
This technical report has been made 
electronically available on

the World Wide Web
through a contribution from

Douglas G. LaVerne

In honor of

Melvin E. LaVerne
Scientist and Author at 

Oak Ridge National Laboratory

Office of Scientific and Technical Information
Office of Science

U.S. Department of Energy
August 2010

osti.gov



k 

• 

* 

. , , , 1 ORNL/TM-5201 

The Oak Ridge Fog and Drift Code 
(ORFAD) User's l\/lanual 

M. E. LaVerne 

OAK RIDGE NATIONAL LABORATORY 
OPERATED BY UNION CARBIDE CORPORATION FOR THE ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 



Printed in the United States of America. Available from 
National Technical Information Service 

U.S. Department of Commerce 
5285 Port Royal Road, Springfield, Virginia 22161 

Price; Printed Copy Se:ee ; Microfiche $3 00 
STS^ 

This report was prepared as an account of work sponsored by the United States 
Government. Neither the United States nor the Energy Research and Development 
Administration/United States Nuclear Regulatory Commission, nor any of their 
employees, nor any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal l iabil ity or responsibility for 
the accuracy, completeness or usefulness of any information, apparatus, product or 
process disclosed, or represents that its use would not infringe privately owned rights. 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



ORNL/TM-5201 

C o n t r a c t No. W-7405-eng-26 

Energy D i v i s i o n 

THE OAK RIDGE FOG AND DRIFT CODE (ORFAD) 
USER'S MANUAL 

M. E. LaVerne 

Date Published: January 1977 

NOTICE 
This report was prepared as an account of work 
sponsored by the United States Government. Neithei 
the United States noi the United States Energy 
Research and Development Administration, nor any of 
their employees, nor any of their contractors, 
subcontractors, or their employees, makes any 
warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or 
process disclosed, or represents that its use would not 
infringe privately owned rights. 

P r e p a r e d by t h e 
OAK RIDGE NATIONAL LABORATORY 

Oak R i d g e , T e n n e s s e e 37830 
o p e r a t e d by 

UNION CARBIDE CORPORATION 
f o r t h e 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

r ; ;c i : ,u ; iOHUr iriii> UUCUiViuî i '^ 
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THE OAK RIDGE FOG AND DRIFT CODE (ORFAD) 
USERS' MANUAL 

M. E. Laverne 

ABSTRACT 

ORFAD is  a computer program w r i t t e n  f o r  t h e  purpose of 
providing e s t ima te s  of fog  and d r i f t  r e s u l t i n g  from the  
ope ra t ion  of w e t  cool ing  towers. The program uses  hourly 
weather d a t a  from tapes .  

The phys i ca l  and c a l c u l a t i o n a l  models a r e  descr ibed,  
and d e t a i l e d  i n s t r u c t i o n s  a r e  given f o r  input  prepara t ion  and 
running t h e  program. A program l i s t i n g  and sample output  a r e  
appended. 

1. INTRODUCTION 

ORFAD i s  a computer program o r i g i n a l l y  developed f o r  use i n  t h e  

p repa ra t ion  of environmental s ta tements  f o r  c e n t r a l  s t a t i o n  power p l a n t s .  

Its purpose was, and is ,  t o  provide reasonable  es t imates  of t h e  incre-  

mental amounts of  fog chargeable t o  t h e  ope ra t ion  of wet cool ing towers 

and of t h e  s a l t  d r i f t  depos i ted  i n  t h e  v i c i n i t y  of a power p l an t  using 

such towers.  

Since p u b l i c a t i o n  of t h e  o r i g i n a l  r e p o r t ,  a number of modi f ica t ions  

has been made i n  t h e  program, most no tab ly  i n  t h e  method employed f o r  

d r i f t  c a l c u l a t i o n .  These modi f ica t ions ,  coupled wi th  changes i n  program 

input  p repa ra t ion  and ope ra t ing  procedures ,  have generated a need f o r  an 

updat ing and f u l l e r  explana t ion  of ORFAD. This  r e p o r t  is  intended t o  

f i l l  t h a t  need by providing a cu r r en t  explana t ion  of t h e  b a s i s  f o r  ORFAD 

and d e t a i l e d  i n s t r u c t i o n s  f o r  running t h e  program. 

I n  t h e  p repa ra t ion  of t h i s  r e p o r t ,  I have consul ted on numerous 

occasions wi th  John V. Wilson, t h e  o r i g i n a t o r  of ORFAD, i n  order  t o  

c l a r i f y  obscure p o i n t s .  H i s  very  cons iderable  a s s i s t a n c e  is g r a t e f u l l y  

acknowledged. 



2 

2. DESCRIPTION OF THE PHYSICAL MODEL 

We assume that the effluent from a wet cooling tower forms a plume 

containing both pure water vapor and particulate matter, the latter con­

sisting of saline water droplets whose total mass is substantially 

smaller than that of the vapor. The initial concentration of the dis­

solved solids, assumed to be principally NaCl, is equated to that in 

the cooling-tower water. The horizontal transport rate of the tower 

effluent is equated to wind speed, which is assumed to be independent 

of height. 

The distribution of water vapor density is assumed to be Gaussian 

with respect to the plume centerline. Water droplets, on the other hand, 

are assumed to fall in distinct trajectories determined by droplet size 

and ambient conditions. 

2.1 Plume Rise 

The plume, because it will be warmer and will contain more water 

vapor than the surrounding air, will be buoyant and will rise from the 

tower. The wind will then bend the plume over toward the horizontal, 

forming a more or less gently rising curve downwind from the tower. 

As the plume rises, it experiences shear forces along its edges 

as a result of the difference in velocity between the plume and the 

surrounding viscous air. Air is entrained into the plume, causing it 

to expand both laterally and vertically. The plume rise and air entrain-

ment result in cooling and dilution of the contained moisture; as a con­

sequence, the plume buoyancy is diminished, and the plume ultimately 

levels off at some maximum altitude. 

Figure 1 illustrates the plume rise process schematically. 

2.2 Fog and Ice Occurrence 

The distribution of water vapor density about the plume centerline 

is assumed to be Gaussian, with greater lateral than vertical dispersion. 

(Refer to Fig. 1.) 
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Condensation is presumed to occur if, at any point in the expansion 

of the plxime, the vapor added by the plume causes the local vapor con­

centration to reach or exceed the saturation level; that is, if the 

plume adds enough moisture to overcome the saturation deficit of the 

entrained air, fogging occurs. 

If fogging conditions exist and, in addition, the ambient temperature 

is below freezing, icing is assumed to occur. 

2.3 Drift Deposition 

The water droplets are assumed to travel in ballistic trajectories 

set by the rise velocity of the plume centerline and the fall velocity 

of a droplet relative to the plume centerline. Figure 2 is a schematic 

of the drift calculational model. The relative fall velocity, found 

from the relations of Hosier, Pena, and Pena,^ is determined from the 

droplet size and relative humidity range. Relative humidity determines 

whether the droplets fall without evaporation, or evaporate to a satu­

rated solution, or evaporate to dry particles. Implicitly, all droplets 

and particles are taken to be spherical. 

A specified distribution of fractional mass with respect to particle 

diameter is used to assign droplets to classes. Each class has a nominal 

diameter and represents a certain fraction of the total drift discharged 

from the tower. Separate calculations are made for each class, and the 

results are summed to get the total drift. 

2.4 Salt Concentration 

The salt concentration is determined by dividing the terminal fall 

velocity into the previously found drift deposition. 
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3. WEATHER DATA 

The hourly or trihourly surface weather observations described in 

Ref. 3 are currently used by ORFAD. These observations are available 

on magnetic tape from the National Oceanographic and Atmospheric Adminis­

tration (NOAA).'* The periods covered by the data, depending on location, 

range up to 25 years. Any one tape will generally carry data for 10 

years. 

From the numerous items recorded, ORFAD uses wind speed and direction, 

dry and wet bulb temperatures, total cloud cover, cloud ceiling, and 

obstructions to vision, the last item being defined as smoke, haze, or a 

combination thereof. 

3.1 Data Decoding 

In order to fit large quantities of data onto one tape, NOAA has 

employed a special type of coding involving the overpunching of the 

numbers. As a result, these data cannot be read directly by the usual 

FORTRAN input statements, and, therefore, a special decoding subroutine, 

SIGNCK, has been incorporated in ORFAD to interpret the data from tape. 

Through 1964, data were recorded at intervals of 1 hr; for later 

years, data were recorded at 3-hr intervals, beginning at 0 hr Coordinated 

Universal Time (formerly Greenwich Mean Time). Hours having no data 

were left blank. Thus, tapes for 1965 and later are two-thirds empty, 

with the remaining third containing data similar to those for earlier 

years. ORFAD uses information on the geographic location of the towers 

to determine which hours on the tapes contain data. 

In the tally after 1964, the program assumes that each reading 

applies to a 3-hr increment. If a period of several years spanning 1964 

and 1965 is to be averaged, each hour through 1964 is given a weight of 

1, and each trihourly reading thereafter is given a weight of 3. 

3.2 Tape Protection at ORNL 

In order to prevent accidental erasure or other damage to the 

original weather tapes purchased from NOAA, it is customary at ORNL to 
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copy the originals onto "pool" tapes and to run the program with these 

copies. Occasionally, the utility program doing the copying encounters 

a faulty record or other difficulty and omits a record from the copy. 

Thus, the copied weather data may not cover all hours of the year. 

3.3 Special Handling of Data 

The original weather data tapes use special coding for entries 

that are invalid or missing for any reason. ORFAD tallies but does 

not analyze these entries. An exception is made where the datum is 

relative humidity; if valid dry and wet bulb temperatures are present, 

they are used to calculate a relative humidity. 

The weather data tapes provide for reporting fog, ground fog, and 

ice fog. Sometimes, when these fogs are reported, the dry and wet bulb 

temperatures will differ. The program tallies these hours of natural 

fog but does not analyze them. Presumably, if fog already exists, the 

cooling tower will not increase its incidence. Conversely, fog may 

not be reported when dry and wet bulb temperatures are equal. In this 

case, since natural fog is not present, any calculated fog is charged 

to tower operation. However, we should note that the situation is 

somewhat ambiguous, the temperatures having been recorded only to the 

nearest degree. 

The data tapes use CALM as a wind direction. However, even with 

CALM recorded, the wind speed is sometimes given as nonzero. ORFAD 

will analyze these hours, assigning them to directions in proportion 

to the relative frequencies of the winds in those directions. When 

the wind speed is recorded as zero, the program substitutes 1 knot, on 

the basis that there is always a slight wind aloft. 
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4. CALCULATION OF PLUME RISE 

The steps involved in finding the rise of the plume centerline 

consist of 

1. determining a flux buoyancy parameter F for a single tower; 

2. calculating a stability parameter s for the atmosphere; 

3. obtaining the plume rise AHj for a single tower; 

4. applying a correction to obtain the plume rise AH for N towers, 

given that for one tower. 

4.1 Flux Buoyancy Parameter 

The flux buoyancy parameter as defined by Hanna^ is an extension 

of that given by Briggs,° incorporating an additional term to account 

for the release of latent heat from condensing moisture. For a moist 

plume in which a fraction f of the vapor condenses, 

F = W aR2 [1 - T /T + (q - q ) (0.61 + fh^ /C T )] , 
o^ o eo po ^po ^eo fg p po ' 

where 

F = the flux buoyancy parameter, m'*/seĉ , 

W = tower exit velocity, m/sec, 

g = acceleration of gravity, 9.8066 m/sec^, 

R = tower inside radius at exit, m, o ' ' 

T = environment temperature, K, 

T = plume Initial temperature, K, 

q = plume initial mixing ratio, water vapor to dry air, g/g, 

q = environment mixing ratio, water vapor to dry air, g/g, 

f = fraction of vapor condensed, 

hj. = latent heat of water vapor, cal/g, 

C = specific heat of air at constant pressure, cal/g K. 
P 

A complete listing of nomenclature may be found in Appendix A. 
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The term 0.61(q — q ) represents the additional buoyancy result­

ing from the difference in molecular weight between water vapor and air. 

The final term gives the additional buoyancy resulting from release of 

latent heat by condensation of some fraction of the original water vapor. 

An estimate of f = 0 is ordinarily used and will give conservative 

results in the sense of overestimating fog and drift. 

The environmental temperature at the top of the cooling tower is 

determined from that at the base by using the temperature gradient cor­

responding to the Pasquill atmospheric stability class. 

The water vapor in the plume is calculated on the basis that 25% 

of the heat is removed as sensible heat and 75% as latent heat. The 

initial temperature of the plume is then taken as the wet bulb tempera­

ture corresponding to the enthalpy of the air leaving the tower, which, 

in turn, is equated to the sum of the enthalpy entering the tower and 

the enthalpy increase inside the tower. The enthalpy increase is taken 

as the product of the circulating-water temperature range and the ratio 

of the water mass flow rate to the air mass flow rate. Enthalpy of the 

leaving air as a function of wet bulb temperature is calculated from 

h = (t + 4.305)/(3.917 - 0.02A846t ) 10 < t < 80 (2a) 
w w — w — 

or 

h = (t - 13.85)/(2.766 - 0.015652t ) 80 < t , (2b) 
W W W 

where 

h = enthalpy, Btu/lb, 

t = wet bulb temperature, °F. 

4.2 Stability Parameter 

The stability parameter is defined by 

s = g(9T /8z + 0.01)/T , (3) 
eo eo 

where s is stability parameter, sec"^, and 9T /9z is atmospheric tem­

perature gradient, K/m. The temperature gradient is that corresponding 

to the Pasquill stability class determined from the given weather data. 

An explanation of this atmospheric stability classification is given in 
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Appendix B, together with a listing of the temperature gradients used 

in ORFAD. 

4.3 Plume Rise for a Single Tower^'^ 

The plume rise is dependent on whether calm or windy conditions 

prevail and, for the windy case, on the stability of the atmosphere. 

4.3.1 Calm conditions 

For all stability classes, the plume rise in calm air is given by 

AHi = 5.0F°-25 s-0.375 ^ (4) 

where AHj is plume rise for a single tower, m, and F and s are as pre­

viously defined. 

4.3.2 Windy conditions 

Under windy conditions, plume rise is further dependent on the 

stability of the atmosphere. 

4.3.2.1 Pasquill stability class <_4 

For an unstable-to-neutral atmosphere, we calculate a quantity 

X* defined by 

X* = 2.16F0-'+ H°-^,m , (5) 
0 

where HQ is the tower height or 304.8 m, whichever is smaller, that is, 

Ho = min(H^, 304.8) . (6) 

The plume rise is then given by 

AHi = 1.6F^/3 U"l x2/3 , (7) 

where 

X = min(X 3X*) , (8) 
me 

U is wind speed, m/sec, X is downwind distance from the tower, m, and 
me 

F and X* are as previously defined. 
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4.3.2.2 Pasquill stability class >4 

For a stable atmosphere, the pltjme rise is again given by Eq. (7) 

but with X now being determined from 

X = min(X , 2.4U s"V2) . (9) 
me 

4.4 Plume Rise for Multiple Towers 

When a set of N towers forms a cluster with a maximum dimension L, 

the following relations given by Briggs^ are used to determine the plume 

rise for the cluster from that for a single tower: 

-(m) ^«NMfti)''''^«i (10) 

with 

3/2 
S = 6 I i=^ \ , (11) 

where 

N = number of towers in the cluster, 

L = the maximum cluster dimension, m, 

AHj = the plume rise for a single tower, m, 

AH^ = the plume rise for the cluster, m. 

When several cooling towers are in the same general vicinity, it is 

a matter of judgment whether they should be analyzed as a single cluster 

or separately. Briggs has suggested that the effects be analyzed both 

ways and the more conservative result selected. 

After the number of towers in the cluster has been determined, a 

further judgment is needed to find the maximum dimension L. Ordinarily, 

the diameter of the smallest circle that circumscribes all the towers 

is a good choice. 
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5. CALCULATION OF FOG AND ICE FOG 

In predicting the amount of ground-level fog induced by cooling-

tower operation, the ORFAD program holds the tower accountable only if 

(1) naturally occurring fog was not reported and (2) the moisture con­

tent of the plume was sufficient to equal or exceed that required to 

saturate the air during the data period considered. If fog was reported, 

the occurrence will be tallied, but the remainder of the fog and ice cal­

culation will be bypassed on the basis that if a fog already exists, the 

cooling tower will not increase its incidence. 

5.1 Water Vapor Density of Plume 

Under the previously mentioned assumption of a Gaussian distribution 

of water vapor within the plume, the vapor concentration at ground level 

is given by 

y z 2a'^ . z 

where 

X = water vapor concentration at ground level, g/m^, 

Q = water vapor mass velocity at tower exit, g/sec, 

H = plume centerline height above ground, m, 

a = lateral diffusion coefficient, m, 
y 

a = vertical diffusion coefficient, m, 
z 

U = wind speed, m/sec. 

The diffusion coefficients are derived from the relations given by 

Briggs,^ as shown in Appendix C. 

5.2 Saturation Deficit 

The saturation deficit, or the increment in water vapor density 

required in order to saturate the air at the same dry bulb temperature, 

is given by 

dg = 7345 -4j ^ , (13) 
a 
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where 

d = saturation deficit, g/m^, 

p = saturation vapor pressure at ambient dry bulb temperature, 

in. Hg, 

p = vapor pressure at ambient dry and wet bulb temperatures, in. 

Hg, 

T = ambient dry bulb absolute temperature, °R. 

The constant multiplier, 7345, comes from a fit of the perfect gas law to 

water vapor at 15°C (59°F), followed by appropriate adjustment to yield 

d in the given units. 

5.3 Fog 

Fogging is assumed to occur if the added vapor concentration equals 

or exceeds the saturation deficit. We further assume that the fogging 

will occur over a distance of 1.25a on either side of the downwind vector. 

This distance corresponds to Briggs' plume half-width,^ which is determined 

by equating the integral of the Gaussian distribution in the lateral direc­

tion to that of a uniform distribution having the same centerline concen­

tration. The result Is^-n/lo , that is, 1.25a , as given above. At the 

same distance X from the tower, the sector arc length is TTX/8 (each sector 

covering 22 1/2°). The hours of fog are then adjusted by multiplying by 

the ratio of the fogging width to the arc length, that is, by 2.50a / 

(TTX/8). For example, a fog in which 2.50a corresponds to a 10° sector 

would be tallied as 10/22.5 or 4/9 hr of fog on the average for each hour 

of clock time for that sector. 

5.4 Ice Fog 

The calculation for ice fog follows that for fogging. If the local 

moisture concentration exceeds the saturation deficit and, in addition, 

the temperature is below the freezing point, icing is assumed to occur. 

The hours of ice are adjusted, of course, in the same manner as the 

hours of fog. 
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6. CALCULATION OF DRIFT DEPOSITION AND SALT CONCENTRATION 

As originally written and as described in Ref. 1, the drift calcula­

tion assumed that all drift particles of a certain original size class 

formed a plume having a Gaussian distribution of particle concentration 

about its own centerline. The centerline of the particle plume was assumed 

to lie below that of the vapor plume by the distance through which the 

finite-size drift particles had fallen, as determined by the method of 

Hosier et al.^ The drift deposition was then calculated as the product 

of the ground-level concentration and the velocity of the final fall. 

The above procedure was modified about the time of publication of 

Ref. 1. The diffusion model described above was abandoned, and a ballistic 

trajectory model in which all particles of a given initial size reach the 

ground at the same distance from the tower was employed. The method of 

Hosier et al. was retained for computing the trajectories. 

The trajectory model assumes that all droplets of a given original 

size fall to the ground at the same distance from the tower for the same 

conditions of wind, relative humidity, and atmospheric stability. This 

distance is that at which the total fall distance of the droplet just 

equals the local plume height above ground. 

The fraction of droplets falling in the interval AX spanning X is 

approximated in ORFAD by 

,_ .̂  dC dD ,^,. 
^^ = ^^ dD dX ' (1'') 

where X(D) is the distance at which a droplet of diameter D strikes the 

ground and C(D) is the cumulative distribution function of the droplets. 

The drift deposition can be determined from the fraction of drift 

falling at a given distance, the area of the corresponding 22.5° sector, 

and the total salt emission from the tower. 

The airborne salt concentration is then found as the drift deposition 

rate divided by the velocity of the final fall. 
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6.1 Determination of dC/dD 

The cumulative distribution function C is developed from the input 

data oti droplet size distribution, as shown in Fig. 3. Integration of 

the basic input frequency function, shown in part (a) of the figure, is 

carried out over 25 subintervals spanning the droplet sizes given, result­

ing in the cumulative distribution function in part (b). Differencing of 

C at the boundaries of the 25 subintervals and dividing by the subinterval 

width yields dC/dD, as shown in part (c). Note that this function coin­

cides with the original function except for scale unless a subinterval 

spans a boundary of the basic intervals. There, the derived function 

value is the weighted mean of the adjacent values. The weights are 

selected to be area preserving. 

6.2 Determination of dP/dX 

Hosier et al.^ classify droplets into three categories: (1) those 

that do not evaporate at all, (2) those that evaporate to saturated solu­

tions, and (3) those that evaporate to dry particles. In the first cate­

gory, the fall velocity V_ is a constant dependent only on droplet diameter. 

Within categories 2 and 3, the fall velocity of the evaporating drop­

let is determined by averaging an initial value dependent on the original 

size of the droplet and a final uniform value attained after some evapora­

tion distance H . The residual droplet is assumed to strike the ground 

with this final velocity. 

The assumption that all droplets and particles are spherical is 

implicit throughout the model. 

6.2.1 No evaporation; relative humidity ̂ 76% 

For the nonevaporating case, the quantity dD/dX can be derived 

analytically. First, we note for convenience that 

d D = ^ d D _ 
dX ~ dX dV^ • ^^^ 
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From the relation 

Time of fall = horizontal transport time 

or 

H/V^ = X/U , (16) 

we get 

V, - fi , (17) 

so that 

LActually, the sign of the right-hand side of Eq. (18) has been changed so 

that the drift depositions will be positive.J 

We now consider the second factor dD/dV-, for which we require V^ as 

a function of D. Because there is no evaporation, the droplets fall at 

uniform velocities characterized by their diameters, as shown in Fig. 4. 

Small droplets are assumed to follow Stokes* law, while medium and large 

droplets fall according to wind tunnel data^ reported in the International 

Meteorological Tables, 1966. The fall velocity V̂ . is given by the 

equations 

V^ = D2/33414 D < 74.36 ym (19a) 

V^ = 0.00445(D - 37.18) D > 74.36 ym, (19b) 

where V^ is fall velocity, m/sec, and D is original droplet diameter, 

ym. Then, we have, for D ^ 74.36 ym. 

dD_ = 1 EL (20) 
dV, 2 V. ^ ' 
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Fig. 4. Terminal fall velocity of water droplets. Data from 
International Meteorological Tables, 1966. 

and 

dX 2V^X I f dX 
(21) 

For the larger droplets, we obtain 

dD ^ 1 
dV^ 0.00445 ' 

(22) 
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Hence, for D > 74.36 ym. 

dP - 1 V - u ^ » (23) 
dX 0.00445X f X 

6.2.2 Evaporation; relative humidity <76% 

For relative humidity below 76%, evaporation is assumed to occur, 

with a droplet possibly attaining a saturated solution or becoming a dry 

particle. The fall velocity of the droplet or particle is found by 

averaging an initial velocity dependent on initial droplet size and a 

final velocity dependent on relative humidity. A repetitive solution 

now becomes necessary in order to determine the diameter of a droplet 

falling at a given distance. 

6.2.2.1 Evaporation distance 

The distance a droplet falls while evaporating depends on the ini­

tial droplet diameter and the ambient relative humidity. This distance 

has been given graphically by Hosier et al.^ and is approximated in ORFAD 

by the expression 

-6 2.667 

H =Z:MiLi^J2 , (24) 
e (i-r)l-079 

where H is evaporation distance, m, D is original droplet diameter, m, 

and r is relative humidity. 

6.2.2.2 Saturated solution droplets; relative humidity -50% 

In the relative humidity range from 50 to 76%, evaporation is 

assumed to occur until the droplets become saturated. The droplets then 

fall at a constant velocity dependent on their final diameter. The 

vertical distance the droplets fall before becoming saturated is given 

by Eq. (24). The initial velocity is that obtained from the appropriate 

one of Eq. (19). 
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A mass balance gives the diameter of the saturated droplet as 

D = D 
s 

P c w 
P c s s 

1/3 

(25) 

where 

D = diameter of the saturated droplet, ym, s 
D = diameter of the original droplet, ym, 

p = initial water density, g/cc, 
w 

= 1.0 + 0.7 c, for c 1 0.05 g/g, 

p = saturated solution density, 1.197 g/cc 

c = initial concentration, g/g, 
c = saturated solution concentration, 0.26 
s 
The final fall velocity is given by 

V = V p /p , 
s s s ' (26) 

where v is final fall velocity of the saturated droplet, m/sec, V is 
s s 

fall velocity of a droplet of diameter D [from Eq. (19)], m/sec, and 

p is density of pure water, 1.0 g/cc. 

The average fall velocity V during evaporation (i.e., while falling 

through the distance H ) is then found as the mean of the initial and 
e 

final fall velocities. 

\ = (Vf + v^)/2 , (27) 

where V^ is the initial fall velocity of a droplet of original diameter 

D [from Eq. (19)], in m/sec. An evaporation time is computed from 

H 
t = -^ , (28) 
^ V 

where H is found from Eq. (24), 
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The droplet falls a distance H in time t, where 

V2 _ v2 
H = V^t - i - ^ 2 H " ^ ^^ t < t^ (29a) 

or 

H = H + ( t - t ) v t i t (29b) 
e e s e 

The time t is the horizontal distance divided by the wind speed, as indi­

cated in Eq. (16), and H must equal the plume height above ground at the 

same distance. The origin of the second term on the right-hand side of 

Eq. (29a) is explained in Appendix D. 

6.2.2.3 Dry particles; relative humidity <50% 

For relative humidities below 50%, the droplets are assumed to evap­

orate to dry particles. The particles then fall at a constant velocity 

dependent on their final diameters. Except for differing velocities, 

this category is handled in the same manner as the saturated solution 

droplets. 

A mass balance gives the diameter of the dry particle as 

1/3 

(30) 

where D, is diameter of the dry particle, m, p, is dry particle density, 

2.165 g/cc, and the remaining quantities are as previously defined. 

The final fall velocity is given by 

^d = V d / p ' (31) 

where v, is final fall velocity of the dry particle, m/sec, and V, is 

fall velocity of a particle of diameter D, [from Eq. (19)], m/sec. 

D^ = D 

— -. 
Pw^ 

Pd 

L -I 
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The average fall velocity V during the drying out period (i.e., 

while falling through the distance H ) is then found as the mean of the 

initial and final fall velocities: 

Vg = (V̂  + v^)/2 . (32) 

The particle falls a distance H in the time t, where 

V2 - v2 

e 

or 

H = H + ( t - t ) v , t - t . (33b) e ê  d e 

6.2.2.4 Solution for dP/dX 

Starting from the largest size, the program selects a drop size from 

the droplet distribution function. The distance from the tower at which 

this selected drop will strike the ground is then found from Eqs. (25) 

through (29) for saturated drops or from Eqs. (30) through (33) for dry 

particles, depending on the relative humidity. 

This calculation, using successively smaller drops, is repeated 

until two consecutive drop sizes yield fall distances spanning the cur­

rent deposition distance. The slope dD/dX of the diameter vs distance 

curve is then approximated by the ratio of the difference in the two drop 

sizes to the difference in the corresponding fall distances. 

6.3 Drift Deposition and Salt Concentration 

We calculate a source term Q^ from 

qF c 

pw 
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where 

Ql = total salt from the tower, g/sec, 

q = heat rejection, cal/sec, 

F = fraction of circulating water as drift, 

c = concentration of salt in circulating water, g/g, 

Z = specific heat of circulating water, 1.0 cal/g'°C 
pw ^ :, o 
At = circulating-water temperature range, °C. 

Then 

X = Q AC/A , (35) 
2 1 

where x is salt deposition rate, g/secm , A is area of deposition 

sector, m^, and AC is fraction of total output salt deposited in sector. 

The area, radial width, and mean radius of a 22.5° sector are related by 

AX = M , (36) 

where AX is radial width of sector, m, X is mean radius of sector, m. 

Finally, using the definitions of AC from Eq. (14) and of AX from Eq. (36) 

we obtain 

S^^dCdD ,„. 
^2 " TT X dD dX ^ ^ 

as the equation for drift deposition rate (g/sec*m^). The equation 

applies whether droplet evaporation occurs or not, evaporation entering 

only into the determination of dD/dX. 

Salt concentration (g/m^) is then found from the deposition by 

dividing by the final fall velocity, that is. 

C3 = X^/v , (38) 

where v is final fall velocity, m/sec. The velocity v is found from 

Eqs. (19), (26), or (31), as appropriate to a nonevaporating droplet, 

a saturated solution droplet, or a dry particle, respectively. 
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7. PROGRAM OPERATION 

This section presents a brief description of the organization of 

the ORFAD program and the subroutines and functions employed (exclusive 

of plotting and system-supplied routines), instructions on input prepara­

tion and job submission, and the program output. Some knowledge of the 

computer procedures is presumed; for example, the user is assumed to have 

appropriate computer charge numbers and jobname initials for use at ORNL. 

7.1 ORFAD Organization 

The overall organization of ORFAD is Illustrated in Fig. 5, which 

shows the calling sequences for the subroutines and functions used by the 

program. A complete listing of the FORTRAN programs used may be found in 

Appendix E. 

L e v e l : I 

MAIN-

I I 

-READIN-

-TAPCHK 

-SAMPLE-

-S0LAR 

-TRAJ 

-STAC^N 

-PV-

-PVS-

-PRISE 

-SYSZ 

-TABLE 

I I I 

-SIGNCK 

-PV-

-PVS-

-PRISE 

-PVS-

-BP 

-PVSF 

ORNL-DWG 76-13828 

I V V 

-BP 

-PVS-

-PVSF 

-PVSF 

-Plot Routines 

-Other System-Supplied Routines 

-PVSF 

Fig. 5. Overall organization of ORFAD, showing the calling sequences 
for subroutines and functions. 
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Table 1 shows the intercommunication among the subprograms through 

the medium of C0MM0N storage, both labeled and blank. 

7.2 ORFAD Subroutines and Functions 

The main program calls, directly or indirectly, a number of sub­

programs that perform the functions described below. The plotting routines 

have not been included 

Name Function 

READIN Reads hourly weather data from tapes obtained from NOAA. 

SIGNCK Tests the validity of weather data and supplies the 

proper signs. 

TAPCHK Verifies that proper tape was mounted, checks tape 

data period and start date against requested values. 

SAMPLE Provides sample values of plume rise and drift for 

program verification. 

PV Calculates atmospheric vapor pressure from wet and dry 

bulb temperatures and elevation above sea level. 

PVS Calculates pressure of saturated vapor, in. Hg, at a 

given wet bulb temperature, °F. 

PVSF Calculates pressure of saturated vapor, psi, at a 

given wet bulb temperature, K. 

BP Determines the standard barometric pressure, in. Hg, 

at a given altitude in feet above sea level. 

S0LAR Provides equation of time and declination of sun for 

use in subroutine STAC0N. 

PRISE Calculates plume rise above stack top as a function of 

downwind distance. 

TRAJ Calculates various quantities used for drift calcula­

tion in main program, such as evaporation distances 

and fall velocities for saturated and dry particles. 

STAC0N Calculates the Pasquill atmospheric stability class. 

SYSZ Calculates the diffusion coefficients a and a as 
y z 

functions of downwind distance and stability class. 

TABLE Prints output tables. 



Table 1. Blank and labeled C0MM0N storage in ORFAD 

Program 
name 

C0MM0N storage names 
MAINC TAPE SAMP DR0PS STAB Blank TABUL TITLER LGND C0NT Q7QUAD SUB SCANC IBREAK 

MAIN 

READIN 

TAPCHK 

SAMPLE 

TRAJ 

STAC0N 

PRISE 

SYSZ 

TABLE 

BL0CK DATA 

C0NPLT 

RC0NTR 

LTRIS 

UTRIS 

Q7PL0T 

C0NTUR 

SUBPLT 

B0UNDS 

SCAN 

PLTINT 

PL0TT1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

N3 
0^ 

X 

X 

X 

X 

X 

X 

X X 

^S0LAR, SIGNCK, PREP, PV, PVS, PVSF, and BP have no C0MM0N storage. Programs from C0NPLT down are plotting 
routines. PREP is also a plotting routine. 
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7.3 Input Preparation 

This section discusses the preparation of input for ORFAD, starting 

with descriptions of the input quantities required, together with their 

names and locations within the input deck, and followed by a suggested 

input form for convenient organization of the data. Sample numbers have 

been Inserted. An example of an input deck, as it might be punched on 

cards from the sample input, is given next. Finally, the use of avail­

able options is discussed, together with some of their consequences. 

7.3.1 Description of input quantities 

Table 2 lists all the input quantities required for a computer run 

with program ORFAD, giving location in the card deck, the FORTRAN name, 

and a short description of each quantity. Some comments relative to the 

use (or misuse) of the quantities have been included. 

7.3.2 Suggested input form 

Figure 6 shows a suggested input form for use with ORFAD, complete 

with a set of sample input numbers. Note that, where relevant, units 

have been specified at the extreme right. The monthly concentration array 

C0NCM has been labeled with the months to which the respective numbers app 

7.3.3 Input card deck 

The input card deck for ORFAD contains, for each case, 12 cards 

giving the tower dimensions and operating parameters, miscellaneous 

output instructions such as the distance at which calculations will be 

performed, the number and type of contours to be plotted, etc. Figure 

7 shows the input quantities from Fig. 6 as they could be punched on 

cards. 

All input cards, except the first of each set of 12, are read with an 

8E10.3 format. With a decimal point present, the numbers may be punched 

anywhere within their assigned columns. However, proofreading is easier 

if numbers are started in columns 1, 11, 21, etc. Very small or very 

large numbers may be punched in an E-format, but care must be taken to 

avoid misinterpretation by the program. For example, the 0.0000001 in 



28 

Table 2. Locations, names, and descriptions of Input quantities 

Card 
No. Column 

FORTRAN 
name 

Description 

1-72 L0C 

73-80 TAPEN 

1-10 HT 

11-20 RA 

21-30 APP 

31-40 

41-50 

51-60 

R0 

W0 

HEATT 

61-70 LAT 

Any descriptive title may be inserted in 
these columns. The title will be printed 
on the first page of the output, on the 
first page of each set of annual tables, and 
on the first page of the overall-average 
tables. CAUTION; Do not allow the title 
to extend into any of columns 73—80. Any 
nonnumeric characters that appear in these 
columns will cause the operating system to 
terminate the program with a note to the 
effect that you have used an "Illegal decimal 
character." Be warned. 

The weather tape number is optional; if It 
is supplied, subroutine TAPCHK will do vari­
ous things for you, such as verifying that 
the correct tape was mounted, that the 
data period requested is compatible with 
that actually on the tape, etc. It is the 
user's responsibility to see that the 
TAPCHK arrays contain information covering 
the requested tape. If TAPEN is omitted, 
no checking is done, but a note to that 
effect is printed. 

This is the height of the stack top above 
local ground level, m. 

RA is the temperature range, i.e., the 
temperature of the circulating water enter­
ing the tower minus the temperature of that 
leaving. Temperatures are in °F. 

This is the ratio of the circulating-water 
mass flow rate to the air mass flow rate 
through the tower. 

Inside radius of the top of the tower, m. 

Exit velocity of the stack gases, m/sec. 

Total heat rejected. Meal/sec. If there 
are several towers in the cluster, use the 
sum for all. 

Latitude of the tower, in degrees N. If the 
latitude is south, enter the latitude as a 
negative number. Note that the entry must 
be in decimal degrees, not degrees, minutes, 
and seconds. 
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Table 2 (continued) 

Card 
No. Columns 

FORTRAN 
name Description 

71-80 L0NG 

1-10 

11-20 

21-30 

ELEV 

FRACDR 

DRCLAS 

31-40 

41-50 

51-60 

C0NC 

YRS 

Z0NE 

61-70 START 

71-80 WBD 

1-80 C0NCM 

Longitude of the tower, in degrees W. If the 
longitude is east, enter the longitude as a 
negative number. Use decimal degrees. 

Elevation of tower base above mean sea level, 
ft. 

Mass fraction of circulating water carried out 
of the tower as drift. 

Number of size classes of drift particles. 
The number of entries on cards 6 and 7 should 
agree with this number. Failure to agree can 
lead either to a terminated computer run or 
erroneous results. The maximum value for DRCLAS 
is currently 8. 

Concentration of dissolved solids in the cool­
ing tower water, mass fraction. 

Number of years for which data are to be 
analyzed. 

Time zone of cooling tower. Eastern Standard 
Time Zone is 5; Central Standard is 6, etc. 
Z0NE is used by the program to determine which 
hours should have data on the tapes for the 
years after 1964. 

Last two digits of the first year to be 
analyzed. This number is used in conjunction 
with YRS to determine the period to be 
analyzed. For example, to analyze the years 
1959 through 1967, enter 9 in columns 41-42 
and 59 in columns 61—63. 

This quantity, the wet bulb depression, in °F, 
may be used to resolve the ambiguous cases where 
wet and dry bulb temperatures have been reported 
equal on the weather tape but natural fog was 
not reported. If a greater-than-zero value is 
entered for WBD, it is used for calculating 
the saturation deficit in the ambiguous cases. 

Monthly concentration array, January through 
August. These eight months are entered In 
the eight 10-dlglt fields on the card, columns 
1-10, 11-20, etc. 
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Table 2 (continued) 

Card „ , FORTRAN 
Columns 

No. name Description 

1—40 C0NCM 

1-80 DIAM 

1-80 DRFRAC 

1-10 DNUM 

11-20 

21-30 

31-40 

T0TTWR 

T0WERS 

CLUSIZ 

41-50 FRAC0N 

51-60 XNDIS 

61-70 HSALT 

71-80 SAMP 

Monthly concentration array, September through 
December. The last four months are entered in 
the first four 10-digit fields. 

Enter the characteristic diameters, ym, of the 
drift particles in each of the DRCLAS size 
classes. As before, the numbers are entered 
in up to eight 10-diglt fields, columns 1—10, 
11-20, etc. 

Weight fractions for the drift particles in 
each of the DRCLAS classes. Enter in up to 
eight 10-diglt fields, as before. 

Number of drift contours to be plotted. The 
actual values used are selected by the program. 
The program starts with the highest value that 
can be plotted, and succeeding contour values 
are decreased by a factor of 2 until DNUM con­
tours have been plotted. 

Total number of cooling towers. 

Number of cooling towers in a single cluster. 

Maximum dimension of a single cluster, m. This 
will ordinarily be the diameter of the smallest 
circle enclosing all the towers of a cluster. 

Fraction of the plume vapor that condenses. 
The fraction determines the added buoyancy 
resulting from release of latent heat in the 
plume. A value of zero should yield conserva­
tive fogging and drift estimates (conservative 
in the sense of overestlmatlon). 

Number of distances at which calculations of 
fog, drift, etc., will be made. The maximum 
number currently is 19. 

The height above ground, m, at which the air­
borne salt concentration is to be calculated. 

This parameter is used to trigger a calcula­
tion of a sample plume rise and drift. If 
SAMP = 0. (or, equivalently, is left blank), 
the sample calculation is bypassed. If SAMP = 
1., the sample calculation is performed, but 
the computer run is terminated immediately 
thereafter. SAMP = 2. (or greater) produces 
the sample calculation and continues the 
computer run. 
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Table 2 (continued) 

Card 
No. Columns 

FORTRAN 
name Description 

1-80 XMI 

10 

11 

12 

1-80 

1-30 

1-10 

11-20 

21-30 

XMI 

XMI 

XNUM 

VPLT 

ANNUM 

Distance array, miles. These are the distances 
downwind from the towers at which calculations 
for fog, drift, etc., will be made. This card 
contains the first eight distances in the 
standard 10-diglt fields. 

This card continues the distance array, assum­
ing more than eight values are used. If XNDIS 
is ̂ 8, leave this card blank. 

This card completes the distance array. 
XNDIS is -16, leave this card blank. 

If 

Number of fog, ice, and salt contours to be 
plotted. Values on the contours are selected 
by the program, as explained for DNUM (card 8) 

Enter any positive number to get plots in the 
16 compass directions in vertical planes. 
Contour values are selected as previously 
explained. 

Enter any positive number to get annual fog, 
drift, ice, and salt tables. If ANNUM is 
entered as zero (or left blank), no annual 
tables but only the overall averages will be 
printed. This provides for considerable sav­
ing in lines printed. 
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Card 
No. 

1 

2 

3 

4 

5 

6 

Cols. 

1-72 

73-80 

1-10 
11-20 
21-30 
31-40 
41-50 
51-60 
61-70 
71-80 

1-10 
11-20 
21-30 
3 H 0 
41-50 
51-60 
61-70 
71-80 

1-10 
11-20 
21-30 
31-40 
41-50 
51-60 
61-70 
71-80 

1-10 
11-20 
21-30 
31-40 

1-10 
11-20 
21-30 
31-40 
41-50 
51-60 
61-70 
71-80 

FORTRAN 
name 

L0C 

TAPEN 

HT 
RA 
APP 
R0 
W0 
HEATT 
LAT 
L0NG 

ELEV 
FRACDR 
DRCLAS 
C^NC 
YRS 
Z0NE 
START 
WBD 

C0NCM 

CdlNCM 

DIAM 

Description 

Title. Fxample Cooling Tower Calcula 
Draft — Case 1 

Weather tape number 

Stack top height above ground, m 
Temperature range, "F 
Water to air mass flow ratio, g/g 
Tower inside radius at exit, m 
Stack gas exit velocity, m/sec 
Total heat rejected. Meal/sec 
Latitude of towers, °N (minus if S) 
Longitude of towers, "W (minus if E) 

Tower base elevation above MSL, ft 
Fraction of water as drift, g/g 
Number of drift size classes, <8 
Concentration of dissolved solids, g/g 
Years of data to analyze 
Tower time zone, EST = 5 
Last two digits of first vear 
Wet bulb depression, "F 

Dissolved solids monthly 
concentration array, optional 
use overrides C0NC, g/g 

Dissolved solids monthly 
concentration array, concluded, g/g 

Diameter array for drift particles. 
um; number of entries should agree 
with DRCLAS, rraximum = 8 

Value 

tion — Natural 

2088. 

137. 
25. 
2.67 
33.5 
4.2 
1128.1 
41.27 
73.95 

20. 
0.00005 
4. 

10. 
5. 
59. 

0.00054 
0.0022 
0.0000036 
0.0000001 
0.000046 
0.0025 
0.008 
0.01 

0.009 
0.0048 
0.0006 
0.0004 

50. 
100. 
150. 
200. 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 

Sep 
Oct 
Nov 
Dec 

Note Format for card 1 = 18A4, r8.0, for cards 2-12, 8F10.3 

The default input value for any unspecified quantity = 0.0 

Fig. 6. Suggested input form for 

ORNL DWG 76-13829 

Cols. 

1-10 
11-20 
21-30 
31-^0 
41-50 
51-60 
61-70 
71-80 

1-10 
11-20 
21-30 
31-40 
41-50 
51-60 
61-70 

name 

DRFRAC 

DNIM 
TtiTTWR 
T0WERS 
CLUSI7 
ERAC0N 
XNDIS 
HSALT 

Description 

71-80 SAMP 

1-10 
11-20 
21-30 
31^0 
41-50 
51-60 
61-70 
71-80 

1-10 
11-20 
21-30 
31^0 
41-50 
51-60 
61-70 
71-80 

1-10 
11-20 
21-30 

1-10 

13-20 

21-30 

XMI 

XMI 

XMI 

XNUM 

VPLT 

ANNUM 

Weight fraction array for drift 
particles, entries should sum 
to 1.0, number of entries should 
agree with DRCLAS, maxlmuin = 8 

Number of drift contours to plot 
Total cooling towers 
Cooling towers per cluster 
Maximuin cluster dimension, m 
Fraction of vapor condensed 
Number of distances, maximum = 19 
Height at which salt concentration 

is calculated, m 
= 0. No sample plume 
= 1 Sample plume only 
- 2. Sample plume + full cal­

culation 

Distance array, miles, distances 
downwind from towers at which 
calculations will be made, 
number of entries should agree 
with X^DIS maximum = 19 

Distance arra\, continued, miles 

6 Aug 75 

Value 

0 
0 

d 0 
0 

2 
46 
24 
1 

5 
1. 
1. 

67. 

19. 
n 8. 

2. 

Distance arrav, concluded, miles 

Number of fog, ice, and salt 
contours to plot 

Any positive number to get 
vertical plane plots 

Any positive number to get 
annual fog, drift, ice, and 
salt tables 

0 
0 
0 

25 
5 
75 

1. 
1 
1 
1 
2 

2 
2 
2 

25 
5 
75 

25 
5 
75 

3. 
3 
3 
3 
4 

4 
4 
5 

25 
5 
75 

25 
5 

4. 

with sample values inserted. 

* 
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Fig. 7. ORFAD input deck as punched from the data of Fig. 6. 

columns 31—40 of card 4 could have been punched as l.OE-7. However, if 

the exponent ended in a column other than 40, the number would be mis­

interpreted by the program. If the 7 were to be punched in, say, column 

38, the blanks in columns 39 and 40 would cause the number to be read as 

l.OE-700, which is not what was intended. 

The first card of each set is read with an 18A4, F8.0 format; as a 

result, the title must not extend past column 72. Information other 

than numeric (or blanks) in columns 73—80 will cause immediate termina­

tion of the computer run. 
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7.3.4 Options 

Some of the input items in ORFAD are optional in the sense that the 

program will function with or without them. However, the output, and, 

to some extent, the calculation will depend on whether the options are 

exercised. 

In general, any unspecified input number will be taken as zero. This 

means that if an option requires a number in order to be activated, leav­

ing the quantity blank (or, equivalently, inserting zero) omits the 

option. The general principle is that optional items must be requested. 

7.3.4.1 Title and tape number 

Both items on this card are optional. A title need not be given, 

although it is certainly convenient for output identification. The 

tape number similarly may be omitted with no untoward effects. If the 

tape number is omitted, no checking is done, and a message to that effect 

is printed in the case output. If a tape number is given for a tape on 

which the checking subroutine has no data, a warning message is also 

printed In the output. 

7.3.4.2 Dissolved solids concentration 

The dissolved solids concentration may be specified as a single 

quantity to be used for the entire year or as a set of monthly values. 

The program determines which to use by examining the C0NCM array. If 

the array is empty, C0NC (the yearly concentration) is used; otherwise, 

C0NCM is used. Hence, one or the other must be specified. If the array 

is nonzero, C0NC is irrelevant and will be ignored (actually, ORFAD, for 

various reasons, will take it to be 1.0). 

7.3.4.3 Wet bulb depression 

In the normal course of events, if the wet and dry bulb temperatures 

are reported as equal (on the weather tape) and fog has not been reported, 

ORFAD will calculate a period of additional fog induced by the tower 

irrespective of the amount of added vapor. Unfortunately, the situation 

is ambiguous; the weather tape temperatures are reported to whole 
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degrees only, so that the real difference could be up to 1° when the 

two temperatures are reported equal. The wet bulb depression (WBD) permits 

the user to resolve the ambiguity, if desired, by stating what difference 

to use in place of zero. WBD is then used in setting the saturation 

deficit utilized in determining whether fog occurs, but only when wet 

and dry bulb temperatures have been reported equal. Lacking anything 

better, 0.5 could be used for WBD on the basis that this is the mean of 

the zero minimum and the 1.0 maximum. 

7.3.4.4 Contour plots 

DNUM and XNUM specify the number of contours to be plotted in the 

horizontal plane. Specifying any nonzero value for VPL0T generates a 

set of vertical plane plots, one for each of the 16 compass directions 

used. About 135 cards are punched per case if horizontal plane plots 

only are called for, and roughly five times that many are punched if 

vertical plane plots are also requested. Since the default limit on 

punched cards is 1000, this option can cause trouble unless the user is 

watchful. 

7.3.4.5 Condensed vapor fraction 

FRAC0N, the fraction of vapor condensed, affects the plume rise 

through release of latent heat. Ordinarily, this quantity will be left 

blank. However, if the user has reason to believe that condensation is 

occurring or if he just wants to determine the effect of the condensation, 

the parameter may be set to some positive fraction. 

7.3.4.6 Elevation for salt concentration 

The parameter HSALT determines the height above ground at which 

concentration of airborne salt will be computed. Ground level is obtained 

if the quantity is left blank. 

7.3.4.7 Sample plume and drift 

Setting SAMP to some nonzero value directs the computer to calculate 

a sample plume and drift for program-generated combinations of distance, 

wind speed, stability class, relative humidity, etc. If only the sample 
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calculation is wanted, use 1.0 for SAMP; this will terminate the calcula­

tion immediately after the sample output. Setting SAMP = 2.0 or more 

will yield the sample values and continue the calculation. 

7.3.4.8 Annual tables 

If ANNUM is specified, annual tables of fog, ice, drift, and salt 

will be produced. For a calculation covering a 10-year period, this 

results in the generation of 89 pages of output; leaving ANNUM blank 

reduces the output to about 9 pages. The annual averages over the entire 

period are produced in any event, so that, unless results for Individual 

years are required, leaving ANNUM blank is strongly recommended. 

7,4 Job Submission 

Job submission is treated here only to the extent necessary for the 

running of ORFAD jobs at ORNL. The job deck makeup and job control 

language will be covered only in that detail felt necessary for a reason­

able chance of successful operation. Some variations are provided for 

the benefit of the experimentally minded. 

7.4.1 Overall job deck makeup 

The current version of ORFAD is stored on the on-line disk at ORNL, 

and the sample job deck shown in Table 3 is set up to use that version. 

Note that hexadecimal decks may be Incorporated to supplant any of the 

routines on disk. Table 4 is a more general job deck, in which both 

FORTRAN and hexadecimal-level card decks may be used to replace any disk 

versions of programs. Note the differences between Tables 3 and 4; in 

particular, note that the cataloged procedure F0RTHLG is called for in 

Table 3, whereas F0RTHCLG is required in Table 4. 

7.4.2 Job control language 

The job control language (JCL) portions required for using ORFAD are 

set forth in Tables 3 and 4. This section discusses a few of the more 

commonly experienced stumbling blocks encountered in their use. Any 

greater treatment of the rather esoteric subject of JCL would be neither 

appropriate nor feasible here. 
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Table 3. Sample job deck with ORFAD on the on-line disk at ORNL" 

//MELF J0B (98765), '¥-12 9204-1 LA VERNE' 
//*CLASS CPU91=20M,SPECIAL=TAPE,10=15 
// EXEC F0RTHLG,PARM.G0='EU=-1,DUMP=H',REGI0N.G0=25OK 
//LKED.SYSLIB DD 
// DD 
// DD 
// DD DSNAME=LABLIB,DISP=SHR 
// DD DSNAME=A8.G1,P31394.C10207.CHANDLER.GRAPHICS, 
// V0L=REF=ZZZZZZ,DISP=SHR 
//LKED.PL0TSUBS DD DISP=(SHR,PASS),DSN=JGSPL0TH 
//LKED.FT33F001 DD DISP=SHR,UNIT=2314,V0L=SER=ZZZZZZ, 
// DSNAME=0NLINEA.MELHF235.0RFAD 
//LKED.SYSIN DD * 

(Any hexadecimal decks go here. Use is optional.) 

INCLUDE PL0TSUBS 
INCLUDE FT33F001 

/* 
//G0.FT49FOO1 DD UNIT=IN20U2,DCB=(RECFM=VS,LRECL=32O4,BLKSIZE=32O8), 
// DISP=(NEW,KEEP),SPACE=(3208,(30,10),RLSE),DSN=PL0TOO.MELF 
//G0.FT51FOO1 DD SYS0UT=A 
//G0.FTO7FOO1 DD SYS0UT=B,DCB=(RECFM=FB,LRECL=8O,BLKSIZE=352O) 
//G0.FTO8FOO1 DD UNIT=TAPE9,V0L=SER=8,LABEL=(1,NL),DISP=0LD, 
// DCB=(RECFM=F,BLKSIZE=495) 
//G0.FTO5FOO1 DD * 

(Input decks go here) 

/* 
// 

Caution: If hexadecimal decks are used, remember that they will 
supersede any routines with the same names occurring on the disk. 

7.4.2.1 Jobnames 

The computer operating system at ORNL views dimly any attempt to run 

more than one job with a given jobname at one time. At best, such an 

attempt delays execution of the second job until the first one has left 

the system; at worst, cancellation could result. The solution is to use 

a series of jobnames when multiple runs are anticipated, say, MELl, MEL2, 
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Table 4. Sample job deck using FORTRAN decks with ORFAD 
on the on-line disk at ORNL 

//MELl J0B (98765),'Y-12 9204-1 LA VERNE' 
//*CLASS CPU91=20M,SPECIAL=TAPE,10=15 
// EXEC F0RTHCLG,FARM.G0='EU=-1,DUMP=H',REGION.G0=25OK 
//F0RT.SYSIN DD * 

(FORTRAN decks go here) 

/* 
//LKED.SYSLIB DD 
// DD 
// DD 
// DD DSNAME=LABLIB,DISP=SHR 
// DD DSNAME=A8.G1.P31394.C10207.CHANDLER.GRAPHICS, 
// V0L=REF=ZZZZZZ,DISP=SHR 
//LKED.PL0TSUBS DD DISP=(SHR,PASS),DSN=JGSPL0TH 
//LKED.FT33F001 DD DISP=SHR,UNIT=2314,V0L=SER=ZZZZZZ, 
// DSNAME=0NLINEA.MELHF235.0RFAD 
//LKED.SYSIN DD * 

(Hexadecimal decks, if used, go here) 

INCLUDE PL0TSUBS 
INCLUDE FT33F001 

/* 
//G0.FT49FOO1 DD UNIT=IN20U2,DCB=(RECFM=VS,LRECL=32O4,BLKSIZE=32O8), 
// DISP=(NEW,KEEP),SPACE=(3208,(30,10),RLSE),DSN=PL0TOO.MEL1 
//G0.FT51FOO1 DD SYS0UT=A 
//G0.FTO7FOO1 DD SYS0UT=B,DCB=(RECFM=FB,LRECL=8O,BLKSIZE=352O) 
//G0.FTO8FOO1 DD UNIT=TAPE9,V0L=SER=8,LABEL=(1,NL),DISP=0LD, 
// DCB=(RECFM=F,BLKSIZE=495) 
//G0.FTO5FOO1 DD * 

(Input decks go here) 

/* 
// 

Caution: If hexadecimal decks are used, remember that they will 
supersede any routines of the same names occurring on the disk. 
Similarly, FORTRAN decks will take precedence over both hexadecimal 
decks and routines on the disk. 
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etc., and never reuse any jobname until that particular job has been 

returned. 

7.4.2.2 Plot data set names 

Similar considerations apply to the plot data set name on the 

G0.FT49FOO1 data definition card (PL0TOO.MEL1 in Table 4). Here the 

probable result is operator cancellation of the run because the plot 

data set will be reported as "unavailable." One simple solution is 

(1) to follow the recommendation in the immediately preceding paragraph 

and (2) to make the plot data set qualifier (in the example, MELl) and 

the jobname equal. 

7.4.2.3 The CLASS card 

The //*CLASS card Is essential for running ORFAD at ORNL. If the 

CLASS card is absent, the system will assign parameters appropriate to 

a class B job, but since ORFAD is Inherently a class F job, the job will 

fall. 

7.4.2.3.1 Execution time 

Execution time is specified in the CPU91 parameter of the CLASS 

card. Running time for ORFAD is 15 to 20 min; 15 may be marginal and 

20 should be adequate for one case. For multiple cases, allow 20 min 

each to be safe, that is, set CPU91=40M for two cases, etc. In most 

cases, you will use less time. 

7.4.2.3.2 The "SPECIAL" parameter 

The SPECIAL=TAPE entry must be present. Leaving it out will cause 

cancellation of the job. 

7.4.2.3.3 Output specifications 

As mentioned previously, output will depend on the options exercised. 

Reasonable "guesstimates" seem to be about 3200 lines, 600 to 700 cards, 

and 15,000 input-output (10) operations per case. System assigned 

(default) values at ORNL are 10,000 lines, 1000 cards, and 10,000 10. 
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Thus, a CLASS card for four cases with most options in use might read: 

//*CLASS CPU91=80M,LINES=15,CARDS=30,10=60,SPECIAL=TAPE. Note that 

lines and 10 are given in thousands, cards in hundreds. 

7.4.3 Overriding the disk programs 

It is inevitable that, sooner or later, some ORFAD user will find 

that he prefers a different way of performing some calculation in the 

program. Figure 5 and Table 1 have been presented previously in order 

to assist in making such changes. For further assistance. Appendix E 

contains a complete listing of ORFAD, both the main program and all 

subprograms except for system-supplied routines. 

The disk programs may be overridden by using either hexadecimal 

decks with the job deck of Table 3 or a combination of FORTRAN and 

hexadecimal decks with the job deck of Table 4. 

7.4.4 Program checkout using the data cell 

As an aid in checking out program modifications, two sets of weather 

data, each for one year, have been placed on a data cell at ORNL. 

Use of the data cell removes the necessity for mounting a tape and leads 

to faster turnaround of debugging runs. 

Necessary changes In the JCL for data cell use are as follows. The 

CLASS card reduces to //*CLASS CPU91=5M (note that SPECIAL=TAPE has 

been deleted). Other items on the card will generally be within the 

default ranges and need not be specified. The FT08F001 card (including 

its continuation) must be replaced, as shown in Table 5. 

7.5 Program Output 

The output from ORFAD consists of both tabular and graphical pre­

sentations of additional hours of fog and ice, drift deposition, and 

salt concentration resulting from cooling tower operation. A sample 

set of output may be found in Appendix F. 
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Table 5. Job control language changes required for data cell use at ORNL^ 

(A) Data period prior to 1965; data at 1-hr Intervals 

//* H0UST0N TX. WEATHER DATA 1/59 - 12/59 (0NE-H0UR INTERVALS) 

//G0.FTO8FOO1 DD UNIT=2321,V0L=SER=DCZZZZ, 

// DSN=0NLINEA.ECLDE818.HOUSTON,DISP»SHR 

(B) Data period in 1965 or later; data at 3-hr intervals 

//* NASHVILLE, TN, WEATHER DATA 1/65 - 12/65 (THREE-H0UR INTERVALS) 

//G0.FTO8FOO1 DD UNIT=2321,V0L=SER=DCZZZZ, 

// DSN=0NLINEA.ECLDE818.NASHVLE,DISP=SHR 

The first card of each set (beginning with //*) is an optional 
comment card and may be omitted. 

7.5.1 Tables 

Four types of tables are produced: one for additional fog, one for 

additional ice fog, one for drift, and one for salt concentration at a 

selected height. 

7.5.1.1 Fog and ice 

For fog and ice, the program prints out the annual number of addi­

tional hours of fog (not counting naturally occurring fogs) and ice that 

would be experienced as a result of full-time operation of the cooling 

tower. These values are printed for specified discrete distances from 

the tower for each of the 16 wind directions (points) used. The occur­

rences of "calms" are distributed among the 16 points in proportion to 

the relative frequencies of winds in those directions. 
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7.5.1.2 Drift 

For drift, the program prints, for the same locations and hours as 

used for fogs, the annual rate of deposition per unit area of the dis­

solved solids from the drift in grams per year per square metre of hori­

zontal surface. The amount of drift deposited in liquid form is neither 

calculated nor printed. 

7.5.1.3 Salt concentration 

The salt concentration is printed as grams per cubic metre at a pre­

selected altitude above ground level. The arrangement and arguments for 

the tables are similar to those for drift. 

7.5.1.4 Annual tables 

If annual tables are requested, the above tables are printed for each 

of the years in the specified period. In any event, the annual averages 

for the entire period are printed as the last set of tables. 

7.5.2 Plots 

Optionally, the printed tables may be supplemented by contour maps 

plotted in either the horizontal or the vertical plane or in both. 

7.5.2.1 Horizontal plane 

Contour maps for each of the four quantities in the printed tables 

may be plotted in the horizontal plane for the overall period averages. 

Points on the contour maps are located as on an ordinary geographical 

map, and the numerical value on the contour line indicates the amount of 

fog, drift, etc., occurring thereon. Since the directions are true 

directions, when the wind is, say, from the north, the drift will fall 

south of the tower and will be plotted there. 

7.5.2.2 Vertical plane 

Optionally, contour maps of hours of fog may also be plotted in 

the vertical plane for each of the 16 compass directions from the tower. 
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Appendix A 

NOMENCLATURE 

a 

A 

B 

c 

c s 
C 

C s 
AC 

pw 
d s 
D 

^d 
D s 
f 

F 

F w 

g 

h 

h 

H 

AH 

fg 

^ \ 
H e 

L 

Ps 

Pv 

q 

q ^eo 

Acceleration 

Solar altitude 

Sector area 

Diffusion coefficient parameter 

Concentration of salt in circulating water 

Salt concentration in saturated droplet 

Cumulative distribution function for droplets 

Salt concentration in air 

Incremental droplet deposition 

Specific heat of air 

Specific heat of water 

Saturation deficit 

droplet diameter 

Diameter of dry particle 

Diameter of saturated solution droplet 

Fraction of condensation in plume 

Flux buoyancy parameter 

Fraction of circulating water as drift 

Acceleration of gravity 

Enthalpy of air at tower exit 

Latent heat of water 

Plume height 

Plume rise for one tower 

Plume rise for N towers in a cluster 

Evaporation distance 

Maximum dimension of a tower cluster 

Saturation vapor pressure at dry bulb 
temperature 

Vapor pressure at ambient temperature 

Tower heat rejection 

Environment mixing ratio (water vapor to 
dry air) 

m/sec^ 

deg 

m' 

g/g 

g/g 

g/m-

ca l /g* 

ca l /g* 

g/m3 

ym 

Vim 

ym 

°C 

°C 

m'*/sec3 

m/sec^ 

Btu/lb 

cal/g 

m 

m 

m 

m 

m 

in. Hg 

in. Hg 

cal/sec 

g/g 
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Initial plume mixing ratio (water vapor to g/g 
dry air) 

Water vapor mass velocity at tower exit g/sec 

Total salt from tower g/sec 

Relative humidity 

Tower inside radius at exit m 

Lateral plume radius m 

Vertical plume radius m 

Stability parameter sec ̂  

Brlggs parameter for multiple plume rise 

Evaporating droplet fall time sec 

Circulating-water temperature range °C 

Wet bulb temperature for enthalpy h °F 

Ambient dry bulb temperature °R 

Environment temperature K 

Plume initial temperature K 

Atmospheric temperature gradient K/m 

Wind speed m/sec 

Final velocity of a droplet m/sec 

Final velocity of a dry particle m/sec 

Final velocity of a saturated solution m/sec 
droplet 

Initial velocity of droplet of diameter D, m/sec 

Average fall velocity during evaporation m/sec 

Initial velocity of droplet of diameter D m/sec 

Initial velocity of droplet of diameter D m/sec 

Tower exit velocity m/sec 

Downwind distance from tower m 

Width of sector in downwind direction m 

Density of pure water g/cm^ 

Density of dry particle g/cm^ 

Density of saturated solution g/cm^ 

Density of Initial droplet g/cm^ 

Plume lateral diffusion coefficient m 

Plume vertical diffusion coefficient m 



47 

X Water vapor density at ground level g/m̂  

X. Salt deposition rate g/secm^ 
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Appendix B 

PASQUILL STABILITY CLASSES 

The following explanation of the derivation of the Pasquill stability 

classes, as used in ORFAD, is adapted from Exhibit 3 of Ref. 1. This 

system for classifying atmospheric stability is based on work accomplished 

by F. Pasquill of the British Meteorological Office in 1961. Stability 

near the ground is dependent primarily on net radiation and wind speed. 

Without the influence of clouds, insolation (incoming radiation) 

during the day is dependent upon solar altitude, which is a function of 

time of day and time of year. When clouds are present, their cover and 

thickness decrease incoming and outgoing radiation; in this case insolation 

is estimated by solar altitude and modified for existing conditions of 

total cloud cover and cloud ceiling height. At night, estimates of out­

going radiation are made by considering cloud cover. 

This stability classification system has been made completely 

objective for computer determination of stability class. The stability 

classes are as follows: (1) extremely unstable, (2) unstable, (3) slightly 

unstable, (4) neutral, (5) slightly stable, (6) stable, and (7) extremely 

stable. Classes 6 and 7 are combined in ORFAD and identified as class 6, 

as suggested in Ref. 1. 

Table B-1 gives the stability classes as functions of wind speed and 

net radiation. The net radiation index (NRI) ranges from 4, the highest 

Table B.l. Stability class as a function of 
net radiation and wind speed 

Wind speed 
(knots) 

0, 1 
2, 3 
4, 5 
6 
7 
8, 9 
10 
11 
12 

4 

1 
1 
1 
2 
2 
2 
3 
3 
3 

3 

1 
2 
2 
2 
2 
3 
3 
3 
4 

Net radiation inde 

2 

2 
2 
3 
3 
3 
3 
4 
4 
4 

1 

3 
3 
4 
4 
4 
4 
4 
4 
4 

0 

4 
4 
4 
4 
4 
4 
4 
4 
4 

X 

-1 

6 
6 
5 
5 
4 
4 
4 
4 
4 

-2 

7 
7 
6 
6 
5 
5 
5 
4 
4 
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positive net radiation (directed toward the ground), to -2, the highest 

negative net radiation (directed away from the ground). Instability 

occurs with high positive net radiation and low wind speed; stability 

occurs with high negative net radiation and light winds; and a neutral 

condition occurs with cloudy skies or high wind speeds. 

The NRI used with wind speed to obtain stability class is determined 

by the following procedure, 

1. If the total cloud cover is 10/10 and the ceiling is less than 

7000 ft, NRI = 0 (day or night). 

2. At night (night being defined as the period from 1 hr before 

sunset to 1 hr after sunrise), 

a) NRI = -2 for total cloud cover 1.4/10; 

b) NRI = -1 for total cloud cover >4/10. 

3. During the day, use the following procedure: 

a) Determine the insolation class number as a function of solar 

altitude from Table B-2. 

b) If total cloud cover is 15/10, use the NRI in Table B-1 

corresponding to the insolation class number. 

c) If total cloud cover is ^/lO, modify the insolation class 

number by following these six steps: 

(1) Subtract 2 for ceiling <7000 ft. 

(2) Subtract 1 for ceiling 17000 but <16,000 ft. 

(3) Subtract 1 if total cloud cover is 10/10. This will 

apply only to ceilings 17000 ft, since cases with 

10/10 coverage below 7000 ft are considered in the 

first step of the procedure. 

(4) If the insolation class number has not been modified by 

the immediately preceding steps 1, 2, or 3, assume the 

modified class number equal to the class number. 

(5) If the modified insolation class number is less than 1, 

set it equal to 1. 

(6) Use the NRI in Table B-1 corresponding to the modified 

insolation class number. 
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Table B-3 shows the temperature gradients, 8T /9z, as used by ORFAD, 

as a function of the Pasquill stability class. The gradients are expressed 

in K/m. 

Table B-2. Insolation and insolation class number as 
functions of solar altitude 

a , solar altitude Insolation Insolation class No, 
8 

4 

3 

2 

1 

60" < a 
s 

35° < a 1 60" s 
15° < a 1 35° 

s a < 15° s — 

Strong 

Moderate 

Slight 

Weak 

Table B-3. Atmospheric temperature gradient as a 
function of Pasquill stability class 

Pasquill stability 3T /3z, temperature 
class gradient (K/m) 

1 -0.0263 

2 -0.0173 

3 -0.01457 

4 -0.01 

5 +0.00455 

6 0.0263 
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Appendix C 

DIFFUSION COEFFICIENTS 

The following expressions, which are used in ORFAD for the diffusion 

coefficients a and a , are derived from Briggs' expressions^ for the 

plume half-width and half-depth, R and R , respectively. The diffusion 

coefficients (in metres) are related to R and R by 
y z 

a = 0,8R , (C-1) 
y y 

and 
a = 0.8R 
z z 

(C-2) 

Both the downwind distance X and the diffusion coefficients are in metres. 

In Table C-1, B =-y/l + O.OOOIX . 

Table C-1. Diffusion coefficients as functions of 
Stability class and downwind distance 

Stability 
class 

Qy (m) 
^z ("̂̂  

1 

2 

3 

4 

5 

6 

0.22X/B 

0.16X/B 

O.llX/B 

0.08X/B 

0.06X/B 

0.04X/B 

0.20X 

0.12X 

0.08X/-y/l + 0.0002X 

0 . 0 6 X / y i + 0.0015X 

0.03X/(1 + 0.0003X) 

0.02X/(1 + 0.0003X) 

B̂ =-^1 + O.OOOIX; X i s in met res . 
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Appendix D 

FALL DISTANCE OF EVAPORATING DROPLET 

From elementary mechanics, the distance H that an object (in this 

case, an evaporating droplet) will fall in a time t under constant 

acceleration a and with an initial velocity V_ is given by 

H = Vjt + J at2 . (D-1) 

The evaporating droplet attains the velocity v after some evaporation 

time t , so that e' 

V - V 
a ^ . (D-2) 

e 

The evaporation time is 

H 
t = ̂  , (D-3) 

V 
e 

where H is the evaporation distance defined by Eq. (24) of the text and 

V^ = I (V̂  + v) . (D-4) 

Then 

V2 -v2 

a 2r- (̂ 5) 
e 

and 

. V2 - v2 

e 

which becomes Eq. (29a) of the text when v = v , the final fall velocity 

of a saturated droplet, and Eq. (33a) when v = v,, the final velocity of 

a dry particle. 
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Appendix E 

FORTRAN LISTING OF ORFAD PROGRAMS 
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LEVEL 21.6 (DEC 721 OS/360 FORTRAN H 

CNT=60,SIZ6'=OOOOK, 
DECK,LOAD,MAP.NOEDIT.NOID, NO 

ATIONAL CLIMATIC CENTER, ASH 
A SIGN OVER UNITS POSITION 

AN I SPECIF ICATION OF PROPER 
ETER L I S T AS ISGN, THE REMAI 
OH THE SUBROUTINE THE VALUE 
S I G N . I T WILL BE THE USER RE 
TH PROPER DECIMAL ALIGNMENT. 
0 BE SET TO 9 9 9 9 

COMPILER OPTIONS - NAME= M A I N , 0 P T = 0 2 . L I N E 
SOURCE,EBCDIC,NOLIST. NO 

SUBROUTINE SI GNCWI FLO, ISGNt 
C THIS SUBROUTINE FURNISHED BY N 
C WILL TEST ANY PSYCHROMETRIC WIT 
r AND THE HIGH ORDER POSITION AS 
C THE SIGN SHOULD ENTER THE PARAH 
C PORTION AS I F L D . UPON RETURN FR 
C WILL BE AN INTEGER WITH PROPER 
C CONVERT THIS TO DECIMAL FORM WI 
C INVALID CONDITION CAUSES IFLD T 

DIMENSION IP( lOI.MINdOl.NUMdOl 
DIMENSION INUMdOl 
DATA I N U H / U ' , « 2 ' , ' 3 < , > 4 ' , ' 5 ' , ' 6 ' , ' 7 " , ' 8 ' , ' 9 ' 
DATA I P / " A ' , ' B ' . ' C ' . ' D ' , ' E ' , * F " . ' G ' , ' H ' , ' I ' . " 
DATA M I N / ' J ' , " K ' . ' L ' . ' M ' . ' N ' , ' O ' , ' P ' . ' Q ' . ' R * . 
DATA N U M / l , 2 . 3 , 4 , 5 , 6 , 7 , 8 . 9 , 0 / 
DATA l A S T / ' * ' / 
DATA M I N U S / ' - V 
IFdSGN.EQ.IAST) GO TO 105 
'F( ISGN.EO.HINUSI GO TO 110 
00 100 K«l,10 
IF(ISGN.EO.IPIKII GO TO 115 
I F ( I S G N . E a . H I N < K ) l GO TO 120 
I F ( I S G N . E Q . I N U H ( K » I GOTO 115 

100 CONTINUE 
105 ! F L D » 9 9 9 9 

RETURN 
1 1 0 1 F L D = - 1 

RETURN 
115 IFLD=IFLD»10»NUM(KI 

RETURN 
120 I F L D = - ( ! F L 0 » 1 0 » N U M ( K 1 I 

RETURN 
END 

• 0 " / 
"/ 
t " / 

XREF 
SIGN 

EVILLE SIGN 
READ ASIGN 
WIDTH SIGN 

NING SIGN 
OF IFLDSIGN 
SPONSIBSIGN 

SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 
SIGN 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

SIZE OF PROGRAM 000254 HEXADECIMAL BYTES 

NAME TAG 
K SF 

I AST 
MINUS 

TYPE 
1*4 
1*4 
1*4 

ADD. 
000084 
000088 
000094 

NAME TAG TYPE ADD. 
I P 1*4 00009C 

IFLD SF I » 4 00008C 
SIGNCK R»4 0 0 0 0 9 8 

NAME 
MIN 

INUM 

TAG TYPE ADD. 
I»4 0000C4 
1*4 000114 

NAME 
NUM 

ISGN 

TAG 
F 

TYPE ADO. 
1*4 OOOOEC 
1*4 000090 

100 0001B2 
120 0001F8 

LABEL AOOR 

105 OOOIBC 

LABEL ADOR 

110 0 0 0 ICC 

LABEL AOOR 

115 OOOIDA 

•OPTIONS IN EFFECT* NAME= M A I N , 0 P T = 0 2 , L I N E C N T = 6 0 , S I 2 E = 0 O O 0 K , 

*QPTIONS IN EFFECT* SOURCE,EBCDIC,NOLI ST.NOOECK.LOAD.HAP,NOEDIT,NO!O.NOXREF 

• S T A T I S T I C S * SOURCE STATEMENTS >= 30 .PROGRAM S I Z E = 596 

• S T A T I S T I C S * NO DIAGNOSTICS GENERATED 

• • ! . « • » ENO OF COMPILATION * * • • * * 133K BYTES OF CORE NOT USED 
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LEVEL 2 1 . 6 OS /360 FORTRAN H 

COMPILER OPTIONS - NAME= H A I N , O P T = 0 2 , L I N E C N T = 6 0 , S I Z E = 0 0 0 0 K , 
SOURCE,EBCDIC,NOLI ST,NO DECK,LOAD,MAP,NOEDIT,NO ID ,N0XR6F 

SUBROUTINE TAPCHK(NTAPE,NYR, IST I 
COMMON / T A P F / KSTAT , KYE AR , KMONTH, KDAY 

C * • • TAPCHK ARRAYS AS pF 4 NOV 75 
DIMENSION N O S T A T ( 1 5 l , N a T A P E I 1 5 1 , N O I S T ( 1 5 I , N a L A S T ( 1 5 I 
DATA NOSTAT/ I 3 8 9 1 , 1 4 7 0 3 , 1 4 7 1 4 , 1 4 7 3 5 , 1 4 9 2 2 , 1 1 6 4 1 . 1 4 7 1 9 , 1 4 7 6 8 . 

1 1 3 7 4 3 , 1 3 8 9 7 , 1 3 8 8 1 . 9 3 8 0 7 , 9 3 8 1 4 . 0 . 0 / 
DATA NOTAPE/ 9 9 8 7 . 9 6 7 . 2 0 8 8 , 1 5 9 0 0 . 1 3 4 0 4 . 4 1 8 4 , 9 4 2 7 , 1 1 4 9 8 , 1 4 1 3 9 , 

1 1 4 6 1 9 , 1 4 7 8 1 , 1 4 7 8 2 , 1 1 5 9 5 , 0 , 0 / 
DATA N O I S T / 5 5 , 5 8 , 5 9 , 6 5 . 4 9 , 6 5 , 6 0 , 5 9 , 5 5 , 6 5 . 5 5 , 5 5 , 6 5 . 0 , 0 / 
DATA N 0 L A S T / 6 4 , 6 7 . 6 e . 7 4 , 5 8 , 7 3 , 6 9 . 6 8 . 6 4 , 7 4 , 6 4 , 6 4 . 7 4 . 0 . 0 / 

r • • * L I S T I S THE CURRENT NUMBER OF VAL ID ENTRIES IN NOTAPE. * » * 
DATA LIST/13/ 
IF (NTAPE.GT.OI GO TO 10 
PRINT 100 
RETURN 

10 CONTINUE 
DO 20 I«l.LIST 
I F ( N T A P E . N E . N O T A P E d l l GO TO 2 0 
M = I 
GO TO 30 

20 CONTINUE 
PRINT 1 1 0 . NTAPE 
RETURN 

30 CONTINUE 
NSTAT-NOSTATINI 
N O ! = N O I S T ( N I 
NQL=NOLAST{NI 
MOD=0 
I O L O = > I S T 
NOLO=NYR 
I F (KSTAT.NE.NSTATI PRINT 1 2 0 . NTAPE.NSTAT,KSTAT 
IF ( I S T . G E . N n i l GO TO 4 0 
"0D = 1 
IST=NOI 

4 0 CONTINUE 
! F ( ( I S T t N Y R - l l . L E . NOLI GO TO 5 0 
Mno= l 
N Y R = N O L - I S T * l 

50 CONTINUE 
I F IHOO.GT .O l PRINT 1 3 0 , NOLO, I OLD,NYR, I ST 

100 FORMATCOTAPE CHECK NOT RE0UE5T ED . ' , / I 
110 FORMATCOTAPE X - " , I 5 , ' NOT IN CHE CKLIST . • . / I 
120 FPRMATCOTAPE X - ' , I 5 , ' STATION • , I 5 , ' REQUESTED. ' / 

1 • TAPE FOR STATION ' , 1 5 , • M O U N T E D . ' , / I 
1 3 0 FORMATCODATES CORRECTED TO CONFORM TO TAPE D A T A ; ' / 

1 ' REOUESTEO: ' , 1 2 , ' YEARS STARTING IN 1 9 ' , 1 2 / 
2 • WILL USE : ' , 1 2 , • YEARS STARTING IN 1 9 ' , 121 

RETURN 
END 

TAPE 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 
TAPC 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
2 00 
210 
220 
230 
240 
250 
260 
270 
2 80 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 

NAME 
I 

NOI 
KOAY 

KYEAR 
IBCOMK 
NIT APE 

TAG 
SF 
SF 

C 
C 
XF 

TYPE 
1*4 
1*4 
1*4 
1*4 
1*4 
1*4 

ADD. 
000198 
0001A8 

N.R. 
N.R. 

OOOOOO 
0002 80 

NAME T 
N SF 

NOL SF 
LIST F 

NOI ST F 
KMONTH 
TAPCHK 

/ 

TYPE 
1*4 
1*4 
1*4 
1*4 
1*4 
R*4 

TAPCHK 

ADD. 
00019C 
0001 AC 
000188 
OOOICC 

N.R. 
0001C8 

SIZE OF PROGRAM 000494 HEXADECIMAL BYTES 

1ST 
NYR 

NOLO 
NSTAT 

NOLAST 

SF 
SF 
S 

s 
F 

TYPE ADD. 
I«4 OOOIAO 
1*4 OOOIBO 
1*4 OOOIBC 
1*4 OOOICO 
1*4 000208 

NAME 
MOD 

I OLD 
KSTAT 
NTAPE 

NOSTAT 

«**** COMMON INFORMATION 

NAME OF COMMON BLOCK SIZE OF BLOCK 000010 HEXADECIMAL BYTES 

VAR. NAME TYPE PEL. AODR. 
KSTAT 1*4 OOOOOO 

VAR. NAME TYPE REL. ADDR. 
KYEAR 1*4 N.R. 

VAR. NAME TYPE REL. ADOO 
KMONTH 1*4 N.R. 

VAO. NAME TY 
KDAY I 

10 0 0 0 3 0 0 
50 0003F4 

LABEL ADOR 

20 0003ZC 

LABEL ADDR 

30 00035C 

LABEL AODR 

40 000306 

•OPTIONS IN EFFECT* NAME= M A I N , 0 P T = 0 2 , L I N E C N T = 6 0 , S I Z E = 0 0 0 0 K , 

• OPTIONS IN EFFECT* SOURCE.EBCDIC,NOLI ST,NODECK,LOAD,HAP,NOEDIT ,N0I0 .NOXR6F 

• S T A T I S T I C S * SOURCE STATEMENTS » 48 ,PROGRAM S I Z E = 1172 

• S T A T I S T I C S * NO DIAGNOSTICS GENERATED 

» * < , * » • END CF COMPILATION » • « * • • 125K BYTES OF CORE NOT USED 
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R*4 0OOOC8 

NAME OF COMMON BLOCK * 

VAR. NAME TYPE REL. ADDR. 
01 R** 000000 

DRFRAC R«4 N.R. 

SIZE OF BLOCK 00014C HEXADECIMAL BYTES 

VAR. NAME TYPE R E L . ADDR. VAR. NAME 
lORCL 1*4 N.R. ELEV 

SD R*4 N.R. SOH 

TYPE REL. ADDR. 
R»4 00000 8 
R»4 N.R. 

VAR. NAME TYPE REL. ADDR. 
DIAM R*4 N.R. 

I 00 0506 
48 00090E 
5 0 OO0A46 

10 0 0 0 8 7 0 
30 0 0 0 9 4 2 
60 a00A46 

20 0008A6 
40 0 0 0 9 8 2 
70 000AD8 

NAME= MAIN,aPT=02tLlNECNT=60,SIZE>=OOOOK, 

SOURCE 1 EBCDIC,NOLI ST,NODECK.LO A D , H A P , N Q E D I T , N O I D , N ^ | ^ F 

• OPTIONS IN EFFECT* 

•OPTIONS I N EFFECT* 

• S T A T I S T I C S * SOURCE STATEMENTS " 127 .PROGRAM S I Z E 

• S T A T I S T I C S * NO DIAGNOSTICS GENERATED 

* * * * * * END OF COMPILATION * * * * * * 

45 0 0 0 8 0 0 
9 0 O0OA3E 
8 0 0 0 0 6 4 0 

109K BYTES OF CORE NOT USED 

LEVEL 2 1 . 6 (DEC 721 OS/360 FORTRAN H 

COMPILER OPTIONS - NAME= HAIN ,OPT»02 ,L IN6CNT=60 ,S IZE=OOOOK, 
SOURCE,EBCDIC,NOLI ST,NODECK,LOAD,MAP,NOEDIT,NO ID,NOXREF 

FUNCTION P V I O B T . W B T . E I E V I 
C VAPOR PRESSURE INCHES OF MERCURY 
C 

P V = P V S I H B T I - ( 0 . 0 0 0 3 6 7 * B P ( E L E V > * ( D B T - H B T 1 * 1 1 . H H B T - 3 2 . I / I 5 7 1 . 1 1 
100 RETURN 

END 

PV 
PV 
PV 
PV 
PV 
PV 

1 
2 
3 
4 
5 
6 

SIZE OF PROGRAM 000156 HEXADECIMAL BYTES 

NAME TAG TYPE ADD. 
BP F XF R*4 0 0 0 0 0 0 

WBT FA R*4 00009B 

NAME TAG 
PV S 

ELEV FA 

TYPE ADD. 
R*4 0 0 0 0 9 0 
R*4 00009C 

NAME TAG TYPE ADD. 
DBT F R*4 000094 

NAME TAG TYPE ADD. 
PVS F XF R*4 0 0 0 0 0 0 

LABEL ADDR LABEL ADDR LABEL ADDR LABEL ADD 

100 OOOOFA NR 

*OPTIONS IN EFFECT* NAME= H AI N ,0PT=02 , LINECNT=6 0 , SI ZE-OOOOK, 

• OPTIONS IN EFFECT* SOURCE,EBCDIC,NOLI ST,NODECK,LOAD,MAP,NOEDIT,NOID,NOXREF 

• S T A T I S T I C S * SOURCE STATEMENTS = 4 .PROGRAM S I Z E = 342 

* S T A T I S T ! C S * NO DIAGNOSTICS GENFRATEO 

• • • • * • END OF COMPILATION * * * * * * 133K BYTES OF CORE NOT USED 
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20.00,35 0 .0 ,0 .196 ,0 .121 , 
23.45.34 5.0 .0 .205,0.134, 
20.60,344.0,0.20 7,0.136, 
12.30.35 1.0,0.201,0.122, 
0.00,36 5.0,0.177,0.092, 

0 ,0 .160,0 .073, 
0 ,0 .149,0 .063, 
0 .0.142,0.057, 
0 ,0.142,0.058/ 

3.5 
-1 .8 
-6 .4 
-1 .3 

7.5 
15.1,-10.50,378 
13.9,-19.80,387 

1.5,-23.45,391 

4 141.0, 
5 172.0, 
6 202 .0 , 
7 2 3 3 . 0 , 
8 264 .0 , 
9 2 9 4 . 0 , 
A 3 2 5 . 0 , 
B 3 5 5 . 0 , 
C 3 8 6 . , - 1 1 . 3 , - 2 0 . 0 0 , 3 9 0 . 

DAY=IDAY 
I F I O A Y . G T . T A S L E d . l i t GO TO 100 
DAY=DAY»365. 
GO TO 110 

100 DO 105 K=KGa,12 
I F (TABLE( 1 , K I . L E . D A Y > GO TO 105 
KFYP1=K 
KEY=K-1 
KGO=KEY 
GO TO 115 

105 CONTINUE 
KG0=12 

110 KEY=12 
KFYP1=13 

115 CONTINUE 
DO 120 K = 2 , 3 
E D A B C ( K - l l = T A B L E ( K , K E Y I K T A B L E I K , K e Y P l l - T A B L E ( K , K E Y I l * 

1 I D A Y - T A B L E ( 1 , K E Y I I / I T A B L E ( 1 , K E Y P 1 I - T A B L E ( 1 , K E Y H 
120 CONTINUE 

RETURN 
END 

SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 
SOLA 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3 0 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

SIZE OF PROGRAM 0003A4 HEXADECIMAL BYTES 

NAME TAG 
K SF 

I DAY F 
TABLE F 

TYPE ADO. 
1*4 0000A4 
1*4 0000B4 
R*4 OOOOCO 

NAME TAG 
DAY SF 

EDABC S XR 

TYPE ADD. 
R*4 0000 A8 
R*4 OOOOOO 

NAME TAG 
KEY SF 

KEYPl SF 

TYPE ADO. 
1*4 OOOOAC 
1*4 0000B8 

NAME TAG 
KGO SF 

SOLAR 

TYPE ADO. 
1*4 OOOOBO 
R*4 OOOOBC 

100 000270 
120 000344 

LABEL ADDR 

105 0002BB 

LABEL ADDR 

110 0002CA 

LABEL ADDR 

115 0002D2 

• OPTIONS IN EFFECT* NAME= MAI N,OPT=02 , L I N E C N T = * 0 , S! ZE=O0O0K, 

• OPTIONS IN EFFECT* SOURCE,EBCDIC,NOLI ST,NOOECK,LOAD,MAP,NOEDIT,NOIO,NOXREF 

• S T A T I S T I C S * SOURCE STATEMENTS • 25 ,PROGRAM S I Z E = 9 3 2 

* S T A T I S T I C S * NO DIAGNOSTICS GENERATED 

* • • • * • END OF COMPILATION * • • « • * 125K BYTES OF CORE NOT USED 

LEVEL 2 1 . 6 (DEC 721 OS /360 FORTRAN H 

COMPILER <1PTI0NS - NAME= MAI N , 0 P T = 0 2 , L I NE CNT=60, S I ZE=OOOOK , 

SOURCE, EBCDICNOL 1ST, NO DECK, LOAD, MAP, NOED I T , NO I D , NOXREF 
SUBROUTINE STACONII STACOl 
PEAL*4 LAT,LONG 
DIMENSION NSTAC0(9 ,71 
COMMON/STAB/LAT,LONG,ICC, I C L , I D A Y , I K S , I H R , K G O , EDABCI5 I 

TABLE FROM FINAL PAGE OF INSTRUCTION FOR PROGRAM 
DATA N S T A C O / 1 , 1 , 1 , 2 , 2 , 2 , 3 , 3 , 3 , 

1 1 , 2 , 2 , 2 , 2 , 3 , 3 , 3 , 4 , 
2 2 , 2 , 3 , 3 , 3 , 3 , 4 , 4 , 4 , 
3 3 . 3 , 4 . 4 . 4 , 4 , 4 , 4 , 4 , 
4 4 , 4 , 4 , 4 , 4 , 4 , 4 , 4 , 4 , 

STAR' BY NOAA 

STAC 
STAC 
STAC 
STAC 
STAC 
STAC 
STAC 
STAC 
STAC 
STAC 
STAC 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
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• S T A T I S T I C S * SOURCE STATEMENTS >= 23 ,PROGRAM S I Z E 

• S T A T I S T I C S * NO DIAGNOSTICS GENERATED 

• • • • • • END OF COMPILATION * • * * • * 129K BYTES OF CORE NOT USED 

LEVEL 2 1 . 6 (DEC 7 2 1 O S / 3 6 0 FORTRAN H 

COMPILER OPTIONS - NAME- MA IN ,OPT= 02 .L INECNT= 60 ,S IZE=0OOOK , 
SOURCE,EBCDIC,NOLI ST,NOOECK,LOAD,MAP,NOEOIT,NO ID,NOXREF 

SUBROUTINE TABLECDRIFTI 
C * * • XREF DATE = 28 JAN 1976 * • • 

C PRINTS TABLES OF RESULTS 
C 

CnMMON/TABUL/XMI (20» ,NM,NOIS 
DIMENSION L O I R ( 1 7 l , B R I F T I 1 7 , l I 
DATA L D I R / " N ' , ' N N E ' , * N E ' . ' E N E " , ' E ' , ' 

1 ' S ' , * S S M " , ' S W " , ' H S W ' , ' H " , ' W N W ' , ' 

2 ' C A L M ' / 
N M = M ! N O ( N D I S . l O l 
PRINT 8 0 0 0 , ( X M I ( I X I , I X = l , N M I 
PRINT 8005 
DO 100 I D I R = 1 , 1 6 

100 POINT e O l O , L D ! R ( l D I R I , ( D R I F T ( I D I R , I X I , I X = l , N H I 
I F I N D I S . L E . I O I RETURN 

105 I 1 = N M H 
NM>!NMHO 
I 2 - M I N 0 ( N D I S , N M I 
PPINT 8015 
PRINT 8000, (XMKIXI ,IX=I1,121 
PRINT 8005 
DO 1 1 0 I D I R = 1 , 1 6 

1 1 0 PRINT 8 0 1 0 , L D I R ( I D I R I , ( D R I F T ( I D I R , I X I , I X = I 1 , I 2 I 
I F ( I 2 . L T . N D I S ) GO TO 105 

8 0 0 0 FOR H A T ( / , I X , ' M I L E S ' , 3 X , 1 0 ( F 6 . 2 , 4 X 1 I 
8005 FOPMATC HIND FROM'I 
8 0 1 0 FapMAT(2H0 , A 4 , 1 X , 1 P I O E I O . 3 1 
8015 FORHAT(1HI ,50X 'PROGRAM O R F A D ' / I X ) 

RETURN 
END 

E S E ' , 
NH' 

S E ' , 
NNW 

TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TABL 
TA8L 
TABL 
TABL 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 

SIZE OF PROGRAM 0003A0 HEXADECIMAL BYTES 

NAME 
IX F 

XHI S 
OR IFT S 

TYPE ADO. 
1*4 0000D8 
R*4 OOOOOO 
R*4 OOOOOO 

TYPE ADD. 
II SF 

I D I R SF 
TABLE 

1*4 
1*4 
R*4 

OOOODC 
0000E4 
OOOOEB 

12 SF 
LDIR S 

IBCOM# 

COHHON INFORHATION 

I » 4 OOOOEO 
1*4 ooooec 

XF 1^4 OOOOOO 

NAHE TAG TYPE ADD. 
NH SFA C 1^4 0000 50 

NOIS FA C 1^4 0 0 0 0 5 4 

NAME CF COHMON BLOCK • TABUL* S I Z E OF BLOCK 0 0 0 0 5 8 HEXADECIMAL BYTES 

VAR. NAME TYPE R E L . ADDR. 
XHI P *4 OOOOOO 

VAR. NAME TYPE R E L . ADDR. 
NH 1*4 000050 

V A P . NAME TYPE REL. ADDP. 
NDIS 1*4 0 0 0 0 5 4 

VAR. NAME TYPE REL. ADDR. 

LABEL ADDR 

100 0001F4 

•OPTIONS IN EFFECT* 

• OPTIONS I N EFFECT* 

LABEL ADDR LABEL ADDR 

105 0 0 0 2 4 8 110 0 0 0 3 1 0 

NAME"! H A ! N , 0 P T » 0 2 , L I N E C N T i 6 0 , S I Z E = 0 0 0 0 K , 

SOURCE,EBCDJC.NOLI ST,NOOECK,LOAD,HAP,NOEOIT,NO!0,NOXREF 

• S T A T I S T I C S ^ SOURCE STATEHENTS = 

• S T A T I S T I C S * NO DIAGNOSTICS GENERATED 

« « « # « * fMO OF COHPILATJON * • • • • • 

27 ,PRCGRAH S I Z E = 9 2 8 

129K BYTES OF CORE NOT USED 
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ô CO

 in -

'
>

-
a

-
c

i
i

n
g

-
c

i
P

-
<

l
-

c
i

m
g

'
(

r
i

-
; 

J
O

O
M

O
O

-
^

O
O

-
C

O
O

P
 

) C
l o 

m
 <

 
4 

D
 

M
 

—
 

C
 

1 
CO

 
^4- 

CO
 

M
 

^ 
>: 

•
•

g
-

c
i

.
O

i
n

M
'

O
-

4
'

C
s

J
i

-
t

i
n

f
g

c
O

i
i

s
—

<
P

 
4

O
O

C
0

O
O

n
j

o
O

M
O

O
O

O
O

'
3 

j
s

O
t

t
—

<
m

r
-

g
-

<
a

-
i

' 
P

ttrg
P

-g
- 

—
 —

 ttC
 

s
tt*

N
-tt.a

-in
c

o
-

I
t

t
g

^
M

C
O

C
l

M
l

^
C

I
-

H
P

-
C

l 

) tt 1*1 in o 
H

 
g

- 
O

 
—

 
c 

J
O

O
^

O
O

^
O

O
P 

• 
I 

• 
I 

• 
I 

]
k

i
J

i
u

-
-

i
u

j
u

i
P

—
U

J
u

i
i

f 
-

O
P

-
g

.
g

j
g

-
_

*
g

-
f

. 
g

-
c

o
>

.
g

c
O

M
M

i
n

C
 

O
 

—
 

CD
 

ro
 

—
 

^ 
O

 

O
 
Cl 

UJ 
g-

Cl
 Cl

 
m
 
st 

•
0
 

Cl
 

O
C
l
 

UJ 
g-

r
^
 C
l
 

m
 g-
o
 

m
 
rg
 g-

O
 
O
 
CO 

UJ 
UJ 

P-
g- O

 
t
t
 

O
 
m
 
in 

O
 

M
 

CO 
Cl 

g-
 rg 

g-
O
 
O
 
CO 

O
 
(» t

t
 

Cl 
g3 

in 
ty Cl 

o 
o 

m
 o 

o 
u 

3 
—

 
g

-
g

j
c

i
-

a
-

g
^

c
i 

o
 

t
t
 

*
 M
 
O
 

t
t
 

t
t
 

ty 
M
 

t
 

—
 V

 

rg
 

tT
' 

-
o

o
o

o
o

o
o

c 
-

•
4

-
c

i
'

J
'

g
-

M
 

—
 

*
c 

l
O

o
o

o
o

o
m

o
 

U
l

U
J

C
l

U
I

U
J

t
t

U
J

U
 

m
.

H
i

n
M

t
t

«
o

O
' 

g
-

c
i

g
-

M
t

o
t

t
-

g
o

 
g

j
i

n
 

f
-

—
 

ttm
 

P
-

M
 

•4
'—

I 
M

m
 

o
 

—
 

<
t

G
o

^
g

-
p

»
p

» 
—

 
g

-
p

-
r

g
c

i
o

 
—

 
M

O
>

-
-

i
M

t
t

O
 

—
 

ttO
 

—
 

c
o

t
t 

—
 

c
o

c
o

 
—

 
ttO

 
—

 
c

o
c

o
 

M
g

- 
ty 

<t 
c

i-
-

t 
c

i
o

 

- M
 

tt 
tt 

-o in -
• 

r- 
d

 
m

 
'-• 

r 
• 

* 
M

 
m

 
g

- 
< 

M
 

m
 

1 
U

l 
U

J 
M

 
U

J 
U

J 
c 

* 
m

 
g

- 
g

j 
>

o
 

m
 

-
) 

CO
 

tt 
g

- 
•-* 

o
 

-
1 

o
 

—
 

M
 

o
 

.-t 
r 

- 
d

 
O

 
M

 
c 

p
 

tt 
m

 
M

 
r 

4 
CO

 
tt 

-

Cl g-

J 
U

J 
<A

 
L

 
J 

O
 

—
 

f 
P

 
tt 

tt 
P

 
M

 
g

-

g
- 

in
 

J 
U

J 
-4- 

L 

3 
tt 

<
r 

u
 

o 
m

 e 
U

J 
* 

L
 

h
 

o
 

o
 

p
 

O
 

£
3 

O
O

P
 

O
 

O
 

-
O

O
P

 

o 
o 

o 
o 

o 
o 

h
O

O
C

l
O

O
M

O
O

 

O
 

O
 

O
 

O
 

O
 

O
 

h
 

O
 

O
 

P" 

O
 

o
 

O
 

O
 

r 

O
 

O
 

o 
o 

O
 

O
 

h
O

O
C

i
O

O
r

g
O

O
 

O
 

O
 

o
 

o
 

o
 

o
 

C
l 

^ 
^ 

OD
 

J 

C
l 

C
l 

C
l 

rn
 

C
l 

rg
 

r 
o

 
o

 
g

> 
o

 
o

 
r- 

c 
3 

H
> 

O
 

O
 

M
 

O
 

C
 

3 
4

- 
rg

 
u

, 
r 

o
 

o
 

o
 

c 
* 

I 
3 

0 
0

—
0

0
0 

: 
g

3 
^ 

in
 

C
l 

C
l 

tt 
< 

• 
o

 
o

 
—

 
—

 
M

 
-

3 
M

 
M

 
tt 

-fi 
f^ 

"
1 

* g3.j-
) 

—
 

CO
 

O
 

—
 

M
 

rg
 

M
 

0
0 

o
 

• 
M

(
s

i
g

'
g

3
«

O
M

O
c

: 
O

—
'

•
O

t
t

O
s

'
" 

~ 
' 

) 
M

 
0

0 
^ 

U
 

J 
f- 

in
 

—
 

r 

J 
CO

 
U

l 
U

l 
tt 

U
J 

c 
^ 

—
 

rg
 

g
- 

p
. 

-
- 

, 
_

- 
_ 

-
.

,
,

-
.

_ 
_

- 
m

r
»

-
-

g
(

s
j

c
<

i
o

,
^

. 
_

. 
.

.
.

,
_

_
_

. 
,

^
.

_
_

_
. 

g
i^

O
 

M
r

g
 

—
—

 
m

m
 

O
 

—
 

M
O

—
4

>
O

t
t

o
g

-
t

t
O

C
i

P
~

c
o

<
s

j
O

P
- 

—
 

m
g

j 
—

 
m

>
c 

—
 

c
i

m
 

—
 

r
g

c
i

—
t

m
o

 
—

 
C

i
-

f 

g
 

r^ 
M

 
g

- 
m

 
o

 
P

 
J 

(^ 
U

J 
u

 
1 

rg
 

s*- 
g

 
^ 

in
 

M
 

P
 

1 
o

 
O

 
m

 
o

 
o

 
" 

- +
 

M
^

'4
"in

ttJ
 

m
m

 
h

-f*- 
c

i
c

i 
c

i
c

i 
o

 
o

 
^ 

o
 

c 

o
 

o
 

o
 

c 

h
 

O
 

o
 

0 

o 
o 

O
 

O
 

M
 

O
 

O
 

O
 

O
 

O
 

O
 

1 
U

J 
U

J 
<4- 

U
J 

U
J 

<
0 

I. 
; 

tt 
csi 

p
- 

CO
 

m
 

m
 

. 
i g3 O

 to 
•4- --* «0 u 

tt 
in 

M
 p-

J 
•©

 
fO

 
C

l 
-4 

d
 

p
 

J 
M

 
O

 
O

 
M

 
O

 
C

 

J 
O

 
C

l 
V 

1 
CD

 
g

- 
* 

g
- 

Q
' 

J 
m

 
• 

t 

•4 
M

 
b

 
o

 
P

 
o

 
—

 
* 

O
 

m
 

o
 

g
- 

d
 

<
o

 
'O

 
-o

 
^ 

'
'

O
O

d
O

O
t

t
C

 

fv
j M

 
r

g
 

(S
J 

U
J 

U
J 

M
 

U
J 

U
J 

m
 

U
J 

M
 

m
 

O
 

rg
 

d
 

d
 

h
-

—
 

CO
 

C
l 

m
 

m
 

m
 

d
 

—
 

.4^ 
m

 
M

 
m

 
d

 
M

 

d
 

CO
 

m
 

m
 

tt 
' 

d
 

o
 

p
^ 

o
 

0
0 

I 
M

 
'>4" 

fH
 

M
 

-4 

)
^

g
-

—
0

'
4

'
'

4
-

t
t

'
*

i
^

"
O

r
-

o
m

r
g

«
o

»
o

i
^

m
M

a
i

r
«

j
-

i
t

t
c

o
c

i
c

o
o

o
o

o
o

c
o

o
o

g
)

(
*

i
o

o
-

4
"

o
o

c
o

O
*

d
t

t
m

^ 
,

. 
.

,
_ 

.
.

. 
•

<
—

i
O

'
-

<
-

^
0

"
g

(
f

l
t

t 
M

P
*

-
*

-
*

"
-

*
©

 
M

O
O

 
M

d
 

P
-

-
J 

d
i

n
 

ttM
 

—
.

d
 

p
-

g
j 

J 
U

l 
g

- 
1. 

3 
tt 

C
l 

r 
g

 
d

 
•4- 

s 

C
3 

m
 

c 

U
J 

g
- 

u
 

O
 

-" 
C

 
m

 
'4

' 
g

 
> 

o
 

o
 

m
 

o
 

c 

0
0 

o
 

c 

1 
o

 
o

 

o
 

o
 r

g
 

o
 

o
 

—
 

o
 

o
 

0
0 

0
0 

M
M

 
d

 
rg

 
( 

1 
d

 
d

 
p

- 
d

 
C

l 
^

- 
r 

d
 

M
 

^ 
M

 
•* 

O
 

—
 

o
 

g
a 

rg
 

m
 

m
 

d
p

- 
o

 
m

 

U
J 

U
J 

in
 

o
 

_ 
_ 

C
O

 
-a- 

m
 

CO
 

M
 

* 
CO

 
m

 
0

0 

3 
M

 
O

 
O

 
O

 
(*1 

g
- 

d
 

o
 

g
- 

g
- 

tt 
—

 
O

 

U
J 

(S
J 

U
J 

L
ll 

P
 

m
 

o
 

>
o

 
C

l 
p

 
O

 
^ 

<
^ 

g
j 

g
 

•0 
d

 
P

-

"
l

O
O

S
o

o
'

^
O

C
 

4 
* 

O
 

tt 
r 

-O
 

—
 

o
 

O
 

^ 
C

O
 

J 
d

 
•« 

M
 

d
 

h
-

U
J

U
J

^
U

J
U

I
p

^
U

J
U

 
d

 
—

 
g

-
t

t
c

o
t

t
P

-
P

 
—

 
d

O
^

O
'

O
M

o
 

o
o

g
-

'
a

-
p

-
'

4
-

M
p

-
r 

g
 

o
 

o
 

—
 

o
 

o
 

• 

0
0 

0
0 

o 
o 

o 
o 

o 
o 

o 
o d

 
U

J 
U

 
M

 
p

- 
V

 
m

 
d

 
r 

J 
U

J 
>a- 

L
 

3 
-a- 

d
 

«. 
3 

M
 

g
- 

p 

d
 

—
 

m
 

M
 

- 
O

 
O

 
d

 
o

 
c 

0
0 

o
 

c 

J 
o

 
o

 

o
 

o
 

—
0

0
—

0
0 

0
0 

0
0 

o
o

o
O

'
J

o
O

d
 

—
 

g
f 

—
 

—
 

0
0 

« 
0

0 
0

0 
C

O
 

o
< 

-a
- 

g
-

o
o

M
o

o
d

c 

h
- 

^ 
M

 
tt 

tt 
—

 
N

 
d

 
M

 
>4- 

tt 
m

 
d

 
^ 

o
 

C
l 

o
 

g
-

1 
O

 
m

 
g

 
P

- 
O

 

•t 
^

- 
»

o
 

o
 

—
 

- 
* 

-4- 
-o 

-a-
3 

m
 

g
-

m
 

M
 

tt 
M

 
1*1 

o
 

o
 

m
 

K
^ 

o
o

r
g

o
o

 
—

 
o

c 

0
0 

0
0 

o
 

c 

4 
o

 
o

 

o
 

o
 

o
 

o
 

o
 

c
?

 
0

0 
0

0 

o
 

o
 

o
 

o
 

0
0 

0
0 

0
0 

o
 

o
 

o
c

> 

1 
O

 
tt 

tt 
f 

p
 

p
- 

-^ 
m

 
p

 
f^ 

-C
 

r 

—
 

M
 

r 
M

 
•£> 

—
 

f*! 

I- 
O

 
O

 
M

 
o

 
c 

0
0 

o
 

c 

* 
o

 
o

 

o
 

o
 

-
O

C
D

 

G
 

O
 

O
 

O
 

O
 

O
 

0
0

0
0 

M
 

U
J 

U
J 

P
 

O
 

CO
 

O
 

P
 

•O
 

tt 
M

 
S

 

—
 

<a 
* 

o 
o 

m
 o 

c 

o 
o 

o 
o 

o 
o 

o 
o 

o 
o 

c? 
o 

J 
M

 
O

 
S

 
1 

o
 

-g
 

g
 

(y 
in

 
—

 
rg

 
-a" 

r 
p

- 
p

- 
r 

- 
p

- 
* 

—
 

•« 
0

0 
• 

g o 
o 

—
 O

 
o 

0
0 

0
0 

0
0 

0
0 

0
0 

0
0 

0
0 

o 
o 

0
0 

0
0 

o 
o 

o 
o 

o 
o 

o 
o m

m
p

"
^

d
P

-
>

4
'

' 
J

 o 
o 

-

o 
o 

o 
o 

o 
o 

0
0 

0
0 

0
0 

0
0 

o 
o 

o 
o 

o 
o 

o 
a 

o 
o 

o 
o 

o 
o 

o 
o 

o 
m

 m
 

>
0 

*!• 
—

 
3 

«
0 

d
 f^ 

0
0 

d
 

—
 

^a- 
tt 

f
- 

•4-
m

 
(y 

0
0 

—
 

0
0 

o 
o 

o 
o 

o 
o 

o 
o 

0
0 

0
0 

0
0 

0
0 

o 
o 

o 
o 

>
4 

M
 

<-< 

0
0 

0
0 

o 
o 

O
 

O
 

o 
o 

o 
o 

* o 
o 

o 
o 

o 
o 

o 
o 

o 
o 

C
3 

O
 

o 
o 

o 
o 

o
 



, 
2

 
-

U
J 

U
l 

-^
 
o
 

,*
. 

p
-

J
) 

•^
 

o
o

o 

> 
U

) 
U

l 
*

• 

U
l 

to
 

U
l 
to

 
U

J 
0

0 
u

) 
-^

 
J

) 
g

i 
U

l 
*o

 
* 

*
• 

*•
 

tt
 

^
- 

tt
 

p
- 

m
 

n
t 

0
0 

rn
 

m
 

U
l 

O
O

^
O

O
t

t
O

O
M

 
U

)
i

-
4

*
i

>
J 

—
 

tt
u

Jt
-t

o
 

(y
. 

,-
' 

U
l 

M
 

M
 

tt
 

m
 

m
 

O
 

—
 

to
 

p
-

P
- 

to
 

O
U

l 
u

) 
tt

 
o

 
*

" 
M

 
-g

 
U

l 
if

l t
o

 U
) 

•^
 

p
- 

-g
 

tt
 

p
- 

m
 

m
 
to

 
m

 
m

 
U

l 

o
o

.
o

O
O

t
t

O
O

M
 

U
J

^
-

^
'

U
J

^
-

t
t

U
l

P
-

t
o

 

•f
 

M
 

-J
 

t
-

U
l 

M
 

P
O

 
U

> 

U
J 

P
- 

*
- 

U
l 

o
 

o
 

o
 

o
 

o
 

o
 

o
 

o
 

-^
 

p
-

tt
 

tt
 

—
 

O
 

O
 

-J
 

U
l

l
.

U
M

*
-

M
U

)
U

l
O

r
o

 
g

i
U

J
U

i
j

'
-

j
s

O
t

t
P

-
t

o
 

t
-

m
m

m
m

m
u

i
m

m
 

o
o

g
a

o
o

t
t

o
o

M
O

O
 

U
J

M
^

U
l

M
t

t
U

J
U

J
t

o
U

l
M

 

U
l 

1
-

ty
 

p
-

m
 

m
 

•^
 

vo
 

U
l 

g
3 

M
 

U
l 

<
a 

to
 

o
 

to
 

N
O

 
-g

 
u

) 
0

0 
o

 
*

• 
—

 
u

i-
u

i 
M

 
ty

 
s

O
u

i
u

i
+

'
U

J
-

g
t

t
'

O
O

 

O
O

s
O

O
O

t
t

O
O

P
O

 
M

U
l

^
-

P
O

i
-

f
T

-
M

j
-

O
O

 

U
l 

•^
 

tt
 t

o
 

to
 

M
 

o
 

•^
 

m
 

m
 

U
l 

U
J 

M
 

U
l 

O
 

^
 

-g
 

U
l 

U
J 

o
 

*
• 

-
r 

M
 
tt

 
U

l 
lO

 
U

l 
O

 
*

 
U

J 
g

3 
tt

 
p

^ 
m

 
m

 
to

 
m

 
m

 
U

l 

O
O

-
O

O
O

t
t

O
O

M
 

M
•

^
.

^
M

*
'

t
t

M
*

•
t

o
 

M
 

M
 

p
-

w
 

p
-

P
-

565. 

239E-

260E 

448 

605E-

632E 

391 

181E-

219E o 
o
 

P
O

 
*

• 

-
-

*
0 

M
 

4
^ 

o
 

-g
 

m
 

m
 

o 
o
 

M
 

U
l 

»
-

-
g

 

to
 C

D
 

to
 «

0 

o 
o
 

M
 

U
l 

.-
P

O
 

g
) 

o
 

o
 

tt
 

o
 

o
 

M
 

^ 
M

 
^

 
tt

 
M

 
^

 
to

 

P
-P

- 
P

- 
*c

 

tt
 

ro
 

h
o

 
g

) 
U

J 
U

J t
o

 ̂
 

tt
 

^
 

U
l 

* 
IS

) 
*

• 
*

. 
O

 
M
 

tt
 

p
- 

m
 

m
 

C
D

 
m

 
m

 
U

l 

o 
o
 

- 
p

-

M
 

tt
 

U
l 

•^
 

-^
 

-g
 

o
o 

U
l 

U
l 

U
l 

u
> 

4
* 

U
l 

p
- 

-^
 

o 
o
 

M
 

*
• 

M
 

P
-

U
l 

to
 

U
J 

U
J 

g
a

o
O

t
t

O
O

M
O

O
 

*
-

I
S

)
-

t
-

t
t

M
U

l
t

o
M

*
-

h
- 

J
S
 

tt
M

 
M

 
•X

i 

p
" 

>
0 

to
 

to
 

U
) 

^
 

u
J

O
o

u
l

.
^

o
l

O
u

t
-

g
-

^ 
>

O
P

-
M

*
-

t
-

*
P

-
t

t
^

t
t 

O
O

O
t

t
O

O
r

o
O

O
 

*
P

o
U

l
t

t
P

-
U

l
t

o
M

U
l 

P
-

U
) 

to
 

M
 

—
 

*
• 

49 7 E-

830E 

565, 

16 8 E-

821E 

448. 

714E-

511E 

391 

74 2 E-

115E o 
o
 

M
 

U
l 

P
- 

P
O

 

^ 
«0

 

m
 

m
 

o 
o
 

M
 

U
l 

- M
 

ty
 

g
^ 

O
 

O
 

tt
 

O
 
O

 
M

 
* 

M
 

U
l 

tt
 

t
- 

U
l 

to
 

U
l 

1
- 

to
 

P
-

M
 

U
l 

—
 

U
l 

P
o
 
o

 
to

 
-

g
 

a
m

 
U

J
a

•
^

4
^

M
U

J
U

l
U

J
^

O
 

%
o

a
o

o
*

-
^

*
'

t
t

O
t

o
 

g
j

o
o

t
t

o
O

M
O

O
 

^
'

p
-

u
i

t
t

t
-

'
u

i
t

o
p

o
u

i 

o
—

 
O

P
- 

o
o

 

ly
 

.p
- 

tt
M

 
tt

 
-
g

 
<

s 
U

J 
4

* 
o

J 
+

• 
M

 
U

) 
-^

 
U

) 
U

l 
U

> 
M

 
O

 
sO

 
O

 
to

 
O

 
tt

 

o P
O

 tt
 

J
' 

U
J o M
 ^ o 

o
 

o 
o
 

o 
o
 

o 
o
 

U
)

P
-

o 

O
O

 

o 
o
 

P
O

 tt
 

-̂
 u
) 

ty
 

o 

O
 

O
 

o 
o
 

ty
 1̂
 o 

o
 

M
M
 

o
 
o
 

*•
 

o 
.a

 
*•

 
p

- 
P

O
 

-g
 

g
3 

^
0 

m
 

m
 

-J
 

W
O

O
 

O
 

U
» 

P
O

 

tt
 

M
 

_
g
 

tt
 

u
»

 t
o

 
•—

 
tt

 
-^

 
U

) 
U

J 
tt

 
O

 
U

> 
-

J
M

 

•
^ 

M
P

-

U
) 

o 
^ 

o 
-g

 
J

) t
t

 p
-

-
j 

m
 

m
 O

 

o 
o
 

o 
o
 

o o to
 

g
j 

o
o 

o 
o
 

U
l 

M
 

,-. O
 

o
o 

o 
o
 

U
l 

M
 

o 
o
 

o 
o
 

P
O

 

U
l 

U
) 

U
J 

—
 

O
 

O
 

O
O
 

o
o

 

o 
o 

o 
o 

O
 

U
) 

^ 
M

 

to
 ^

 
o 

o
 

o
 
o
 

o 
o
 

o
 
o
 

O
 

4
^

 

O
 

M
 

M
P

- 
M

 
t

-

o
 

o
o

 

o
 

o
 

tt
 

U
J 

M
 

o 
o
 

o 
o
 

M
 

-g
 

ty
 

-g
 

U
l 

P
-

O
 

O
 

O
 

O
 

O
 

o F
U

 

o 

o 
o
 

o 
o
 

M
 

O
 to

 
U

) 
p

-

o
o

o 

o 
o
 

o
o
 

o
 
o
 

o 
o

 
o 

o 
o
 
o
 

M
 

M
 

4
-

U
l 

-
g

 
O

 
M
 

—
 

^
 

tt
 

4
- 

P
-

O
 

O
 

'W
 
^

 
U

J
 t

t 

O
O

O
 

O
 

O
 

O
 
O

 
o

 
O

 

O
 

O
 

O
 
O

 
P

- 
o

 
O

 
U

l 
to

 
tt

 
4

- 
M

 
^

 
to

 
M
 

U
l 

tt
 

g
j 

to
 

M
 

*
. 

-
J

 

U
J 

-g
 

u
) 

tt
 

o
 

o
 

O
O
 

to
 

U
l 

U
l 

to
 

tt
 

P
-

^ 
U

J 
U

l 
M
 

O
 

O
 

u
) 

4
'

4
>

0
'

t
t

o
m

f
f

i
u

i
t

o
u

)
u

i
t

o
t

t 
tt

 
u

j
O

t
o

-
^

o
u

j
-

g
u

i
4

'
O

P
'

s
O

i
-

* 
o

 
o

 
m

 
m

 
tt

 
m

 
m

 
o

 
m

 
m

 
tt

 
m

 
m

 
M

 

U
J 

to
 

O
 
O

 
M

 
o

 
o

 
^

- 
tt

 
U

l 
M

 
tO

 
U

J 
M

 

U
J 

P
- 

4
- 

M
 

*
 

P
O

 

M
O

 
4

- 
U

l 
M

O
 

U
) 

O
 

4
^

1
^

 
4

- 
U

l 
U

l 
tt

 
-

g
p

-
p

-
t

o
 

—
 

M
U

l
O

u
l

4
•

•
^

u
l

4
'

O
U

J
4

'
-

^
•

^
l

»
w

u
l

l
C

t
t

t
t

a
o

-
g

•
g

u
l

P
-

4
'

t
t 

o
*

-
-

g
s

O
t

t
O

i
i

j
u

i
W

.
o

o
t

t
-

g
O

U
i

j
j

g
3

4
^

t
o

O
O

N
O

-
J

u
i

j
j

»
o

-
g

 
u

i
m

m
U

J
m

m
o

m
m

u
i

m
n

i
*

-
m

m
u

J
m

m
o

m
m

w
m

m
o

m
m

 

o
o

u
l

o
o

-
^

o
o

o
o

o
 

l
O

M
i

-
U

J
M

M
U

J
M

O
U

J
M

 

i»
j 

ty
 

M
 

4
^ 

*
• t
o

 "
"
 

M
 

m
 

rn
 

-g
 

-g
 *• ::!
 

*•
 

:*
 

M
 

-g
 

o 
o
 

lU
 

U
l 

p
-*

 
p

-

p
-

U
) 

±
- 

O
 

J
^ 

U
) 

U
l 

tt
 

+•
 

m
 

m
 

M
 

U
l 

M
 

U
l 

U
l 

o
 

-
g

u
j 

J
' 

U
l 

P
O

 
*

• 
O

 
P

-
g

3 
U

J 
o

 
tt

 
p

- 
o

 
-J

 
m

 
m

 
to

 
m

 
m

 

U
I

O
O

*
-

O
O

M
O

O
 

•
^

u
J

U
J

M
U

)
U

J
t

o
U

)
u

l 

U
) 

*
 

-^
 

to
 

U
l 
tt

 
,

- 
*

• 
-r

 
.^

 
*

. 
o
 

to
 

U
l t

t t
o

 
m

 
m

 
.t

> 
m

 
m

 

O
 

O
 

U
l 

o
 

o
 

U
J

U
J 

*v
 

M
^ 

M
 

M
 

O
- 

U
l 

M
 

to
 

*.
 
o
 

o 
o
 

M
 

*
• 

M
 

M
 

<
y 

o
 

M
 

(y
 

o 
o 

M
 

*
• 

M
 

P
-

tt
 

p
-

*
• 

tt
 
!
-
• 

P
- 

P
- 

tt
 

-g
 

*
• 

-g
 

-g
 

*
• 

•^
 

O
 

O
 

M
 

+•
 

M
U

l 

M
 

M
 

*«
 
O

 
tt

 
U

l 
P

- 
M

 

*.
 

m
 

m
 

U
l 

O
O

 
-^

 
M

 
4

^ 

M
 

P
-

*>
 

O
 

—
 

U
l 

O
 

o
 

4
^ 

M
 

*
• 

M
 

g
j 

^ 
M

 
t

-
p

-

•«
J 

M
 

\J
>

 
yO

 
4

s 
U

l 
-J

 
tt

 
M

 
^O

 
g

j
-

g
 

^
 

p
-

p
-

u
i 

-g
 

m
 

/n
 

u
» 

m
 

m
 

4
- 

O
 

O
 
tt

 
o

 
o

 
M

U
l 

U
l 

M
 

U
l 

U
l 

p
- 

P
-

*
• 

U
l 

P
-

o 
O
 t
o
 

^ 
m

 
m

 

>
 

o 
o
 

M
 

U
) 

U
) 

>A
 

^
 

FS
) 

P
O

 
*>

 
4

^ 
-g

 
>

o
 
a

 
4

< 
-g

 
m

 
m

 

4
- 

O
 

O
 

M
M

 
4

-

^ 
-g

 

p
- 

o
 

to
 

tt
 

4
. 

tt
 

^
 

•^
 
M

 
tt

 
U

l 
to

 
W

 
*D
 t
t

 p
-

+̂
 

m
 

m
 

-g
 

m
 

m
 

U
l 
o
 
o
 

*^
 

M
U

l 

p
- 

U
i 

^ p
-

o 
o
 

-g
 
tt

 
4

-
4

- 
tt

 
to

 
U

J 
m

 
m

 

U
)

0 
U

l 
U

) 

p
-

4
* 

to
 

M
 

U
) 

M
 

to
 

m
 

•D
 
O

 
U

l 
U

) 

p
- to

 
to

 l
O

 
U

l 
M

 
to

 m
 

4
* 

O
 
O

 
NO

 
O

 
P

O
U

l 
4

- 
u

i
u

i 

-
U

) 

_ o u>
 

p
- to

 

U
> 

o
 

o
 

U
) 

U
l 

M
 

M
 

4
> 

4
^ 

^
 

tt
 

M
 

tt
 

M
 

4-
 
tt
 

a
s

m
m

 
U

J 
o

 
o

 
^ 

U
l 

U
l 

»
- 

ro
 

Q
 

O
 

O
 

U
l 

O
 

O
 

O
 

U
I 

M
 
M

 
U

J 
M

 

M
 

U
l 

M
 

U
l 

tt
 

P
O

 
^ 

4
-

.O
 

W
 
to

 
tt

 
tt

 
4

*
 

U
) 

to
 
tt

 
M
 t
o

 U
) 

tt
 

m
 

m
 

^ 
m

 
m

 
U

l 
o

 
o

 
to

 
o

 
O

 
tt

 
U

J 
U

J 
U

l 
U

l 
U

J 

P
- 

P
- 

P
- 

M
 

tt
 o

 
o 

U
l 

U
J 

M
 

M
 

4
^ 

-^
 

-g
 

•^
 

p
- 

4
-

U
l 

M
 

U
l 

U
l 

m
 

m
 

4-
 
o

o
 

U
J 

l»
 

U
J 

P
-

M
 

M
 

O
 

O
 

N
O

U
I 

M
 

M
 

+
• 

4
« 

to
 

sO
 

*
• 

O
 

4
" 

M
 

U
) 

l
i

j
U

I
M

U
I

b
J

M
-

g
U

J
M

 

M
 

4
" 

P
O

 
U

l 
M

 
U

l 

r
-

4
'

®
 

—
 

U
l

O
P

-
U

l
O

 
o

a
-

^
M

t
t

u
>

o
-

g
-

>
j 

.
^

p
o

t
o

u
i

M
-

^
t

o
t

o
o

 
j

s
m

m
-

o
m

m
^

m
m

 

-
g

O
O

t
o

O
O

t
o

O
O

^
O

O
 

to
U

IU
)t

tU
>U

l.^
U

JU
)U

lU
)U

) 

H
- 

M
 

U
l 

o
 

(-
* 

U
l 

lO
 

U
l 

o
 

U
l 

o
 

p
-

t
t 

p
-

p
-

t
t 

p
-

—
 

U
J 

a
 

M
 

U
J 

to
 

to
g

j'0
M

H
-a

au
iu

is
0»

to
M

O
O

*'
M

M
tt

-g
o

4'
tt

f-
P

-
t

t
M

M
*

U
l

M
O

P
0

t
o

t
o

P
-

'
W

M
P

"
P

-
M

«
g

u
i

t
o

-
^

-
^

M
M

 
0

D
m

f
T

i
-

j
m

m
M

m
m

-
j

m
m

4
*

m
m

u
i

m
m

o
m

m
t

t
m

m
 

^
o
 

o
 

tt
 

U
l 

U
l 

p
-

-

,
0

0 
—

 

^-
 o

 
o
 

U
J 

U
) 

U
J 

P
-

-

P
O

 
o
 

o
 

-g
 

o
 

o
 

^ 
U

l 
U

l 
FS

) 
W

 
U

J 

P
-

P
- 

P
-

P
-

M
O

O
O

O
O

O
O

O
t

t
O

O
M

O
O

 
-

^
U

)
U

)
t

o
l

J
J

U
J

i
-

>
U

J
U

l
U

l
U

J
U

l
.

^
U

J
U

l 

-^
 

P
-

-
-

P
- 

u
i

u
i 

u
i

u
i 

to
 O

 
O

 
U

J 
O

 
O

 
tt

 
^

0 
U

J 
M

 
U

» 
W

 
M

 
tt

 

* 
N

) 
4

^ 
P

- 
O

O
 

p
-

.
0

M
M

U
)

.
0

4
'

O
O

 
tt

 
~

g
 
M

 
4

* 
U

l 
4

- 
to

 
o

 
4

^ 
U

l 
o

 
~

g
 

-g
 

p
-

4
^ 

m
 

m
 

tt
 

m
 

m
 

P
O

 

P
--

 
O

 
O

 
M

 
O
 

O
 

U
l 

to
 U

l 
M
 t
o

 U
J 

M
 

U
l 

M
 

4
> 

P
O

 
4

- 
W

 
-J

 o U
) 

•f
t to

 
o U

J to
 

o 

o 
o
 

o 
o
 

o 
o
 

o 
o
 

W
 

t
-

b 
0 

0
 

U
l 

U
l ^ 0 

0
 

0 
0

 
4

* 

U
l 

-J
 

U
l 

M
 

to
 -

g
 

U
l 

4
^ 

U
) t
o

 U
J 

4
- 

g
j 

o
 

N
O

 
4

- 
tt

 
U

l 
M

 
*D

 
to

 m
 

m
 

U
l 

m
 

m
 

o
 

M
P

-
U

J
U

J
M

u
l

-
g

U
l

O
 

U
l

v
O

»
-

W
U

J
r

f
)

t
t

»
U

1
U

) 
4

>
t

t
t

o
i

-
4

'
M

u
)

t
t

P
-

.
B

 
tt

m
m

«O
n

im
'O

rn
m

to
 

0 U
l 

-g
 

4
* '^

 

-J
 

4
-

0- U
l 

4
-

S
S

S
2

S
5

: 
4

. 
,0

 

a 
4

* 

m
 

m
 

u
l

O
o

•
g

o
o

•
^

o
o

^
o

o
 

o
u

i
U

J
u

i
U

J
U

J
t

o
U

J
U

J
o

u
J

U
) 

1
. 

H
- 

P
-

^
 

U
J 

-P
-

M
 

M
 

U
J 

U
l 

0 
J)

 
4̂

 ±
>
 t
o
 

U
IU

I 
-g

 
U

l 
m

 
m

 

U
l 

^
0 

0
 

p
-

P
- 

U
J 

U
l 

tt
 

4
- 

U
l 

0 
0 

0
0 

0 
0

 

0 
0

 

0 
0

 

0 
0

 

0 
0 

0 
0 

p
-

M
 

u
)

4
-

t
o

u
i

4
-

»
0

0
0 

M
t

O
 

O
U

l 
tt

P
-

U
J

O
U

1
O

P
'

U
I

O
U

I
O

U
)

U
1

U
1

4
.

.
0

-
J

U
I

O
O

 

u
)

o
u

i
O

t
o

-
O

p
-

u
i

*
'

g
)

t
t

-
g

u
i

s
o

w
-

g
'

O
i

g
j 

tt
m

m
u

im
m

O
rT

im
to

m
m

u
im

m
4'

m
ff

l 

to
O

O
M

O
O

U
iO

O
 

u
i

u
i

u
j

t
o

U
i

i
j

J
U

i
U

J
U

J 

p
-

O
O
 

O
 

O
P

- 
P

- 
O

 
-

e
- 

O
 

i
-

p
-

P
- 

P
- 

^
-

t
- 

M
P

- 
O

 
4

- 
-g

 
tt

 
tt

 
-g

 
-

g
M

-
-

l
t

t 
*

-
t

t
4

•
^

0
t

o
t

t
•

-
O

»
4

•
^

~
'

'
0

-
g

M
O

>
0

0
D

O
•

a
U

l
-

g
O

M
^

0
O

-
^

^
-

^
-

P
-

0
^ 

to
 —

 
U

)
O

M
4

'
0

4
'

t
t

.
O

M
4

-
^

-
4

'
U

i
'

f
l

t
o

»
-

g
a

'
O

M
4

-
4

'
U

i
t

t
U

J
4

-
M

»
'

0 
tt

m
m

tt
m

m
u

i'T
if

n
4'

m
m

*-
m

m
io

m
m

>f
)m

rT
iM

m
m

u
jm

m
tt

"i
m

 

•
O

O
O

t
t

O
O

O
O

O
 

O
U

J
U

J
t

t
U

l
U

l
^

U
J

U
l 

.
-

h
- 

p
-

p
-

—
 

-
g

t
t

t
t

o
o

H
-

u
i

M
 

^
-

-
P

'
O

-
g

»
0

t
o

M
4

-
t

o
 

o
o

m
m

^
m

m
t

o
m

m
 

O
 
tt
 
o
 
o
 

U
) 

•
- 

U
l 

U
l 

-g
 

•o
 

U
l 

o 4>
 

U
J 

O
O
 

u
i

-
^

 
*

>
u

i 
.

^
t

t 
u

l
-

^
^

o
o

*
•

.
^

•
^

a
»

O
M

 
U

J
-

g
U

J
^

*
-

O
M

U
l

U
J

*
'

M
 

ss
 

P
-

M
 

P
- 

sO
 

U
l 

U
P

 

m
 

m
 U

l 
O

 
O

 
4

^ 
M

 
U

l 

»
- 

M
 

U
l 

'O
 

* 
O

 
tt

 
U

t 
^

U
J 

4-
 

m
 

m
 

4
^

0 
0

 
M

 
U

J 
4

-

^ 
M

 

o
 

p
-

4
^ 

*0
 

U
l 

s
O

t
t 

tt
 

p
- 

to
 

—
 

lO
 
M

 
P

- t
t

 U
J

 
f

-
M
 

O
 

to
 m

 
m

 

tt
 

O
O

 
t

- 
U

l 
4

-

l
-

U
) 

^ 
U

l 
to

 

^ 
o 

o 
to

 m
 

m
 g

) 
O

 
O
 t
o

 O
 

O
 

p-
> 

U
) 

U
J 

tt
 

U
) 

U
J 

—
 

-
g
 

p
- 

to
 

.
-

•
-

. 

K
- 

4
- 

P
-

U
J t
t

 4
^

 
U

l 
^

- 
.C

 

to
O

O
 

U
l 

U
J 

U
l 

-̂ 
to

 

^D
 

O
 

O
 

0
0 

U
J 

U
) 

P
-

P
-

p
- 

4
- 

^
 

tt
 

tt
 

U
l 

^ 
o 

o
 

^
0 

U
J 

M
 

p
- 

to
 P

-
O

O
a

O
O

-
g

O
O

U
i

0
0

4
*

O
O

N
D

O
O

 
•

g
u

)
U

)
t

t
M

4
'

'
O

M
4

'
P

-
U

J
U

)
t

t
U

J
U

J
P

-
O

J
W

 

H
-

p
- 

e
-

p
- 

^
-

p
-

P
-

4
-

P
-

M
U

1
P

-
U

J
4

-
-

u
3

C
D

t
t

M
O

t
o

4
-

'
0

-
g

 
4

'
0

4
'

-
g

t
o

t
t

0
4

-
U

l 
O

D
m

m
u

i
m

m
g

j
m

m
 

U
J

O
O

 
—

 
O

O
t

t
O

O
 

^
U

»
W

O
U

)
U

)
U

l
U

I
U

) 

—
 

to
 

M
t

o
 

p
- 

to
 

to
 

tt
 

to
 

tt
 

P
^ 

0
3 

p
- 

o
 

o
 

O
 

U
l 

u
t 

>o
 >

o 

tt
 

U
l 

U
l 

to
 
M

 
lO

 
U

l 
M

 

p
- 

o
 

o
 

O
 

M
 

4
-

M
 

.
-

4
- 

—
 

4
" 

tt
 
M

 
4

- 
U

l 
P

-
t

t 
4

- 
sO

 
tt

tt
M

«O
P

-U
I>

C
O

U
Il»

tt
U

) 
u

i
g

j
u

i
u

i
p

-
t

o
O

O
O

i
O

O
u

i 
u

i
m

m
o

m
m

o
m

r
n

t
o

f
T

i
m

 

tt
00

4-
00

»0
00

 
u

i
M

4
-

t
o

M
4

'
U

i
u

J
4

' 

M
t

o
 

M
 

0
3 

>
0 

U
) 

^
t

o
t

o
P

-
'

'
0

0 
—

 
g

3
P

-
'

P
-

>
0

^
p

-
O

M
M

0
4

-
U

i
i

O
U

)
4

>
0

*
-

t
t

O
U

l
l

J
J

P
-

t
o

 
tt

«g
tt

i-
'O

O
U

l-
r'

U
lt

tU
lO

O
O

(>
tt

M
O

P
-'*

'O
l.^

tt
O

M
iD

M
O

N
O

O
M

 
-

g
u

i
u

i
M

.
O

-
g

u
i

4
'

4
'

.
f

l
p

-
'

U
i

4
'

N
O

p
-

-
*

j
^

t
o

O
O

U
i

u
i

a
M

u
i

^
u

i
o

o
o

p
-

-
g

m
m

N
o

m
m

m
m

m
*

-
m

m
t

o
P

n
f

n
u

j
m

m
g

>
m

m
u

>
m

m
o

m
m

o
'

^
'

" 

N
o

o
o

t
o

o
o

t
o

o
o

-
g

o
o

u
i

o
o

 
—

 
o

o
t

t
o

o
 

K
'

U
i

4
>

t
t

U
i

4
-

U
)

*
>

1
4

'
>

£
)

U
)

4
<

-
g

U
J

4
<

O
l

>
p

>
4

<
U

i
u

i
4

^ 

^
W

 
l

-
U

) 
P

- 
U

J 

•
-

4
'

t
t

p
-

'
U

i
-

J
p

-
u

i
-

g
 

tt
to

4-
p

-o
o

u
)U

)-
g

 
-g

 
—

 
O

M
t

o
t

t
u

i
t

t
4

-
^

m
m

i
o

m
m

u
i

m
m

 

^
O

O
t

t
O

O
o

O
O

t
o

O
O

 
U

i
U

i
4

-
^

U
J

4
'

p
-

U
)

4
'

t
t

U
)

4
' 

1
-

0
3 

U
) 

U
J 

tt
 

to
 m

 M
 

4
-

l
-

M
 

^
- 

M
 

P
- 

M
 

—
 

^
p

-
t

t
p

g
 

—
 

•
-

•
*

-
u

i 
—

 
g

j
t

t
^

t
t

4
-

M
t

t
*

' 
to

m
m

^
m

m
o
m

m
 

O
O

U
l

O
O

^
-

O
O

O
O

O
t

t
O

O
 

M
U

I
^

M
U

I
P

O
U

J
+

'
U

I
U

I
X

-
P

-
U

)
*

' 

o 
o
 

tt
 

-J
 

*
• 

U
) 

U
l 

*
•'

 
O
 

tt
 

O
 

O
 

tt
 

-o
 

* 
to

 
U

» 
U

l 
O
 

^
 

o
 

p
-

tt
 

o
 

J
S

 
1

-
U

J 
•£

>
 

O
 

tt
 

o
 

p
-

o.
 
o
 

*•>
 

U
) 

O
 

O
 

tt
 

o 
^
 

tt
 

-̂
4

* 
U

l 
U

l 
^

 
O

 
U

l 

to
 O

 
O

 
U

J 
U

) 
4

-

P
- 

M
 

.
^

U
) 

P
- 

U
) 

P
- 

U
J 

P
- 

U
) 

tt
00

4'
O

O
g

30
0 

u
i

U
)

4
-

a
u

)
4

'
U

i
M

*
. 

P
- 

W
 

P
- 

U
J 

fu
 

O
" 

p
'

U
i

-
g

p
-

u
i

O
D

M
U

i
m

u
j

u
i

t
o

.
^

u
i

s
O

t
t

t
t

t
£

U
)

t
o

s
O

 
tt

4"
»O

U
ip

O
M

to
*0

4-
-J

tt
tt

aO
sO

O
U

)«
O

M
U

l 
x

O
P

-
>

0
4

-
0

>
4

-
-

j
t

t
-

g
o

M
U

J
U

i
-

g
o

u
i

M
t

o
O

»
M

 
4

-
m

m
t

o
m

m
u

i
m

m
i

o
m

m
u

i
m

m
o

m
m

o
n

i
m

 

-
g

o
o

u
i

o
o

*
-

o
O

t
t

O
o

 
«

O
U

i
4

'
-

g
U

)
4

-
O

O
J

4
'

U
l

U
i

4
-

p
- 

M
 

t
- 

M
 

P
- 

M
 

P
-

M
 

^
-

^
-

f
v

j
^

h
-

U
)

»
-

»
-

U
»

M
M

U
)

U
J

P
-

U
) 

u
)

t
t

N
0

t
t

^
O

^
t

o
M

M
O

-
g

4
»

«
0

u
i 

u
i

»
t

t
g

)
M

u
i

.
^

U
J

-
g

^
t

t
^

-
o

u
i

o
 

u
i

m
m

4
-

m
m

t
o

m
m

U
)

m
m

N
o

m
m

 

l
o

o
o

t
o

o
o

a
o

o
 

p
-

U
)

*
-

t
t

U
J

4
'

U
J

U
)

4
^ 

o 
^

- 
o 

^ 

tt
 

O
 

tt
 

o
 

4
> 

U
l 

4
* 

U
l 

U
l 

U
l 

U
) 

«o
 

o
 

to
 

o
 

g
) 

O
 

p
-

tt
 

-̂
4

- 
M

 
U

l 
*
 

O
 

-g
 

-
g

O
O

U
J

O
O

 
—

 
O

O
t

t
O

O
 

^
U

l
4

'
>

g
U

J
4

-
O

U
J

4
-

U
i

U
i

^ 

O
 

P
-

tt
 

P
-

4
- 

4
-

U
J 

o
 

O
 

s
o

 

O
P

- 
O

 
^

 
O

 
P

-

tt
 

>
- 

tt
 

4
^

 
ty

 
*
• 

4
- 

U
l 

4
- 

sO
 

4
- 

-g
 

U
) 

^ 
U

l 
tt

 
U

l 
1

-
O
 

O
 

O
P

- 
O

 
to

 

o
 

U
J to

 
o to

 
tt

00
4-

O
O

Jj
O

O
P

-
u

i
u

i
4

s
t

o
U

J
4

'
U

i
P

o
u

i
o

 

—
 

M
 

1
- 

M
 

fU
 

W
 

4
'

M
U

)
t

t
P

0
U

J
U

l
O

-
0 

tt
O

-g
<D

^s
O

»o
P

o
o

o
u

i 
U

)
-

*
J

U
J

U
l

t
o

t
t

O
-

*
'

O
s

O
 

u
i

m
m

o
m

m
o

m
r

j
i

T
O

 

tt
o

o
^o

o
g

jo
o

 
u

i
u

)
4

-
0

3
U

J
4

'
U

i
r

s
>

u
i 

O
P

- 
O

P
- 

O
 

O
 

tt
 

U
l 

tt
 

4
- 

cy
 

03
 

4
> 

O
 

*
• 

4
" 

4
- 

U
J 

u
) 

sO
 

U
l 

to
 

U
J 

-J
 

O
 

tt
 

O
 

4
- 

O
 

U
l 

o o 

0 
0

 
M

 
4

^ 

M
 

—
 

lO
 

M
 

M
 

M
 

U
) 

o^
 

0 
0

 
M

 
4

-

M
 

U
l 

4
^ 

•£
>

 
U

l 
^

 

0 
0 

M
 

U
l 

P
- 

U
l 

-g
 
*
• 

U
) 

M
 

sO
 

0 

0
0 

M
 

U
l 

0 

g
} 

>
o

 
U

l 
sO

 
tt

 
U

) 
to

 
O

 

-
g

o
o

 
P

-
M

 
4

-

M
 

M
 

c
p

 
ty

 
4

- t
t

 1
-

U
l 

M
 

to
 

-
J

O
O

 
•

- 
M

 
4

* 

-
K

-

«
0 

4
-

4
- 

0 
0

 
U

l 
U

l 
to

 
U

l 
rn

 
m

 

-
J

O
O

 
p

- 
M

 
4

-

M
 

-C
 

IS
) 

*
• 

4
^ t
t

 >
0

 
U

l 
4

- 
g

j 
U

l 
m

 
m

 

-
g

o
o 

P
- 

M
 

U
l 

p
- 

4
-

to
 <

y 
*

• 
C

D
 
M

 

U
l 

m
 

m
 

•»
J 

0 
0

 
P

- 
M

 
U

l 

P
- 

M
 

0 M
 

M
 •a
 

ty
 

4
-

U
l 

w
 

4
- to

 
g:

 to
 

tt
 

tt
 

to
 

0 
0

 

0
0 

0 
0

 

0
0 

0 
0

 

0 
0 

0
0 

0
0 

P
- 

—
 

4-
 t
o
 

U
) 
to

 
4-
 
0
 

m
 

m
 0 ty

 
-g

 

•0
 

p
-

4
" 

M
 

U
l 

M
 to

 

0 sf
 0 

0
 

0 
0

 

0 
0 

0 
0

 

0 
0

 

0 
0

 

M
 

4
-

U
J 

tt
 

4
^ t
o

 <
0

 
^ 

03
 

(y
 

0 
m

 
m

 

•
«

j
o
 

0
 

U
l 

U
) 

U
J 

F
U

 
U

) 

0 4>
 

0 to
 

ty
 

4
^ 

U
l 

M
 

U
l s U
l 

0 4
-

U
l 

U
l 

u
» 

> 
4

> 
4

> 
U

l 
4

- 
to

 
0

 
0

 

o
m

 
m

 
4-

p
-

o
o

t
t

o
o

-
g

o
 

tt
U

JW
tt

U
JU

lU
JU

J 

.- 4
-

U
l 

(y
 

-g
 t

o
 

ty
 

•f
 tt

 P
-

p
-

-

4
- 

N
O

 
-0

 
4

» 
4

* 
U

J 
0 

4
- 

—
 

tt
 

U
J 

m
 t
o

 m
 

m
 

0 
0

 
U

l 
U

l 

p
-

U
l 

g
3 

0 0 - U
l 

U
l 

0 
-g

 t
o

 

tt
 

0 M
 

0 
U

l 
C

D
 

-g
 

M
 

* 
m

 

<
y 

U
) 

ty
 

4
- 

4
^ 

-^
 

U
l 

U
l 

^
 

.0
 

•^
 

U
l 

m
 

m
 

4
^ 

^
0

0 
P

- 
M

 
U

l 

0 
0

 

.0
 

-S
I 

U
l 

--
J 

tt
 

U
l 

to
-g

 

o-

p
-

0 sO
 

m
 

tt
 

0
0 

tt
 

U
l 

U
J 

4
- to

 
0 

ty
 

U
J 

tt
 

ty
 to

 
m

 

4
^ 

U
l 

m
 

0 
0

 
U

l 
-P

-

.- U
l 

U
J 

M
 

ly
 

0 m
 

p
- 

,0
 

M
-

g
 

U
J 

4
^ 

N
O

 
U

l 

m
 

m
 

0
0 

U
1

4
' 

M
P

-

•^
 

0
 

4
-

4
'

M
 

»-
 

o
u

>
 

to
 m

 
m

 

tt
 

0 
0 

tt
 

U
) 

U
l 

4
^ to

 
ty

 tt
 

4
" to

 
0 

0
 

tt
 

U
J 

4
- 

tt
 

0
0 

g
3 

-g
 

ty
 

*«
 

to
 

U
l 

P
- 

4
-

to
 

U
! 

U
l 

fr
 

U
l 

0
 

m
 

m
 

0 
0

 
U

) 
4^

 

P
-

M
 

-0 U
J 

p
-

M
 

4-
 

-^
 

4
^

^ 
0

 
U

l 
4

- 
u

» 
g

3 
0

 
o

m
 

m
 

4-

^
0

0 
U

) 
U

) 
U

J 

«--
4

- 
U

l 
to

 
-f

- t
o

 U
l 

0 
m

 
m

 
-g

 
U

l 
0 U

J 

p
-

sO
 

4
- 

0 
4

- 
--

I 
0 

m
 

U
J 

J
p

 
4

-
0 -g

 

0 U
) .- U
) 

-g
 

U
J 

0 U
) tt
 

to
 U

J 
4

* 
U

l 
^

u
i 

4
- 

to
 

m
 

m
 

0
 

m
 

0 
0 

u
> 

4
-

0 
0

 

•O
 

~
4 

U
l 

-g
 

<y
 t

o
 

to
 

ty
 

0 to
 

0 0 m
 

0 4
-

U
) 

cy
 

0 4
" 

p
-

U
l T
 M

 

U
l 

M
 1 U
l 

M
 

U
l 

0 4
> 

M
 

U
l 

0 4
> 

-
J

O
 

0
 

U
l 

U
l 

M
 

4
- 

M
 

0 
0 

U
l 

U
) 

ty
 

M
 

to
 

M
 

0 
0
 

0 
0
 

0 
0
 

0 
0 

0 
0
 

0 
0
 

0 
0
 

0 
0 

0 
0
 

0 
0
 

0 
0
 

0 
0
 

0 
0
 

0 
0
 

0 
0 

0 
0
 

0 
0
 

0 
0
 

0 
0
 

0 
0
 

0 
0 

>o
 

0 

to
 0 0 M

 
4- tt

 
M

 

0 to
 

» 4
> -g

 
4

-

U
l 

•-
J tt
 

to
 

ty
 

U
l 

U
l 

U
) 

U
J T
O

 
g

j 

4
^ to

 

4
* to

 
g

i 

4
- to

 
U

) 
4

-

0 

0 
0
 

0 
0
 

0 
0
 

0 
0
 

0 
0
 

0
0 

0 
0
 

0 
0 

0 
0 

0 
0 

0
0 

0
0 

0 
0
 

0 
0
 

0 
0 

0 
0
 

0 
0
 

0 
0
 

0 
0 

0
0 

0 

0 
0

 

ty
 to

 0 ty
 

M
 

ty
 4̂
 

0 lO
 to

 
ty

 

(y
 

U
l 

P
O

 

-
J tt
 

to
 

%
 

0 0 4
-

4
-

4
-

4
^ 

U
l 

-J
 to

 

4
- T
O

 

*• U
l 

-J
 

a -̂
 

-g
 

0 
0
 

0 
0
 

0 0 

0 0 

0 
0
 

0 0 

0 0 

0 
0 

0 
0 

0 
0
 

0 0 

0 0 

0 
0
 

0 
0
 

0 
0 

0 
0
 

0 
0 

0 
0
 

0 0 

0 
0 

g
> 

0
 

U
l tt
 

to
 

0 0 

0 M
 ? s U
l 

4
- tt
 

0 U
l 

-J
 

g
3 

M
 

>
0 

4
* 

g
j 

w
 

4- U
) 

-g
 

M
 

U
l 

0 ty
 cy
 

-g
 to

 
ty

 to
 

p
- T
O

 
ty

 T
O

 
-g

 to
 

ly
 to

 

-
J to

 
(y

 T
O

 

0 
0

 

0 
0

 

0 0 

0 0 

0 
0

 

0 
0

 

0 0 

0 0 

0 
0

 

0 
0

 

0 
0

 

0 
0 

0 
0

 

0 
0 

0 
0 

0 
0

 

0 
0 

0 
0

 

0 
0

 

0 
0

 

0 
0

 

xO
 

0 
U

l 
0

- T
O

 

0 U
) 

•-
J 

0 M
 

p
-

-
J 

U
l 

U
l 

4
- 8 5!
 tt
 

U
) 

ty
 

U
l T
O

 
U

l 

U
l § g
3 

•0
 tt
 

T
O

 

tt
 

- tt
 

to
 

U
l 

(y
 T
O

 

0 
0 

0
0 

0 
0

 

0 
0 

0 
0 

0 
0 

0
0 

0 
0 

0 
0 

0
0 

0 
0

 

0
0 

0 
0

 

0 
0

 

0 
0 

0 
0

 

0 
0

 

0 
0

 

0 
0

 

0 
0

 

0 
0

 

g
3 

U
l tt
 

to
 

0 

0 ty
 

4
-

4
^ <
y 

ty
 

0 -g
 T
O

 
0 to

 
J

3 

-J
 tt
 

U
J 

U
J 

ty
 

0 0 0 M
 

M
 3 to

 
to

 
"Z

 

T
O

 
T

O
 

::;
 

U
l to

 
T

O
 

-4
 to

 
::;

 0 
0
 

0 
0
 

0 0 

0 0 

0 
0
 

0 
0 

0 
0
 

0 
0 

0 
0
 

0 
0
 

0 
0 

0
0 

0 
0
 

0 
0 

0 
0 

0 
0
 

0 
0 

0 
0
 

0 
0 

0
0 

0 
0
 

%
o 

0
 

U
l tt
 

to
 0 M

 
0 U

l to
 

ty
 

U
l 

ty
 

0 t^
 

>o
 > M

 
0 U

l 
0 m

 

U
l 

4
-

ty
 

•J
) 

U
l 

U
l 

M
 

-g
 

U
l 

M
 

-J
 

M
 5 M
 

M
 

0
0 

0
0 

0 
0
 

0 
0
 

0 
0
 

0
0 

0 
0 

0 
0 

0 
0
 

0 
0
 

0 
0
 

0 
0
 

0 
0
 

0 
0
 

0 
0 

0 
0
 

0 
0
 

0 
0
 

0 
0
 

0 
0
 

0
0 

•0
 

U
l tt
 

T
O

 

0 

0 U
l 

ty
 

U
l 

M
 tt
 

s f s U
l 

•0
 

4
-

4
-

4
-

ty
 

-g
 tt
 

U
l 

M
 1 u5
 

g
j 

<o
 

4
-

W
 

g
) 

*
• it!
 

•0
 

4
-

U
J 

0 0 ty
 to

 

3?
 

X
J 
^ 

0 
T

i 
Z

 

73
 

-i
 

m
 

"
-n

 
1 

?
3

 

, 0 Z
 

c
n

x 

5
S

 

^ 0 0 

z m
 

0 0 0 0 0 g
 - 0 r 

t/
i 

0
 

1 z 

ro
 

t/i
 

0
 

X
 c z 

M
 

0 u.
 

0 4
-

0 U
l 

0 



3
 

i/itt 
-o

 O
' 

ty
 c

y
 

p
^

t
t 

•g
'tt 

M
t

t 
-o

 o
^
 

-^
 Q

\ 
-

o
t
t 

^-^ Q
\ 

n
jt

t 
r-* ty

 
^

t
t 

m
t

t 
d

t
t 

M
t

t 
d

t
t 

o
o

tt 
o
^
 

I 
p

- 
d

p
- 

.
o

P
- 

d
P

- 
s

Q
f" 

ttP
- 

r
g

p
- 

—
p

- 
—

<
^
 

-
O

P
- 

g
3

P
- 

d
h

- 
-a

^
f- 

P
-

P
- 

P
-

P
- 

m
p

- 
C

O
P

- 
ttP

- 
c
o
 

O
P

- 
ttP

- 
c

o
P

^
 

(
^

^
- 

ttP
^
 

ttP
- 

ttP
- 

ttP
- 

C
O

P
- 

ty
 r^

 
c

D
P

- 
c

o
P

- 
P

-
r
- 

t
o

p
- 

—
p

- 
-o

 
t" 

p
-
p

- 
-
O

p
- 

M
 

_
j 

<
d
 

m
d
 

i
n

d
 

m
d
 

m
d
 

m
d
 

m
d
 

g
'

d
 

-
a

-
d
 

^
4

•
d
 

g
-

d
 

^
d

 
•4

-fri 
ttd

 
c

o
d
 

c
o

d
 

-
4

d
 

-
*

d
 

tt 
U

I
Q

C
*
 

•
•
 

•
•
 

*
•
 

•
•
 

•
*
 

•
*
 

•
•
 

•
•
 

•
•
 

•
•
 

•
•
 

•
•
 

*
*
 

•
•
 

•
•
 

•
•
 

•
•
 

•
 

a
: 

u
-

o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

—
o
 

—
o
 

o
 

O
 

m
-

*
d

d
g

-
d

M
*

d
>

0
g

-
d

>
4

'
s

f
d

^
^

^
d

^
.

4
'

d
t

t
>

*
d

o
g

'
d

g
-

g
-

d
d

g
'

d
P

*
-

g
^

d
p

-
m

M
r

g
m

M
m

m
(

s
j

d
m

M
g

-
m

M
*

m
M

 
o

 
o

o
o

o
o

o
o

o
o
 

—
 o

O
'

4
o

o
(

i
>

o
O

d
O

O
Q

0
O

O
t

t
o

o
 

—
 o

o
>

t
o

o
o

o
o

p
-

o
o

i
-

-
o

o
M

O
O

t
t

o
o

o
o

o
 

—
 o

o
 

>
 

I 
'

I 
• 

r 
• 

I 
• 

r 
.

1
 

.
1
 

. 
I 

.
1
 

• 
1
 

«
 
I 

• 
I 

• 
r 

- 
i 

• 
i 

• 
i 

• 
i 

• 
t 

m
 

c
o

iu
iii4

'U
J

U
J

<
O

U
J

U
J

m
u

ju
J

d
U

J
U

jm
m

iiJ
p

~
u

jt
u

m
u

J
U

jg
-

u
J

iiJ
O

U
J

U
V

d
U

J
U

J
O

u
.

u
<

o
u

J
U

.
(

C
U

J
U

J
^

iiJ
U

j<
c

u
jU

jr
u

u
ju

J
'O

u
ju

j 
o

m
d

O
m

o
O

d
N

O
-

4
'

d
-

4
-

0
3

r
M

f
-

-
t

t
O

t
t

-
4

'
m

<
o

t
t

M
g

^
«

^
4

0
M

m
g

^
^

d
t

t
o

o
o

o
r

g
o

o
f

^
t

t
o

o
c

D
r

g
d

o
O

t
t

'
a

'
m

t
t

'
^

^
d

t
t

t
o

t
o

t
t 

o
d

g
^

o
o

o
r

^
i

n
p

^
-

g
d

O
M

M
^

t
t

t
t

—
r

a
^

O
P

-
d

m
m

 
—

 
o

<
s

j
^

d
t

t
O

M
d

O
O

M
0

3
^

d
o

*
P

-
d

g
^

o
*

m
a

o
'

0
-

4
"

M
d

d
r

-
o

 
d

o
m

^
o

m
-

4
't

t
m

d
O

i
n

n
j

t
t

g
-

—
4

t
t

'4
-

-
4

t
t

'4
-

-
^

o
O

'*
—

•
c

o
g

-
-

4
t

t
'4

"
'-

^
c

o
g

' 
p

-
c

i 
m

d
 

-
4

-
0
 

v
O

d
 

g
-<

s
i 

r
g

^
 

d
M

 

d
—

 
d

—
 

(
S

I—
 

d
—

 
M

—
 

<
s

j—
 

M
—

 
M

—
 

M
—

 
r

g
-

* 
M

—
 

r
g

—
 

^
r

g
 

m
M

 
J

-
M

 
M

—
I 

d
—

 
r
g
 —

 

o
 

m
g

•
d

d
g

•
d

M
.

*
d

•
O

-
4

•
d

•
4

•
•

4
•

d
•

^
g

•
d

^
0

'
4

•
d

t
t

g
•

d
O

«
*

d
•

4
•

•
4

•
f

<
l

c
r

^
•

4
•

d
^

^
•

*
d

p
-

m
r

g
M

m
M

m
m

r
g

d
m

M
-

*
m

(
S

J
^

0
m

r
v

J 
o

 
0

0
0

0
0

0
0

0
0
 

—
 c

a
o

-
a

-
o

o
o

j
o

o
d

o
o

c
o

o
o

t
t

o
o

-
o

o
-

a
-

o
o

o
o

o
p

-
o

o
^

-
o

o
M

O
O

t
t

o
o

o
o

o
 

—
 0

0
 

.
1
 

• 
I 

• 
I 

-
1
 

• 
I 

• 
I 

.
1
 

• 
I 

• 
I 

• 
I 

.
1
 

• 
I 

.
1
 

• 
I 

• 
I 

. 
) 

- 
I 

• 
( 

g- 
c

o
u

ju
jg

'U
J

U
J

^
u

iu
jm

u
J

U
J

d
u

J
u

jm
u

J
U

J
p

-
L

iiiu
m

iiiu
j'g

-
u

ju
jo

u
J

U
J

d
iiJ

U
J

o
iiiu

jo
iiJ

u
ja

o
u

jiu
i^

U
J

u
t

g
s

u
jiJ

J
M

U
J

w
 

o
-

a
-

t
t

O
t

t
t

t
d

m
t

t
C

i
t

t
t

t
<

M
d

c
o

o
m

«
o

m
'

4
-

M
M

o
O

O
P

»
o

O
'

4
'

d
C

i
t

t
'

4
-

t
t

M
r

g
c

o
c

P
'

^
c

o
M

g
3

0
0

C
i

t
t

m
 

—
 

o
-

t
c

o
t

t
c

O
M

-
o

 
o

m
d

c
o

M
M

m
o
 

—
 c

i
M

M
r

j
t

t 
—

 
tt>

o
o

>
o

m
o

d
o

co
 

—
 g

'
m

-
o

c
o

i
-

t
o

p
-

^
c

D
i

-
-

M
^

p
-

0
'

*
s

D
d

'
4

'
0
 

—
 m

 —
 

•
O

'4
'M

d
C

i
p

-
M

 
d

m
O

'
0

m
O

'
4

'
m

o
(

^
i

n
o

M
t

t
r

g
 

—
 

ttM
 

—
 

tt(sj 
—

 
tt 

—
 —

 CO
 —

 —
 

ttM
 

—
 C

O
—

 
1

^
—

 
•

C
d
 

•
4

-
^

 
•3

"-4
' 

—
r
g
 

O
.
0
 

•
g

-
M

 

(N
—

 
M

-
-
* 

M
—

 
(S

J
—

 
c

v
jc

* 
M

—
 

M
—

 
M

—
 

M
'H

 
M

-
^
 

M
—

 
M

—
 

m
c

s
j 

g
3

M
 

c
o

d
 

d
-

H
 

g
-

—
 

m
M

 

O
 

m
*

d
d

^
4

-
d

M
g

-
d

'
*

*
t

"
d

'
4

'
'

*
d
 

—
 

g
-

d
-

o
-

a
'

d
t

t
>

4
'

'
*

l
o

g
-

d
'

4
-

'
*

(
"

d
g

-
d

^
-

«
*

d
^

-
>

4
-

M
M

'
4

'
d

m
*

M
d

m
M

*
m

r
g

^
>

4
-

M
 

o
 

o
o

o
o

o
o

o
o

o
 

—
 o

O
'

4
-

o
o

c
o

o
o

d
O

o
c

o
o

o
t

t
o

o
 

—
 o

o
^

o
o

o
o

o
p

-
o

o
p

-
o

O
M

o
o

t
t

o
o

o
o

o
 

—
 0

0
 

• 
•

! 
•

! 
•

! 
•

! 
•

! 
•

! 
•

! 
•

! 
•

( 
* 

t 
•

»
 

•
! 

•
( 

* 
I 

• 
t 

• 
I 

* 
t 

•
) 

d
 

c
o

u
ju

j4
'u

ju
i<

O
iiJ

iijin
u

'L
i'C

iu
iu

jm
iiiu

i^
U

J
u

jm
iiJ

u
i'a

'iiiu
J

O
u

ju
J

d
u

ju
jO

u
iiiiO

u
jL

L
io

a
u

ju
jP

-
iiJ

iu
g

3
ijjiiiM

U
J

i^ 
o

m
—

<
O

t
t

o
3

d
-

a
-

i
n

d
o

o
c

o
M

O
M

O
P

-
t

t
m

^
m

r
g

m
o

o
>

0
'

*
*

-
-

«
r

™
C

T
i

^
o

s
M

d
P

-
t

t
m

c
o

(
*

j
-

H
-

4
'

0
'

O
m

m
d

P
"

'
4

"
c

o
p

-
c

o
o

m
 

O
t

t
o

o
c

O
d

>
o

m
o

o
m

(
*

i
d

<
<

O
M

d
<

<
r

't
t

P
-

n
j
g

3
m

M
d

m
O

r
4

p
-

^
t

t
'0

'-
4

d
O

O
o

o
c

o
»

4
m

g
^

-
O

P
-

-
<

^
d

O
>

4
'(

s
i
d

m
>

o
d

g
'a

3
m

d
—

4
C

o
 

d
P

-
d

-
O

P
-

d
-

a
'>

o
c

i
d

P
-

d
(

M
-

^
O

d
-

g
m

d
—

*
m

d
—

p
-

a
-

d
-

H
M

-
^

—
'-

O
C

l
-

^
-

t
M

 
—

4
g

- 
—

tp
^
 

-o
—

«
 

—
*co

 
tti-i 

«
o

d
 

rg
c

o
 

m
—

 
m

-
4
 

m
—

 
m

—
 

m
—

 
m

—
 

m
—

 
m

—
 

*
—

 
m

-
j 

m
—

 
o

—
 

—
M

 
-
a

-
—

 
-t 

o
^

 
o

o
rg

 
ttrg

 
—

M
 

o
 

m
'
*

M
d

'
*

M
M

g
'
r

g
«

o
g

-
M

^
4

-
'
4

-
M

—
*

M
o

g
-

M
t

t
g

-
M

o
>

a
'
r

g
-

^
^

M
d

-
4

-
M

f
-

g
^

M
r

~
-

4
-

M
M

-
4

'
M

m
-

a
'
d

d
.

.
4

-
(

s
i

«
4

-
-

4
-

r
g

N
o

g
-

M
 

m
 

0
0

0
0

0
0

0
0

0
 

—
 o

o
s

a
-

o
o

o
o

o
o

d
o

o
o

o
o

o
t

t
o

o
 

—
 o

o
*

o
o

o
o

o
r

^
o

o
f

-
-

o
o

r
g

c
p

o
t

t
o

o
o

o
o
 

—
 0

0
 

• 
•

! 
•

I 
•

! 
•

( 
•

! 
•

! 
•

! 
•

• 
•

! 
-

I 
•

! 
•

• 
•

• 
•

! 
•

• 
•

! 
•

! 
'

I 
eg

 
o

o
L

u
i

u
g

-
L

u
u

j
'O

U
J

u
j

m
u

j
u

i
d

u
j

u
j

m
u

j
u

j
N

 
u

j
u

j
m

u
j

U
j

g
-

i
i

i
u

J
O

u
i

u
f

d
u

J
u

j
O

u
j

u
j

o
u

j
u

j
c

D
u

j
u

j
r

v
-

u
j

i
i

i
'O

u
J

U
J

M
u

j
u

j
^

U
J

u
i 

o
^

-
d

O
o

g
3

d
-

O
t

t
(

*
i

f
^

o
r

g
o

D
m

o
o
 

—
 m

o
o

g
-

M
N

O
 

—
 

o
c

o
^

4
'

'
*

o
o

t
t

t
t

'
t

m
M

d
P

-
t

t
O

d
M

i
^

m
o

t
t

m
m

o
h

-
'

*
h

-
t

t
o

o
(

s
j

«
o

 
•

o
t

t
d

o
o

d
m

m
r

-
p

-
d

d
m

M
-

o
t

t 
•

O
d

-
o

d
O

d
(

s
j

^ 
—

 —
 M

g
j

t
t

P
-

o
r

-
t

t
o

o
o
 

—
 g

- 
s

a
-

t
t

g
-

m
o

-
4

'
g

J
—

i
n

^
g

3
'
4

'
c

o
o

d
m

g
' 

d
d
 

—
 ̂

d
o

-
a

-
M

t
t

C
i

d
O

M
f

s
i

t
t 

—
 —

C
O

-
.-

<
c

o
 

—
 o

-
o

—
p

t
t

m
 

—
 —

.
C

O
-

t
t

m
 

—
M

 
o

m
 

m
o
 

P
-

—
 

o
d
 

—
m

 
-t 

to
 

s
o

c
o
 

^
(

D
 

-
o

p
- 

^
0

0
 

-
f
ip

- 
-
O

N
- 

-o
 f~

 
-
O

P
" 

m
r
-
- 

^
^

- 
m

P
^
 

•
a

'm
 

M
M

 
m

P
- 

to
 f* 

—
t^

n
 

^
g

-
i 

-
g

-
4
 

O
t/>

 
M

'4
-

M
 

—
 

g
•

M
^

a
•

«
4

•
M

M
g

•
M

(
i

)
s

a
•

M
^

•
g

•
M

m
^

l
M

^
^

M
^

^
g

•
M

M
g

•
M

0
0

-
4

•
M

.
-

^
«

4
•

(
^

J
^

-
•

a
•

M
M

d
d

m
d

d
d

g
•

M
g

•
g

•
M

•
o

g
•

M
 

O
C

C
X

 
M

O
O

 
—

 O
O

P
-

O
O

r
g

o
O

^
J

-
O

O
M

O
O

m
O

O
M

o
O

d
O

O
O

O
O

i
O

O
O

O
O

O
f

^
O

O
P

^
O

O
M

O
O

t
t

O
O

O
O

O
 

—
 O

O
 

• 
UJ 

>
t 

(
I 

*
l 

>
l 

•
! 

>
l 

«
l 

•
! 

•
! 

'
I 

*
| 

•
{ 

(
I 

•
! 

•
! 

•
{ 

«
| 

•
• 

r
g

K
C

7
Q

^
g

'
m

u
j

M
i

l
j

u
j

g
^

u
i

u
j

r
n

u
j

u
j

m
u

j
u

i
d

u
i

u
j

«
i

i
J

U
J 

—
 

u
J

U
J

'4
u

j
u

j
o

o
u

j
u

i
a

3
k

u
i
u

g
-

u
j
i
j
j
o

u
j
u

j
c

o
u

j
u

j
r

^
u

j
u

j
«

u
j
u

j
M

u
j
u

J
<

O
u

j
u

i 
u

j
i

/
)

X
o

o
o

o
t

t
O

c
r

t
t

r
g

o
»

0
(

s
i

t
t

P
-

o
m

t
t

O
O

P
-

(
^

*
c

o
o
 

—
 

c
o

t
t

4
'
'
0

'
4

'
t

t
P

-
'
4

'
t

t
d

c
o

t
t

t
t

t
t

t
t

r
M

o
o

-
o

o
(

S
J

^
m

m
P

-
^

0
<

s
(

o
o

^
^

m
 

E
 

v
-

t
t

m
-

o
t

t
o

o
o

o
t

t 
—

 M
t

t —
 —

 
tte

o
o

o
-o

-M
*p

-p
^ 

—
 m

m
t

t
c

o
o

^
o

o
t

t
M

d
P

~
O

P
*

-
-

a
'

o
o

^
* 

—
 N

f
g

^
g

'-
o

m
^

- 
—

 
'
^

'
O

O
d

t
t

-
a

-
O

C
X
 
—

 ^
I

'
l

i
n

c
i

^
d

d
g

-
M

d
^

—
* 

—
 M

—
—

M
—

o
 

—
 —

*
t

t
O

 
0

0
0
 

—
 —

<
rg

 
r
-
c

o
 

^
-

m
 

d
m

 
o

* 
•4

'«
a

' 
g

-
m

 
g

^
m

 
f-

-
e

o
 

j
X

O
- 

*
• 

• 
N

. 
^

-
O

 
-C

 'O
 

-O
 O

 
0

<
0
 

-
0

4
 

-
0

>
0

 
<

O
sO

 
m

^
O

 
O

 \0
 

^
 

O
 

^
<

0
 

^
4

>
 

O
^ Q

' 
<

-•—
 

-
J

—
 

M
M

 
M

C
M

 
M

M
 

O
i/>

t5
 

i
^

d
M

t
t

d
r

J
t

t
d

M
«

)
d

r
g

M
d

M
g

)
d

M
P

-
d

r
g

t
t

d
r

g
c

o
d

M
M

C
i

M
<

o
d

r
O

f
H

d
M

f
^

d
d

M
d

d
m

d
c

i
d

g
^

M
g

'
g

-
r

j
«

o
-

a
-

r
g

 
m

—
 

p
-

p
-

o
o

c
i

o
o

i
n

o
o

o
o

o
t

-
o

o
f

^
o

o
o

o
o

o
o

o
o

m
o

o
o

o
o

o
w

o
o

t
t

o
o

P
-

o
o

p
-

o
o

M
o

o
t

t
o

o
o

o
o
 

—
 0

0
 

•
Q

t
|

U
-

-
l 

•
! 

•
! 

•
{ 

•
( 

•
! 

•
! 

•
! 

•
) 

-
I 

•
! 

•
! 

•
! 

•
! 

•
! 

•
! 

•
) 

•
! 

—
 

•
-

^
c

s
iu

ju
j^

u
ju

J
P

-
u

J
U

J
'O

U
J

U
J

O
iiiU

J
P

-
iiJ

u
ic

o
u

J
iiim

u
J

U
iM

a
ia

J 
—

 
u

ju
jp

-
U

J
iiJ

m
iiiu

J
O

U
jiiic

D
U

J
U

J
P

-
U

J
U

J
>

£
u

ju
jM

U
J

i^
'C

u
 

u
jp

- 
a

t
t —

 
tt 

•
4

''0
—

tt 
—

*
'4

'o
o

>
o

c
i

o
%

o
t

t
O

 
—

 —
o

m
P

~
 

—
 P

- —
 (

s
jo

 
—

 •
-

p
o

o
o

c
O

iO
O

o
r

s
it

t 
s

O
«

J
'M

d
i

n
o

*
P

-
i

n
o

'*
'>

4
"

4
-

m
o

o
o

f
f

' 
x

i
L

O
(

O
t

t
o

o
t

t
^

-
r

*
-

M
,

o
m

'
*

m
d

-
O

d
 

—
 d

—
 —

 r
g

^ 
—

 
ttd

«
>

o
o

o
p

-M
 

—
 P

-
0

0
0
 

—
 -o

 —
 

tt^—
M

-*p
- 

—
 g

- —
 p

-
m

o
 

—
 

^
m

m
d

g
-

^
g

' 
^

1
-

. 
tt—

O
'a

- 
—

 
ttcn

 
—

 o
o

M
-^

a
o

.-H
 

—
 v

o
 —

 —
 m

>
g

N
'«

 
rg

t*
! 

M
 —

 "
- —

 -a- 
M

fs
i 

m
f
f
' 

ttM
 

r^
—

 
-

<
d
 

c
i
m

 
o

e
o

 
•*•<

-<
 

-J
O

; 
• 

0
.

0
 

—
t

t 
—

C
O

 
F

^
c

o
 

—
C

O
 

—
C

O
 

—
C

O
 

r
H

tt 
r^

 V
 

^
^
 Q

' 
—

1
0

 
—

<
tt 

—
t

t 
M

M
 

M
M

 
d

M
 

d
M

 
m

d
 

m
g

-

o
 

o
d

d
O

d
d

d
d

d
 

—
 d

d
p

-
d

d
t

t
d

d
^ 

«
»
 

—
 

iy
 

d
 

o
 

p
-

d
d

M
d

P
i

m
d

C
i

d
d

M
^

d
d

^
d

d
 

o
 

g
j

o
o

a
)

o
o

*
n

o
o

'
*

'
0

0
>

4
"

0
0

'
i

i
O

O
—

 
—

 
—

 
^

- 
m

 
g

- 
h

-
o

o
p

-
o

o
M

o
o

t
t

o
o

o
o

o
-

0
0

 
* 

1
 

- 
I 

• 
1
 

• 
I 

* 
I 

.
1
 

«
 

. 
* 

. 
. 

• 
.

1
 

• 
I 

• 
t 

• 
I 

• 
I 

- 
I 

—
 

ttU
ju

j^u
ju

j>
0

U
JU

J^u
ju

jg
-u

ju
jg

3
U

JU
JO

 
^
 

o
 

-4
- 

-o
 

M
 

O
I

U
U

J
C

O
U

J
I

U
^

I
I

I
U

I
O

U
J

U
I

M
U

J
U

J
^

U
J

U
J 

•
4

-
o

o
M

P
-

d
t

t 
—

 ^
M

*
^

C
i

'
4

-
m

p
w

^
(

>
(

4
-

d
 

* 
M

 
rg

 
—

 
,0

 
ttttm

csittO
O

^O
m

rn
d

sa
-M

—
*o

o
rg

.o
 

m
m

i/
iP

- 
—

 (s
jm

 
—

 (
o

o
0

5
«

r
-

M
o

r
g

o
-

O
O

t
t 

!*• 
•
* 

o
^
 

-e
 

>
4
- 

-
a

-
o

o
o

g
-

g
- 

—
 

^
o

P
-

m
o

(
*

i
«

t
P

^
P

-
c

i
r

g
o

 
P

-
i

O
d

d
O

d
M

t
t

<
*

'^
c

O
'a

-
—

*
c

c
g

- 
—

 p
-

^
 

O
O

 
0

0
 

0
0
 

0
0
 

0
0
 

0
0
 

O
-

o
 

.
-
*

—
 

g
-

M
 

M
-

4
' 

O
O

 
d

P
-

M
—

 
M

—
 

M
—

 
M

—
 

M
—

 
M

—
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

P
-

d
 

J
-
r
g
 

g
-
r
g
 

—
.
0
 

g
-
r
g
 

m
M

 

o
 

m
 

C
O

 
M

 
m

 
p

- 
p

- 
r- 

P
- 

m
 

<
D

 
ty

 
<

y
 

p
-

M
d

r
g

r
J

d
m

M
d

d
M

d
'

*
M

d
^

M
d

 
m

 
T

" 
Q

y
 

d
 

0
^
 

o
^
 

ty
 

tt 
^
 

* 
m

 
d
 

M
 

f
^

o
o

'
^

-
o

o
f

s
i

o
o

t
t

o
o

O
o

o
'

^
o

o
 

. 
. 

• 
. 

«
 

. 
. 

. 
• 

• 
. 

• 
- 

•
{

•
{

•
{

•
|

>
|

>
| 

O
 

m
 

P
- 

m
 

m
 

d
 

—
4
 

m
 

C
O

 
O

 
1

^
 

0
0
 

•
^

 
o

u
J

tu
c

o
u

J
U

J
p

-
U

J
U

J
«

u
jU

J
M

U
J

U
j<

o
iiJ

U
J 

m 
P
-
 

t
o
 

p
-
 

C
O
 

1
^
 

C
O

 
'O

 
&

• 
C
O
 

0
0

 
o

^
 

t
t
-
-
m
M
i
O
m
O
'
4
'
'
O
m
p
-
m
'
^
m
t
t
c
o
m
P
-

p
-
 

d
 

m
 

—
 

p
-

 
^

>
 

m
 

*
 

d
 

m
 

d
 

M
 

g
-
g
-
 —
 
g
-
^
o
o
g
'
a
o
r
>
i
m
o
e
o
>
4
'
P
-
P
-
'
*
l
t
t
 
—
 

g
-
O
O
M
O
O
 
—
 
O
O
 
—
 
0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

M
O

 
o

 
t^
 

o
*
 

^
c
i
 

o
c
o
 

P
^
O
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

M
m
 

—
r
g
 

-
<
M
 

M
m
 

d
-
o
 

—
*
 

o
 

m
 

P
- 

•4
' 

o
 

o
 

o
 

—
 

v
 

to
 

t^
 

m
 

g
^
 

p
- 

V
" 

Q
<

 
d
 

—
 

d
-

^
M

d
^

M
d

 
(si 

c
y
 

o
<

 
o
 

4
- 

-o
 

<
o
 

—
 

,»
 

o
 

r
g
 

0
0
 

-
4
 

^
 

g
j 

m
 

tto
o

o
o

o
 

—
 0

0
 

o
 

—
 

o
 

o
 

C
O

 
m

 
.
t 

0
0
 

•
f 

M
 

'O
 

o
 

C
O

 
o
 

d
 

^
 

g
j
i
u

m
r

s
i
u

j
u

j
i
o

u
j
u

j 
CO

 
ffi 

4
1
 

tn
 

M
 

-o
 

—
 

m
 

—
 

^H
 

—
 

m
 

tt 
—

 
m

 
m

-
^

c
O

'
^

^
-

o
°

o
o

t
t 

m
 

r
g
 

0
0
 

•o
 

<
* 

d
 

c
i 

M
 

M
 

c
l 

M
 

-
* 

^
r 

•*• 
c

i 
m

^
i

n
'
4

"
m

.
o

'
*

i
f

"
t

t 
M

O
O

 
—

 0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

o
—

 
m

o
o

 
•4

-'*" 

0
0 

0
0
 
0
0
 
0
0
 
0
0
 
0
0
 
0
0
 
0
0
 
0
0
 
0
0
 
0
0
 
0
0
 
0
0
 
0
0
 
0
0
 

—ifi
 
t
t
g
-
 
p
-
d
 

o
 

*s
j 

>
o
 

h
- 

p
^
 

—
 

—
 

o
 

r
g
 

o
 

"4
- 

d
 

M
 

—
 

—
 

0
0

 
d

 
—

 
m

-a
- 

>
o
 

—
 

m
 

(S
I 

—
 

-
<

 
—

 
C

O
 

•
J

' 
(*

1
 

»
o
 

r
g
 

c
o
 

^
O

 
Q

- 
-o

 
d

 
tto

O
O

 
—

 

o
 

* 
C

l 
M

 
rs

i 
(D

 
ty

 
o

 
o

 
C

l 
(y

 
M

 
ty

 
o

 
o

 
c

i 
•

C
U

J
U

J
M

 
O

 
M

 
r-p

 
g

- 
o
 

lO
 

M
 

o
 

^
 

d
 

ty
 

d
 

tr 
v
 

-o
 

M
 

m
M

P
-

-
* 

*
o
 

,
O

c
o

m
4

'
M

M
M

 
—

 
—

 
—

 
—

 
d

M
r

g
m

O
P

-
^

-
f

*
! 

trt
 

—
0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

"
O
t
t
 

0
0
 

0
0
 

_
j
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

M
M
 

0
0
 

0
0
 

w
 

t
-
 z
 
—
 

z
 
ŝ
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EXAMPLE COOLING TOWER CALCULATION - NATURAL DRAFT - CASE 1 
0 

270 + 

1 0.010 
2 0.005 
3 0.002 
4 0.001 
5 0.001 

180 

1 AMOUNT OF DRIFT 04-03-76 
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EXAMPLE COOLING TOWER CALCULATION - NATURAL DRAFT - CASE 1 
0 

1 9.200 
2 ii.600 
3 2.300 
H I.ISQ 

270 

180 

2 HOURS OF FOG 04-03-76 
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EXAMPLE COOLING TOWER CALCULATION - NATURAL DRAFT - CASE 1 

270 

1 6.000 
2 3.000 
3 t . 5 0 0 
II 0.750 

180 

HOURS OF ICE 04-03-76 
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EXAMPLE COOLING TOWER CALCULATION - NATURAL DRAFT 
0 

270 

180 

4 SALT IN AIR 04-03-76 



117 

Appendix G 

TRANSLATION OF CODED WIND DIRECTIONS TO DIRECTION INDEXES 

A somewhat cryptlcal FORTRAN formula, 

IWD - IWD - 9*(IWD/10)— 1 , (G-1) 

appears in the ORFAD main program in the section devoted to weather data 

processing. Since the question "What does it do?" has arisen several 

times, the following is offered in explanation. 

Wind directions on an 8-point compass are coded by NOAA, as shown 

on the left-hand side of Table G-1. Wind directions on the 16-point 

compass are then coded by combining appropriate terms from two of the 

8-point directions; for example, east-northeast (ENE) is coded as 32, 

since E is 3 and NE is 2. This process yields the coded directions on 

the right-hand side of the table. 

Let us now apply Eq. (G-1) piecemeal to the ENE coded direction, 

that is, take IWD as 32 initially. First, we get 

IWD/10 = 3 , (G-2) 

because we are using integer arithmetic. As a result, we have 

9*(IWD/10) = 27 , (G-3) 

and, finally, 

IWD = 32 - 27 - 1 = 4 , (G-4) 

that is, the direction index for ENE is 4. Similarly, for south-southwest 

(SSW), we get 

IWD = 56 - 45 - 1 = 10 (G-5) 

as the direction index for SSW. 

For the compass directions N through NW, Eq. (G-1) thus yields the 

numbers 1 through 15 as the corresponding direction indices. The equation 

fails, however, for NNW and CALM. These latter two are treated as special 

cases and assigned indices 16 and 17, respectively. 
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Table G-1. Relation of compass directions, coded directions, and direction 
indices for the 8- and 16-point compasses 

For 8-polnt compass 
Compass 
direction 

Coded 
direction 

For 16-point compass 
Compass 
direction 

Coded 
direction 

Direction 
index 

N 

NE 

E 

SE 

S 

SW 

w 
NW 

1 

2 

3 

4 

5 

6 

7 

8 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

wsw 
w 
WNW 

NW 

NNW 

"Calm" 

11 

12 

22 

32 

33 

34 

44 

54 

55 

56 

66 

76 

77 

78 

88 

18 

00 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Although assigned a direction index, a calm condition is not actually 

treated as a wind in a specific direction. Rather, the index merely pro­

vides a convenient identifier for accumulating the occurrences of calm 

conditions. 
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