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1. INTRODUCTION

This report describes the work performed at Science
Applications , Inc ., to improve the air/ground interface cor-
rection factors found in Version 4 of the ATR (Air Transport
of Radiation) code(i) . Previous versions of ATR (2 , 3) had
rather simplistic models based ct the work of French(5) which
does not involve results based on transport calculations .
Versions 3 and 4 (4 ,1) of ATR contain parameterized results
based on calculations by Pace , et al.”6), in which only a
fission and a 14 MeV neutron source were used and thus the
parame terization in ATR is only we akly source energy depen-
dent. Concurrently with another effort (7), two-dimensional
adjoint radiation transport calculations were performed with
the use of the DOT computer code . These calculations formed
the data base for the TWEDEE (Tactical Nuclear Weapon Edit of
Dose in Endoacrnospheric - EartE Environment) coae . ThTs code
was used to generate revised ATR correction factors for the
air/ground interface corresponding to those monoenergetic
groups used in ATR for neutrons , secondary gamma rays and
promps gamma rays for various burst heights and horizontal
ranges. It should be noted that in addition to improved air!
groun d correction factors for neutron sources , this effort
represents the first time that correction factors in ATR for
gamma ray sources (promp t and delayed) are based on transpor t
calculations .

The air over ground radiation environments computed by
Pace and the TWEDEE data base are the two most extensive sets
of data available which have utilized the ENDF-IV cross sec-
tion evaluations , and which have received acceptance and
utilization by the industry . Besides differences in source
and receiver parameter ranges , the biggest difference in the
two data Sets is the type of ground used in the computations .
The Pace calculations utilized what is referred to as Nevada
Test Site (NTS) soil and the TWEDEE data base was generated
with a dry area averaged West German soil. The elemental
constituents of these two soils are provided in Table I. The
different concentrations of hydrogen in the two soils will
have the largest effect on the radiation transport. In a re-
cent study of the sensitivity of various effects to the radi—
ation dose from nuclear weapons it was shown that a reason-
able variation in water content could result in differences
in the dose by as much as 507,(~

). Thus in addition to the
improved capability to treat source spectrum variation and to
correct for the air-ground perturbation for photon sources
using transport data , the new air ground correction factors
a~.so provide another soil hydrogen content.

1

--

~

.-

~ 

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



-- ... — -.-.--.--—-.—--- --.-.,-. .~—-.- ..— .~—., -— ..— 
.—

Table I. Soil Compositions Used by Pace ’
~
6
~

and the TWEDEE (7 ) Data Base

Atomic Concentration (atoms/b-cm)

(6~~~~ 7Pace I TWEDEE
Nevada Soil We st German Soil

Element (ATR 4) (ATR 4.1)

H 9.7656(_3)* l.lO (-3)

C l . 0 2 ( - 3 )
0 3.4790(-2) l.90(-2)

Na 9.91(-5)

Mg l.61(-4)

Al 4.8828(-3) 4.36(-3)

Si l.1597(-2) 6.83(-3)

K 3.08(-4)

Ca 9.56(-4)

Tl 8.82(-6)

Mn 1.15(-6)

Fe l.75(-4)

*Read as 9.7656 x 10

Table I I .  Source-Detector Parameter Ranges for the
Air Over Ground Data Bases

Pace
Calculations TWEDEE Data Base

Source Ener gy 2 15 - 18
Source He ight 4 14 (see Table 7)

Detector Response 2 2

Detector Height 4 selected 1

2 
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As mentioned previously, the two sets of air over
ground radiation environment data bases have different para-
meter sets for the source and target. The number of vari-
ables for the source energy and height, and target response
and heigh t are given in Table II. The TWEDEE data emphas izes
the source variation but has only one target height. The
Pace data has more information on the target response. The
work repor ted here , concerns the efforts to combine these two
different and somewhat incomplete data bases into a form suit-
able to provide correction factors for the ground per turba-
tion for all source spectra , source heights , targe t responses
and targe t heights encountered in the analys is of weapon
radiation effects.

The correction factors were parameterized as a func-
tion of horizontal range for each energy group and each
source height , and the result ing coefficients are assembled
into Version 4 of ATR resulting in Version 4.1 of ATR . Ver-
sion 4 remains unaltered.

For the delayed photons there is no source energy
dependence since the source struc ture is inherently bu ild in ,
thus the correction factors only depend on the geometry con-
figuration.

This report describes the improved air/ground data
base , its parameterization and subsequent results of ATR
Version 4.1.

3 
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2 . BACKGROUN D

The basic quant i ty  const i tu t ing  the  data  base for  ATR
is the  homogeneous i n f i n i t e  air f luence  ~o (E s, E D , c ,~~) which
is a funct ion  of source energy E 5,  de tec to r  energy E D ,  range
c in units of gm / cm2 and ang le at the d e t e c t o r .  By prop er
s c ai i n 2  techniques the air density variations can be accounted
for at arbitrary geometry configurations , but oth er models are
necessar1 to correct for the air-ground interface when the
source and or tn~ target are within about one -zilometer of the
ground .

T~’.e :ncc~~.~~ ;er sicns  of ATR ~
2 ’ 3

~ osco ~o r i at i o ns  of the
r st - to s :  c ol l i s ion  model of Fr en c h ( 5 ) . From t h i s  mod e l

factors ~~~~ and F(. h~ ) are der ived for  source hei~ ht  H~ and
t a rge t  hei g~~t H-r , r es~~ect ive L y ,  wh ich  are t r e a t e d  as inaepe~a-
dent  per :urDa :ion  f a c t o r s  to correc t  the  in f i nit e  air resu l t s
according to the following equation :

~~
Es,ED,o ,Hs,HT) = 

~O
(E S,ED,O)F(ha )F( S T) (1)

whe re the  c o r r e c t i o n  f a c t o rs  in t r o d u c e d  two in d ep e n d e n t  vari-
ables H~~, rt~~ and the  o er t o r b a t a o n  Ic-, th e on~-ulao deoendence
was n o t  con~~i Jer~ o .  he f irs t - T h s t  c ol l is  ion mode l  es m u t e s
P ds) hr c alcu l a t : ng  the  e f f e c t i v e  fraction of first coll i-
s i o n s  abou t  the  source  as a fu r .c t i o u  of source  a l t i t u d e , Hs.
Th~ f u n c t i o n  FG{T) is determinec b y calculating the number of
la st  co l l i s i ons  tn the  v i c in i ty  of t he  t a r g e t .

In acc i tion  to th i s  mode l , fo r  n e u t r o n s  and s e c o n d a ry
gatmi a rar s , t he c o r r e c t i o n  f a c t o r s  were ,m o d : f i e d  dv St r a k e r ’ r
t w o - d i men s ional t r anspo r t  c a l c ulat i o n s  a)  o f .iose v e r s u s
d i s t a n c e . Far promp t ganm’ia ra:Ts only a s l i gh t l y  modi f i t~i
tirso-last collision model exists t o r  all ATh versions .-).

Pace at Oak Rid ge National Laboratory ‘erio toed two-
dimensional radiation transport calculations in air-over-
ground geometries (6) with the DOT-Ill code for l~ ~ eV neutrcr.
source and a weaponized fission source . The data for neutrons
~ru/ secondary  gamm a r o r s  ~. reoora~ d for ta’:r dit ferent
~~~~~~ -ei~~n~ s ~~

‘) ~“0 f L  :i a se~ t~ r e he~~o — ~~s ~o
ajrrox~mate1r 300 m m d  sot of horizontal ro es to about
15CC m .  Thi s  da ta  was o bt a in e d  and t h e  :Ll~~~~~~~~ c o r r c - o t i cn  :4
r a c t  wa s ~a r am et e r i zeo  w a t u  i a  AT?~



D (R , }-1 , H~,)
C~ R ~ ~ 

G S (2D~~
(R , H S, HT )

where R is the horizontal range , H5 is the 
‘
source height . HTis the target height , DG (R ,HS,HT) represents the Pace Hender-

son tissue response and DA (R ,HS,HT) represen ts the corre-
sponding ATR infinite air data. The data is source energy
dependent only to the extent that two sources , 14 MeV and
fission , were used when the data base was generated. The cor-
rection factors are used to multiply the ATR infinite air
results to obtain the air-over-ground effects. For source
energies below 5 MeV the fission source correction factors
are used , and for source energies above 5 ~eV the 14 MeV
source correction factors are used. (1 ,4)

Thus , ATR Version 3 and Version generate fluence and
dose quantities described by the following :

~
(Es,ED,R ,Hs,HT) = C(R ,Hs,HT) 

~O~~~~S~~~~
D’ ’

~~

Of course , the horizontal range R and slant range are rr-
lated because of the geometry configuration . AlsO , inherent
in the above equation is that the source energy dependence is
limited to the 5 ~1eV cross over selection constraint previ-ously described.

a 
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3. SOURCE ENERGY DEPENDENCE OF AIR- OVER-GROUND INTERFACE

A further improvement of ATR ’s air-over--groun d inter-
face correction factors is obtained by utilizing, a computer
code called TWEDEE (Tactical Nuclear Edit of Dose in Endo-
atmospheric-Earth Environment) which was devetoped at Science
Applications , Inc . . (7) This code folds source energy iaipor-
tances and sources for promp t and delayed dose for detectors
located at 1.75 m from the ground using a data base generated
w i t h  the DOT code ira ajoint mode . The soil composition used
in the  P a c e ( 6 )  fo~~~ard-mode DOT ca l cu l a t i ons  and the soil
ccroaosition used for the DOT/TWEDEE~ 7) adjoint t r a n s p o r t/ d a t a
base generation are listed in Table I.

Using the ~ JEDEE code , it is possible to obtain the
fo l lowing dose values : DT(E S, R , H S, H T = 1.75 m) for neutrons ,
secondary gamma rays and promp t gamma rays for  each mono-
energet ic  source band corresponding to the ATR structur e for :i
a set of horizontal ranges to 1300 m and source heights to
1100 m. Corresponding i n f in i t e  air dose values are ca lcu la ted
b :T ATR as wel l , and the fo l lowing  cor rec t ion  r a t i o  is fomn ed :

D (E s , R , Hs , H._ 1. 7 5 m)
CT ( E S , R , H S , H T = 1 .75  m) = 

b
~~
LEs .R .H

s
’rL 1. 75 m ’~ 

(.1)

Th order  to accoun t for  the t a rge t  hei gh t  v a r i a t i on , the  cor-
r e c t i o n  f a c t o r  is mu lt ip l i e d  b y the  f o l l o w i n g  r a t i o :

C ( R , H~. ,H.r )

P ( R , :~~ ‘ “T~ 
= 

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

Fo r r . ej :r on~ and s econd ar ’~ z amma ray s r a i s  p e r t u r b a t i o n  f a c t o r
~s ava L~.a D l e  f rom the Pace ~a:i (a ’ ~cte  t at .~~e L or r e c t i o n
for  t . m r g e t  h e igh t  is based  on da ta  f r o m  calculations p e r f o rm e d
w a t h  a d i f f e r e n t  hvdrc~ en c-onceutrn.tion in the soil than the
da ta  base used for Eq. (.

~). Althou~n this procedure is ess
than ideal , it is felt to be more reliable than other schemes
su ch as a l i s t  c of li si o m  m o d e l .  Aaaia , the a t t e n r t  is to use
t he i n i c o m a t i o n  cv .i l c b le  to oro . : .c e t h e  m os t  a c cu r a t e  m o d e l .

I thrcu:h .
~~ r eo r e so n :  e :.: itc- es of th is aert .rm i:ion

o
t
~~~ e~~~~~~~~~~~: 

m r 1 Y ~~ r~ ~c~ re :~~

far t h e  t i ag e r  h~~i c h t  v ar i a t i  ~~~
-. far neutrons and secondar ’.-

ga mma r a s .  Pcr t h e  ar~ na~~ ~iad the  d e l ay e d  garmo a r ay s  the
f i r s t - l i s t  co l is io r.  ncdel~~~ is used to  c o r r e c t  for  t a r g e t

~r~~r iicns . 
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4. GENERATION OF THE NEW ATR AIR/GROUND DATA BASE

Dose responses for neutrons , secondary gamma rays and
promp t gamma ray s are generated from the TWEDEE co de , the
scattered components of each are selected and the correction
ratio , CT (Equation 4), is generated .

Table III contains the selected horizontal ranges and
fable IV contains the selected source heights at which the
data is generated. The choice of these parameters is dic-
tated by the possible range of the TWEDEE data as well as the
areas of anticipated structure of the correction factors.

The energy group structure in the TWEDEE code is dif-
ferent from that of the ATR code , thus some regrouping is
necessary and some of the ATR energy groups are split into
several of the TWEDEE energy groups . The total span of the
energy structure of TVJEDEE includes the total span of ATR.

The correction factor data base was generated by form-
ing the ratio of the TWEDEE dose to the ATR 4 infinite air ,
uncorrected dose for its given source-target configuration .
The neutron dose respons e used for the ratio was the tissue
kerma and photon response was the Henderson tissue dose.

Figure 5 shows a representative sample of the new neu-
tron correction factors for different source energies . Due
to certain convergence limitations of the DOT code some of
the neutron data corresponding to low energies is not avail-
able from TWEDEE . This limitation is not very serious for
most applications since it occurs for source heights of 500
me ter s and above , for source energies of 3 .35 x l0~~ MeV andbelow . A sensitivity analysis shows that for a typical thermo-
nuclear source those low energy sources contribute less thaL-1
l.5G/~ to the total. For a typical fission source those low
energy sources do not contribute at all.

Figure 6 shows a representative sample of the new cor-
rection factors for neutron generated secondary gamma rays .
Experience has shown that secondary gamma ray dose variation
is not as smooth as the neutrons or nromnt gamma rays varia-
tion , thus it takes more coefficients to represent each curve
as it will be detailed in the next section . The data for
secondary gamma rays is everywhere dense in that TWEDEE data
exists for all source heights and source energies.

Figure 7 shows examples of the new correction factors
for promp t gamma rays. As expected , the curves exhibit a
generally friendly behavior and each may be parameterized by
fewer coefficients than neutrons or secondary gamma rays.

11
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Table III. List of Horizontal Ranges in Meters
for the New Data Base -

1. 5 7. 400

2. 10 8. 600

3. 50 9. 800

4. 100 10. 1000

5. 200 11. 1200

6. 300 12. 1300

Table IV . List  of Source Hei gh ts  in Meters  for
the New Data Base

1. 1 8. 500

2. 10 9. 600

3. 50 10. 700

4. 100 11. 800
5. 200 12. 900

6. 300 13. 1000

7. 400 14. 1100

12
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The TWEDEE group structure below 0.2 MeV was found to
be too broad to give accurate results for source photons be-
low this energy . As detailed in Ref. 2 , it is necessary to
partition the energy range below 0.2 MeV into many groups
( on the order of 30) to get reliable data. Comparisons be-
tween fine group and broad group resul ts showed discrepancies
as large as a factor of two in this regime . (2) However , a
sensitivity analysis was performed which showed that the con-
tribution to the total dose from source photons of energy
less than 0 . 2  MeV is on the order of 1.57~ for  reasonable
source spectra at ranges of interest. It was decided to use
the existing scheme of the first-last collision model (1-) to
correct the ATR results for source energies below 0.2 ~4eV.

The fission produc t gamma ray correction factors were
generated by using the source values(.I~

) and integra ting over
the source spec trum, thus the correction factors are only geo-
metry dependent , not energy dependent. In order to alleviate
the disparity of the lower energy group s below 0 . 2  MeV , the
source values corresponding to those energies are not used in
the computation of the correction factors .

16

_ _  



5. PARA~~ TRIZA T I ON OF AIR / GROUN D CORRECTION FACTORS

Three subroutines (AGNEUT , AGGA~~1, AGSGAM) have been
wri t ten  and tested that provide the parametrized air/ground
correction fac to r s  fo r  neutrons , promp t gaimnas and secondary
gammas . These routines use coefficients generated by a piece-
wise least squares fitting of the appropriate data to alge-
braic functions of various modified polynominal forms . The
parame ters of the f i t s  are heur i s t ica l ly se lec ted  so as to
obtain the min imum error and least  number of c o e f f i c i e n t s .
The coefficien ts so generated are arranged by source energy
groups for ease of use and incorporation into the ATR code .
For the fission product gamma rays a set of coefficients are
generated for  each source height and fit as a function of
hor izonta l  range .

The basic operation of the functions is as follows .
First , the source height desired is delimited between the
points of the data base after which the desired horizontal
range is isolated. These values are then used to locate a
pointer word which contains information about the location
and number of coefficients and type of function to be used in
comput ing the air/ground ratio . The ratio is then computed
for adjacent source heights and a linear interpolation between
source hei ght values is used to return the f ina l  value of the
desired correct ion fac tor . When the hor izon ta l  range is less
than three meters , an ex t rapo la t ion  is used to assi gn an
appropriate a i r/ gr o u n d ra t io  by using the results at three
meters and at five meters .

The modified algebraic functions used to parametrize
the original data base assume the following forms , wher e CTis the ratio for neutrons and promp t gamma rays is the log
of the ratio for secondary gamma rays .

Function Type 0:

a4 x + a 3 x3 + a 2 x + a 1 x 1 4 - a
O = C T (6)

Function Type 1:

a4 x3 + a 3 x2~~- a 2 x + a 1/x + a~~ = CT (7)

Funct ion Type 2:

a,/x4 a3/x
3 -a 2,-’x

2 a1 /x a0 CT (8)

~
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Function Typ e 3:
3 2 —a4 x + a 3 x + a 2 x- r arx + a o = C T

In addition , an extrapolation function is used when the hori-
zontal range is less than three meters . If the horizontal
range is larger than the span of the data base , then the value
corresponding to the last horizontal range in the data base is
used .

The pointer word which contains information regarding
the location and number of coefficients and the type of func-
tion is composed as follows , numbering from the ri ght with :he
righ:mcst binary bit numbered one.

Bits 1-4 - Source Height Index
Bits 5-8 - Horizontal Range Index (start)
Bit s 9-12 - Horizontal Range Index (stop)
Bits 13-15 - Number of Coefficients
Bits 16-17 - Type of Function
Bits 18-28 - Sta r t ing  Locat ion of C o e f f i c i e n t s

Within Coefficient Array

These pointer words are grouped according to source
energy group . Within each group there is a pointer word for
each p :ecew:se car . ror example , assume toat the rnirc carougn
ei ghth ~oin:s of source energy group six , source h eight ten
were fitted to the function of the form a1x + a~ = CT. The
pointer word containing this information would Be located in
index group six (for source energy group six) and appear in
binary as follows :

Location of Coefs. 00 010 1000 0011 J 1010

28 18 16 13 9 5 1

For machine to machine compatibility the  po in te r  words have
been stored as integers using “DATA” statements , thereb y
obscuring the structure. However , a simnie integer to binary
conversion  w i l l  reveal the format.

The coefficient array consists c f  aLl coefficients
generated b-i the f i t t i n g  process arran~ ed in the order of
source ene rov  group , s ou rce  h e i g h t , h o r i :ont a l  range and is S

ever’~~here lease. The starting location of the coefficients
within the array for a particular p iecewise fit is stored in
the corresoonding pointer word as ~revic-uslv described.

I .~~

~
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This process re su l ted  in a tota l  of 3365 c oe f f i c i e n t s ,
1073 to generate the neutron data base , 1249 to generate the
promp t gamma data base and 1043 to generate the secondary
gamma data base. The original data base contained approxi-
mately 9800 points. Therefore, the parametrization resulted
in a reduction of approximatel y 6435 data points or 65 per
cent. 



6. ATR VERSION 4 1

The routines described in the previous section were
incorporated into ATR Version 4( 1’) and the new vers ion will
be called 4.1. Here the results are presented for each
“part icle ” type at several geometry configurations . There
are four figures for each radiation type for a 1 KT burst ,
each figure containing three curves : the firs t curve is with-
out air/ground Correction factors (scaled infinite air re-
sults), the second curve shows the results using the cor-
rection factors present in ATR Version 4(1) and the third
curve shows the results due to the use of the new energy
dependent correction factors (ATR Version i..1) -

The four geometry  conf i gura t ions  are se l ec ted  in a
manner that shows the effects of both the source and the tar-
get close to and away from the ground. The first figure in
each sequence has both the source and the  t a rge t  at  one meter
above the groun d , the second one has the source at one meter
and the target at 800 meters , the third one has the source at
800 m e t e r s  and the  t a rge t  at one meter , and f i n a l ly , the
fourth one has b o t h  the  source and the target .  a: 300 m e t e r s .

Fi gures 8 th roug h 11 show the  r e s u l t s  fo r  n e u t r o n s ;
the  source used is a t yp ica l  t h er m o n u c l e a r  sp e c t ru m wi th a
normal iza t ion  of 1.9 x 1023 n e u t r o n s / K T . F igu re s  12 throuah
15 show the results for promp t gamma rays , the source used is
a typical fission spectrum with normalization of 1023 gammas ”
KT. Figures 16 through 19 show the results for secondary
gamma rays and Figures 20 through 23 show the results for
fission product gamma rays. Note that the largest differences S

between ATR 4 and ATR 4.1 results occur for the gamma ray
sources (prompt and delayed) - The correction factors for
gamm a ray sources for ATR 4. 1 are based on t r anspo r t  da t a
while the ATR 4 corrections were based on an unverified model .

There is no visible impact to the user as far as the
ATR Version 4.1 command structure is concerned , only some of
the internal mechanism is different. The Appendix contains a
composite sample croblem that illustrates the use of ATS
Version ~~~~~~

Th.e A ’R ~~~~ . version has the follow features which are
not present in ATR -t;

• Air around correction factors which e :cp l ici :lv
treat variations in the neutron and garma ray
source energy spectra

:0
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Figure 8. Neutron tissue kerma dose for a 1 KT yield , source
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various air/ ground correction factors for a typ ical
t he rmonuc lea r  source .
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and various air/ground correction factors for a
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I meter and various air/ground correction factors
for a typical fission source
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tors for a typical fission source .
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source .
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• Air ground correction factors  genera ted fr~ ui
t ransport  calculations in which the ground
composition is more realistic for tactical
scenarios than the NTS composit ion

• Air ground correction factors for gamma ray
sources which are based on detailed transport
calculations rather than a mathematical model .

These additional features will permit a more accurate analysis
of the radiation environments in tact ical  nuclear weapon
scenarios .

It should be noted that there is no set of correction
fac tors  which could be incorporated into ATR which would oe
appropriate for all possible analysis of weapon effects in
air over ground configurations . The number of combina . ions
of source height , source energy , target height , target energy ,
target angular dis tr ibut ion, and groun d composition is too
large to even hope to generate a data base or to incorporate
such a data base into ATR. There are , however , three remaining
portions of the air over ground radiation environments which
could stand reasonable improvement with models based on calcu-
lations . These are :

• Variation of the dose as a function of hydrogen
content in the soil

• Variation of the dose as a function of target
height

• Estimation of the “upward” and “downward” component
with respect to the ground of the radiation
environment .
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APPENDIX A

SAMPLE PROBLEM

This sample problem is a composite of four different
radiation types : neutrons , prompt , secondary and fission pro-
duct ga ia rays . The source selection for neutrons and
secondary gamma rays is a typical thermonuclear spectrum with
a normalization of 1.9 x 1O’~ neutrons , for promp t gamma raxs
it is a typical fission spectrum with a normalization of iO’~

3
gamma rays . The fission product yield is specified as 1 KT.

The geometry configuration is given as the source and
target one meter off the ground and the horizontal range
varies from 10 meters to 1400 meters .

The output request is simply all of the dose responses
for all of the radiation components.

The output contains the details of the source con-
figurations followed by the output of the dose response for
all of the requested components .
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- 5 . .

A .l  SAMPLE PROBLEM INPUT COMMANDS

* T I T L E  SA.M P ~~~ P WL E ’ ~’ 
F~)R A I R  VE~~3~~n~J ~.1

*~J — S f l u ~~r 3F (~~)
*N~~Nfl~~M i~~Q~~~3
*G~~5~~) Up c F  (1 “
~~~~~~~~ 1+73
*Fp— y ~
*1-4 5 1

*H T  I
~~~~~~ l u  S~ to~ 2on(~~o ) t’~IO
* ~) IJ SE / ~L’
*flflsE/G/

* I) fl SE / ~ ~ /
*D fl SE /Fp /
• E X C
* F I N

40



A .2 SAMPLE PROBLEM OUTPUT
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h3S~~~1 3 — ~~. l i F— o t ~‘.‘~3~~~22 ~~~~~~~~~ ~j Q7F.+ f l f l  3~~F +fl,1 ~,4J? F +?I ?./I# ,F 4 ? l
I . 1 l E — ~~1— ~~.5oF— ~~i I . Q U E +?? ‘J .0 I~~+.?? ~~~~~~ —M .t’~F .nn ?,7QF.?t l .S~~E .2l
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t , I t F + f l ~~— I .P~~~+0n ~.IRE +22 t. ,’~LIF +?~ 1.O n F 4~~~~l .22F + fl t 11 , ”’ ~(+ ? i  ? .?IF~~?t
l.~33~~,O fl—2. 3~ E +On c .~~?~~,2l t.n?F +2~ 1.?2F, fl~~~1 .5flFl .OI t . 1 IF ,?2 ll .7 ’ ] F ,? t

a a a * a * a a a a * a * * * a * a * * * * a a * * a a a * a a a a a
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