IO0E-IQ .163E-09

.320E-IO .115E-08

.137E-09 .136E-09
.OOOE+O0 .000E+00
.IIIE-I0 .321E-09
.44SE-09 .117E-07

THYRDID LIVER KIDNEYS LNSS 61-LLI

.OOOE+00

.OOOEO00

.ODOE+00

.OOOE+O0

.OOOE+O0

.OOOE+00

.OOOE+0O

.OOOE.00

* 139E-08
.00DE400
*OOOE+00
.527E-IO
.473E-14
.ODDE+00
.665E-10
* 153E-OB

.10SE-08 *380E-09 .911E-13

.495E-10 .527E-05 .3elE-12
*394E-10 .42JE-09 .29eE-12
.257E409 *IBBE-09 .116E'13
.134E-12 .749E-10 *182E-12
.OOOE+00 *OOOE+00 *O&OE+O0
*289E-05 .164E-09 .221E-12
.16BE-08 .176E-Oe .118E-11

INEESTION DOSE
(REM)

DONE THYROID LIVER KIDNEYS LUN5S SI-LLIRAU ONIOL IDE

242Fv
235L
234k
250Th

222RN
210F'E

SKitq TOTAL BODY

.355E-07

.3I6E-05

.253E-05
* 194E-07
.945E-D3
* 004+E0C'
*43E-04
* 1OOE-02

* 141E-05
.527E-04
* 404E-D4
.69BE-06
* 125E-02
.OOOE+00
* 129E-02
* 264E-02

* OOOE+00
.OOOE.00
.0OOE+00
.0OOE.00
* OOOE+00
* ODOE00

* I99E-0b
.OOOE+00
.O0DOE. 00
.399E-07
.327E-07
.OOOE+00
.38SEE-03
* 38fE-03

* 152E-06
* 122E-04
.976E-05
* 195E-06
.929E-06
*OOOE.00
.116-E-02
.I I q-02

.000E+00
*00C'E+00
.000E#00
* OOOE+00
* ODOE.00
* 000E+00
. 000E+ DC.
*OOOE.0&

. 177E-06

.3esE-05

.302E-05

.28BE-07

. I FE-05
* 00E.40
527105
.142i-04

TOTAL DOSE
RIE")

RAD;~:.'; L10E SKIN TDTA. BOD&Y BONE THYROID LIVER K!DNEVS LUNSS 61-LLI

242;F '
236L.
234!

226RA
222EN
2iOPE

TOTAL

.26'%E-09
* 5310-E-07
.2EiE-07
.230E-O-0
* 705E-07
.0001.00
. ! iE-08
* 154E-06

.357E-07

.319E-05

.253E-05

.195E-07
.945E-03
.OOOE+00
.493E-04
.lO0E-02

.I41E-05

.527E-04

.404E-04

.699E-06

.125E-02

.OOOE+00

.129E-02

.264E-02

.OOOE+00

.OOOE+00
006EfO0

*000600
,OOOE+00
.000E+00
.OOQEi00
.OOOE+00

*200E-06
*000C+00
.O0O1+00
.400E-07
.327E-07
.0001+00
.3889-03
.38SE-03

.153E-06

. 122E-04
*976E-05
.195E-06
.929E-06
.O00E+00
.116E-02
.1 9E-02

.3B0E-09

.527E-09

.421E-09

. IeBE-09

.749E-10

.OOOE100

.164E-09

.176E-G9

.177E-06

.395E-05
.302E-05
.2EcE-67
.189-05
.OOO'+00
.527E-05
.142E-C4

SOIL AND HATER RADIONJCLIDE CONCENTRATIONS

242?U

23BL,

234'J

2307H

226RA

222RN

21CPB

SDI. CON.ENTRATIONs:
WATER CDXEkTRATIONs
SOI; CON1NTRATION2
kATER9 C04EhJRATION:
SDIL CONCENUATICN=
NAJER CONLENTRATIOha
SCIL CM~ENTRATIO~z
NAIER COEUNTRATICN:
SOIL CONEnCTRATICN=
WATER C0ICENTRA7IO00
SOIL CDN:ENThAAIDhz
NATER CCONEENTRATIO.N:
SOiL CONCENTRATION:
WATER CONCENTRATION-

.49bE-06 HICROCURIES/KB
* 130E-09 HICROCURI~ES/L
* 1231'-07 MICROCURIES/Y.
.3251-06 RICROCURIES/L
.964E-06 MICRE.CURIES/K6
.227E-Oe MICROCURIES/L
.7151-09 HICROCURIES/KS
* 175E-10 RICROCURI116/L
.7151-09 NICROCURIES/K6

*l9 09HICROCCUR IES/L
.000E1+00 WICROZURIESMK
.55tE-12 HICROCURIES/L
* 6571-06 MICROCURIES/K6
.217E-05 RICRDCURIESIL
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Figure 44

Program DOSECAL2 Output File (DOSECAL.OUT) (continued)

TIMEx .BOOE+04 YEARS

EXTERNAL DOSE
(REM)

RADIONUCLIDE SKIN TOTAL BODY
242Pu .365E-Ob .264E-07
23s9'J .147E-05 .799E-06
234U1 .807E-Ob .117E-07
230Tm .133E-05 .104E-06
22oRA .734E-05 .605E-05
222RN .OOCIE+O0 .OOE'DO
210PS .927E-07 .477E-07

TOTAL .114E-04 .704E-05

RADIONUCLIDE

242PU
230,
230'
226Fk
222R~i
210PE

To I L

INHALATION DOSE
(REM)

SKIN TOTAL BODY BONE THYROID LIVER KIDNEYS LUNSE S1-LLI

.35E-06 .142E-04 .OOOE+0O .204E-05 .153E-05 .555E-O6 .133E-09

.349E-09 .55M3-0a .OOC'E+0 .OOOE+0O .138E-OE .146E-07 .106;-10

.2B0E-09 .454E-02 .OOOE+CO .OOOE+00 .11OE-08 .17E-07 .630E-11

.1EW-06 .bB6E-05 .0OOE+00 .305E-06 .149E-05 .I09E-05 .bEi-i0

.143E-07 .142E-o7 .OOOE+00 .493E-12 .140E-10 .7B(*-o--DB L-I

JOOOE.O0 .000E+OO .000E400 .000E4O0 .COOE+0C 00+.10~+O .OEO

.914E-09 .26SE-07 .00OE*00 .714E-D5 .23SE-07 .i36E-07 .182E-IO

.56DE-06 .211E-04 .OOOE+C'o .?35E-05 .305;.-05 .169E-o5; .257E-(,i

RAD104U.'LIDE Su!k

242OU
235w
234U.
230TH
226RA
222R'
2lO0b

TOTAL

INSEST ION DOSE
(REF)

TOTAL BODYi DONE THYROID LIVER KIDNEYS LUNSS S1-LLI

.263E'-05 .112E-03 .OOOE+O& .159E-04 .1?IE-04 .ODOO+00 .143E-0A

.768-04 .131E-O2 .OO+OO .OOOE+00 .304E-03 .0OE+0OD .960E-04

.629E-04 .IOOE-02 .OOOE+00 .OOOE+00 .243i-03 .ODOE+00 .75iF-0A

.40SE-05 .146E-03 .OOOE+00 .639E-05 .405E-04 .000z+00 .6O5E-~5

.783E-01 .104E+00 .ODOE*00 .27)E-05 .769E-04 .OOCE.OO .157E-03

.OO0E+00 .OOOE+00 .Ov~O OOOE.00 OO+0 .OC&E+O .Oo0E+00 JODOE,0

.37SE-02 .560E-O1 .OOOE+00 .295E-0l J964E-0I .000E*OC .40!E-0~3

.E22E-01 9205E+00 .OOOE100 .29bE-01 BSiIE-01 .OOOE+O& .749E-C3

TOTAL DOSE
(REM)

RADJONWZLIDE; SKIN TOTAL BODY BONE THYROID LIVER KIDNEYS LUNES SI-LLI

242PU .3B5E-06 .322E-05 .126E-03 .OOOE+00 .179E-04 .137E-D4 .555E-Ob .141E-04

238 .147E-05 .79bE-04 .131E-02 .OOOE+00 .OODE+0O .304E-03 .146E-07 .9bOE-04

2349 .607E-06 .629E-04 .100E-02 .ODOE+00 .OOOE+00 .243E-03 .117E-07 .751E-04

230TH .133E-05 .437E-05 .153E-03 .OOOE+O0 JDb9E-05 .424E-04 .109E-05 .605E-D5

226RA .734E-05 .783E-01 .104E+00 .OOOE+00 .271E-05 .769E-04 .780E-OB .157E-03

222R4 .OOOE+O0 .OOOE+00 .OOOE+O .OOCE+00 .0~0E+00 .OOOE:D0 .000E+0O .OOOE0CC

210Pa .927E-07 .375E-02 .980E-01 .OOOE+00 .295E-01 .BS4E-Ob .131E-07 .401E-03

TOTAL .114E-04 .B22E-01 .2O5E+00 .OOOE+O0 .296E-01 .B9lE-01 .169E-05 .746E-03
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Figure 44

Program DOSECAL2 Output File (DOSECAL.OUT) (continued)

SOIL AND WATER RADIONUCL.IDE CONCENTRATIONES

242PU SOIL CONCENTRATION= .16BE-05 NICROCURIESIKO
WATER CONCENTRATION= .520E-08 MlCROCURIES/L

239L' SOIL CONU%~ThATION: .159E-06 KICROCjR!ES/KG
WATEF CO;EvNTRArION= .39BE-07 MICROCUPIES/L

23k4: SOIL CDVENTRA710Nz .112E-06 NICROtVF!EE/KS
NATE; COCE:N1R47I1Dk: .260E-07 MJCROCURPES/L

2307t. SOI COKEEhThATIDN: .IIIE-05 MICRO.-L-RIESIKe
MATES CON!,EkTRATION: .819E-0; MICRDLURIESIL

226RA SOIL COEN~hTA7J0Nz .3711-07 NICROCURIESII:S
NPIER CONCEPTRATIO0,: .617E-08 FtICROCL'RIES/L

222F.5 90!..CVFN7;AT]ONz .OCOE400 K1CRC1:UR!ES;!:6
WNVER CnS:EhTI4M' .2303E-10 K 1C E ' 5 i L

21OPE SoIL CKENZTRATION2 M2BE-06 MICROCu~iIESIKS
WATER CONCENTRATIONx .107E-07 HICROCURIES/L
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*.2 CELLTRANS

*. 1 Code Description

The code CELLTRANS was developed at the outset of this benchmarking effort

to check the calculations of PATHlIDOSHEM. The codes differ from one

another in the way the linear differential equations of compartment transfer are

solved. In CELLTRANS, no compartment transfer Is specified for radioactive

decay. Instead, decay of a parent is treated as a source term for the daughter.

This assumption reduces the order of the transfer matrix by a factor of seven.

Furthermore, the radionuclide concentration In a surface-water subzone, when

multiplied by the flow out of that subzone, is treated as a source term for the

surface-water subzone of the next zone downstream. This means that the

transfer matrix can be broken down into a number of 4x4 submatrices, which can

be solved rapidly by use of the eigenvalue method. The use of this method means

that the calculation can be performed on a microcomputer. In fact,

CELLTRANS was developed and tested on a microcomputer before being

transferred to the National Institutes of Health (NIH) computing facility used by

NRC. The direct integration procedure for solving the compartmental transfer

equations, as used in PATH1, Is generally too time consuming for a microcompu-

ter.

For a particular zone, the transfer of a radionuclide, A, between subzones can be

expressed mathematically as follows:

dA | (

NA~~~~~~~~~~~~~~~421
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Figure 4-22

Ratio of Inhalation to Ingestion Done Dose for Benchmark Problem 3.15
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where

A'

a-- Qj

N

number of atoms of radionuclide A in subzone I

transfer coefficient (positive or zero) for transfers
from subzone j to subzone i (yr )

Input rate of radionuclide A to subzone I (atomslyr)

number of subzones = 4 (groundwater, surface
water, sediment, and soil)

In addition to accounting for direct Input of radionuclide A to subzone 1, the

term QAI will also reflect the input of radionuclide A due to the radioactive
decay of the parent of A occurring in subzone i. If subzone i is the surface-

water subzone, the term QAi will also include the Input of radionuclide A from
the surface-water subzone upstream. The transfer coefficient for radionuclide
transfer out of subzone I is given by:

z Bjj: - 1 _ Sk
i ., 1 1S

(4.2.2)

where

B.. = negative sum of all transfer cjefficients (B .. for
transfers out of subzone I (yr- ))

xi- = decay rate for radionuclide A for subzone I (yr 1 )
(includes both radioactive decay and physical
removal from subzone i)
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S ki
= transfer coefficient for physical tranyfer of radio-

nuclide A from subzone i to sink k (yr

Ns = number of sinks for subzone i

The radionuclide transfer coefficients associated with the physical movement of
water and soil between subzones or between a subzone and a sink are calculated
as follows:

Bej a
(dM5 I (dV L

dt ij Msj'dj+VLJ t~ ij
(4.2.3)I

where

MSj

VLj

vdt(4~~~~s)

(dVL .
dt ij

= mass solid in subzone j (kg)

=

=

=

volume of water In subzone j (L)

transfer rate for mass from subzone j to subzone I
(kg/yr)

transfer rate for water from subzone j to subzone i
. (L/yr)

distribution coefficient for subzone j (L/kg)Kdj

The solution method for Equation 4.2.1 In CELLTRANS requires determination of

the elgenvalues and eigenvectors of the transfer matrix || B 11 with elements Bij.
The matrix IIPII, with the ||B|| matrix eigenvectors as columns, can be used to
generate a transformed subzone Inventory vector I YI as follows:
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IAJ 1 Iyl (4.2.s)

With this substitution, Equation 4.2.1 becomes

-~~JJ -jy aII Sg IBII IIPII IYI *1QI (4.2.5)
dt

Multiplying both sides of Equation 4.2.5 from the left by the Inverse of ||P
gives

dly

Ot 1PlPI- 1 11811 IPII11 1yl J imPI IQI (4.2.6)

+ = IIDII Iyl Q(4.2.7)

where ||D||J is the diagonal matrix of eigenvalues (Al, A2 ... .AN) of the matrix

||B|| . Equation 4.2.7 can be solved to yield the transformed inventory vector
components:

( ) ( Afl K ) i(tentm 1)) KYi(tm) I -e (ie1t 1)+ - ttg~

(4.2.8)

+yNt ) e it- 1

where

K Qmi Qm 1-i

tm - tI

Q.m 1 (IIPI' I mb )i
t m C time at the end of the mth time Interval Cyr)

m | vector of subzone radionuclide input rates at time
tm (atom slyr)
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The actual subzone concentrations can then be determined by use of
Equation 4.2.4.

The solution given by Equation 4.2.8 is based upon an assumed linear variation of

IQI within the time interval (tm IItm). Depending upon the length of the time
interval, this is a reasonable approximation even for source terms associated
with the decay of a parent radionuclide. When running CELLTRANS, the user
should begin with logarithmically spaced time steps that subsequently can be
refined until no significant change is observed in the calculated radionuclide

concentrations within each subzone. This was the procedure used in the PATH I-

CELLTRANS comparison.
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