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1. INTRODUCTION

A series of time-dependent air-over-ground tactical nuclear environ-
ment calculations has been performed to assess the effects of moisture
content and material composition in the air and ~round upon the predictedresu l ts. The corre ’ated Monte Carlo code SAMCEP was used to character-
ize the detailed erAvironments. This code system has been under develop-
ment for BRL over the past several years by the Mathematical Applications
Group , Inc. (MAGI). The basic capabilities of SAMCEP are to predict , in
a statistically significant way , the effects of perturbations in the nu-
clear proper ties of a transpor ting med ium, upon the neutron and seconda ry
gamma ray fluence and f lux.  More recently its capabilities have been ex-
panded to include the effects of given perturbations upon neutron energy
deposition , gamma-ray ion i zation and Compton currents for EMP drivers .
These quantities or related functionals are needed to derive requirements
for lethality’ and hardening of tactical Army systems.~

As a result ~f the enhanced capabilities of SAMCE~ , the Harry Dia-
mond Laboratories requested that sensitivity studies be conducted to
determine the effects of moisture content in the air and ground and the
effects of the differences in soil composition between the (Nevada Test
Site) NTS and West Germany upon the predicted tactical nuclear environ-
ments produced by a nuclear burst. At the same time , the HDL emp loyed
the MAG I to perform a series of calculations to determine the energy de-
position and Compton currents , in standard air and NTS soil , due to neu-
tron and secondary photon interactions from low-altitude nuclear

6
bursts. D

These calculations were made using the latest version of SAM-CE . In
the SAM-CE calculations , three point-isotropic sources of priaary neutron
radiation were considered:

1H. Lichtenstein, H. Steinberg, and J .  Brooks, “The SAMCEP Neutron ~~:i
Secondary Ganr ’na Code with Bounded Flux-at-a Point Estimation, ” ERL C’R
330 , Feb 1977 . (AD #A036469)

2New York Times and Washington Post, comments on the Effectiveness c ’
Tactica l Neutron Bomb.

3DNA EMP (Electromagnetic Pulse ) Handbook, Vol. 3 - Environments and
Applications ( U) , Sep 1974 .

4P r ivate communications wi th Mr. Will iaj n T. Wyatt , HDL, Woodbridge , ‘
.‘ ,

Mar 1976.
5M. 0. Cohen, H .S .  Schlechter and H . A .  Steinberg, “Time-Dependent Ener :
Deposition and Conrpton Electron Currents from Three Selected Low- -~~~f::1ic
Bursts,” HDL-CR—76-029— 1, Aug 1976.
6M. O. Cohen et gj~, “SAM-CE : A Three-Dimensional Monte Car i~: Jci~ ~~~~~~~

the So lution of the Fo rward Neutron and Forward and Adjoint Jarn”7; Ha:.
Transport Equations - Rev D, ” MR-70 2, Oct 1975.
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, i .  ~t - ,idctt t i s s i o l i  weapon at  5 0 - u i  and 100- rn I R - i g lu t  u t  huir ~ t tI (fl~j

I) . 1 4— Me\ source  at  a 1 0 0 — r n  11013 .

The energ~’ depos i t  ion rates and Compton e l e c t r o n  sources w e r e  d e t er -
iii ted u s  a i’t i n e t  ion  of t ime  in  74 radia l  and a l t  i tud e ( r , z)  b i n s  surround—

ng t he b u r s t  it0 1 i lt s  . The at mosp here was taken to he homogeneous  at  an
- . -3 3 - --~s unuui ’ d  de i t s  1 t v  of 1 . 11 x 10 g/ cm . Resul t s  were ob ta ined  tor  penet r :t —

t ion s  i n  a I r r a n g i n g  out to 2 . 4  km w h i c h  corresponds to a depth  of 2~ 6

~, ‘ euuu at t h i s  d e n s i t y ’ .

the scope of work w i t h i n  the A 1l-75 p rogram d i d  not a l l o w  us to  pe r -
t o t - rn s e n s i t i v i t y - e f f e c t s  s tud ies  for a l l  combina t ions  of 11011 and sources
t h a t  t .& ’re reques ted . As a r e su l t , one source h e i g h t - o f - b u r s t  at  i O U
a e tr e s  u~i t h  a degraded f i s s i o n  spectrum was considered for the per turba-
t i o n  i n v e s t i g a t i o n s  of the  t ranspor t  in mois t  and dry air w i t h  the s o i l
~‘olflpOS i t  io n that of the  N T S . Also a 1—metre MOB c a l c u l a t i o n  was p e r f o n ; L e~~:

w i t h  t h e  same source spect rum to inves t iga te  the s e n s i t i v i t y  of r a d i a t i o n
transport in an a i r / g r o u n d  geo metry  to the mois tu re  content  in  t~cst Get ’ -
m an  s o i l .  A by -product  of the above calculations allows a comparison
of r I ’ue r a d i a t i o n t r a n s p o r t  over NTS and West German s o i l s .

l’he d i f f e r e n t i a l  d e t a i l s  of the q u a n t i t i e s  c a l c u l a t e d  i n c l u d e  i i .
energy  depe ndence of the neutron f luence  as a f u n c t i o n  of d i s t a n c e  f u r
t h e  burs t  p o i n t  at  a l l  d i r e c t i o n s  in the atmosphere . Energy d e p o s i t i o n
r a t e s  fo r both neu t rons  and secondary ’ ph otons are c a l c u l a t e d  for t i m e s
out to 10 msec in local t i m e .  Local t ime is de te rmined  in r e fe rence  t o
the a r r i ” a l  of an t i n c o l l i d e d  photo n from the source.

2. COMPUTATIONAL METHODS

‘l ’he S,\~lC 1 I’ cor re la ted  stochastic code has been i n s t a l l e d  on t he
I 1I ) \T ( ’ (ARC I CDC Th OU computer  in H u n t s v i l l e , AL . The i n s t i l  1~~t i m  of
t h e  code w a s  achieved v i a  t he CDC update u t i l i t y ’  r ou t ines  w h i c h  a l so
f a c i l i t a t e  imp l ementa t ion  of any subsequent new developments in the  co de  -

SAMCEP is a M onte  Car lo  neut ron and secondary - gamma-ray t r anspor t
code w h i c h  is desi gned to calculate  d i f ferences  in f lu ences  and f l u x
f ui n c t i o n a l s , such as dose , as a func t ion  of pertu rbat ions in the bas i c
n u c l e a r and ma t e r i a l s  i np ut data . Th -~ code is an ex tens ion  of the
~~\~1-CL Monte C a r l o  p rocedure .  The mathemat ica l  bas is  for t h i s  exten-
s i o n  i s  t h a t  severa l Monte Car lo  problems are run s imul taneous l y’ and ,
t h rough  the  use of cor re la ted  sampl ing , d i f f e rences  among the r e s u l t s
o f  t h e s e  problems are determined . The statistics of the differences

-
. :j ,, ,. - i o J  W. W 7 : ’~ -o , “ ‘ cr ’~~~ao ,

~ ~~ 
, i i o  L~~mc~ ~~~ c~’ : ‘ :~~~-~ ~~~ , “ :: ‘.~

~‘7 , r~~~- 1U~ T .
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are on the order of t he  s t a t i s t i c s  of the p r o b l e m s  t h e t u i s e l v e s  and t i n - c
are achieved w i t h  very little time in excess of the  e x e c u t i o n  t i m e  for
a s i n g l e  problem so lu t i on .

R e c e n t ly ,  the SAMCEI ’ cod e has had a major  in c r e a s e  i n  1 ts cap ab i  I —

i t i o s :

O Secondary gamma-ray capability

o Klein -Nishi na scattering al gorithms

o Algorithms for computing and storing nonelas~ ic interactions

o Banding of gamma-ray cross sections

o Perturbation of gamma-ray production data

o y ield
o angu la r  dis t r ibut ion s
o energy

O Neutron slowing-down in air

o Generat ion of a good representation of the secondary g a m m a -
ray source d i s t r ibu t ion  from neutron capture

O Extension of the Bounded Flux-at-a-point estimation (BFAP)

o E f f i c i e n t  BFAP at interface between d i s s i m i l a r  media

O A priori  angle biasing

o A posteriori angle biasing al gori thm has been changed to a
more effective a priori biasing technique

k
3. DESCRIPTION OF THE CALCULATIONS

Sever al series of Monte Carlo calculat ions have been performed wi th
the improved version of SAMCEP to determine the neutron and secondary
gamma-ray fluences , energy deposition rates due to the neutron and sec-
ondary gamma-ray interactions , and Compton electron currents for EMP
drivers . The neutror~ and gamma-ray fluences are generated as a function
of position and energy integrated over all times . Energy’ deposition and
EMP drivers are predicted as a function of space , energy’ and time . Sen-
sitivity investigations have been studied to determine the differences
in the above environments as a function of the perturbations made in
the moisture contents in the air and ground and in the soil composition
of NTS and West Ge’~~ ny.

13
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-~ . I Sotu i’d ’s ( ‘o u s t  ~iercd

Ihi’ sources of uwtu t r ou i s  w h i c h  are c~ ns idered i n  t h i s  s t u d y  i re  t h e
‘‘~~ dcc I ci”’ f i s s i o n  s p e c t r u m  at 14 shakes  (see Fi gu re  1) , a degraded t’i s—
S lout spec ti - t in t and a 1 1  — Mi ’ \  ~, 22 . 1 p J )  n eu t ron  soui c’: . ‘l’he i nergy groups
‘- I > i - d u  f u n d  for  t h e  S - de v i c e  were made compat ib le  w i t h  those acceptable
to the SAMCEP code.  O n l y  the r e s u l t s  of the calculations for the de-
graded fission source w i l l  be reported in this document . An extensive
et’fert on the 14-MeV sourc e has been reported by ORNL and MAC I . The
~-Jev ice fission spectrum at 1-I shakes is very similar to a Pu fission
sp oct r u i n .  The ave rage energy of the S-device is a little hi gher than
t i - ic av er a g e  energy of the  Pu spectrum .

2 \i t’~ ’ rou n d  Geometry

‘the a tmosp here  was divided into a cy lindrical grid s t ruc ture  for
the purpo se of tally ing the quantities of interest as a function of p0-
SitlOn . Figure 2 shows the grid structure in the (r,:) plane. Ground
level is the abscissa . l)istances are indicated in the vertical and hon -

:~m mm t a l  directi on i,n mean-free-paths (mfp) referenced to l4-MeV neutrons.
\lso mf p i n  gm/cm are indicated . In order to investi gate , in more de-
L ul l , the behavior of the interesting quantities at the air/ground in-
teu’ face , reg ions 2, 4 and 10 are further subdivided by a finer mesh .
Iu ~ l .,- I shows the f i n e r  mesh structure . The mfp for a 14-McV neutro , ~s
;uppro~~i ir ;ite lv 150 metres in normal density air.

~.5 IJu ~perturhed Base Cross Sections and Response Functions

‘Ihe fo ll ow in g data given in Table 2 is the neutron and secondary’
~,ry’ :m .u- rav b asic cross section information for the transport processes.
tho nUt /B files listed are the latest DNA cross sections as dis t r ibu ted
by ~hL kud i a tion Shielding Information Center , ORNL , Oak Ridge , TN , or
by tht ’ \i t i ona l Neutron Cross Section Center at Brookhaven . The avera mZc
ro uge 1 ,u t ,i ~~~: the Compton electrons were taken from the work in Refer-
er ce S .

t h e  en v i r o n m e n t a l  cond i t ions  assumed for the unperturbed or base p ro-
b l e m  I t t ’  dr y atmos p here at 0 .3 28 km (1000 f t . )  a l t i tude  (NTS a l t i t ude )

a deutsl tv of 1. 11  x l0 ’
~~ gm/ cm 3 . The composition of the re fe renced

u i mos~ h ’r o i s  l i s t e d  in  Tab le  3. Argon is included only  for the trait s-
o t  p h o t o n . ; and  the  concen t ra t ions  are changed according ly’ .

- ~~~~~~ ? , ‘ ‘
~ ~~~~~~~~~ HL~~.

E. :~;~~ r 2 , P.:. !1 iat~, “Noa~ro~: and S~’o. : : 1’ - a -p- . -

- : ~ , f :~ t:,~ for 14—1-fe V a-nd Fission Nc trco. 3~~re-
- 0  ‘ , t : J  ,i~ 1 -

~ o— ~~~~ o—~ eaz~~~7r ~e ?rnctr !j , “ OF NL 111 18- 1, S - -
~~~ :
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Fi gure 1. Dynamic HENRE leakage rate spectra of S-device at 4, 14 and
36 shakes.
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u c i m - e 2. l)escri ption of Scoring Regions. Distances are in mean
free paths  (mf p) fo r  l4- M eV neut rons .2  In a standard
atmosphere , 2 unf p = 300m = 33. 3 gm/ cm . Source is
marked with an x itt lOOm above ground zero .
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I A B L F  I .  A d d i t i o n a l Sui bd i v  i s  ion of Se lec ted  Reg j o l t s  Ne ar - t h e  A i  r / G r o t u r u d
Interface

Nomina l Re~~i on Subdi vi sions A l t i  t t i de Range

(Reg ion Number)  (Metres )

2 63 0-25
66 25-50
67 50-100

2 100-150

4 68 0-25
69 25-50
70 50-100

4 100-150

t O  71 0-25
72 25-50
73 50-100
74 100- 15( 1
10 150-300

TABI .E 2 . Cross Section Data Base

Neutron Transport and Photon
Element Photon Product ion Data Transport Data

H DNA 4148-Mod 2 E N D F / B
as d i s s e m i n a t e d
by RSIC

N DNA 4133-Mod 4 as Tape
DLC- ’ D

O DNA 4134-Mo d 2

A l  DNA 4135-Mod 2 ( a l l  e l e m e n t s
i n c l u d i n g  Argon

Si DNA 4151-Mod 2

17
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I \t (l , l , S . Lou t upti s it i on  tn ’ I u i ~ A i r  (~ 1 . 1 1  x lU ~ ’~ g l u t / L i t

\ i r c  I ide Colic . I A t o u r u / h ~i r u t  • el tu

*N 3. u 2 ~~- S

I)  . ~ 2 5 —

i teaLt  5. o25 ~ It)

l i r e  e on tp os  I t i On of th e  ground in the  base cal en t a t  on (unpertuit-bed
f o r ’  t h e  n e u t r o n  and p ho ton  t r anspo r t is g i v en i n  ‘lab ! e 1 . t h e  N c-c: ’  cIa
leS t ~ ite and Itest German s o i l s  are used a t  a dens i t  r of I . 7 gnu / cn i ’~ .

T-\BLF 4. Compos i t i on  of Dry Soil (p = 1. 7 g n u / c r u u ’
~)

\ u~ [ i d e  Conc . ( -\ toni/barn • cm

N-Is

I I  7 . 6 h 3 — 3  I ,o u -3

Cu 3.5025-2 3. S b t ) -  2

1 . 25k- 2 I , 7 S u i -

A t  2 . 8 2 1 — 3  1 ,  2 l ~
) - 2

I \ B I F 5 . (‘ ompoc i t  ions  for SAN CEP S e n s i t i v i t y  St u d  i ~~~~

I d 20 Moist Air b °~ Mois t  A i r  Ger man i \ e t  S i

I t  9 . 103- :  2 . ” ' 5 8—6 2 . 1 3 1 - 2

Cu 9~ 0~~~~~~~(-t 1 . 0 5 2 — 5  3.

1 .4 1 2 - 3

Si  1 .0114-2

3 , 553-3 3. 4 0 7 - 5  0 . 0 1)

18
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~- . 4 Perturbations in the i~nvi r onmenta 1  Condit ions

I ’his  s e n s i t i v i t y  i nv esti gation examines the effects  of envi ronmen-
t a l  cond i t ions  upon the predicted radia t ion  transport  from a nuc l ear
burst. Two per turbat ions  are considered interesting from a tactical Arm y
engagement stand point . The f i rs t  perturbation which is considered is
the  va r i a t ion  of the mois ture  content in the atmosphere above a ground
composition similar to that of the NTS. The second case describes the
effects of the moisture content in a soil composition similar to that
of the Fed eral Republic of Germany . For the second study a dry atmos-
phere above the ground will be assumed . Compositions for the perturbed
environments  are listed in Table 5. In all  the ca lcu la tions  stated
above the basic nuclear cross section data are not changed . Only the
s e n s i t i v i t y ’  of the nuclear  environments to the quant i ty  and type of ma-
terial constituents in an air-over-ground geometry is calculated .

3.5 Output  Quanti t ies  Calculated

The primary neutron and secondary gamma-ray fluences are obtained
i n  three spat ia l  locat ions  along the ground and at a 45 ° ang le  w i t h  the
ground i n the energy b in  structure shown in Table 6. Total f luenc e s
were produced from an integration over the total time interva l from (1 to
10 msec (local time) .

‘f-’¼BLI: 6. Energy Bi n  Structure for SAMCEP S e n s i t i v i t y ’  C a l c u l a t i o n s

Energy (MeV )

15.00

12. 20

10.00

8.19

6.36

4 . 9 7

4.07

3.01

2 .46

2.35

I . 83

1.11

0.1 1

0.033 5

0 .0 25-6

19 

~~~~~—~~~~~~~~~~~ -“ -  - “‘~~~~~-~~~~~~~~ - - --  - -~~~~—~~~~-—- -~~~-



I’he energy ’ depos i t ion  and deposi t ion rates for the neutrons ar id fu r
four  secondary gamma-ray sources are determined in each of the s p a t i a l
r eg io ns .  ‘l’he t i m e  b i n s  over which the rates are predicted are g i v e n i n

‘I ’ ab l e  7 . The rad ia l  and polar Compton currents for the base problems

TABLE 7. Time Bin Structure

T i m e Bin Time In terval  (Local Time) (tisec)

I 0 - .1

2 .1 - .215

3 .215 - .464

4 .464 - 1.

5 1. - 2 .15

6 2 .15 - 4.64

7 4.64 - 10.

8 
- 

10 . - 2 1 . 5

9 21.5 - 46.4

10 46. 4 - 100 .

11 100. — 215.

12 215. - 464 .

13 464 . 1000.

14 1000. - 2 150.

15 2150. - 4640.

16 4640. - 10 ,000

are calculated and reported in Reference 5. The four components of the
secondary gamma sources are as follows :

1. Photons generated by the interaction of “hi gh energy ” neutron s
(P > 0 . 1 1  MeV) in the a i r  

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _  i
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2. Photons generated by the interaction of hig h energy neutrons
in the ground

3. Photons generated by the interaction of “low energy ” neutrons
(E < 0.11 MeV) in the air

4. Photons generated by the interaction of low energy neutrons in
the ground .

The uni t s  of the fluences are neutrons or photons per eV per cm 2
p er source neutron . The units of energy deposition rates are

fey/ cm 3. sec • source neutron)

and the units of both radial and polar currents are

(electrons/cm 2 .sec ‘source neutron) .

4. PRESENTAT I ON AND DISCUSSION OF RESULTS

4 . 1  General

The problems which are addressed involve d i f f i cu l t  Monte Carlo im-
por tance samp l ing strategies-and much help was gleaned from the prev ious
work of Reference 5. Answers are needed with low statistical uncertain-
ties , over the entire domain Out to 2.4 km and for a long temporal range.
Some of the techn iques used to ensure adequate solutions include the
fo l lowing :

a. A special tracking procedure for neutrons below the inelastic
th reshold  and a special thermal d i f fus ion model.

b. Energy impor tance sampling to generate a sufficient number of
high energy neutrons for the (degraded fission) source.

c. Energy importance sampling to discriminate against those low
energy inelastic neutron collisions which would be unlikely to generate
secondary gamma radia t ion.

d. Spa tial importance sampling to generate a sufficient number of
neutron high energy interactions at shallow penetrat ions (since the
gamma rays which they generate dominate the temporal ranges).

e. Spatial importanc e samp ling to obtain adequate solutions at the
deep penetrations.
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f. Spatial importance sampling to “push” a sufficient number of
neutron events toward s the ground and towards the spec ia l subd iv ided
volumes  shown in Table 1.

g. Directional importance sampling to discriminate against ground-
generated gamma radiation ini t ia l ly  headed deeper into the ground .

3 .2 100-Metre Height-of-Burst (HOB) Study

4 .2 .1  100-Metre HOB Study for the Perturbation in the Atmosp here
Over the NTS

The SAMCEP code is used to calculate the sensi t ivi ty  of the
transport  of neutron and secondary gamma-rays through an atmosphere
w h i ch  is perturbed by moisture . The particular case discuss ed in th is
section is for the degraded fission source at a 100-metre HOB above the
NTS. In order to bracket the sensitivity of the transport of the neu-
trons and secondary gamma to this perturbation , the moisture content of
the air is varied from 0% (dry) to 6% by volume . Some typical results
will be presented in the succeeding paragraphs to illustrate the trends
of the data.

Table 8 displays the total neutron fluence as a function of
distanc e from the source in spatial regions loca ted on a 450 angle  with
respect to the ground . The normal falloff in fluence is seen as a func-
tion of distance from the source. However, the fl uence f a l l s  off more
rapidly for the atmosphere with the higher water content, as expected ,
because the hydrogen which is present thermalizes the neutrons more
quickly, thereby reducing the fluence.

A f l E 8. Total Neutron Fluence Vs. Distance for 45° Angle of Elevation
Over NTS

Neutron Fluence (Neut./cm 2.Source Neut)

R e g i o n  Dry Air 2% Moisture 6°~ Moisture

1 2.356E-09 2.259E-09 2.O8T’ti-OY

3.0 1 2E- 1(1 2. 570E —10 2. OlOL- 10

5 . 5 7 1E - l l  4 . 4 8 0 L — l l  2 . 8 5 0 E - l 1

22 l.209E-11 8.670E-ll 4.870E-l2

31 l . 6 4 9 E - 1 2  l .06 1E- 12  5 . 2 3 9 E - l 3

10 1. l 7 5 E - 13  6 .4 95E - 14 2 . S 7 2 L - l  I

is 1 .06 1E- 14 5 .343 F— 15 2 . 2 8 1 F- l S  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Tables 9-15 show the dependence of the neutron fluence spectrum
upon energy and distance from the source for the energy structure chosen
in  Table 6. Again the effects  of moisture content in the atmosphere are
apparent .  Since region 48 is at approximately 14 mfp from the source
for a l4-MeV neutron , the number of mf p at this point for neutrons whose
average energy is around 1.0 MeV is much hi gher. Therefore , t he stat-
i s t i c s  for the q u a n t i t i e s  l isted in Table 15 are qui te  large for t h i s
depth of penetration .

In general , d i f ferences  in the effects of water content in the at-
mosphere upon the the transport of the energy dependent neutrons vary
b y a factor of 2 or more at the lower energies and on the order of 25
percent at the higher  energ ies.

Tables 16-22 show the same type of data along the air/ground in-
t e r face .  These regions are represented by numbers 1, 2 (subdiv. 6 5 ) ,
3 , 4 (subdiv . 68) , 9 , 10 (suhdiv . 71) ,  11 and 12.

The spectral neutron fluence has been folded with several dose re-
sponse functions , which are tabulated in Table 23 , in order to give an
ind ica t ion  of how the dose varies with distance from the source. The
uni t s  of the dose response are given in terms of a unit source s t rength
of neutrons . Table 24 shows the Rad-Si dose as a function of ground
range for detectors immediate ly  above the ground (scoring reg io n O-25m
al t i tude) . Table 25 gives the Auxier-Snyder tissue dose response for
the sam e positions along the ground . Tables 26 and 27 exhibit  the Rad-Si
and t issue dose distr ibutions for the reg ions which are located at a 45 °
a n g l e  of elevation out to distances of approximately 2 kin . A comparison
betwee n ~~e results shown in Table 27 and some recent i n f i n i t e  air  cal-
cu la tions  performed by Science Applications , Inc . ,  shows exce l l en t
agreement w i t h  the t issue dose in regions 17 and 40.

A discussion is now presented on the results of the neutron energy
deposition in each of the scoring regions cited above for the 100-metre
MOB case. The neutron energy deposition is needed to infer the total
ioni zation and ionization rate produced by the neutrons directly as
opposed to the ioniza tion produced by subsequent gamma rays . Only the
energy deposition and deposition rates will be presented in this report
since the trends produced by the perturbations in the Compton currents
are qui te  s imi l a r  and published elsewhere5 .

Table 28 disp lays the t ime-integrated neutron energy deposit ion
in the spatial regions lo cated at a 4 50  angle of elevation for the
100-metre MOB source. The perturbation of the atmosphere considered
for the energy deposition calculation is a 6% variation in the water
content by volume . The change is equivalent to approximately 3.8°, var-
iation in the water content by we i ght. The appropriate numbers used

10Pri vate aonvnunioation8 with Dr . Bili Woolaon , SAl, La Jolla, CA.
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‘lABLE 9. Energy Dependent Neutron Fluence in Reg ion 1

Neutron Flu9ce Vs.  Energy
- 

(Neut/ eV .cm •Source Neut )

Energy’_ (ct’ ) Dry Air 2% Moist Air 6% Moist Air

I . l4 9950 0 OE ~+08
.2785E+07 t 0.00 (0.00)* 0.00 (0.00) 0.00 (0.00)

2 .l2210000E+08
.22lOE+07 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

-~ . 10000000E+08
.l813E÷07 3.77 - l8~*(1.05) 3.76 - 18 (1.05) 3.74 - 18 (1.04)

-I .81870000E+07
.l827E+07 7.80 - 18 (1.12) 7.70 - 18 (1.12) 7.78 - 18 ( 1 . 1 1 )

5 .63600000E+O 7
.l394E+07 1.54 - 17 (0.87) 1.53 — 17 (0.85) 1.51 - 17 ( 0 . 8 2 )

6 .49660000E +07
.9000E÷O6 1.85 — 17 (1.34) 1.83 - 17 (1.30) 1.80 - 17 (1.25 )

7 .40660000E+07
.1054E+07 5.60 - 17 (0.71) 5.55 - 17 (0 .70)  5.46 — 17 (0.72)

S .30120000E+07
.5460E+06 8.42 - 17 (1.31) 8.29 — 17 (1.28) 8.05 - 17 (1.23)

9 .24660000E÷07
.1160E+06 1.01 - 16 (3.03) 9.89 - 17 (2.97) 9.52 - 17 ( 2 . 8 7 )

10 . 23500000E+ 07
.5230E+06 2.41 - 16 (1.20) 2.38 - 16 (1.20) 2.31 - 16 ( 1 . 2 2 )

11 .l8270000E+07
.7l9OE+06 3.51 - 16 (1.10) 3.43 - 16 (1.04) 3.27 - 16 (0 .96)

12 .11080000E+07
.5578E+06 7.89 - 16 (1.03) 7.65 - 16 (0.96) 7.21 - 16 (0.88)

13 .55O20000 E+06
.4391E+06 1.32 - 16 (1.00) 1.27 — 15 (1.04) 1.17 - 15 ( 1 . 2 1 )

14 .11110000E+06
.l077E+06 7.26 - 15 (2.49) 6.78 - 15 (1.83) 5.97 - 15 (1 .88)

15 . 33550000E+04
.3355E÷04 0.00 (0. 00) 0.00 (0.00) 0.00 (0 .00)

lb  •2 53000 00E-0 l

~ En e r g y  b i n  w i d t h
Q u a n t i t y  in  pa ren thes i s  indicates  fractional s .d .  x 100%

-18
~~

-‘ Read as 3.77 x 10
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I’ABLU 10. Energy Dependent Neutron Fluence in Region 6.

Neutron F1ue~ce Vs. Energy
(Neut/eV~cm ~Source Neut)

Fner~L(eV) Dry Ai r  2% Moist Air 6% Mois t  A i r

I • 1499500E+Q8
.2 785E+07 0 .00 (0.00) 0. 00 (0.00) 0.00 (0.00)

2 . 1221000E+ 0 8
.2210E+07 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

S . I000000 E+08
.18l3E +0 7 1.94 - 19 (5.70) 1.91 - 19 (5.68) 1.86 - 19 ( 5 . o S j

4 .8187000E÷07

. 1827E-t0 7 4 .99 - 19 (3.71) 4.90 - 19 (3.72) 4 .73 - 19 (3 .8 1)
5 ~6360O0OE+07

.1394E+07 1 . 18 — 18 (4 .68) 1.15 — 18 (4 .62)  1.09 - 18 ( 4 . 5 2 )
6 . 4966000E ÷ 07

. 9000E+O6 1 .45 - 18 (3.89) 1.4 1 - 18 (3.69) 1.33 - 18 (3 .59)
7 .4066000E+07

.1054E+07 3.22 - 18 (4 .62) 3 .12 - 18 (4 .46)  2.94 - 18 ( 4 . 1 7 )

8 .30 12000E+07
. 5460E+06 6.78 - 18 (3.25) 6.52 - 18 (3.27) 6.04 - 18 (3 . 3 8j

9 . 2466000E+07
. I1Ô OE÷0 6 9 .94 - 18 (9 .28)  9. 52 - 18 (9.02) 8.59 - 18 (8 .56)

10 . 2350000E+07
.5 230E+O 6 1 .64 - 17 (5.89) 1.58 - 17 (5 . 50) 1.45 - 17 ( 4 . 9 )

11 .l8 27 000E +07
. 7 190E+06 3. 57 - 17 (3.55) 3.28 - 17 (3.54~ 2 .79  - 17 (3. 61)

12 . l lO8000 E+07
.5578E+06 8 .84 - 17 (2.81)  7.90 - 17 (2.68) 6.38 - 17 (2.86)

13 .550 2000E+06
.43 9lE+06 2.05 - 16 (3.19) 1. 75 - 16 (3.26 ) 1.36 - 16 (3 .54)

14 . l l l l 0 0 0 E+06
.1077E+06 1 .07 - 15 (5.11) 8.54 - 16 (4.33) 6 .21  — 16 ( 4 . 2 1 )

15 .3355000E+04
.33 55E+04 0 .00 (0.00) , 0.00 (0 .00) 0 .00 (0.00)

16 .2 530000E-O 1
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FABL E 11. Ene rgy Dependent Neutron Fluence in Region 17

Ne utron Flu9ce vs.  Energy
(Neut / eV .cm .Source Neut) 

-

E n ergy’ 1eV ) Dry Air 2% Moist Air 6% Moist A i r

i~~~soooi~+o~
.2785E+07 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

2 .l2210000E+08
.22 l0E+07 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

~ .I0000000 E+08
.l8l3E+07 2.67 - 20 (17.66) 2.59 - 20 (17 .42) 2 .44  - 20 ( 16 .96)

I . 81870000E+ 07
.1827E+07 7. 88 - 20 (5.13) 7.67 - 20 (5 .32)  7.26 - 20 (5 . 66)

S .h 3600000 E+ 07
.1394E+O7 1.87 - 19 (5.49) 1.80 - 19 (4 .82) 1.66 - 19 (3 .86 )

b .49660000E+07
.9000E+06 2.61 - 19 (8.07) 2.50 — 19 (7.86) 2.30 - 19 (7.56)

7 .40660000E+07
. 1054E+07 3. 73 - 19 (9. 54) 3.55 — 19 (9.44 ) 3.26 - 19 ( 9 . 2 4 )

S . 3012 0000E÷07
.5460E+06 1 .09 - 18 (5.34) 1.02 - 18 (5.29)  8.83 — 19 (5 .6h )

9 . 24bb0000 E+07
.1160E+06 1.32 — 18 (24.13) 1.25 - 18 (22.17) 1.13 — 18 (20.27j

1 0 . 23500000 E+ 07 -

.5230E+06 2.43 - 18 (10.28) 2.27 - 18 (10.47) 1.97 - 18 (11 . 51 )

11 . 1S27 0000 E+07
.7190E+06 5.26 - 18 (5.06) 4.58 - 18 (4.99) 3.50 - 18 ( 5 . 5 3 )

12 . 11 080000E÷07
.557 8E+0 6 1.53 - 17 (4 .59 )  1 .27  - 17 (4 .31)  8.80 - 18 15.~~~)

13 • 55020000E+06
. 43 9lE+06 3. 7 2 - 17 (4.95) 2 .92 - 17 (4 .95)  1.92 - 17 (5.S8)

11  IL 1 I 0000E+06

.1077E+06 1.99 - 16 (7.04) 1.37 - 16 (4 .30)  7 .3 7  - 16 ( 6 . 5 4 )

IS • 335 5000E÷04
.3355E+04 0.00 (0.00) 0.00 (0.00) 0.00 (0 .00)

lb .2530000E-0l



‘I’ABLL 12. Energy Dependent Neutron Fluence in Region 22

Neutron F1ue~ce Vs. energy
fN eut/eV .cm ‘Source Neut)

Energy (eV) Dry Air  2% Moist Air 6% Moist Air

1 . 14995000E+08
.2785E+07 0.00 (0 . 00) 0.00 (0.00) 0.00 (0.00)

2 .122l0000E+08
. 22l0E ÷ 07 0.00 (0.00) 0.00 (0.00) 0.00 (0 . 00)

3 . l0000000E+08
.l813E÷07 5.31 - 21 ( 19.47) 5.08 — 21 (19.53) 4.65 - 21 (19.69)

4 .SI870000E+08
.1824E+07 1.83 - 20 (10.43) 1.76 - 20 (9.72) 1.63 - 20 ( 8 . 3 7 )

5 .63600000E+07
.1054E+07 4.25 - 20 (5. 85) 4.05 - 20 (5.00) 3.68 - 20 ( 4 . 1 7 )

6 .49660000E+07
.9000E+06 6.03 - 20 (12.75) 5.68 - 20 (12.86 ) 5.03 - 2) ) ( l 3 . 2 ) ~)

7 .4O660000E+07
.1054E+07 7.05 - 20 (8. 36) 6.70 - 20 (8.91) 6.05 - 20 (9.66 )

8 .30120000E÷07
.5460E÷06 2.08 - 19 (4.25) 1.89 - 19 (4.13) 1.55 — 19 (4 .61)

9 . 2466 0000E+07
. 1160E+06 4.63 - 19 (16.10) 4.19 - 19 (13.04) 3.50 - 19 (17 .57)

10 . 23 500000E÷07
.5230E+06 5.24 - 19 (11.76) 4 . 7 2  - 19 (11.99) 3.85 - 19 (1 3 . 4 )

11 .18270000E+O7
.5578E+06 1. 15 - 18 (6.63) 9.56 - 19 (6.82) 6.6 1 - 19 (S . 2 1)

12 .11080000E#07
.5578E+06 3.31 - 18 (1.78) 2.57 - 18 (1.71) 1.60 - 18 (3 .8 5 )

13 .55O2000 0E+06
.439 1E+06 8. 70 - 18 (1.84 ) 6.21 - 1~ (2. 08) 3.41 - 18 2 . 5 5 )

14 . l l l l 0000 E+0 6
.l077E+06 4.58 — 17 (9.01) 2 .97 — 17 (8.54) 1.37 — 17 ( 15 .9 7

15 .33550000E+04
.3355E+04 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

16 . 25300000E-01
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TABL E 13. E nergy Dependent Neutron Fluenc e in Region 31

Neut ron Flue~ ce Vs. E nergy
(Neut/ eV~ cm ‘Source Neut )

E n e r gy  (CV ) ~~~~Air  2 % Moist Air 6% Moist  A i r

1 . 14995000E+08 0.00 (0.00) 0.00 (0.00) 0.00 (0 . 00)

2 .12210000E÷08
2210E+07 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

3 . I0000000E÷08
.l8l3E+07 8.22 - 22 (14 .53) 7 .74  - 22 (14.58)  6.88 - 22 ( 1 4 . 7 4 )

4 .S1870000E+07
. 1827E+ O 7 2 .87 - 21 (9.03) 2.70 - 21 (8.36) 2 . 3 4  . 21 ( 7 . 2 7 j

5 .63600000E+07
.1394E+07 7.59 - 21 ( 5 . 2 2 )  7.09 - 21 (4 .45)  6.17 - 21 ( 4 . 1 7 )

h .49 h60000E+07
.9000E÷06 1.24 - 20 (6 .85) 1.14 - 20 (6. 16) 9.61 - 21 (6.22)

7 . 40660000E+07
.lOS4E+07 8.86 - 21 (1 .97)  8.33 - 21 ( 2 . 1 4 )  7 .30 - 21 ( 6 . 4 5)

S .30120000E+07
.5460E+06 2.66 - 20 (9.63) 2 .34 - 20 (10.05)  1.94 - 20 ( 1 1 . 2 9 )

9 .2466 000 0E+07
. l l6 OE+06 5 .24  - 20 (11.03) 4.63 - 20 (12.14) 3.72 - 20 ( 1 6 . 5 1 )

10 .23500000E+07 -

.5230E+06 7.00 - 20 (8.01) 5 .85 - 20 (6.73) 4 . 15 - 20 ( 5 . 50 )

11 .18270000E +07

.719OE÷06 1.26 - 19 (6.21)  9.84 - 20 (6.59 ) 6.42 - 20 ( 7 Th)

12 .11080000E+07
.5578E+06 3.88 - 19 (4 .85) 2.83 — 19 (3.75) 2 .61  - 19 (2 7)

13 .55020000E+06
.4391E+06 1.14 - 18 (3.11) 7.82 - 19 (2 .45)  3.88 - 19 (4.19)

14 .IlII0000E÷06
.107713÷06 6.93 - 18 (6.57) 3.76 - 18 (5.93) 1.40 - 18 (lO.oS)

15 .3355000E÷04
.3355E÷04 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

16 .2530000 13-01
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TABLE 14. Energy Dependent Neutron Fluence in Reg ion 40

Neutron Flu9ce Vs. Energy
(Neut/eV .cm •Source Neut)

Energy (eV) Dry Air 2% Moist Air 6% Moist Air

1 .l4995 000E+08
. 2785 13+07 0. 00 (0.00) 0.00 (0.00) 0.00 (0 .00)

2 . 122 l0000E+08
.221OE+07 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

3 .10000000E+08
. 1813E+07 6.24 - 23 (27.25) 5.75 - 23 (27.41) 4.92 - 23 ( 2 7 . 7 6 )

4 .81870000E+08
.182713+07 3.23 - 22 (9.50) 2.89 - 22 (9.30) 2.33 - 22 ( 9 . 0 2 )

S .63600000E +07
. 1054E+07 6. 63 - 22 (8.16) 5.87 - 21 (7 .37) 4.61 - 22 ( 6 . 09)

6 .49660000E ÷07
.9000E+06 1 .10 - 21 (12.62) 1.00 - 21 (9.84) 8.11 - 22 ( 7 . 8 3 )

.40660000E+07
.1054E+07 9.09 - 22 (18.01) 7.79 — 22 (15.32) 5.72 - 22 ( 1 1 . 9 4 )

S .30120000E÷07
.5460E+ 06 2. 24 - 21 (15.63) 1.93 - 21 (13.53) 1.40 - 21 (10.81)

9 .24660000E ÷07
. 1160E+06 3.99 - 21 (19.01) 3.22 — 21 (20.01) 2.11 - 21 (2 2 . 07)

10 . 23500000E ÷07
.5230E÷06 4.66 - 21 (10.71) 3.54 - 21 (11.29) 2 .13 - 21 ( 11.13 )

11 .18270000E +07

.5578E÷06 8.63 - 21 (17 .37) 6.26 - 21 (17.28) 3.43 - 21 (17.29)

12 .llO80000E+07
.5578E÷06 2 . 69 - 20 (11.37) 1.69 - 20 (12.40) 7 . 5 2  - 21 (15 .25’

13 .550200 00E ÷06
.4391E÷06 8.20 - 20 (5.14) 4.36 - 20 (7.11) 1.80 - 20 (~~~. 03)

14 .11110000E÷06
.l077E+06 4.98 — 19 (12. 40) 2.36 - 19 (11.96) 8.85 - 20 (22.lb)

15 .33550000E ÷04
.3355E÷04 0. 00 (0.00) 0.00 (0.00) 0.00 (0.00)

16 . 25300000E-0 l
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TABLE 15. Energy Dependent Neutron Fluence in Region 48

Neutron Flue~ce Vs. Energy
(Neut/eV.cm ~Source Neut)

Energy (eV) Dry Air 2% Moist Air 6% Moist Air

1 .14995000 13+08
.2785 13+07 0.00 (0.00)  0.00 (0.00) 0.00 (0.00)

2 .122 1000013+08
.2210 13+07 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

3 .I0000000E+08
. l8 13E+07 9.43 - 24 (70.93) 8.48 - 24 (70 .70) 6.88 - 24 ( 7 0 . 2 ( J )

4 .81870000E+08
.l 827E+0 7 2.91 - 23 (22.21)  2.52 — 23 (22.21) 1.87 - 23 (22 .23)

S .63600000E÷07
.1054E +07 7.57 - 23 (38.11) 6.28 - 23 (37.30) 4 .34  - 23 (35.81)

6 .49660000E+07
.9000E÷06 1.49 - 22 (38.12) 1.26 - 22 (38.03) 8.89 - 23 (39 .03j

7 .40660000E÷07
.1054E÷07 7.64 - 23 (39.20) 7.43 - 23 (37.16) 5.81 - 23 (41 . 95 )

S .30120000E÷07
.5460E+06 2.00 — 22 (37.46) 1.67 - 22 (30.14) 1.06 - 22 (25. ))

9 .246 60000E +0 7
.l l6 OE+ 06 7.57 - 22 (32.03) 6.04 - 22 (23 .44)  3.67 - 22 ( 19 . 8 6 j

10 .23500000E+07
.5230E+06 5.15 - 22 (54 .93) 4.44 - 22 (46.54) 2. 70 - 22 (42.2(1)

11 .18270000E÷07
.7190E+06 5.01 - 22 (33.68) 5.56 - 22 (38.10) 4. 24 - 22 (44.30)

12 .llO80 000E÷07
.5578E÷06 1.29 - 21 (32 .78) 8.56 — 22 (20.02) 4 .64  - 22 (34.02)

13 .55020000E +06
.439 lE +06 6.02 - 21 (25.56) 3.04 - 21 (20.99) 1.08 - 21 (38 .98)

14 . 11110000E ÷ 06
.1077E +06 5.59 - 20 (39.66) 2.27 - 20 (21.21) 7.01 - 21 ( 4 9 . 8 2 )

15 . 33550000E÷04
.3355E+04 0.00 (0 . 00) 0.00 (0.00) 0.00 (0 .00 )

16 .25300000E-Ol
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TABLE 16. Energy Dependent Neutron Fluence in Region 2
(Subdivision 65)

Neutron Flu9ce Vs. Energy
(Neut/eV.cm ~Source Neut)

Ener~gy j eV) ~~~~Air 2% Moist Air 6% Moist Air

1 .14995000E+08
.2785E+07 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

2 .l2210000E+08
.221013+07 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

3 .10000000E+08
.181313+07 2.58 - 19 (6.25) 2.55 - 19 (6.15) 2.47 - 19 (5.98)

4 .81870000E+Q8
.182713+07 6.15 - 19 (5.53) 6.02 - 19 (5.51) 5.81 - 19 (5.50 )

5 .63600000E+07
.139413+07 1.27 18 (5.76) 1.24 — 18 (5.71) 1.18 - 18 (5.64)

6 .49660000E +07

.9000E +06 1.92 - 18 (6.84) 1.86 - 18 (6.71) 1.77 - 18 (6. 53)
7 .40660000E÷07

.1054E÷07 3.68 - 18 (3 .92) 3.60 - 18 (3.79) 3.47 - 18 (3.69)
8 .30120000E +07

.5460E#06 8.05 - 18 (4.43) 7.79 - 18 (4.36) 7.32 - 18 (4 .41)
9 .24660000E+07

.1160E+06 1.22 — 17 (15.99) 1.16 — 17 (15.59) 1.06 - 17 (14.87)

10 .23500000E+07
.5230E+06 1.79 - 17 (4 .941 1.71 — 17 (5.11) 1.55 - 17 (5 .44)

11 .18270000E+07
.7190E+06 3.62 - 17 (5.06) 3.40 - 17 (4.87) 3.00 - 17 (4.80)

12 .llO80000E÷07
.557813+06 9.58 - 17 (3.31) 8.88 - 17 (3.13) 7.68 - 17 (3 .42)

13 .5502000013+06

.439113+06 2.02 - 16 (3.45) 1.81 - 16 (3.21) 1.50 - 16 (3.60)
14 .1111000013+06

.1077E+06 9.32 - 16 (8.26) 8.53 - 16 (6.18) 6.88 - 16 (5 .29 )
15 .3355000013+04

.3355E+04 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

16 .25300000E-0l
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FABLE 17. Energy Dependent Neutron Fluence in Region 3

Neutron F1ue~ce Vs. Energy
(Neut/eV~cm 

.Source Neut) 
-

t~nt~~ ,� (eV) p~y A ir  2% Moist Air 6% Mo~ s~_~\ i r

I .1499 5000E+08
.2785E +07 0.00 (0.00) 0.00 (0.00) 0.00 (0 . 00)

2 .12210000 13+08
. 221013+07 0.00 (0 . 00) 0.00 (0.00) 0.00 (O .OO j

S .10000000E+08
.l8l3E+07 5.51 - 20 (6.79) 5.44 - 20 (6.68) 5.31 - 2)) (( .5~~j

.1 .81870000E+08
. 1827 13+07 1.58 - 19 (6 .60) 1.53 - 19 (6 . 33) 1. 46 - 19 (5 i~-~~

S .63600000E÷07

. l 394E ÷0 7  3.63 - 19 (3 .45) 3.50 - 19 (3.51) 3.26 - 19 ( 3 . .~)

6 .49660000E÷07
.9000E+06 5.23 - 19 (7.32) 4.97 - 19 (7.23) 4.49 — 19 ( . 1 )

7 .4066000013÷07

.105413+07 8.59 - 19 (6.76) 8.18 - 19 (6.63) 7.45 - 1~) ft.~ ’ 1

S .30120000 13+07
. 5460E÷06 2 .23  - 18 (5.68) 2.09 - 18 (5.50) 1.86 - 1 J  ( 5 1)

9 . 23o o)000E+07
. I16O E s-06 3 .11 — 18 ( 14 .73)  3. 77 — 18 (14. 53) 3.20 — 15 ( l 1 . i t

1) )  25500 000E÷07
.5230E÷06 4 .63 - 18 (8.53) 4.33 - 18 (8.17) 3.78 - I ? ~

I I  . 18270000 E ÷0 7
. ‘7 190E÷06 9.64 - 18 (5.64) 8.88 - 18 (5 .42 )  7 . 52  - 15 ( 5 . 1~~,

12  . I I O S 0 0 0 0 E ÷ 0 7
.5578E’-06 2 . 52  - 17 (4.31) 2 .24  — 17 (4 .13)  1.76 - F’ ~~3)

13 .55020 000E÷0 6
.4391E+06 5.73 - 17 (3.93) 4.81 - 17 (2.83)  3.55 - 17 ( - I . 1 6 ~

14 .1III0000E÷06
.1077E+06 3.10 - 15 (6.81) 2 .42  - 16 (4 .00)  1.69 — 16 ft .  f t)

IS .33550000E+04 
0.00 (0.00) 0.00 (0.00) 0.00 (0.00))

16 .25300000 13-01
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I’A RL E 18 . Energy Dependent Neutron Fluence in Region ‘
(Subdivision 68)

Neutron Flu9ce Vs. Energy
(Neut/eV .cm .Source Neut)

Energy (eV ) Dry Air 2% Moist Air 6% Moist Air

1 .1499500013+08
.2785E+07 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

2 .122 10000E+08
.2210 13+07 0.00 (0.00) 0.00 (0.00)  0.00 (0 .00)

3 .10000000 13+08
.181313+07 1.62 - 20 (28.44) 1.57 — 20 (28.15) 1.47 - 20 (27.5~~

4 .818700 00 13+08
.182 7 13+07 5.19 - 20 ( 18.49) 4.95 - 20 (18.32 ) 4 .50 - 20 ( 1 7 . 97) —

5 .6360 0000E+07
.1394 13+07 9. 71 - 20 ( 12.39) 9.28 - 20 (12.27)  8.50 - 20 (12 31 )

6 .49660000E÷07
.9000 13+06 1.58 - 19 (18.74) 1.48 - 19 (18.00 ) 1.30 - 19 ( 1 6 . )  - J

7 .4066000013+07
.1 05413+07 1.66 — 19 (18. 38) 1.56 - 19 (17.62) 1.38 - 19 (l6. 62~

8 .30 120000E÷07
. 5460E÷06 5.19 - 19 (10. 25) 4 .7 2 - 19 (9.83) 3.93 - 19 ( 9 . 1 8 )

9 . 24660000E+07
.1160E+06 9.99 — 19 (28.13) 9.16 - 19 (25.63) 7.89 - 19 ( 2 2 . 4 1 )

10 .23500000E+07
.5230E+06 9.19 - 19 (16.59) 8.66 - 19 (14.79) 7.63 - 19 ( 1 3 . 9 2 )

11 .18270000E+07
.7190E+06 2.07 — 18 (7.25) 1.87 - 18 (7.24) 1.51 - 18 (8.77)

12 .llO80000E+07
.5578E+06 6.26 - 18 (6.13) 5.34 - 18 (5.66) 3.86 - 18 (9.16)

13 .55020000E+O6
.4391E÷06 1 .40 - 17 (6 .49)  1.11 - 17 (7.27) 6.99 - 18 (9.29)

14 .1I110000E÷06
.1077E÷06 5 .96 - 17 (10.17)  5.58 - 17 (13.50) 3.28 - 17 (13 .Sifl

15 . 33550000E+04
.33 55E÷04 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

16 . 25300000E-0 1

33 -



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -_ -

l A B I l - . 19 . Ener gy Dep endent Neutron F luence in Reg ion 9

Neut ro n E1ue~ce Vs.  Energy
_____ 

(Ne u t / e V .cm ‘Source N eut )

~~~~A ir  2 % Moist  Ai r  6~~M o i c t  A i r

• I . I - 1995000E ÷0S
27551 +07 0.00 (0 .00)  0.00 (0. 00) 0.00 (0 .  0 0 )

2 .12 210000E÷0 8
.221013÷07 0.00 (0.00)  0.00 (0.00) 0 .00  (0 .00 )

3 . 1000000013÷0 8
. 18 13 13+07 2 .51 — 2 1 ( 7 .55 )  2 .41  — 21 ( 7 . 4 4 )  2 . 2 1  - 21 (7.22)

.5(57000013÷08
.152713+07 1.14 — 20 (7 .53 )  1.10 — 20 ( 7 .39 )  1 .03 - 2)) 7.13)

S . ~ 3o00000E÷0 7
. 1054 13+07 2 .61 — 20 (8.32) 2.50 - 20 (8.85) 2 . 2 8  - 26 ( 9 . 7 1 )

0 .49oo000013÷07
. 9000 13+06 4 .28  - 20 (4.40) 3.99 - 20 (4 .49 )  3. 46 - 20 (- 1 . 59 .

— .40hU000013+0T
. 1 0 5 4 E + 0 7  4 .08 — 20 (3 .91) 3.75 - 20 (3 .10 )  3 . 15  - 26 2 .  ;3~

S . 30l200fl0E~ 07
.546013÷06 1.15 — 19 (6.38) 1.03 — 19 (6 .64 ) 8 .2 (1  - 2)i

9 . 2-Ioo0000E+07
.11 6OE÷06 2.61 — 19 (16.37) 2.34 - 19 (14.28)  1.86 - 19 12.06 ,

1( 1 .2350000013+ 07
. 523 613 ÷0 6 3.03 — 19 (8 .56)  2 .64  — 19 (7 .81)  2 .02 - 19 ~~~~~~

I l  . 1527 0000 13+07
. 71 90E + 06 5 .43 - 19 ( 4 . 1 2 )  4 .62  - 19 (4 . 84 ) 3.38 - 19 ( 7 , 9 6 )

12 . I I 080000E÷07
.5578E +06 1.S0 — 18 (4 .12 )  1.17 - 18 (3.44)  7.32 - 19 (~~.9 2j

I S  .55020000 13÷06
. -45 9 1E÷ 0 6 4 .15 - 18 (4 .63 )  2 . 9 2  — 18 (4.16) 1.61 - 18 )

14 . I J I I 0 0 0 0 E - s - 0 6
. 1077 13÷06 2 . 2 3  - 17 (3.38) 1.35 - 17 (4 .19)  6 .48  - 15 t 6 . ~~~ 5 -

13 .33550 000 13÷04
.335513÷04 0.00 (0 .00) 0.00 (0.00)  0.00 (O. O O i

16 .25300000 13-0 1
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lABL E 20. Energy Dependent Neutron Fluence in Reg ion 10
(Subdivision 71)

Neutron Flu9ce Vs. En c- y
(Neut/eV~cm .Source Neut)

Energy (cv) Dry Air 2% Moist Air 6% Moist Air

1 .14995000E+08
. 2785E +07 0.00 (0.00) 0.00 (0.00) 0.00 (0.0(J )

2 .1221000013÷08
. 22 10E ÷07 0.00 (0.00) 0. 00 (0.00) 0.00 (0.00)

3 .l0000000 E+08
.1813E÷07 1.80 - 22 (66.44 ) 1.66 - 22 (66.45) 1.42 - 22 (66.46)

4 . 8 1870000 13+08
.1827 13÷07 1.33 - 21 (22.01) 1.24 - 21 (21.54) 1.08 - 21 (20 .68 )

5 .63600000E+07
.1054E÷07 2 .78 - 21 (4.65) 2.58 — 21 (4.99 ) 2 . 2 1  - 21 (6.84)

6 .49660000E÷07
.9000E ÷06 5 .20 — 21 (9.04) 4.86 - 21 (6.85 ) 4 . 2 1  - 21 (4 . 45)

7 .40660000E+07
.1054E÷07 3.12 - 21 (8.16) 2.81 - 21 (5.78) 2 .28  - 21 ( 9 . 8 6 )

S .30120000E÷ 07
.5460E÷06 9.40 - 21 ( 13.03) 8.07 - 21 (13 .81)  6 .06 - 21 )15 .~~7j

9 .2466000013+07
.11ÔOE÷06 1.29 - 29 (29.70)  1.30 - 20 ( 2 7 . 4 6 )  1 .23  - 2 ( (  ( 34 . 1) 1 )

10 .23500000E÷07
.5230E+06 1.75 — 20 (17.95) 1. 47 — 20 (12 .06)  1 .02  - 20 ( . 54 )

11 .18270000E+07
.7l90E÷06 4.34 - 20 (11.23) 3.20 - 20 ( 1 0 . 0 2 )  1.80 - 20 i 1 3 . 2 1 j

12 .11080000E÷07
.5578E+06 1.27 - 19 (20.99) 9.28 - 20 (18.01) 5.03 - 20 (lh.91 )

13 .55020000E ÷06
.4391E÷06 2.40 - 19 (10 .05) 1.86 - 19 (9.0 11) 8.28 - 2(1 ( 4 . 0 )

14 .111I0000E÷06
.1077E÷06 1.30 - 18 (24 .24 ) 8.11 - 19 ( 2 2 .12) 3 .S1 - 19 (10 . 6 )

15 .33550000E ÷04
. 3355E ÷04 0.00 (0 .00) 0.00 (0.00) 0. 66 ( 0 . ( I 0 ~

16 .25300000E -0 1
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I - \ R l I 2 1 .  Energy ’ I)epender . t Neutron Fluence in Reg ion 11

Neutron F1 ue~ce Vs. Energy(Ne~ t/ eV~ cm .Source Neu t ) 
—

L n e r g f t vj  ~~y A i r  2% Mois t  A i r  6°i~ Moist Air

1199500013+65
.278513÷07 0.00 (0.00) 0.00 (0.00) 0.00 (0.06 )

2 .12216000[i+08
.221013+07 0.00 (0. 00) 0. 00 (0.00) 0.00 ( 0 . 0 0 )

5 . 10000000 13+08
.181313+07 7.S0 - 23 (19.83) 6.89 - 23 (19 .23 )  5.84 - 23 ( 1 7 . 9 3 j

- 1 . 5 1870000 13+08
.182713+07 2.57 — 22 ( 12 . 6 7 )  2 .37  - 22 (12 . 01) 2.02 — 22 (10.85)

5 .u3h0000013+07
.1394 13+07 7 .96 — 22 ( 9 . 9 1 )  7 .28  — 22 (9 . 6 2 )  6 . 1 1  - 21 (9.45)

0 . 49hb0000E+07

.900013÷06 1.62 — 21 (13. 51) 1 .42  — 21 (13 .16) 1.10 — 2 1 I 12. 5 - J

.40660000 13+07
. 1054E ÷ 07  7 . 6 1  — 22 (8. 35) -, .89 - 22 ( 7 . I S  5.66 - 22 (7 . 3 j

S .30 1260 00E÷ 07
. 5460E÷ 06 2.38 — 21 (4 .96 )  2 .02  - 21 ( 4 . 9 8 )  1.50 - 21 F ’ .37 )

9 . 24660000 E+07
. I 1 6 0 E + 0 6  3 .73 - 21 (21 .81)  3.28 — 21 (23 .90)  2 .53  - 21 (25 .72)

I 0 .23500000 13+07
.5230 13+06 5.36 - 21 (13.38) 4.60 - 21 (12.46) 3 . 3 2  - 21 ) 1

I I  . 15270 000 E + 07
.T’190E+06 9.69 — 21 ( 1 7 . 4 8 )  7 .33 — 21 (16.3 5)  4.27 - 21 (11 .76

1 2  . I 1) 18000 013 +07
.5578E÷06 2.45 - 20 (10.22) 1.68 — 20 (10.11) 8.11 - 21 ) 1 l ! . 5 3 )

13 . 55020000 13÷06
.4391E÷06 6.26 - 20 ( 7 . 3 8 )  3 .82 - 20 (8 .65)  1 .84  — 20 ( 1 ) . 1~~)

1-4 .1111 00 00 13÷06
.1077E +06 3 .22 - 19 ( 7 . 1 5 )  1. 78 - 19 (8.49 ) 6.79 - 2 0 ( 1 9 .

15 .33550000E÷04
.3355E÷04 0.00 (0.00) 0.00 (0.00) 0.00 ( 0 . 11 ( 1 )

16 .25300000E-0 1
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TABLE 22. Energy Dependent Neutron Fluence in Reg ion 12

Neutron Flu9ce Vs. Energy
(Neut/eV .cm •Source Neut)

Energy (eV) Dry Air  2% Moist Air 6% Moist  Air  
—

1 .14995000 13÷08
.2785E ÷07 0.00 (0 .00)  0.00 (0.00) 0. 00 (0 .00)

2 .1221000013÷08
.2210 13÷07 0.00 (0.00) 0.00 (0.00)  0.00 (0 .00)

3 .10000000 13+08
.18 13E +0 7 1.50 - 23 (35 .56) 1.36 - 23 (35.46) 1.14 - 23 (35.33)

4 .81870000E+08
.1827 13÷07 5.07 - 23 (17.99) 4.54 - 23 (17 .16) 3. 65 - 23 ( 15 .75j

S .6360000013÷07
.1394E÷ 07 1.44 - 22 (17.68) 1.31 - 22 (16.80)  1.07 - 22 ( 1 6 . 2 3 )

1) .49660000E÷07
.9000E÷06 3.36 - 22 (12.62) 2.77 - 22 (12.02) 1.88 - 22 ( 1 1 . 8 9 )

7 .406600 00E÷0 7
. 1054E +07 2.33 - 22 (17.09) 1.87 - 22 (16.30) 1.2S - 22 (1 6 . 83 )

S .30120000E÷07
.5460E÷06 3.23 - 22 (18.66) 2.57 - 22 ( 19.53) 1. 73 - 22 ( 2 1 . 9 9 )

9 . 24660000E+07
.1160E÷06 1.27 - 21 (31.95) 1.17 - 21 (33.72) 8. 89 - 22 (37. 71)

10 . 23500000E÷07
.5230E +06 1. 24 — 21 (31.31) 1.08 — 21 ( 2 9 . 4 2 )  7. 67 - 22 ( 2 9 . 8 2 )

11 . 18270000E÷07
.7190E÷06 1.67 - 21 (29.85) 1.14 - 21 (29.49)  5. 71 - 22 (31.05)

12 . 11080000E÷07
.5578E÷06 3.74 - 21 (17.05) 2.37 - 21 (20.35) 1 .20 - 21 (33. 7 4 )

13 .55020000E÷06

.4391E÷06 8.15 - 21 (10.26) 4.13 — 21 (12 .72)  1.61 - 21 (23 .67)

14 . 111I0000E ÷ 06
. 10 7 7 E÷ 0 6  6 . 4 1  - 20 (23.54) 2.07 - 20 (28.45)  8.97 - 21 ( 5 1 .14 )

15 .33550000 13÷04
.33 5St3÷ ~~1 0.00 (0.00) 0.00 (0 .00 ) 0.00 (0.00 )

16 .25300000 13-01
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‘FABlE 23. Energy Dependent Dose Response Functions

Rad-Si Auxier -Snyder  T i s s u e  Dose

Energy (eV) Neut /cm
2 

- 
[Rad/ ( N cu t / c m 2 )j

1 . 1499500013÷08
. 2785 13+07 0.86 - 9 0.761 - 8

2 .122 10000 13÷08
.2210 13+07 0.99 - 9 0.668 - 8

3. . 10000000E+08
. 1813 13+07 0.81 - 9 0 .616 - 8

4 .81870000E+07
.1827 13+07 0.55 - 9 0.587 - 8

5 .63600000 13+07
.1394E÷07 0.16 - 9 0.556 - 8

6 .4966000013÷07
.9000E +06 0.90 - 10 0.515 - 8

7 . 4066 0000E+07
1054E+07 0.54 - 10 0.455 - 8

8 .30l20000E÷07

.5 460E÷06 0.36 - 10 0.403 - 8

9 . 24 660000E+07
. 1IoO E ÷06 0.30 - 10 0.383 - 8

10 .23500000 13+07
.5230E÷06 0 .27  - 10 0 .374 - 8

11 .1827 0000E÷0 7
.7190E +06 0.21 - 10 0.352 - 8

12 .11080000E+07
.5578E÷06 0.17 - 10 0 . 2 9 2  - 8

13 .55020000E +06
.439 1E+06 0. 14 - 10 0.147 - 8

14 .11110000 13+06
.1077E+06 0.00 0.521 - 9

15 .33550000E +04
.335 5E+04 0.00 0.495 - 9

16 .2 5300000E-0 1
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in t h i s  c a l c u l at io n  for  t h e  d L f f e l - L n t  c& ’ ne& ’fltr~ t b u s  3 1 t  cited in lables
- ) , -I a i i d S . Un i v  the atfliOSI)herc is p t ’ t i i rb &~d :tnd t h e  s o i l  compc’.s i t  i o n
b r  thi s &a~~’ I S  t I n t  of the \ I  ~~ .

F A R I . L  28.  Neiit ron L u I t ’ r g )  D e po s i t  L I I I )  as a I i i I ict ion of I i  s tance -~ lun g
the 4 5 ° \n g Ic  of Fl it-vat ion from the  - n i r 1

— -~~ En ergy I) epos i t  ion L~\L~~~.~ icL N e t . 
______

SM1—C~. S-\~ICI I’ S \1’.lCEP
Reg ion ( 1 ) r ~~~\ i I ’ ) 6°

~ Moist  \ i r )

1 1.89 - 8 1.89 - 8 (.~- l ) *  2 5 5  - S

1.95 - 9 1.89 - 9 (2) 2 .04 - 8

I T  3.40 - 10 3.2 1 - 10(2 )  2 .83 -

22 7 . 2 8  - 11 . 5 5  - 11 (~~j 3.52 - 11

3 1 ~) , -+~~ - 12 9.6T - 12 rS . 6.3T’ - 12

40 6 .7 4  - 13 5. S-~ - ~3 (6) 3 .5-1 - 13

48 4 .58  - 14 6 .03 - 14 , 20)  3 1 3  - 1-1

1 1 1 ~~ Pk P. P
;~~~e relative error comparable to i J .  dr,’. ~z-~r ~~~~~~ ~~.

- -

The trend in the data of Table 28 indicates that the h”drogen con-
tent in the atmosphere induces a larger energy deposition than the dry
a i r  for the  por t ion of t he  t r anspor t  which is close to the source. The
energy deposi ted  is a p p r o x i m a t e ly  the  same around reg ion 1” (450n) for
both dry and m o i s t  a i r  with the energy deposition subsequentl y lower for
mois t  a i r  as the  range inc reases .  The results from SAM-CE show excel-
lent agreement .

Table  29 gives the neutron energy deposition for the regions m m c d -
i at e ly  above the  ground and the  t rends  are quite similar to those of the
previous data. Table 30 shows the energy deposition rates h Reg ion 1
as a f u n c t i o n  of the local time bins given in Table 7 . The SAMCPP moist
air results show that at very early times many hi gh energy neutrons have
co l l ided  w i t h  hydrogen and they are rapidly deposi t ing energy i n the
reg ion  close to the source. At l a t e r  times , the depos i t i on  rate slows
because the neutrons have lost most of thei r  cr.?rgy . Table 31 e x h i b i t s
the time dependence of the deposition for Region 31 , farther out from
t h e  source and a l o n g  the  4S~ ang l e -o f- e l eva t i on  l i n e.
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F -\BL II 29. Neutron I~ncrgy Deposition as a F u n c t i o n  of D i s t a n c e  A l o n g  the
Ground From the Source.

I~ner~ y I)eposition (eV/cm
3
’Source Neut.)

SAM-CE SAMCEP SAMCEP
Reg ion (Dry A i r )  (Dry A i r )  (6% Moist A i r )

1 1.89 - 8 1. 89 - 8 (< 1)  2.55 - 8

2(subdiv 65) 2 .07 - 9 2. 07 - 9 (4) 2. 45 - 9

3 5.66 - 10 5.66 - 10 (4) 6.04 - 10

4(subd iv  68) 1.21 - 10 1.37 — 10 (6) 1.29 - 10

9 3.54 - 11 3.54 - 11 (5) 2 .51 - 1]

10(subdiv 71) 2 .38  - 12 2. 43 — 12 (11) 1. 52 - 12

11 6 .16 - 13 6.03 - 13 (8) 3.93 - 13

12 8 .14  — 14 1.05 - 13 (17) 5.89 - 14

13 1.90 - 14 1.54 - 14 (23) 8.25 - 15

TABLE 30. Neutron Energy Deposition Rate in Region 1

Energy Deposition Rate (eV/sec•cni3-Source Neut.)

Time Bin (p sec) SAM-CE SANCEP SANCEP
( loca l  t ime) (Dry A i r )  (Dry Ai r )  (6% Moist  A i r )

0 .0  - 0.100 - 5 2.17 — 3 2. 17 - 3 ( 1) 3.11 - 3

- 0. 2 15 - 5 2.08 - 3 1.98 - 3 (2)  2.83 - 3

- 0. 464 - 5 1.00 - 3 1.51 - 3 (2) 2.17 - 3

- 0.100 - 4 8.11 - 4 8.02 - 4 (<1)  1.13 - 3

- 0 .2 15 - 4 2 . 8 3  - 4 2 .55 - 4 (2) 3. 58 - 4

- 0.464 - 4 7.92 - 5 7.55 - 5 (2) 9.43 - S

- 0.100 - 3 1.70 - 5 1 .70  - 5 (3) 1.79 - 5

- 0.215 - 3 2.83 - 6 2. 55 - 6 (4) 1.79 - 6
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1ABLF -S I  . N C ’ L I t  I-on Ei u icrg y  Depos i t ion  Rate  i n  Reg ion  31

Lncrgy Deposition Rate (eV/sec~cm
3
~Sourcc N e u t  -

Fin e Bin (psec)  SAM—CL SAMCEI’ SAM CLI
( loca l  ti me) 

— 
i i ) ry  A i r )  ~~~~~ Ai r )  (6 °c’. Moi St A i r

0 . 0  - 0 .100 - 5 0 0 0

- 0 . 2 1 5 - 5  0 0 0

— 0 . 164  — 5 0 0 0

- 0.100 - -1 0 0 0

- 0 .2 1 5  - 4 3. 30 - 9 3. 07 - 9 ( 2 2 )  3.07 - 9

— 
- 0 .464 - 4 -1 .95 - 8 4 .48 - 8 (6) 5 . 4 2  - 8

- 0.100 - 3 6.60 - 8 6. 60 - 8 (5) 5.66 - N

- 0.21 5  - 3 3.07 - 8 3 .30 - 8 3) 1.46 - 8

4.24 - 9 4. 24 - ~ (6) 7.78 - 10

Besides th e neutrons , the photons are a major  contributor to the
ionization phenomenon and the energy deposition. As a result of a
special interest to the EMP community, the direction of the project was
changed to investi gate the sensitivity of the above two phenomena to the
pertiirb~itio ns cited earlier, It was also interesting to tally, separate-
ly, the contributions to the photon energy deposition which came fiu ~
low and high energy neutron interactions in the air and ground respl-c-

p tivel y. These four components were computed for all the regions shown
in Figure 2; however , only samples of the voluminous amount of data are
presented . Table 32 displays the contribution in reg ions along the 45 °
elevation line which is derived from the low energy neutrons (<0.111 Me\ )
in the ground . Again SAMCEP is in good agreement with the SAM-CE results.
The moisture content in the air produces , in all regions , results w h i c h
are approximately 30% lower than the dry air results. Table 33 shoI.%s
the low-energy-air component ’s contribution to the total energy deposi-
tion in the regions along the 45° elevation . An analysis of the data in
the two tables immediately above shows that, for the moist air , fewer
neutrons reach the ground ; however, for those that do , the conversion to
photons via absorption is quite high (ground constituents vs .  a i r  com-
position) . Also the presence of hydrogen In the atmosphere causes the
neutrons to slow down early in the transport cycle. This effect is re-
flected in Table 33 since the regions close to the source show a larger
contribution for wet than for dry air and this trend reverses as one
moves away fro m the source.
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I A B L E  32 . C o n t r i b u t i o n  of Low Energy Neutrons in the Ground to )  t h
Photon Energy Deposit ion Along the 45 ° Line

Energy Deposi t ion (eV/ cm 3
~ Source Neut.) 

- -

SAM-C E SAMCEP SAMCLP
R e g i o n  (Dry Ai r )  (Dry Air)  (6% Moist A i r )

0.19 - 8 0.21 - 8 (14) 0.16 - 8

6 0 .27  - 9 0 .25 - 9 (18) 0 .19  - 9

17 0.64 - 10 0.86 - 10 (20)  0 .32  - 10

22 0 .20  - 10 0.23 - 10 (14) 0 .12  - 10

51 0.44 - 11 0.48 - 11 (10) 0.34 - 11

40 0.68 - 12 0 .75 - 12 (5) 0.49 - 12

-18 0 .14 — 12 0.13 — 12 (17) 0 .99  - 13

TAB LE 33 . Contribution of Low Energy Neutrons in the Air to the Pho-
ton Energy Deposition Along the 45° Line

Energy Deposition (eV/cm 3’Source Neu t . )

SAM-CE SAMCEP SAMCEP
Reg ion (Dry A i r )  (Dry Air )  (6% Moist  A i r

1 0 .12 - 9 0.17 — 9 (22)  0.15 - 9 (26

6 0 .47  - 10 0.54 - 10 (18) 0.64 - 10 ( 1 7 )

17 0.15 — 10 0.17 — 10 (24) 0 .23  - 10 (16)

22 0.62 - I I  0 .57 - 11 (15) 0 .54 - 11 (23)

31 0. 16 — 11 0.15 — 11 (15) 0.13 - 11 (11)

40 0. 24 — 12 0.25 - 12 (20) 0 .22  — 12 ( 11)

48 0.49 - 13 0.36 - 13 (20) 0.36 - 13 (24 )
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Note that the number of flout ron s Prevented from reach i ng I F e  and
i ) V  t h e  lilt ) I St 1 j r represents on i >- a sma l l  f ract  ion of the  t o t a l  licut run
popu lat j I m .  Therefore , the low— ene rgy—air component is affected co r~
l i t t l e  h~ the presence of the water . This result is demonstrated in  t i m e
data u t ab le 33.

lable 34 is  the  h i gh-energy-ground  comp onent of the t o t a l  encr~ y
d ep o s i t  ion for the -15 ° e l e v a t i o n . Since the h i g h — e n e r g y — g r o u n d  cuwj u:
cut invoi ces neutrons wh it ’h have  not suffered many c o i l  i Si 005 , t l I ( -  er-
su I t s  for b o t h  t h e  d ry  and m o i s t  a i r  should be about  t he  same .

TABl E 34 .  C o n t r i b u ti o n  of Hi gh Energy Neutrons in the  Ground to
the  Photon Energy Deposition Along the 45° Line

Energ y Deposi tion (eV/cm 3
~ Source Neut.

SAM-CE SAMCEP
Reg ion (Hr Air ) (Dry Air)  (6~~ M o i s t_A i r)

1 0 .13  — 9 0 .12  — 9 ( 4 )  0 . 12  -

6 0 .15  - 10 0 .12  - 10 (12)  0 . 1 1  - 1 (1

17 0. 33 — 11 0. 24 — 11 (18) 0.2-1 - 1 1

22 0.69 — 12 0 .55 — 12 (21) 0.3-1 - 12

31 0 . 1 0  - 12 0 .92  - 13 (7) 0.83 - 15

40 ( 1 . 1 6  - 13 0.14 — 13 (12)  0 .15  - 13

38 0.22 - 14 0 . 2 2  — 14 (16) 0 .1 7  -

The remaining component for the energy deposition is the enem - pv de-
posited by photons which are born from hi gh energy neutrons interact m m :
s i t h  t h e  air. These photons are generated p r i m a r i l y  by the neutron in-
elastic scattering events  w i t h  n i t rogen and oxygen . Since the i n e l a s t i c
t h r e s h o l d s  for  these elements are well above the average neutron encr :~of the degraded source spectrum , one would not expect this component to
be very sensitive to the water content in the atmosphere. The result<
shown in  T a b l e  35 a f f i r m  t h i s  conc lus ion  in that  the transport throu~

1 m
wet  and dry  a i r  i s  essentiall y the same except at extremel y deep penetra-
t i o n s .
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TABL E 35. C o n t r i b u t i o n  of the th i g h Energy Neutrons in the Atmospher e
to the Photon Energy Deposition Along the 45° Line

Energy Deposition (eV/cm
3 Source Neut.)

SAM-C E SAMCEP SAMCEP
R e g i o n  (1)ry Ai r )  ([)ry Ai r )  (6% Mois t  A~~J

0.29  - 9 0.49 - 9 (5) 0 .47  - 12

6 0.53 - 10 0.10 - 9 (4) 0 .92 - 10

1 0. 1-1 - 10 0.26 - 10 (5) 0 . 2 4  - 10

22 0 .43 - 11 0.76 - 11 (7)  0.66 - 11

31 0.63 - 11 0.15 - 11 (3) 0 . 1 3  - 11

40 0. 19 - 12 0. 22 - 12 (5) 0.18 - 12

48 0. 29  - 13 0.33 - 13 (7)  0 . 2 7  - 13

As seen in Table 35 , the  r e s u l t s  f rom SAM-CE d i f f e r  f rom those  u P
SAMCEP for dry air. This difference can be explained by the way in
which SAM-CE and SAMCEP represent the degraded fission source spectrum .
A l t h o u g h SAM-CE and SAMCEP have the same input source spectrum , they
treat the numerical representation of it sli ghtly differently. The for-
mer assumes a decaying exponent ia l  between the increasing energy values ,
whereas the la t ter  assumes a piecewise constant va lue  across an energy
bi n .  I t  tu rns  out that the high energy component in the air is sensi-
t i v e  to the d i f fe rence  in representation because the inelastic scatter-
i n g  th resho lds  are above the average energy of the source and the cross
sec t ions  rise very rap id ly  wi th  increasing energy. Because of the two
d i f f e r e n t  representat ions , the average energy of the spectrum in SAM CEP
exceeds the average energy of the spectrum as represented by SAM-CE by
approximately 10% . This difference could account for some of the dis-
agreement between the SAM-CE and SAI’ICEP results.

4.2.2. Neutron Transport Over Dry NTS and West German Soils.

A brief investigation has been completed to assess the differences
in the neutron transport in an air-over-ground environment for which
different constituents of the ground are considered. In the discussion
to follow , neutron fluences will be presented as a function of soil type
and moisture content of the soil for the degraded fission source at a
1 00-metre HOR. Results for a dry NTS soil and a wet and dry West German
terrain will be compared . The dry air composition is given in Table 3;
NTS and West German dry soils are given in Table 4; and West German wet
s o i l  is stated in Table S. The neutron fluence and dose are given in a
manner  s i m i l a r  to that  of Section 4 .2 . 1.
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l;ihle s 3n and 37 show the resul ts  for Reg ions I and > for ti n -
ang le ot elevation. As can be seen in the data , t he r e s u l t s  lee  e 5 SI ~ l 1-

t i :il! v the same for these two regions and deviate even less a:- the dis-
t .lllt c a long the 45 ° l i n e  increases .  This trend is as expected since
one would  not expect the perturbations in the ground to a f f e c t  the
t ranspor t  high into the atmosphere. The same is not true a long  th e
ground as Tables 38-44 substant iate .  The general trend of the  data
shows that at the h ig her energy levels 1 d ifferences in the f l u e n c e  a t
a l l  ranges  a r e  not si gn i f i c a n t , whereas in the lower energy bin , at in-
t e i ’ n i e d i at c  ranges , var ia t ions  of approximately 25 % occur . The f o l l u m - .ing
tables t a b u l a t e  the Rad-Si  and Auxier-Snyder tissue dose responses. In

~enera I the  differences among NTS dry,  German dry and German wet  Sn I
.1T’ I 23~ or l e ss .

The total neutron energy deposition (eV/cm 3.source neutron) fu~ t h e
100-metre  MOB case has also been calculated and the results  are r e p o i t e d
in  T a b l e s  46 and 47.  The perturbations again consider the t r a n s p o r t  0 ,- r i

N I’S , German dry and German wet soil. The atmosphere has no m o i s t u r e  con-
t e n t  for  this case. Results are presented for the air regions d ircc ’l)
over the ground and those regions at a 45’ angle of elevation . I f  On e
compares  Table 46 wi th  Table 29 , it is immediately evident  that  t h
m o i s t u r e  content - in the air causes a larger energy depos i t ion  fo r  lir
regions along the ground that are close to the source. For a groom 1
range of approximate l y 750 me tres , the energy depositions become a l l p i ~~~~~~~
n i a t e ly  equal  and , at the longer ranges , the moi~~ture content  in t h e  -~~m I
g ives  about  a factor  of 2 larger deposition. As expected , the  d a t a  I a
Table 47 shows that the composition of the ground has little effect ~~ l l

t he  t r anspor t  and deposit ion of neutrons for short d is tances  away f i -  I i
the air/ground interface and at higher altitudes.

1’he results for the subsequent secondary photon energy de p o sil in
sFiom ~

- that , for regions in the air, the moisture content in the g ruel
enhances the deposition by about 30 to 50 percent for ranges out ~~ -

-

mfp . These results are shown in Tables 48 and 49.

1. 5 One-Metre Height-of-Burst Study

SAM CE P calculations , similar to those described above , have  bc~ u
made for a one-metre MOB source over typical German soil. Simu l tancuii- -
perturbation computations are treated in which the base , or unpertu rt ed ,
c a l c u l a t i o n  is dry air and German dry soil. Comparison c a l c u l a t i o n s  an
made for dry NTS and German wet soils . The compositions of i n t e rc ut  are
those liste d in Tables 3, 4 and 5.

-rab ies  so and 51 show the neutron energy deposi t ion in 1- eg i on s  aloe ::
the a i r / g r o u n d  i n t e r f a c e  and along the 45 ° elevation ang le , r e s p e c t i v t - l e .
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iAD h. i 36 . E nergy Dependent Neutron Fluence in Region 1 for N i ~ Hry ,
Ge rman l)ry and German Wet Soils

Neut ron  Fluence Vs. Energy (Neut/ eV cm .Source Ncut .)

nc:’L~e ~e\i NTS Dry German DrI German Wet

14995000E +08
.2 7 85E +07 0. 00 (0.00) 0.00 (0.00) 0.0 1) (( 1 .01) )

.1 .122l000 0E+ 08
. 221 0E +07 0.00 (0.00) 0.00 (0.00) 0.00 (0.00 )

3 .10000000E+08
.l 8 l 3E+07 3 .77  — 18 (1.05) 3.77 - 18 (1.06) 3.77 - 15 ( 1 lP~ 1

~ .8l870000E+07
.1827E+07 7 .80 - 18 (1.12) 7.81 - 18 (1 .12)  7 .80 - 18 ( 1 . 1 3 )  0

S .63600000E+07
. l394 E +07 1.54 - 17 (0 .87) 1.55 - 17 (0 .90) 1 .53 - 17 y~~~~:

ii .49660000E+07
.9000 E-4- 06 1.85 - 17 (1.34) 1.86 - 17 (1.39) 1.83 - 17 ( l . 2 . ,

-- 
. 4066 000 0E+07

. l 0 5—1 E+07 5.60 - 17 (0 .71) 5 .61  - 17 (0 . 7 1)  5 .5 8  - 17 ( U . i - ~

S . SOl00000E+07
.5460E+06 8.42 - 17 (1.31) 8.51 - 17 (1.36)  8 .29  - 17 (1.30)

9 . 24660 000E+07 -

. l l 6 O E + 0 6  1.01 - 16 (3.03) 1.03 - 16 (2.94 ) 9.91 - 17 (3.loj

10 .23500000E+07
.5230 E+0 6 2.41 — 16 (1 .20)  2 .42  - 16 (1 .25)  2.39 - 16 ( l . w-

11 . 18270000E ÷07
.7 190E+06 3 .51 - 16 (1.10) 3.56 - 16 (1.14) 3.46 - 16 (1 . 0-5 )

12 .110 80 000E+07
.5578 11+06 7 .89 — 16 ( 1 . 0 3 )  8.04 — 16 (1 .17) 7.68 — 16 ( 0 . 9 4 )

13 . 5502 0000E+06
.439 1E+06 1.32 — 15 (1.00) 1.39 - 15 (1.21) 1. 25 — 15 (0.86)

14 . l l l l 0 0 0 0 E + 0 6
.1077E+0b 7 .26 - 15 ( 2 . 4 9 1 7.80 — 15 (2.56) 6.83 - 15 ( 2 . 2 2 )

15 . 33550000E+04
.335 5E+04 0.00 (0 .00) 0.00 (0.00 ) 0.00 (0 .00)

lb  . 25300000E-0 1



r 

-- -

~~~~~~~

- -

~~~~~

- - --— 

~~~~~~~~~~~~~~~~~~~~~ 

l A B L E  37 . Energy l)ependent Neutron Fluence in Region 6 for NTS Dry ,
Ge rman Dry and German Wet Soils

Neutron Fluence Vs. Energy (Ne ut / eV ~ cm ~Sourcc N eut .) 
- —

~ne~~yjeV) NTS Dry German Dry German Wet

I .14995 000E + 08
.2 7 8 5 E+ 0 7  0.00 (0. 00) 0.00 (0 .00)  0.00 (0 .00 )

2 . 12210000E÷08
2210E+07 0.00 (0.00)  0.00 (0.00) 0.00 (0 .00)

3 .1000000011+08
.18 13E+07 1.94 - 19 (5.70) 1.94 - 19 (5.70) 1.94 - 19 (5 . 70)

1 .8I 870000E ÷ 07
.1827E+07 4.99 - 19 (3.71) 5.00 - 19 (3. 66) 4.98 - 19 (3. 72)

5 .63600000E÷ 07
.1394E+07 1.18 - 18 (4.68) 1.19 - 18 (4. 66) 1.17 - 18 (4.67)

0 .4966000 0E÷07
. 9000E +06 1.45 - 18 (3.89) 1.47 - 18 (4.01)  1. 42 - 18 (3.7))

7 .40b~ 0000E+07
. 1054E +07 3 .22  - 18 (4 .62)  3.24 - 18 (4. 71) 3. 20 - 18 (4.52)

8 .30100000E÷07
.5460E +0 6 6 .78 - 18 (3.25) 6.85 - 18 (3. 18) 6.69 - 18 ( 3 . 27)

9 . 24660 000E÷07
. 1160E÷06 1.00 — 17 (9.28) 1.02 - 17 (9. 20) 9.80 - 18 (9.29)

10 .2350000011+07
.523011÷06 1.64 — 17 (5.89) 1.66 — 17 (5.91)  1.62 — 17 (5.99j

11 . l82 70000E ÷ 07
7l90E+06 3.57 - 17 (3.55) 3.62 - 17 (3.64)  3.51 - 17 ~3.52j

12 .1108000011÷07
.5578i*Oi 8.84 — 17 (2.81) 9.03 — 17 (2.72 ) 8.57 - 17 (2. 95

13 .5502000011÷0b
.439111÷06 2.05 - 16 (3.19 ) 2 .10 - 16 (3. 05) 1.97 - 16 ( 3 . 2 4 )

14 .1111000011÷06
. 10 7 7E ÷ 0 6  1 .07  - 15 (5.11) 1.1S - 15 (4.64) 9.89 - 16 (5.31)

15 . 335S()000E÷04
.33 55E÷04 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

1 6 . 25300000E-01

Si
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r~ R !L 38 . Energy E)ependent Neutron Fluence in Reg ion 2 ( sub d . 65) ( u n
N l’S Dry ,  German l)ry and German Wet Soils

Neut ron  F luen ce  Vs. Energy (Neut/ eV . cm 2 .Soucce Neut .) 
- -

( l ie r -  cV ) NTS Dry German Dry German (vet

1 -199500011÷08
275511÷07 0.00 (0.00) 0. 00 (0.00) 0 .00 (0. (10)

2 . 1221000011÷08
.221011÷07 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

5 . 10000000 11÷ 08
.181311÷07 2.58 - 19 (6.25) 2.60 - 19 (6 . 34) 2 .57  - 19 (6.22)

I .51 S~ 0000E+07
.182711÷07 6.14 - 19 (5.53) 6.18 - 19 (5 .47)  6 .05 - 19 (5~~~~ ) T )

S . 63600000 11÷07
.13 94 11÷07 1 .26  — 18 (5 .76)  1.28 — 18 (5 .75)  1 .24 — 18 (5 . 9 3 )

• -19h60000E÷(Y~
.900011÷06 1.91 — 18 (6 .84)  1.96 — 18 (6 . 8 1)  1 . Ss — 18 o. 52j

— 
-

105411+07 3 .68 - 18 (3 .92)  3.80 - 18 ( 4 . 2 2)  3 .55 - 18 ( 3 .

5 .301(11)00011÷07
.5-46011÷06 8.06 - 18 (4 .43)  8.37 — 18 (4 .48)  7.62 - 18 (4 . U~~)

9 . 2- (hnO ( 001+07
116011÷06 1. 22 — 17 (15.99) 1.311 — 17 (16.00 ) 1 . 1 4  — 17 1 1 ’ . 13 ,

1 - 2550000011÷07
. 523011+Oh 1.~~9 — 17 (4 .94 )  1.84 — 17 (5.18)  1. 74 - 17 ( 4 . ~~

I I  . 1527000011+07
. ‘1 90E÷06 3. 6 2 -  17 (5.06) 3. 78 - 17 (4 .69)  3 .37 - 17 (5.H)

12 . I I  )h fl000F~+1(7
.557 811÷ 06 9 .59 — 17 (3.31) 1. 04 - 16 (3 .18)  8.6 1 - 17 l 3 . 5 2 ~

13 . 55020000 11÷06
.439lE÷06 2.00 — 16 (3 . 4 5)  2 . 48 — 16 (4 .13 )  1. 64 — 16 ( 3 . 4~~)

14 . 1111 (1 (1 (1(111÷06
.1077 11÷06 9. 31 — 16 (8 .26)  1. 28 — 15 (8.35) 1.24 - 16 (6.nS-

15 . 33530000E÷04
. 335511÷04 0.00 (0 . 00) 0.00 (0 . 00) 0.00 (0 . 01 ) )

l b  .2 53)) 00 00E-0l
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lABI.l 39. Energy Dependent Neutron Fluence in Reg ion 3 for N’IS Dry ,
Ge rman l) ry and German Wet Soils

- 
N e u t r o n  Fluence Vs. Energy (Neut / eV .cm~~ Source Neut .)

‘l e )  NTS Dry German Dry German_Wet

I . 1-I 9950(0)11-’- 08

.2~~85Ei+07 0.00 (0. 00) 0.00 (0. 00) 0.00 (0.0(1)

2 .122 10000 11+08
.2210 11+07 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

5 . 10000000 11÷0 8
. l 8 l 3 E ÷ 0 7  5.50 - 20 (6 . 79) 5.51 - 20 (6 . 79) 5.50 - 20 ( 6 . 8 4 )

-I .5187000011÷07
.l82 ’E÷07 1.58 - 19 (6.60) 1.58 - 19 (6 . 6 3)  1 . 55 - 19 (6 .59 )

S . ti3000000E+07
. 1394 11÷07 3.63 - 19 (3.45) 3.64 - 19 (2 .49)  3.60 - 19 ( 3 . S 5j

h .4966 0000 11+07
.9000 11÷06 5.23 - 19 (7.32) 5.34 - 19 (7.37) 5.13 - 19 (7.41)

— 
. 4Obb0000l-÷07

.1 t (51l- ~ Q7 8.59 - 19 (6.76) 8.77 - 19 (6.65) 8.37 - 19 (7.01)

S - 9 1(0)00011+07
.5-InOl +06 2.23 - 18 (5.68) 2.29 — 18 (5.56) 2.14 - 18 (5.85)

9 . 24b6000011+U7
.116011+06 4. 1 1  — 18 (14.73) 4.31 — 18 (14.84) 3.92 - 18 (14.87)

10 .23591 0)001 ÷07
.325011÷06 4.63 - 18 ( 8 . 5 3 )  4 . 76 - 18 (8 .28 )  4 .54  - 18 (8.78)

11 . 15270000E÷07
. 7 l 9 0 E ÷ 0 6  9.63 - 18 (5.64) 9.94 - 18 (5.65) 9.18 - 18 (5 . sS)

12 .11080000E÷ 07
.3578E÷ 06 2 .52 - 17 (4.31) 2.68 - 17 (3.92) 2.35 - 17 (4.80)

13 .55020000E ÷ 06
.439lE÷06 5.73 - 17 (3.93) 6.41 - 17 (4 .13)  5.02 - 17 (5.8 )

14 . l l l l 0 0 0 0E÷ 0 6
.1077E+06 3.10 — 16 (6.81) 3.66 - 16 ( 7 . 2 2 )  2 .66 - 17 (7.l )

15 . 33550000E÷04
.3355E+04 0 .00 (0.00) 0.00 (0.00)  0.00 (0 .00)

16 . 253000 00E-01
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IARI,E 40.  E nergy Dependent Neutron Fluence in Reg ion 4 (s ubd iv .  68)
for NTS Dry , German Dry and German Wet Soils

Neutron Fluence Vs. Energy (Neut/eV’cm 2.Source Neut.)

I.nergy- (&~’) NTS Dry German Dry German Wet

I . 1499500011+08
.278511÷07 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

1 . 1221000011÷08
221011÷07 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

1000000011÷08
. 1813 11÷07 1.62 - 20 (28.44)  1.62 - 20 (28.44)  1.62 - 20 (28 . 44)

4 .8 1870000E÷ 07
.1827 11÷07 5 .19 - 20 (18.49) 5.19 - 20 (18.48) 5.16 - 20 ( 1 8 . 4 9 )

3 .6360000011÷07
.l39 4 E ÷ 07 9.71 - 20 (12.39) 9.72 — 20 (12 .22) 9 .82 - 20 ( 1 2 . 6 9 )

n .49660000E-’-07
.9000 11÷06 1.58 - 19 (18.74) 1.62 - 19 (18.36) 1.53 - 19 ( 1 9 . 3 3 )

4066000011÷07
.105411÷07 1.66 — 19 (18.38) 1.73 - 19 (17.99) 1.59 - 19 ( 18 97 1

30100000E+07

. 5 460 1 1÷ 0 6  5 . 1 9  - 19 (10.25) 5.18 - 19 (10.39) 5 . 0 2  - 19 ( 1 0 . 7 8 )

9 . 24660000 11÷07
.1160E÷06 9.99 - 19 (28.13) 1.25 - 18 (31.39) 9.19 - 19 (30.601

10 .23500000 11÷07
.5230 11÷06 9. 19 - 19 (16.59) 9 .28 — 19 (16.26)  9 . 2 2  - 19 ( 1 6 . 9 -

11 .18270000E÷07
.7 190E +06 2 .07  - 18 (7 .25)  2 .76 - 18 (8 .01) 1.90 - 18 ( ‘ . 88)

1 2 . 1108000011÷07
.557811÷06 6.2b - 18 (6.13) 7 . 0 5  - 18 (6 .40)  5.36 - 18 (6.551

13 .55020000E÷06
.-139lE÷06 1.40 - 17 (6 .49)  1.66 - 17 (8.54 ) 1.13 - 17 (6.02)

1 3  . 11110000 11÷06
.107711÷06 5.96 - 17 (10.17) 7.03 — 17 (8.08) 4. 4 6  - 17 (11.9S)

15 .33550000E÷04
.3355 11÷04 0.00 (0.00)  0.00 (0.00) 0.00 (0.00)

16 .2530000011-01
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TABLE 41. Energy Dependent Neutron Fluence in Region 9 for NTS Dry ,
German Dry and German Wet Soils

Neutron Fluence Vs. Energy (Neut/eV ~cm
2.Source Neut.)

Energy (eV) NTS Dry German Dry German Wet

1 .14995000E ÷08
.278511÷07 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

2 .l22l0000E+08

.2210E÷07 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

3 .10000000E÷08
.18l3E+07 2 .51 — 21 (7.55) 2.52 — 21 (7.46) 2.50 - 2 1 (7 .88)

4 .81870000E+07
.1827E÷07 1.14 - 20 (7.53) 1.14 - 20 (7.15) 1.15 - 20 (8 .16)

5 .63600000E÷07
.1394E ÷07 2.61 - 20 (8.32) 2.63 - 20 (8 .12) 2 .60 - 20 (8 .33)

6 .49660000E÷07
.9000E÷06 4.28 - 20 (4 .45)  4. 31 - 20 (4 .64)  4.24 - 20 (4.37j

7 .40660000E÷07
.1054E+07 4.08 - 20 (3.91) 4. 18 - 20 ( 4 . 2 7 )  4 .03 - 20 (3 .57 )

8 .30100000E÷07
.5460E+06 1.15 — 19 (6 .38) 1.18 - 19 (7.00) 1.12 - 19 (5 .5 5)

9 .24660000E+07
.1160E÷06 2.61 - 19 (16.37) 2.76 - 19 (18.78) 2.43 - 19 ( 1 3 . 1 7 )

10 .23500000 11÷07
.5230 11÷06 3.03 - 19 (8.56) 3.14 - 19 (7.44) 2.96 - 19 (8 .40)

11 .18270000E÷07
.7 190E ÷06 5.43 - 19 (4.12) 5.64 — 19 (4.85) 5.17 - 19 (3 .43)

12 .1108000011+07
.5578E÷06 1.50 - 18 (4 .12)  1.56 - 18 (4 .62)  1.40 - 18 ( 4 . 7 7 )

13 .55020000E÷06
.439111÷06 4.15 - 18 (4.63) 4.49 - 18 (3.82) 3.80 - 18 (5 .34

14 .I11I0000 E ÷06
.107711÷06 2.73  - 17 (3.38) 2.46 - 17 (3.04) 2 .07  - 17 (3 . l b)

15 .33550000 11÷04
.3355E+04 0.00 (0 .00) 0.00 (0.00) 0.00 (0.00)

16 .2 5300000 11-01
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1413 1.11 -11 . Energy 1)ependent Neutron Fluence in Region 10 (subdiv . ~1
for NTS Dry , German Dry and German Wet Soi ls

Neutron Fluence Vs. Energy (Neut/eV.cm 2.Sourcc Ncut. J~

E n e i g  ~c V )  NTS Dry German Dry German Wet

I . 1499500011÷08
I SSE+07 0.00 (0.00) 0.00 (0 .00)  0 .00  (0 .00 )

2 .1121000011÷08
. II1OE+07 0.00 (0.00) 0.00 (0.00) 0.00 (0 .00)

3 - I Ou )i)6u01 ÷0-8
181311÷07 1.80 — 22 (66.44) 1 .80 — 20 (66 . 37) 1 .82 — 22 (60 . 59)

3 .3157000011÷07
. 1S27E÷ 07 1.33 — 21 (22 .01 )  1.31 — 21 ( 2 1 . 2 5 )  1 . 2 2  — 21 (1S .Ylj

• 636 0000011 ÷07
.139-111÷07 2.78 — 21 (4 .65)  2 .88  — 21 ( 6 . 1 7 )  2 .56 — 21 ( 5 .35~

o .4966000011÷07
.9000E÷06 5 .20  - 21 (9.04) 5.34 - 2 1 (9 .01)  5 .04 - 21 (9.3~ )

.4066000011÷07
.105411÷07 3.12 - 21 (8.16) 3 . 2 4  - 2 1 (8 .09)  2 . 9 5  - 21 (8 .93i

8 .3010000011÷07
.54b0E÷06 9.40 - 21 (13.03) 9.68 - 21 ( 6 . 1 2 )  8 .44  - 2 1  ~13.S0)

9 2 lbh0000E÷07
.116011÷06 1.29 - 20 (29.70) 1.57 - 20 ( 2 7 . 7 8 )  1.05 - 20 (26.49

10 - 2350000011÷07
. 5 2 3 0 1 1÷06 1 . 75  - 20 (17.95) 1.87 - 20 (16.64) 1.66 - 20 (19. - 3 (~ )

11 . 1827000011÷07
. 7 l 9 0 E÷06  4 .34  - 20 (11.23) 4 .74  - 20 (10.33) 3.75 - 20 (11 .11)

12 .1108000011÷07
.53 51 ÷06 1.27 — 19 ( 20 .99 )  1.50 — 19 (23 .8 5 )  1 .01  - 19

13 . 5502101! (O1 +06
. 4391 11÷06 2 .90  - 19 (10 .05)  3.18 - 19 (8.63)  L.2l -- 19 (12 . ~~)

1-3 . 11110000 11÷06
.10T71 ;+06 1.30 — 18 ( 2 4 . 2 4 )  1.93 — 18 (29 .16)  1 .02  — iS ( 2 3 . Su

13 .3355000011÷04
.335511÷04 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

Ii .25300000 11-0 1

56



- ____________________

(1131.11 43. Energy Dependent Neutron Fluence in Region 11 for N 15 Dry ,

German Dry and German Wet Soils

Neutron Fluence Vs. Energy (Neut/eV•cm 2.Source Neut j

Energy (&‘) NTS Dry German Dry German Wet

1 .14995000E÷08
.2785E+07 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

2 .122l 0000E+08
.22l0E÷07 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

3 .10000000E÷08
. l8 13E+07 7.50 — 23 (19.33) 7.50 — 23 (19.72) 7.52 — 23 (20 .15)

4 .8187000011÷07
.182711÷07 2.57 — 21 (12.67) 2.56 — 22 (12.66 ) 2 .53 - 22 (13.41)

S .63600000E÷07
.l394E÷07 7.96 - 22 (9.91) 8.06 - 22 (10. 06) 7.84 - 22 ( 1 0 . 1 2 )

6 .4966000011÷07

. 9000E+06 1.o2  - 21 (13.51) 1.68 - 21 (13. 84) 1.55 - 2) (13.60)

7 .40660000E÷07
. 1054E ÷07 7.61 - 22 (8.35) 7.92 — 22 ( 7 .40 )  7 . 09  - 22 (9.11)

8 .30100000 11÷07
. 5460E÷06 2.38 - 21 (4 . 9 6 )  2 . 3 9  - 21 (4. 49) 2 .32  - 21 (7 .40)

- 9 . 246 60000E÷07
.ll6OE÷06 3.73 - 21 (21.88) 3.89 - 21 (22 .40) 3.43 - 21 (22.84)

10 - 23500000E÷07

.5230E+06 5.36 - 21 (13.38) 5.54 - 21 (12. 69) 4 . 9 7  — 21 (16. 77)

11 .l8270000E÷07
.7190E÷06 9.69 - 21 (17.48) 1.00 - 20 (18.48) 9.11 - 21 (16.19)

12 • 11080000E +07
. 5578E÷06 2 .45  - 20 (10 .22)  2.60 - 20 (9 .20)  2 .29  - 20 (11 .2 1)

13 .55020000E÷06
.4391E÷06 6.26 - 20 (7.38) 7.09 - 20 (7.62) 5.41 - 20 (6.69 )

14 .1II10000E÷06

. 107711÷06 3 .22  - 19 (7.15) 3.72 — 19 (8 .45)  2 .74  — 99 (4.67)
15 . 33530000E÷04

. 335511+04 0.00 (0. 00) 0 .00 (0.00) 0.00 (0 .00)

lb  . 25300000 11-Jl

S7

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ - - - - -~~



I \ t3I , I . -I-I . Energy Dependent Neutron Fluence in  Reg ion  1~ N e  SI’ > H - - -

Ge rman Dry and Germ an Wet Soils

Neut ron Fluence Vs. Energy (Ncut/cV . cm .Souree Hut 
- -

I l r1 ~~ I z \  3eV ) NTSj~~~ German j
~~y Germa n W e t

I . 1 -199u (OOI ÷ 03
• 21 s S L + i ( 7  0.00 (0 . 00) 0 .0 0 (0 .00)  0.00 (0.UH

- .1221000011÷08
.2210E÷07 0.00 (0. 00) 0.00 (0 .00)  0 .00 ( 0 . 00j

S . 1 000000011+08
.181311÷07 1.50 - 23 (35 .56) 1.50 — 23 (35.56) 1. 5( 1 - _ 3 (55 0-

-3 .31 3’000011÷07
.182711+07 5.07 - 23 (17.99) 5.00 - 23 (18.10) 5.13 - 13 ~~~~~~~~ -

S • o o00000E+0T
.1394 11÷07 1. 44 - 22 (17. 68) 1.45 - 22 ( 1 7 . 7 5 )  1. 41 - 22 -

o • 1966000011÷07
.9000 11÷06 3.36 - 22 (12 .62) 3.45 — 22 (12.39) 3:~ 22

— 
. -3

.105411÷07 2.33 — 22 (17.09) 2.52 — 22 ( 1 8 . 4(1) 2 . 1 3  -‘

.301 0000011÷07
.S-loOF÷06 3.23 — 22 (18.66) 3.31 — 22 ( 18. 1 1 )  3 .15  - 1_ 2 -

9 - 2 - l t o 0 0 0 0 1  + 0 7
.116011÷06 1.27 - 21 (31.95) 1. 29 - 21 (31. 78) 1 . 2 3  - 1 3~ - ‘N

1 1 SSu()000)1÷07
.525 0 11÷06 1. 2-4 - 21 ( 3 1 . 3 1 )  1. 25 - 21 (30.90) 1 .23  - 2 1 ( 5 2 . ~~l

1 .

.719011÷06 1.67 — 21 ( 2 9 . 8 5 )  1. 74 — 21 (26 .5 9 )  1. 62  — 21 I

- . II ‘~~M000F+07
.257811+06 3.74 - 21 (17.05) 4. 00 — 21 (17.06) 5.3~ - 2 1 - 0 . . -

1 3 - 33020000 11+06
. 33911 1 + 06 8.15 — 2 1 ( 1 0 . 2 6 )  9.50 — 21 (1-2 .07) 7.31 — 21 a l

14 . 111100 0011+06
.10771 ÷06 6.-Il — 20 (23.54 ) 6.62 — 20 (24 .-IS ) 5.31 - 20 ( 2 9 . 1 1

i 3 • 3335000011÷0-1
. 333511 ÷04 0. 00 ( 0 . 00) 0.00 (0. 00) 0 .0 0  ( ( . 1 3 ( 1

e . 2 53090 001 1—01
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IA Rl.L 46. Total Neutron Energy 1)epos i t ion ( II OB = 10Dm ) in Ai r Ri - 1’ I >  I~~j - -

l)irectl y Over the Ground

- 
Neutron Energy l)eposition (eV/cm 2.Source Neut .)

Reg ion NTS Dry German Dry German

I 1. 89 - 8 1.89 - 8 (< 1) 1.89 - 8

2 ( 0 5 )  2. 07 - 9 2.26  — 9 (4) 1.83 — 9

-~ 5.85 — 10 6 . 2 2  - 10 (4) 5.28 - 10

-1(6 83 1. 29 — 10 1.54 — 10 (9) 1. 13  — 1 ( 3

9 3. 54 — 11 3.54 — 11 (4)  3.30 - 11

10(7 1)  1. 96 - 12 2 . 0 2  - 12 (13) 1.84 - 12

I I  6.03 - 13 6 .42  - 13 (10) 5.50 - 13

11 7.6 1 - 14 7 .72  - 14 (18) 7. 29 - 1-1

[3 1. 72  - 14 1.81 — 14 (39 ) 1.63 - 1 3

TA B L E 47. Total Neutron Energy Deposition (HOB = lOOm) in Ai r  ~Cg i o n s
at 45 0 Ang l e of Elevation

Neutron Energy Deposition (eV/cm2 .Source Neut. ) 
-

kL •~~ion NTS Dry German ~~~y German

I 1.S8 — 8 1.98 - 8 (<1) 1.89 — S

6 1. 92 - 9 1.95 - 9 (3) 1.85 - 9

3.40 - 10 3.40 — 10 ( 4 )  3.21 — I t )

22  7 .00 — 11 7.14 — 11 (6) 6 .74  — 11

31 9.20 - 12 9 .20  - 12 (5) 8.96 - 12

40 6 .57 - 13 6 .74 - 13 (6) 6.57 - 13

48 4 . 19 - 14 4 . 4 5  - 14 (15) 3 .93 - 14
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tABLE 48. Secondary Photon Energy Deposition (HOB = lOOm) in A i r
Regions Directly Over the Ground

Secondary Photon Energy Deposition (eV/cm3.Source Neut.)

Regions NTS Dry German Dry German Wet

4.43 - 9 3.21 - 9 (7) 6.60 - 9

2 ( s u b d i v .  65) 8.11 - 10 5.85 - 10 (11) 9 . 4 3  - 10

3 2.26 - 10 9 . 2 4  - 11 (10) 2.64 - 10

4 ( subd iv .  68) 5.50 - 11 4.20 - 11 (9) 6.79 - 11

9 1.98 - 11 1.49 — 11 (9) 2.00 - 11

1 0 (s’mbdjv . 71) 2 .83 - 12 2 . 4 3  - 12 (10) 2. 22 - 12

11 7.99 - 13 6.81 - 13 (8) 7.60 - 13

12 1.82 — 13 1.93 — 13 (8) 1.95 - 13

13 5.35 - 14 5.44 - 14 (13) 5 .17 - 14

TABLE 49. Secondary Photon Energy Deposition (HOB = lOOm) in A i r
Regions at 45 0 Angle of Elevation

Secondary Photon Energy Deposition (eV/cm 3.Source Neut.)

Reg ions NTS Dry German Dry Gernan Icet

1 4 .43 - 9 3.21 - 9 (7)  6 .60 -9

6 4 . 7 2  - 10 3.77 - 10 (6) 6.60 - 10

17 9.43 — 11 8.87 — 11 (9) 1. 26 - 10

22 3.37 - 11 2.69 - 11 (10) 4 . 0 4  - 11

31 7.07 - 12 5.66 - 12 (8) 8.25 - 12

40 8.94 - 13 7.31 — 13 (10) 9.70 - 13

48 2 . 2 3 - 13 - 1 . 8 3  - 13 (11) 2.36 - 13
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l A R I E 50 . Neutron Energy Deposition (LIOB = im) in Air Reg ions A l o n E
the 15° Line

Neutron Energy Deposition (eV/cm 3.Source Neut.)

Re~~~ ns NTS Dry German Dry German Wet

1 1. 51 — 8 1.61 - 8 (1) 1.32 - 8

1.07 - 9 1.19 - 9 (3) 9 .43  - 10

17 1.87 - 10 2 .07 — 10 (4) 1.68 - 10

22 3.77 - 11 4 .04 — 11 (4) 3.37 - 11

31 5 .42  - 12 5 .66 — 12 (4) 4.95 - 12

40 3.87 - 13 4 .04  - 13 (10) 3.70 - 13

48 3.54 - 13 3.54 - 13 3.54 - 13

TABLE 5 1. Neutron Energy Deposition (HOB = lin ) in Ai r  Reg ions
D i r e c t l y  Over the Groun d

— 
Neutron Energy Deposition (eV/cm 3 .Sou rce N eut .

NTS Dry German Dry German l~~-t

1 1.51 — 8 1.61 — 8 (1) 1 .32  - -~

2 ( subd iv . 65) 1.79 - 9 2 .07 — 9 (3) 1 .57  - 9

3 4 . 3 4  - 10 5.09 - 10 (4)  3. 7~ - 10

4 ( s u b d i v .  68) 1.13 - 10 1.29 - 10 ( 7 )  8.89 - 11

9 2.36 - 11 2.59 - 11 (4) 2 .10  - 11

10 ( s u b d it .  71) 2 . 0 2  - 12 2. 43 - 12 (12) 1 . 7 8  - 12

I l  4 .19 - 13 4.45 - 13 (9) 3. 67 - 15

12 8.15 - 14 8.47 - 14 (20) 7 . 50 - 1-)

13 1.45 - 14 1.72 - 14 (36) 1.27 - 1-1
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From l a b l e  50 we see tha t  the r e su l t s  are e s s e n ti a l l y unchangi-d l i v

s o i l  composi t ion a l though  there is an i n d i c a t i o n  that  the energy d i _ ; I o s l -
t i o n  for German dry s o i l  ( l e a s t  hydrogen in the ground ) i s  s l i g h t l y
hi gher than for the other two cases and that the energy deposition fur
the German wet soil case (most hydrogen in the soil) is slightly loser
than for the other two cases. Table 51 (along the in te r face)  shows tht -
trend even more clearly. These differences were actually shown by the
SAMCEI ~ printout (with uncertainties in the differences) to be statisti-
call y real. Nevertheless , the hydrogen content of the soil clearly does
not significantly affect the neutron energy deposition in air.

5. CONCL( ~~ION

A number of coding developments have been performed to effect a ma-
jor upgrading of the SAMCEP system for the quantitative evaluation of
cross section uncertainties on radiation transport. The principal de-
velopment of this modernization of the system has been the implementa-
tion of a secondary-gamma capability. Thus, sensitivity studies , here-
tofore l imited to evaluating effects of neutron cross section uncer-
tainties on neutron transport, can now be extended to include sLlh ~~c- {11 c - C F t
effects upon gamm a transport of uncertainties in neutron as well as
gamm a production data.

Using the neutron-gamma SAMCEP system , a series of prob l ems ha-5c -
been solved . An important conclusion to be drawn from the results of
these calculations is that the SAMCEP system is yieldin g correct ri_ - --
suIts , as indicated by comparison and agreement with independently uh-
tam ed solutions , using the SAM-CE system. Moreover , comparable sta-
tistics were obtained 3 to 4 times more efficiently using SANCEP thin
would have been possible by performing independent and uncorrelated
a n a l y s e s .
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