
Homework 9

Nuclear Engineering 162

Due 30 April 2007

Boron Neutron Capture

100 Points Possible

Therapy is used to treat brain tumors. The therapy is based on the capture of thermal neutrons by boron-10.
This reaction yields two heavy particles (Li-7 and alpha) which will subsequently deposit their energies in the
tissues. Boron-10 is concentrated in the cancerous cells with help of tumor-seeking drugs, which are given
to the patient prior to neutron irradiation. Neutron beams with specific energies and diameters are used to
irradiate the patient head. The tumors located in the center of the brain (8 cm depth) are targeted. The goal
of the treatment is to maximize the dose to the tumor while keeping the dose to the healthy tissues below
12.5 Gy. When this dose to the healthy tissues is reached, the treatment has to be interrupted. The dose to
the tumor in the center of the brain can then be measured/calculated. Another limiting factor is the dose to
the skin. Erythema develops in a non-stochastic manner whenever the dose to the skin exceeds 8 to 9 Gy.

(2) PROBLEM SPECIFICATION
In this homework, we will try to find the optimal neutron energy for the neutron beam in order to maximize
the dose to the desired depth of 8 cm. The neutron energies for which the dose will have to be calculated
are:

1.26 keV

2.00 keV

3.16 keV

5.01 keV

7.94 keV

12.6 keV

20.0 keV

The quantities of interest are:
a) the equivalent dose to the tumor at a depth of 8 cm
b) the equivalent dose to the skin (depth = 0 cm)
c) the treatment time

Every student will work with a neutron beam of different diameter, ranging from 0 cm to 30 cm.
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Name Diameter (cm)
Mike Calvert 0.5
Joey Cheung 1
Dominic Caron 2
Tyler Chow 4
Steve Huber 7
Karen Kim 10
Zack Kline 12
Kenny Lee 14
Douglas Ogata 16
Raluca Scarlat 20
Christian Schopke 22
Brandon Tam 24
Sisi Tian 26
Chris Wootton 28
Victor Yu 30

The phantom to be used to run mcnp is called phantom.i and is included as an attachment with this pdf file.
Copy this file before making any modifications to it. The only things to change in this file are the neutron
beam RADIUS and ENERGY. These two parameters are given in

ERG = 0.020 (MeV)
SI21 = 2.5 (cm)

as in the following source card:

SDEF POS = -2.1256 0. -36.375344 VEC = 0.795 0 -0.6067

DIR 1 AXS = 0.795 0 -0.6067 RAD = D21 ERG = 0.020

SI21 2.5

This card specifies a 20 keV, 5 cm diameter neutron beam.

Unpack the calculate-dose.zip file also included with this pdf file. This zip file includes dose.m and three
kerma files (kerma.b, kerma.g, and kerma.h). The matlab routine dose.m, will will take an output file named
phantom.i and retrieve the necesary information using the kerma files.
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1.00e-02  4.47e-01
1.50e-02  1.23e-01
2.00e-02  4.94e-02
3.00e-02  1.40e-02
4.00e-02  6.34e-03
5.00e-02  3.92e-03
6.00e-02  3.02e-03
8.00e-02  2.52e-03
1.00e-01  2.49e-03
1.50e-01  2.73e-03
2.00e-01  2.94e-03
3.00e-01  3.16e-03
4.00e-01  3.25e-03
5.00e-01  3.27e-03
6.00e-01  3.25e-03
8.00e-01  3.17e-03
1.00e+00  3.07e-03
1.50e+00  2.80e-03
2.00e+00  2.58e-03
3.00e+00  2.25e-03
4.00e+00  2.04e-03
5.00e+00  1.89e-03
6.00e+00  1.78e-03
8.00e+00  1.64e-03
1.00e+01  1.54e-03
1.50e+01  1.42e-03
2.00e+01  1.36e-03
3.00e+01  1.30e-03
4.00e+01  1.28e-03
5.00e+01  1.26e-03
6.00e+01  1.24e-03
8.00e+01  1.21e-03
1.00e+02  1.19e-03



2.53e-08  2.08e-11
3.60e-08  1.76e-11
6.30e-08  1.33e-11
1.10e-07  1.01e-11
2.00e-07  7.49e-12
3.60e-07  5.58e-12
6.30e-07  4.23e-12
1.10e-06  3.20e-12
2.00e-06  2.39e-12
3.60e-06  1.80e-12
6.30e-06  1.40e-12
1.10e-05  1.12e-12
2.00e-05  9.54e-13
3.60e-05  9.25e-13
6.30e-05  1.06e-12
1.10e-04  1.43e-12
2.00e-04  2.27e-12
3.60e-04  3.83e-12
6.30e-04  6.50e-12
1.10e-03  1.12e-11
2.00e-03  2.01e-11
3.60e-03  3.59e-11
6.30e-03  6.16e-11
1.10e-02  1.04e-10
2.00e-02  1.81e-10
3.60e-02  2.99e-10
6.30e-02  4.65e-10
8.20e-02  5.62e-10
8.60e-02  5.81e-10
9.00e-02  5.99e-10
9.40e-02  6.17e-10
9.80e-02  6.35e-10
1.05e-01  6.65e-10
1.15e-01  7.06e-10
1.25e-01  7.45e-10
1.35e-01  7.82e-10
1.45e-01  8.18e-10
1.55e-01  8.51e-10
1.65e-01  8.83e-10
1.75e-01  9.15e-10
1.85e-01  9.44e-10
1.95e-01  9.73e-10
2.10e-01  1.02e-09
2.30e-01  1.07e-09
2.50e-01  1.12e-09
2.70e-01  1.17e-09
2.90e-01  1.22e-09
3.10e-01  1.27e-09
3.30e-01  1.31e-09
3.50e-01  1.36e-09
3.70e-01  1.41e-09
3.90e-01  1.48e-09
4.20e-01  1.61e-09
4.60e-01  1.63e-09
5.00e-01  1.58e-09
5.40e-01  1.64e-09
5.80e-01  1.70e-09
6.20e-01  1.76e-09
6.60e-01  1.82e-09
7.00e-01  1.87e-09
7.40e-01  1.92e-09
7.80e-01  1.98e-09
8.20e-01  2.03e-09
8.60e-01  2.08e-09
9.00e-01  2.15e-09
9.40e-01  2.25e-09
9.80e-01  2.44e-09
1.05e+00  2.47e-09
1.15e+00  2.44e-09
1.25e+00  2.54e-09
1.35e+00  2.62e-09
1.45e+00  2.67e-09
1.55e+00  2.74e-09
1.65e+00  2.85e-09
1.75e+00  2.88e-09
1.85e+00  3.00e-09
1.95e+00  3.02e-09
2.10e+00  3.10e-09
2.30e+00  3.15e-09
2.50e+00  3.27e-09
2.70e+00  3.42e-09
2.90e+00  3.55e-09
3.10e+00  3.69e-09
3.30e+00  4.02e-09
3.50e+00  4.10e-09
3.70e+00  4.20e-09
3.90e+00  4.13e-09
4.20e+00  4.26e-09
4.60e+00  4.26e-09
5.00e+00  4.51e-09
5.40e+00  4.39e-09
5.80e+00  4.60e-09
6.20e+00  4.71e-09
6.60e+00  4.84e-09
7.00e+00  5.06e-09
7.40e+00  5.33e-09
7.80e+00  5.24e-09
8.20e+00  5.20e-09
8.60e+00  5.38e-09
9.00e+00  5.46e-09
9.40e+00  5.50e-09
9.80e+00  5.64e-09
1.05e+01  5.78e-09
1.15e+01  6.20e-09
1.25e+01  6.17e-09
1.35e+01  6.41e-09
1.45e+01  6.66e-09
1.55e+01  6.81e-09
1.65e+01  6.90e-09
1.75e+01  6.99e-09
1.85e+01  7.10e-09
1.95e+01  7.23e-09
2.10e+01  7.37e-09
2.30e+01  7.34e-09
2.50e+01  7.28e-09
2.70e+01  7.31e-09
2.90e+01  7.17e-09



Dose calculation in Mird4 phantom due to the neutron beam
c     --------------------
c     Cells of the phantom
c     --------------------
1     0 ( (1 : -15 : 16) (50 51 : 15 :-60)      $ void region of interest 
      #47 185 186 (-16 : 110 : 111 112) ) -299
2     6 -1 -1 15 -64 125 130 170 171            $ segment 1 trunk
      #38 #45 #46
      (153 : -157 : 152) (155 : 157 ) (150 : -152)
3     6 -1 -1 64 -65 130 170 171  80 81         $ segment 2 trunk
      #38 #66
      (160 : -157) (161 : 158) (-14 : 13)
      ( 71 : -136 : 137 : -138 : 139 )
      (150 : 143) (140 : -142 : 143) (145 : -147 : 148)
4     6 -1 -1 65 -66 13 130 180 80 81           $ segment 3 trunk
      #5 #69 #66 (-122 : 120 121)
      (160 : -157) (161 : 158)
5     7 -1.4862     -2 3 17 -18 :-2 3 25 -26    $ribcage segment 3
      :-2 3 27 -66
6     6 -1 -2 3 66 -67 #7
7     7 -1.4862 -2 3 66 -28 :-2 3 19 -30        $ribcage segment 4
      :-2 3 31 -32 :-2 3 33 -34 :-2 3 35 -36 :-2 3 37 -67
8     6 -1 -2 3 67 -16 #9 #41 #42
9     7 -1.4862 -2 3 67 -38: -2 3 39 -40        $ribcage segment 5
      :-2 3 41 -42 :-2 3 43 -44 :-2 3 45 -46
10    6 -1 -3 66 -67  120 121 130 180           $ inner trunk 4
      #14 #15 #16 #17 #66
11    6 -1 -3 67 -16  #15 #16 #17 #41 #42       $ inner trunk 5
12    6 -1 -1 2 66 -67 80 81    #43 #44         $ outer trunk 4
13    6 -1 -1 2 67 -16          #43 #44         $ outer trunk 5
      ( 82 : 80 81)
14    6 -1    -4 ( 7 : -5 6)                    $ heart
15    8 -0.296 -8 19 (9 : 10)                   $ left lung
16    8 -0.296 -11 19 (12 : 10)                 $ right lung
17    7 -1.4862 -13 14 -47 116                  $ spine
18    6 -1    60 -61 -50 #26 #28                $left leg segment 1
19    6 -1    61 -62 -50 #30 #32                $left leg segment 2
20    6 -1    62 -63 -50 #34                    $left leg segment 3
21    6 -1    63 -15 -50 #36                    $left leg segment 4
22    6 -1    60 -61 -51 #27 #29                $right leg segm 1
23    6 -1    61 -62 -51 #31 #33                $right leg segm 2
24    6 -1    62 -63 -51 #35                    $right leg segm 3
25    6 -1    63 -15 -51 #37                    $right leg segm 4
26    7 -1.4862 87 -68 -85                      $ left foot 10cm
27    7 -1.4862 87 -68 -86                      $ right foot 10cm
28    7 -1.4862 68 -61 -85                      $ l leg bone segm 1
29    7 -1.4862 68 -61 -86                      $ r leg bone segm 1
30    7 -1.4862 61 -69 -85                      $ l leg bone segm 2
31    7 -1.4862 61 -69 -86                      $ r leg bone segm 2
32    7 -1.4862 69 -62 -85                      $ left knee joint
33    7 -1.4862 69 -62 -86                      $ right knee joint
34    7 -1.4862 62 -63 -85                      $ l leg bone segm 3
35    7 -1.4862 62 -63 -86                      $ r leg bone segm 3
36    7 -1.4862 63 -15 -85                      $ l leg bone segm 4
37    7 -1.4862 63 -15 -86                      $ r leg bone segm 4
38    7 -1.4862 71 -70 72 15 -14 (64 : -73)     $ pelvis
39    7 -1.4862 64 -46 -80 (-66 : 167)          $ l arm bone segm 2-5
40    7 -1.4862 64 -46 -81 (-66 : 167)          $ r arm bone segm 2-5
41    7 -1.4862 -90 -93 94 -10                  $ left clavicle
42    7 -1.4862 -90 -91 92 -10                  $ right clavicle
43    7 -1.4862 10 2 -100 -104 105 101 -46      $ left scapula
44    7 -1.4862 10 2 -100 -102 103 101 -46      $ right scapula
45    7 -1.4862 15 -64 -80                      $ l arm bone segm 1
46    7 -1.4862 15 -64 -81                      $ r arm bone segm 1
47    6 -1  52 -15 53 -54 55 -10 51 50 185 186  $ male genitals
48    6 -1 #17 16 -110 116 #77 (-111 : -112)
           #200                                 $ head section
49    7 -1.4862 115 -116 
           #201                                 $ skull
50    6 -1 -115  
           #202 #203 #204 #205 #206 #207 #208  
           #209 #210 #211 #212 #213 #214 #215
           #216 #217 #218 #219 #220 #221 #222
           #223 #224 #225 #226                  $ brain
51    6 -1 122 -120                             $ left adrenal
52    6 -1 122 -121                             $ left adrenal
53    6 -1 -125 126                             $ urinary bladder
54    6 -1 -126                                 $ bladder contents
55    6 -1 -130 131                             $ stomach
56    6 -1 -131                                 $ stomach contents
57    6 -1 -71 136 -137 138 -139                $ small intestine (SI)
      (140 : -142 : 143) (145 : -147 : 148)
      (150 : -152 : 143)
58    6 -1 (-140 141 142 -143)                  $ upper large int (ULI)
      : ( -145 146 147 -148 )
59    6 -1 (-141 142 -143) : (-146 147 -148)    $ ULI contents
60    6 -1 -150 151 152 -143 -71                $ lower large int (LLI)
61    6 -1 -151 152 -143                        $ LLI contents
62    6 -1 (-153 154 157 -152) :                $ LLI sigmoid colon
      (-155 156 -157 15)
63    6 -1 (-154 157 -152) : (-156 -157 15)     $ sigmoid colon contents
64    6 -1 -160 157                             $ left kidney
65    6 -1 -161 -158                            $ right kidney
66    6 -1 -165 -166 139 -167                   $ liver
67    6 -1 -170                                 $ left ovary
68    6 -1 -171                                 $ right ovary
69    6 -1 -175 176 (177 : 157)                 $ pancreas
70    6 -1 -180                                 $ spleen
71    6 -1 -185                                 $ left testicle
72    6 -1 -186                                 $ right testicle
73    7 -1.4862 66 -167 -80                     $ l arm bone elbow
74    7 -1.4862 66 -167 -81                     $ r arm bone elbow
75    7 -1.4862 46 -82 -80                      $ l arm bone shoulder
76    7 -1.4862 46 -82 -81                      $ r arm bone shoulder
77    6 -1 -190 191 -192 16 -193                $ thyroid
c     -------------------
c     Cells of the tumors 
c     -------------------
200   6 -1      -330 -112 116 300
201   7 -1.4862 -330 -116 115 300
202   6 -1      -330 -115 300
203   6 -1      -330 -300 301
204   6 -1      -330 -301 302
205   6 -1      -330 -302 303
206   6 -1      -330 -303 304
207   6 -1      -330 -304 305
208   6 -1      -330 -305 306
209   6 -1      -330 -306 307
210   6 -1      -330 -307 308
211   6 -1      -330 -308 309
212   6 -1      -330 -309 310
213   6 -1      -330 -310 311
214   6 -1      -330 -311 312
215   6 -1      -330 -312 313
216   6 -1      -330 -313 314
217   6 -1      -330 -314 315
218   6 -1      -330 -315 316
219   6 -1      -330 -316 317
220   6 -1      -330 -317 318
221   6 -1      -330 -318 319
222   6 -1      -330 -319 320
223   6 -1      -330 -320 321
224   6 -1      -330 -321 322
225   6 -1      -330 -322 323
226   6 -1      -330 -323 324
999   0          299

c  -----------------------
c  Surfaces of the phantom
c  -----------------------
1  2  sq 0.0025    0.01      0 0 0 0 -1 0 0 0   $Trunk
2  2  sq 0.0034602 0.0104123 0 0 0 0 -1 0 0 0   $Outer rib cage
3  2  sq 0.0036731 0.011562  0 0 0 0 -1 0 0 0   $Inner rib cage
4  1  sq 0.015625  0.04   0.04 0 0 0 -1 0 0 0   $heart
5  1  so 5
6  1  p  5  0  3 -15
7  1  px 0
8  2  sq 0.04 0.017778 0.0017361 0 0 0 -1 8.5 0 43.5  $left lung
9  2  sq 0.04 0.017778 0.0017361 0 0 0 -1 2.5 0 43.5
10 2  py 0
11 2  sq 0.04 0.017778 0.0017361 0 0 0 -1 -8.5 0 43.5 $right lung
12 2  sq 0.04 0.017778 0.0017361 0 0 0 -1 -2.5 0 43.5
13 2  sq 0.25 0.16 0 0 0 0 -1 0 5.5 0           $spine
14 2  pz 22
15 2  pz 0                                      $lower limit trunk
16 2  pz 70                                     $upper limit trunk
17 2  pz 35.1                                   $lo limit rib cage
18 2  pz 36.5                                   $up limit rib cage
19 2  pz 43.5                                   $lower limit lungs
25 2  pz 37.9                                   $lower limit rib 2
26 2  pz 39.3                                   $upper limit rib 2
27 2  pz 40.7                                   $lower limit rib 3
28 2  pz 42.1                                   $upper limit rib 3
30 2  pz 44.9                                   $upper limit rib 4
31 2  pz 46.3                                   $lower limit rib 5
32 2  pz 47.7                                   $upper limit rib 5
33 2  pz 49.1                                   $lower limit rib 6
34 2  pz 50.5                                   $upper limit rib 6
35 2  pz 51.9                                   $lower limit rib 7
36 2  pz 53.3                                   $upper limit rib 7
37 2  pz 54.7                                   $lower limit rib 8
38 2  pz 56.1                                   $upper limit rib 8
39 2  pz 57.5                                   $lower limit rib 9
40 2  pz 58.9                                   $upper limit rib 9
41 2  pz 60.3                                   $lower limit rib10
42 2  pz 61.7                                   $upper limit rib10
43 2  pz 63.1                                   $lower limit rib11
44 2  pz 64.5                                   $upper limit rib11
45 2  pz 65.9                                   $lower limit rib12
46 2  pz 67.3                                   $upper limit rib12
47 2  pz 78.5                                   $upper limit spine
50 2  gq 1 1 0 0 0 -0.2 -20 0 0 0.01            $ left leg
51 2  gq 1 1 0 0 0  0.2  20 0 0 0.01            $ right leg
52 2  pz -4.8                                   $ genitalia (male)
53 2  p 1 0  0.1 -10
54 2  p 1 0 -0.1 10
55 2  p 0 1  0.1 -10
60 2  pz -80                                    $Phntm subdivision
61 2  pz -60
62 2  pz -40
63 2  pz -20
64 2  pz  14
65 2  pz  28
66 2  pz  42
67 2  pz  56
68 2  pz  -70                                   $leg limit actvty
69 2  pz  -41                                   $ knee joint limit
70 2  c/z 0 -3 12                               $ Pelvis
71 2  c/z 0 -3.8 11.3
72 2  py -3
73 2  py  5
80 2  gq 0.5102041 0.1371742 0 0 0 0.010352     $ left arm bone
      -19.489796 0 -0.2049689 185.87755
81 2  gq 0.5102041 0.1371742 0 0 0 -0.010352    $ right arm bone
      19.489796 0 -0.2049689 185.87755
82 2  pz 69
85 2  gq 1 1 0.009068724 0 0 -0.2005013         $ left leg bone
      -20 0 1.7857143 87.75
86 2  gq 1 1 0.009068724 0 0 0.2005013          $ right leg bone
      20 0 1.7857143 87.75
87 2  pz -79.8
90 2  tz 0 11.1 68.25 20 0.7883 0.7883          $ clavicle torus
91 2  p -0.89415 1 0 11.1                       $ clavicle portions
92 2  p -7.0342  1 0 11.1
93 2  p  0.89415 1 0 11.1                       $ clavicle portions
94 2  p  7.0342  1 0 11.1
100 2 sq 0.0027701 0.0104123 0 0 0 0 -1 0 0 0   $ outer scapulae
101 2 pz 50.9
102 2 p -0.25 -1 0 0
103 2 p -0.8  -1 0 0
104 2 p  0.25 -1 0 0
105 2 p  0.8  -1 0 0
110 2 sq 0.0204082 0.01 0 0 0 0 -1 0 0 0        $ head section
111 2 pz 85.5
112 2 sq 0.0204082 0.01 0.0138408 0 0 0 -1 0 0 85.5
115 2 sq 0.0277778 0.0123457 0.0236686          $ inner limit skull
      0 0 0 -1 0 0 86.5
116 2 sq 0.0216263 0.0104123 0.0145159          $ outer limit skull
      0 0 0 -1 0 0 85.5
120 2 sq 0.4444444 4         0.04               $ left adrenal
      0 0 0 -1 4.5 6.5 38
121 2 sq 0.4444444 4         0.04               $ right adrenal
      0 0 0 -1 -4.5 6.5 38
122 2 pz 38
125 2 sq 0.0406806 0.0836277 0.0836211          $ outer bladder
      0 0 0 -1 0 -4.5 8
126 2 sq 0.045154  0.0972977 0.0972911          $ inner bladder
      0 0 0 -1 0 -4.5 8
130 2 sq 0.0625    0.1111111 0.015625           $ outer stomach
      0 0 0 -1 8 -4 35
131 2 sq 0.0871705 0.1755073 0.0183258          $ inner stomach
      0 0 0 -1 8 -4 35
136 2 py -4.86                                  $ small intestine
137 2 py 2.2
138 2 pz 17
139 2 pz 27
140 2 c/z -8.5 -2.36 2.5                        $ ULI asc. colon
141 2 c/z -8.5 -2.36 1.7915
142 2 pz 14.45
143 2 pz 24
145 2 sq 0         0.16      0.4444444          $ ULI transv. colon
      0 0 0 -1 0 -2.36 25.5
146 2 sq 0         0.2568892 1.0562685          $ ULI transv. colon
      0 0 0 -1 0 -2.36 25.5
147 2 px -10.5
148 2 px 10.5
150 2 gq 0.2829335 0.2204148 0.0059953 0        $ LLI desc. colon
      0.0721253 -0.0103693 -4.8439392 -0.6289324
      -0.0141381 20.181216
151 2 gq 0.4005769 0.5569169 0.0150426 0        $ LLI desc. colon
      0.1822373 -0.0146808 -6.8580442 -1.5891086
      -0.1343275 29.486739
152 2 pz 8.72
153 2 ty 3 0 8.72 5.72 1.57 1.57                $ LLI sigmoid colon
154 2 ty 3 0 8.72 5.72 0.91 0.91                $ (upper portion)
155 2 ty 3 0 0    3    1.57 1.57                $ LLI sigmoid colon
156 2 ty 3 0 0    3    0.91 0.91                $ (lower portion)
157 2 px 3
158 2 px -3
160 2 sq 0.0493827 0.4444444 0.0330579          $ left kidney
      0 0 0 -1 6 6 32.5
161 2 sq 0.0493827 0.4444444 0.0330579          $ right kidney
      0 0 0 -1 -6 6 32.5
165 2 sq 0.0036732 0.015625  0                  $ liver
      0 0 0 -1 0 0 0
166 2 p  0.0285714 0.0222222 -0.0232558 -1
167 2 pz 43
170 2 sq 1         4         0.25               $ left ovary
      0 0 0 -1 6 0 15
171 2 sq 1         4         0.25               $ right ovary
      0 0 0 -1 -6 0 15
175 2 sq 0.0044444 1         0.1111111          $ pancreas
      0 0 0 -1 0 0 37
176 2 px 0
177 2 pz 37
180 2 sq 0.0816327 0.25      0.0277778          $ spleen
      0 0 0 -1 11 3 37
185 2 sq 0.591716  0.4444444 0.1890359          $ left testicle
      0 0 0 -1 1.3 -8 -2.3
186 2 sq 0.591716  0.4444444 0.1890359          $ right testicle
      0 0 0 -1 -1.3 -8 -2.3
190 2 c/z 0 -6 1.9                              $ thyroid
191 2 c/z 0 -6 1
192 2 py -6
193 2 pz 75
299   SO  180.0 $External void
c   ----------------------
c   Surfaces of the tumors 
c   ----------------------
300 3 PZ -38.15
301 3 PZ -38.65
302 3 PZ -39.15
303 3 PZ -39.65
304 3 PZ -40.15
305 3 PZ -40.65
306 3 PZ -41.15
307 3 PZ -41.65
308 3 PZ -42.15
309 3 PZ -42.65
310 3 PZ -43.15
311 3 PZ -43.65
312 3 PZ -44.15
313 3 PZ -44.65
314 3 PZ -45.15
315 3 PZ -45.65
316 3 PZ -46.15
317 3 PZ -46.65
318 3 PZ -47.15
319 3 PZ -47.65
320 3 PZ -48.15
321 3 PZ -48.65
322 3 PZ -49.15
323 3 PZ -49.65
324 3 PZ -50.15
330 3 CZ  1

MODE N P
IMP:N 1 76r 1 26r 0
IMP:P 1 76r 1 26r 0
tr1   38.5 -1 -41.1 0.6428 0.6943 0.3237
      0.0 0.4226 -0.9063 -0.7660 0.5826 0.2717 1
tr2   89.5 0 -44.1  0 1 0 0 0 -1 -1 0 0   
tr3   -31 0 -14.34 0.6067 0 0.795 0 1 0 -0.795 0 0.6067
SDEF  POS = -2.1256 0. -36.375344  VEC = 0.795 0 -0.6067  
      DIR 1  AXS = 0.795 0 -0.6067  RAD = D21  ERG = 0.020
SI21  2.5
c     Soft Tissue with 10 microg/g of Boron in tissue
c     (Percent composition by weight)
M6     1001.60c -.10454
       5010.60c -.000001
       6000.60c -.22663  
       7014.60c -.02490
       8016.60c -.63525
      11023.60c -.00112
      12000.60c -.00013
      14000.60c -.00030
      15031.60c -.00134
      16032.60c -.00204
      17000.60c -.00133
      19000.60c -.00208
      20000.60c -.00024
      26056.60c -.00005
      40000.60c -.00001
MT6   LWTR.01T             $ Light water S(a,B) treatment
c     Bone Tissue (Percent composition by weight)
M7     1001.60c -.07337
       6000.60c -.25475
       7014.60c -.03057
       8016.60c -.47893
       9019.60c -.00025
      11023.60c -.00326
      12000.60c -.00112
      14000.60c -.00002
      15031.60c -.05095
      16032.60c -.00173
      17000.60c -.00143
      19000.60c -.00153
      20000.60c -.10190
      26056.60c -.00008
MT7   LWTR.01T             $ Light water S(a,B) treatment
c     Lung Composition (Percent composition by weight)
M8     1001.60c -.10134
       5010.60c -.000001
       6000.60c -.10238
       7014.60c -.02866
       8016.60c -.75752
      11023.60c -.00184
      12000.60c -.00007
      15031.60c -.00080
      16032.60c -.00225
      17000.60c -.00266
      19000.60c -.00194
      20000.60c -.00009
      26056.60c -.00037
MT8   LWTR.01T             $ Light water S(a,B) treatment
NPS   1000000
c      Tallies
e0     1.26E-10  2.00E-10  3.16E-10  5.01E-10  7.94E-10
       1.26E-09  2.00E-09  3.16E-09  5.01E-09  7.94E-09
       1.26E-08  2.00E-08  3.16E-08  5.01E-08  7.94E-08
       1.26E-07  2.00E-07  3.16E-07  5.01E-07  7.94E-07
       1.26E-06  2.00E-06  3.16E-06  5.01E-06  7.94E-06
       1.26E-05  2.00E-05  3.16E-05  5.01E-05  7.94E-05
       1.26E-04  2.00E-04  3.16E-04  5.01E-04  7.94E-04
       1.26E-03  2.00E-03  3.16E-03  5.01E-03  7.94E-03
       1.26E-02  2.00E-02  3.16E-02  5.01E-02  7.94E-02
       1.26E-01  2.00E-01  3.16E-01  5.01E-01  7.94E-01
       1.26E+00  2.00E+00  3.16E+00  5.01E+00  7.94E+00
       1.26E+01  2.00E+01
fc4   **Average Neutron Flux (n/cm2/(source n))**
f4:n                               200  201  202
     203 204  205  206 207 208 209 210  211  212
     213 214  215  216 217 218 219 220  221  222
     223 224  225  226
sd4   0.62600E+00 1.70800E+00 1.63676E+00 1.57080E+00
      1.57080E+00 22r
fc14   **Average Gamma Flux (g/cm2/(source n))**
f14:p                              200  201  202 
     203 204  205  206 207 208 209 210  211  212
     213 214  215  216 217 218 219 220  221  222
     223 224  225  226
sd14  0.62600E+00 1.70800E+00 1.63676E+00 1.57080E+00
      1.57080E+00 22r
PRINT




% BNCT output manipulator

% auth. F. Ganda --- creation date 14th Dec. 2005

% rev 1. --- 26th Dec. 2005



clear all; s=fileread(['phantom.o']); 

KermaN=load('kerma.n'); KermaB=load('kerma.b'); KermaP=load('kerma.g');

TumorCells=[200:226]; 

Source    = 1e12 * 60; % n/sec * sec/min = n/min

MaxDoseHealthy=12.5; % Gy

% Radiobiological effectiveness of neutron boron reactions (for Photons is one)

rbe_n_tis = 3.2;  rbe_b_tis = 1.3;   rbe_n_tum = 3.2;  rbe_b_tum = 3.8; 

% Concentration of Boron in ppm

b_tis_ppm = 13;   b_tum_ppm = 45.5;  b_def_ppm = 10; 

% Tally structures

TallyLL=36; TallyIntro=131; En_B=5; En_E=15; Fl_B=18; Fl_E=29; Er_B=30; Er_E=35;

Depth=[0.1 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5 13];

% ------------- End of Constants ------------------------------------------------



TallyB=findstr(s,['cell  ',Num2str(TumorCells(1))]); TallyE=findstr(s,['cell  ',Num2str(TumorCells(2))]); 

DeltaTumCell=TumorCells(1)-1;



% ------------- Extraction from MCNP output -------------------------------------

TallyType=1; % for Neutrons

TallyLenght=TallyE(TallyType)-TallyB(TallyType)-TallyIntro; TallyLines=floor(TallyLenght/TallyLL);

for NT=TumorCells

    % Position at the beginning of the Tally

 BeginTal=findstr(s,['cell  ',num2str(NT)]); TallyStart=BeginTal(TallyType)+TallyIntro;

    % Collects the F4 in lines; +1 and -1 are to avoid the NewLine characters

 for i=1:TallyLines Tally(i,:)=s(TallyStart+TallyLL*(i-1)+1:TallyStart+TallyLL*i-1); end

 EnergyN(:,NT-DeltaTumCell)=str2num(Tally(1:end-1,En_B:En_E)); 

 FluxN(:,NT-DeltaTumCell)=str2num(Tally(1:end-1,Fl_B:Fl_E));

 ErrorN(:,NT-DeltaTumCell)=str2num(Tally(1:end-1,Er_B:Er_E));

end



TallyType=2; % for Photons

TallyLenght=TallyE(TallyType)-TallyB(TallyType)-TallyIntro; TallyLines=floor(TallyLenght/TallyLL);

for NT=TumorCells

    % Position at the beginning of the Tally

 BeginTal=findstr(s,['cell  ',num2str(NT)]); TallyStart=BeginTal(TallyType)+TallyIntro;

 for i=1:TallyLines Tally(i,:)=s(TallyStart+TallyLL*(i-1)+1:TallyStart+TallyLL*i-1); end

 EnergyP(:,NT-DeltaTumCell)=str2num(Tally(1:end-1,En_B:En_E)); 

 FluxP(:,NT-DeltaTumCell)=str2num(Tally(1:end-1,Fl_B:Fl_E));

 ErrorP(:,NT-DeltaTumCell)=str2num(Tally(1:end-1,Er_B:Er_E));

end



save Energy_n.prt EnergyN -ASCII; save Flux_n.prt FluxN -ASCII; save Error_n.prt ErrorN -ASCII; 

save Energy_p.prt EnergyP -ASCII; save Flux_p.prt FluxP -ASCII; save Error_p.prt ErrorP -ASCII; 



% ------------- Elaboration -----------------------------------------------------

% This is for Jerome input with the stange allocation of energy bins

Kerma_n=exp(interp1(log(KermaN(:,1)),log(KermaN(:,2)),log(EnergyN(:,:)),'linear','extrap'));

Kerma_b=exp(interp1(log(KermaB(:,1)),log(KermaB(:,2)),log(EnergyN(:,:)),'linear','extrap'));

Kerma_p=exp(interp1(log(KermaP(:,1)),log(KermaP(:,2)),log(EnergyP(:,:)),'linear','extrap'));

% ---------------- End of part pertaining to Jerome scrwed-up energy tallies

% Start of the general part, using Jerome formulas

DoseN=FluxN.*Kerma_n; DoseNtot=sum(DoseN) * Source;

DoseB=FluxN.*Kerma_b; DoseBtot=sum(DoseB) * Source * b_def_ppm*1e-6/0.1842; 

% ------------ Kerma conversion factor is given for Nat Bor, while 10ug is for B10 (19.9 at%,=18.42wt%)

DoseP=FluxP.*Kerma_p; DosePtot=sum(DoseP .* EnergyP(:,:)) *Source * 1.602e-7;



DoseTOT_healthy = (DoseNtot*rbe_n_tis + DoseBtot*rbe_b_tis*b_tis_ppm/b_def_ppm + DosePtot)/100; %+ DoseF

DoseTOT_tumor   = (DoseNtot*rbe_n_tum + DoseBtot*rbe_b_tum*b_tum_ppm/b_def_ppm + DosePtot)/100; %+ DoseF

Treat_time=MaxDoseHealthy/max(DoseTOT_healthy);



DnL = DoseNtot*rbe_n_tis                     / 100 * Treat_time;

DbL = DoseBtot*rbe_b_tis*b_tis_ppm/b_def_ppm / 100 * Treat_time;

DgL = DosePtot                               / 100 * Treat_time;



DnH = DoseNtot*rbe_n_tum                     / 100 * Treat_time;

DbH = DoseBtot*rbe_b_tum*b_tum_ppm/b_def_ppm / 100 * Treat_time;

DgH = DosePtot                               / 100 * Treat_time;



L_H=[[DoseTOT_tumor*Treat_time]',[DoseTOT_healthy*Treat_time]'];

save L_H.prt L_H -ASCII;



% ------------- Plot / Display --------------------------------------------------

disp(['Treatment time: ',num2str(Treat_time/60),' hrs.']); % Display of results

disp(['Max Dose: ',num2str(max(DoseTOT_tumor)*Treat_time),' Gy '...

        'in cell ',num2str(find(DoseTOT_tumor==max(DoseTOT_tumor))+DeltaTumCell)]);



plot(Depth,DoseTOT_tumor*Treat_time,Depth,DoseTOT_healthy*Treat_time); % Display of H and L; title

legend('Tumor','Healthy tissue'); xlabel('Depth (cm)'); ylabel('Dose (Gy)'); 

title(['Treatment time: ',num2str(Treat_time/60),' hr;',' ','Max Dose: ',num2str(max(DoseTOT_tumor)*Treat_time),' Gy '...

        'in cell ',num2str(find(DoseTOT_tumor==max(DoseTOT_tumor))+DeltaTumCell)]);



figure; plot(Depth,DoseTOT_tumor./DoseTOT_healthy); % H/L

xlabel('Depth (cm)'); ylabel('H/L'); 



figure; plot(Depth,DnL, Depth,DbL ,Depth,DgL); %L

legend('Neutrons','Boron','Gamma'); title('Healthy tissue dose (L)');

xlabel('Depth (cm)'); ylabel('Dose (Gy)'); 



figure; plot(Depth,DnH, Depth,DbH, Depth,DgH); %H

legend('Neutrons','Boron','Gamma'); title('Tumor dose (H)');

xlabel('Depth (cm)'); ylabel('Dose (Gy)'); 



figure; plot(Depth,DnL,Depth,DgL,Depth,DbH,Depth,DbL); %L & H

legend('Neutrons','Gamma','Boron H','Boron L'); title('Tumor and Healthy dose (H & L)');

xlabel('Depth (cm)'); ylabel('Dose (Gy)'); 


2.53e-08  1.59e-06
3.60e-08  1.35e-06
6.30e-08  1.02e-06
1.10e-07  7.70e-07
2.00e-07  5.72e-07
3.60e-07  4.26e-07
6.30e-07  3.21e-07
1.10e-06  2.43e-07
2.00e-06  1.81e-07
3.60e-06  1.35e-07
6.30e-06  1.02e-07
1.10e-05  7.68e-08
2.00e-05  5.70e-08
3.60e-05  4.24e-08
6.30e-05  3.20e-08
1.10e-04  2.42e-08
2.00e-04  1.79e-08
3.60e-04  1.33e-08
6.30e-04  1.00e-08
1.10e-03  7.56e-09
2.00e-03  5.59e-09
3.60e-03  4.15e-09
6.30e-03  3.13e-09
1.10e-02  2.37e-09
2.00e-02  1.78e-09
3.60e-02  1.36e-09
6.30e-02  1.08e-09
8.20e-02  9.68e-10
8.60e-02  9.52e-10
9.00e-02  9.38e-10
9.40e-02  9.24e-10
9.80e-02  9.11e-10
1.05e-01  8.91e-10
1.15e-01  8.65e-10
1.25e-01  8.42e-10
1.35e-01  8.22e-10
1.45e-01  8.04e-10
1.55e-01  7.87e-10
1.65e-01  7.72e-10
1.75e-01  7.58e-10
1.85e-01  7.45e-10
1.95e-01  7.33e-10
2.10e-01  7.17e-10
2.30e-01  6.97e-10
2.50e-01  6.78e-10
2.70e-01  6.59e-10
2.90e-01  6.42e-10
3.10e-01  6.27e-10
3.30e-01  6.16e-10
3.50e-01  6.08e-10
3.70e-01  6.06e-10
3.90e-01  6.18e-10
4.20e-01  7.08e-10
4.60e-01  6.93e-10
5.00e-01  6.25e-10
5.40e-01  6.86e-10
5.80e-01  5.46e-10
6.20e-01  5.11e-10
6.60e-01  4.82e-10
7.00e-01  4.61e-10
7.40e-01  4.47e-10
7.80e-01  4.38e-10
8.20e-01  4.33e-10
8.60e-01  4.29e-10
9.00e-01  4.27e-10
9.40e-01  4.28e-10
9.80e-01  4.26e-10
1.05e+00  4.34e-10
1.15e+00  4.82e-10
1.25e+00  6.58e-10
1.35e+00  6.62e-10
1.45e+00  6.16e-10
1.55e+00  6.45e-10
1.65e+00  7.20e-10
1.75e+00  8.66e-10
1.85e+00  9.08e-10
1.95e+00  8.70e-10
2.10e+00  8.21e-10
2.30e+00  7.45e-10
2.50e+00  8.97e-10
2.70e+00  9.34e-10
2.90e+00  9.23e-10
3.10e+00  8.76e-10
3.30e+00  8.61e-10
3.50e+00  9.39e-10
3.70e+00  9.86e-10
3.90e+00  1.01e-09
4.20e+00  1.06e-09
4.60e+00  1.24e-09
5.00e+00  1.31e-09
5.40e+00  1.31e-09
5.80e+00  1.36e-09
6.20e+00  1.38e-09
6.60e+00  1.31e-09
7.00e+00  1.30e-09
7.40e+00  1.27e-09
7.80e+00  1.35e-09
8.20e+00  1.28e-09
8.60e+00  1.29e-09
9.00e+00  1.30e-09
9.40e+00  1.32e-09
9.80e+00  1.41e-09
1.05e+01  1.46e-09
1.15e+01  1.57e-09
1.25e+01  1.71e-09
1.35e+01  1.86e-09
1.45e+01  2.00e-09
1.55e+01  2.08e-09
1.65e+01  2.17e-09
1.75e+01  2.23e-09
1.85e+01  2.28e-09
1.95e+01  2.31e-09
2.10e+01  2.45e-09
2.30e+01  2.55e-09
2.50e+01  2.65e-09
2.70e+01  2.73e-09
2.90e+01  2.85e-09



% BNCT output manipulator

% auth. F. Ganda --- creation date 14th Dec. 2005

% rev 1. --- 26th Dec. 2005

% rev 1.1 --- 29 April 2008, added uigetfile



clear all; 

[input_file,pathname] = uigetfile( {'*.*', 'All Files (*.*)'},'Select an MCNP Output file','MultiSelect', 'off');

s=fileread([pathname, input_file]); 

KermaN=load('kerma.n'); KermaB=load('kerma.b'); KermaP=load('kerma.g');

TumorCells=[200:226]; 

Source    = 1e12 * 60; % n/sec * sec/min = n/min

MaxDoseHealthy=12.5; % Gy

% Radiobiological effectiveness of neutron boron reactions (for Photons is one)

rbe_n_tis = 3.2;  rbe_b_tis = 1.3;   rbe_n_tum = 3.2;  rbe_b_tum = 3.8; 

% Concentration of Boron in ppm

b_tis_ppm = 13;   b_tum_ppm = 45.5;  b_def_ppm = 10; 

% Tally structures

TallyLL=36; TallyIntro=131; En_B=5; En_E=15; Fl_B=18; Fl_E=29; Er_B=30; Er_E=35;

Depth=[0.1 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5 13];

% ------------- End of Constants ------------------------------------------------



TallyB=findstr(s,['cell  ',Num2str(TumorCells(1))]); TallyE=findstr(s,['cell  ',Num2str(TumorCells(2))]); 

DeltaTumCell=TumorCells(1)-1;



% ------------- Extraction from MCNP output -------------------------------------

TallyType=1; % for Neutrons

TallyLenght=TallyE(TallyType)-TallyB(TallyType)-TallyIntro; TallyLines=floor(TallyLenght/TallyLL);

for NT=TumorCells

    % Position at the beginning of the Tally

 BeginTal=findstr(s,['cell  ',num2str(NT)]); TallyStart=BeginTal(TallyType)+TallyIntro;

    % Collects the F4 in lines; +1 and -1 are to avoid the NewLine characters

 for i=1:TallyLines Tally(i,:)=s(TallyStart+TallyLL*(i-1)+1:TallyStart+TallyLL*i-1); end

 EnergyN(:,NT-DeltaTumCell)=str2num(Tally(1:end-1,En_B:En_E)); 

 FluxN(:,NT-DeltaTumCell)=str2num(Tally(1:end-1,Fl_B:Fl_E));

 ErrorN(:,NT-DeltaTumCell)=str2num(Tally(1:end-1,Er_B:Er_E));

end



TallyType=2; % for Photons

TallyLenght=TallyE(TallyType)-TallyB(TallyType)-TallyIntro; TallyLines=floor(TallyLenght/TallyLL);

for NT=TumorCells

    % Position at the beginning of the Tally

 BeginTal=findstr(s,['cell  ',num2str(NT)]); TallyStart=BeginTal(TallyType)+TallyIntro;

 for i=1:TallyLines Tally(i,:)=s(TallyStart+TallyLL*(i-1)+1:TallyStart+TallyLL*i-1); end

 EnergyP(:,NT-DeltaTumCell)=str2num(Tally(1:end-1,En_B:En_E)); 

 FluxP(:,NT-DeltaTumCell)=str2num(Tally(1:end-1,Fl_B:Fl_E));

 ErrorP(:,NT-DeltaTumCell)=str2num(Tally(1:end-1,Er_B:Er_E));

end



save Energy_n.prt EnergyN -ASCII; save Flux_n.prt FluxN -ASCII; save Error_n.prt ErrorN -ASCII; 

save Energy_p.prt EnergyP -ASCII; save Flux_p.prt FluxP -ASCII; save Error_p.prt ErrorP -ASCII; 



% ------------- Elaboration -----------------------------------------------------

% This is for Jerome input with the stange allocation of energy bins

Kerma_n=exp(interp1(log(KermaN(:,1)),log(KermaN(:,2)),log(EnergyN(:,:)),'linear','extrap'));

Kerma_b=exp(interp1(log(KermaB(:,1)),log(KermaB(:,2)),log(EnergyN(:,:)),'linear','extrap'));

Kerma_p=exp(interp1(log(KermaP(:,1)),log(KermaP(:,2)),log(EnergyP(:,:)),'linear','extrap'));

% ---------------- End of part pertaining to Jerome scrwed-up energy tallies

% Start of the general part, using Jerome formulas

DoseN=FluxN.*Kerma_n; DoseNtot=sum(DoseN) * Source;

DoseB=FluxN.*Kerma_b; DoseBtot=sum(DoseB) * Source * b_def_ppm*1e-6/0.1842; 

% ------------ Kerma conversion factor is given for Nat Bor, while 10ug is for B10 (19.9 at%,=18.42wt%)

DoseP=FluxP.*Kerma_p; DosePtot=sum(DoseP .* EnergyP(:,:)) *Source * 1.602e-7;



DoseTOT_healthy = (DoseNtot*rbe_n_tis + DoseBtot*rbe_b_tis*b_tis_ppm/b_def_ppm + DosePtot)/100; %+ DoseF

DoseTOT_tumor   = (DoseNtot*rbe_n_tum + DoseBtot*rbe_b_tum*b_tum_ppm/b_def_ppm + DosePtot)/100; %+ DoseF

Treat_time=MaxDoseHealthy/max(DoseTOT_healthy);



DnL = DoseNtot*rbe_n_tis                     / 100 * Treat_time;

DbL = DoseBtot*rbe_b_tis*b_tis_ppm/b_def_ppm / 100 * Treat_time;

DgL = DosePtot                               / 100 * Treat_time;



DnH = DoseNtot*rbe_n_tum                     / 100 * Treat_time;

DbH = DoseBtot*rbe_b_tum*b_tum_ppm/b_def_ppm / 100 * Treat_time;

DgH = DosePtot                               / 100 * Treat_time;



L_H=[[DoseTOT_tumor*Treat_time]',[DoseTOT_healthy*Treat_time]'];

save L_H.prt L_H -ASCII;



% ------------- Plot / Display --------------------------------------------------

disp(['Treatment time: ',num2str(Treat_time/60),' hrs.']); % Display of results

disp(['Max Dose: ',num2str(max(DoseTOT_tumor)*Treat_time),' Gy '...

        'in cell ',num2str(find(DoseTOT_tumor==max(DoseTOT_tumor))+DeltaTumCell)]);



plot(Depth,DoseTOT_tumor*Treat_time,Depth,DoseTOT_healthy*Treat_time); % Display of H and L; title

legend('Tumor','Healthy tissue'); xlabel('Depth (cm)'); ylabel('Dose (Gy)'); 

title(['Treatment time: ',num2str(Treat_time/60),' hr;',' ','Max Dose: ',num2str(max(DoseTOT_tumor)*Treat_time),' Gy '...

        'in cell ',num2str(find(DoseTOT_tumor==max(DoseTOT_tumor))+DeltaTumCell)]);



figure; plot(Depth,DoseTOT_tumor./DoseTOT_healthy); % H/L

xlabel('Depth (cm)'); ylabel('H/L'); 



figure; plot(Depth,DnL, Depth,DbL ,Depth,DgL); %L

legend('Neutrons','Boron','Gamma'); title('Healthy tissue dose (L)');

xlabel('Depth (cm)'); ylabel('Dose (Gy)'); 



figure; plot(Depth,DnH, Depth,DbH, Depth,DgH); %H

legend('Neutrons','Boron','Gamma'); title('Tumor dose (H)');

xlabel('Depth (cm)'); ylabel('Dose (Gy)'); 



figure; plot(Depth,DnL,Depth,DgL,Depth,DbH,Depth,DbL); %L & H

legend('Neutrons','Gamma','Boron H','Boron L'); title('Tumor and Healthy dose (H & L)');

xlabel('Depth (cm)'); ylabel('Dose (Gy)'); 

