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Abst rac t  

A series of MORSE Monte Car lo  c a l c u l a t i o n s  have been performed t o  

determine t h e  e f f e c t  t h a t  changes i n  t h e  a i r  d e n s i t y  produced by one 

weapon de tona t ion  would have on t h e  t r a n s p o r t  of r a d i a t i o n  produced by 

a second weapon de tona ted  w i t h i n  t h e  next  few seconds.  

i n t e r e s t  were t h e  displacement  and i o n i z a t i o n  t h a t  would be induced i n  

s i l i c o n  by neut rons  and secondary gamma rays  r e s p e c t i v e l y  i n  t h e  v i c i n i t y  

of t h e  f i r s t  b u r s t .  Two d e n s i t y  p r o f i l e s  around t h e  f i r s t  b u r s t  were 

used,  corresponding t o  t i m e s  of 1 and 3.16 s e c  a f t e r  t h e  b u r s t .  Three 

neut ron  emission s p e c t r a  were used f o r  t h e  second weapon, one c o n s i s t i n g  

of 14-MeV neut rons  a lone  and t h e  o t h e r  two c o n s i s t i n g  of t y p i c a l  thermo- 

nuc lea r  and 235U f i s s i o n  s p e c t r a .  

t o  be  i n f i n i t e  a i r ,  and s p h e r i c a l  geometry w a s  employed wi th  t h e  o r i g i n  

a t  t h e  c e n t e r  of t he  f i r s t  de tona t ion .  The responses  were c a l c u l a t e d  f o r  

e i g h t  d i s t a n c e s  from t h e  second source  i n  t h e  d i r e c t i o n  of t h e  f i r s t  

source  w i t h i n  seven ( o r  n ine )  s o l i d  ang le s  measured from an a x i s  pas s ing  

through both  sources .  For t h e  3.16-sec d e n s i t y  p r o f i l e  and source  

s e p a r a t i o n  d i s t a n c e s  of 1100 and 1500 m t h e  d e n s i t y  p e r t u r b a t i o n  e f f e c t s  

a t  t h e  p o i n t s  of i n t e r e s t  were small. The e f f e c t s  were much more pro- 

nounced f o r  t h e  1-sec p r o f i l e ,  which is p a r t i a l l y  due t o  t h e  two sources  

being c l o s e r  t o g e t h e r  (0 t o  800 m).  
responses  c a l c u l a t e d  f o r  p o s i t i o n s  immediately beyond t h e  f i r s t  b u r s t  

were about  50% h ighe r  than  those  obta ined  a t  t h e  same p o s i t i o n s  i n  t h e  

unperturbed atmosphere; lesser i n c r e a s e s  w e r e  ob ta ined  as t h e  angle  from 

t h e  a x i s  of symmetry w a s  i nc reased .  The secondary gamma-ray responses  

a l s o  were h i g h e r ,  w i th  t h e  i n c r e a s e s  be ing  approximately one-half of 

t he  i n c r e a s e  i n  t h e  neutron responses  f o r  t h e  same p o s i t i o n s .  For t h e  

case  of t h e  two de tona t ions  occur r ing  a t  t h e  same p o s i t i o n ,  t h e  neut ron  

responses  between 1000 and 1500 m were about 20% h ighe r  than those  i n  

t h e  unperturbed atmosphere and t h e  gama-ray responses  were 10% h ighe r .  

The responses  of  

I n  a l l  cases  t h e  medium w a s  assumed 

With t h e  1-sec p r o f i l e  a l l  neut ron  
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EFFECTS OF AIR-DENSITY PERTURBATIONS ON THE TRANSPORT 
NEUTRONS AND SECONDARY GAMMA RAYS PRODUCED BY 

POINT NEUTRON SOURCES 

B. J .  McGregor 

I. I n t r o d u c t i o n  

S e v e r a l  c a l c u l a t i o n s  have been performed t o  i n v e s t i g a t e  

OF 

t h e  e f f e c t  

t h a t  changes i n  t h e  a i r  d e n s i t y  produced by one weapon d e t o n a t i o n  would 

have on t h e  t r a n s p o r t  of r a d i a t i o n  produced by a second weapon de tona ted  

w i t h i n  t h e  n e x t  few seconds.  

t aken  t o  b e  4.5 x g /cc ,  which is t h e  d e n s i t y  t h a t  would e x i s t  a t  an 

a l t i t u d e  of about  9.15 km. I n  a l l  cases t h e  d e n s i t y  p r o f i l e  of t h e  per- 

tu rbed  a i r  w a s  assumed t o  be s p h e r i c a l l y  symmetric around t h e  p o i n t  of  

d e t o n a t i o n  of t h e  f i r s t  weapon, and t h e  second weapon w a s  assumed t o  be  

a p o i n t  i s o t r o p i c  neut ron  source  e m i t t i n g  neut rons  of s p e c i f i e d  e n e r g i e s  

a t  given d i s t a n c e s  from t h e  f i r s t  source .  The r a d i a t i o n s  cons idered  were 

t h e  neut rons  e m i t t e d  from t h e  second source  and t h e  secondary gamma r a y s  

produced by i n t e r a c t i o n s  of  those  neut rons  i n  t h e  atmosphere. The r e s u l t s  

are given i n  t e r m s  of t h e  neut ron  displacement  and gamma-ray i o n i z a t i o n  

i n  s i l i c o n .  

The d e n s i t y  of t h e  unperturbed a i r  w a s  

11. C a l c u l a t i o n a l  Procedure 

Two d e n s i t y  p r o f i l e s  around t h e  f i r s t  weapon were used,  one descr ib-  

i n g  t h e  a i r  d e n s i t y  as a f u n c t i o n  of d i s t a n c e  from t h e  weapon a t  a t i m e  

3 . 1 6  sec a f t e r  t h e  b u r s t  ( s ee  Fig. l), and a n o t h e r  giving t h e  s a m e  informa- 

t i o n  a t  a t i m e  l sec a f t e r  t h e  b u r s t  ( s e e  F ig .  2 ) .  Three d i f f e r e n t  

emission s p e c t r a  were used f o r  t h e  second source;  a spectrum t y p i c a l  of 

a thermonuclear weapon’ ( see  Table 1); a spectrum c o n s i s t i n g  of 14-MeV 

neut rons  a lone ;  and a spectrum t y p i c a l  of 5~ f i s s i o n  neutrons,  

The cases f o r  which t h e  c a l c u l a t i o n s  were performed are shown i n  

Table 2 .  I n  a l l  c a l c u l a t i o n s  t h e  medium w a s  assumed t o  be  i n f i n i t e  a i r ,  

and s p h e r i c a l  geometry w a s  used wi th  t h e  o r i g i n  a t  t h e  c e n t e r  of t h e  

f i r s t  d e t o n a t i o n  ( s e e  F igs .  3-81. Neutron and gamma-ray responses  w e r e  

c a l c u l a t e d  f o r  e i g h t  d i s t a n c e s  from t h e  second source  w i t h i n  seven (or  n i n e )  

s o l i d  angles .  The d i s t a n c e s  are def ined  as t h e  midpoints  of r a d i a l  b i n s  as 



2 

5 

2 
h 

m 
E s - 
k 
(I) z 
w 
Q 

5 

a 

40- 

f 

ORNL-DWG 72-4766 

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 i.6 

RADIUS (cm x 

Fig. 1. Air Density Profile Around First Detonation at T = 3.16 sec.  
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Table  1. Energy Spectrum of Thermonuclear Source 

Energy Upper Neutron F r a c t i o n  of 
Group Energy (eV) Emission Spectrum 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13 

14  

1 5  

16  

1 7  

18 

1.50 (+7) a 

1.22 (+7) 

1.00 (+7) 

8.18 (+6) 

6.36 (+6) 

4.9 6 (+6) 

4.06 (+6) 

3.01 (+6) 

2.46 (+6) 

2.35 (+6) 

1.83 (+6) 

1.11 (+6) 

5.50 (+5) 

1.11(+5) 

3.35 (+3) 

5.83 (+2) 

1.01(+2) 

2.90 (+1) 

0.0706 

0.0256 

0.0141 

0.0147 

0.0180 

0.0170 

0.0260 

0.0190 

0.0050 

0.0280 

0.0620 

0.0850 

0.1020 

0.3650 

0.1220 

0.0240 

0.0020 

0 

a Read: 1 .50  x l o 7  e V  = 15 MeV. 
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n 

shown in Table 3 .  

the cosine of the angle from the axis passing through the centers of both 

bursts. The end of the first angular bin in Problems 1, 2, 3A, 3B, and 

3 C  approximates the tangent to the nearly void volume surrounding the 

first burst. 

The angular bins are defined by a range of values of 

Most of the calculations were performed with the MORSE Monte Carlo 

with check calculations made with the ANISN discrete ordinates code, 

code3 in both forward and adjoint modes. 

and oxygen, in 22 neutron groups and 18 gamma-ray groups, were from a 
1970 ENDF/B-I1 evaluation by P. G. Young and D. G. Foster, Jr., of Los 

Alamos Scientific Laboratory. The neutron displacement response func- 

tions corresponding to the 22 neutron groups are given in Table 4 ,  and 

the gamma-ray response functions corresponding to the 18 gamma-ray groups 
are shown in Table 5 (ref. 4 ) .  

The cross sections for nitrogen 

In order to expedite the MORSE calculations, the code’s spherical 
geometry routine was used with a collision density estimator of the 

contributions to the various responses. This method, which was also 

used in a recent study of the effects of the asymmetric emission of radia- 

tion from a weapon,’ has the obvious shortcoming of too few collisions 

in the near-void region close to the first burst to allow an accurate 

determination in this region. At least three techniques exist which are 

superior to this method. They can be summarized as follows: 

(1) Using the code’s general-geometry routine so that two sets of 
spherical surfaces could be specified, one set around each burst. The 

surfaces around the first burst would define the density profiles and 

those around the second burst would be the surfaces used by the boundary 

crossing estimator routine. Dummy material numbers would be needed for 

each region created by the intersection of the two systems and a special 

GTMED routine would be necessary to distinguish between materials which 

are really different. 

(2) Using the density estimator with pseudo collisions in the near- 
void volume. 
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Table 2. Description of Problems 
- 

Distance Between Fig. 
Problem Density Profile Second Source Sources (m) No. 

1 At 3.16  sec Standard thermonuclear 1500 3 

2 At 3.16 sec Standard thermonuclear 1100 4 

3A At 1 sec Standard thermonuclear 800 5 

3B At 1 sec 14 MeV 800 5 

3c At 1 sec Fission 800 5 

3E At 1 sec 14 MeV 300 7 

3D At 1 sec 14 MeV 600 6 

3F At 1 sec 14 MeV 0 8 

ORNL-DWG 72-4672 

ORNL-DWG 72-467t 

Fig. 3.  Geometry for Problem 1. Fig. 4 .  Geometry for Problem 2. 
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ORNL-DWG 72-4674 

ORNL-DWG 72- 4673 

Fig. 5. Geometry for Problems 3A, 
3B, and 3 C .  

u 
Fig. 6. Geometry for Problem 3D. 

6' 

YI 

ORNL- DWG 72-4675 

7 f i  

ORNL-DWG 72-4676 

Fig. 7. Geometry for Problem 3E. Fig. 8. Geometry for Problem 3F. 
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(3) Using MORSE i n  t h e  a d j o i n t  mode wi th  t h e  response  as t h e  sou rce  

where t h e  s ta t is t ics  are inadequate ,  and us ing  a l a s t - f l i g h t  c o l l i s i o n  

e s t i m a t o r  t o  c a l c u l a t e  back t o  t h e  o r i g i n a l  sou rce  p o i n t .  

Af t e r  a l l  t h e  problems l i s t e d  i n  Table  2 were c a l c u l a t e d  wi th  MORSE 

f o r  t h e  s p h e r i c a l  geometry wi th  a c o l l i s i o n  d e n s i t y  e s t i m a t o r ,  some addi- 

t i o n a l  MORSE c a l c u l a t i o n s  were performed by t h e  second technique  l i s t e d  

above. In  t h e s e  c a l c u l a t i o n s  t h e  c r o s s  s e c t i o n s  i n  t h e  near-void r eg ion  

were inc reased  t o  t h e i r  unperturbed va lue  t o  ensu re  a more a c c u r a t e  

c o l l i s i o n - d e n s i t y  e s t ima t ion .  The c o l l i s i o n  r o u t i n e  w a s  a l t e r e d  t o  test  

whether a c o l l i s i o n  w a s  a r ea l  c o l l i s i o n  o r  a pseudo c o l l i s i o n ,  depending 

on t h e  a c t u a l  d e n s i t y .  I f  i t  w a s  determined t h a t  a pseudo c o l l i s i o n  had 

occurred ,  t h e  p a r t i c l e  w a s  allowed t o  con t inue  wi th  i ts  p rev ious  energy 

and d i r e c t i o n  ( t h a t  i s ,  as i f  no c o l l i s i o n  had occur red ) .  I f  a rea l  

c o l l i s i o n  w a s  sampled i t  w a s  t r e a t e d  as usua l .  

Except f o r  a s p e c i a l  c a l c u l a t i o n  d iscussed  nea r  t h e  end of  t h i s  

paper ,  a l l  t h e  r e s u l t s  presented  h e r e  are f o r  r a d i a l  d i s t a n c e s  of 1000 m 

and 1500 m from t h e  second b u r s t .  The r e l a t i o n s h i p  of t h e s e  r a d i a l  d i s -  

t ances  t o  t h e  near-void r eg ion  of t h e  f i r s t  b u r s t  i n  t h e  v a r i o u s  angu la r  

b i n s  is shown i n  F igs .  3 through 8. 

111. Displacement and I o n i z a t i o n  Responses f o r  
Unperturbed Atmosphere 

The neutrcm and secondary gamma-ray responses  c a l c u l a t e d  f o r  t h e  case  

of an unperturbed atmosphere f o r  each of t h e  t h r e e  "second-burst ' '  sou rces  

are given i n  Table  6 .  A l l  e r r o r s  quoted on t h e  MORSE r e s u l t s  are 1 s tan -  

dard  d e v i a t i o n .  Resu l t s  from t h e  ANISN check c a l c u l a t i o n s  are included 

i n  t h e  t a b l e  f o r  t h e  1500-m d i s t a n c e .  

MORSE e s t i m a t i o n  r o u t i n e s  were c o r r e c t  a t  least f o r  t h e  neut ron  responses .  

The low MORSE r e s u l t s  f o r  t h e  gamma-ray responses  from t h e  f i s s i o n  and 

thermonuclear sou rces  i n d i c a t e  t h a t  t h e  s t a t i s t i c s  are no t  good enough 

and probably t h a t  t h e  assumed t i m e  c u t o f f  of 1 s e c  w a s  too  s h o r t .  

i n  t h e  c a l c u l a t i o n s  f o r  t h e  per turbed  atmosphere,  t h e  d e n s i t y  p r o f i l e  

would a l s o  be  changing wi th  t i m e  so  t h a t  u s ing  a longer  t i m e  c u t o f f  

would n o t  b e  real is t ic .  

These comparisons show t h a t  t h e  

However, 
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Table 3. Description of Radial Bins 

Radial Distance from Second Distance Corresponding 
Bin No. Source (m) to Bin Midpoint (m) 

1 750-950 850 

2 950-1050 1000 

3 1050-1150 1100 

4 1150-1250 1200 

5 1250-1350 1300 

6 1350-1450 1400 

7 1450-1550 1500 

8 1550-1750 1650 
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Table 4 .  Neutron Energy Group Structure and Displacement 
Response Functions 

Response Function 

(equiv. 1-MeV neutrons/cm2) 
(neutron/cm*) J I Energy Upper Neutron 

Group Energy (eV) 

6 
7 
8 
9 

10 

1.50 (+7) a 
1.22 (+7 3 
1.00(+7) 
8.18 (+6) 
6.36 (+6) 

4.96 (+6) 
4.06 (+6) 
3.01 (+6) 
2.46 (+6) 
2.35 ( + 6 )  

2.51 
2.40 
2.48 
2.21 
1.99 

1.86  
1.75 
1.72 
1 .,64 
1.49 

11 1.83 (+6) 1 .22  
1 2  1.11 (+6) 0. 87b 

1 4  1.11 (+5) 0.02 
13 5.50 (+5) 0.59, 

15-22 c3.35 (+3) 0 
22.75 

Read: 1.50 x l o 7  eV (= 15 NeV). a 

bThis  response function should have been 0.97. 

¶ 
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Table 5. Gamma-Ray Energy Group Structure and 
Ionization Response Functions 

Response Function 

Energy Upper Gamma-Ray (rads-Si) 
Group Energy (MeV) [ (phot on / cm2 ) 

6 
7 
8 
9 

10 

11 
12 
13 
1 4  
15 

16 
17 
18 

10 .o 
8.0 
6.5 
5.0 
4 . 0  

3.0 
2.5 
2.0 
1.66 
1.33 

1.0  
0.8 
0.6 
0 . 4  
0.3 

0.2 
0.1 
0.05 

2. 83(-9)a 
2.28 (-9) 
1.83 (-9) 
1 . 4 6 ( - 9 )  
1 . 1 7 ( - 9 )  

9 . 6 2  (-10) 
8.15 (-10) 
6.90 (-10) 
5.89 (-10) 
4 . 8 4  (-10) 

3.93(-10) 
3.19 (-10) 
2.35 (-10) 
1 . 6 8  (-10) 
1.17 (-10) 

7 . 6 0  (-11) 

9.57 (-10) 
1 . 5 4  8 ( - 8 )  

1.02 (-10) 

a Read: 2.83 X 



Table 6. Neutron and Gamma-Ray Responses in an Unperturbed Atmosphere 
at 1000 m and 1500 m from Various Sources 

Neutron Displacement Gamma-Ray Ionization 

1500 m 

I rads- Si 
source neutron 

1000 m 

I Equiv. 1-MeV neutrons/cm2 
source neutron 

1500 m 

[ 
Source 1000 m 

Thermonuclear 
b 14-MeV 

Fission b 

Thermonuclear 

14-MeV 
Fission 

Thermonuclear 

14-MeV 

Fission 

(5.50 + 0.10) x 
(1.61 + 0.05) x lo-’’ 
(1.09 + 0.03) x PO-’1 

- 
- 

- 

MORSE Calculationsa 

(1.05 2 0.09) x 
(5.14 + 0.10) x lom2’ 

(3.0 + 0.3) x 
(1.75 + 0.05) x 

- (1.36 + 0.04) x - 

- - (4.43 + 0.12) x 
(2.66 + 0.11) x 

- 
(1.2 + 0.2) x - (4.3 5 2) x - 

ANISN Forward Calculations 
P 
N 1.38 x - 4.03 x 

- 1.77 x 4.44 x 

2.67 x - 2.17 x 

ANISN Adjoint Calculations 

1.38 x lo-’‘ - 4.02 x 
4.45 x - 1.77 x 

- 2.68 x - 2.16 x 

a 

bThese unperturbed results are averages of the results obtained for the three backward angles (7-9) in 

Quoted errors are 1 standard deviation. 

Problems 3B and 3C for the 14-MeV and fission source respectively. 

4 c I 



1 3  

The real and a d j o i n t  ANISN c a l c u l a t i o n s  are i n  good agreement f o r  a l l  

sources .  

I V .  Displacement and I o n i z a t i o n  Responses f o r  
Per turbed  Atmosphere 

Problem 1 

Problem 1 is f o r  t h e  case of t h e  3.16-sec d e n s i t y  p r o f i l e  (Fig.  1) and 

the  thermonuclear sou rce  de tona ted  a t  a d i s t a n c e  of 1500 m from t h e  f i r s t  

b u r s t  (see Fig.  3 ) .  The r a t i o s  of t h e  neut ron  and gama-ray responses  

i n  t h e  per turbed  atmosphere t o  those  i n  t h e  unperturbed atmosphere are 

given i n  Table 7 .  

An examination of t h e  response r a t i o s  shows t h a t  they do n o t  d e v i a t e  

from u n i t y  s i g n i f i c a n t l y ,  i n d i c a t i n g  t h a t  i n  t h i s  case t h e  p e r t u r b a t i o n  

c r e a t e d  by t h e  f i r s t  b u r s t  had l i t t l e  e f f e c t .  

f i r s t  angular  b i n  is  i n  t h e  near-void volume, bu t  even so  t h e  neut ron  

response i s  inc reased  by only 20%, which i s  less than h a l f  a s t anda rd  

d e v i a t i o n .  The near-void volume subtends only a s m a l l  ang le  a t  t h e  

thermonuclear source  p o s i t i o n ;  t h e  s o l i d  ang le  subtended by t h e  f i r s t  

angular  b i n ,  which approximates t h e  tangent  t o  t h e  void ,  is only  1114th 

of t h a t  of t h e  o t h e r  angular  b i n s .  This  small  ang le ,  p l u s  t h e  l a c k  of 

c o l l i s i o n s  wi th in  t h e  vo id ,  complicates  t h e  c a l c u l a t i o n .  The 13% rise i n  

the  neut ron  response i n  t h e  second angular  b i n  a t  1500 m i s  only s l i g h t l y  

d i f f e r e n t  from u n i t y .  The s t a t i s t i c s  on t h e  gama-ray responses  are no t  

good enough f o r  any conclus ions  t o  be drawn about them. 

The p o i n t  a t  1500 m i n  t h e  

An a d d i t i o n a l  MORSE c a l c u l a t i o n  f o r  Problem 1 i n  which pseudo c o l l i -  

s i o n s  w e r e  al lowed i n  t h e  near-void r eg ion  y i e lded  a neutron response 

r a t i o  of 1 .02 - + 0.28 f o r  t he  f i r s t  angu la r  b i n  a t  1500 m. This  i s  an 

improvement over  t h e  c a l c u l a t i o n  wi th  t h e  c o l l i s i o n  d e n s i t y  e s t i m a t o r ,  

bu t  s t i l l  i s  no t  accu ra t e .  A b e t t e r  r a t i o  w a s  ob ta ined  by running a d j o i n t  

ANISN c a l c u l a t i o n s  f o r  both t h e  per turbed  and t h e  unperturbed atmospheres 

wi th  t h e  neut ron  response used as t h e  source  a t  t h e  o r i g i n  of t h e  s p h e r i c a l  

geometry ( t h a t  i s ,  a t  t h e  p o i n t  of t h e  f i r s t  de tona t ion ) .  

of t h i s  type  shows t h e  importance of t h e  second source  a t  a d i s t a n c e  R i n  

causing a response a t  t h e  p o i n t  of t h e  f i r s t  de tona t ion .  

A c a l c u l a t i o n  

The r e s u l t s  of  
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Table 7. Ratio of De tec to r  Responses i n  Pe r tu rbed  A i r  t o  Responses 
i n  Unperturbed A i r  f o r  Problems 1 and 2a 

(MORSE C a l c u l a t i o n s )  

Rat io :  Pe r tu rbed  Responsehnper tu rbed  Response 

Neutrons Gamma Rays Angular 
Bin cose  8 R = 1000 m R = 1500 m R = 1000 m R = 1500 m 

- Prob. 1: 3.16-see P r o f i l e ;  Thermonuclear Source a t  1500 m 

1 
2 

3 

4 
5 
6 
7 

1 

2 
3 
4 
5 

6 

7 

1.0-0.99 0-8 0.77 5 0.11 1.20 + 0.45 1.41 0.52 - - 
0.99-0.86 8-31 0.94 - + 0.05 1.13 f 0.06 0.95 - + 0.15 1.20 - + 0.11 
0.86-0.71 31-45 0.95 - + 0.05 0.99 - + 0.05 1.15 - + 0.16 1.57 - + 0.19 
0.71-0.57 45-57 0.95 5 0.05 0.88 - + 0.05 3.0 - + 2.1 1.10 - + 0.11 
0.57-0.29 57-73 0.93 - + 0.04 0.98 f. 0.05 0.88 - + 0.06 1.47 - + 0.3 
0.29-0.14 73-82 0.98 - + 0.05 0.94 - + 0.07 1.00 - + 0.15 1.10 - + 0.16 
0.14-0 82-90 0.89 5 0.05 0.98 - + 0.08 0.92 - + 0.13 0.96 - + 0.08 

Prob. 2: 3.16-sec P r o f i l e ;  Thermonuclear Source a t  1100 m 

1.0-0.98 0-12 0.95 + 0.30 1.57 + 0.10 1.0 + 0.9 2.3 + 0.8 
0.98-0.86 12-31 0.97 5 0.05 1.18 f 0.05 1.24 + 0.17 1 - 0 1 ?  0.07 
0.86-0.71 31-45 1.08 + 0.04 1.07 + 0.05 0.90 + 0.09 1.24 + 0.06 
0.71-0.57 45-57 1.07 + 0.04 1.13 + 0.05 1.40 + 0.25 1.5 + 0.5 
0.57-0.29 57-73 1.06 + 0.03 1.04  5 0.05 1.05 + 0.10 0.98 f 0.07 
0.29-0.14 73-82 1-01 f 0.04  1 - 0 9  f 0.08 0.84 + 0.07 1.5 + 0.2 

0.14-0 

- - - - 

- 
- - - - 

- - - - 

- - - 

- - 
82-90 0.92 + 0.07 0.92 + 0.07 0.81 + 0.08 1.04 + 0.13 - - - - 

a 
Unperturbed responses  given i n  Table 6 .  

d 
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Y 

t h e  ANISN c a l c u l a t i o n s  are compared wi th  those  from t h e  MORSE c a l c u l a t i o n s  

i n  Table 8. The r a t i o s  of 1 .16 f o r  neut rons  and 1.08 f o r  gamma rays  

should be t h e  maximum v a r i a t i o n s  a t  1500 m. 

Problem 2 

Problem 2 is  f o r  t h e  case of t h e  3.16-sec p r o f i l e  (Fig.  1) and t h e  

thermonuclear source  de tona ted  1100 m from t h e  f i r s t  b u r s t  ( s ee  Fig.  4 ) .  

The r a t i o s  of t h e  neut ron  and gama-ray responses  i n  t h e  per turbed  atmo- 

sphere  t o  those  i n  t h e  unperturbed atmosphere are inc luded  i n  Table 7 .  

I n  t h i s  case t h e  r a t i o  of t h e  neutron responses  f o r  t h e  f i r s t  angu la r  

b i n  a t  1500 m shows a s i g n i f i c a n t  d e v i a t i o n  from u n i t y  ( r a t i o  = 1.57  - + 
0.10).  

t h e  p o s i t i o n  a t  which t h e  maximum p o s s i b l e  v a r i a t i o n  occurs .  

angular  b i n  a t  1500 m a l s o  shows a s l i g h t l y  s i g n i f i c a n t  d e v i a t i o n  from 

u n i t y .  A s  w a s  t h e  case  f o r  Problem 1, t h e  s t a t i s t i c s  on t h e  gamma-ray 

r e s u l t s  are poor.  For both Problems 1 and 2 ,  pa th  l eng th  s t r e t c h i n g  w a s  

employed i n  t h e  MORSE c a l c u l a t i o n s  t o  i n c r e a s e  t h e  number of neut rons  nea r  

t h e  f i r s t  de tona t ion .  

This  p o s i t i o n  is  j u s t  beyond t h e  near-void volume and should be  

The second 

Problems 3 A 3  3B, and 3 C  

Problems 3A,  3B3 and 3C are f o r  t h e  case of a 1-sec p r o f i l e  (Fig.  2) 

and an 800-m s e p a r a t i o n  d i s t a n c e  of t h e  two weapons, t h e  second source  

be ing  t h e  thermonuclear sou rce ,  t h e  14-MeV source ,  and t h e  f i s s i o n  source  

r e s p e c t i v e l y .  

and t h e  corresponding neut ron  and gamma-ray response r a t i o s  are given i n  

Table 9 .  For t h e s e  c a l c u l a t i o n s  path- length s t r e t c h i n g  w a s  employed i n  

the  MORSE c a l c u l a t i o n s  t o  remove neut rons  from t h e  v i c i n i t y  of t h e  second 

source .  

The geometry f o r  a l l  t h r e e  problems i s  shown i n  Fig.  5,  

I n  a l l  t h r e e  problems, t he  neutron response r a t i o s  f o r  t h e  f i r s t  

angular  b i n  show t h a t  t h e  neut ron  response is  cons iderably  h ighe r  i n  t h e  

per turbed  atmosphere than i n  t h e  unperturbed atmosphere. 

d e v i a t i o n  from u n i t y  is  observed i n  t h e  f i r s t  angular  b i n  f o r  t he  gamma- 

ray  response f o r  t he  14-MeV source .  

A s i g n i f i c a n t  
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Table 8. Comparison of Problem 1 Detector Response Ratios 
Obtained by Different Methods for Angular 

Bin 1 at R = 1500 m 

Ratio: Perturbed Response/Unperturbed Response Calculational 
Method Neutrons Gamma Rays 

MORSE 1.20 - + 0.45 

MORSE with pseudo 
collisions in near- 
void volume 1.02 - + 0.28 

ANISN adjoint 1.16 1.08 



1 7  

Problems 3 D ,  3 E ,  and 3F 

H 

Problems 3 D ,  3 E ,  and 3 F  are f o r  t h e  case of t h e  1-sec p r o f i l e  (Fig.  2) 

and t h e  14-MeV source  a t  d i s t a n c e s  of 600, 300, and 0 m r e s p e c t i v e l y  from 

t h e  f i r s t  d e t o n a t i o n .  The geometr ies  f o r  t h e s e  problems are shown i n  

Figs .  6 ,  7 ,  and 8,  and t h e  corresponding response r a t i o s  are g iven  i n  

Table 10. 

t i o n s  t o  remove neut rons  from t h e  v i c i n i t y  of t h e  source .  I n  a l l  t h e s e  

cases f o r  t h e  14-MeV source  t h e  s ta t i s t ics  on t h e  gamma-ray responses  are 

cons idered  t o  b e  good enough f o r  comparisons between responses  i n  t h e  

p e r t u r b e d  and unperturbed atmospheres t o  b e  s i g n i f i c a n t .  

Again path- length s t r e t c h i n g  w a s  employed i n  t h e  MORSE c a l c u l a -  

I n  Problem 3D s i g n i f i c a n t  i n c r e a s e s  i n  t h e  responses  i n  t h e  p e r t u r b e d  

atmosphere are apparent  f o r  t h e  f i r s t  two b i n s  a t  both d i s t a n c e s  f o r  bo th  

neut rons  and gamma r a y s ,  t h e  i n c r e a s e  f o r  neut rons  i n  t h e  f i r s t  a n g u l a r  

b i n  a t  t h e  1000-m d i s t a n c e  be ing  t h e  l a r g e s t  observed i n  t h i s  s tudy .  

S i g n i f i c a n t  d e v i a t i o n s  from u n i t y  occur  i n  t h e  f i r s t  f i v e  angular  b i n s  

f o r  bo th  t h e  neut ron  and gamma-ray responses  i n  Problem 3 E ,  and i n  a l l  

angular  b i n s  i n  Problem 3F. 

I n  Problem 3F, i n  which case t h e  two b u r s t s  are a t  t h e  same p o i n t ,  

t h e  neut ron  response i n  t h e  per turbed  atmosphere i n c r e a s e s  over  t h e  

response i n  t h e  unperturbed atmosphere i n  a l l  angular  b i n s  by about 20% 

a t  both t h e  1000-m range and t h e  1500-m range. The corresponding i n c r e a s e  

i n  gama-ray responses  i s  about 10%. 

These c a l c u l a t i o n s  f o r  t h e  c o i n c i d e n t  b u r s t  p o i n t s  w e r e  v e r i f i e d  by 

ANISN c a l c u l a t i o n s  i n  t h e  forward mode. 

V, Neutron and Gamma-Ray Fluxes Produced by 
14-MeV Neutron Source 

Tables  11 and 1 2  r e s p e c t i v e l y  show t h e  neut ron  and gamma-ray f l u x e s  

obta ined  from ANISN c a l c u l a t i o n s  f o r  a p o s i t i o n  1000 m from t h e  14-MeV 

source  l o c a t e d  a t  t h e  p o s i t i o n  of t h e  f i r s t  b u r s t .  The f l u x e s  are given 

f o r  each energy group f o r  bo th  unperturbed and per turbed  atmospheres,  

t h e  l a t t e r  descr ibed  by t h e  1-sec and t h e  3.16-sec d e n s i t y  p r o f i l e s .  By 

applying t h e  a p p r o p r i a t e  response f u n c t i o n  any r e q u i r e d  response can be 

c a l c u l a t e d  from t h e s e  f l u x e s .  
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Table 9. Ratio of Detector Responses in Perturbed Air to Responses 
in Unperturbed Air for Problems 3A, 3B, and 3Ca 

(MORSE Calculations) 
D 

Ratio: Perturbed Response/Unperturbed Response 

Neutrons Gamma Rays Angular 
Bin cos e e R = 1000 m R = 1500 m R = 1000 m R = 1500 m 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Prob. 3A: 1-sec Profile; Thermonuclear Source at 800 m 
1.0 - 0.955 0-17 1.51 + 0.42 1.57 + 0.26 0.78 + 0.25 

0.955 - 0.86 17-31 1.09 T 0.08 0.96 7 0.10 0.73 7 0.12 
0.86 - 0.71 31-45 0.96 T 0.08 0.99 T 0.09 0.88 7 0.12 
0.71 - 0.57 45-57 0.88 T 0.07 0.85 T 0.06 0.87 T 0.11 
0.57 - 0.29 57-73 1-00  T 0.05 1.05 T 0.09 0.88 z 0.11 
0.29 - 0 73-90 1.17 T 0.05 1.08 7 0.07 0.89 + 0.10 

0 - -0.33 90-109 1.04 T 0.05 0.97 0.06 0.76 T 0.08 
-0.33 - -0.67 109-132 0.93 7 0.04 1.02 T 0.06 0.96 T 0.11 
-0.67 - -1.0 132-180 2 . 1 1  T 0.08 1.10 5 0.09 1.04 T 0.10 - - 

0.98 + 0.13 
1.08 7 0.14 
0.87 z 0.14 
1.05 + 0.13 
0.92 0.10 
1.95 + 0.76 
0.97 z 0.07 
1.17 + 0.22 
0.84 T - 0.08 

Prob. 3B: 1-sec Profile; 14-MeV Source at 800 m 
1.0 - 0.955 0-17 1.52 + 0.24 1.50 + 0.12 1.33 + 0.22 1.42 + 0.13 

0.955 - 0.86 17-31 1.04 T 0.06 1.14 T 0.08 1.05 T 0.07 0.96 7 0.07 
0.86 - 0.71 31-45 1.00 T 0.06 0.97 T 0.06 1.05 T 0.06 0.89 T 0.06 
0.71 - 0.57 45-57 0.89 T 0.05 1.06 'T 0.06 0.92 T 0.06 1.06 T 0.07 
0.57 - 0.29 57-73 0.91 T 0.04 0.97 7 0.05 1.04 T 0.05 0.99 T 0.04 
0.29 - 0 73-90 1.00 T 0.04 1.01 'T 0.04 1.02 T 0.04 0.97 T 0.04 m 

0 - -0.33 90-109 0.97 T- 0.04 1.91 5 0.04 1.01 T 0.04 0.97 T 0.06 
-0.33 - -0.67 109-132 0.99 'T 0.04 0.94 + 0.04 1.01 T 0.03 0.97 'T 0.04 
-0.67 - -1.0 132-180 1.05 T 0.04 1.05 '7 0.05 0.98 T 0.04 1.06 T 0.04 

,. 

- - - - 

Prob. 3C: 1-sec Profile; Fission Source at 800 m 

1.0 - 0.955 
0.955 - 0.86 
0.86 - 0.71 
0.71 - 0.57 
0.57 - 0.29 
0.29 - 0 

0 - -0.33 
-0.33 - -0.67 
-0.67 - -1.0 

0-17 
17-31 
31-45 
45-57 
57-73 
73-90 
90-109 
109-132 
132-180 

1.62 + 0.19 1.37 + 0.18 2.9 + 1.2 1:08 + 0.30 
1.24 0.08 1.02 0.08 0.94 '? 0.27 2.1 T 0.8 
0.89 + 0.06 1.15 T 0.08 1.03 7 0.35 1.43 7 0.58 
0.99 5 0.08 0.89 0.07 0.67 T 0.18 1.48 0.50 
0.06 + 0.05 1.08 -? 0.06 0.86 7 0.20 0.79 T 0.18 
1.00 z 0.04 1.07 0.08 0.52 T 0.16 0.95 '? 0.34 
1.06 + 0.04 1.06 z 0.06 0.50 0.20 0.85 0.16 
0.94 7 0.04 0.95 + 0.04 2.8 7 2.1 1.19 0.30 
0.99 'T 0.04 1.00 0.07 0.64 7 0.20 0.95 + 0.16 - - ~ - 

a Unperturbed responses given in Table 6. 
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Table 10. Ratio of Detector Responses in Perturbed Air to Responses 
in Unperturbed Air for Problems 3D, 3E, and 3Fayb 

(MORSE Calculations ) 
Ratio: Perturbed Response/Unperturbed Response 

Neutrons Gamma Rays Angular 
Bin cose 8 R = 1000 m R = 1500 m R = 1000 m R = 1500 m 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Prob. 3D: l-sec Profile; 14-MeV Source at 600 m 
1.0 - 0.93 
0.93 - 0.86. 
0.86 - 0.71 
0.71 - 0.57 
0.57 - 0.29 
0.29 - 0 

0 - -0.33 
-0.33 - -0.67 
-0.67 - -1.0 

0-22 
22-31 
31-45 
45-57 
57-73 
73-90 
90-109 
109-132 
132-180 

1.93 + 0.16 1.58 + 0.11 1.48 + 0.10 1.54 + 0.14 
1.24 0.08 1.10 7 0.07 1.23 7 0.08 1.19 z 0.10 
0.98 T 0.06 1.05 3 0.06 1.04 5 0.05 0.97 t 0.06 
0.89 T 0.05 0.98 + 0.06 0.98 5 0.05 1.00 5 0.09 
0.90 0.04 0.93 3 0.04 0.99 t 0.04 1.11 + 0.18 
0.89 + 0.03 0.91 + 0.04 0.94 + 0.04 0.99 z 0.05 
0.98 0.03 0.93 T 0.04 1.01 9 0.04 0.94 + 0.04 
1.06 + 0.04 1.03 T 0.04 1.04 5 0.04 1.10 3 0.05 
1.00 - 0.04 1.09 T - 0.07 1.02 2 0.04 0.94 5 0.04 

Prob. 3E: l-sec Profile; 14-MeV Source at 300 m 
1.0 - 0.93 0-22 
0.93 - 0.86 22-31 
0.86 - 0.71 31-45 
0.71 - 0.57 45-57 
0.57 - 0.29 57-73 
0.29 - 0 73-90 

0 - -0.33 90-109 
-0.33 - -0.67 109-132 
-0.67 - -1.0 132-180 

1.68 + 0.10 1.60 + 0.12 1.44 + 0.11 1.46 + 0.11 
1.48 0.08 1.31 0.09 1.46 z 0.11 1.27 7 0.10 
1.43 T 0.07 1.45 T 0.09 1.29 + 0.07 1.20 T 0.06 
1.34 T 0.07 1.30 T 0.09 1.05 0.05 1.03 0.04 
0.90 0.04 0.93 T 0.04 0.99 7 0.04 1.11 T 0.18 
0.99 T 0.04 1.08 0.05 1.07 T 0.05 1.03 T 0.05 
0.98 T 0.04 1.02 z 0.04 1.05 7 0.04 1.06 7 0.04 
0.97 T 0.04 1.02 + 0.05 0.96 7 0.04 0.95 7 0.04 
0.94 T - 0.03 0.92 3 0.04 0.99 5 0.04 0.86 ?: - 0.04 

Prob. 3F: l-sec Profile; 14-MeV Source at 0 m 

1.0  - 0.93 0-22 
0.93  - 0.86 22-31 
0.86 - 0.71 31-45 
0.71 - 0.57 45-57 
0.57 - 0.29 57-73 
0.29 - 0 73-90 

0 - -0.33 90-109 
-0.33 - -0.67 109-132 
-0.67 - -1.0 132-180 

1.04 + 0.08 1.15 + 0.09 1.14 + 0.09 1.21 + 0.10 
1.18 0.09 1.10 T 0.09 1.21 z 0.12 1.04 3 0.08 
1.24 T 0.06 1.26 T 0.06 1.03 + 0.06 1.15 7 0.06 
1.14 'T 0.05 1.16 7 0.06 1.03 T 0.06 1.12 'T 0.08 
1.19 T 0.04 1.17 T 0.05 1.01 T 0.05 1.10 7 0.04 
1.22 T 0.04 1.13 T 0.04 1.07 T 0.04 1.07 '7 0.04 
1.14 0.04 1.23 T 0.04 1.06 0.04 1.13 7 0.04 
1.18 T 0.04 1.23 T 0.04 1.11 7 0.04 1.06 0.04 
1.17 T I 0.04 1.01 - 7 0.03 1.24 - 7 0.06 1.04 - 7 0.04 

Average 1.18 - + 0.02 1.20 - + 0.02 1.07 - + 0.02 1.10 - + 0.02 
a 

bResults for 14-MeV source at 800 m given in Table 

Unperturbed responses given in Table 6. 

9. 
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Table 11. Neutron Fluxes Produced 1000 m from 14-MeV Source 
for Case of Coincident Burst Points 

(ANISN Forward Calculations) 
u 

Neutron Flux 
[(neutrons cm-2*sec -1 >/(source neutron/sec) 1 

Group Upper Neutron 
No. Energy (eV) Unperturbed Air l-eec Profile 3.16-sec Profile 

1 
2 

3 

4 
5 
6 
7 
8 

9 
10 
11 
12 

13 
14 

15 

16 
17 
18 

19 
20 
21 
22 

1.50 (+7)a 

1.22 (+7) 
1.00 (+7) 
8.18 (+6) 

6.36 (+6) 
4.96(+6) 
4.06 (+6) 
3.01 (+6) 

2.46 (+6) 
2.35 (+6) 
1.83 (+6) 
1.11 (+6) 

5.50 (+5) 
1.11(+5) 

3.35 (+3) 

1.01 (+2) 
5.83 (+2) 

2.90 (+1) 

1.07(+1) 
3.06.(+0) 
1.12 (+O) 

4 14 (-1) 

14.72 (-13) 

7.59 (-13) 

3.73 (-13) 
3.89(-13) 
5.22(-13) 
4.40 (-13) 

4.97(-13) 
4.61 (-13) 

1.36 (-13) 
6.29 (-13) 
11.19 (-13) 
15.69 (-13) 

22.13(-13) 
28.55 (-13) 

10.75 (-13) 

9.55 (-13) 
6.27 (-13) 
4.71(-13) 
5.35 (-13) 
3.70 (-13) 
2.99 (-13) 
2.37(-13) 

23.11(-13) 

9.10(-13) 
4.02 (-13) 
4.24 (-13) 
5.72 (-13) 

4.75 (-13) 

5.43(-13) 
4.92(-13) 
1.41 (-13) 

6.49 (-13) 
11.29 (-13) 
15.37 (-13) 

21.36 (-13) 
26.91(-13) 

10.05 (-13) 
8.86 (-13) 
5.79 (-13) 
4.34 (-13) 
4.91(-13) 
3.38 (-13) 
2.73 (-13) 
2.16 (-13) 

23.95 (-13) 

9.44 (-13) 
4.15 (-13) 

4.37 (-13) 

5.89 (-13) 
4.90 (-13) 
5.62 (-13) 

5.08 (-13) 

1.46 (-13) 
6.69 (-13) 

11.60 (-13) 
15.72 (-13) 

21.81(-13) 
27.35(-13) 

10.19 (-13) 
8.97(-13) 
5.86 (-13) 
4.39 (-13) 
4.96(-13) 
3.41 (-13) 
2.75(-13) 

2.18 (-13) 

Read: 1.50 x l o 7 .  a 



2 1  

Table  1 2 .  Gamma-Ray Fluxes Produced 1000 m from 14-MeV Source 
f o r  Case of Coincident  Burs t  P o i n t s  

(ANISN Forward C a l c u l a t i o n s )  

Gamma-Ray - Fluxes 
[(Photons cm-2*sec ' ) / ( s o u r c e  n e u t r o d s e c )  ] Group Upper Gamma-Ray 

No. Energy ( eV ) Unperturbed A i r  1-sec P r o f i l e  3-sec P r o f i l e )  

1 10.0 0.  34(-13)a 0 e 37 (-13) 0.37 (-13) 

2 8.0 4.51 (-13) 4.98 (-13) 5.10 (-13) 

3 6.5 6.39 (-13) 6.89 (-13) 7.04 (-13) 

4 5.0 3.77(-13) 4.09 (-13) 4.18 (-13) 

5 4.0 4.46 (-13) 4.87 (-13) 4.98 (-13) 

6 3 .0  1.57 (-13) 1.64 (-13) 1.67 (-13) 

7 2.5 4.90(-13) 5.29 (-13) 5.42(-13) 

8 2.0 1 .38  (-13) I. 36 (-13) 1.36 (-13) 

2.84 (-13) 9 1.66 2.68(-13) 2.79 (-13) 

10 1 .33  2 e 21 (-13) 2.21 (-13) 2.23 (-13) 

11 1.0  1.63(-13) 1.60(-13) 1 . 6 1  (-13) 

12  0.8 2.67 (-13) 2.74 (-13) 2.78(-13) 

13 0.6 6.05 (-13) 6.13(-13) 6.24(-13) 

14  0.4 4.11 (-13) 4.08 (-13) 4.16 (-13) 

0 . 3  7.56 (-13) 7.53(-13) 7.66 (-13) 1 5  

16  0.2 22.3(-13) 21.6(-13) 22 .0  (-13) 

17 0 . 1  29.6 (-13) 28.0(-13) 28.4(-13) 

18 0 -05  1.28 (-13) 1 .21  (-13) I. 23 (-13) 

Read: 0.34 x a 
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V I .  Importance of 14-MeV Neutrons Born a t  Radius R t o  
Responses a t  Or ig in  of Sphe r i ca l  Geometry 

Table  13 p r e s e n t s  t h e  r e s u l t s  from a d j o i n t  ANISN c a l c u l a t i o n s  i n  

which t h e  sou rce  was assumed t o  c o n s i s t  of 14-MeV neu t rons  born a t  r a d i u s  

R i n  a s p h e r i c a l  geometry and t h e  p o s i t i o n  of t h e  response w a s  t aken  a t  

t h e  o r i g i n .  From t h e s e  c a l c u l a t i o n s  t h e  importance of 14-MeV neu t rons  

born a t  r a d i u s  R t o  t h e  response  a t  t h e  o r i g i n  can b e  determined.  The 

responses  c a l c u l a t e d  were neut ron  displacement  and gamma-ray i o n i z a t i o n  

f o r  bo th  unperturbed and pe r tu rbed  atmospheres,  t h e  l a t t e r  desc r ibed  by 

t h e  1-sec and t h e  3.16-sec d e n s i t y  p r o f i l e s .  

The neut ron  response r a t i o s  show a s l i g h t  maximum a t  a r a d i u s  of about  

500 m f o r  t h e  1-sec p r o f i l e  and a t  about 1200 m f o r  t h e  3.16-sec p r o f i l e .  

These r a d i i  are s l i g h t l y  less than  t h e  corresponding r a d i i  f o r  t h e  maximum 

a i r  d e n s i t y .  Beyond t h e s e  va lues  t h e  r a t i o s  are cons t an t .  The r a t i o s  of 

t h e  gamma-ray responses  are a t  f i r s t  less than  u n i t y  and then  i n c r e a s e  t o  

g r e a t e r  than u n i t y  as t h e  d i s t a n c e  from t h e  source  i n c r e a s e s .  

VII. Summary 

In  gene ra l ,  t h e  e f f e c t s  of t h e  d e n s i t y  p e r t u r b a t i o n s  f o r  Problems 1 

and 2 are small. This  w a s  expected s i n c e  t h e  p e r t u r b a t i o n s  r e f l e c t e d  i n  

t h e  3.16-sec d e n s i t y  p r o f i l e  i t s e l f  are s m a l l  except  f o r  a s m a l l  void a t  

t h e  de tona t ion  c e n t e r  which d id  not  subtend a Large s o l i d  ang le  a t  t h e  

second source .  

a l l  sources .  

much l a r g e r  p e r t u r b a t i o n s  and t h e  second source  i s  c l o s e r  t o  t h e  f i r s t  

source  i n  a l l  cases ;  t h u s ,  t h e  void formed a t  t h e  c e n t e r  of t h e  f i r s t  

source  subtends a l a r g e r  s o l i d  ang le  a t  t h e  second source .  A l l  neu t ron  

responses  c a l c u l a t e d  f o r  p o s i t i o n s  immediately beyond t h e  f i r s t  b u r s t  are 

about 50% h ighe r  than  those  obta ined  a t  t h e  same p o s i t i o n s  i n  t h e  unper- 

turbed atmosphere; lesser i n c r e a s e s  were ob ta ined  as t h e  ang le  from t h e  

axis of symmetry w a s  i nc reased .  The secondary gamma-ray responses  a l s o  

are h i g h e r ,  w i th  t h e  i n c r e a s e s  be ing  approximately one-half of t h e  in-  

creases of t h e  neut ron  responses  a t  t h e  same p o s i t i o n s .  For t h e  case of 

t h e  two de tona t ions  occur r ing  a t  t h e  same p o s i t i o n  (Problem 3F),  t h e  

For Problems 3A through 3F, t h e  e f f e c t s  are g r e a t e r  f o r  

This ,  t oo ,  w a s  expected s i n c e  t h e  1-sec d e n s i t y  p r o f i l e  has  
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Table 13. Importance of 14-MeV Neutrons Born at Radius R to Response 
at Origin of Spherical Geometry: Ratio of Responses in 

Perturbed Air to Responses in Unperturbed Air 
(ANISN Adjoint Calculations) 

Neutrons Gamma Rays 
Rat io : Ratio: 

Perturbed Response/Unperturbed Response Unperturbed Perturbed Response/Unperturbed Response 
l-sec profile 3.16-sec Profile Responseb Radius R Unperturbed 

Responses 1-sec Profile 3.16-sec Profile (m> 

13.5 1.17E-7 1.00 1.00 1.66-18 0.032 0.038 

10.5 1.92~-9 0.96 0.96 1.77-19 0.15 0.17 

205 5.22-10 1.01 1.03 7.74-20 0.33 0.39 

305 2.40-10 1.14 1.15 4.52-20 0.59 0.67 

405 1.35-10 1.22 1.17 2.97-20 0.78 0.80 
505 8.50-11 1.25 1.18 2.08-20 0.90 0.88 

60 5 5.70-11 1.23 1.19 1.51-20 0.96 0.93 

760 3.33-11 1.19 1.20 9.76-21 0.98 0.99 

1160 1.05-11 1.18 1.23 3.68-21 1.07 1.10 

1360 6.34-12 1.18 1.21 2.38-21 1.09 1.10 

1560 3.91-12 1.18 1.20 1.57-21 1.11 1.11 

960 1.82-11 1.18 1.22 5.87-21 1.03 1.05 

2172 9.39-13 1.18 1.19 4.59-22 1.15 1.15 

a 

bh gamma-ray ionization units [ (rads-si) / (source neutron) 1. 

In neutron displacement units [ (equiv. 1-MeV neutrons/cm2) / (source neutron) 1. 
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neutron responses between 1000 and 1500 m are about 20% higher than 
those in the unperturbed atmosphere and the gamma-ray responses are 

10% higher. 

These MORSE calculations could easily be extended to investigate 

the effects of density changes on the time-dependent response rates. 

a 
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