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ABSTRACT

A comprehensi ve computer model of atmosnheric carbon monoxide transp'ort
has been developed for Fairbanks, Alaska. The model, based on a finite

element method computational scheme, accents input from specified vehicle
traffic parameters inc1udin~ miles per day, number of cold starts, and total
idle time. Tile carbon monoxide concentrations are calculated for specified
time intervals at numerous points throughout the urhan area. A test of
the model a~ainst the data of January 22, 1975, indicates a good correspon­
dence.

Extremely high carbon monoxide concentration were calculated at an

unmeasured point down wind of the business district. The model should prove
useful for a number of community needs including parkin~ management, planning
and zoning, episode strategy planning, and carbon monoxide forecasting.

iv



LIST OF FIGURE LEGENDS

FIGURE 1: The location of Fairbanks, Alaska, and some of the principal
streets and roads in its vicinity. . . . . . . . . . . . .. 2

FIGURE 2: Some principal streets and roads in the main business
section of Fairbanks and location of bag samplers. . 3

FIGURE 3: A diagram indicating the main features of Fairbanks'
CO problem; the parts which can be controlled, vehicle
operation and emission devices; the natural environment,
meteorology; the part which can be studied, CO transport;
and, the ultimate effects, human health problems. . . 4

FIGURE 4: A schematic ill ustration of the atmospheric transport
equation. . . . . . · . 10

FIGURE 5: The fi nite-e1ement computation grid for the Fairbanks
urban area. . . . . . . · . . . 13

FIGURE 6: The finite-el ement computation grid for the Fa i rbanks
business district . . . . . . · 14

FIGURE 7: The distribution of the traffic input data inclUding local
traffic, idle, and cold starts. (Keyed to Table 2) 16

FIGURE 8: The distribution of the main arterial traffic loads for the
Fairbanks area. (Keyed to Table 3) . . . . . . . . . . .. 17

FIGURE 9: Measured carbon monoxide concentrations at the State Office
8uildings, Fifth and Barnette, Fairbanks, January 15 to 26,
1975.......................... 22

FIGURE 10: Measured carbon monoxide concentrations at the Borough
Office Building, Second Ave. between Cushman and Lacey
Streets, Fairbanks, January 15 to 26, 1976. . . . . . . 23

FIGURE 11: Measured carbon monoxide concentrations at the Borough
Office Building, Second Ave. between Cushman and Lacey
Streets, Fairbanks, January 22 and 23, 1975 . . . . . . 24

FIGURE 12: Measured carbon monoxide concentrations at the State
Office Building, Fifth and Barnette, Fairbanks, January
22 and 23, 1975 . . . . . . . . . . . . . . . . . . . . 25

v



FIGURE 13: Measured carbon monoxide concentrations, simulation of
January 22, 1975, conditions, wind velocity = 021 m/sec,
mixing depth = 3m, diffusion coefficient = 1.Om /sec. . 26

FIGURE 14: Comparison between computer value for Node 86, 107 and
8-hour average at Station #6. •. 27

FIGURE 15: Comparison between computed value for Node 119, 59 and
8-hour average at Station #3. .. ..... 28

FIGURE 16: Comparison between computed value for Node 132, 136 and
8-hour average at Stations # 9 and 10 . . . . . 29

FIGURE 17: Comparison between computed value for Node 132 and
8-hour average at Station #2...•......•. 30

FIGURE 18: Comparison between computed value for Node 133 and
8-hour average at Station #4. . . . . . 31

FIGURE 19: Concentration contours for when Node 132 is at a maximum. 32

FIGURE 20: Concentration contours for when Node 132 is at a minimum. 33

FIGURE 21: Profile of concentrations as taken from A to A' . . . . 34

FIGURE 22: Wind speed versus time - meteorological instrumentation 39

FIGURE 23: Wind direct. (degrees) versus time ... 40

FIGURE 24: Plot of air temperature versus elevation on the morning
and afternoon of January 22, 1975. A very low mixing
depth is indicated. . . . . . . . . . . . . . . . . . . 41

vi



Table 1:

L1ST OF TABLE LEGENOS

A description of the advection-diffusion equation. 11

Table 2: The local traffic input data distribution shown in Figure 7. 18

Table 3: The arterial traffic input data distribution shown in Figure
8. . . . . . . • . . . . . . . . . . . . . . . 19

Table 4: The equations used to estimate carbon monoxide from the
traffic data. • . . . • . • . . • . . • . . . . . • . 20

Table 5: Explanation and specification of meteorological values 21

Table 6: Location of samplers. • . . . . . . . . . . . . . . . 36

vi i



AN ATMOSPHERIC CARBON MONOXIDE TRANSPORT MODEL

FOR FAIRBANKS, ALASKA

INTRODUCTI ON

Fairbanks, Alaska, a large northern urban area (Figures 1 and 2), has
a long history of air quality problems. The poor air quality is caused by
a combination of circumstances during the winter season including severe
temperature inversions, a restricted geographic basin, and low winds.
Fairbanks is also the focus of much oil pipeline activity which has brought

about a great expansion of commercial and residential activity in the area
which in turn has greatly increased vehicular activity. Even before the
pipeline construction, Fairbanks was officially recognized as a carbon
monoxide (CO) problem area and has had certain maximum CO level requirements
placed upon it by the Federal Environmental Protection Agency (EPA, 1973).
Each winter, the warning level of 30 part per million (ppm) of CO and the
40 ppm emergency level are occasionally surpassed. The serious level of
9 ppm occurs on a high percentage of the days of each calendar year.
(Gilmore and Hanna, 1973; Swift, 1974; and Holty, 1973). The need for a
comprehensive carbon monoxide program is evident.

Fairbanks' carbon monoxide problem has several aspects and is quite

complex (Figure 3) even for an urban area the size of Fairbanks which has
an approximate population of 50,000. The primary concern, of course, is
the effect on human health (Joy, Tilsworth, and Williams, 1975). High
concentrations of carbon monoxide must have a source, usually vehicular
traffic, and any meaningful control program will have to involve control
of this source. Such controls may include parking, vehicle starting methods,

and integration of the use of private vehicles with mass transit in a variety
of ways. Another aspect of an overall strategy is the control of emissions
on the vehicle itself. This phase can be approached either through improved
maintenance of the existing equipment (Coutts, Leonard, and MacKenzie, 1973)

1
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or through installation of retrofit devices such as catalytic converters.
All three aspects are tied together through the actual movement of carbon
monoxide within the urban area itself via the phenomenon we will call 'at­

mospheric carbon monoxide transport'.

The tie between the occurrence and control of carbon monoxide sources
and the ultimate health effects must be obtained through an understanding
of atmospheric carbon monoxide transport. Such an understanding will tell
us how the pollutant travels from the emission source to points of human

habitation and how it is influenced by the meteorological parameters of wind,
mixing height, and turbulence phenomenon. A key aspect in the formation of
a competent control strategy is the development of a rather complete carbon
monox ide transpo rt mode1.

In order to completely understand, or model, carbon monoxide transport,
we will need to know several key features of the problem. The characteristics
of the emission sources must be accurately known in conjunction with a
complete characterization of the manner of operation of motor vehicles,
including their spatial and temporal distribution. The actual extent of
the carbon monoxide problem must be determined through a comprehensive
measurement program. Finally, the two must be tied together through an
accurate simulation of the effects of atmospheric transport.

To that end, this report provides a general description of the develop­
ment of a complete atmospheric CO transport model for the Fairbanks area. A
companion report (Norton and Carlson, 1976) is available which offers a
complete description of the mathematical basis of the transport model and of
the information needed to use it. This very large, computer-oriented model
requi res competence and determination in order to create the appropri ate
input in order to get reasonable results. This report explains some of the
background data, mostly through use of a case study, which allows the reader
to interpret the model and relate the results to other aspects of the problem.

Included is a discussion of some salient features of Fairbanks' carbon
monoxide problem. Certain aspects of the model itself are explained as wel I.

These are tied together through a complete discussion of a case study of an
actual air pollution episode in the Fairbanks area.
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BACKGROUND OF THE CARBON MONOXIDE PROBLEM IN FAIRBANKS

Poor air ~uality and attendant problems in the Fairbanks townsite
probably began when the townsite was first developed. Much of the early work

was directed at the ice-fog problem caused by automobile emissions and
heating plants discharging cooling waters (Benson, 1970). Benson and a
number of others have documented the primary cause of both the ice fog
and carbon monoxide conditions as being due to the severe temperature

inversion which traps a layer of still air very close to the surface (Benson,
1970, and Wendler and Nicpon, 1975). This inversion creates a mixing layer
only several meters thick which, in combination with low winds and a rather
tight geographic restriction creates an air mass which remains virtually
stationary for lengthy periods during the winter. (The geographic restriction
is due to the area's being bound on three sides by low-lying hills.)

Although the ice-fog phenomena is a significant problem in itself, the

main thrust of this report relates only to carbon monoxide. In the past
several years, carbon monoxide has been detected in high concentrations in

downtown Fairbanks and has been a constant cause of concern. The problem
has increased steadily as the Fairbanks area has grown until the USEPA
finally declared Fairbanks an area of special air quality concern (Gilmore

and Hanna, 1973; ADEC, 1973; FNSB, 1973; EPA, 1973).

As a result of the regulatory restrictions being placed on the Fairbanks
area, there have been a series of projects leading to a better understanding
of the problem (FNSB, 1973). These steps range from measuring the nature
and distribution of the original carbon monoxide sources through the mode

of transport to the health effects. The effects of various planning and
zoning alternatives and episode strategies must also be understood clearly.

There have been a number of attempts to gain an understanding of the
total air quality problem in Fairbanks. A series of research efforts have
been aimed toward understanding the meteorological conditions (Swift, 1974).

6



Leonard (1975) and Coutts, Leonard, and MacKenzie (1973) reported on various
measures of emissions control including idle and startup. There has been
other work on various aspects of parking and traffic management (FNSB, 1973).

Although many of these efforts are essential in obtaining a complete

understanding of the carbon monoxide air quality problem, there remains a

need for a comprehensive atmospheric transport model that will augment the
understanding of the other efforts. Some initial work was carried out at
the Institute of Water Resources in December and Janaury, 1974. This work
led to a proposal for a comprehensive modeling project which was initially
funded by the Fairbanks North Star Borough through general revenue sharing
funds in the spring of 1974. Further funding was obtained from the Federal
Highway Administration through the Alaska Department of Highways and the
Fairbanks North Star Borough. Finally, funds were received for preparation
of a user and documentation manual from the Federal Highway Administration
through the Alaska Department of Highways.

The end result of this activity is a well-documented computer program which
appears to be highly successful. The model is easily used, is qUite adaptable
to local traffic situations, and is oresently being used by several groups in
the Fa i rban ks area.

This report presents a brief background about the nature and use of the
atmospheric carbon monoxide simulation proGram (ACOSP). First the various

features of the model and more of the background of the Fairbanks atmospheric
system are defined. The primary results of the model are then presented

through results of a case study. A very comprehensi ve and complete guide
to use of the model is available in "A User's Guide to the Atmospheric Carbon
Monoxide Simulation Program," (Norton and Carlson, 1976). The user's guide is
highly recommended for those who intend to use the model to solve problems
pertaining to their own interest. The reader should keep in mind that the

results represent only one particular circumstance and are presented for
ill ustrative purposes. Inferences made from these results should be extended
to other areas and circumstances of interest with great caution. A great deal
of work is necessary in order to obtain a complete understanding of the

complete carbon monoxide problem in the Fairbanks area; the model presented
here is only a beginning.

7



SIMULATION OF ATMOSPHERIC TRANSPORT

Since the model resembles the actual carbon monoxide problem, we will
discuss its components in much the same way that we have already discussed
its real-life counterparts. Three important input components are traffic,
meteorology, and CO measurements.

Input to the model includes a complete and accurate set of traffic data.
A rather complete inventory of vehicle movement throughout the area for a
typical day must be tabulated. Appropriate factors accounting for the amount
of carbon monoxide emissions coming from different traffic modes must also
be accounted for, including moving vehicles, cold starts, and idling.

A faithful reproduction of atmospheric conditions present in the air
basin at a given time is needed. This is usually characterized by specific
meteorological conditions including the wind vector and the mixing height.

The latter is determined by information on the temperature inversion condition
and the turbulent mixing, which is characterized by a diffusion coefficient.

An accurate set of measurements of carbon monoxide concentrations is
also required throughout the study area. These measurements provide both
a guide to the model's validity as well as a check on the input data setup
and the assumptions made to operate the model.

This information is connected by a set of computer instruments called
the modeling program. The model basis is the fundamental advection-diffusion
equation which describes the transport of a conservative element in fluid
flow. This equation accounts for movement of a constituent in the flow
field by wind advection, turbulent mixing, and accumulation and depletion
of the constituent within a given space control element. The model also has
an option to allow for loss through the top of the mixing layer. A rrore
complete explanation of the atmospheric transport process is given in Csanady
(1973) and Norton and Carlson (1976).

There are a number of ways in which the transport equation may be calcu­
lated. Probably the oldest and most common are various mathematical solutions.
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These solutions are very useful as, once they are achieved, a tabulation of
concentration is easily made (Csanady, 1973). However, the solutions are
usually very difficult to find for all but the simplest initial and boundary
conditions.

Another type of solution is derived from a method which uses a standard
analytic solution for a point or line source. These point and line sources
are spread around to simulate the many types of diverse source emissions
that occur in most urban areas. These semi analytic solutions are quite
popular and form the usual basis for the so-called receptor or area-of­
influence models. These models are explained in a number of references:
Mancuso and Ludwig, 1972; Busse and Zimmerman, 1973; Ingram and Fauth, 1974.

The last type of solution, direct numerical techniques, is based on a
rewriting of the advection-diffusion equation into a finite-difference form.
The new form is then solved in time and the solution achieved by keeping
track of the numerical tabulation of the concentration at a given space point.
Finite-difference solutions are quite advanced and some three dimensional models
are available including those presented by Reynolds, Roth, and Seinfeld, 1973;
and Egan and Mahoney, 1971. However, there are several drawbacks. Probably
the most important is the inflexibility of the finite-difference rectangular

grids in fitting them to a complicated geometry such as a curved boundary.
In addition, most finite-difference grids do not allow for concentration

computations at areas of special interest.

The last type of numerical solution is based on a finite-element technique,
used here, which is somewhat newer and, to our knowledge, has never before
been used for a model of the air quality transport mechanism.

The finite-element simulation is a direct solution of the advection­
diffusion equation (See Figure 4 and Table 1). It provides a well-formulated
solution which is quite stable and reliable. The finite-element technique
itself has been widely used in the field of structural and solid mechanics.
Its most important advantage is its great flexibility in adapting to the
geometry and boundary conditions of a given problem. For example, one can

9
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Table 1: A Description of the Advection-Diffusion Equation

2
ac _ u~ + a c + S Kc
at - ax axz 5

Term

1 2 3 4 5

1 - Rate of change with time of the carbon monoxide concentration,
C, within the control volume

2 - Net rate of advection transfer of C into the control element

3 - Net rate of diffusion transfer of C into the control element

4 - Rate of emission of C into the control element from traffic
and stationary sources

5 - Net loss of C from control element to upper layers or through
decay within the element

11



concentrate the computational grid where there is a special interest for more

i nformati on. Also, it is qui te easy to modify the elements. The fi na1
advantage is that it is one of the few numerical techniques which allow for

curved-element sides.

Certain aspects of the model have been discussed and it is now appropriate
to enter into a more detailed discussion of the modeling procedure. Some aspects

are: the network setup, specification of emission loads, specification of
meteorological parameters, incorporation of recorded carbon monoxide measure­
ments, establishment of initial and boundary conditions, and examination of
the model output.

The first step in the modeling effort is establishment of an appropriate
computational network. The distribution of the vehicle emission inputs is
the primary factor for specifyi ng the fi nite-e1ement network. These elements

can take on a number of different configurations, the most usual of which are
triangular and quadrilateral with straight sides and triangular or quadri­
lateral element with one or more curved sides. A single-line element is also

available. When put together, these element types can satisfy almost any
kind of geometrical specification. An illustration of the grid used for

Fairbanks is shown in Figures 5 and 6. Another important characteristic
influencing the node network is the need for concentration calculation in

certain areas. The usual experience has been that there is generally suffi­
cient information on concentration provided by the model. It is sometimes

an advantage to assume a regular geometric network solely for ease of data
setup and computational checking.

The Atmospheric Carbon Monoxide Simulation Program or ACOSP at this time
has a limit of 110 elements and 250 node points. These limits are somewhat
flexible and a revised version is being considered which apprOXimately doubles
these values.

The next part of the setup effort is to specify the emission loads, the

source of which, in our case, is primarily vehicular traffic. The operation
modes include moving vehicles, idling, and cold starts. The model can also

12
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account for stationary sources and for distribution of the loads within

daily periods. The moving traffic is specified for each element and
includes the characteristics of total number of vehicle miles per day and

average speed. The two other vehicle operation modes are very important
in the Fairbanks area. Under certain conditions cold starts can contribute

a major portion of the total amount of carbon monoxide emissions for a short
trip (Leonard, 1975). The emission specification must include an appropriate
factor which converts the traffic information into CO emissions. These
inc1ude two factors for movi ng traffi c and a factor each for i dl e and col d­
start operation (See Table 4). The final specification establishes the
characteristic of traffic distribution for each of the operational modes
throughout a 24-hour day. The distribution of local traffic, cold starts,
and idling is shown in Figure 7 and Table 2. The main arterial traffic
loads are shown in Figure 8 and Table 3.

The \'iind field in Fairbanks and many northern areas have very low,

almost imperceptible, speeds during the severe air quality episodes. The
complex variations of height of this wind field also give the impression of
several simultaneous wind directions.

The mixing height is very difficult to specify because of the very steep

inversion. Usually an estimate of the mixing height can be made by examining
inversion estimates. The diffusion coefficient must also be specified. This

cannot be measured directly but must be estimated from past experience and
from certain characteristics of tile wind field and mixing height (See Figure
24 and Table 5).

Although not needed directly as a part of the modeling effort itself,
a complete set of actual carbon monoxide measurements is useful to check
the validity of the model results. In the Fairbanks area, this is accom­
plished by two primary continuous measurement points and several integrative

samples of 8 hours duration (Gilmore and Hanna, 1973). These are located
as shown in Figure 2. Eight-hour bag samplers are generally in operation

at these points from 10 a.m. to 6 p.m. An examination of the continuous

15
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TABLE 2

The Traffic Local Input Data nistribution
Shown in Figure 7

Vehi c1e t1i 1e Average Idle Time, No. of
Zone per day Speed Hours Co 1d Starts

1 1304 25 54 326
2 896 25 149 896
3 3552 25 197 1184
4 2574 25 143 858
5 369 25 61 369
6 3072 25 512 3072
7 600 25 249 1499
8 501 25 83 501
9 1452 25 80 484

10 4563 20 760 4563
11 3154 20 876 5256
12 2228 20 928 5569
13 1474 20 614 3686
14 9770 20 1661 9970
15 1178 15 490 2945
16 5963 15 2484 14908
17 2211 15 921 5527
18 4077 15 1132 6795
19 1393 15 386 2321
20 2379 20 396 2379
21 3032 20 252 1516
22 1609 20 335 2011
23 3960 40 132 792
24 4642 20 773 4642
25 1493 25 248 1493
26 488 20 203 1219
27 4234 20 588 3528
28 5194 15 1442 8657
29 1669 25 278 1669
30 656 20 182 1093
31 318 25 26 159

Fort Wai nwri ght
14505 35 700 4202

SOURCE: J. Miller, Alaska Department of Highways.
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TABLE 3

The Arterial Traffic Input Data
Distribution Shown in Figure B

Arteri a1 Vehicle Speed
El ement Mil e

1 14112 45
2 8316 45
3 10080 46
4 8820 46
5 10332 50
6 11502 50
7 59570 44
8 55265 42
9 39732 51

10 35305 35
11 18216 30
12 9752 25
13 11846 40
14 59670 35
15 33055 42
16 35165 38
17 5700 46
18 18816 46
19 25124 35
20 34675 43
21 127699 40
22 53760 42
23 17122 45
24 17695 45
25 21826 36
26 18291 32
27 28000 38
28 33840 45
29 64440 25
30 132048 53
31 32422 45
32 24018 45
33 62617 40

SOURCE: J. Miller, Alaska Department of
Hi 9hwayS.

19



Table 4: The Equations Used to Estimate Carbon l1onoxide Emissions
from the Traffic Data

Moving vehicle emissions, El

E = V S-s1 "1 ;

where

gm/day

V = vehicle miles/day/element

S = average vehicle speed

"1 = a factor, value of 200* used in January 22 simulation

S = a factor, .55* used in January 22 simulation

Idling vehicle emissions, £2

£2 = "2 T

where
"2 = a factor, gm/hour, value of 600* used in January 22 simulation

T = total idle hours/day/element

Cold start vehicle emissions, E3

£3 = "3 N

where

"3 = a factor, gm/cold start, value of 340 used in January 22
simula.tion*

N = total number of cold starts/day/element

*SOURCE: L. Leonard, University of Alaska.

20



Table 5: Explanation and Specification of t1eteorological Values Used
in January 22 Simulation

Wind, v

Estimated from airport data, Figures 22 and 23. Values used for
simulation:

speed, .1 m/sec.

direction, from due north.

Mixing height -

Estimated from airport air temperature vs. elevation data,
Figure 24. Can be calculated by extending a vertical line
from the afternoon ground temperature to the morning
temperature - elevation curve. Value used in simulation:

h ~ 3 m

Diffusion coefficient -

Hard to measure, few cold region values available. f1ay
be crudely approximated by D= v·h. Value used in simulation:

D ~ 1.0 m2/sec.

21
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traces in Fi gures 9 and 10 will show that the f1 uctuat ion of carbon monoxi de
concentration is quite active and can be expected to vary considerably within
a short time period. The bag samplers average only the concentration measured

in the 8-hour period of operation. (See Table 6 for bag-sampler locations.)

Another important specification includes boundary and initial conditions.

The upwind boundary concentrations must be specified thus allowing for inclu­
sion of any background concentration present in the area. Every sol uti on
must start at a given time for which the concentrations are provided. Although
it is possible to specify a very complex initial-condition field, it is often
more convenient to start the solution with a uniform field and allow the
computation to run for a sufficient time to allow the effects of the uniform
conditions to disappear.

The last and most important feature of the modeling effort is proper
interpretation of the model output. The primary output of the simulation

model is the specification of the carbon monoxide concentration history at

given node points. This information can be interpreted in several ways.
We used three different kinds of interpretation. One is a plot of the
concentration history throughout the simulation period at a given node point.
An example of this is seen in Figure 13. This is the most usual kind of

interpretation and can be directly related to actual measurement plots (Figures
11 and 12). See Figures 14-18 for a comparison to the bag measurements.
Another type of interpretation is made by drawing the concentration contours

of the solution space at a given time (Figures 19 and 20). These can provide
important information about the areal extent of the problem and provide a
means of extending the available information. The third interpretation is
made by showing a slice through the contour surface or a profile of concentration
amounts along lines of interest within the field as illustrated by Figure 21.
Numerous other interpretations are possible, but these are the most useful.

The foregoing discussion presents a glimpse of some considerations which
must be specified when undertaking a modeling effort. These are explained

in more detail through the actual case study discussed in the following
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Ba9 Sampl er

2

3

4

6

g

10

TABLE 6

Location of Samplers (See Figure 2)

Location

Barnette and Ai rport

Steese and College Road

Nordstrom

RCA Bui 1ding

Co-op Dru9 Store

2nd Avenue

Continuous Sampler

A
B

State Office Building
Borough Office Building
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section. For a more complete description, the reader is again reminded to
refer to the complete user's guide (Norton and Carlson, 1976).

AN ACTUAL POLLUTION EPISODE

Mathematical modeling of a complex environmental phenomena is a very
difficult field of study, even for professionals who have had a great deal
of experience. We have discussed several important aspects of the air
quality problem in the Fairbanks area and some of the things which must be
considered in modeling the phenomena. A method useful in gaining an
understanding of both the actual situation and its simulation is analysis
of a case study. A comprehensive case study also allows hidden questions

to surface. However, although there are a number of valuable lessons to
be learned, all of the many features of a specific air quality problem will
not necessarily be present in the given situation. If the results are

favorable, competence in the modeling activity is acquired and credibility

is achieved.

The period of study is January 22, 1975. Although there are numerous
episodes of severe carbon monoxide concentration each year, the chosen data

provide the opportunity to examine a very serious occurrence. The plots
in Figures 9 and 10 indicate very high values occurring several days which
exceeded even the warning level of 30 ppm. The day was not at all unusual
when compared with other days of the month. Several criteria were used in
selecting January 22, 1975 for study. We had a set of traffic data provided
by the Alaska Department of Highways, Fairbanks District, which was fairly
accurate for that date. A more extensive set of data of a more scientific
nature was available for the winter period of 1974-75, but the traffic data
was somewhat uncertain (Swift, 1974). It also seemed more realistic to

attempt to model a situation which must rely on the more usually available
data. Because of the tremendous variations of carbon monoxide occurrence
between the day and night periods, the attempted simulation should be a good
test of the ACOSP model.
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The input setup for the case study may be divided as follows: traffic,
meteorology, and program bookkeepi ng.

The traffic input data is fairly straightforward. The primary traffic
characteristics are given on the maps shown in Figures 7 and 8. The inform­
ation relating to the traffic zones and arterials is explained in Tables 2
and 3. Each zone and arterial specified has a total number of vehicle miles,
an average speed, a number of idle hours, and a number of cold starts for each

day. This traffic data was distributed to the element network shown in
Figures 5 and 6. If a traffic zone was covered by several elements, the

traffic data was redistributed to the elements. Final distribution of the

element emissions is given in the printout pages 6 and 7 (Appendix). The network
shown in Figures 5 and 6 is not very efficient, as we had only triangular

elements available. Therefore, we were not able to take advantage of either

the quadrilateral elements in order to more closely match the traffic zones
or the linear elements in order to match the arterial segments. Certain
factors which convert the traffic data to carbon monoxide emissions are given
in Table 4. These include values for alpha and beta, emissions per cold

start, and emissions per hour of idle time.

The meteorology specification is next. We chose the values of a uniform
no rth wi nd, from north to south, a low mi xi ng hei ght, and a di ffusi on coeffi­
cient as specified in Table 5. These values are somewhat hard to determine.
The specification of the north wind came from the information provided by

meteorological instrumentation at the airport (Figures 22 and 23). One
difficulty is that most instruments have a threshold at which no movement
takes place, therefore a low wind speed is not measured. With this factor

in mind, these values were supplemented with some of the authors' own
observations of a very low threshold, uniformly north wind throughout most
inversion periods. The determination of the mixing height is much more

difficult and is taken largely from observations of temperatures with
elevation at the airport as shown in Figure 24. The mixing height of 3

meters, although extremely low, is likely and compares favorably with

calculations from the previous winter of 4 to 6 meters (Swift, 1974). The
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diffusion coefficient is the most difficult parameter to estimate and was
therefore subjected to some experimentation combining it with the wind
speed and mixing height as it is very closely correlated to these values.
Few 1iterature references are based on the very steep inversions of cold
regions. An estimate of the diffusion coefficient is given by the product
of the mixing length and velocity which, in this case, would give us a value
of 1.0 m2/sec. The meteorological variables are summarized in Table 5.

The program bookkeeping data are fairly routine and include the length
of simulation run, length of the time step and other parameters of interest.
For this particular case study, we have chosen a run of 32 hours and a 1-hour
time step. The printouts for each hour plus information on the input data
are given in the appendix.

The results of the simulation run are given as carbon monoxide concen­
trations at each node for each hour. However, the values are somewhat
difficult to interpret in that form and a number of auxiliary plots have
been made which provide a more useful interpretation.

The first result is a comparison of the output from node 132 which is
located approximately between the two continuous monitors at the Borough
Office Building between First and Second Avenues and the State Office BUilding
at the intersection of Barnette Street and Sixth Avenue. The three sets of
data are shown in Figures 11-13. A comparison indicates very good results.
Many of the important features of the actual concentration are faithfully
simulated such as the peak concentration, the timing of the peak, and the
rate of increase and decrease. One, of course, should not be disappointed
that an exact reproduction has not occurred when we keep in mind the inte­
gration aspects of the modeling effort and the inaccuracies of the measure­
ments. Another check has been made by comparing the concentrations predicted
at various nodal points with that of the integrated bag samplers. The
comparison, of course, is somewhat more difficult as only an 8-hour average
is given for the time period of 10:00 a.m. to 6:00 p.m. However, the
comparison will give some indication of the spatial accuracy of the model
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computations. The oredicted and measured values are shown in Figures 14-18.
Generally the comparison is good. There are some discrepancies, especially
with the downtown bag samplers as shown in Figure 16. The downtown bag
sampler is the most difficult and complex situation to model. Nevertheless,
the predicted results of the node points which straddle the bag sampling
sites in the downtown area do bracket the measured values and a check has
been made on the computational results. Another result (Figure 14) which
is somewhat distorted is in that area in which the measurement is particularly
sensitive to wind direction and the area next to the Fort Wainwright area
for which no traffic data were made available.

In summary, the direct comparison of the model prediction to measured
values indicate a reasonable fit has been made to the measured values and
the model appears to be operating as it should.

Besides the direct comparisons shown, certain other interpretations
are quite helpful. One is a contour plot of CO concentrations at the time
when the highest concentration is indicated in the downtown area at node
132 (Figure 19). This plot indicates a predictable distribution pattern.
One area of particular importance is the extremely high concentration
immediately downwind of the primary business district and the very busy
arterials of Cushman Street, Airport Way, and the Richardson Highway. A
momentary concentration of nearly 90 parts per million is indicated. A
similar contour plot has been made at the time of minimum concentration in
the downtown area and shows a pervasive, very extensive low-level concentration
throughout the entire area at all times (Figure 20).

Another interesting interpretation results from examination of carbon
monoxide concentrations as they are related to distance along the north-south
1ine drawn by Cushman Street as it proceeds southwa rd from the Chena River.
(Section A-A, Figure 6). The concentration builds up in the downtown and
near-downtown area and then slowly moves out in a wave at the speed at which
the wind carries it (Figure 21). The concentration is also diffused from
the wave front as it moves downwind.
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The results of the case study indicate a good simulation of one
particular time period. The carbon monoxide concentration problem is
widespread throughout the area and there is a potential for an extremely

high concentration downwind from the busy business district and several
heavily used arterials. Although this examination of an actual occurrence
of January 22, 1975, has been useful in understandi ng the model, readers

should be \"arned it is only one example and there is a need for more study.
An extensive measurement effort is vital in order that a more complete
description of the various meteorological variables and a more complete
description of a concentration fiel d may be provi ded.

The model now offers an opportunity to examine various potential
planning and zoning alternatives with knowledge of potential CO levels

in mind. It also may be used to evaluate traffic episode control devices
and has a potential use as a forecasting tool.

SUMMARY

This report provides a brief description of the air quality problem in
the Fairbanks area and attempts to offer a partial solution through a
comprehensive computer modeling effort. A model (Atmospheric Carbon
Monoxide Simulation Program or ACOSP) has been developed which appears to

be valid for the Fairbanks area; it is easy to use and quite adaptable to
a number of different situations. The basis for the model lies in first

principles of mass continuity for conservative constituents and involves
few emperical relationships. It is easy to set up for a given situation

and is directly adaptable to a number of traffic and meteorological specifi­
cations. Most importantly, for the case study examined, it has compared
well with field measurements, especially when considering the many assump­
tions made, the integrative nature of the model and the uncertainty in the
concentration measurements.

The authors are not suggesting that the carbon monoxide problem in the
Fairbanks area has been solved and there is no need for further work - quite

44



the opposite. The model only provides a very useful tool for examining
the many facets of the complicated air quality problem in the Fairbanks

area. Some suggested uses are indicated below.

For example, one can examine numerous planning and zoning alternatives

as they affect traffic and parking. The effects of various kinds of parking
controls, such as idling or use of warmed garages, can also be studied. A
particularly useful application can be made when planning new traffic
arterials and distribution of local traffic among the various traffic zones.

The model could also be used in forecasting serious air pollution
episodes although, since a very small lead time is available, the model
will probably have limited forecasting use until a much better determination
is made of the mixing height and the velocity in the near-downtown area.

Examination of various episode controls such as blocking off certain
traffic segments can be carried out with the model. These can now be tried
out in a suitable fashion and the effects of various controls examined. Some
type of concensus can then be reached to achieve the greatest amount of
carbon monoxide reduction with the least amount of disruption to traffic and
business patterns within the populated areas.

Some recommendations for future work are as follows. The carbon
monoxide measurement program must be expanded to include more continuous

measurements and a much wider aerial sampling. Of particular importance is

examination of the possibly very high carbon monoxide concentration occurrences
in the downwind area from the business district. A more extensive meteoro­
logical network should be established in a particular effort to acquire a
better determination of mixing height and wind pattern. Also, there should
be an effort to update the traffic data continuously as it is related to
idling and cold starts modified by various parking developments. Arterials
are, of course, important and can be updated easily through normal traffic
studies. Most important, potential users must use the model, try it out

under a wide variety of circumstances, and gain confidence in its results.
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OUTPUT OF THE COMPUTER PROGRAM



~ATH(~ATICAL SI~IJLATION OF CARRON MONOXIDE OISTRIRUTION IN THE ATMOSPHERE
r~~ DI~ENSIJ~AL fINITE EL~HENT FOq HQQIZONTAL PRO~LEMS OF VARIABLE THICKNESS
I~lTIAL APPLIC~TI0N TO THE FAIR8AN~5, ALAS~A AIR5HED •••

TEST DATA TO CHECK NORTON'S APRIL 28 CHANGES

:Wil.iJEJi OF ELf.:·1::NTS 72
tJ111':!:.lER QF i'!-C 13

01 FFL'SION ::UEFFS 1
CORNER tJODr:S 44
OUTPUT PRIi.Jf OPTION 1
LINES FOR CONTINUNITY 0
TYPE OF VEL F IF.LD 0
TYPE OF I~;ITI)'L CO:JD 0
2EOP.DE~ I ~G O? TilJl~2
LQGICAL UrJIT($CR,;rCH) 11
VEL:JCITY FIELD OPTI0~J 0
OYNf,MlC INPUT CPTIO'J a
VERTICAL DI5T OPTION 0

x SCALE = G. 30 5
y SCALE = 0.30 5
w SCALE = '.000
U SCALE = ,.nuo
v S,CLAE = 1. 000

UNITS CONVERSION IS
EXTERNAL UNITS ARE

B.562E-04
PPfol

TI~E CONTROL AND VERTICAL DISTRIBUTION SPECS

TOTAL RUN TIME(HOURS)
PRINT INTERVAL(HOURS)
TI~E STEP(HOlJRS)
vERT 0151 HEIGHT(M)
VERT DlST PARAMETER

ELE~ENT CHARACTERISTICS

32,
1.00
O.
O.

Nur'~8ER X DIFFUSION
(MZ!SECl

, • 000 E 00

Y DIFFUSION
"<2/SECl

'.OOOE 00

••••• VELOCITIES AN" BOUNDARY CONDITION$ ARE CONSTANT FOR THIS RUN •••••



f1ATHEMATIC:'L SIMULAilotl f)F (ARBON MONOXIDE OISTRIBUTION IN THE ATMOSPltERE
T:.IC DI."lEI~SIO"'f\l Fi U I T E ELE:-",ENT FO' HORIZONTAL PROAL EMS OF VARIABLE THICKPIESS
HiI T1 AL APPLICATIOiJ TO THE fAIRBANKS, ALASKA AIRSHfD •••

TEST DATA TO CH~CK NORTON'S APRIL 28 CHANGES

FIXED NODAL SPECIFICATIONS .....
NODE X-LO C Y-L OC HEIGHT NODAL NODE X-LOC Y-LOC HEICiHT NODAL

rW,"'l6 ER (',I£T£"S) (METFI\S) (METERS) ORO ER NUM 8 ER C~ETERS ) (METERS) (HETERS) ORDER
1 57119.52 128197M.80 3.0 31 81 665?1.6C 1209926.45 I.D 35
2 S7226.2Q 1205'8LOO 3.0 19 82 6767.7.50 1211107.56 3.0 8/

3 57332.2:"', 12QBge:t.20 3_0 100 83 67779.9C 1210939.92 3.0 25, 571,(j2.9C' 1214131.7J 3.0 15 1 8' 71262.2' 12~O1,37 .. 00 3.0 36
5 57652.92 1219270.20 3.0 1 22 85 71551.~O 1209972.19 3.0 98

6 59268.36 12C29'lB.44 3.0 32 86 72382.38 120al05.28 3.0 26
7 60"1.36 120f,474.S9 3.0 30 B7 70744 .08 1207891.92 3.0 27
B 63703.20 1210970 .. 41 3.0 53 88 6941,iL68 1208074.80 3.0 14

9 6051B.Gl, 12S9979.30 3.0 103 89 6i4/dL68 1207922." 3.D 13
10 60671":1.'J6 121>123.30 3.0 .33 90 69763.90 1207175.64 3.0 39
11 619SC.22 121(,,06,3.19 3.0 69 91 698oG.P2 12061,36.50 3.0 155
12 6626?.52 1212r,~(',.16 3.0 21 92 679~)-.64 120397S.23 3.0 70
13 65532.0C 17.16929 .. 23 3.0 ti 93 71323.2r. 120!731 .. 1.1 3.0 156
14 61,ROO.l,8 1220996.31 3.0 20 9' 67360.80 12091P>7.31 3.0 75
1 5 61'17.20 120:0338.08 3.0 " 95 68176.14 1208772.50 3.0 137

'6 63i31.70 12CJl,~r.l.00 3.0 29 96 6667S.CC 1210497.95 3.0 138
1 7 62666'08? 12::iS5I.,h.r.4 3.0 37 97 72717.66 1217325 .. l,B 3 .. C 1[9
18 62560.20 12C74(J1,.23 3.0 43 98 6993b.36 i215176.64 3.0 73
19 fJ3?lo .. 56 i2Ql.P55.59 3.0 15 99 67368.20 1207259.45 3.0 1 Ge
20 c3B09 •.!l;B 120E913.Uo 3.0 16 100 66522.6C 12CS(l1,4.31 3.0 '16

21 64389.00 1209781.69 3.0 17 101 753Yl.32 1213866.00 3.0 107
22 (,,5112 .. 90 1210518.00 3.0 18 102 67322.70 1206512.70 3.0 1 27

23 6l.9t.3 .. 36 1211915.7.e 3.0 102 103 66 4 84.50 1207297.56 3.0 126

24 6!;393.(i6 1?11762.,~8 3.0 '9 10' 691.56.3C 120P,::'l,Z.1.,4 3.0 1 31

25 671,97.96 1212~Ol,.84 3.0 99 1C5 68153.28 12CF.2S7.69 3.0 132

26 6SC99.91, 1214011Ll,l 3.0 152 106 6B199.CC 1209lE7.31 3.0 60
27 67368.l,2 121BO~7.4d 3.0 48 107 71231.76 1208135.77 3.0 133

2E 67452.24 1220891.64 3.0 129 108 72473.82 1207236.59 3.0 135

29 643' 6.20 120/.81,3.92 3.0 124 109 73479.66 1207000.00 3.0 153

30 651Bl.'8 1206703 .. 20 3.0 150 110 75445.62 1206596.52 3.0 13'
31 65219.58 17.0741.9 .. 95 3.0 105 1 1 1 75392.28 1205529.72 3.0 59

32 65219.5f. 1207556.6' 3 .0 123 1 1 2 713613.92 1205064.91 3.0 , 5

33 64495.6ik 1207724.28 3.0 77 113 7935'.68 1209507.36 3.0 145

3' 66522.00 1210665.59 3.0 44 114 81351.12 1213896.'8 3.0 84

35 68732.'0 12115'9.52 3.0 143 1 1 5 78341 .22 1213881.23 3.0 '6

36 69334.38 1213363.08 3.0 42 1 16 7SR!.4.24 1212822.06 3.0 5a

37 65646.30 1205697.36 3.0 63 1 17 74Y35.o8 1209926.45 3.0 146

3B 7010'.00 1220784 .. 95 3.0 Rl 11 B 74432.16 1210970.41 3.0 ,0

39 61226.70 1220137.27 3.0 34 1 1 9 72428.10 1209903.59 3.0 57

'0 71536.56 1210f,l,S.48 3.0 62 120 72397.62 121012 /,.5B 3.0 56
, 1 657 9 1.70 1208425.31 3.0 22 1 21 73228.20 17.111'i.5 .. 28 3.0 147

42 65795.70 12G8B,o.H 3.0 1 122 66522.60 1208257.69 3.0 1 21
1,3 6f.3HL3P.; 12058'9.77 3.0 6 123 67337.9' 120R257.69 3.0 55

'4 60522.60 1209187.31 3.0 7 124 67337.9 1• 1200105.28 3.0 70

'5 69197.22 1209713 .. 09 3.0 2' 1 2 5 70759.32 12oB227.2o 3.0 10 1

'6 69044 .82 1210333.66 3.0 12 126 70987.92 1208013.B' 3.0 5'

47 6?47Q.16 120B707.27 3.0 23 127 71323.2C 1207267.08 3.0 97

'8 65153.28 12070S2.Ba 3.0 11 128 71079.36 12071'5.16 3.0 38

'9 6B199.o0 1206474.59 3.0 5 129 67337.9' 1207998.59 3.0 52



50 66415.9, 1,04409.58 3.0 10 130 70751.70 1'0P'059.56 3.0 28
51 7'610.9B 1 n0784. 95 3.0 3 1 31 70995.54 1203181.48 3.0 1 58
5, 700,0.18 1,17980.80 3.0 9 132 71010.70 120860~.'0 3.0 142

53 66" 6. 40 1200550.80 3.0 4 133 70774.56 1203653.92 3.0 1 1 1
54 72633.84 121t.S21 .. 31 3 • a 2 134 71178.42 12090Ba .. 27 3.0 1 10

55 715.10',2.28 1213164.95 3.0 92 135 691,91,,,4C 1200133.08 J.O 141

56 70736 .. 46 121<;'}12.S6 3.0 64 136 7t3'1y.l,G 12CB615 .. 01 3.0 14 4

57 701 3 t• .. 4 8 121 j 1?9.0a 3.0 50 137 7,374. 76 1204e36 .. 30 3.0 1 17

53 64997.32 1210993.27 3.0 65 138 72420.43 1<06169.80 3.0 74

59 71567.0t. 12090t.,l'S. SS 3.0 93 139 78318.36 1220716.38 3.0 136

60 707B9.80 1209050.64 3.0 66 140 £1434 .. 94 1<nU2.14 3 .. 0 159

61 711.14.64 1206398.1.1 3.0 1 12 141 76347.70 120gl,QL19 3.0 72
62 65798 .. 70 lZ896??2d 3.0 61 '''2 77358.24 120511 R.n J.O 11 9

63 66522.68 1205659.27 3.0 91 143 66522.60 120.'H22 .. 5G J. C 11 B

64 6Ron.32 120522(,.92 3 .. 0 90 144 76337.16 1211778.13 3.0 71

65 6-;654 .. 42 1,03853.31 3.0 128 145 71414.6t. 1209766.44 3.0 1 1 6
66 69761.10 1205103.00 3.0 ~7 146 71399 .. 4(. 1210642.73 3.0 B5

67 75117.96 1220784.95 3.0 89 147 72382.38 1211000.83 3.0 120

68 7522 4 .64 12173;>5 .... 8 3.0 H8 148 788/,4 .. 14 1212Bll.30 3.0 154
69 65074.1\0 120B592.95 3.0 138 149 7B4C5.0 1• 1217256.91 3.0 148
70 74279 .. 76 121?SI1Q.6f. 3.0 1 2 5 150 63153.28 1208105.28 3.0 114
71 74310 .. 24 12122e1".66 3. a 104 1 5 1 66522.60 1208151.00 3.0 115

72 73289.16 1210711.31 3.0 47 152 68176 .. 14 1207213.73 3.0 140

73 73535.0Q 120807 1•• 80 3.0 106 15:5 68!:OP.cO 120'705.H 3.0 1 57
74 72550.02 120~5f5S. '34 3.0 95 154 73253.63 121Q932.30 3.0 149
75 73426.32 1205941.20 3.0 94 1 5 5 72321.'02 1203449.45 3.0 139
76 73319.64 120.3167.52 3.0 80 156 7.5372.98 1204554.36 1.0 67
77 6/337.94 1.:03722.50 3.0 70 1 5 7 8151f..76 122G647.30 3.0 63

78 67513.20 12n975R .. Bl :LO 96 158 75338.94 1204142",,8 3.0 51
70 6(527.1.0 1210330 .. ~1 3 .. 0 73 159 73411 .C8 1209393 .. 0q 3.0 1 13

80 66675.0U 120975B.81 3.0 33



MA THEMAT I CAL SINULA n O"J OF CARBON MO::OXIDE DISTRIBUTIOtJ IN THE ATMOSPHERE
TwO DIMENSIONAL fINITE ELEMENT FOR HOQIZO~TAL PROBLEMS OF VARIABLE THICKNESS
I NIT I AL APrL I CAT ION TO THE FAlr.8ArlKS, AL~S~A AIR~HED* ••

TEST DATA TO C~ECK NonTON'S APRIL 28 CHANGES

~ODAL CO~NECTIONS AND MATERIAL NUMBERS ••••

ELE~"ENT NOD£S(COUNTEnCl0CK~ISE) lYPE AREAC"2) EL E....,ENT NODESCCOUNTERCLOCKWISE) TYPE ARE.a.(MZ)

1 1 7 B 9 3 2 0 0 1 22117910.00 37 59 1G 5 84 46 79 45 0 0 1 2990096.34
2 3 9 8 10 5 4 0 0 1 3244B711.25 38 106 135 60 153 79 78 0 0 1 1407493.20

3 8 23 12 11 5 10 0 0 1 16349582.75 39 125 133 60 135 106 47 0 0 1 1107168.41
4 a 22 34 24 1 2 23 0 0 1 3051.1ae.63 40 105 lOG 125 47 106 93 0 0 1 121Z\Jl.G.(1S

5 69 62 34 22 8 2 1 0 0 1 31l.2440.5? 41 87 130 125 104 105 as G 0 1 437110.49

6 1 5 17 19 20 a 18 0 0 1 5464030.75 t,2 48 89 87 88 105 150 0 0 1 394826.99

7 1 6 15 18 8 7 0 0 1 1321)1052.50 43 61 128 81 89 48 90 0 0 1 1911.274.11

8 1 5 16 29 '3 19 1 7 0 0 1 1916565.72 44 49 91 6' 90 48 1 52 0 0 1 2375J6oB.66

9 29 37 53 30 19 43 0 0 1 2402936.59 ,~ 5 93 11 2 61 91 49 66 0 0 1 4291539.56
10 1 9 30 53 1 03 100 3 1 0 0 1 1900776.94 '.6 92 65 93 66 49 64 0 0 1 4196910.00

1 1 19 31 100 1 5 1 122 32 0 0 1 278031.81 .\7 101 68 67 5 1 38 97 0 0 1 17345648.25
12 19 32 12? 41 60 33 0 0 1 1451831.?;f] ~3 101 11.9 157 139 67 68 0 0 1 221 zan3.50
13 1 9 33 69 21 B 20 0 0 1 2563313.06 .'.9 101 115 114 140 157 149 0 0 1 Z031i32P:).OO

1G 69 42 44 81 34 6/ G 0 1 1070127.14 SO 141. 11,R I1G 115 1 01 116 0 0 1 629'-}ll 19.9('

1 5 69 4 1 122 14 3 44 42 0 0 1 6/?970.21 51 73117144 116 1 {] 1 118 0 {] 1 478'iB69.25

16 1 2 13 14 39 5 1 1 0 0 1 3(134.,3721;.00 52 73 118 101 71 72 1 59 G 0 1 3076702.13

1 7 12 26 98 27 14 13 0 0 1 11>639636.00 53 72 7 1 101 70 1 2 1 1 54 0 0 1 51.71.,1.1.30

18 35 36 9(', 26 1 2 25 0 0 1 5266l,S 3 •.~8 54 59 119 72 15 4 1 21 1 2Q 0 0 1 429799.46

1 0 34 02 3;:. 15 1 2 2 t. 0 0 1 2539277.53 15 59 120 121 147 4C ~5 0 '0' 1 14n7G2B.78

20 79 83 33 82 54 96 0 0 1 SU516 /'eOO 56 73 159 72 11 9 59 74 0 0 1 21.67144.16

21 44 94 1 r:!6 78 79 80 0 0 1 95n062.2.0 57 107 86 73 74 59 1"36 0 0 1 1114'}"rt.78

2 2 1{] 5 95 106 'J4 44 77 0 0 1 779211.24 53 107 136 59 134 60 132 0 0 1 370569.71

23 122 123 105 77 4l. 1 4 3 0 0 1 757961.05 59 125 131 107 132 60 133 0 0 1 202992.84
24 48150 105 123 122 124 0 0 1 248525.82 60 87 126 107 131 125 130 0 0 1 79096.81
25 1a0 129 48 1 24 122 1 5 1 0 0 1 173973.31 61 61 127 107 126 87 1205 a 0 1 445J37.11

26 1,9 152 48 1 c.'9 100 9'1 0 0 1 1203211.59 62 61 loa 73 86 107 127 0 0 1 19931.77.61

27 53 102 49 99 lCO 103 0 0 1 1311662.00 63 61 133 75 109 73 103 0 0 1 2170440.50

2~ {. Q 102 53 37 29 63 0 0 1 15566"/6.00 64 93 13 7 75 138 61 1 12 0 0 1 270347'1.22

29 92 64 49 63 29 SO 0 0 1 4015983.06 65 93 155 76 156 75 137 0 0 1 279932il.72

30 98 52 38 28 1 4 27 0 0 1 14389732.25 56 76158 It,2 111 75 1 56 0 0 1 54 96il 35.63

3 1 98 54 101 97 38 52 0 0 1 15238225.75 67 75 111 142 110 73 109 0 0 1 4238456.31

32 121 70 101 54 98 55 0 0 1 8695709.50 68 44 80 79 96 34 81 0 0 1 225290.63

33 40 147 1 21 55 98 56 0 0 1 3904701.94 69 142 141 1 44 117 73 110 0 0 1 11228307.63

34 35 57 40 56 98 .16 0 0 1 5507525.56 70 1 42 113 114 148 144 141 0 o . 1 17777686.00

35 84 146 40 57 35 58 0 0 1 673075.65 71 59 85 40 146 84 145 0 0 1 246657.46
36 79 46 84 58 35 83 0 0 1 2601838.50 72 60 134 59 45 79 1 S3 0 0 1 515805.28



SU~MARY OF INPUT DATA USED TO CALCULATE CARBONMO~OXIDE LOADS
FDR INPUT TO THE F~!RBANK$ AIR QUALITY MCMODEL •••

TEST DATA TO CH~CK NoRTO~tS APRIL 28 CHANGES

G~/HR AT IDLE
GI·l/COLt)STf.RT
SPEED EMISSION fACTOR ALPHA
SPEEO EMISSION FACTOR DETA

6 00. 00
340.00
200.~O

0.55

FRACTION OF DAILY C 0 LOAD FOR lRAVELING, IDLING, STARTING AND OTHER SOURCES •••••

HOUR TRAVI7.L IDLI:~G STARTING OTHER
1 0.020 O. O. O.
2 0.010 O. O. O.
3 0.010 O. O. O.
I, I) .. /) 10 O. O. O.
5 0.010 0.010 0.010 O.
6 O.ri 1C 0.020 0.030 O.
7 0.020 O.IJt.0 0 .. 05 0 O.
8 0.C50 0.070 0.090 O.
9 0.('50 0.090 O.ORO O.

10 D.Ol.J o.oao O.OBO o.
1 1 0.050 0.060 0.060 O.
12 0.060 0.~60 0 • .150 O.
13 O.Q70 Cl.JSn 0.080 O.

" 0.070 o.nt.o 0.050 o.
1 5 G.O?\} O.fJ/,O 0.040 O.
16 LJ.U/~ 0.J60 0.050 O.
17 0.0':,0 O. OR a o.OB 0 O.
1B 0.080 0.090 0.090 O.
19 0.070 0.070 0.060 O.
20 0.050 0.060 0.040 O.
21 0.040 0.04 Q 0.030 O.
22 0.0 /,0 0.020 0.020 o.
23 0.030 0.010 0.010 O.
24 0.020 0.010 O. o.



SU~~;ARY OF INPUT DATA USED TO CALCULATE CARBON :"'ONOXIDE LOADS
FOR INPUT TO THE FAIR811r1KS AIR QUALITY MO~OD~L.~e

TE S T DA TA TO CHECK rWRTori'S APRIL 28 CHANGES

DAILY MASS INPUrS OF c a FOR EACH ElEM=Nr fROMEA(H SORCE
THE LOAD INPUT UNITS ARE (G""/DAY/ELH~ErH) ....

......... ee ............. OATA INPUTS ...... e ................... ...... CALCULATED CO EMISSIONS ....................
NU:-'!BER MILES SPEED IDLING CLD STs OTHER TRAVEL IDLING STARTS OTHER TOTAL CO LOAD

ELEMENT (0 AY) (MPd) (H/DY) (DAy) (011 Y) (GM/DY) (G~/DY) (GM/DY) (GM/OY) (Gr·l/Dn (GM/I.,2)

1 37315.0 43.0 83.0 528.0 O. 942987.2 52800.0 179520.0 O. 1175307. 0.05
2 15564.0 45.0 81.0 484. 0 O. 383605.1 48600.0 164560.0 O. 596765. 0.02

3 2532.0 20.8 42? .. C 2531.0 O. 97482.6 253200.0 860B80.0 O. 1211563. 0.07

4 2109P,.0 46.0 3< O. 0 2282.0 O. 513753.1 228000.0 775880.0 O. 1517633. 0.50
5 25882.0 35.0 63.0 379.0 O. 732471.0 37800.0 128e60.0 O. 399131. 0.29

6 1609.0 20.0 33 5.0 2011.0 O. 61946.9 201000.0 6337 1.0.0 O. 946687. 0.17
7 1302.0 40.0 44.0 264.0 O. 34238.0 26400.0 89760.0 O. 150398. 0.01
8 1547.0 20.0 258.0 1547.0' O. 59559.9 154800.0 525980.0 O. 740340. 0.19
9 1547.0 20.0 258.0 1547.0 O. 59559.9 154800.0 525980.0 O. 740340. 0.31

10 1547.0 20 .. 0 258.0 15/,7.0 O. 59559.9 154800 .. 0 525980.0 O. 740340. 0.,9
1 1 63:50 .. 0 40.0 O. O. O. 167901.7.9 O. O. O. 167902,. 6 .. 0L.

1 2 63850.0 4GeO O. O. O. 1679827.9 O. O. O. 1679023. 1 • 16

13 1 51 6.0 20.0 126.0 758.0 O. 58366.4 75000.0 257720.0 O. 391636 .. O. 1 5
14 75 So 0 20.0 63.0 379.0 o. 29183.2 37800.0 128860.0 O. 195843. 0.18

15 53760.0 42.0 O. O. O. 1376265.3 0 .. O. O. 1376265. 2.05
16 1304 .0 25.0 54.0 326.0 O. 4L. 4 05.9 32400.0 110840.0 O. 18761,6. 0.01
1 7 1£.:'·/.4.0 3?.C 7 5.0 41.. ,Ij.o 0 O. 509 le8. 8 45000.0 152320.0 O. 187029. 0.04
1g 9120.0 46 .. D 125.0 750.0 O. 222079.3 75000.0 255000.0 O. 552079. G.l:1
19 150 .. 0 25.0 62.0 375.0 C. 5108.0 37200 .. 0 127500.0 O. 169?,213. 0.07
28 35165.[1 35.0 O. O. O. 951173.3 O. O. O. 951173. 1. 88
21 21"26.0 36.0 O. O. O. 6081?7.9 O. O. O. 6081;: '3. 0.63
22 1190.0 20.0 198.0 1190.0 D. 45815.3 118800.0 404600.0 O. 569215. 0.73

23 1190.0 20.0 198.0 1190.0 O. 45815.3 118800.0 404600.0 O. 569115. 0.75
24 1geG.[l I.!.:, .. 0 6 6.0 396.0 O. 52067.0 39600.0 1346/.0.0 O. 226307. 0.91

25 1980.0 40.0 66.0 396.0 O. 52Q67.0 3 9600.0 13464C.Q D. n6>n. 1;, 30

26 71,7.0 25.0 12 4.0 71. 7 .. 0 O. 25438.0 71,408.0 253730.0 O. 353"18. 0.29

27 747.0 25 .. 0 124.0 7 .... 7.0 O. 25438.0 74400.0 253980.0 O. 353=318. 0 .. 27

23 159.0 25.0 13.0 130.0 O. 5414.5 7800.0 27200.0 O. 4041 5. 0.03

29 159.0 2J.0 1 J. 0 80.0 O. 5414.5 7800.0 27200.0 O. 40415. 0.01

30 448.0 25.0 75.0 448.0 O. 152,6.0 45000.0 1)2320.0 O. 212576. 0.01

31 1210n.o 50.0 n.o 592.0 O. 281623.5 59400.0 201280.0 D. 542304. 0.04

32 12526.0 50.0 17 1 • 0 1024.0 O. 291345.9 102600.0 348160.0 O. 742106. 0.09

33 1021,.0 25.0 171 .0 1024.0 O. 348.70.9 102600.0 348160.0 O. 485631. 0.12
34 1 170'. .0 25.0 233.0 1399. n O. 39978.9 139000.0 475660.0 . O. 6')5439 .. 0.12
35 59670.0 35.0 O. O. O. 1688684.9 O. O. O. 1638685. 2 • 51

36 36209.0 42.0 876.0 5256.0 O. 926956.6 525600.0 1787040.0 O. 3239597. 1. 25
37 19405.0 32.0 464.0 2785.0 O. 576914.1 278400.0 946900.0 O. 1802214. 0.60
38 28000.0 38.0 O. O. O. 757368.2 O. O. O. 757368. 0.5L
39 4077.0 15 • 0 1133.0 679\.0 O. 183074.1 679800.0 2310300.0 O. 3173974. 2.87
40 13 0 3.0 15.0 387.0 2321.0 O. 62324.8 232200.0 789140.0 O. 1054165. 0.89



SUMMARY OF INPUt DATA USED TO CALCULATE CARRON MONOXIDE LOADS
FO R INPUT TO THE FAIRBANKS AIR QUALITY MO~ODEL.~.

TEST DATA TO CHECK NORTON'S APRIL 23 CHANGES

DAILY :1ASS I~JPUTS or C o FOR EACH ELE:~ENT F;OM EACH SORCE
THE LOAl) IrJ?UT UNIts ARE (GI1/DAY/ELEMEtJT).~ ..

••••••• "'~ •••••• DATA INPUTS .............. ~ ••••• ...... CALCULATtD CO EMISSIONS •••••••••••••••••••
Nur.r,aER MILES S pE E0 IDLING ClD SIS a THER TRAVEL IDLING STARTS OTHER TO TAL CO LOAD

ELEMENT (DA Y) (r-;p H) (H/oY) (O AY) (DAY) (GM/DY) (Gf'\/~Y) (GM/OY) (GP/OY) (r,'tl 0 Y) (GM/M2)

4 1 2117.0 20.0 2?t..O 176t..O O. 81505.0 176400.0 599760.0 O. 857665. 1 .96
1,2 163.0 20.0 6 S. 0 G06~1') O. 6275.5 GOROQ .. Q 138Q4Q .. C' o. 1a5116. o.n
'3 7311.0 16.0 1737 .. 0 10t.21.u O. 318229.8 1042200.0 3543140.0 O. G903570. 2.56
44 1741.7.0 45.0 135.0 813.0 O. 430015.3 81000.0 276420.0 O. 7371.35. 0.33
45 328.0 20.0 91 .0 547 .0 O. 12628.1 54600.0 185980.0 O. 253208. 0.06
45 32750.0 45.0 91.0 547.0 O. 807187.5 54600.0 185980.0 O. 101. 776P.. 0.25
47 1776.0 25.0 99.0 592.0 O. 60479.2 59400.0 20128e.o O. 321159. 0.02
4g 56552.0 42.0 7:?D 429.0 O. 1[,4771.1..0 I. 3200.0 145860.0 O. 163661]1. 0.07
49 122,7.0 25.0 72.0 429.0 O. 433 27.0 43200.0 1f.5360.0 O. 23 ?1",n i'. 0.01

50 11\5.0 25.0 3 1 • 0 185.0 O. 6299.9 18600.0 62900.0 O. ~ 78':0. 0.:J1

51 92.0 25,,0 1 5 • 0 9~,,0 O. 3132.9 9000.0 31280.0 O. 1.31.13. 0.01
52 92.0 25.0 1 5.0 92.0 O. 3132.9 9000.0 31280.0 O. 43413. 0.01
53 59570.0 £.4.0 Q. O. O. 1486478.5 O. O. O. 14~6t.7·1. 2.72
5 I, 18216.0 30. n O. o. O. 56113:3~7 O. o. O. 5611 .s i. " 1 • 3 1
55 47151.0 ~6 ,,0 O. O. O. 131H76.5 O. o. o. 131~e76. 0.88
56 19522.0 23.0 1662.0 9970.0 O. 695'J91.6 997200.0 3389800.0 O. 5('>;2992. 2 .. 06
57 117~,.0 15.0 491.0 2945.0 0 53128.2 2?4600.0 1001300.0 °. 13 f,9'J?3. 1 • 2 1\; ..
5" 29Q2.0 1 5 • 0 1242.0 71.51..0 O. 134{,89.2 74 5 200.0 2534360.0 O. 341t.Ct.9. 9" 21

"
5" 2982.0 15 .0 1242.0 71.54.0 O. 134489.2 745200.0 2534360.0 O. 3 /.1401.9. 16.82
60 2211.0 15 • a 921.0 5527.0 O. 99716 .. 9 5\2600.0 1.s:791~O.0 O. 2531497. 31.68
61 641. 1,0.0 25.0 11 3. 0 102Q6~O O. 2191.413.8 67800.0 3470C40.0 O. 5732254. 1 2. 85
52 367 f.1"O 1.5,,11 2 44.0 10236.0 O. 905553.5 146400.0 3480240.0 O. 4532193. 2.27
63 2901 .0 35.° 140.0 840.0 O. 52099.5 81.000.0 2Q56D0.0 O. 451699. 0.21

64 835.0 25.0 139.0 '35.0 O. 28 n4. R P.$1.0d.O 283900.0 O. 3?5735. O. 1 5
65 835.0 25.0 139.0 835.0 O. 28434.8 83400.0 283900.0 O. 395735. 0.14

66 O. O. o. n. o. o. o. o. o. o. O.
67 134949.0 53.0 14 0.0 840.0 O. 3039820.5 84000.0 285600.0 O. 3409421. 0.80

68 5700.0 46.0 O. O. O. 138799.5 O. o. O. 13R81)O. 0.62
69 2901.0 35.0 140.0 840.0 O. 82099.5 84000.0 285600.0 O. 451699. 0.04
70 2901 •° 35.0 1 4 O. 0 840.0 O. 82099.5 84000.0 285600.0 o. 451699. 0.03
71 11000.0 40.0 O. O. O. 289260.9 O. O. O. 289761. 1 • 17
72 1114.0 20.0 464.0 2785.0 O. 42889.3 270400.0 946900.0 o. 1261\139. 2.46

••• SEtUP CAll FOR C 0 ROUT1:'JG ....

•• • NUMBER OF EQUATIONS IS 146 ••• fOTAl STORAGE IS 8906 ..... "



MATHEMATICAL SIMULATION OF CAnSON MONOXIDE DISTRIBUtION IN THE ATMOSPHERE
TWO DIMEr~SI0NAL FINITE ELEMENT FOq HORIZONTAL PROALEMS OF VARIABLE THICKNESS
I NIT I At APPLICI\TION TO THE FA[R8ANKS, ALASKA I\IRSfIED •••

rEST DATA TO CHECK rJor~TON15 AnR!l 28 CHANGES

I~ITIAL CONDITIONS

••• CONCENTRATIONS ARE MEAN VERTICAL VALUES •••

OUTPuT FOR NODES 1 TO 15 9 ••• THE SYI~BOL • DENOTES A SPEC IFlED VALUE
tl ODf '::ONC X-VEL V-VEL rJo DE CONe X-VEL Y-VEL NOD E CONC X-VEL v-VEL NODE CONe X-VE L v-vEL

!'-)UM ?Pl-l "I SEC M/SEC tJUlo\ PHi :-1 I 5 Ee '-l IS Ee NUM ppr·; M/SEC M15EC NUM pprl. MIS EC 101 I SEC

1 O. • O. -0.10 41 '- 00 O. ~O.10 B1 4.CO O. ~0.10 1 2 1 '- 00 Q. -0.10

2 O. • O. -0.10 42 4.00 O. -0.10 32 '- DO O. "0.10 122 4.00 O. -0.10

3 O. • O. -0.10 " 4.00 O. ~0.10 83 '-00 O. -0.10 123 4.00 O. -0.10

4 O. • O. -0.10 " 4.00 O. -0.10 84 4.00 O. -0.10 124 4.00 O. -0.10

5 O. • O. -0.10 45 '-00 O. -0.10 85 4.00 O. -0.10 125 4.00 O. ~ 0.10

6 4.00 O. -0.10 t,6 4.00 O. -0.10 86 4 00 Q. -0.10 126 4.00 O. "0.10

7 4.00 O. -0.10 47 4.00 O. -0.10 e7 4.CO O. -0.1 n 127 i..oo O. -O.~G

8 i..OO O. -0.10 48 '" 'JO O. -0.10 S8 4.CO O. -0. i 0 129- 4.00 O. - C. 1 0

9 4.00 O. -0.10 49 4.00 O. -0.10 89 4.eo o. -0.10 129 4.00 O. -0.10

10 '-00 O. -0.10 50 4.00 O. -0.10 90 '- 00 O. -0.10 130 4.00 O. -0.10

11 4.00 O. ~0.10 51 O. • O. ,-0.10 91 4.00 O. -0.10 13 1 i..DO O. - 0.10

1 2 4.00 O. -0.10 52 4.00 O. -0.10 92 4.00 O. -0.10 132 4 .. 00 O. -0.10

13 4.00 Q. "'0.10 53 i..GO O. - 0.10 93 4.00 O. -0.10 1 33 i..DO O. - o. , a
1 I. O. • O. -0 .. 1 0 5' t... SO O. - o. 10 94 i..OO C. -0.10 131. 1. ""I O. -C .. i Q

1 5 i. .. OJ O. -O.ln 55 i..OO O. -c. 10 95 4.00 C. -0.10 1::; 5 !. .. oo O. -'J. i 'J

16 4.00 O. -O.lU 56 4.00 O. - 0.10 06 4 .. C<J O. -0.10 136 4.1)0 O. -0 .. 1 0

17 4.00 O. ~0.10 57 '- 00 O. -0.10 97 4.GO O. -0.10 137 '-00 O. - 0.10

18 4.00 O. -0.10 58 4 .. 00 O. -0 .. 10 93 4 .. 00 O. -0.10 1311 4.00 O. - 0.10

19 '" 00 O. -0.10 59 '" 00 O. -0.10 99 '- 00 O. -0.10 139 O. • O• -0.10

20 i..O'J o. -O.1e 60 4.00 0 -0.10 100 4.00 C. -0.10 , toO 4 .. rJO O. - 0.10d.

'-' 4.GO O. - 'j • 1 0 61 It .. [lO O. -0.10 1 n1 4.00 O. -0., I] 1 I, 1 i..1J1} O. - 0 .. 1 'J

22 ,"DO O. -0.10 62 4.00 O. -0.10 102 4.00 O. -0.10 " 2
t. • il 0 O. - O. lJ

23 i..OD O. -[I. 10 63 4.00 O. -0.10 103- I, .. 00 O. -0.10 143 4.00 O. -0 .. 10

24 4 .. 0(1 O. -0.10 64 4.00 O. - 0.10 10/, 4. GO O. -0.10 144 [,.UO O. -0.10

25 4.00 O. -0.10 65 '- 00 O. ~0.10 lOS 4.UO O. -0.10 145 4.00 O. -0.10

16 ,-AD O. -0.10 66 4.00 O. - O. 10 106 4.00 C. -0.10 146 4.00 O. - 0.10

7.7 4.00 O. -0.10 67 O. • O. -0.10 107 4.00 O. -0.10 147 4.00 O. -0.10

28 O. • O. ~C.l0 68 I•• no c. -0.10 108 " • Gel O. -D.10 1 t. 8 4.00 O. - 0.10

2? 4.00 O. -0.10 69 4.00 O. - 0.10 109 '- 00 C. -0.10 149 4 .. 0a o. -0.1 G

30 4.00 O. -0.10 70 4.00 O. -0.10 110 4.00 O. -0.10 150 4.00 O. - 0.10

" f• .. 00 O. -0.10 71 !; .. 00 O. -0.10 111 i..co O. -0.10 1 51 4.00 O. - 0.10

32 4.00 O. -O.IQ 72 4.00 O. -0.10 112 1, • 00 O. -0.10 1 52 4.00 o. - 0.10

33 4.00 O. ~0.10 73 4.00 O. -0.10 113 4.00 O. -0.10 15 3 4.00 O. -0.10

34 4.00 O. -0. 10 74 4.00 O. -0.10 114 4. 00 O. -0.10 1St. 4.00 O. ~O. 10

35 '-DO O. -0.10 75 4.00 U. - 0.10 115 4.00 O. -0.10 1 55 4.UO O. - 0.10

36 4.00 O. -0.10 76 4.0Ll O. -0.10 116 4.tO O. -0.10 156 '-DO O. 7 0.10

37 4.00 O. -0 .. in 77 4.00 O. -0.10 11 7 '- 00 O. -0.10 157 O. • O. -0.10

3,>3 O. • Q. -0.10 ;8 4.no o. -0.10 118 4.00 O. -0.10 158 4.00 O. - 0.1 0

39 O. • O. -0.10 79 to- aD o. ~O.lO 119 4 .. C10 C. -0 .. 10 159 4.00 O. -0.10

40 4.00 O. -0.10 80 4.\10 O. - 0.10 120 4.00 U. -0.10



t"ATHEMATICAL SI/>,;ULA.TION OF CARBON /o10fJOXIDE DISTRI8UTIorl IN THE ATMOSPHERE
TWO DII<:ENSIONAL FINITE ELEMENT FOR HO~lZ~NTAL PROBLEMS O~ VARIABLE THiCKNESS
INITIAL APPLICATION TO THE F AI RbA~il( S, ALr..S~/l AIRSHED~ ••

iESTDATA TO CHECK ~IORTON'S APRIL 28 CHANGES

••• RESULTS AFTtR 1 HOURS OF DYNAMIC SIMULATION •••

••• CONCENTRATION$ ARE MEAN VERTICAL VALUES •••

OUTPUT FOR NODES 1 TO 1 59 '" THE Sv:.1BOL • DENOTES A SPECIFIED yAlUE
NODE CONC X-Y EL Y-YEL rJDDE CO 11C X-YEl y-yEL NODE (ONC x-VEL Y-YEL NODE CONC X-VE L V-vEL

NUM PPM r"l/5 E( ,., I sEC NUM PP~i M/SEC r·,1 SEC NUM PPM M/SEC M/SEC r..:ur-l PPM M/SEC M!SEC
1 O. • O. ·0. 10 4 1 4.46 O. -0.10 81 3.98 O. -0.10 1 21 4.06 O. -0.10

2 O. • O. -i1.10 42 4.12 O. "'0 .. 10 82 4 • 0 1 o• -0.10 122 4.26 O. -0.10

3 O. • O. -0.10 43 4.C3 O. -0.10 83 4.18 O. -0.10 123 4.00 O. -C. i C

4 O. • O. -0.10 44 4.10 O. -0.10 34 4.44 O. -0.10 124 3.90 O. -G. i J

5 U. • o. -0.10 45 i._OS O. -C.l0 8s 4.32 O. -0.10 1 2 5 4. 21 O. - 0.1 C

6 3.83 O. -0.10 46 i. • 1 1 O. -0.10 86 3.99 O. -0.10 116 5. 21 O. - 0.10

7 3.95 O. -0.1n 1,7 3.99 O. -0.10 87 4.07 O. -0.10 127 4.50 O. -0.10

8 4.06 Q. -0.10 48 4 • 16 O. -0.10 88 '- • 1 3 O. -0.10 128 4 .. 66 O. -c. 10

9 4 .01 O. - O. 10 49 4 .. 04 O. -0.10 89 3.82 O. -0.10 129 3.93 O. -0.10

10 3.95 O. -0.10 50 3.99 O. -0.10 90 4.CO O. -0.10 130 3. 91 O. - C. 10
11 3 • 7 1 O. -0.10 51 O. • O. -~.10 91 ~ • O~ c. -0.10 131 3. 77 O• - 0.1 C

1 2 4 .3 1 O. -0.10 52 3 _ 61 O. -0.10 92 4.03 O. -0.10 1 3 ? l,.~4 O. -c.,:::
13 3.76 O. -O_1Q 53 4.03 O. -0.10 93 4 .. (:1 O. -0.10 133 4~10 O. - 0.10

14 O. • Q. -0.10 54 4.23 O. - 0.10 94 4.20 O. -0.10 134 '- .. 04 O. -0.10

1 5 4 • 1 3 o. -0.10 55 3.°9 O. - 0.10 95 4. 10 O. -0.10 135 4. 1 3 O. . - 0.10

16 G.OO O. "'"0 .. 1 0 16 4.02 O. - 0.10 96 4.43 O. -0.10 136 G. 1 S 0 .. -0.10

17 .5.?~ O. -0.10 S 7 4.03 O. -0 .. 10 97 3.70 O. -0.10 137 4.02 O. - t'J. 1 Cl

13 4 • 1 1 O. -0.10 5 P. 4~27 O. -0_10 98 4.50 O. -0 ~ 1 a 13 :1 3.99 O. ~ C.. 10

19 4 .09 o. -0.10 59 4.17 a. - 0.10 99 4.03 C. -0.10 130 O. • O. -Q.1')

20 3. 99 O. -0.10 I'D 3.92 O. -0.10 'DO 4 • 54 O. -0.10 140 3. 31 O. -0.10

21 4.07 O. -0.10 61 4.28 O. - 0.10 101 4.36 O. -0.10 1/. 1 4. 01 O. -0.10

22 4.08 O. -0.'0 62 4.05 O. - 0.10 102 4.02 O. -0.10 142 4.03 O. -0.10

23 4. ,6 O. - O. 1 a 1'3 3.99 O. -0.10 103 4.07 O. -0.10 143 ".29 O. -0.10

24 4.05 D. -0.10 64 4.04 O. - 0.10 104 [,.07 O. -0.10 144 4.04 O. -0.10

25 4.02 tJ. ·0.10 65 4.07 O. -0.10 105 3.04 G. -0.10 1/,5 4.23 O. - 0.10

20 4.23 O. -0.10 66 4.02 O. - 0.10 106 4 • 1 8 O. -G.1o 1t.6 4. 53 G. -0.10

27 3.63 O. -0.10 67 O. • O. -0.10 107 3.87 O. -0.10 147 4.04 O. - C. 10

28 O. • O. -0.10 6R 3.63 0. - 0.10 108 4.00 O. ·0.10 148 4. 01 G. -G. 10

29 1,.03 O. -0.10 69 4. 07 O. - 0.10 109 4 • 21 O. -0.10 149 3.69 O. - 0.10

30 4.09 O. -0.10 70 4.05 O. - O. 10 110 4.04 O. -0.10 150 4. 1 6 O. -0.10

31 4.71 O. ·0.10 71 4 .25 O. -0.10 111 4 • 1 B O. -0.10 1 5 1 4.68 O. -0.10

32 [, .. 46 O. -0.10 72 4 • 4 1 O. -0.10 112 4.03 C. -0.10 152 4. 1 3 O. -0.10

33 4.00 O. -0.10 73 4.06 O. -0. '0
" 3

4.00 C• -0.10 1 5 3 4.09 O. -0.'0

34 4. 01. O. - 0.10 74 4.09 O. - 0.10 114 4.14 O. -0.10 1 54 4.53 O. -0.10

3~ 4.05 O. -0.10 75 4.09 O. - 0.10 115 4 • 21 O. -0.10 1 5 5 4.01 O. -0.'0

36 4.01 O. -0.10 76 4.02 O. -0.10 116 4.04 O. -0.10 156 3.9B O. "C.l0

37 4 .01 O. - O. 1 0 77 4.01 O. -0.10 117 3.99 C. -0.10 157 O. • O. -0.10

38 O. • O. -0.10 78 ". 17 O. -0.10 11 B 4.01 O. -0.10 158 3.99 O. -0.10
39 O. • O. -0.10 79 4.25 O. - O. '0 119 4 .28 O. -0.10 159 4.04 O. -0.10

40 3. OM O. -0.10 80 4.24 O. -0.10 120 4.25 O. -0.10



MATHEr~ATICAL SIMULATION OF CARAO~J t"lONOXI!)E :>ISTRI9UTION IN THE ATMOSPHERE
TWO Dlf.jEtJSIO~JAl FINITE EL [:'1 ErJT fOR HORIZONTAL PROBLEMS OF VARIABLE THTCKNESS
r"J IT! Al f\PPLICf,TION TO THt FAIRBlINKS, ALASKA AlnSHED •••

TEST DATA TO CHECK "JORTO:jtS APRIL 28 CHANGES

.... RESUlTS AFTER 2 HOURS OF DYNA~IC SIMULATION •••

• ~ • CON C EN TRAT ION 5 ARE MEAN VERTICAL VALUES •••

OUTPUT FOR NODES 1 TO 159 .. •• THE SYMBOL • DENOTES A SPECIFIED VALUE
NODE CONC X-VI: L V-VEL t~O DE CONe X-VEL Y-VEl NODE COr.;C x-vEL V-VEL NCDE co fJ C X-VEL V-VEL

NUM PPM MISEC 1-11 SEC NUj~ PPM MiS EC "/SEC t-iUM PPM MISEC MISEC NU" PPM M I SEC M I SEC

1 O. • O. -0.10 4 1 4.67 O. -0.10 81 4.02 O. -0.10 121 4.05 O. - 0.10

2 O. • O. -C.l0 1,2 4.10 O. -0.10 82 3.96 O. -0.10 122 4.56 O. -0.10

3 o ~ • O. -0.10 43 4.05 O. -0.10 83 4.26 O. -0.10 123 3.9B O. -0.10

4 D. • O. -0 .. 1n 44 4 .. 1 7 O. -0.10 34 4 .. 73 C. -0.10 124 4.CO O. -0.10

5 C• · O. -0.1 Q 45 4 .. 09 O. -0.10 65 4.50 C. -0.10 125 4.37 O. - 0.10

6 3.68 O. -C.l0 46 4.23 O. - 0.10 86 4.00 O. -0.10 126 5.42 O. -0.10

7 3.95 O. -0. 1 C 47 4.00 O. -0.10 87 4.05 C. -0.10 127 4.73 O. - 0.10

8 4 • 1 2 O. -0.10 48 4.25 O. -0.10 88 4.26 O. -0.10 128 5.13 O. -0.10

9 4.02 O. -0.10 49 4.0B O. -0.10 89 3. 71 O. -0.10 129 3.90 O. - 0.10

10 3.89 U. -0.10 50 3 .. 99 O. - 0.10 90 4.02 O. -0.10 130 3.~8 O. -0.10

1 1 3. 41 O. -0.10 51 O. • O. - 0.10 91 4.06 C. -0.10 1 3 1 3.66 O. - o. j G

1 2 t• • 5 7 O. -0.10 ,2 3 .. 22 O. - O. 10 92 4.05 O. -0.10 132 t.. 5 7 C. -c. 10

13 3.52 O. -0.1 D 53 4. 03 O. -0.10 93 4.00 C. -0.10 1;3 4. , l, O. ~0.10

1 4 O. • O. -0.10 54 4.40 O. - 0.10 94 4 • 31 G. - O. 10 134 '.0.3 O. ... 0.' a
1 5 4.23 O. -0.10 55 4 .01 O. -0.10 95 4.22 O. -0.10 135 4.20 O. --0.10

16 3.99 O. -0.10 56 (,.06 O. -0.10 96 4.46 O. -0.10 136 4.31, O. -0.10

17 l, • (l G D. -[1 .. 10 57 4 • 0 1 O. -0.10 97 ~.40 O. -0.10 137 t..03 O. -0.10

13 4.20 O. -0.10 58 4.35 C. -0.10 98 4. 52 c. -r.l0 13" f..on O. -0.1 J

19 {, • 1 3 O. -0. 1 n 59 4_30 u. - O. 1Q 99 4.02 O. -0.10 ny G. • O. -0.10

20 3.98 n. -0.10 60 3.;82 U. -0.10 100 4 • E6 C. -0.10 140 3. 59 O. -0.10

21 4 • 1 3 O. -0.10 61 [,.61 O. -0.10 101 4.64 O. -0.10 141 4. 02 O. -0.10

22 4.12 O. -0.10 62 4.09 O. -0.10 102 (, • tJ 1 O. -0.10 14 2 4.05 O. -0.10

23 4.30 O. -0.10 63 3.99 O. -0.10 103 4.29 O. -0.10 143 4.37 O. - 0.10

24 4 .. 1 [, O. -0 .. 10 61, 4.07 O. - 0.10 104 [, .. 11 O. -0.10 144 4.05 O. -0.10

25 4.r7 o. -0.1 0 65 4 • 1 1 C. -0.1 C 105 3.69 C. -0.10 1 t. 5 4. l. 6 r. -0.10

26 4~42 O. -C.10 66 4 .. 03 O. -C.lO 106 4.35 O. -0.10 1 <, 6 [, .. 53 O. -0.10

27 3.36 O. -0.10 67 O. • O. -0.10 107 3.77 C. -0.10 147 L.. nz Q. -0.10

28 C. • O. -C.l0 68 3.26 O. - C. 10 lOS 4.C2 O. -0.10 148 4.03 O. -0.10

29 4.05 O. -0.10 69 4 • 1 0 O. -0.10 109 4.32 O. -0.10 149 3 .. 3 7 O. -0.10

30 4.29 O. -0.10 70 4. 1 0 O. -0.10 110 4. C4 O. -0.10 150 4.22 O. -0.10

31 5.10 O. -0.10 71 4.42 O. -0.10 111 4 • 31 O. -0.10 1 5 1 4.75 O. -0.10

32 1,.61, O. -n.l0 72 4.71 O. -0.10 112 4 • 1 1 O. -0.10 1 5 2 4.23 O. -0.10

33 4 .01 O. -0.10 73 4.09 O. -0.10 113 3.99 O. -0.10 153 4.17 O. -0.10

34 4 .05 O. -0.10 74 4. 15 O. -0.10 114 4.26 O. -0.10 15 4 (,. S 1 O. -0.10

35 4.04 O. -0.10 75 [, .. 19 O. -0.10 115 4.30 C. -0.10 1 5 5 4.02 O. -0.10

36 4.04 O. -0.10 76 3.99 C. ~ 0.10 116 4.11 O. -0.10 156 3.98 O. -_0.10

37 4.02 O. -C.1O 77 4 • 1 9 O. -0.10 117 3.98 O. -0.10 1 5 7 C. • O. -0.10

3~ O. • O. -0.10 78 4.26 O. - 0.10 118 4 .. 04 O. -0.10 158 4.03 O. -0.10

39 O. • O. -0.10 79 (,.t. 1 O. -0.10 119 4 • ~ 1 O. -0.10 159 4.13 O. -0.10

40 3.93 O. -0.10 80 4.44 O. - 0.10 120 4.35 O. -0.10



MATHEMATICAL S!l-lULA TI ON OF CARSON MO.<.JOXIDE DISTRIBUTION I~ THE AT~OSPHERE

TwO DIME~SIOr~AL FINITE ElE,"lENT FOR HORIZONTAL PR03LEMS OF VARIABLE THICKNESS
INITIAL APPLICATION TO THE FAIRBANKS; ALASKA AIRSHED ....

TESt DATA TO CHECK NORTON'S APRIL 28 CHANGES

.... RESULTS AfTER 3 HOURS OF DYNAMIC sIr~ULATIOI\j •••

••• CONCENtRATIONS ARE MEAN VERTICAL VALUES •••

OUTPUT FOR NODES 1 TO 1 59 .". THE IjY'~BOL * DENOTES A SPECIFIED VALUE
NODE CONe X-VE L Y"VEL NODE CONC X-V·EL Y"'VEL NODE CONC X-VEL Y-YE L NOD E CONC X-YEl Y-YEL

NU,~' PPM MI SEC
"' SE C

NUM PPr"! ,"'SEC I~/SEC NUt., PPM M/SEC MISEC "'ur., PPM M/SEC M/SEC
1 O. • O. -0 .. 10 " 4.70 O. - O. 10 8 1 4. 07 C. -0.10 121 G.02 O. -0.10

2 J. • O. -0.10 42 L..'JS D. -0.10 82 3.93 O. -0.10 122 4.7L. O. - O. 1 ~

3 O. • O. -O.if] G3 4.09 O. -0.10 83 4. 23 O. -0.10 123 1,.QO O. -0.1')
4 O. • O. -0.10 4G G.23 O. - 0.10 84 1, .. 74 O. -0.10 12G 4 .. 1 1 O. - 0.10
5 O. • O. -0.10 G5 4. 16 O. -0.10 85 G• 5G O. -0.10 1 2 5 G.GG O. -0.10

6 3.54 O. -0.10 G6 4. 31 O. - 0.10 86 L. .. ',}9 O. -0.10 126 5.22 O. - 0.10

7 3.93 O. -0.10 47 4.02 O. -0.10 87 3.98 Q. -0.10 127 1,.76 O. -0.10

8 4. 1 8 O. -0.10 Ga 4.27 O. -0.10 aa 4 .. 37 C. -0.10 128 5 .. 36 O. -O.lD
9 4.03 O. -0.10 49 t• • 1 2 O. - 0.10 89 3.70 C. -0.10 120 3.9G O. - C. 1Q

10 3.80 O. -0 .. 10 5e 3.Q8 O. -0.10 90 G.OG O. -0.10 130 3.93 O. -0.1 'J

11 3.10 O. -0 .. 10 51 O. • O. -0.10 91 4. 1 0 O. -0.10 131 3.77 O. -0 .. ' 0
1 2 4.77 O. -0.10 52 2.83 o. - 0.10 92 G.07 O. -0.10 132 4 .. 7 'J O. -0.10

13 3.29 O. -0.10 53 4. 1 3 O. -0.10 93 3.~9 O. -0.10 133 G. 1 2 O. -0.10

1G O. • O. -0. 10 5G 4.!oB O. -0.10 9G G.' 3 2 O. -0.10 13G 4. 1 6 O. -0.10
1 5 l, .. 31 O. ... 0 .. 1 0 5, l, .07 n. - 0.10 95 4.36 O. -0 .. 10 135 4.23 O. --0.10

16 3 .. 97 r, -c .. 1 [J ,6 4. 1 2 O. - O. 10 96 G.30 O. -0.10 136 4. 54 O. -D.' 'Jo.

17 4.01 O. -0.1 0 " 3.99 O. -0.1 Q 97 3. C9 O. -0.10 137 4.02 O. - 0.10
1 B 4.28 O. -0.10 50 G.30 O. -0.10 98 4.64 O. -0.10 138 4.03 O. -0.10

19 C 1 2 O. -0 .. 10 59 4. t.3 0'. -0.10 99 3 .. 99 O. -0.10 139 O. • O. -0.10
20 3.99 O. -0.10 60 3. B1 O. -0.10 100 G.95 O. -0.10 140 3.36 O. - 0.10
21 G• 18 n. -0.10 61 4.97 O. - 0.10 101 G.80 C. -0.10 141 G.02 O. -0.10

22 G.17 O. -0. 10 62 4. 1 L. O. - O. 10 102 4.00 O. -0.10 142 G.06 O. -0.10
<3 1,.t..2 O. -0.10 63 3.?9 O. -0.10 103 G.58 O. -0.10 143 L. .. 36 O. -0.10
2G L28 O. -0.10 6 4 G.09 O. -0.10 lOG 4 .. 1 1 O. -0. 10 144 4 .. 04 O. -0.10

25 G• 1 5 O. -0.10 65 G• 1 2 O. - O. 10 105 3.91 O. -0.10 145 4.65 O. - 0.10

26 4 .54 O. -0.10 66 4.02 O. -0.10 106 " • " t. O. -0.10 146 G.3o O. -0.1')

27 3.04 O. -0.10 67 O. • O. -0.10 107 3.84 O. -0.10 lG7 3.96 O. - 0.10

28 O. • O. -0.1 0 68 2 • 91 O. - O. 10 103 G.OG O. -0.10 148 G.07 O. -0.10

29 C08 O. -0.10 69 4 • 1 3 O. -0.10 109 G.36 O. -0.10 149 3.0G O. -0.10

30 4.58 O. -0. 10 70 4.20 O. -0.10 110 G.03 O. -0.10 150 G.25 O. -0.10

J 1 5 • 1 5 O. -0.10 71 4 .. 4 9 O. -0.10 111 4.39 O. -C.l0 151 L81 O. ·0.10

32 G.68 C. -0.10 72 G.75 O. -0.10 11 2 4.2G O. -0.10 152 G.30 O. -0.10

33 G.01 O. -0.10 73 G.09 O. -0.10 113 3. V8 O. -0.10 153 G. 2 5 O. -0.10

3G G.06 O. -0.10 7G G• 2 1 O. -0.10 114 4.35 O. -0.10 1 54 G.27 O. -0.10

35 G.Ol O. -0.10 75 G.30 O. -0.10 115 G• G9 O. -0.10 155 G.02 O. -0.10

36 G.11 O. -0.10 76 3.95 O. - 0.10 116 G.25 O. -0. 10 156 4.02 O. ".0.10

37 G.08 O. -0.10 77 4 • G3 O. -0.10 117 3.97 O. -0.10 157 O. • O. -0.10

38 O. • O. - O. 10 78 G.32 C. - 0.10 118 G.08 O. -0.10 158 4.09 O. - 0.10

39 O. • O. -0.1C 70 G.42 O. -0.10 119 4 .. ~5 O. -0.10 15° G. 28 Q. -0.10

GO 3.89 O. -0. 10 aD G. 6 1 O. -0.10 120 G• G1 O. -0.10



t'lATHEi1AT ICAL SIMULATIOf! OF (A~80N ~or'lOXIOE o1STRI8UTION IN T~E AT~O$PHERE

TWO O1t-1ENSIOrJAl FINITE ELEM~NT FOR HORIZONTAL PROBLEMS OF VARIABLE THICKNESS
1~JITI,l\L APPlICATIO~J TO THE FArR8A'~KS, ALASKA AIRSHED •••

TEST DATA TO CHECK NORTON'S APRIL 28 CHANGES

.... RESULTS AFTER 4 HOURS or DYNAMIC SP:UlAT ION •••

.... CONCENTRATIONS APE MEAN VERTICAL VALUES •••

OUT PUT FOli ;~OO ES 1 TO 1 59 .... THE S YtI,BOL • DErJOT ES A SPECIFIED VALUE
NODE CONC x-v EL V-VEL "JODE ( ONC X-VE L Y-VEL NODE CONC X-VEL Y-VEL NOD E COIH X-VEL V-VEL

NU~ PPM t'll SEC M/SEC NUM PPM t., IS EC 1., I 5 EC NUM ppe MISEC MISEC NUM PPM MISEC M/sec
1 O. • n. -0.10 41 4.,6 G. - 0.10 81 4.10 O. -0.10 11. 1 3. ?9 O. -0.10

2 O. • u. -0.10 42 4.ns O. - 0.1 G 82 3.96 O. -0.10 122 4. 75 n. -C.1CJ
3 0" · Q. -n.l0 43 4.14 O. -0.10 83 4 .. 1 7 O. -O.lU 123 4. 1 1 O. -O"lJ
4 o• • O. -U.1G " 4.30 w. - 0.10 84 '- 5 8 C. -0 .. 10 124 4 .. 16 O. -0.10

5 o• • O. -0.10 45 4.27 C. - U. 10 85 4.54 O. -0.10 125 4.44 O. -0.10

6 .1.43 O. -0.10 46 4.33 O. -n.l0 36 4 1.6 O. -0.10 126 5.23 O. -0.10

7 3.91. O. -0.10 47 4.06 O. -0.10 87 3.96 O. -0.10 127 ". 7S O. -0.10

8 t..2' O. -O,,1n 48 4" 31 O. -0.10 88 4.40 O. "'0.10 128 5. " O. -0.10

9 4.04 O. -c. . 10 1.9 4" 1 4 O. -0.10 R9 3.76 O. -0.10 129 4.03 O. -G.l:}

10 3.68 O. -0.10 50 3 .. 98 O. -0.10 90 4.07 O. -0,,10 130 4.0a o. -0,,1J

11 2.30 O. -0.10 51 O. • O. - O. 10 91 4" 1 5 O. "0.10 131 3.93 O. -C.1C
1 2 4.89 O. -0.10 52 2 • 4 5 O. -0.10 92 4 .. 09 O. -0.10 131. t. .. B1 O. -0 .. 10

1 3 3.05 O. -0.10 53 4 • 3 5 O. -0.10 93 3.9f,l O. -0.10 133 4 • 1 2 O. -O .. 1~
14 O. • O. -0.1 0 54 t. • f; 7 O. -0.10 94

"" 31 O. -0.10 134 4 .. 30 O. -0,,10

1 5 4 .30 O. -Q.10 55 4. 1 5 O. -0 .. 10 95 t..48 O. -0.1 J 1:3 :; 4. 3 J G. . -0. i J

" 3.96 O. -0.10 56 4. 1 8 u. -D.10 ?5 4 .22 e -~. 1 0 136 4.66 O. -0. , 'Jv.

.1 7 f, "D 2 O. -C·. 1 0 57 4.00 O. -I] , , 0 97 2.7? C. -0 .. 10 1)7 lo,,01 O. -I,,, I";

18 4 • 3 5 O. -Q.1 :J sF. 1. .. ~2 O. -0" 1a 98 4,66 O. -0. 1() 133 4 .. 07 0 -Q.i]w.

19 4.09 O. -0.10 ~,9 4 .. ') 7 O. -0.10 99 3.97 O. -0.10 139 O. • O. -0 .. 10

20 4.01 O. -0.10 60 3.95 O. - O. 10 100 5.02 O. -0.10 140 3. 10 O. -0 .. 10

21 4.23 O. -0.10 61 5.30 O. -0.10 101 4.86 O. -0.10 141 4.02 U. -C .. 1J

22 t. .. 24 O. -~.ltJ 62 4 • 1 9 O. -0.10 102 4 .02 O. -0.10 142 4.07 O. -0 .. 1 J

23 f..50 Q. -n.11 /,3 t.. ::10 O. -0.10 103 4 • C' 1 O. -0 .. 1 [) 143 4 • 3 P. n. -0. Hi

24 4 • " 3 O. -C,,1Q 64 t. " 1 2 0, -O.l!1 104 4 .. 10 O. -0.10 1 "
4 .. 04 O. -C.i']

, 5 t• • 25 O. -0.10 65 f. " 1 3 O. - 0.10 105 3.99 O. -n. 10 145 1,.73 Q. -G. ~.'J

26 t. • 5 r} O. -n. 10 66 4.02 O. -0.10 106 4. \2 O. -0.10 146 " • 1 9 O. .... G. ~ J

27 2.71 O. -0.10 67 O. • O. -0.10 107 4.06 C. -0.10 147 3.92 O. -0.10

28 O. • O. -0.1 0 68 2.57 O. -0.10 108 4,,07 O. -0.10 148 4. 1 2 O. -0.10

29 4.13 O. -0.10 69 4 • 18 O. -0.10 109 4.37 O. -0.10 149 2. 71 O. - 0.10

30 4,84 O. -0.10 70 I, • 3 2 O. -0.10 11 0 4. 01 O. -0.10 150 4.33 O. -0 .. 10

31 5.09 O. -0.10 71 4. 54 O. -0.10 11 1 4 • 4 5 C. -0 .. 10 1 5 1 4 .. 9 f. O. -S.iO
32 4.73 O. -0.10 72 4.60 O. -0.10 11 2 4.42 C. -0. 10 152 4. 36 O. "'0.1::

33 4.02 O. -0.10 73 4 • 11 O. -0.10 11 3 3.97 O. -G,,10 1 5 3 4.33 O. - 0 .. 1C

34 4. 1 0 C. -0.10 74 4.29 O. - O. 10 11 4 4.41 o. -0.10 1 5 4 4. 1 5 O. -0.10

35 3.98 O. -0.10 75 4.39 O. -0.10 11 5 4.53 O. -0.10 155 4.01 O. -0.10

36 4.20 O. -0.10 76 3.92 O. -0.10 1 1 6 (" • '2 O. -0.10 156 4.08 O. ~0.1 0

37 4.24 O. -0.10 77 4 .61 O. -0.10 1 1 7 3.97 O. -0.10 1 5 7 O. • O. -0.10

3R O. • O. -0.10 78 4. 36 O. -0.10 118 4 .. 1 2 O. -0.10 158 t." 1 6 O. -0. to
39 O. · O. -O .. ~O 7r:. 4.~3 O. - 0.10 11 9 f• • 70 n. -0.1 U 159 4 .. , 1 O. - J. , :J

40 3.&7 O. -0.10 GO 4 • 74 O. -0.10 120 4 .. 41 O. -0.10



~ATHEMATICAL SIMULATION OF CARBD~ ~DNOXIDE DISTRIBUTION IN THE ATMOSPHERE
TWO DIMENSIONAL F 1fl I TE ElE I~ EfJ T FOR HORIZONTAL PROBLEMS OF VARIABLE THICKNESS
INITIAL APPLICATION TO THE FAIRBANKS, ALASKfl. AIRSIJED ....

TEST DATA TO CH~CX NI)RTOr.'S APRIL 28 CHA:JGES

.. ;..RE:>ULTS AFTER 5 HOURS OF DYN/H1IC SI~ULATION" ...

.... CONCENTRATIONS ARE MEAN VERTICAL V~lUES ....

OUTPUT FOR NiJDC::S 1 TO 1 5 Q ;. ... THE SYr-1BOl • DENOTES A SPECIFIED VALUE
NOD E COl~ c: X-VEL V-VEL rJODE ( 0 ~l C X-VE L V-VEL NODE CONe X-VEL V-VEL NOD E: CO\( x -V€ L V-VEL

[JUl·] P Pt·~ r·:1 5 EC :~/SEC NI,;!'l PP:~ "\ 15 EC I" IS EC NU:~ PPr·; MISEC P/SEC :~U"" tlp:-, r~/SEC :·l/SEC

1 O. • O. -C.I0 41 t, • (-.3 D. -0.10 81 4 .. 1 5 C. "0.10 12 1 4. 0 1 O. -0.10

2 O. • O. -0.10 1.2 4 .. 07 O. -0.10 32 4.04 C. -0.10 122 4 .. 71, O. -0;.10

3 O. • O. -0. 10 43 4.22 O. - 0.10 83 4.20 O. "C.I0 123 4. 35 O. -0.10

4 O. • O. -0.10 44 " • 33 O. -0.10 84 4.45 O. -0.10 124 4.36 O. -0.10

5 O. • O. -0.10 45 4.3Q D. -0.10 85 4.53 O. -0.10 125 4. 79 O. "0.10
6 3.32 O. -0 .. 10 46 t.. t.O O. -0.10 85 t. • 59 O. -0.10 126 7 .!. 1 Q. -0.10
7 3.92 Q. -n. 1 J 47 t.. .:5 5 n -CL 10 87 4. 53 O. -C. 10 127 5.07 O. -0. i.J,..
.~ 4.29 ,;

~Q.1a 1.8 t..;. 5 1 O. - 0.10 68 4 • t,? O. -0.10 12 ~ 6. '] 3 C· • -G. Hio.

9 4.05 O. -0.10 lor; 4. , 8 O. -0.10 89 3 • fi 1 O. "0.10 12 Q 4.23 G. -0.1;)

10 3.55 O. -0.1Q ,0 3.97 O. -0.10 90 4 • z.) O. -O.lD 130 {.;, 71 O. -0.10
1 1 2.50 O. -0.10 " O. • O. - O. 10 91 4.21 O. -0.10 j 3 , 6. 2 3 O. -0.10

12 4.95 O. -0.10 52 2.09 O. -0.10 92 4 • 1 3 O. -0.10 132 5.98 O. -0.10
1 3 2.52 Q. -0.10 53 4.64 O. - 0.10 93 4.03 O. -0.10 133 1..':J2 O. -0.10

" D.. • O. -(1 .. i D 5 {. 4 .. 36 '2 " -Co 10 94 4.35 O. -0.10 1 3 L. 4. 5 r:; O. -0.10
15 I. .. I. t. C. -::J .. 1 G 55 1..24 O. - 0.10 95 t, .. 68 O. -0.10 US t. .. (, 5 O. -C.1')

16 3.9~ O. ~O.ln 56 lo.24 O. "'- G. 10 95 1..24 O. -0.10 . 136 5" :J 1 O. -0.' 0
1 7 4 .07 O. -0.10 57 4.03 O. -0.10 97 2. 50 O. -0.10 137 4.03 O. -0.10
18 4.4 1 O. -0.10 53 4 • 2 5 O. -0.10 98 1.;.00 O. -0.10 138 4 .. , 3 O. "'Q. 10

19 4 JJo O. -0.10 59 4.74 O. -0.10 99 4;.C4 O. -0.10 139 0 .. • O. - 0.10
20 4 .. 07 O. -~.10 61l t• • 3 {. Q. -0.10 100 5 • 1 \ O. -O.la 1 t, 'J 2. C5 O. -0.10
21 4.22. O. -0 .. , 0 61 5.70 P -0.10 10 1 4. e3 O. -0.10 1!" 1 4.02 O. -0.10o.

22 4.35 O. -J. 1Q 62 4 • 24 Q. -0.10 102 4. Co O. -0.10 1'2 4 .. ,17 O. -o.n
23 4.55 Q. -0.10 63 {. .. 1)4 O. - 0.10 103 4 .. 9,1 O. -0.10 143 4 .. 5 '1 0. -0 .. 1D

24 (, .61 O. -0.10 64 4 • 1 ') o. - O. 10 104 4 • 16 O. -0.10 144 4.05 G. -0.10
25 4.36 O. -0.10 65 4 • 1 4 O. - O. 10 105 4.26 O. -0.10 14 5 4 • 75 O. -0.10
26 4.59 O. -0.10 66 4.03 O. -0.10 106 4. 62 O. -0.10 146 4. 1 5 O. - 0.10

27 2.39 O. -0.10 67 O. • O. -0.10 107 4.58 O. -0.10 147 3.93 O. -0.10

28 O. • O. -0.10 63 2.25 O. -0.10 108 4.23 O. -0.10 148 4 • 1 9 O. - 0.10
?9 4.24 O. -0.10 69 4. 2 7 O. -0.10 109 4;.39 O. -0.10 149 2.40 O. -0.10

30 5.05 O. -0.10 70 4.46 O. - 0.10 11 0 4.00 O. -0.10 150 4.54 O. -0.10

31 5.04 O. -0.10 71 4.57 O. - 0.10 11 1 4.49 O. "0.10 1 5 1 4. ':; 9 O. -0.10

32 4.76 IJ. -0.10 72 4 • 'j 3 O. -0.10 11 2 4.67 O. -0.10 1 52 4.43 O. -0.10

33 4.05 O. -0.10 73 4 • 2 1 O. -0.10 11 3 3.97 C. -0.10 153 4. 50 O. -0.10

34 4.20 O. -0.10 74 4 • 57 O. - 0.10 11' 4.45 O. -0.10 1 54 4.13 O. -0.10

35 3.98 O. -0.10 75 4 .. 1, 7 O. -0.10 11 5 4;.t.9 O. -0.10 155 4.02 O. -0.10

36 4.29 O. -0.10 76 3.94 O. - 0.10 116 4.59 O. -0.10 156 4. 16 O. - 0.10
37 4.52 O. -0.10 77 4.73 O. -0.10 117 3.98 O. -0.10 157 O. • O. -0.10
3f O. • O. -0 .. 10 78 4.37 O. -0.10 11 a t. .1 6 O. -0.10 158 4.23 O. -0.' 0
30 O. • O. -0.10 79 4.30 O. -0.10 119 4.83 O. -0.10 '59 4.6Q O. - 0.10
40 3.87 O. -0.10 so 4.82 O. -0.10 120 4.32 O. -0.10



foIATHEMAT ICAL SIMULATIOIl OF CARBO~; MONOXIDE DISTRIBUTION IN THE ATMOSPHERE
TWO DlI-1ENSIONAL fIN I TE ELEMENT fOR HORIZONTAL PROBLEMS OF VARIABLE THICKNESS
INITIAL APPLICATION TO THE FAIRBt.NKS, ALASI(A AIRSHED •••

TEST DATA TO (1IEeK NORTON'S APRIL 28 CHANGES

..... RESULTS AFTER 6 HOURS OF DYNA~IC SIMULATION ......

..... CONCENTRATIONS AnE MEAN VERTICAL VAlUES .....

OUTPUT FOR ~ODES 1 TO 159 ••• THE SYMBOL • DENOTES A SPECIFIED VALUE
~;c i) E ceNe X-VE l y-VEL NODE (C ~j ( X-VEL Y-VEL NODI: ( Ot;( X-VEL Y-VEl NOD E (ON( X-VEL Y-VEL

NUN pp, HI S E( :~I SE e fJ U'.j P P r~ M!SEC ~ / 5 EC NU,'-\ PPr-l I<1!SEC r·1I5E( r~ui'l PP;'·1 ;'·1/5 EC :.1/5:: C

1 O. • o. -0.10 4 1 4. 61 O. - 0.10 Bl 4.19 O. -0.10 121 4 • 1 0 O. -0 .. ' 0
1 O. · O. -0.10 41 4 .. 11 O. - 0.10 BI 4.14 O. -0.10 122 4 .. 84 O. -0.10

3 O. • O. -0.10 43 4 .. 32 O. -0.10 33 4.34 O. -0.10 123 4.66 O. -0 .. 10
4 O. • O. -0.10 44 4.f.? O. -0.10 34 4 • 4 1 O. -0.10 124 4 .. 74 O. -0.10
5 O. • O. -8.10 45 4 .. 56 O. -0.10 B5 4 .. 'j 9 O. -0 .. 1 0 125 6.22 O. -0.1oj

f, 3.13 O. -C.1D 1.6 I• • 66 O. - 0.10 86 5 • ;' f. O. -0.10 126 1 4 • 16 O. -O .. )~
7 3.92 O. -0.10 47 5.03 O. - 0.10 87 6.57 O. -0.10 117 6 .. 24 O. -G",:'
p, 4.34 O. -0 .. 10 48 {'" 96 O. -0.10 '53 4 .. 84 O. -0 .. 10 123 8.35 O. -c .. 1 'J

9 4.05 O. -0.10 49 1. .. 27 O. -0.10 89 4.04 O. -0.10 129 4.63 O. - 0.10

10 3.40 O. -0.10 50 3.97 O. -0.10 90 4.~B C. -0.10 130 6.61 O. -0 .. 10
11 2 • 11 O. -0.10 51 O. • o. - 0.10 91 4 • 35 O. -0.10 131 12 .. 35 O. -0.10
1 2 4.96 O. -0.10 5? 1 .. 76 O. - 0.10 92 4 .. 1 9 O. -0.10 131. 9 .. 17 O. -0 .. ~ a
13 2.60 O. -0. 10 53 4 .91 C. -0.10 ,3 4 .. 1 5 O. -0 .. 10 1.3 .3 5 • ., 7 O. -C.i':

14 O. • o. -Doole 54 1..22 0 .. -0.10 94 4 .. 1,0 0 .. -O.lD 131. 5.23 0 .. -; .. i:
1 5 4 • 5 1 O. -11.10 55 I. • .51 O. -0.10 95 5.G5 D. ~0.10 135 i..68 O. .- C'. 1 'J

16 4.06 O. -0 .. 10 56 4.32 O. - 0.10 96 4.23 O. -0.10 116 5.93 O. -f) .. iO

17 4 .. 1 6 O. -0.1 0 57 4 • 1 0 O. - O. 1J 97 2.24 O. -C.l0 137 4 .. 1 1 O. - 0.1 D

1 8 4.1.6 O. -0.10 5~ l. • 4 1 O. -0.10 98 I. .. 1.6 O. -0.10 138 l, .. 2 L, O. -C' .. 1Q

19 4 .. 07 O. -0.1 Cl 59 1. .. ::18 0: - (0.10 99 4. 2 {, O. -0.10 139 O. • c. -C .. ' 8

20 l, .. 1 8 O. -0.10 60 1..f.J7 O. -0.10 100 5 • 31 O. -0.10 140 2.59 O. -0. i·J

?1 4.33 O. -0.10 61 6.nD O. - 0.10 101 4.72 O. -0.10 1f. 1 " • 0 {. O. - C. i:;

22 4 • 5 5 O. -0.10 01 4 .. 33 O. -0.10 102 4 .. 1 7 O. -0.10 142 4.09 O. - 0 .. 'J
23 4 .. 58 O. -0.10 63 l, • 1 6 O. -0.10 103 5 .. 19 O. -0.10 H3 4.73 O. -0.10

24 4.82 O. -0.10 64 4.19 O. -0.10 104 4. 49 O. -0.10 144 4 .. 1 7 O. -0 .. 10

15 4.47 O. -0.10 65 4 • 1 6 O. -0.10 105 4 .. 77 O. -0.10 14 5 4 .. 713 O. -0.10

16 4.53 O. -0.10 66 4.09 O. -0.10 106 4 .76 O. "0.10 146 4.08 O. -0.10

27 2.0B O. -0.10 67 O. • O• - 0.10 107 5.75 O. -0.10 147 4.03 O. .... iJ.;. 10

28 O. • O. -0.10 63 1 • 96 O. -0.10 lOB 4.75 O. -0.10 143 4.26 O. -0.18

29 4.44 n. -0.10 69 4 .. 4 1 O. -0.10 109 4 .. 45 O. -0.10 149 2. 1 1 O. -C .. 1Q

30 5.24 O. -0.10 70 4.59 O. - 0.10 1 10 4.00 O. -0.10 150 5.14 O. -C.1J

31 5.01 O. -0.10 71 4.Ci6 O. - 0.10 11 1 4 • 52 O. "0.10 15 1 5. " O. - 0.10

32 4.78 O. -0. 10 71 4.29 O. - O. 10 1 1 2 5.01 O. -0.10 15 2 4.61 O. - a .. 1 0

33 4 • 1 3 O. -0.10 73 4.46 O. - 0.10 113 3.99 O. -0.10 153 4.B5 O. - 0.10

34 4.40 O. -0.10 74 5.23 O. -0.10 11 4 4 .. 46 O. -0.10 1 54 4 • 1 2 O. -0.10

35 4.03 O. -0.10 75 4 .. 56 O. - 0.10 11 5 4 .. 38 O. -0.10 155 4.06 O. - 0.10

36 4.40 O. -0.10 76 4.00 C. -0.10 116 4 • 75 O. -0.10 156 4.25 O. -C .. 1D

37 4.92 O. ~0.10 77 4 .. QO O. -0.10 117 {, .. 0 1 O. -0.10 157 O. • O. --0 .. 1iJ

3g O. • O. -0.10 78 l, .. {, 1 O. -0.10 11 B 4. 13 O. -0.10 15 B 4 .. 29 C. -C .. 10

39 O. • o. -0.10 79 4,,1.2 O. -0.10 11 9 5 • 1 4 O. -0.10 159 4 .. 95 O. -0.10

40 3.91 O. -0.10 80 4.87 O. -0.10 120 4 • 1 1 O. -0.10



MATHEMATICAL SIMULAiIOfl OF CARSON MONOXIDE DIS TRIB UtI ON IN THE ATMOSPHERE
TWO DIMEI~SJONAL FItJJTE ELEMENT FOR HORIZONTAL PR08LE/~,S OF VARIABLE THICKNESS
I~; I TI Al APPl I (.'\T IO~: TQ THE FAJR9f\NKS, ~LASKA AiRSHEn •• ~

TEST DATA TO CHfcr NORTON'S APRrl 23 CHAtJGES

..... RESULTS AFTER 7 HOURS OF DYNAMIC SIMUlATIOtl •••

~~.CONCEt'TRATIOMS AnE MEAN VERTICAL VALUF.S •••

OUTPUT FOR ~OnES 1 TO 159 ••• THE SYi·.BOL • DENOTES A SPECIFIED VALUE
NODE CutlC X-V El y-yr:l ~J 01) l: Conc X-YEL Y-YEL NOD E CONC X-VEL v-VEL NCO E C0 ~J C X-VEL Y-YEl

~lur·' PPM r·ll SE( toll S t:: C NUl., PP/·l rol I SE( r·,/SEC NU10l PPM MISEC MISEC r-:Ul>l PPM roll S EC M/SEC

1 C. • O. -0.10 4 1 4.79 O. - O. 10 81 4. 52 C. -0.10 1 2 1 4. 29 O. -0.10

2 O. • O. -0.10 42 4. 21 O. -0.10 82 4.27 C. -0.10 122 5. 11 O. -0.10

3 O. • O. ·0.10 43 4.1.8 u. -0.10 83 4. 63 O. ·0.10 12 3 4.92 O. ·0.10

4 O. • O. -0.10 44 4.50 O. -C. 10 84 4.53 O. -0.10 124 5.20 O. "C .. 10

5 Q • • O. -0.10 , 5 L. • ? 1 O. -0.10 85 4 .82 O. -0.10 1 2 5 9.13 O. -0 .. 1S

6 3 • 1 5 O. -c. 1 Q 46 5.20 0. -0.1 G 86 6.30 O. ·0.10 126 26.5:, O. - 0;. j IJ

7 3.95 O. .. C' • 1 J 47 6 .. 1 C O. -0.10 87 10 .. 5 2 O• -0.10 127 8;.57 O. -O.1G

~ 4.38 O. -U.10 48 5~69 O. -0.10 88 5.69 O. -0.10 128 13. 52 O. - 0.1 Q

9 4.06 O. -0.10 49 ".46 O. -0.10 89 3.03 O. -0.10 129 5. 1 9 O. -0.10

10 3.24 O. -0.10 50 1..00 O. - 0.10 90 6.32 O. -0.10 130 9.65 O. -0.10

11 1 .94 O. -0 .. 10 51 O. • O. -0.10 91 t. • 7 t. O. -0.10 131 2 1 • 57 O. -C.l:J

" t.. 92 O. -0.1(\ 52 1 • t. 6 8. - 0.10 92 4.27 G. -0.10 132 1 4. 2L. O. - S .. 1J

1 3 2.3 0 G. -n .. 1G 53 5.22 r.. - Q. i 0 93 4.31. Q.. -0.10 1 33 s .. n t. O. - C' • , 0

14 O. • O. -0.10 54 I, • C2 U. - 0 .. 10 94 4.47 C• -0. '0 1 3 /• 5.64 O. . - 0.1 Ci

1 5 L..59 O. -0.10 55 4 • 3 5 O. -0.10 95 5.b2 O. -0.10 1 3 5 5.07 O. -0.10

16 4.19 O. -0.10 56 G• L. 1 O. -0.10 96 4.50 O. -0.10 136 7.42 O. - 0.10

1 7 4.32 O. -0.10 57 4 .. 2 2 O. -0.10 07 1 .. 99 O. -0.10 137 4.27 O. -O~10

1 P, '.52 O. -0.10 58 4.77 O. -0.10 93 4.27 O. -0.10 131'\ L..53 O. -0.13

19 L. .1 7 O. -0 .. 10 59 I, .9;:' C. - 0.10 99 4.62 O. -0.10 139 O. • O. "C.1:;

20 t. .. 32 O. -0.'0 60 5. ,0 o. -0 .. 10 100 5.72 O. -C.1J 140 2.35 O. .. 0.1 Q

?1 '.43 O. -U.10 61 R.57 O. -0.10 101 4 • 57 O. -0.10' 141 4.08 O. -0.10

22 4. E7 O. - O. 10 62 4.48 O. -0.10 102 4.35 O. -0.10 142 4. 1 2 O. -0.10

23 , • 6 1 O. -0.10 63 4.. 35 O. - 0.10 103 5.48 O. -0.10 143 5.20 O. - 0 .. 1!J

24 5.05 O. -0.10 64 4.26 O. - 0.10 104 5.36 O. -0.10 14, I,. 33 O. -0.10

15 L..57 O. - Q .. 10 65 " .. 2 3 O. -0.10 105 5 .. 3t.. O. -0.18 145 4 .. 0, O. - 0.10

16 4.43 O. -0.10 66 4.18 O. -0.10 106 5.10 O. -0.10 ·,46 '- 21 O. -0.", ':r

27 1. 79 O. -0.10 67 O. * O. -0 .. 10 107 7.73 O. -0.10 147 4 • 25 O. -[.10

28 O. * O. -0.10 68 1.. 69 O. -0.10 108 5 • 71 O. -0.10 14 B 4. 33 O. - 0.10

29 4.76 O. -0.10 69 4. 60 O. - 0.10 109 I. .. 70 O. -0.10 149 1.86 O. -0.10

30 5.46 O. -0.10 70 4.75 O. -0.10 110 4.03 O. -0.10 150 6.43 O. -0.10

31 5.24 O. -0.10 71 4.59 O. -0.10 111 4.60 O. -0.10 1 5 1 5.62 O. -0.10

32 4.97 O. -0.10 72 4.28 O. -0.10 112 5.53 O. -0.10 152 5.03 O. -0.10

33 4.2B O. -0.1') 73 4. 94 O. -0.10 11 3 4.03 O. -0.10 1 5 3 5.50 O. -0.10

34 4.70 O. -0.10 74 6.39 O. -0.10 114 4 • , 5 O. -0.10 1 5 f, I, • 33 D. -D. 1G

35 4 .1 3 O. ·0.10 75 4.70 O. -0.10 11 5 4.19 G. -0.10 1 5 5 4.17 O. -0.10

36 4.52 O. -0. 10 76 4.10 O. -0.10 116 I, • BB O. -0.10 156 4.35 O. ~o. 1a
37 5.3'/ O. -0.10 77 5 • 1 9 O. - 0.10 117 I, .. 04 O. -0.10 157 O. • O. -0.10

3P O. • O. -0.10 78 4 .. 6 1 O. -0 .. 10 11 8 4.16 U. -0.10 158 4.34 O. - 0.10

39 O. * O. -0.10 79 4.72 O. -(). 10 119 5.65 O. "0.10 159 5.48 O. -0.10

40 4.00 O. ·0.1 U RO 5.07 O. -0.10 120 3.09 O. -0.10



HATHEMATICAL SIMULATIOlJ OF CARBON r·1ONOxIDE DISTRIBUTION IN THE ATMOSPHERF
rWo DIMENSIOflAL FINiTE ELE~ENT FOR HOR!,ZONTAL PROBLEMS OF VARIABLE THICKNESS
INITIAL APPLICATION TO THE FAIR9~NK$, ALASKA AIRSHED •••

TEST JATA TO CHECK NORTOtJ'S APRIL 28 CHAflGES

.... RESULTS AFTER 8 HOURS OF DYNAMIC SIMULATION ....

..... CONCENTRATIONS ARE MEAN VERTICAL VALUES ....

OUTPUT FOR NOD~S 1 TO 1 5 9 ••• THe Sn1l3DL • DENOTES A SPECIFIED VALUE
~J C J) £" e0 r~ C x-V EL Y-vl:L NODE tOile X-VEL Y-V EL tJ D!)E COHC X-VEL Y-VEL NOD E CoNt X-VEL Y-vEL

rJ U ,\~ ppe ~:/SEC rol Is EC Ntl ~i prr·l j1 I SEC 1·11 S EC f!UM PP~; MISE C 1"1 SEC t;u r~ pp :~ M/SEC M/SEC

1 o. • O. -0. 10 or 5. 55 O. - 0.10 al 4 • 91 O. -0.10 1 2 1 4.56 O. -0.10

2 O. • O. -0.10 42 4 • I, fj O. -0.10 82 4.44 O. -0. 10 122 5.84 O. -0.10

3 O. • o. -0.10 43 4.72 O. -0.10 83 5.24 O. -0.10 123 5. 1 2 O. -0.10

4 O. • O. -0.10 4; '.50 O. - 0.10 8' 5.17 O. -0.10 12' 5.78 O. -0.10

5 o. • O. -i).iD ,5 5.59 O. -0.10 85 5.59 O. -0.10 1 2 5 1 £. • 1 4 O. -0.10

6 3.08 O. -0.10 '6 6.23 o. -0.10 86 3. Q.;J O. -0.10 176 47.5£. O. - C. 1a
7 '.00 C. -0.10 n 7.52 o. -0.10 87 1 7.09 O. -0. i a 1 2 7 1 3. Q(, O. - 0.10

B ,. '3 O. -0.1 0 '8 6.95 O. - 0.10 88 7.'2 C. -0.10 128 23.61 o. -0.10

9 '.07 O. -0.10 '9 (, .. 37 O. -0.10 89 3.45 O. -0.10 129 5.90 O. -0.10

10 3.09 O. -0.10 50 '.06 O. -0.10 90 8.74 C. -0.10 130 H. 5 3 O. -0.10

11 1.63 O. -0.10 51 o. • o. - o. 10 91 5.63 O• -0.10 1 3 1 3';. ?6 O. -0.10

" 4.85 O. -0.10 52 1. 21 O. - 0 ~ 10 92 I, • 39 Q. -0.10 137 22.,5 Q. "'C. 1C

13 2.20 O. -0.10 53 S.. (-,2 o. -0.10 93 4.(,3 O. -0.10 133 11. 31 Q. -C .. 10

14 O. • ~. -0 .. 10 '4 3.78 O. -0.10 9' 4.71 O. -0.10 13' 6.32 o. -0.1:!

1 5 I... 70 o. -0.10 55 4.32 O. -0.10 95 6.63 O. -CoOl/) 13 ') 5. :::' C! 0 -0 .. 10h

16 4 .. 4 1 O. -0.10 56 '.52 o. -0.10 96 5.14 O. -0.10 136 9.8' o. -0.10

17 '.58 O. -0.10 57 4. t, 3 o. -0.10 97 1 .73 O. -0.10 137 , • 55 O. -0.10

13 4 .. 5.5 o. -0.10 Sf, 5.58 D. -0.10 93 '.05 O. -0.10 138 5 .. 1 (, O. -0.10

19 {, • t, 4 0. -0. 10 59 5 .. 24 O. - C. 10 99 5.30 O. -0.10 139 C' .. • O. -O.iO

22 £. • 5 4 o. -0 .. 1 J 60 5.'Hl O. -0.10 100 6.30 O. -0.10 1(,0 2. 1 2 0" -C .. l0

2 1 4.62 O. ""'0.10 61 1 ? .. 7 2 O. -0.10 101 " .. 41 C. -O .. iO 14 1 4 .. 1 6 o. -0.1 C

22 5 .. '. 1 O. -0.10 62 , • 7 5 n. -0.10 102 4.66 O. -0.10 1/, 2 I, • 2!J O. -0.10

23 4.66 O. -0.10 63 '- 63 O. - o. 10 103 6. C2 C. -0 .. 10 143 6.20 O. - o. 10

2' 5.32 O. -0.10 6' 4 • 4 3 O. - O. 10 104 6.94 O. -0.10 14' '.5B O. -0.1 Q

25 4.67 O. -0.10 65 4. '3 O. - 0.10 105 5.90 O. -0.10 145 5.40 O. -0.10

26 , .3 1 o. -D.10 66 4.36 o. - 0.10 106 6.10 o. -0.10 146 1..39 O. -0.10

27 1.53 C. -0.10 67 o. • o. -0.10 107 10 .. 87 O. -O.1'J 147 4.63 C. - G. 10

23 O. • o. -0.10 68 1 • , 6 O. -0.10 108 7.33 O. -0.10 148 '.36 O. -0.10

29 5 • 2 , O. -0.10 69 '.92 O. -0.10 109 5.39 O. -0.10 149 1.66 O. - 0.10

30 5.87 O. -0.10 70 l.. 97 O. - 0.10 110 4.14 O. -0.10 150 8.73 O. -0.10

3 1 6.32 O. -0.10 71 '.53 O. -0.10 11 1 " • 91 O. -0.10 1 5 1 7.07 O. -0.10

32 5.69 O. -0.10 72 '- 74 O. -0.10 11 2 6.'7 O. -0.10 1 52 5.90 O. -0.10

33 '.51 O. -D.I0 73 5.80 O. -0.10 113 '.08 O. -0.10 153 6.74 O. -0.10

34 5 • 1 6 O. -0.10 7' 8.37 O. -0.10 114 '.43 O. -0.10 15' 5. 11 O. -0.10

35 '.28 O. -0.10 7~ 5.02 O. -0.10 115 3.>5 O. -0.10 1 5 5 4 .. 39 n. -0.10

36 :. .. 6[, o. -0.10 76 '.26 O. -0.10 11 6 4.98 O. -0.10 156 4.45 O. :0.10

37 5.95 O. -0.10 77 5.g1 Q. -0.10 117 '.U7 O. -0.10 157 o. • o. -0.10

3·'3 O. • O. -0.10 78 5. 10 O. -0.10 , 1 8 4.DB n. -0.10 158 4 .. 16 O. -0.10

39 O. • O. -0.10 79 5.39 O. -0.10 119 6.75 O. -0.10 159 6.30 O. -0.10

'0 4 • 1 2 O. -0.10 80 5.78 O. -0.10 120 3.B7 O. -0.10



MAT HEr·tA TIC AL SIMULATION OF CARa~N M01JQXIDE DISTRIBUTION IN THE ATMOSPHERE
HIO DIME~JSJONAL FI:-l! TE ELEMENT FOR HORIZONTAL PROBLEMS OF VARIABLE THItKNESS
INITIAL f\PPLICATIOfl TO THE Ff,IP3MJKS, ALASKA AIRSHED •••

TEST DATA TO CHECK NORTON'S APRIL 2R CHANGES

..... RESULTS AFTER 9 HOURS OF DY~AXIC SI::ULATIO:I •• ~

••• CONCENTRATIO:;S ARE MEAN VERTICAL VALUES •••

OUTPUT FOR NODES 1 TO 159 .... rH~ s YM8 Ol • DENOTES A ~;PE:ClFIED VALUE
NCDE CONe X-VEL V-VEL NODE CONe X-VEL V-VEL NODE CONC X-VEL Y-VEL NODE coNe X-VEL Y-vEL

NU:·' p pr~ MI SEC ~/SEC NUM ppl;j :~/SEC rollS Ee tJU"'l PPM M/SEC M/SEC NUf<l pp~ M/sEC M/SEC
1 O. • O. -1).'0 4 1 6.1,3 O. -0.10 81 5. " O. -0.10 , 2 1 4.a7 ~. -0.' 0
2 J. • O. -0.10 42 4.~3 D. -0 .. 10 ?-2 4.59 J. -fl. 10 , 22 6. 9 2 O. -0.1 Q

3 (! • · O. -0.10 43 4.9 a c. -.J • 1 0 E· 3 5.70 C. -0.10 , ? 3 G.~3 fJ • -0.10
4 U. • u. -0.'0 44 i. .11'! O. -0.'0 84 5 .. 82 O. -0.'0 124 6.50 O. - O. 10

5 O. • o. -0.,0 45 6.47 O. - C. 10 85 6.53 O. -0.10 ,25 19.73 O. -0.10

6 3.02 O. -0.10 46 7. I. 0 O. -0.10 86 10. 35 O. -0.10 126 66.51. C. -0. i 0
7 4.07 O. -0.10 47 n.33 O. -0.10 87 24.07 O. -0.10 ,27 j 7 .. 76 O. -0.10, i. .. I. 7 O. -0.1 [! 4~ ~.r3 O. - 0.10 88 9 .. t.1 O. -0.'0 128 36 .. 5' O. -0.10
Q '-07 ~. -0.10 49 5.48 O. -0. ,0 ~9 2.32 O. -0.1 J '29 6.50 Q.. -0.10

10 2.93 O. -0.10 ,0 l, .. j 7 O. -0.10 90 11 • 77 C. -0.10 110 1 ?. .. 4 iJ O. - 0.1 Q

1 1 1 • {, i. D. -0 .. 10 51 O. . O. - 0.10 91 7.26 C. -0.10 131 45 .. 99 O. - 0.10

12 t... 7 5 O. -0 .. 10 51. 0.99 O. -0.10 92 4.52 O. -0.10 132 29 .. 1.2 O. -0.10

13 2.02 O. -0.10 53 6.:'}3 O. - 0.10 93 4 .. 9? O. -0.10 133 1 3 .. :3 Z O. -0.10
14 O. • O. -0,,0 54 3 .. 52 O. .... 0. iO 94 4. B1 O. -0.10 '34 6.22 O. - 0 .. 1 0

1 5 1. .. 3t) 11. -0.10 55 t, .. 23 O. .... C • 1'J 95 7 .. 97 O. -0.10 135 7,.c13 n. . - 0.1 0

1 6 4.67 O. -0.10 56 4 .. 63 O. -0.10 96 5 • 55 O. -0.10 i; 6 1 1 .. 78 J. -0.10
1 7 1.. • .$9 O. -0.10 57 1.. .. 62 O. -0.10 97 1. 59 O. -0.10 137 1..<33 O. - O. 10
1~ 1. .. 63 O. -[LiO 58 6. ?3 O. -0.10 98 3.78 O. -0.10 138 6.28 O. -0.10
19 4.77 0 .. -0. 10 59 5.53 O. - O. ,0 99 6 • 11 O. -0.10 139 O. • O. -0.10
20 4.7J O. -C.l0 60 5.45 O. - 0.10 ,00 8.29 O. -0.10 140 , • 91 O. - 0.'0
21 4.90 O. -0.10 6, 1 9. 1 5 O. - 0.10 101 4 .. 24 O. -0.10. 141 4.30 O. -0.10
22 5.98 O. -0 .. 1 fl 62 5.10 O. - O. HI '02 5.05 O. -0.10 142 /" .. 29 O. -0.10

23 1. .. 66 O. -n .. 1a 63 5.00 O. - 0.10 '03 6.96 O. -0.10 143 7. H: O. -0 .. i 0

24 5.51 O. -0.'0 64 1..69 O. -0.10 104 9. 12 O. -0.10 144 I..Ea O. -0.10

25 4.76 O. -0.10 65 1. .. 66 O. - O. , 0 '05 5.70 O. -0.10 145 6 .. 1 3 O. -0.10
76 4 .. 1 4 O. -0.10 66 4 .. 57 O. -0.10 '06 7.G6 O. -0.10 146 5. :n O. -0.10

27 1.29 O. -0.10 67 O. • O. -0.10 '07 14. ,2 O. -0.10 147 4.98 O. - U. 10

28 O. • O. -0.10 68 1 .26 O. -0.10 108 9.10 O. -0.10 148 4.36 O. -0.10

29 5.76 O. -0.10 69 5 • 2 , O. -0.10 109 6.37 O. -0.10 149 1.50 O. -0.'0

30 6.56 O. -0.10 70 5 • 16 O. -0.10 , , 0 4 • 21 O. -0.10 150 1 , • 52 O. • 0.10

3' 7.57 O. -0.'0 7' 5. 19 O. - 0.10 111 5 .. 31 O. -0.10 15 1 il.22 O. -C.l0

32 6.46 O. -0. 10 72 5.41 U. -0. '0 1 , 2 8.14 O. -0.'0 152 7. 1 1 O. -0.10

33 4 .77 O. -0. , 0 73 6 •.98 O. -0.10 , 13 4.14 O. -0.'0 '53 8. 22 O. -0.10

34 5.60 O. -0.10 74 10.47 O. - 0.10 114 4.38 O. -0.'0 15 4 5.105 O. -0.10

35 4.40 O. -0.10 75 5.49 O. -0.10 115 3.66 O. -0.10 15 5 4.65 O. -0.10

36 4.73 O. -(J.'O 76 4.37 O. -0.10 11 6 5.02 O. -0.10 156 4.59 O. ~0.10

37 6.51 O. -0.10 77 6.91 O. -0.10 117 4.U7 O. -0.'0 157 O. • O. -0.10

3!3 O. • O. -0.10 78 5.68 D. -0.1 D , , 8 4.00 O. -0.10 15e I.. " I. O. -0.10

39 O. • O. -0.10 79 5.87 O. -0.10 119 7.66 O. -0.10 159 7.37 O. -C.l0

40 4.18 O. -0.'0 80 7.06 O. -0.1 Q '20 4. U4 O. -0.10



MATHE,..,ATICAL SIMULATION OF CARDON MONOXIDE DIS TP. I 8 UTI OIl IN THE ATMOSPHER~

TwO DJ"iENSInNAL FIIIITE ELEMENT FOR HORIZONTAL PROBLEMS OF VARIABLe fHICKNESS
INITIAL I\PPLI(ATIO"J TO THE FAIRgANK$, ALASKA AIRSHED~ ••

TEST DATA TO CHECK NOfno~'S APUIl 28 CHANGES

•• ~RESULTS AFTER 10 HOURS OF DYNA:"!I C S II·1ULAT ION~ ••

.~.CO~CENTRATIONS ARE ~Ef,N VERTICAL VAlUES •• ~

OIJTPUT FOR IlODES 1 TO 159 ~~~ HI( S '( :-12 at • DENOTES A SPECI FIEO VALUE
~l 0 oJ E C0 ~J C x-v EL Y-V":.L rJO DE CO~'C x-v El v-VEL NODE (IJ:-J( X-VEL V-VEL NOD E (0 r~ ( .( -VE L Y -VEL

N ~.Jr~ PPN ~1 / 5 E( "1/SEC NU ~ PP''; ;-! I SEC I~/SE( NUH PPM M15Et M/SEC 1\U:--, PP:~ '1/ SEC M/ SEC

1 O. • P. -0.1 a 41 6.92 O. -0.10 8 , 6~49 c. -0 ~ 10 , 2 1 5. 1 6 O. -0.10

2 C. • 0" - Q. 10 42 4.64 O. - 0.10 82 4.76 O. -0.10 122 7.85 O. - 0.1 Q

3 O. • O. -0.1 0 43 ~.?4 O. -0.10 83 5 .78 O. -0.10 123 4.13 0" -c .. H::
4 O. • n~ -:.1. 10 " 3.50 O. -0.10 84 5.B4 O. -0.10 1 2 to 7. 1 e O. - C .. 1 J

5 C. • O. -CI. 10 45 7. ~,2 O. - 0.10 85 7. 18 Q. -0.10 1 2 5 23.g3 n. -1).10

6 2.99 O. -0.10 46 13. 38 G. -0.10 86 13. 02 G. -0.10 126 77. 35 O. - 0.10
7 4 ~ 1 4 O. -0.10 47 R.23 O. - 0.10 87 28.62 O. -0.10 127 ? 1 • 5 5 O. -0.10

8 4~4B O. -0.10 48 8.58 O. -0.10 88 12.38 O. -0.10 1 2 g t. 9. 09 O. -0.10
9 4.05 O. -0.10 49 6.27 O. - 0.10 89 1 • 0 l. O. -0.10 129 6.90 O. -G. 10

1 C 2.76 O. -0.10 50 t..3n C.. -0.10 90 1 4 .9 1 O. -0.10 13Q .?C.48 O• -0.10
1 1 1 .22 O. -D.10 51 n

* G. -0.10 9' 9.71 O. -0.10 131 I, 9 .. ~ 1 O. -2.10L.

1? 4.6C CoO -0.1 Q 52 C.77 C. -0 .. 10 92 -4 .. 65 O. -0.10 132 .3<.77 O. -(.1:;

13 1 .85 O. -Q.1n 53 0 .. "0 O. -0. ,0 93 5.23 O. -0.10 13:5 1 4. q 8 O. -0.10
14 O. • O. -0.1J 54 3.25 O. -0.10 94 4 • 51 O. -0.10 1]1, 6 .. 2? O. -0.10
1 5 4 .. 37 O. -0.10 " 5

1,.07 O. -0.10 95 9.41 O. -0.10 135 R.37 O. '-0.10
16 4 .91 O. -0.10 56 4.70 O. - 0.10 96 5.t.6 C. -0.10 136 1 2. 2 1 O. - 0.10
17 5 .. 1 13 Q. -Q.1 J 57 4.79 O. - 0.10 97 1 • t. 1 C. -0.10 1:; 7 S ~ 1 2 O. -0.10
1 8 4 .. 6 7 O. -J .. 1 0 5R 6.34 O. -C'.1Q 98 3 .. I. 7 O. -0.10 133 7.96 G.. -O.lCJ

1Y 5 • Cl6 O. -0.10 59 6 .. 01 c. -0.10 go 6.09 O. -0.10 13 ? O. • O. -C.I0

20 4 .. p" 7 O. -0.10 60 t• .. :. 3 O. - 0.10 100 9 .. 1 5 O. -0.10 140 1 • 7 1 O. -0.1 J

21 5.20 O. -0.10 (- 1 27.29 O. -0.10 101 4.Q6 O. -0.10 141 4.48 c. ~G. 1 0

22 a.ttl) O. -0.10 62 5.0 O. -0.10 102 5. 52 O. -0.10 1 t. 2 4.35 O. -0 .. 10

23 4.59 O. - O. 10 63 5 .. 4 5 O. -0 ~ 10 103 8 ~ 18 O. -0.10 1 4 3 7 .. 70 O. -0.10
24 5.56 O. -0.10 64 5.02 O. - 0.10 104 11 • 17 O. -0.' 0 1< 4 5. 1 6 O. - 0.10
25 4.80 O. -0.1 0 65 4.83 O. -0.10 105 4 .. 76 O. -0.10 145 6.79 O. -0.10
26 3 .. Q2 O. -0.10 66 4 • 15 O. - 0.10 106 9.74 O. -0.10 1G6 5. 37 D. -0.10
27 1 .. 07 O. -0.10 67 O. • o. - 0.10 11]7 17 .. 35 O. -0.10 147 5.23 O. -0.1!]

28 O. • O. -0.10 68 1.07 O. -0.10 108 10.62 O. -0.10 148 4 .. 29 O. -0 .. 10

29 6.28 O. -0.10 69 5.43 O. - 0.10 109 7.39 C. -0.10 149 1. 36 O. -0.10

30 7.45 O. -0. 10 70 5.23 O. -0. '0 110 4 • 18 O. -0.10 150 1 3.96 O. - 0.10

31 8 • 1 2 O. -0.10 71 5.44 O. -0.10 111 5 • f.\ C. -0.10 1 51 6.88 O. - 0.10

32 6.89 O. -0.10 7? 5.82 O. -0.10 11 2 10.j"! O. -0.10 1 52 8.33 O. -0.10
,3 5 .01 O. -0.10 73 8.06 O. - 0.10 11 3 4.19 O. -0.10 153 9.60 O. - 0.10
3< 5. R9 O. - O. 10 74 , 2. 14 O. - 0.10 11 4 4.30 O. -0. 10 1 54 5.66 O. -0.10

35 4.47 O. -0.10 75 6.07 O. - 0.10 11 5 3.35 O. -0.10 155 4.89 O. - 0.10

36 4.77 O. -0.10 76 4~41 O. -0.10 116 4.97 C. -0.10 156 4.83 O. ~o.lo

37 7.08 O. -0.10 77 8.49 O. - 0.10 11 7 4. 07 O. - O. 10 1 5 7 O. • o. - 0.10

38 C• • n. -0.10 78 5.96 O. - C. 10 118 3~97 O. -0.10 158 4.62 O. -0.10

39 O. • O. -0.10 79 5.73 O. -0.10 11 9 7.99 O. -0.10 159 8.31 O. -0.10

40 ... • 21 O. -0.10 80 8.86 O. -0.10 120 4.33 O• -0.10



!'lA THEMAT I CAL SH:UlATJorJ OF CARRON Mor:OXIDE DISTRIBUTION IN THE ATMOSPHERE
TUO DIMENSIONAL FINITE ELEMENT FOR HO~IZONTAL PRGBLEMS Of VARIABLE THICKNESS
INITIAL APPL I CflT lOr: TO THE FAIR8AUKS, ALASr.A AIRSHED ......

TEST DATA TO CHECK iWRTOrJ'S APRIL 28 CHA~GES

~~~RESULTS AFTER 11 HOURS OF DYN"/'IIC SI;':UlATION~••

.... CONCENTRATIONS ARE r-IEAN VERTICAL VALUES •••

OUTPUT FOR NODES 1 10 159 ... TilE S HIS Ol * DENOTES A SPEC I FIED VAlU!::

r; OD E COl~ C X-VEL Y-VEl .'\JODE C0 r~ C X-VEL V-VEL NOD E CONC X"'VEl V-VEL NOD€ CONC X-VEL Y-'JEL

riU,"l pp;'1 :1/ SEC ;-1/ S E ( r~U"l pc',' ~ / SEC ;~l/SEC ~;U,"'l PP, ~/SEC I'~/SEC r\u 1-1 PP;'I, 1~/SEC ,'I I S E::

O. • O. -0.10 41 7 .. ~5 O. - 0.10 ~1 7 .. 48 O. -0.10 1 2 1 5.36 O. "0.10

2 O. • O. -0.10 42 4.77 O. - O. 10 82 5.04 O. -0.10 122 8.:0 O. -0.10

3 O. • O. -0.10 43 5.49 O. - 0.10 83 5.62 O. -0.10 123 3.48 O. ... 0.10

4 O. * O. -0.10 44 2.75 O. -0.10 84 5.39 O. -0.10 1 24 7.40 C. -O~10

5 O. • O. -C. 1 0 45 7.88 O. '-0.10 85 7 • 55 C.. -0.10 1 2 5 25.41 O. -C .. 1 Q

6 2.97 O. -~. 1 Co 46 0,.09 O. - 0.10 86 15,73 C. -(.1 J 176 7 P. 32 O. -S. i J

7 4. 21 r. -8.11') 47 7 • f. 7 D. -0.10 87 30.03 G. -0.10 127 23.9'1 O.
G 4. I. '5 O. -0 .. 10 48 8.75 O. -0.10 88 14. ) 8 O. -0.10 1 2.~ 58.61 O. -Cr .. iJ
9 4.03 O. -0 .. 1'] 1.9 7.20 O. -0.10 89 -0.07 O. -0.10 129 7.00 O. - C. i 0

10 2.58 O. -0.10 SO t•• 60 O. -0.10 90 17 .. 64 O. -0.10 130 20.1 7 O. -0.10

11 1 .01 O. -0.10 5 1 O. • O. -0.10 91 17. &0 C. -0.10 13 1 46.43 O. -0.10

1 2 4 • l. L O. -0.10 52 0.62 C. - O. 10 92 4.83 C. -"-. 10 132 3Z. 52 c. -S· .. j G

13 1.7C G. -f).1 Q 53 7.50 o. - 0.10 93 5.68 O. -0.10 133 1 4 • 65 D. -C .. l']

1 I, O. · O. --J. , a 54 2 .. 78 c. - J. 1n ?4 3 .. 92 C. -0.10 1 34 6. 75 c. -,'J. i oJ

1 5 t• • Q 1 O. -0.10 55 ::'. r;3 C. -1) .. ,0 95 1 1 • 0 I. O. -0.10 135 Si. F.,?, O. -::;.10

16 5.10 O. -0.10 ';)6 4.63 O. -0.10 96 5 .. 4 2 O. -0.10 136 10.8:J O. - Ci. 1a
1 7 5.40 O. -0.10 57 4 • G5 O. - 0.10 97 1 .. 2 f. O. -0.10 137 5 • 51 O. -0.1 Q

1 8 4.68 O. -0.10 53 6.20 O. -0.10 98 3 • 1 3 O. -0.10 133 9.95 O. - 0 .. 10
19 5.31 O. -0.10 59 6.93 O. - 0.10 99 7. 57 O. -0. 10 139 O. • O. -0.10

20 4.93 O. -0.10 60 3.45 o. - O. 10 leo 9.80 O. -0.10 140 1 • 52 O. -0. , a
n 5 • 5 5 O. -0.10 51 36.07 O. -0.10 1() 1 3.b6 O. -0.10 . 141 4 ~ 7 1 O. -C~lJ

Z2 6.66 O. -0.10 62 5 .. 79 O. -0.10 102 6.10 O. -0.10 142 4.37 O. -c. 1D
23 I• • 4 4 O. -0.10 63 5.77 O. -0.10 103 9.25 O. -0.10 143 8 .. 1 1 O. -0 .. 1J

24 5 • I, 6 U. .... 0.10 64 5. 4 3 O. - 0.10 10 f. 12.39 O. -0.10 14 , 5.40 O. - 0 .. i 0

25 4 • 75 O. -0.10 65 4 .. 98 O. -0.10 105 3 .41 O. -0.10 14 5 7.25 O. -0.10

26 3.67 O. -0.10 66 5 • 37 O. -0.10 106 11 .93 O. -0.10 146 5.85 O. -0.10

27 0.88 O. -0.10 67 O. • O. -0.10 107 19.01 O. "0.10 147 5. 4 1 O. "0.10

28 O. • O. -0.10 68 0.89 O. - 0.10 103 11 • 57 O. -0.10 148 4 • 1 5 O. "0.10

29 6.75 O. -0.10 69 5.68 O. - 0.1 n 109 8.50 O. -0.10 140 1 • 24 O. -C.l0

30 3.27 O. -0.10 70 5. 2 1 O. -0.10 110 4. 10 O. -0.10 150 15.69 O. -0.10

31 3.43 O. -0.10 71 5 • 71 O. - 0.10 111 5 .9'> O. -0.10 1 5 1 9.34 O. -0.10

32 7. 39 O. -0.10 72 6.05 O. -0.10 112 14.0/ O. -0.10 152 9.30 O. -0.10

·33 5.21 O. -0.10 73 9.29 O. -0.10 11 3 4 • 21 O. -0.10 153 10.62 U. -0.'0
34 5.94 O. -0.10 74 13.00 O. - O. 10 114 4 • 19 O. -0.10 154 6.00 O. -0.10

35 4.53 O. -0.10 75 6.72 o. - 0.10 115 3.04 O. -0.10 1 5 \ 5.07 O. -0.10

36 4.n o. -0.10 76 4.48 O. -0.10 116 4.83 O. -0.11) 156 5. 1 4 O. ~0.1 0

.17 7.74 O. -0.10 77 10.07 O. -0.10 117 4 • Ot, O. -0.10 157 O. • O. -0.10

1S O. • O. -0.'10 78 5.85 O. -0.10 118 3.97 O. -0.10 158 4. j3 o. -c .. 10

39 O. * o. -n.l0 79 5.16 O. - 0.10 119 7.89 O. -0.10 159 8.9B O. -0 .. 10
40 4.18 C. -0.10 80 1 1 • 1 5 O. -0.10 120 4.85 O. -0.10



~ATH£MATICAL SIMULP.TIOJJ OF cAReON rI,O~IOXIDE DISTRI8UT!O~J IN THE ATMOSPHERE
TWO Df;\lENSI Of~ I\L F I tl I TE ELEMENT FOR HOqIZONTAL PROBLEMS OF VARIABLE THICKUESS
INITIAL I\PFLICATION TO T4E FAIRBMJJ:::S, flLASKA AIRSHE04&o

TEST DATil TO CHECK NORTONIS APRIL 28 CHANGES

~.4P.::SULTS AFTER 12 HOURS OF DyNAMIC SI~ULATI0~ ....

.. 4 .. COr: ( EN T RAT 1 ON S ARE MEAN VERTICAL VALUE~.~ •

OUTPUT FOR :JODES 1 TO 1 59 ... .. THE SYi·130L • OHlOTES A SPECIFIED VALUE
NO~E CONe X-VEL V-VEL NODE COfl e x -VI: L V-VEL fJ 00 E CONe X-VE L V-VEL NCO E CONe X-VEL Y-'~' El...

NU f~ PPM r~/SEC 1-1/SEe t·lUM r'P"'l :" 15 E C MISEe r~u:., P Pr-', ~/SEe r" I SE{ 1\ U~" I'Pi" M/SEe r·;j S:: C
1 G. * IJ • -0.1 a 41 7 .. (NJ. G. - D.. 10 8 1 8.<2 O. -Q.l0 1 2 1 5.44 O. -C 4 1'J, D. • O. -n . 1 (l < 2 5 • fJ 7 Q .. -0. '0 ill S. 37 O. -Q.l0 1 2 1 8 .. 71 O. -C) .. 1 J

3 n
* O. - 11 .. 1 Q G3 5.74 O. -0.1 U 33 5.47 C. -0.10 1~ 3 3.31 O. -'"".. .-

'~. "oJ

< U. * O. ~'J. 1 0 44 2. ?,9 O. -0.10 .94 5.13 O. -0.10 11 < 7 .. 52 O. "'S .. 10

5 a• * O. -0.10 45 7.9B O. -0.10 85 L 77 O. -0.10 125 24.85 O. -0 .. 1::-

6 2.97 O. -0.10 46 9 .. 1..4 O. - 0.10 86 1 B . 18 O. -0.10 116 ?t,. 23 O. - 0.1 S
7 4.28 O. -0.10 <7 6.iJ2 O. -0.10 87 28.37 O. -0.10 127 25.08 O. - 0 .. 10
S G.. 39 O. -0.10 48 9 .. Q3 O. "'0 .. 10 3;; 16 .. 02 ~. -D .. jQ 123 63.79 O. - C. ~ '=
9 .3.99 O. -0.10 1,9 3 .. 1 i; O. -0. 1~ 89 -0.66 O. -C. 1 G 129 6.97 G~ -':). i:'

j 0 1.39 O. -0. i 0 50 G • 91 u. -0.10 9~ 1 9 • 72 O. -0.10 130 1 J3. 58 O. -0.1::;

11 o.ez O. -0.10 51 O. * o. - 0.10 91 1 (J .. 11 O. ~(l .. 10 13 1 4 1 • 1 0 o. .;,. C .. 1 '}

1 2 4. 2 S O. -0.10 52 a .. I, b O. -0.10 92 5 • 10 O. -0. 10 132 30.95 O. -c. 10
13 1 .5 5 0. -0.10 53 S .. 56 O. -0.10 93 6.60 O. -0.10 133 1 4 • ?. 6 O. - 0.10

" O. · iJ • -0 .. 10 54 2.73 O. -0.10 9< 3.28 c. -0.10 1 3 4 B. 2n o. - 0 .. 1J
'( 5 G.. Y!. O. -D.1D 55 3.52 O. -0. i 0 95 1 2. 87 O. -0 .. 10 135 1 1 • ::. q o. -O.~.0

16 5 • 2 7 0. -0.1:) 56 4 .. 60 O. -8.10 96 5.1)0 C. -0.10 136 iL (,1 O. -0 .. 1G

1 7 5 • 5 7 O. -0 .. 10 57 5 .. 0t. O. - 0.10 97 1 • o·~ O. -0.1 Q 137 6.1 7 O. - o. i G

" 4.6i3 D. -0.1 :J 58 6 .. 1 2 O. -0.10 9B 2.77 O. -0.10 138 1 1 • 9(" O. -O.1C
1 9 5.56 O. -0.10 59 P..38 O. -0.10 99 8. 11 O. -0.10 139 O. • O. -0.10

20 4 495 o. -0.10 60 3 .. I, 5 O. -0.10 100 10.65 O. -0.10 "0 1 • 32 O. -0.10
21 5.96 O. -0.10 61 44.29 O. -0.10 101 3.67 O. -0.10 141 4.98 O. -O.1~

n 6.79 o. -0.10 62 6.02 O. -0.10 102 6.13 O. -0.10 1 4 1 4.37 O. -0.1 :J

23 4 .. 2 3 O. -~. 10 63 6 .. 58 O. -0 .. 10 103 10.C9 O. -0 .. 10 1 I, 3 8.62 O. - c. 1 ='
1< 5 .. 26 O. -0 .. 10 6< 5~o5 O. - D. 1 0 104 12.63 O. -0.10 '" 5.59 O. - G.. 1::
25 4 • :; 9 O. -0.10 65 5. 1 B O. -0.10 105 2.4B O. -0.10 1/. 5 7.57 O. - 0.10
26 3.42 O. -0.10 66 6. 31 O. - 0.10 106 13.62 O. -0.10 "6 6.96 O. -0. i G

17 0.70 O. -0.10 67 O. • O. -0.10 107 19.07 O. -0.10 It, 7 5. 57 O. -0.10

23 O. • O. -0.10 68 0.73 O. -0.10 103 11 .99 O. -0.10 148 ~.93 O. -0.10

19 7 • 1 9 O. -0.10 69 6.00 O. -0.10 109 9.67 O. -0.10 149 1 • 1 5 O. -0.10

30 B.94 O. -0.10 70 5 • 1 3 O. -0.10 110 3.1'9 O. -0.10 150 16~66 O. -0 .. 11]

31 9.07 O. -0.10 71 1; .. 1::' O. -0.10 111 6.2B O. -0.10 1 5 1 10.80 O. -0.10

32 E.08 O. -0.10 72 6.47 O. -0.10 112 10.14 O. -0.10 1 52 9.90 o. -C .. le
33 5 .3 7 O. -0.10 73 10.5< O. - 0.10 113 4.23 O. -0.10 153 11.11 O. -0.10

34 5.78 O. -0.10 74 13.11 O. "0.10 114 4. 05 O. -0.10 1 54 6.64 Q. -0.10
3, 4.64 O. -0. 10 75 7. I. 5 O. - 0.10 115 2.74 O. -0.10 1 5 5 5.23 O. -0 410

36 4.65 O. -0.10 76 4. 63 O. -0.10 116 4.65 O. -0.10 156 5.53 O. ~0.10

37 8.52 O. -0.10 77 1 1 • 28 D. - 0.10 117 3.97 O. -0.10 1 5 7 O. * O. -0.10

38 O. * O. -0. 10 78 s. I.. 1 O. "'Q. 10 118 4.('0 n. -0.10 1SS 5.06 O. -0 .. 1Cl

39 G. • 0. -0. H\ 79 4 .. 69 O. - 0.10 119 7 .. rtf. O. -0.10 159 94 " 1 O. -0 4 10

40 4~O6 O. -0.10 80 1 3 .. 72 O. - 0.10 120 5 4 I, 5 O. -0.10



MATHEMAT leAL SIMUlb.TIOrS Of CARBON t.,OtJOXIDE DISTRIBUTION IN THE ATMOSPHERE
TWO DIMENSIONAL FINITE ElEr"ENT FOR HOPI zorH III PROBLEMS O~ VARIABLE THICKNESS
INITIAL APPl I CAT 10:'11 TO THE fA IRI3A~~K5, ~lAS~A ~IRSHEQ •••

TEST DATA TO cHECK ,'JORTOI~IS APRIL 28 CHANGES

••• RESUlTS AFTl:R 13 HOURS OF DYNAMIC 5I~ULATION •••

••• CONCENTRATIONS ARE MEAN VERTICAL VALUES •••

OUT pur FOR NOD'E.S 1 TO 1 5? .... TH~ 5 Y:"e OL * DENOTE S A SPECIfIED VALUE __ .
flCD E CO~I C x-v E!.. V-vEL NODE CQ:JC X-VEL v-VEL rJ 00 E CON( X-VEL V-vEL NOD E CONe x-vEL Y-'JEl

NU;l PPr-l ;011 SEC ~/SEC NU-'1 p ;'~\ !1/5 E C 1011 SEC r~UM PP;'l I-USEC rHs EC ~~U :" P?:~, M/SEC 1'4JSEC

1 O. • O. -0.10 I. 1 8.79 O. -0.10 81 ?24 O. -0.10 1 2 1 5.50 O. -0.10

2 O. • O. -0.1 n , 2 5.' 7 O. - 0.1 IJ 82 5 .. 71 O. -0.10 122 9 .. 1.7 O. -C.1C;

3 O. • O. -0.10 '3 6.0' O. - 0.10 83 5.'9 O. -0.10 123 3.85 O. -O.1Cl

, O. • O. -O.1Q " 2.86 O. "0.10 8' 5 • 43 O. "0.10 12' 8. 0 1 O. -O .. 1~

5 O. • O. -0.10 , 5 7.83 I";. - 0 .. 10 85 7 .. CiS O. -0.10 1 2 '3 21..73 O. - D. i '::

6 2.98 O. -1).10 '" 1 (1 .. 22 O. - 0.1,'] 86 20. 51 O. -0.10 12; 74. 31 o. -0 .. 1:

7 4 .. 36 O. ---O.1Q i,7 7.39 O. -0.10 e7 27.17 O. -0.10 127 2/10 20 O. -C.1S

a .... 3 J 0.. -0.10 4R 10.11 O. - C. 10 B8 , 7 .0/. O. -0.10 128 66. 711 O. -8.1 G

9 3.95 n. -0.10 49 9.13 O. -(1. 10 89 "'u.)) o• -0.10 129 7.30 O. -0. , 0

10 2.20 O. -0.10 50 5.27 O. -0.10 90 21 • 53 O. -0.10 130 1 8.68 O. - G.. 1iJ

11 O.t:6 O. -8 .. 10 51 O. • o. -0 .. 10 91 1 9 • 1 ,') O. -0.10 1 3 1 t. 2 .. 76 O. - C. 1J

, 2 I, • 13 O. -:J. 1« 52 0 .. .':i 6 O. -0.10 92 5 • 52 C. -0.1 Q 132 3? .. 7" O. -C .. i J

1 3 1 .. [, J n. -f, .. i a 53 9 • (~1 O. -0.11) 93 ~. 33 O. -0.10 133 1 5. 57 O. -C.'J

" o. • O. -0.10 5' 2.S2 o. -0" 10 " 2.77 O. ·0.10 134 10.77 O. -0. i 'J

1 ) :'.90 o. -0 .. 10 55 3 • 1 l, O. -0.10 95 14.91 O. -0 .. 1 J 1 3 5 1 2.63 O. ; -1].1 'J

16 5. t. 6 G. -0.10 56 I. • 51 O. - 0.10 96 5.72 O. -0.10 136 tJ.96 O. -0.1J

1 7 5.75 O. -0.10 57 5.05 O. - 0.10 97 0.92 O. -0.10 137 7 .. 28 O. -0.10

18 l, .. 6B O. -0.10 5~ 6.26 O. -0.10 98 2.'2 O. -0.10 138 1 3. 62 O. -0.10

19 5 • p, 5 Q.. -[1 .. 10 59 10.22 O. -0.10 99 a.56 O. -0.10 139 O. • O. -(1.10

20 l.. .. 93 O. -D.l0 60 to. 50 O. - O. 10 100 11 • 73 C. -0.10 11.0 1 • 1 I. O. - OJ. j:'

21 6.' 0 O. -0 .. 10 61 51 .. " 5 O. -0.10 101 3.'9 C. -0.10 1" 5.29 O. -0 .. 1 G

22 6.90 O. -0. 1 0 62 6 .. 1 7 O. "0.10 102 7.3' O. -U .. 10 1'2 l. .. ~a O. -O .. jC

23 4.03 O. -0.10 63 7.2P. O. -0.10 103 1C.li5 O. -G .. 10 1/.3 9.39 O. -D.1C

" 5.10 O. -0 .. 10 6' 6. 5 7 O. - 0.10 10' 12.62 O. -0.10 1 l, 4 5. 71 O. - 0 .. 1J

25 '.3' O. -0.10 65 5. 55 O. -0.10 105 2.96 O. -0.10 1'5 7.98 O. -0.10

26 3.19 O. -0.10 66 7.86 O. -0.10 106 ". '9 C. -0.10 1 '6 8.09 O. -0.10

27 0.51 O. -0.10 67 O. • O. -0.10 107 lR.67 O. ·0.10 1'7 5. 79 O. -0.10

28 O. • o. -0.10 68 0.59 O. -0. ,0 108 12.55 O. -0.10 1 t. .~ S.6' O. -0.1J

29 7.70 O. -0.10 69 6.'6 O. -0.10 109 10.89 O. -0.10 "9 1.09 O. - 0 .. 1S

30 9.6' O. -0.10 70 5.03 O. -0.10 110 3.90 O. -0.10 150 1 7.5 B O. -0.1,J

31 1 O. 09 O. -0.10 71 6.56 O. -0.10 111 6.69 O. -0.10 1 5 1 11.79 O. -0.10

32 8.85 O. -Q .. 1 0 72 7.09 O. -0.10 112 26 .. 1.6 O. -0.10 152 1 O. 31 O. -0.10

33 5.59 O. -0. 10 73 11.86 O. - 0.10 113 '.23 O. -0.10 1 5 3 11 • 3 \ O. "0.10

3' 5.57 a. -0.10 7\ 1 3. 1 5 O. -0.10 '" 3.09 O. -0.10 15' 6.99 O. -0.10

35 \. E7 O. -0.10 75 8.32 O. - 0.10 11 5 2.46 O. -0.10 1 5 5 5 • 51 O. -0.10

36 \.56 O. -0.10 76 '.90 O. ... 0.10 11 6 '.44 O. -0.10 156 6.00 O. ~0.10

37 9.' 6 o. -Q .. 1D 77 12.19 O. -0.10 117 3.87 O. -0.10 1 5 7 O. • O• -0.10

32 O. • o. -0.10 7d 4 .39 O. -0.10 118 4.01 O. -0.10 158 5. 3 1 O. -C.1:)

\0 o. • o. -0.10 79 '.79 O. -0.10 119 B.78 O. -0.10 159 9.99 O. .... 0 .. 10

'0 3.93 O. -0.10 sO 16.26 O. -0.10 120 5 .78 O. -0.10



HA 'fHEMAT ICAl SIMULATION OF CARBON MONOXIDE DISTRIBUTION IN THE ATMOSPHERE
TWO OIt1ENSIDNAL FlNITE ELEMENT FOR HORIZONTAL PR09LEMS OF VARIABLE THICKNESS
INITIAL ArPLrCArIO~J TO THE FAlp.9A~KS, ALASKA AJRSHED •••

rEST DATA TO (HECK ~~OQTO~JtS APRIL 28 CHA~GES

••• RESUlts AFTER 14 HOURS OF DVNA,"IC S JI'~UlAT ION •••

••• CONCENTRATIONS ARE MEA~ VERTICAL VALUES •••

out rUT FOR IJQD ES 1 TO 1 'i 9 ••• TH!:. SY;~BOL . DE~WTES A SPEC I FlED VALUE
rlOI)E CC!'~ C X-'JEl V-VEL ~JOI) [ C0 ~~ C X-VEL V"'VEL ~~ 00 E CO f:C X-vEL V-VEL NCOE cO"JC X-VEL V-VEL

rJU"! PP!·: M/SEC r>; I SEC ~U;"1 PPV ;·1 I SEC 1'115 EC NU,~ PPM M/SEC M/SEC I\Ulo\ PP;.., MISEr II, I SEC
1 Q. · e. -0.10 " 9.53 O. -c. 10 81 9.71 O. -0.10 111 5.56 O. - 0.10

1 O. • c. -0.10 41 'j • 79 O. -0.10 81 6.01 O. -0.10 111 10.46 O. -0.10

3 O. · O. -0.10 " 6.~-1 O. -0.10 83 5.30 O. -0.10 11 3 4.45 O. -0.10
4 o. • O. -0.10 "' 3.98 o. -e. 10 84 5.86 O. -0.10 11' R.47 O. -0.10

5 O. • o. -0. 1 I) '5 7.A6 o. -0. j 0 85 3 • (( 1 0_ -O.lil 11 5 2 S. 1 '3 O. -G.10

6 3.00 o. -~.10 46 1 ['.96 o. "'0.1[) ~6 2 2 , i :, C. -0.10 116 72.63 O. -0.10
7 4.43 o. -0.10 47 7.96 O. -0.10 87 26.51 O. -0.10 , 2 7 26.05 0_ -S.10

8 4 • 1R O. -0.10 48. 1 1 • t, 3 O. -0.10 ad 17.64 C. -0.10 118 67. DB O. -0.10

9 3.H9 O. -0.10 '9 9.78 O. -0.10 89 -0.13 O. -0.10 129 7 .. 81 O. -0.10

10 1.01 O. -0.10 50 5.70 O. -0.10 90 22.4~ O. -0.10 130 1 B. 18 O. -0.10
11 C.51 O. -~. 10 51 o. • O. - 0.10 91 21.<\3 O. -0.10 131 41.51 O. -0.10
12 t, .. Q C1 n. -1.1~ \1 0.26 Q. -0.1 J 91 6.05 O. -0.10 1 32 3.3 .. 1 9 O. - 0 .. 10

1 3 1. 2 6 iJ. -1.10 5 3 1C.. ') 2 O. - 'J. 1C 93 1 1 .25 0_ -0.10 133 1 6. 5 3 r - GoO 1C.-
14 C. · O. -[1.10 5' 2. ::; 5 O. - 0.10 94 1.35 O. -0.10 13 , 11. 2 3 O. -0.10

1 5 5 • Q 1 O. .... 0.1i) 55 2.68 C. - 0.10 95 16.23 O. -0. 1Q 135 1 3. ; 0 O. . - 0.10

16 5.62 O. -0 .. 10 56 4. 38 O. -0.10 96 5.75 O. -0.10 136 5.74 O. -0.10
1 7 5.90 O. -0.10 57 4 .. tJ8 O. - 0.10 97 0.76 O. -0_10 137 8.77 O. -0.10

1B 4 .. 66 O. -0.10 58 6. 15 O. -0.10 98 2.09 O. -0.10 13R 1 4. 85 O. - 0.10
19 6.11 O. -0. 10 59 1 1 .8' O. -0.10 99 8.B3 O. -0.10 139 O. • O. -0.10

10 4.95 O. -0.10 60 5.76 O. -0.10 10~ 1 1 • 71 O. -0.10 140 0.95 O. -0.10

11 6 .. fO O. -0.10 61 56.58 O. -0.10 101 3 -31 O. -0.10. 141 5.60 C. - 0.10
22 6.b6 [' . -0.10 61 6.27 O. - 0.10 101 7. b2 O. ·0.10 14 ? , • 3 7 O. - 0.10

23 3.79 O. -0.10 63 .,.07 O. - 0.10 103 , 1 • 85 O. -0.10 143 10.23 O. -0_10

14 '.83 O. -0.10 6' 7.24 O. -0.10 10' 11.99 C. -0.10 , t. 4 5.72 O. -0.10

15 3.98 O. -0.10 65 6.18 O. - 0.10 105 '.05 O. -0.10 145 8. 35 O. - 0.10

16 2.97 O. -0.10 66 9.97 O. - O. 10 106 14. 31 O. -0.10 146 8.92 O. -0_10

27 0.'2 O. -0.10 67 O. • O. - 0.10 107 17.78 O. -0.10 147 6.01 O. -C.I0

18 O. • O. -0.10 68 0 .. tt 7 O. -0.10 108 13.09 O. -0.10 l' 8 3.19 O. -0.10

19 8.13 O. -0.10 69 6.95 0_ -0_ 10 109 12.05 O. -0.10 l' 9 1.0' O. -0.10

30 10.33 O. -Q.10 70 4.91 O. -0.10 11 0 3.77 O. -0.10 150 18.03 O. -0.10

31 1 1 • a t. O. -0.10 71 6.93 O. - 0.10 111 7.06 O. -0.10 15 1 1 2.61 O. -0.10

31 9.5' O. -0.10 71 7. 4 1 O. -0.10 1 11 J3.31 O. -0.10 151 10.83 O. -0.10

J3 5.8' O. -0.10 73 11.97 O. -0.10 113 , • 21 O. -0. 10 153 1 1 • 1<\ O. -0.10

3' 5.35 O. -0.10 74 11.75 O. -0.10 114 3. 71 O. ·0.10 154 6.90 O. -0.10

35 5. 1 9 O. -0.10 75 9.19 O. - 0.10 115 1.13 O. -0.10 1 5 5 5.93 O. -0.10

36 '.'3 O. -0.10 76 5.22 O. -0.10 11 6 , • 21 O. -0.10 156 6.59 O. ,0_10

37 10 .. 4 1 O. -0.10 77 12.61 O. -0.10 117 3 • 7' O. -0.10 157 O. • O. -0.10

38 O. • O. -0.10 73 4.54 O. -0_10 118 4.C3 O. -0.10 158 5.59 O. -0.10
39 O. • O. -0.10 79 t,.96 O. -0.10 11 9 9 • 51 O. -0.10 159 10.50 O. -0.10

'0 3.78 O. -0.10 80 18.39 O. -0.10 120 5.85 O. -0.10



l'1.f,THEMf,TIU,L SnlULl\TIO:~ UF CARSON MO:"lDXIDE DISTQIBUTION IN THE ATMOSPHERE
TWO DI~ENSI0N~l FINITF EL~MENT FOR HORIl0~ITAL PROBLEMS OF VARIABLE THICKNESS
r NIT I AL ~PPL 1 CAT IOr~ TO THE FAlk8A~)"'S, ALASKA AiR$HED ....

TEST DATA TO CHEel( NOi?TON1S A~RIl 22 CH~~GES

...... RESULTS I\FTER 15 HOURS OF DVt:AMIC SI~UlATION ....

••• CONCENTRATIONS ARE MEAN VEoTICAL V~lUES •••

OUTPUT FOR NODES 1 TO is '1 ••• THE SYl-j90l • ~::r;OTES A SPECIFJED VALUE
NODE CONe X-VEL v-vEL NODE CONC X-VE L V-VEL NODE CONe X-VEL V-VEL NODE C0 ~~ C X-VEL Y-VEL

NUM PPH MISE ( H/SEC NUI'l PPM '-1/5 E C Mis EC tWM PP('l M/SEC MI Sf C NUl., PP '''I r-'li SEC ,,, 1St C

1 O. • O. -0 .. 1(; " 10.08 O. - 0.10 81 9.61 O. -0.10 1 2 1 5.60 O. ~O. 10

2 G. · O. -C.l0 42 5.94 O. -0.10 82 6.26 O. -0.10 122 1 1 • 4 2 O. -0.10

3 O. • c. -0.10 t·3 6 .. t.9 O. - C. 1J 83 4.99 o• -0.10 123 G.. /D O. -0.1J
4 O. • o. -0.10 44 S • t. 8 [1. -0.111 84 6. 19 O. -0.10 124 8.??, O. -D .. 1Ci, O. • O. - o. 1 0 t.5 7.60 O. - 0.10 85 7 .. 95 O. -r,. 1~ i 2 S 2 S• 31 O. -C1 .. i:)

6 3 .. 04 O. -0.10 46 1 1 • 36 O. -0.10 86 22.97 O. -0.10 126 67.>9 O. -0.10
7 4 .. 4 9 O. -0.10 47 8.09 O. - 0.10 87 25.53 O. -0.10 127 24.55 O. -0.10

B 4 .. 02 O. -fJ.lfJ 48 1 2.63 O. -O.l~ Ba 17.87 O. -0.10 128 64 .. 90 O. -0.10

9 3.82 O. -0 .. 1 0 1.9 10.13 O. - n.. 10 89 0.63 O. -0.10 129 8.22 O. - 0.10
10 1 .. Ea o. - Q. 11) 5Q 6.23 Q. -0.10 90 22.30 O. ~O. 10 130 1 7 * 56 O. -C.1Q

11 0.39 O. -0.10 51 11 • • D. -0.10 91 23 • 15 O. -0.10 131 37 .. [, 1 O. -0.10

1 2 3.,,9 O. -0.10 52 0.16 O. -0.10 92 (J .. 65 G. -0.10 132 32.:]0 O. -c. , a
13 1 • 1 2 O. -0.10 S3 1 1 • 35 O. - 0.10 93 1 5 .. l, 1 O. -0.10 133 1h .. o7 O. ~G. 10

14 O. • O. ""'0.10 54 2.22 O. -0.10 94 2.26 O. -0.10 13 4 1 3 .. 32 O. -0.10
1 5 5.02 O. -0.10 55 2. 1 4 O. -0.10 95 16.47 O. "0.10 135 1 3 .. 5l. O. '-0.10
1 Ii 5 .. 7'::: O. -0 .. 1 fJ ,6 4 • 1 a o. - 0.10 96 5.78 O. -0.10 136 4 .. 45 O. -0.10
17 6 .. 00 8. -1l .. 10 57 4.37 O. -0.10 97 0.60 C. -0.10 137 1 O. 57 O. -0.10

10 4. 63 O. -0 .. 1 [) 5 ;~ 5.RO 0 -0.1 C 98 1 .79 C. -0.10 138 1 5. 5 1 0 -0.10". u.

19 6 .. 31 O. -n .. 1J 59 1 3 .. 1 4 0'. -0.10 99 9.04 O. -0.10 139 O. • O. -0.10

2r 4 .85 O. -0.10 60 6.23 O. - 0.10 100 13.50 O. -0.10 140 0.76 O. -0 .. 10

21 7.10 O. -0.1 0 61 59.1 5 O. -0.10 101 3 .. 1 0 C. -0.10 141 S .. ? 1 O. -0.10

22 6.64 O. -0.10 62 6. F O. - 0.10 102 8. 13 O. _0. 10 142 4. 36 O. -0.10

23 3.54 O. -0.10 63 8.87 O. - 0.10 103 12.73 O. -0.10 143 1 1 .. 1 2 O. -0.10

24 4 .. 6 1 O. -0.10 64 7.90 O. -0.10 104 13.57 O. -0.10 144 5.60 O. -0.10

25 3.52 O. -0.10 65 7 .. 1 7 O. -0.10 105 5 • 18 O. -0.10 145 8.64 O. -0.10

26 2.79 O. -0.1 [) 66 1 2 .51 O. -0. '0 106 13.~0 O. -0.10 146 9 .. t. 4 O. -C .. 1J
27 0.30 O. -0.10 67 O. • O. -0.10 107 16.66 O. -0.10 147 6.21 O. -0.1(;

2B C. • O. -0.10 68 0.37 O. - 0.10 lOB 13.40 O. -0.10 148 2.39 O. -C.l0

29 8.77 O. -0.10 69 7. 4 3 O. -0.10 109 13 • 1 2 O. -0.10 149 O. Y9 O. -0.10

30 11.01 O. -0.10 70 4.77 O. - 0.10 110 3.59 O. -0.10 150 19.27 O. -0.10

31 11 .75 O. ~0.10 71 7 • 15 O. -0.10 111 7.32 O. "0.10 15 1 13.39 O. -0.10

32 1 O. 1 1 O. -0.10 72 7. 31 O. - 0.10 112 40.05 O. -0.10 152 1 1• 58 O. -0.10

33 6.14 O. -0.10 73 13.77 O. ~ 0.10 113 4 • 15 O. -0.10 15 3 10. 75 O. -0.10

34 5.11 O. -0.10 74 1 2.03 O. - 0.10 114 3 • 51 O. -0.10 '" 6.61 O. -0.10

35 5.59 O. -0.10 7, 10 .. Q 1 O. - 0.10 115 2.03 C. -0.10 15 5 6. " 1 O. -0.10

36 4.25 O. -0.10 76 5.62 O. - 0.10 116 3.90 O. -0.10 1)6 7.29 O. -_0. 10

37 11 .32 O. -0.10 77 1 2. 65 O. -0.10 117 3 a 5? C. -0.10 157 O. • O. -0.10

38 C. • Q. -0.10 7P. r...27 O. - 0 .. 10 118 4.09 O. -0.10 158 5.90 O. -0.10

39 O. • O. -0.10 79 5.07 O. - 0.10 119 9.l>d O. -0.10 159 10.84 O. -0.10

40 3.64 O. -0. HJ ,')0 1Q.BS O. -0.10 120 5.74 O. -0.10



MATHEMATICAL SI~UlATION Of CARBON MONOXIDE DISTRIDUTION IN THE ATMOSPHERE
TWO DIMENSIONAL FI~ITE ELEMENT FOR HORIZ0~TAL PROBLEMS OF VARIABLE THICKNESS
I~ITIAL APPLICATION TO THE FAIPb~N~S, AlAS~Q A!QSHED •••

TEST DATA TO C~EC~ NO~TO\IS A~RIl 28 CHA~GES

••• REsulTS AFTER 1~ ~OURS OF DY~AMIC SI~(JlATI0N •••

••• CONCENTRATIONS ARE MEAN VE~TICAl VALUES •••

OUTPUT FOR ~O ES
~,'Q~E CO~:C x-V l

,':U:t; PPI,I tl,/S (
1 0." n.
2 n.. [J •

3 0.. o.
4 0.. 0 •
5 0.· O.
f., 3.09 ~ ..
7 1..5f. O.
8 3.095 O.
9 3.7(, I).

10 1.59 I).

~1 [.29 O.
1 2 3 .. ?, 1 !') ..

13 C.97 J.
14 J..'" 0 ..
15 5.iJ5 o.
16 5 .. 31 O.
17 6 .. 10 o.
'8 4.60 O.
19 6.49 O.
20 4 .. 74 O.
21 7.26 O.
22 6.34 o.
23 3.3, O.
24 4.39 O.
25 3.01 O.
26 2.65 O.
?7 C.19 O.
28 O. * D.
29 9.37 O.
30 11.74 o.
31 12.30 O.
32 10.53 O.
33 6.54 O.
34 4.91 O.
35 6.05 O.
36 4.01 O.
37 12.21 O.
3R 0.'" o.
~9 0.'" o.
40 3.57 O.

1 TO
Y-';Jf l
I~/SE(

-0.10
-0.10
-0.10
- n. 10
-0.1 D
-!L 1(1
"'-0.10
-0.10
-0.10
-iJ.1 0
-0.10
-!). "1 G
-P.10
-f;. 1 n
-0.10
-0.10
-0.10
-0.10
-0. , 0
-0.10
-0.10
-0.10
-0.10
-0.10
-0.10
-0. 1 Q

-0.10
-0.10
-0.10
-0.10
-0.10
-0.10
-0.10
-0.10
-0.10
-0.1 0
-0.10
-0.10
-(1.10
-0.10

1 5 9 •••
:-:00 E

NU,'"
'.1
, 2
43

",,
q

" 7
'8
1,9

50
51
52
J3
54
55
56
57
58
59
60
61
C2
65
64
65
66
67
68
69
7[)

71
72
73
74
75
76
77
7,)

79
80

THS SyMBOL * DENOTES A
(OllC X-VEL V-VEL
PPM M/SEC M/SEC

10.(.2 O. "'-0.10
5.02 o. -0.10
6.72 C. -0.10
7.13 O. -0.10
7.5i~ D. -8.10

11.010. -0.10
~.6'J O. -0.10

13.6~ fJ. -0.1D
10.32 o. -0.10

6.68 C. -0.10
G. * fJ. -0.10
C.,J7 c. -['.18

12.72 o. -D.ll)
7..14 c. -0.10
1.58 O. -0.10
.3.75 o. -0.10
'.75 O. -0.10
5.57 O. -0.10

1l•• 23 D. -0 .. 10
7.39 D. -0.10

SQ.55 c. -(1.10
6.49 O. -0.10
9./'1 C. -0.10
8.53 O. -0.10
8.62 O. -0.10

15.30 O. -0.10
o. * o. -0.10
0.29 O. -0.10
7.94 O. -0.10
4.63 O. -0.10
7.15 O. -0.10
6.95 O. -0.10

14.35 O. -0.10
11.67 O. -0.10
lQ.E4 o. "'0 .. 10
6.1/' o. -0.10

12 .. (,(. (I. "'-0 .. 10
4.003 0. -0.10
5.37 o. -0.10

20.50 O. -0.10

SPECIFIED
,'JOD E

NUM
81
82
83
8'
85
86
37
8~

89
90
91
92
93
94
95
96
97
98
99

100
10 1
102
103
104
105
106
107
108
109
11 0
111
112
113
11 (t

115
116
11 7
11 8
11 9
120

VALUE
CONe
pp,,,,

9.03
6.35
/, • Ell
6 • " 1
7.85

23.3t.
25.'2
17.9d

2 • 2 (.
21 • 97
23.63

7 • 33
20.75
2.61

1 6 • 1 9
5.79
0.43
1 • 55
9. 38

1 4 • 23
2.3B
B.39

13.62
1 3 .. 79
6.38

1 3. 34
1 6 • 25
13.87
14.15

3.40
7 • 51

46.12
4.08
3. ,y
1. 87
3.73
3.44
4. 15

10.28
5.43

X-VEL
M/SEC

O.
o.
O.
o.
o.
o.
O.
o.
O.
C.
c.
o.
o.
o.
o.
O.
O.
o.
C.
O.
o.
O.
o.
O.
O.
o.
o.
o.
c.
O.
O.
O.
O.
O.
O.
o.
O•.
o.
O.
D.

V-VEL
M/SEC
-0.10
-0.10
-0.10
... o. 10
-0.10
-0.10
...1) • 1 0
-0.10
-0.10
-0.10
-0 .. 10
-Q. 10
-C.10
-0.10
"0.1D
-0.10
-0.10
-0. 10
-0.10
-0.10
-0 .. 1 Q,
-0.10
-0.10
-0.10
-0.10
-0.10
-0.10
-0.10
"0.10
-0.10
-0.10
-0.10
- O. 10
-0.10
-0.10
-0.10
-0.10
-0.10
- 0.10
-0.10

:-<CDE
I;UI~

1 2 1
122
123
12'
125
1 ) ,_0

12 7
12 P
129
130
131
132
133
13 to
1 3 5
136
137
138
139
140
1 4 1
142
1 4 3
144
145
146
147
j1,.8

149
150
1 5 1
1 57
153
15,
1 5 5
1J6
1 57
158
159

CO ll (
pF !~

5 .61
12. ze

5. 52
8.98

25.44
6'). ? 5
23.01
6 2.29

8. 51
18.69
3E.11)
32.7?
i 7.36
14. ,p
1 3 .. 5?

('. Q 6
1<.63
15.63
o. *
(\. 57
6.20
4.37

1 2. 1 6
5.37
8.94
9.65
6.40
2.46
Q.. 95

19.35
1 4 • 28
1 2. 55
10.62
6.30
7.64
8.10
O. •
6.20

11.24

X-VEL
roll SEC

o.
o.
O.
o.
o.
" .o.
o.
o.
O.
o.
G.
O.
O.
G.
D.
O.
O.
O.
o.
o.
O.
o.
O.
O.
O.
O.
O.
o.
O.
o.
O.
O.
O.
o.
O.
O.
o.
O.

'f -'I EL
M/sEC
- 0.10
- Q. 1 0
-0.10
-0.10

r • ..,
- ~. I '.J

-C.1.')

-G.1!"J
-0.1 Q

- 0.10
-0.10
-C.l J
-::. .. 1 'J
- C. 1 [}
- ('). ~ Q

-0.10
-0.10
-0.10
-C.l0
-0. 1~
-Q.iD
-0. ,.:
-0.10
-0.10
-0.10
-0.10
-0.10
-0.10
- O. 1 0
-0.10
-0.10
-0.10
-0.10
-0.10
-0.10
-0.10
.-0.10
"0.10
-C.l0
-0.10



~lATHEj"ATICAL SIfo'.ULATI!HJ OF CARBON MONOXIDE DISTRIBUtION IN tHE ATMOSPHERE

To 0 !)It~EtJSIiJN~l FINITE ELHIENT FOR Horn lOfH/\L PROBLEMS OF VARIABLE THICKNESS

I tJ I T I Al APPlI[I·TJ'JU 10 THE F"Ir.,~!l.~JKS, AlA,SK A .o.IRSH[D ......

T:: ) T ot. Til To CHECK NORT,),~' S APRIL /8 eHA~!GE s

.... R::SUlTS AFTER 17 HOUR S OF DHJA!1IC SIJ.'UlflTIO~'•••

••• CONCENTRATIONS ARE '1E AN VERT I CAL VALUES •••

OUTPUT F0 q ::0 ES 1 TO 1 5? . . . THE SY~·150l • OEN0TES A SPEClnED VALUE
<j 0') E CJ~; C x- 'J L V-Vel .'jt:;JE C:J"~ c X-V::l y-VEL 1-;00 E cO~; C x-VEL V-VEL NCDE (ONe )' -VE l V-'JEL

,'; IJ t-~ P p.~ ;.' Is , 1'-1 I SE( Nur.j p":'! ~1/SEC ~'i I S::C NUM Ppl': M/Se( ~~/5!;< (I,'Uj'1 PP 'j '1 1St: C ,"U:5eC

1 o• · O. -1.H1 '. 1 11). 77 Q. - C. 10 31 9. 3'1 C. -0.10 1/1 5 • fi 1 D. -G.1S

1 c. • O. -0.10 4/ 5.703 c. -0.1:1 8/ 0 .. 20 C. -0.10 1// 1 3 .. 1 G, O. - 0 .. 1 [I

3 O. * O. -0 .. 1'1 43 7.04 O. - 0.10 83 4.83 o• -0.10 1/3 6.34 O. -[0 .. 10

4 O. • O. -0.10 44 g.1,2 O. -0.10 B4 6.69 O. -0.1 Q 12G, 9 .. 53 O. -0.10

5 '" . • 0 .. -'J.l!) " 7. 7l. Q. -Q. 1~ i?,5 7 .. '; :, O. -1] .. 1 a 125 27 .. 07 O. -~ .. ~Cl

(, 3.1{, O. -J. i J '.6 1 ? QJ ,J. -0. iO 06 23. 7J O. -0 .. 1 Q 1;:~ 72.7'] C
7 G, .. 60 LI. -0.1 Q 47 1f'J.fj'J 0 -1J.10 87 2£ .. 05 0 .. ~O .. 1D 127 2 2 • ";1 j lJ • ~ .. ~

C •

R 3.68 O. -0.10 48 1 t. • l, a G. ~G .. , 0 88 1 ~ .. 1 .5 O. -0. 10 123 62. ZS! s. -0.1:
9 3.65 o. -0 .. 1 I) 49 1 a .. 55 O. -0.10 89 3 .. 9G, O. -n. 1 fJ 129 b .. 31 J. - Q .. 1G

10 1. 39 O. -0.10 50 7.59 O. - 0.10 90 22.41 O. -0.1 U 13 U 22.03 O. - 0.1 C
; 1 O.2n O. -r .. 1G 51 D. • O. -0.10 91 23. ,34 O. -0.10 1 3 1 l, 6. ') 9 Q. -C,,1J

1 2 3 • 7 I, 0 .. _fl. 1 J 52 -C.1;2 O. -0.10 n F..04 O. -0.10 1" 37 .. ,o C. -C .. ',J" ,
1 :' (I.U o. -':'.1:) :3 1 .5 .. 1 0 O. - D. 10 93 /7.CO n. -0.10 131 19. ::; 2 ::
14 O. • 'J. -;).1[', 54 2. 1:] O. -[].10 91. :,. 32 O. -0.' n 1 ::'/, i ~ . .:. Q n. _ (;. ~ r·

1 5 5 .. 1 2 O. -0 .. , Q 05 1.1] 1 O. "0.10 95 16.JU U. -u .. 1') 135 1.5.67 O. - C. 1J

16 5.94 0 -O.lC 51> 3.70 O. - 0.10 96 5 • E5 O. -0 .. 1 C 136 5 .. 31 O. -0. i 0c •

17 6.27 O. -Q. 1 0 57 4 .. 63 O. -0.10 97 0.2e O. -0.10 137 14.83 O. - 0.1 J

1.3 4 .57 O. -0.10 58 5. 7 (. O. - 0.10 98 1. 39 O. -0.10 138 1 5. 37 O. -0.1')

19 6.73 O. -:1.10 59 1 5 .. i 2 O. -0 .. 10 99 9.93 O. -0.10 139 O. . [1. - G .. 1:)

20 {, .. 67 0 .. -(1.1 t' 60 9 .. 23 O. -0.10 100 1 5 .. 2 .5 C. - C.. 11) 140 G.. 39 O. -: .. '1 r;

/1 7.29 O. -0.10 61 59.;;5 O. - 0.10 101 2.65 C. -0.1:) Hl 6. I. I) 0 .. - -:. "'.J

21 6 .. 1 1 a• -J.10 62 6 .. 67 O. -0.10 102 8.73 O. cO.l0 142 l.. 46 O. -0 .. '0
23 3 • 1 9 O. -0 .. 10 6, lr..28 O. -0.10 103 14 .. 60 O. -0.10 143 1 3 .. (,?, O. -Lt.':
/4 4.2'J O. -0.10 64 9.1B O. - 0.10 104 14 .. 03 O. -C. 10 144 5.05 O. - 0 .. 1·']

25 2.43 O. -0.10 1>5 1 C • 53 Q. - n .. 1 0 105 7. 72 O. -0.10 14 5 9.33 O. - 0 .. ') 0

26 2.56 D. -0.10 66 18.03 O. -0.10 106 12.B9 O. -0.10 146 9.74 O. - 0.10

27 0.10 O. -0.10 67 O. • O. - 0.10 107 17" ""2 O. -0.10 147 6.64 O. -0.10

Ie O. • O. -0.10 6H 0.73 O. -0.10 lOB It.~80 O. -0.10 148 2.02 O. -0 .. i::
29 1 C. 0 6 C. -Q. 1 0 69 P.43 O. -0.10 109 1 5 • 21 C. -0.10 149 C.93 O. - C. 1 0

30 1 2. 5 5 O. -0.10 70 4 • 5 7 O. ·0.10 11 0 ~.22 C. ·0.10 150 1 9. 52 O. .... 0 .. 10

31 1 2.95 O. -0.10 71 7. 01 O. -0.10 111 7.63 O. -0.10 1 5 1 1 5. 56 O. -0.10

3/ 10.99 O. -0.10 72 6.59 O. -0.10 11 2 51 .03 O. -0.10 152 1 3. 76 O. ·0.10

33 7.07 O. -0.10 73 14.90 O. - 0.10 113 3.98 O. -0.10 153 10.93 O. -0.10

34 4.83 O. -0.10 74 1 2 .. ? 1 O. -0.10 11 4 ].08 O. -0.10 1 54 6. /1 n. -0.10

35 6. 5 1 O. ... fJ • 1 0 75 1 1 ,; 74 O. -0.10 11 5 L 75 O. -0.10 155 9.10 U. --L' .. 10

36 3. B0 O. -0.10 76 6.il2 O. -1] .. 10 11 6 ]. 55 O. -0.10 156 8.99 O. ... O.. lC

37 1 3 • 3 ; O. -0.10 77 12.20 O. - 0.10 11 7 :5.21 O. -0.10 157 O. * o. -0.10

38 D. • O. -D .. ' a 78 {,,, 1 9 O. -0.10 11 3 4 • 1 5 O. -0.10 15B 6 .. t. 7 O. -0.10

3 0 Q. • n. -O.lt; 79 5 .. 99 o. -0.10 11 9 10.93 O. -0.10 159 1 1 • tl6 O. -O.1J

40 3.61 O. -fJ.l0 80 20.46 O. - 0.10 120 4.99 O. -0.10



MATHEMATICAL SIMIJLATION OF CAR90~: MONO~lDE DISTRIBUTION lN THE AT~OSPHERE

TWO DI,"lEIJSIOrJAL FINITE ELEMENT FOR HOPIIONTAL PROBLEMS OF VARIABLE TlfICKNESS
HI I TI f.L AP?LICATION TO THE FAIRBANKS, ALASKA AJRSHED •••

TEST DATA TO (HEC< NORTO'~'S APRIL 23 CH~~GES

.... RESULTS AFTER 18 HQUqS OF DYNAMIC SJrUL~TIO~ ....

.... CONCEtHFtAT IONS A~E MEA;' VERTICAL VALUES ....

OUTPUT FOR ~lI)OES 1 TO 159 .. ... THE SY:~80l • DENOTES A SPECIFIED VALUE
~J a ~ E Co~; C x-vEL v-VEL NODE CorlC X-VE l Y-V:L rJ 00 E CONC X"'VEL Y-VEL NODE CO"~ C X-VEL V-VEL

I;!J ,~, P Pi'~ ~-l/SEC "~/S~C Ii li:-~ P? ~t I.'; Is E C ~\ lSi: C !\'J ;,0; P P ~~ ~'. {SEC r~·/SSC i\ur:! PP"f ,.: / 5 EC 'J, I S=.. c
1 O. · " ~!J,,10 <'.1 1 1 .. fj 7 0 -') .. HJ 81 ? • ~ .3 D. -0. j C; , 21 ),,56 'J .. -C .. j C".
2 C• • 0. ~O .. , 0 /.,2 5. 1.6 0 -0 .. 10 82 6.07 O. -0.10 122 1 3. ? 3 O. -0.1 e,'.' ..
3 C. • O. -0.1 U 43 7 • 39 O. -0.10 83 4. 97 O. -0.10 123 6 .. 79 O. -0.10

• O• • O. -0.10 ., 9 .. {, 3 O. -0.10 8' 6.91 O. -0.10 12' 10. G3 O. -0.10

5 O. · D. -0.10 '5 ~ .. 1 7 O. -0.10 85 8.1 7 O. -0.10 1 2 5 30.38 O. -0.10

6 j • 1 9 0 .. -0,,10 GO 1 2 • <'.6 O. -0.10 86 2' . 21 O. -n.l0 126 ,55. ~:; O. -0.10

7 4.61. G. -J. i () 1.7 11 .. l. 7 o. -t:.10 87 32 • C, I. 0 .... (J. 1 :J 127 2 l.. ~ 1 O. -C. 1D" .
t, ,LS2 D. -n;, 1C l,f! 1 l. .. (,:; ,; . -0.1 J d~ 1 ~, • 53 C. ~G~i[l liP. 65;, 7' i\ D. -c. 1d
1 3. '5 5 O. -0.10 G9 10.i)9 G~ -C .. 10 B9 4. h 1 O. -0.10 129 9 .. J8 O. -0.1]

10 1. 20 O. -0. , G 50 8.30 O. -0.10 90 23.73 O. -0. "I G 1 ::'0 25.BP, O. - C ~ i 0
11 0.13 O. -0.10 " O. • O. - 0.10 91 22.6? O. -U .. 10 1 3 1 56.32 O. -0.10
1 2 3.6f.; O. -0.10 52 -Cl~]9 Q. - 0.10 92 ,'3;, 74 O. -0.10 132 !, .3.1 9 O. -0.10

13 C.67 O. -C.1n S .3 11, • 1 7 0 .. -1].10 93 33.6' D. -0" 1 Q 133 22.D3 0,. -C .. -: 0

It. D. • I). -,1. j I"J " 2 .. C'? C.. -0.10 9' 1. .. 0'] C. -(;.10 134 1 C.. 9<'. C. -O~ i a
15 5.21 O. -C.l0 ,5 1J .. 42- G. - Q. 1D 95 1 5 .. t,3 O. -1J.10 135 13 .. 139 O. . -0.10

1 t. 6. 1 2 C. -0.10 56 3.42 0" -c ~ 10 9; 5 .. 76 C. -0,,1'J 136 7. :):. O. -c.:o
1 7 6.47 O. -O~10 57 I, • i. B O. - 0.10 97 o. i 3 U. -0. , U 107 1 6. 92 O. -G .. "~,J

1 0 , .5 5 O. -0.10 58 6.05 O. .... 0.11) 98 1 .28 O. -0~10 138 1 5 .. 1 1 O. -0.10

19 7.01 O. -0.10 5° 1 5 .61 a. -0.10 99 10. D2 O. -0.10 139 O. • O. -0.10

2Q i..53 O. -0.10 60 10.37 O. - 0.10 100 16.35 O. -0.10 140 0.20 O. - 0.10

21 (,.11:, n. -G .. 1C I, 1 5& .. 83 O. -0.10 1') 1 2. '2 O. -0.10 141 6.74 O. - 0 .. 10

22 5.°1. O. -0.10 62 6 .. 3:; O. - 0.10 102 9. 1~ O. -0 .. 1D 142 4.62 O. -0. '\D

23 3 • 1 2 C. -0.10 63 10.93 O. .... 0.1 a 103 15.72 O. -0.10 143 1 , • 'l 3 O. -0.10

2' 4 .. 2 5 O. -0.10 6' 9.83 O. - 0.10 10' 1 5.03 o. -n.l0 14' 4.67 O. -0.10

25 1 .97 O. -0.10 65 12.73 O. - 0.10 105 3;,07 O. -0.10 145 7.65 C. -G. 1G

26 2.52 D. -0.10 66 20.5' O. -0.10 106 12.60 O. -0.10 146 9.59 O. - 0.10

27 0.01 O. -0.10 67 O. • O. - 0.10 107 19 .. 9 /• O. -0.10 "7 6.85 O. .... C~10

28 O. • O. -0.10 68 0.20 O. - 0.10 108 16.31 O. -0.10 1G~ 1 • 59 O. -0.10

29 10.35 O. -0.10 69 fl,,?7 n. -0.10 109 16 • 3 I C. -0.10 149 O. n o. -0.10

30 1 3 .. 3e o. -0 .. 10 70 4 ~ 51. O. - 0.10 11 0 3 .. Q4 O. -0.18 150 20.29 O. -0.10

31 13.53 O. -1).10 71 6.31 O. -0.10 11 1 7.81 C. -0.10 1 5 1 16.71 O. -0.10

32 1 1 ., 1 O. -0 .. 10 72 6_25 O. -0.10 11 2 5' • 57 O. -0.10 1 5 2 1 5. 1 6 O. -I] .. 10

33 7.66 O. -0.10 73 1 5 .. 1,3 O. -0.10 11 3 3.85 O. -0.10 1 5 3 1 1 • , 9 O. -0.10

3' '.81 O. -0.10 74 1 3. '8 O. -0.10 11 I, 2.90 O. -0.10 15' 6. 16 O. -0.10

35 6.e:3 o. -0.10 75 12.?2 O. - 0.10 11 5 1 .65 O. -0.10 1 5 5 10.92 O. -0.10

36 3.62 O. -0. 10 76 7.56 O. -0.10 11 6 3.43 O. -0.10 156 9.97 O. ~0.10

37 1 [, • 56 O. -~. 10 17 1 2. 1 6 O. -0.10 117 3. 16 O. -0.10 1 57 O. • O. -0.10

3f. C. • o. -0.10 78 4 .. oS 1 O. -0.10 118 4 • 11 C. ....0.10 lsa 6.73 O. -0.10

19 O. • O. -C.l0 7Q 6.51. O. -0.10 11 9 11 • 35 O. ·0.10 159 1 2. 55 O. ....O.iO

'0 3.71 O. -0.10 dO 20.CO O. -0.10 120 4 • 51 C. -0.10



I',A THEr-j" TI (AL SIl~UlATION -OF (ARBbti MO:~OXIOE DISTRlBUTION IN THE ATMOSPHERE
TWO DIMENSIONAL FINITE ElE/~,ENT FOR HORIZONTAL PRQOLEM5 or VARIABLE THI{K~JE'3S

INITIAL APPLICJ\TIO~l TO THE FAIRBANKS, ALASKA ArRSHED ... ~

TEST DATt, TO CHECK NORTor;':; APQIL 2R CHA~GES

.... RESULTS AFTER 19 HOURS Of DYNAMIC SI:~UlATI0:\" ••

••• CONCENTRATIONS ARE MEAN VERTlCAL VALUES.".

OUTPUT rOR r:ODES 1 TO 1 59 . .. THE syr'lS0L • DENOTES A :,Pt:CI FlED VALUE
NOD E CO~: C x-v E l v-VEL iiO 0 E CONC x-VEL V-VEL NODE CONe X-VEL v-vEL NODE CO'~ C x-VEL Y-IJEL

~! V~<l P p-~ i.',1 S 0;: ( /.• Is J: ( tap·\ F'?j.) i-jl SEC :.', I 5 ~C ~IU :1 PP(,l r~;/SEC r-il 5 E ( NU:~ PP :~ M/SEC :011 sse
1 Q. • O. -0 .. 10 I. 1 '1. D5 O. -0.10 a1 9,,09 O. -0.10 12 1 ) • 35 O. -0.10

2 lJ • • O. -C.1G 42 t..P-? O. - 0.10 82 5 • 74 e. -0.10 122 1G.2e o. -0" 1a
3 o• • O. - O. 10 '3 7.68 O. - 0.10 83 '- 71 O. -0.10 123 6.32 O. -O .. iO

• O• • O. -0.10 " 9. , 1 O. -0.10 84 6.68 o. -0.10 124 11.22 O. -0.10

5 O. • o. -0.10 45 a•~ 1 O. -0.10 85 8. U O. -0.10 125 32. e e o. "0.10

6 3. 2 5 O. -O~1Q f. , 1 2 . 51 ~. -0.1 J 86 2 G ~ 5 I, G. -0.10 126 ?lJ •.~ ) -. -C.1:;

7 1.~67 rJ. -0.1 r; 47 1 1 .. 5 5 D~ -0.10 1'\7 36.C6 a~ -c," 1 J j 27 2t..~~2 " . " .0- ¥. ' ..;

8 3 .. '} 5 O. -:] ~ -: S' f.8 1 3 .05 ~. "-0.1,) sa i 9 .. i £0 c. -C,,10 123 6 ':1 ~ "12- ,'j • -O.iC
9 3.G3 O. -0.1 C .9 1 1 • 3a o. -0", F} 89 G.6G O. -0.10 129 <;.'J2 C. - c .. ~ a

10 1.02 O. -0.10 50 0,,01 O. - O. 10 90 25 • 01 C. -0.10 130 27.(;5 O. -0.10
11 0.05 O. -0.10 51 O. • o. - 0.10 91 22 .Ii 1 O. -0.10 131 55~9'J D. - 0.10

12 3.b1 O. -0.10 52 -0.13 O. -0.1 C 92 9.36 O. -0.10 132 l, '- ~ fJ 2 1. -0.10

13 O~52 J. -11.1 Q '3 15.03 n. -1}~iO 93 39 ~ 95 O. -O~1Q 1~3 2 2 ~ IJ ', c. -c ~ 1 Co

14 O. • '1~ - CJ .. 1 CI 5G 2~O0 O. -0.10 94 4.60 O. -0.10 1 3 G , t:. 1 1 O. - 8" "1 2
15 3~2a o. -0.1 J 55 ... C' ..-JO O. - o. 1D 95 15~2a o. -0.10 13'5 11... (".:;:. 0. -8.1']

1 f) 6.2
'
, O. "';J. , 0 56 3J17 D. -0.10 96 5 • 3 7 O. -0.10 136 ~.cu r. -O.IJ~.

17 6.62 O. -G .. 1 G 57 l, • 25 n .. 0 .. 10 97 -0.01 O• -0.10 137 18.53 O. - 0" 10

1 8 '- 51 O. -0.10 58 5~ql, q~ -0.10 98 1 • 19 O. -0.10 135 1 5. 1 3 O. -0.10

19 7.27 O. -0.10 50 1 5.60 O. - 0.10 99 11. 23 O. -0.10 139 O. • O. -0.10

20 G~3~ O. -0.10 60 9.69 O. -0.10 100 17.03 O. -0.10 1.0 D.n O. -0.10

2 j 6.93 O. -0.10 61 59,,1f. O. - 0.10 101 2 • 1 5 O. -0.10 141 6 .. 71, O. -0.10

22 5~6a O. -0 ~ 10 02 7~Q6 O. - 0.10 102 9.69 O. ...0,,10 11,2 t. • 3 1 O. -C. 10

23 3.03 O. -0.10 63 11. 6 1 O. -0.10 103 16. eo D. -C.I0 143 15~69 C. -C.iO
24 G• 1 2 C~ -0.10 6' 1C1,,{,6 O. -0.10 104 16" 5 3 C. -0.10 14 G G• 2 1 O. - 0.1 D

25 1 • 4 S O. -0 .. 10 65 1 5 • 1 2 O. - O. 10 105 B. 25 O. -0.10 14\ 9.67 C.. -G~10

26 2.49 O. -O.le 66 22.39 O. - 0.10 106 12.73 C. -0. j a 146 ?" 1 7 O. -0.10

27 -0.08 O. -0. 10 67 O. • O• - 0.10 107 22. 15 O. -0 .. 10 147 6.85 O. - 0.10

23 O. • O. -0.10 68 0.17 O. -0.10 108 17.34 O. -0.10 14B 1 • 1 7 O. -0.10

;>9 1 1 .63 O. -0" 18 69 9.24 O. -0.10 109 1 7 • 4 5 O. -0.10 149 0.92 O. -0.10

3D 1 3 ~ 9 ? G. -0.10 7') 4.46 O. -0.10 11 0 2.FO O. -0.10 150 21. 07 Q. -0.10

31 1 3 ~ 6 2 O. -0.10 7 I 6 .. (lO O. -D.l0 11 1 7.79 O. -0.10 15 1 17.22 O. -0.10

32 11.62 O. -0.10 72 5.80 O. - o. 1Q 11 2 56.80 O. -0.10 152 16 .. t.O O. -0.10

~3 B • 1 8 O. -0.10 73 15.7 B O. -0.10 11 3 3.69 C• -0.10 153 11 • 85 O. -0.10

34 4.65 O. -0.10 74 14.47 O. -0.10 11 4 2.71 O. -0.10 154 6.02 o. -0.10

3S 6.92 O. -0.10 75 13.69 O. "0.10 11 5 1 .57 O. -0.10 155 12.92 O. -0.10

36 3.43 O. -0.10 76 R.32 O. -0.10 11 6 3.35 O. -0.10 156 1 1 .02 O. -0.10

37 1 5. 75 O. -0.1') 77 12 •• 0 O. - 0.10 117 3.05 C. -0.10 157 O. • O. -0.10

38 O. • O. -0,,1C 7t':J, L.. QS O. -0.10 11 R ~*D9 C. -0.10 15B 6.99 0 -0.1 :J'-' "

39 O. • O. -0.10 79 6.37 O. - 0.10 119 1Q. 71 O. -0.10 159 1 ? • "" o. - 0.10
t.O 3. 7d O. -0.10 80 19.46 O. -0.10 120 4. 25 C. -0.10



MATHEMAT HAL SI,'.1Ul.\TIOI4 OF CARBON ;·10~JOXIDE DISTRJBUTION t ~l THE "T~OSPHEP.E

TWD DIMFI1SIOIJAl FIN I T E ElEr1 E"lT FOR HOP.JlO~;TAL PrtO'3LEMS OF VARIABLE THICK/JESS

It~ITIAL APPLICATION TD T H!: FAIRBt>.N1(S, ALt,SKA AIRSHED~ ••

T E: S T O~TA TO CHE.CK ::nJ~TC:'l'S A?RIL 2e (11A\GES

~ •• RE5ULrS AF TEl? 20 HOURS OF DY,';".~!IC S r :"tUL A i 10:: •••

~"" (ONe ENT RAT JorlS ARE ME I~ ~J VE~TICAL VALUES ....

OUTPUT FOR iJODES 1 TO 159 ... THE SY'18QL . DENOTES A SP!::CIFIEO VALUE

NO'JE (ONe x-VEL 't'-VEL tlQDE (ON( x -VE L Y-V!::L :JQO E ( ONe X-VE L Y-VEL NODE CO'Je x - VE L Y-V::L

riU;, p Fi1 f'l SEC M/SEC rlU:'; P?··~ "J; IS E ( :.\ I SEC f!U:-l PPJ., f),/5fC /"./ S F. ( /'\UIo', P? '1 :1/5£( .... /5£C

1 u. · O. -U. 1G , 1 1 [] • 55 O. -0.10 .11 9 • 31 O. -0 ~ 1:J 1 2 1 G.?5 O. -0.10

2 J. • O. -0.10 '2 1... 1 ':) O. -0.10 82 5.37 O. -0.1'] 122 1 3.75 O. -c. 1 C

3 O. • O. '- 0 • 1rl t,3 7.38 O. -0 ~ 10 83 , • 1 , O. -0.10 1 2 3 5 • , 1 o. -0 .. 1!}, o. • O. -0.10 " 7 .. 1:,4 O. -0.10 R, 5~e2 O. -0.10 1 2 , 1 1 .. 6 1 O. -0.10

5 O. • O. -0.10 , 5 8~67 o. -0.10 85 7.95 O. -0.10 1 <5 52. 57 O. -0.10

6 3. 31 o. -0.'0 '6 12.07 C. -0.10 86 24~66 O. -0. 10 126 8t..73 Q. - 0 .. 10
7 4 ~ 6 7 o. -O.lJ (,7 1 ::; .. 5 3 r. -[I~iC 87 35 .. 5 J D. -0.10 1 ~ 7 ".31 Q. -c. 0:.
f 3.1 :j O. -G.1J 1,8 1 1 .,S 2 n. -0 .. 10 ?B 1 ? .. 62 C • ~[J. 1 I) 12~ 7 L 31 J .. -f). '':

" :5 .. 2 9 o• -'J. F1 t,9 1 1 • &3 Q. '-0 .. 1C 0, I. .. 1-5 O. -G~10 129 3 .. .) 7 Q. -0. 'i.J

10 '].83 Q. -G .. j C 50 9~74 D. -0.18 90 25.82 C.. -O~10 130 25. ·:n O. -0.1)

11 - 0 .o? O. -O.1[J 5 1 O. • o. - O. 10 91 23.27 O. -0 .. 10 131 4e~36 o. -0 .. 1']

1 2 3.52 O. -0.10 52 -0 .. 27 O. - 0 ~ 10 92 9.90 C. -0.10 152 40.65 O. -0.1']

1 3 0.37 o. -C~10 53 1 5. g 2 o. - 0.10 °3 t.5 • .5 t. O. -0 .. 10 133 21.33 Q. -0 .. 1:!

"
n • o. -').1[1 5' 2.05 D. - 0 .. 1:J 9, 4.69 C• -D.'!iJ 1:: t. 1 5 .. t. 5 Q. - C ~ i ::

1 5 ;.33 r: • -[J~iO 55 -I": .. ~ 7 O. -0 .. 1 iJ 95 1 l.. .. 6 3 C• -G.ln 1 3 5 1 t.. Zr.. C. ·-C.1:

1/j 6.29 o. -n. 10 .56 2.66 c. -C.l0 96 4.)6 C. '-0. 1 C i .) 6 6.':,:2 0 .. - C ~ 1:'

1 7 6.70 O. -':1.10 57 "3.91 O. - G .. 10 97 -0.15 O. -(; .. 1 0 137 19.69 o. -0.10

1.q 4 .. t. ) O. -0 .. 10 53 5.35 O. -c. 10 9~ 1. 09 O. ~o. 1Q HA 1 5 • l. '? Q. -0.1)

19 7 .. 1, 6 O. -0.10 59 1 5 .. 3 7 0·. -0.10 99 1 1 • 67 O. -c ~ 10 139 O. • Q. -0.10

2'1 4.C'? O. _rJ .. 1 0 60 r:, .. l.!. o. - 0.10 100 16.06 C • -C .. l0 "0 -Ii.16 C• -8.10

" 6.56 U. _Ij. 1 'J 61 59.6~ co. -0.1.) 101 1 • e(, C. -0 .. 10 1 t, 1 7.2E o. - Q. 1:J

22 5 • 31 I.i. -0.11] 6/ 7.DS o. -0.10 102 10.20 O. -0 .. 11) i!" 2 S. GO n -D.1Jd.

23 2~f.'1I O. - iJ ~ 1(1 6:< 1 ? • ~ 5 O. - 0.10 103 17.63 O. "'-0. , J 143 1 5. 76 O. -0 .. 1 0

2 t, J.90 U. -0.10 64 1 1 .. 03 O. - O. 10 lU, 1 7 • "6 O. -0.10 1 t.. to 3 .. ~9 D. -0.10

25 1.00 D. -0.10 65 17. 2~ O. -0.10 105 6. 72 O. -0.10 1 "
9.30 O. -0.10

26 2.'5 O. -0.10 66 23.60 0. -0.10 106 13.28 D. ~O. 10 lH e. 52 O. -0.10

27 - 0.17 O. -0.10 67 O. • O. -0.10 107 23 • 1 2 O. -0.10 "7 6.5R O. -0.10

28 O. • O. -0.10 68 O. " O. -0.10 108 17. 62 O. -0. 10 "8 0.78 O. - 0.10

29 1 2 .36 O. -0;, 1 0 69 9.29 o. -0.10 109 18.26 O. -0.10 "9 O.col O. -0.10

30 1 4 • .: 6 o. -0.10 70 '.?7 o. -0.10 110 2.50 O. -0.10 150 20.90 Q. -0 ~ 1:J

31 1 2.99 O. -0.10 71 6.34 o. -0.10 111 7.54 O. -0.10 1 5 1 16.92 O. -0.1 Q

32 11.43 O. -0.10 72 5.26 O. -0.10 112 58.05 o. -0.10 152 16 .. 76 O. -0.10

33 8.54 n. -0.10 73 1 5 ~ 92 O. -0.10 113 3.,9 O. -0.10 1 53 11. 87 O. -0.10

3, ,.23 o. "'O~10 74 ".71 O. ~ 0.10 11 , 2 .52 C. -0.10 154 5.65 o. - 0.10

35 6. B1 O. -n .. 1ri 75 ".61 O. -0.10 11 5 1. 50 O. -0.10 155 ".90 O. -0.10

36 3.2' O. -0. 10 76 9. 12 O. - O. 10 11 6 3.2'; O. -0.10 1:;6 1 2. 1 J O. -_8. 10

37 1t.82 O. -8.10 77 1 2.85 D. - 0.10 117 2.96 O. -0.1 U 157 O. • o. -0.10

30 C. • o. "'(L 1 0 78 l. • 7 5 D. -0.10 118 '.OR C. -0.10 158 7 .. 2 3 O. -0.10

39 O. • O. -i1.10 79 5.' 6 O. -0.10 119 9.25 o. -0.10 1:;9 12.62 O. -0.1)

,0 3.78 'l. -0 .. 1 :J 30 19.00 O. -0.10 120 , .20 U. -0.10



MATHEMATICfl-L SIMULATION OF CA~80~J MONOXIDE DISTQI8U1ION I'll THE t,nJlO$PHER~

T...:O DI·'1ENS!O~,)AI.. n;.,:ITE ~LEtI.E',JT FOR HORIzarHAL PR03L EMS OF VA~lA8LE TH1C"NESS
H: r nAL APP:"ICATIO~; TO THE FAIR3A:H~S, f,U,Sl(f, AIRSH'::!);, ••

TEST DATA TO (tl EO: tJOPTONIS APRIL 2f, CHtd~G£S

••• RESULTS A. F fER 21 HOUR S OF DY~JJ\f"lI( SIMUlATIor~ ....

••• CONCENTRATIQrI5 AI"'E !·1 [ 1\ ~J VERTICAL V!;LUES •••

aUTP\jT FOR ':09£5 1 TO 15 ? ... PH SYf'80l • DErJ07ES A S:;lECIFlED VALUE

1jO~t: cmlC X-VEL V-VEL ~1 09 E C(;.; C X -VEL Y-v EL ~I ODE C0 ~!C X- 1JEL V-VEL lJ 00 E CQ:J( X-VEL V-VEL
UUM PP,\l "<\/5 E C I-' / 5 E t tlUM pD'''l :~/SEC :1/SEC NU1>j PPf'l i1/ SEC 1'1/ SEC ~: tj t"l po .~ :... / 5 EC ~/SEC

1 O. • O. -G.iO " 9.2·Q D. -0.10 81 9.66 C. -0.10 1 2 1 t. • 4 1 O. -0.10

2 O. • O. --1.10 t. ;? 3.65 O. -Q.10 B2 5.02 O. -0 .. 10 122 1 3.07 O. - 0.10

3 O. • O. -0..1') '3 8.01 C. .. n. 10 83 3 • 4 1 C. -O.lJ 123 t. • ,~.? O. - 0.10, r. • G. -('.10 ' , 6. 33 C. -01 .. 1J fI,t. I, • t 1 O. -0.10 ~ 24 1 1 .. 56 Q.. -0.10
'"

5 '':'. • o• -;-,.1 Q I, 5 :L l:~ Q. - C. 10 85 7.23 O. -0 .. 10 1 2 5 2~.q'1 O. -0.10

(, 3.37 D. -O.i(' ,6 1 1 .36 G. - 0.10 86 21. .. ~J O. -[). '1 0 126 73 • .:.;:: 0. -0.1']

7 4. 6" C. -O.1fJ 47 9 • I, 7 n. -0.10 B7 31.26 O. -0.10 127 22.3? O. -0.10

8 3.00 D. -0.10 48 9.:n O. - 0.10 88 19. 50 G. -0.10 128 69 .. 2G O. -0.10

9 3.1 2 O. - D. 10 l,9 12. ,~ o. - 0.10 89 1. .. 69 O. -0.10 129 8.27 O. - 0.10

10 0.65 O. -n. '10 50 10.50 O. -0.10 90 26.17 C. -0.10 130 23.73 O. -0.10

11 -O.C'O D. -). i Q 5 1 C. • G. -:J. 10 91 2t,. i 6 O. -0.10 1 3 1 4:;.'J5 O. -0.18

12 3. t. 2 o. -D.1 C 52 -8.:'6 ll. - C. 1D 92 1 G. ~,p O. -0.1C 1::'2 .3 s. ? ~ 0 • -0.1 a
1 3 o.21 O. -C .. iO 53 1 6. :; 5 0 -0.10 93 1.9. ~d ~ . -0.1'] 133 1 ? • ., 5 o. -0.1)'-' .
1 4 O. • o. -Q. 1 0 54 1. ?9 O. -0.10 94 t. • !. 6 O. -0.10 13 I, 1 ') • t. 7 O. -,J. 1 0

1 5 5.36 O. -0.10 55 -0.62 O. - 0.10 95 1 4 • 32 O. -0.10 135 1 4 • 2 5 O. '- 0.10
16 6.27 O. -0.10 56 2 .. 2 1 O. -0.10 96 3.57 O. -0.10 136 t. • .l33 O. -0.10

17 6.73 O. -0.10 \7 3. 5'J 0. -0.10 97 -0.2., C. -0 .. 11) 137 2D.3t. O. -0.10

1 <; 4.39 n . -[}.1C sR 4.')9 O. -G.1D 98 0.98 D. -0 .. 1 0 1 ~;.< 1 t:. G5 O. -0.10

19 7.61 D. -C.10 S9 1 5 • 20 0'. -o.n 99 1 1 .. C9 O. -0.1'] 1,59 r:- • o. -0.1 U

2':' 3.70 O. -0.10 60 7.9iJ G. - 0.10 100 16.02 O. -0.10 14 () -0.33 O. - O. 1'J

21 6. " O. --C.1G 61 5 '? • t'.9 O. -0. 1~ 101 1 • 50 Q. -0.10 1 t. 1 I' .. 1 5 O. -0.10

22 4.90 O. -0.10 62 6.80 n. -0.10 102 1D .. o<} O. -0.10 1 t. 2 5.20 O. - 0.1 a
23 2.73 O. ~0.10 63 1,L 1 1 O. -0.10 103 17 .. 98 O. -0.10 143 1 5. 19 O. -0.10

24 3.65 O. -0.10 64 1 1 • 5 6 O. -0.10 104 16,,72 O. -0.10 144 3. 1 5 O. -0.10

25 G.53 G. -0 .. 1 J 65 1 9. 1 2 O. - 0.10 105 5.20 Q. -0.1 C "5 8.61 e -0.10".
16 2 • 4 1 O. -0.10 66 24.33 O. -0 a 10 106 1 3 • 51 C. -0.1 D 146 5 .. 09 O. -0.10

27 -::J.26 O. -0 .. 10 67 O. • O. -0.1 C 107 22.70 O. -0.10 147 6.13 o. -0.1 Q

28 O. • O. -0 .. 10 65 11.12 O. - 0.10 103 1 7 • 2 a o. -0 .. Hj ,,~ [0. 4 3 O. -0.10

29 1 3.00 O. -0.10 69 9.18 O. -0.10 109 18.73 O. -0.10 149 0.39 O. -0.10

30 14.11 O. -0.10 70 3.99 c. -0.10 11 0 2 • 21 C. -0.10 150 19.68 O. -0.10

31 1 2 .01 O. -0.10 71 6.06 O. - O. 10 111 7 • 1 2 C. -0.10 15 1 1 6. 21 O. -0.10

32 11.01 O. -0.10 72 4.72 O. -0.10 11 2 58.62 O. ~O. 1 0 152 16.59 O. -0.10

33 5.7l G. -0.10 73 1 5. 93 O. -0.10 11 3 3.27 O. -0.10 153 1 1 • 4 7 O. -0.10

3' 3.GD O. -0.10 74 1 {, • 20 O. -0.10 114 2.3' G. -0.10 1 5 4 5. Z5 O. -0.10

35 6.59 O. -0.10 75 ".46 O. -0.10 11 5 1 • 4 3 O. -C.l0 155 1 6. 71 O. -0.10

36 3.07 O. -1l.1C 76 10" n1 O. - 0.10 11 6 3.26 O. -0.10 156 1 3. 1 7 O. -_0. 1 0

37 1 7. 7 3 O. -l' .. 1 D 77 1 3. 'i 4 O. - 0.10 11 7 2.89 O. -0.10 157 O. • O. -0.10

38 O. • O. -0.10 78 4.00 O. --(1.10 118 4.04 O. ~O. 10 153 7.39 O. -0.10

39 O. • O. -0.10 79 4.28 O. -0.10 119 7,,65 O. -0.10 159 1 2.04 O. -0.10

1,0 3.71 O. -0.10 80 18. 61 O. -0.10 120 4.25 Q. -0.10



1"1 ATHE"''! T ;(t~L :;H~ULflTION 0' CARSO,'; ;·:OrH)XlDE DIS RlBUTlor~ IN THE AtMOSPHERE
T!..' 0 D!;t,E,'JSICN~L F1"'UTE ElEI'. E~J T FOR I-lOR!lO';TAl RCBlEMS OF VAR lABlE THIC'<NES5

I~.ITIAl APt:tL I [,H IG''; TO THE FAIR5A~JKS, ,'..Lf,Si(f\ A RSH(D ......

TEST DATA TO CHr::CK ;')ORTO,~J'S r,PRlt 28 (HMJGES

..... RESULTS AFTER 22 HOUJ1S OF D YN J\ 1": I C sn'UlATION ....

.... [O~:CErlTRATIONS ARE /·:E A'-j VEriTI~AL V/ILUES ....

OUTPUT FOR IJOOl:4 1 TO 1 59 ... THE sn\80l • OE~~OTES A SOECIFlED VflLUE

fJ 00 E [ON[ X-vEL V-VEL NOnE [ Q:.j[ x -vt: L v-VEL NOD E [01\'[ X-VE L V-VEL NODE [(J ,'J C X-VEL V-V l

rJut·1 PPi'l ,\1/5E[ "i f SEC rWM PP:·1 ,\1 f SEC I'll S t: [ NU,.1 PPfol M/sEC r-ll SE C "'UM PP ~'l :'l I S E ( t".1 S C

1 " • O. -0.10 41 9. 1 7 O. - 0.10 8 1 9 .. c6 O. -0.10 1 2 1 3.130 O. -G .. 0d.

2 O. • O. -0.10 '2 3. f. 4 O. -0.10 82 I. • 72 Q. -0.10 122 12.03 O. -r.:oO -
3 O. • G. -:] .. "10 43 0.05 u. -0 .. i 0 P,3 2 .. c.~ D. -0.' a 123 I• .. 'i? C .., J. · O. -0.10 4/, S.29 O. - C. 10 8' 3.62 G. -0.10 124 11 .. ~ 0 O. -G.iJ
5 O. · Q. -O.1fJ , 5 7 • ~ 1 D. -0. i 0 85 6.36 O. -0 .. 10 1 2 5 26.G8. O. -(.10

6 3. " O. -0.10 '6 10.60 O. - 0.1 n 86 24 _11 O. -0. 1C 126 60.73 Q. -c 01 J
7 4 .. 5 9 O. -0. 10 47 8.77 O. - 0.10 87 27.73 O. -0.10 127 20.33 O. - C.. i J

R 2 • F 1 O. -0.10 4b 8.68 O. -0.10 88 1 8 • 55 C. -0.10 128 63.71 O. - G.. 10
9 7..95 O. -0.1 Q ,9 1 ;: • P, 3 O. -0 .. 10 89 5 .. ,,~ O. -0.1:) 129 8. 'J t, o. _c· • i ':.

1 D 0 .. 1.7 O. -C.F,} ')(1 1 1 .27 0;, -0. , U 9'1 2S.C:6 " -D.10 13>0 £Ie. =-8 ;..: .. - - . """. _ .. , ~'

1 i - C.. 1 t. Q. _r.• 1 8 51 c. • C. -0. H} 91 25. 1 5 O• -0.10 131 320 37 D. - -. ' '-'

1 2 .3.:5 2 O• -00 1 0 52 -O.f.5 O. -0.10 92 10.79 O. -0.10 , 3 2 3 , • 1 6 O. - Co" :.

1 3 0.05 O. -I] • 1 0 53 17.03 O. -0.10 93 52.52 o• -0.10 133 1 " • 1 6 O. -C.iO
14 o. · O. -0.10 " 1 • 9 1 O. - 0.10 9' ::; 0 1'3 C. -0.10 1 3 l, 1 5 .. U1 O. -0.10
1 5 5.39 O. -0.10 55 -0.77 O. -0.10 95 1 4 0 1 4 O. -0.10 1 3 5 1 J. 97 O. -0.10
1 i, 6 .. 2 1 O. -0.10 56 1 • ? 7 O. -0. j 0 96 2.03 C. -0.10 136 2 .. so O. -:1.1':

i I 6 .. 71 O. -:. 1 0 " ;" 'J2 0 .. -0 .. 10 97 -0.39 O. -0.1 i] 1 ::; 7 20 • .';6 O. - Q. ':'

H' 4 0 :3 2 O. -0.10 51l 3 • E: 9 ooO -0 .. 10 98 0.b5 O. -0.10 138 1 b .. '56 G. - c. 1.)
1 9 7 .74 O. -() .. 1(" 59 1 5 .. 09 C. -0.' 0 99 1 1 • S 1 O. -O.lD 139 O. . O. - ':' .. 1J
20 3 • (: I. O. -8.1ll /00 iL 1 f. C. - D. 10 100 15.00 O. -0.10 14Q -O.f.? o• - ~ 0 "J
2 1 5 .. 7 4 O. -0 .. 1 J 1,1 SO .. f16 O. -0.10 101 1 • 14 O. -0.10 '" 7. 1 3 O. - o. i G

22 1..56 O. -0.10 62 (,.30 O. - O. 10 102 1 1 • 09 O. -0.10 14? 5. 39 G. -0.10

23 2 .55 O. -0.1 D 63 13.86 O. - 0.10 103 1 7 • 74 C. -0.10 143 1 4. 3 ? O. - 0.10
14 3.39 O. -0.1 C 6' 12.03 O. -0.10 ,04 15 .. " 6 O. -0.10 '" 2.62 O. -0.10

:? S O.cS n . -:1 .. 10 6S 20.S.q O• - O. 10 105 '.48 O. -G.1O 1 L. 5 7.70 D. -e.1S
/6 2.36 ll. -0. i 0 66 2 I. 0 19 O. -0.10 106 1 2 • b 2 e. -0.10 146 8 0 16 Q. - c. 1::

27 -LJ • .:on a. -0.10 r'j7 O. • G. - 0.1 (1 107 20.94 Co -O.lJ 1/.7 5.62 C • -'J. 1J

/8 C. • O. -0.10 68 D. 10 O. -0. Hl 108 16.1,6 O. -0.10 148 O. i l, O. - J o 10

29 1 3.50 O. -0.10 109 H .. 97 O. -0.10 10? 18.92 O. -0.10 149 0.89 O. -G.iO
30 1 3 .5' O. -0.10 70 3.6R O. -0.1 n 11 0 2. Q1 G. -O.ld 150 18.03 O. - 0.10
31 11 .25 D. -0.10 71 5 • 5 '/ O. -0.10 111 6.65 O. -0.10 1 5 1 15. F O. -0.10
32 10.6 t. O. -0.10 72 4.3/, O. - 0.10 112 50.77 O. -0.10 1 52 1 5. 4 2 O. -0.10

33 S o 7l, O. -O.11l 73 1 '5 .81 O. -0.10 113 3.G5 O. -0.10 153 10.49 O. -C:.10

34 2.91 0 .. -O.lU 7/, 12.98 O. -0.10 114 2 • 18 O. -0.10 1 :; 4 l,.oQ O. - c:. i D
35 6.34 O. -0.10 75 16.12 O. -0.10 11 5 1. 35 O. -0.10 155 1 8. 2 3 O. - 0.10

36 2.94 O. -0.10 76 1 1 .01 O. - 0.10 116 3./7 C. "0.10 156 1 4 • 1 7 O. _-0 .. 10

37 1 a. 37 O. -0.10 77 12. ~s O. - 0.10 117 2. B4 e. -0.10 157 C. • Q. -0 .. 10

38 O. • O. -0.10 78 3.06 O. - 0.10 118 3. 94 O. -0.10 15~ 7.42 O. -0.10

39 O. • o. -0.10 79 3.25 c. -0.10 119 6036 O. -C.l0 159 1 1 • 1 B u. -0.10
1.1 3 .. 55 O. -0.10 ~o 1 " • 2 1 O. -0.10 120 4.26 O. -0.10



,'j Ark EI·lf, T r (I., L srnULATION OF C"I,R::lO.\ :'lCUOXIO~ DISTRIBUTIO~J IN THE Ai!"~OSPHEPE

Tw 0 [)Ir'~ENSIONAL F I rJ i T E EL[:'1ENT FOR HOP.I znlJT f,L P,~08LEI.\S Of VtdUABLE THICKNESS

IIIITI,il APPL 1 (f,r IO~J TO THE FAIRSf,:JY$, ALASt-:lll'!RSHED •• _

IE :; T DATA TO C!leCK f:ORTO~.IS APR IL 2E (HArJGES

.... I::ESULTS A,FT::" ~3 H,)Ur.> S OF iJ ~' J t,'.\ !. C S j /.'l) L ,~ T ! 0'! '0 ••

.... (0,',( :::HPAi I :ms (l';.:E PE f\ ~J V::;<TICAL :Jf.,lUES •••

OUTPUT FOR f~OCtS 1 TO 159 . . . THE SV:~?OL 0 !)ENOlES A SPEC I FlED Vi\LUE ...
:JO!)F: (01: C X-V E L V-VEL NOnE CQNe X-'JEL V-VEL NODE coNe X-VEL v-vEL NODE CONC x-vEL V-VEL

I;U:" PPi" '/ / St C (·t / SEC ~.;u :·1 p D '.~ '·1/ SEC r·USEC NUj·! PPN I-~/SEC :-:/ SE( !\Ul-l pprJ! 11/5£( /0'/ SEC

1 Q. 0 ['l • _('1.' Co '.1 ? • 5 7 \;'. - C. 1Q a 1 9.72, C. -0.10 1 2 1 3. <3 u. - 8. 1 J

:: ': . 0 !'). - C'. ; C: l. 2 3. t, C r -:J. 1 C· '.1.2 I.. ... 2 C. -D.1J 122 11. 1!. - C. ~ J~ .
3 O. . O. ;, . '"' , 3 7.'-'~ C. - C. ; 'J .~ 3 2.3:1 C. -C.1] 123 5 .. 1..0 G. -':·.1J

-,., • 1'-', Q. 0 O. -G. 1 C I, , 5.06 c. -C. 1n .34 3. [01.. C. -0.10 1" 10. ? 5 C. -G.;]

5 C. 0 o. -0.1n <5 6 .. 28 O. -0.10 85 5'0 I.. 1 8 • -0.10 1 2 5 22.55 O. -O .. I!}

6 3.44 O. -0.10 46 9.~4 C. -0.10 36 22~98 O. -0.10 1<6 4 S. 1 5 O. -0;0 1a
7 4 • 52 O. -~. H' '7 J;:.:: '5 C. "'-O.lQ 97 23.2D a. -0.10 127 1 8.22 Ci. -0.1 Q

, 2.62 o. -:. i ':;- f, ~ F • 1/. n -(). 1n 88 1 ? • lJ 5 C. -0.10 1<8 55.62 .. - D. ',:;

9 2.77 O. -0.1 G 1.9 1 2. ,~'J O. -0.10 89 5.73 C. -0.10 129 8.88 ." . -c. 'J

1 r C.3C o. -(j. 1 n 50 12.°6 O. -0 .. 10 90 2'.67 C. - O. 10 130 ; 8. Q.3 0 .. - G. 1 C'

1 1 - G. 1 ? O. - 0 • 1[; \ 1 O. • o. - (} • 10 91 25.62 IJ • -0.1 a i 3 1 ,\. os w. - C. 1C

1, 3.,1 O. -0.10 '2 -0.52 O. -0.10 92 11 .20 O. -0.10 1 3 , 26. SO O. - 0.1 C}

13 - 0 .. 11 O. -1J.10 53 1 7 • 21 D. - 0.10 93 54.49 O. -0.10 133 16.86 O. -0.10

l' o. 0 O. -0.10 54 1 • 7 'J O. - 0.10 94 3 • 1 5 O. -0.10 1 3 , 1 5. 59 O. -0.10

1 \ 5.' 0 O. -0.11) \ 5 -(1.p.:; 0 .. - G. 10 95 1 3. 57 C. -0 .. 1 a 135 1 3. 1 9 O. . -0.10

16 6.1 , r. • -].10 06 i .37 C. -0.1 U 96 ,.,0 o. -0.10 ;·36 C. I.. 5 O. - C. i C)

17 6.65 O. -0 .. H) 57 ? I. 7 C. - o. 10 97 -0. '.? O. -0.10 137 2(}.7J O. -0.1]

1 8 1...26 O. -0.10 53 3 .. 1 9 D. -0.10 98 O. 70 O. -0.10 138 1 {). (\ 1 C. -0.', C

19 7 .. g 2 O. -0.10 '9 l li.S3 d. - 0.10 99 11. 1.5 O. -C.l0 139 O. 0 O. -0.10

20 ,.7, O. -0.10 00 ,~L 3f. D. -0.10 100 13.30 O. -0.10 140 -0.63 O. -0.10

21 \.38 O. -0.10 61 56.53 O. -0.10 101 0.78 O. -0.10. 141 7. 0 1 O. -0.10

2< 4 • 2 5 O. -tJ. 10 62 5.66 O. -0.10 102 1 1 .. 27 O. -0.10 14< 5.58 O. -0.10

<3 2.36 O. -11.10 63 1 4.53 O. - 0.10 103 17.06 O. -0.10 10 13.26 O. - o. j 0

74 3.13 O. -0.10 64 1 ,. '0 o. -0.10 104 14. 17 O. -0.10 14' 2. 1 I.. C. -o.'1~

,5 - 0.3' O. -0.10 65 ".67 D. -0.10 10\ 4 • 6B O. -0.10 145 6.72 O. -G.1G

,6 2.35 O. -0 .. 10 66 ,5.16 O. -:J. 10 106 11 • 24 C. -0.10 146 8. 1 I} O. -0. , 0

n "0.0 o. -0.10 67 O. 0 o. -0.10 107 lB.'3 O. -0.10 147 5.07 O. -0'01(1

28 O. 0 o. -0.10 68 0.09 O. "0.10 lOB 1 5 • 35 O. "0.10 148 - O. 10 O. -0.10

,9 1 3. q 1 O. -0.10 69 B.64 O. -0.10 109 18.74 O. -0.10 149 0.90 O. -0.10

30 1 2. 7 2 O. -0.10 70 3. 34 O. -0.10 110 1.89 O. -0.10 1\0 1 6. 3 5 O. -0.10

31 10.60 O. -0.10 71 5.76 O. -0.10 11 1 6. ,4 O. -0.10 1 5 1 14.0?' O. - 0.10

3, 1 O. 16 O. -0.10 72 l, • 0 1 O. -0.10 11 2 SB.49 O. -0.10 15, 1 3 • .g, O. "0.10

33 g. 5 9 O. -0.10 73 1 5. 50 O. -0.10 11 3 '.b2 C. -0.10 i53 9.05 O. -0.10

34 2.19 O. -0.10 74 1 1 ;, 20 O. -u. 1 0 11 4 2 .. 01 O. -C.l0 1 5 , {,.43 O. -0.10

35 6.14 O. -0.10 75 16.83 O. - 0.10 11 5 1 • 2 5 O. -0.10 155 1 9." 1 O. -0.10

36 '.B3 O. -0.10 76 12.1)6 O. - 0.10 11 6 3.2B O. -0.10 156 15.07 O. ~0.10

37 1 B. 64 O. -0.10 n 12.01 O. -0.10 11 7 2.79 O. -0.10 157 O. 0 o. -0.10

3B O. • O. -0.10 78 2. 1 1 O. - 0.10 11 B 3.78 O. "0.10 158 7.33 O. -0.10

39 O. 0 O. -0.10 79 , • 5, O. -0.10 119 5.45 C. -0.10 1\ 9 10. 1 6 O. -0.10

40 L2~ O. -0.10 80 17.51 O. - 0.10 120 4.C4 C. -0.10



i"ATHEfo'ATICAL SH:ULATION Of CARBON i'lOU:)X!DE 01 STRI8UTIC~J IN THE AHIOSPHERE

TWO DI"\ENSIOfIAL FINITE ELE!1ENT fOR HORIZONTAL PROBLEMS OF VARIABLE THICKNEsS

I tJ I T I ilL APPL I CAT ION TO THE FA!G8AtJKS, ALASy,A AIRSHEO •••

IE S T DATA TO CHECK :JO RT IJ ~ll '3 APRIL 2,:) (H·'~JGES

... ~RESULTS ArTeR 20 HOU,~S Of o Y.'l,~~·11 ( sr:,·uLATID~j ....

..... CONCENTRATIONS ARE 1"1E t..N VEIHICAL VALUES .....

OUTPUT FOR NODES 1 TO 159 ... THE S Yr1a Dt . DEf'JOlES A SPECIFIED VALUE
NODE cONe X-VEt V-VEL NonE ( IJ ~J ( X-IJEL Y-vEL NODE e 0 r·~ ( X-VE L Y.... VEL NODE (ON( x-VEL y -VEL

t. U :.~ PP,"l r·:/ 5 E C r,ll SE( ,'J L: l~ pD:l ,:., IS E C r., I 5 EC NUI'l PPrl. t'oll SE( t>lISEC I\'U~ ppj", M/SEC I"./SEC

1 C• • O. -0 .. 10 " 7.~6 C. .... 0 .. 10 1;1 9. 11 C. -0.10 121 2.78 O. -0.10

2 O. • 'J. -8.10 02 3.36 O. -0.1!) 82 4. 00 c. ·0.10 122 10.03 O. -0.10

3 O. • C. -0.10 "3 7.84 o. - 0.10 83 1. 73 O. -0.10 123 5. 32 O. -0 .. 10

0 O. • fl~ -0.10 00 'j. ') 4 O. -0.10 80 ?67 O. -0.10 1 21, 10.06 O. -0.10

5 O. • O. .... 0 .. 10 05 5 .. 27 O. - 0.10 B5 4 • 41 O• -[1.10 1 2 5 1 9. 50 O. "0.10

6 3.l. 6 O. -G.1D 06 9.03 O. -0.10 M 21.10 O. -0.10 126 36 .. l.1 O. -0.10

7 l. .. I, 2 O. -[1.10 " 7.'71) C. - 0 .. 10 f7 19. (,!, O. -0.10 1 1 7 1 t.. • ~ 5 O. -c. i::,. 2 " l. "3 'J. -'2.1 f) 0' E.?O c:. -C. HJ 08 1 5 • .5 5 O. -0.10 128 "6. Q 6 G. -C.i':
G 2. 5 r, O. - C'. 1 0 09 1 2. l, 9 o. - 0.10 89 6.63 O. -0.1 J 129 c.?3 O. -[. , C

10 O. i :'I O. -D.10 50 1 ? 8 7 O. - O. 1 [j 90 12.59 O. -0.10 130 1 5 • .: 1 O. -0.10
1 1 - 0.2.3 O. -0.10 51 O. • O. -0.10 91 ? 5. 76 O. -0.10 1 3 1 2C.25 O• - Q .. i 0

1 2 3 .. 1 1 O. -0.10 52 -0.59 D. -0.10 92 " .58 O. -0 .. 10 1 3 2 2: 2 • 2 1 O. -0.10

13 - C.. ?? o• -0.1 C ,' 16.9~ O. - 0.10 93 ') 5. 71. G. -0.10 133 1 5. 5 2 O. - 0.10. ~

10 O. · O. -0.10 54 1 • 66 Q. -0.10 90 2.63 o• -0 .. 10 1}l. 1 5. ? 2 O. -0. ,:
1 S ;.39 0 -0. i:J )) -:]. :-(, .. - ~. 1'J 1)5 1 2 • 2d C. -0. 1 ':] ~ .~ 'i ~ 1 .'? Q 0" - D" 1C'
1 f) 5.<;';; C.. -~.• 1(1 56 1. 03 :J. -0.10 96 1 .. 63 O. -0.11) 136 - 1 • 'J 1 O. ':.~::

1 7 6.55 O. -0.10 57 1 "GO O~ -0.1] 97 -0. \7 O. -0.10 13 7 2 J .. 79 O. -C. , J

1 f. l. .. 1 ? O. -0.10 Sd 2. l.1 o. -0.10 98 (1 • 5 t. O. -0.10 138 16 .. 61 O. -0 .. 1:]

19 7.79 O. -0.10 59 1 l. .23 o. - 0.10 99 10 .. 91 O. -0.10 13? O. • o. - 0 .. 1[)

~C 2.16 O. -0.1 G (.0 ",.SO C. - 0.1 Q 100 1 2.3/, O. -0 .. "10 100 - 0.7 t. O. - 0 .. j (I

:2 i 5.0::, o. -0.10 61 5 1 .06 O. -0.10 101 G .. l. 1 O. -C. 1 0 . 1<'. 1 6. i 9 O. -G.jC
2~ :L~/. r.,I. -8. "1 0 62 !' .. ",a c. -0.10 102 1 1 • 17 C. ·0.10 i l. 2 5 • 7 (. O. -C.1[J

/3 2.17 O. _n., !) 63 1 :r • :; 2 O. -0.10 103 16.06 O. -G.l0 103 1 2 .. 16 O. _ n ~ '"'.......
10 2.k7 O. -0.1 () {J I, 1 2 .. () 1 O. - 0 .. ' 0 100 12 .99 O. -0.10 1 L, l, , • 72 0. - C1. 1 J

25 - 0.71 O. -8.10 C, 22.411 O. -0.10 1 iJ 5 5;, .3" o• -0.10 105 5.75 O. - 0. 1 Q

26 2.32 O. -0.10 66 25.52 O. -0.10 106 9 .. 1 7 O. -0.1'1 , I, 6 7.86 O. "0.10

2 7 - 0.55 o. -0.10 (,7 O. • O. -0.10 107 1 5 • 19 O. -0.10 1 0 7 o. 5 5 O• -0.10

28 O. • O. -{) .. 10 of 0.Q9 O. -0.10 108 1 t, ~ 09 C. -0.10 1l.? -0.27 O. -0.10

29 1 3. (; 9 O. -0.10 69 F. 1 9 O. - 0.10 109 18.20 O. -0.10 149 0.91 O. -0.10

30 1 1 .. 7 9 O. -0.10 70 2 .. '78 O. -0.10 110 1 • b 6 O. -0 .. 1n 150 14.66 O. - C. i 0
31 10.01 O. -0.10 71 5. 54 O. -0.10 1 1 1 1.57 O. -0.10 1 5 1 1 2. '59 O. -0 .. 10

32 9.50 O. -0.10 71 3 .. 1,6 n. - 0.1 D 1 1 2 57.64 O. -0.10 1 5 2 1 2 • 1 5 O. - 0.10

33 3.33 O. -0.10 73 1 4. 9 1 D. -0.10 1 1 3 2 .. 110 O. -0.10 1 5 3 7 .. l. 7 O. -0.10

34 1 • i\ 5 O. -0.10 74 9. " O. -0.10 114 1 • 85 O. -0.10 1 5 0 3.52 O. ·0.10

35 6.04 O. -0.10 75 17 .. 20 O. - O. 10 11 5 1 • 11. C. -0. 1 b 1 5 5 2 O. 27 O. -0.10

36 2.72 o. -0.10 76 1 3 • 11 G. - 0.10 116 3.1S O. -0.10 156 1 5.86 O. -0.10

~7 1 tl. • I, 5 O. -0.10 77 1 :).6/, O. -0.1 b 117 2.74 O. -0.10 157 O. • O• -0.10
'q O. • O. -8 .. 10 7~ 1 • :i 1 r -0.10 11 3 3. ,7 O. -0.10 ,,9 7 .. 14 O. -0.1 'Jh

3'} O. • O. -n. 10 79 2 .. 07 O. ~O.10 11 9 t. .. 71, O. -0.1n 1St} 9 .. 08 O. -0.10

0 2.9< O. -0.10 iJO 1 6 • 31 O. -0.10 120 3.55 O. -0.10



MA, THE,'~AT r CAL Sr:~UL,~TIO'J /) CARBIJ:-J MONoxIDE DIST~r8 TlOt) rrJ THE ATMOSPHERE
h.'O bl'·H:~~SION,~L FIiJlii: ELi·; t~JT FQ~ HOqrZONTAL PRQ3 E~S Of VARIA9LE THICKNESS
INITIAL APPLICAT!OI.. TO TH FA IR8;"'IKS, ALAS;<A AI~SH o.....

TEST DATA iO CHECK NOnTON'S APRIL 28 CrlANGES

••• RESUlTS AFTI:R 25 HOURS OF DYNAMIC SI~~LATION •••

.. • ~ CON CEN TRAT I C:J S ARE MfA~ VERTICAL VALUES •••

UUTPUT FOR NODES 1 TO 1 So ... THE Syrl,!:!OL • OE!~OTES A S:JEC I FlED VALUE
"lOnE COt: C x-vEL V-VEL ~JO DE CC"lC X-VE L v-VEL r-.:ODE CONe X-VEL Y-VEL NODE CO,"l C X "'VEL V-VEL

tJIJ M PPM 1"1 SEc :., I SE C f.. UI·' PPi·' I~/SEC (0', I 5 EC NUl., PPr-\ MI SEc M/SEC f'iUM pp:1. MiS EC M/SEC
1 O. • o. -0.1 0 41 7 • 1 8 O. - 0.10 81 8.06 C. -0.10 1 2 1 2.48 O. -0.10

1 O. • O. -0.10 4< 3.37 O. "0. 10 82 3.67 C. -0.10 122 9.87 O. -0.10

3 " . · o. -0.1 C '3 7.63 O. -0.10 83 1 ..... 1 C. -0.10 12 3 6. j l. C. " 0.10
4 Q. • O. -':'.1J 41. b. f.... O. - 0.10 84 2 .... I, G. -0.10 124 8. q ~ o. - 0.10

5 J. • D. -0.10 1,5 [, • l. ) O. - 0.10 85 3.55 O. -0.1J 125 1 7. j l O. -0.1 J

6 3.46 O. -:1.10 06 3. 1 I O. -0.10 86 1 S .. 71 O. -0.10 126 2' 7. 6 5 O. -0.10

7 4.30 C. -11.10 47 7.61 O. "0.10 87 1 6. 84 u. -0.1~ 1<7 1 ~ ~ ,) 1 o. -0.10

8 2.23 O. ....u. 1 0 48 8.52 O• -0.10 88 13.63 O. -O.lll 128 36 .. 79 O. -0.10

9 2.3e o. -0.10 49 1 1 • 71 O. - 0.10 89 7.61 O. -0.10 129 8-32 o. "0.10

1 D -0.02 o. -0. , I) 5~ 1 :.:. • 6l. O. - 0.10 90 19.96 O. -0.10 130 1 l. • 3'" O. -0.10

1 i - \1.27 n. -').1'] 51 1]. • o. -0.10 ? 1 24.74 O. -0.10 1 3 j 1 6. ,'J 2 G. - Q. 1a
1 2 3.02 O. -0.10 52 -J.6 /, Q. - 0.10 92 1 1 • 92 O. -0.10 1 3 2 1 d .. o3!" o. -0 .. 10

13 - 0.44 O. -0.10 53 16.27 O. -0.10 93 56.')3 O. -0.1] 133 1 .... 2' 2 O. -0.10

1 4 O. • O. -0.10 54 1 • 5 2 O. - 0.10 94 1.40 O. -0.10 134 1 ..... [, B O. -0.10

1 5 \.3d o. -0.1n 55 -0.82 o. - 0.10 95 10. l,3 O. -0.10 1 3 5 10.38 O. .-0.10

16 5.85 O. -0.10 \6 IL 75 n -0.10 96 1 • ':i 1 O. -0 .. 10 136 -1.60 O. -0.10

17 6.41 D. - tJ. 1 ,') 57 1.39 O. - 0.10 Q7 .... 1. ojl. C. -0.1 J 137 2 C. 75 O. -0.1 Q

1 ~ I, • 1 3 O. -~.10 \0 1 • 78 r~ . -0.10 98 0.3t,l O. -0.10 13~ 1 5. 91 O. - 0.10

19 7 .. 64 O. - [). 1 0 \9 1 3.3 < O. -0. HJ 99 10.33 O. -0.10 i39 n • O• -0 .. 1 0

20 1 • \ 9 O. -0.10 60 g. t} 1 O. - 0.10] 100 10.96 O. "0.10 140 -r..31, O. -0.10

21 4.71 O. -0.10 61 £.5.6[, O. -0.10 101 0.05 C. -0.10 14 1 6 .... 9 O. -0.10

22 3.63 O. -~.10 62 t...35 O. ..... 0.10 101 10.83 C. -0.10 142 5.~9 O. - 0.10

23 1 .99 O. -0.10 63 1 5.23 O. -0.10 103 ".82 c. -0.10 143 1 1 • 26 O. -0.10
24 2.62 O. ..... 0.10 64 1 2.63 O. -0.10 104 11.83 O. -0.10 ," 1 • 38 O. -0.10

2\ - 1 .iJO O. -I] • 1 IJ 0) 23.1<'. O. -0.10 10\ 5.9l. Q. -0.10 14\ 4.92 o. -0.10

26 <. zg O. -1.1f1 66 2\.86 C. - 0.10 106 7.87 O. -0.10 1[,6 7.40 O. - iJ. 1 0

27 -0.03 O. -0.10 07 Q. • o. -0.10 107 1 1. 42 O. -O.l~ 147 l, • 1 2 O. -0.10

2S O. • O. -0.10 68 0.09 O. - 0.10 108 1 2 • 83 O. -0.10 148 -0.33 O. -0.10

29 1 3.72 O. -0.10 69 7.69 O. - 0.10 109 1 7 • 42 O. -0.10 149 O.9!o O. -0.10

30 10.56 O. -0.10 70 2.64 O. - 0.10 11 0 1 .. 92 0. -0.10 1SC 1 2;, d 5 O. - n. 10

31 9.43 O. - O. 10 71 5.26 O. -0.10 11 1 5.02 O. -0.10 1 5 1 1 1 • .l, 8 O. -0.10

32 8.83 O. -0.10 72 2.75 O. -0.10 1 1 2 55.96 O. -0.10 1 52 10.76 O. -0.10

33 6.00 ~. -0.10 73 1 4 • 10 O. -0.10 11 3 2.39 O. -0.10 153 6.0\ O. -0.10

34 1 ~ 6 3 O. -~.10 74 7. 2 1 O. - 0.10 ," 1 • ., 9 O. -0.10 154 2.75 O. -0.10

35 6.05 o. -J. 10 75 17.3/. O. -0.10 11 5 1 .00 O. -0.10 155 20.S6 O. -0.10

36 2.59 O. -0.10 76 1 [, • 1 [, O. -0.10 116 3.24 O. -0.10 156 16.49 O. :0.10

37 1 7.87 O. -0.10 77 8.90 O. -0.10 117 2.70 O. -0.10 157 O. • O. -0.10

3R O. • O. -0.10 78 O.~2 O. -0.10 118 3. 33 O. -0.10 1\8 6.85 O. -0.10

39 C. • O. -0.10 79 1 • ? 4 O. -0.10 119 4.25 O. -0.10 1\9 8.03 O. -0.10

40 2.71 O. -0.10 80 1 t. .. 5 it O. -0.10 120 2.92 O. -0.10



;<1:\ THE r-:A T1 C/o. L SI;"~I:LAr O:~ OF CA J')r~ /-:O;':1X!DE: DISTRl~i.JTION !N THE ATMO~PHEPE

T,4 0 DPi E,,\ S! J Ni~ L F! rj I - ELEi'~E~i FC~ hS~IlO'JTAL PPORLE«S OF VARIAaLE iHICr.·JESS
l~IITIAL APPL I CAT IC:~ 0 THE F:\ R3r,~J";:S, AL~S~A AIPS4E~ •••

TEST DATA TO (HECK ,'JORTO;,'S APRIL 23 CHA~GES

••• RESULTS AFTE.R 26 HQU1S OF nYN4~!C SIYULATIO~ •••

••• CO'JCE~ITRATI~~S AQE ~~~N VERTICAL VALUES •••

CUT?UT FOR f!ODES 1 TO 1 59 ••• THf: SY;·180L * I)ENOTES A SPF:C IFTED Vf;LUE
NODE CONe x-v EL V-VEL NO')E C0 ~l C X-VEL V-VEL tl DOE CD~~ C X-VEL V-VEL tJOO E CO tJ C )('-VEL V-VEL

NU/ol PPM /0'/5 E ( M/SEC :J U~l P P ~~ ,"l I SEC MISEC NUr·l PPp, l"1/SEr MISEr I\U "'! PP'" ~/SEC M/SEC
1 c. • o. ~e.l0 1,1 6.43 o. -0.10 a, 6.77 c. -C.10 1 2 1 2 . .5'] G. -().iD

2 o. * o. -0.10 , 2 3. (' 1 o. -0.1:1 82 3 • :t. O. -0.10 In 9. t.. 0 c. -c. 10

3 'J. * O. -J.iO <'.3 7. : ,r~ o. -0.10 33 1 • 1 3 C• -0.10 12 ::. c.2l. o. - 0.1 D
4 o. • o. -0.1 n I. , 7.26 0 - fJ. i 0 3l. 2.22 C. -0.10 1 24 7. :: 6 o. -0.10
I G. * o. -S'. 10 , 5 3.73 O. -0.10 85 2.82 G. -0.10 1 25 1 5. 1 , o. - 0.10
6 3.44 G. -G.l0 46 7.13 o. -0.10 86 1 5 • E8 o. -0.10 126 21 .63 O. -0.10
7 4 • 1 5 O. -0.10 47 7. 1 9 o. -0.10 87 1 5 • 18 O. -0.10 127 9.08 o. -0.10

8 2.04 o. -O.lC '" 8.14 o. -0.10 a,s 1 1 .90 o. -0.10 12R 28 .. 93 o. -0.10
0 2. 1e o. ~O.lC GO 1C.69 O. -G. , a 89 8 • t,2 O. -0.10 129 7 .. ? 9 0 -0 .. 10c •

10 - ,J. 1 7 O. r .-~ 50 1 t, • :; 1 D.. -0.10 ';C! 1 7 • 2 Q O. -0.10 130 1 3. l. 3 o. -0.10-',,,. , I..

11 -i] .. 30 0. -c. 1 D " [1. . o. -0.1<] 91 22.23 Q. -G. 1 C 131 14.66 c. -0.1]
1 2 2.92 O. -0.10 52 -0.68 O. -0.1 D 9? 1 2 • 19 o• -0.10 132 16. 37 o. - 0.10
13 - 0.61 11. -0.10 5 3 15 • :; 5 o. -O.lQ 93 5(,.96 O. -0.10 1 '3 3 11. ?7 o. -0.10
14 c. • D. -0.10 54 1 .38 O. -0.10 9, 2 • 4 1 c. -0.10 134 13 .. ~, o. . - 0.10
1 5 5 • .3 5 n. -n.l0 ~5 -O.BO o. -0.10 95 3. :5 t. o. -0.10 135 H. Ii 1 O. -0.10
16 5. 71 o. -G.1D 56 (I. S2 C. -G. 1Ci 9A 1 • " 5 o. -0.10 136 - '; • '58 O. -0.10

17 6.2t. O. -0.1 n 57 o " G. -0.10 0- -c .. t;,3 G. -0.10 1.37 28.1')5 O. -0.10~ • '1 ) . ,
"I '3 l..O? O. -n.l0 5, i . ~ 3 o. -Q .. lU n 0.25 o. -0.10 138 1 l. • 77 o. -0.' 0
10 7 .. 36 O. _rJ. i:] 59 1 2. j 0 Q' • -0.10 99 9.78 C. -0.10 139 n. • o. -0.10

10 1.05 O. -0 .. 1 (\ 60 ~L ';3 O. - 0.10 100 9. 71 o. -0.10 140 -0.90 O. -0.10
21 4 .37 O. -0.10 61 38.25 o. -0.10 101 -0.28 O. -0. 10 14 1 6.1 1 O. - C. 10
22 3.30 O. -0.10 62 3.94 O. - 0.10 102 10.33 O. -0.10 142 6.01 O. -0.10

23 1. B5 O. -0.10 63 1'j.C9 C. -0.10 103 1 : ... 'jl] O. -0.10 143 10.46 O. -0.10
24 ? .. " f) O. -0.10 64 1 ? • 4 4 O. - 0.10 104 10 .. 64 O. -0.10 144 1 .. 1 2 C. - 0.10

:: 5 - j .. 1 d O. -'J. i n 65 23.71 O. -0 _10 105 6. 11, o. - [i. i 0 145 t. • 1 9 0. -0.10
26 2.25 O. -0.10 66 26.[16 O. -0.10 106 5 .. ': 2 C. -0.10 146 6.58 o. -0.10

27 - C. 7i o. -0.10 67 O. • o. -0.10 107 10./7 o. -0.10 147 3.77 o. -0.10
28 O. • o. -0.10 68 0.10 o. -0.10 108 1 1 .68 o. -0.10 148 -O.l.Z O. -0.10

29 1 3.32 D. -D.l0 69 7.14 o. - 0.10 109 1 6 • 4 5 o. -0.10 149 0.98 O. -0.10

30 9.98 o. -0.10 70 2.29 o. -0.10 110 2.05 o. -0.10 150 10.B2 o. - 0.10
31 8.77 O. -0.10 71 4.87 o. - 0.10 '11 4.4S o. "0.10 1 5 1 10.40 o. "0.10

32 8.02 o. -Q .10 -, 1 .97 o. - 0.10 112 53.24 o. -C.l0 1 5 2 9.72 o. -C.l0
'"

33 7.66 o. -0.1 [) 73 13.10 O. - 0.10 113 2.1 d O. -0.10 153 4.90 o. -0.10
3/. L61 o. -0.10 74 5.62 o. - 0.10 114 7 • 53 o. -0.10 1 5 4 2.05 o. -0.10
,I 6.10 o. -~. 1 n 75 1 7. 23 D. - 0.10 115 0."6 o. -0.10 1 5 5 21 .2 H o. -0.10

36 2.43 O. -0.10 76 1 5 ~ Od o. -0.10 116 3 • 1 4 c. -0.10 156 16.95 o. --0.10
,7 1 6.97 O. -0.10 77 7.06 o. -0.10 117 2.66 o. -0.10 1 5 7 o. * o. -0.10

38 o. • O. -0.10 7B 0.62 O. -0.10 118 ,.08 o. -0.10 1 58 6.49 o. - 0.10

,9 O. * O. -0.10 79 2.02 o. -0.10 119 3.77 D. -0.10 159 7.02 o. -0.10

40 2.48 D. -0.10 30 1 2.27 o. -0.10 120 2.20 o. -0.10



yr...THE:··,t_r!r.,~ SI:"ULATIOI'~ 0' CA?[~'J~ :-~C-:C)'ICE ~ISTRI5UTION I~J THE AT''iOS''HE=<£
r 'J ':: o r··- E ~I S I ~J ... L FlNITe ELEI'i[UT FeR h'}" I ZO~;T IlL PR03L[?S 0' VARIA9LE THIC";~;ESS

i ~i I TIt, L i',j:>p ! [f, T I 8 'i TO ,II::: Ft.!,~qf,-;('), f, L .' :: -: A ,QQ5HED.

1£ S T I)lITA TO (I--iECK NQRTQ,'j'S f,Pk!L 2i:. (Hfd;GE 5

.... q!:SULTS AFT:: It 27 HGUqS OF i) 'r' ,', AI·',! ( S r ;.' UL AT j G~J •

•• :. 0 ,'J [ :: :'<T RAT 1 Q~J S "1;': ~: E f. '. VERTIC',!.. vr,LIJES •••

OUTPUT FOR tJOD 1:S 1 TO 15 ? ... TH!; SY'·'50L 0 l:IE'JOT E S A 5PEC IFIED VALUE
'I QDE CUtJ C x- 'J E L Y-VEL 1)00E r. G'·le X-VEL y .... V EL t:QD E CQ r~ C X-VE L Y-VEL NOD E CO rj C x - VEL Y-v

NUr-~ PP"'l n/SEC n/SEC ~~ u:~ PP/·: :.j / SEC :~/SEC NU:" PP:J: r~/SEC ..., I SEC NU;" PPM ,.., / S E [ /0'. I ':.

1 J. 0 O. -0.1 D t. 1 5 .. I) 7 " . -0.1':) e1 5./,,3 C • -0. 10 121 2.1 e o. -:.
2 '"

0 O. -:L !!} " 2. 'f 5 '- . -c. i Q 32 2 • 'j 2 C. "0.10 i 22 ?87 'J .. _0

3 O. 0 " -O.1S t. :. 7. 11 c, - C. 1 iJ ~ 3 i • Ci:' C • -0 .. 10 123 5 .. '; 7 J •
c •

c • -:"'. ', ..,'. 0 I) .. -0. i CJ 1,4 7.S';. r. -0. i a 84 1 • U'1 O. .... C!. 1 D 1 2 to 6. ,.., 1 U. -[. '1, Q. • D. -r). 1 [1 '.5 ~.1.9 o. -c. 1[I 8S 2.29 O. .... 0.10 1 2 5 i 3. ') 7 0 .. - c. 1, 3 • t, 1 Q. -0.10 I~ ~ 6.J7 O. -0.1 J ,36 1 2 . i,:; 1 O. -O.iO 126 1 7. r: 2 ~ . -D. i

7 3.9::1 n. -0. 1 () 0 c.!)? C. -0.10 67 13.9? C. -0. i 0 127 0.9\ :J. - c. i

8 1 • B(; oJ. -0 .. ,0 t,;; 7. ,f.? C. -0.10 28 10. !.. 6 O. -0.1 Q 122 22.'.Jb c. -:.1
1 .. o,? J. -,2 .. 1 ;J t. Q ". '-·2 o. -D.i'J 89 P. .. :i9 c. -8.1D i?? 7. ::: t, 0 ..

j f ~C.:,1 Q.. - ""
-0 1t... ?? n -0. i 0 ?] 1 .~ .f C. C.. -8 .. 1-] 1 ,'l 1 :: .. 72J _'

11 - C. 3:. 'J. -G .. ; n 5 I c. 0 0 ,,0.1::: 91 2:',. :;. .:: Ci • "'C.Fi 13 ; ; ,3'.. S ::
""

; 2 ? 2 Q G. -0 .. 11) 57 -D.?1 0 -C.1;) ':;2 12. ii. r -c .. 1 'J i "'i 2. "I L. • ') 6 G. - C .. ~c. -.
13 - C) .76 n "no 10 5:' 1 I•• ? 3 o. -('.10 93 56.95 c. -8. i Q 1 3 3 1 1. 71 0 .. - ~ .'-'. I

14 u. 0 o. -0.10 54 1. 24 O. -0.10 94 2. 56 O. ~O_10 1 3' 1 i • 7 i3 J • -'..i. i,, 5 .. :3 2 o. -0. 1 !) 5S -0. 7~) :1 .. -n .. 10 9\ 6.3' [ . -0.10 135 7. 56 C. - c. 1
~ I) 5. S i n --'J .. 1 J SA '" • ',2 L. -C.1] 9/, i .. t. b C _ -C. 1 'J 136 _(", .Il') o•
1 7 ( '-, ~ 0 -C.l D :' 7 ) .. :' .;, D_ -:~. 10 ?7 -0. f1 C. -C.l0 i~ 7 2 G. 37 r. -C. jJ • ',' , '; ..
1 ? 4 ",. C• -":. 1 c- o , 1 • 1 2 n - o. if. :n fl. L? IJ • -0.10 1 ~ P; 1 "). ~ ~

.'CJ j ,"" L • - . '_. '-
1 9 6. qt. o. -.:l. ',n 'j9 1 C'. (; 5 0 .. .. 0.1 G 99 'J. 2. ,: (] . -C. 10 139 C. 0 ::' .. -C. I::

2~ 0."6 n. -U .. l0 (, Cl R.12 G. - O. 10 101] ;:'.61· e. -0.10 1t.G - c. 74 O. - o. 1 'J

21 4. G1 O. -0.10 61 30.71 O. -0.10 i 01. -0.57 O. -0.10 141 5.63 u. -:.1 C)

?2 2. Q 5 O. -II. 1C~ /.,/ 3.6C) O. -('). i I] 102 9.77 O. -0.10 1f, 2 6. 1 3 O. - C.. 1 0

23 1 • I f. O. - 0 .. ~" 63 1 f, • (;:2 O. - 0.1 J 103 1 2.20 O. -0.10 1 I. ') 9. 7 I. C'. -. 1 :'

;> t. :: • :2 1 e. -J.iG ~) !, i 2 • C:::' c. -(' .. 10 H)!. o .:.3 C. -l) .. 1 C 1 L, 4 '.' .. ~ ~ " -:2.1"::

25 - 1 .2) J .. -['. i 0 -:1'1 21. • ~ 3 G. -fJ.10 105 5 • r-; 1 C. -0.1 G i 4 5 3. 5 l, J. - (1. ~ ':

,?6 2 .. 2J O. _n. 1 C1 66 2 s. q 1 O. - 0.10 106 3.77 O. -0.10 146 5. t 1 J. - C.. j C

27 - 0.78 O. -0.10 67 O. 0 o. ~O. 10 107 8.33 O. -0.10 1 4 7 3.1.3 O. -" ._.....'-'. 'u

28 O. • O. -0.1 Q 68 n. 1 2 O. - 0.10 108 10.59 Q • -O.l lJ 148 - o. I, 1 O. - 0.10

29 1 2. 7 2 O. "0.10 60 6.53 O. -0.10 109 15 .. 39 O. -0.10 1 t. 9 1 • 03 O. - 0.10

3'1 ? .. It, O. -0.10 70 1 .? 5 O. - 0.10 110 2. 23 O. -C.l0 150 8 .. 7f, O. -0.10

31 13 .. 06 O. -0.10 71 4. f, 3 O. -0.10 ," 4.GD O. -0.10 1 5 1 9.60 O. - 0.10

32 7 .. 20 c. -0 .. "10 72 1. 30 p -0. ~IIJ 11 2 49.33 O. -0.10 152 8 .. ::13 J. - C. 1 Gc.

33 7 .. 32 O. -1].1[1 73 11 .97 O. -0 .. 1 I] 11 3 1 • 99 O. -0.10 153 l, • ,:; f) 0;, - J. i ':

34 1 .. 68 O. -O.iO 74 t, • I, 7 O. -0.10 11. 1 • 3 7 O. -0.10 1St, 1.6 r O. -C.l0

35 6.10 O. -0.10 75 16.91 O. -0.10 11\ n.. 71 C. -0.10 15 5 21. 58 O. - 0 .. 1 J

.36 2.23 O. -0.10 76 15.90 n. -0.10 116 2.96 O. -0.10 1 \ 6 17.22 O• :-0.10

37 1 5.89 O. -0 .. 10 77 5.3~ O. - 0.10 11 7 2. t3 O. -0.10 1 5 7 O. • O. -0.10

38 O. • O. ~0.10 78 0.70 O. ~O. 10 118 2. t3 o. -0.10 158 6.09 O. -0.10

39 O. • O. -0 .. 11} 79 2. 1 ~ C. -0 .. 1 0 119 3. 24 O. -0.10 159 6.0\ O. -0.10

40 2.3.1 0 .. -~.ln eo 9~77 o. -0.10 120 1 • 57 O. -0.10



r~A THE"~'~ T 1 C.... L SI;:ULATISt. OF CI\R~0 :·~C:.C;.:rDE DIS i P I8UT I 0;'; I '" THE ATf.10SPHERE

TWO OI"E'~SiOJ'JAL FIr:! T E ELS'''ENT F " :;C;.:IZfJ~:TiiL PRoaLH1S OF VARIA8LE THICK/JESS

INITlflL AP;:LICATIor; TO THE FAIRg :1 KS, "LASKA AIPSHE~ ......

TEST DATt, TO CHEC;':: ~;QRTC';' S A?R IL 2, CH:>nGES

...... P!:SULTS A F i ::1 22 HOU~::; (J r I) Y~.' ,::"~ ! C 5 I '''J:'' AT! J '; ...

..... (CPIC ENT~,i T I ';):;5 Ai?S I~ E,,\ :j V~RT1et'L VALUES ..

OUTPUT FO:i NODES 1 TO 1 5 q .. . THE $y','aOL • D::~jOTES A SPECIFIED VALUE

NO')!: Call C X-VE L Y'-'JE L NODE (vUC x '-V:: L v-VEL NODE CONe x .... vE L Y-VEL ~J OD E C0 ~J C X-VEL V-VEL
:! u ~., P P ~~ '~I 5 E ( "/SEC fl'j!,: r ,.~,~ :·1 IS E ( ~'~/S':C r,;u '.~ P D ~,-, r·i / SEC 1·11 ~ EC ~; 'J ::1 ;: "'.~ :J./sEC :11 S

~, _r.., [I 41 5.':2 n.. - r" .. 10 ,':;1 t, .. 2-l , . -0.1 J 1 2 1 2 .. ~7 L' .. -
r::: .. · ':1 .. -;; .. ; 'J t.2 , I-;l !". - (' .. 1 J :.:r 2 1 .. ,::,~ C. '-C' .. 1 ') 122 .:". 1 :' 2 •

" · _.J. 1 r, t. j () • ;1,1 -C. "I'] 63 1 • r, c. -- 1 :: 123 5. 3 1 O. '-C .. 1:, . '", C. • O. -:1 .. 1] t. t. 7.22 L. -C.10
" 't

1 .. ;'7 Q. -G.iJ 124 5 .. 89 O. - 'J .. ;:

5 O. • e. - (l. i 0 , 5 ;: • 'j 1 D. - C: .. j (1 85 1 .. 99 Q. -0 .. 18 125 12 .. 14 O. -:: .. 1:]

'> J .3' n. -0. 1 C) (, ~ 5.0' O. - 0.10 R6 10 1 2 C. -0 .. 10 126 ; 5 .. l. 8 O. -fj .. iG

7 3 .. BZ O. _I"' .. 1 '1 t,7 6. ,'l( Co -:) .. 10 87 12 .. ·~o O. ~n.10 1 2 7 5 .. 5G !).. -? 1 'j

~ 1 • I;? 'J .. ... 1 " I. }? ~, . '; '}. -0 .. 1!} S-3 !! • '7 '-i G. -C'. j :J i 2 .'1 j ;:; .. Y:,7 '.J' ..

0 1 • ;' t " . - t.:' :- .. t, I. -0.10 ,q? ,K. :5 i 0 .. r. ','. 12 ? 6. i (, O., . ' . -i..'. 'J

1 ~'j - Q. t, t. G. -'1.1 SC 1 ~, .. e, 2 .' -G. F' 90 1 3 • f...; 7 c • -0.18 l-.: r· -; 1 .. 9 3 O. - ': .. ,,:,
1 1 -']..33 O. -J .. : J 5 1 I' • '.. - D.. i J 91 17.70 D .. -0.1oJ 131 1 2 .. 37 O. -0.1 G

1 2 2.06 Q .. -0.10 51 -0 .. 73 0 .. -0 .. i;] 92 12 .. 3C O. -0 .. 10 132 1 2 .. 5 1 O. ·O.lJ
1 "3 - J .90 O. -C'. "I C 53 1;>. ?? G.. - 0 .. 1 'J 93 56 .. 21 O. -0.1 J 1:; 3 1C .. !'C O. -0.1:

11. J. · G. -:' .. i1 51. 1. ':- c. -C. ie, 94 2 • 7? 0 .. -c .. i 0 1':; t. 1 c. r)7 O. -:'. ~ J

1 ') :; • 2 :. o. - r") • 1 C " -S .. ?;::> I' - 0.1:, 95 t. • 7;) r; • -0.1r .. 7 <: f,. i 0 Q. - 'J. ' 'J1"-"' •

1 l: 5 .. (,:' '. ~C. 1 CJ 56 G. 1 to r - L. .. 10 76 i . It to C1 • -C"; .. i: 1.50 -'",. , , o• - C.. j ::

17 5 • 7 t. Q. -n.H' 57 C.. 2? C. -I": .. 10 97 -G.72 C. -r .. 1 0 1F 1 '7 .. " 2 O. - C. i :'

1 ;;.; 3 • ,-; t, J. -n.i:) ~,8 1.14 O. - 0.10 93 o. 01 C: • -G .. iC: 138 1 1 .. t F, o. -c. 10

19 6 .. 44 0 .. -(") .. 10 59 9 .. 09 0 -0.10 99 6.)9 O. -0 .. 10 130 0 .. • o. - 'J. 10

10 0.13 O. -D.10 ,S8 7.36 D. - 0.10 100 7 .. t-3 O. '-0.1 Q 140 - 0.95 O. -0.1]

21 3.62 O. -0 .. 10 61 23.39 O. -0.10 101 -0.02 O. -0.10 141 5. In o. -0.10

22 2.60 O. -c .. 1 a 61 3 .. l. 9 o. -0.10 101 Y.1? C• -0 .. 18 14 I 6.21 o. - C.. 1J

" i ~ IJ 7 C. -C: .. 10- 63 1 3.:\ f; D. -0.1 C 103 1 1 • CO G. -0 .. 10 lId Q.Ol. D.. - ~. ~:;- .'
2' 2.05 'J. -r'1 .. i8 b' 1 1 .. :;: 3 n . -G.10 104 8.27 0 .. -0 .. 1::1 i {,.:, C.:<6 O. '-: .. 1 J

2') - 1.?1 " -r:... 10 65 24.63 O. "' 0 .. 1Q 105 1, .. r,.cE c .. -0 .. i G "5 2.';6 O. -[410c •

2 ~I 2 .1 2 O. -0 .. 10 66 2J.27 O. - 0.10 106 2 .. 78 O. -0.10 1 t. 6 t. .. (, 7 O. '- Q ~ 1 C'

27 -o.n c. -0.10 67 O. • ". -0.10 107 7 .. <.;7 O. -0.10 '" 3.20 O. -0 .. 1']

28 O. • O. -0.10 68 0 .. 1 4 O. -0. 10 108 9 .. 1,8 O. -0.10 148 ~O .. 36 O. -0.10

19 1 1 .. 9 9 O. -0.10 69 6.01 O. -0.10 109 1 {. .. 33 O. -0.10 149 1.09 O. -0 .. 10

30 8.32 O. -0.10 70 1 .61 O. -0.10 11 0 I. 'l O. -0.10 150 6.89 O. -0.10

31 7 .. I, 2 D. -0.10 71 l.. 01 O. -0.10 111 3.61 O. -0.10 1 5 1 3 .. .J6 O. - o. i (J

32 6.' B o. ~O.l: 7/ 0 .. 91 O. -0 .. 10 11 2 {. {. .. {,6 O. -0.10 1 52 8. 20 u. -C. 10

33 6. 9 R Q. ~0.10 73 10.73 G. -0.10 113 1 • bO O. -0.10 1 5 3 :;, .. 31 O. -C .. 10

34 1 .77 O. -G.10 7/, 3.73 C. - O. 10 114 1 • 22 o. -0.10 154 1.. 4 3 O. -0.10

35 6.00 D. -0 .. 10 75 1 6 .. {. 1 D. -0.10 11 5 0.56 O. -0.10 1 5 5 21 .. 70 O. -0.10

36 2.02 O. -0.10 76 1 Ii. 5 4 O. -0 .. 1G 116 2.7/ O. -0.10 156 17.29 O. ~ 0.10

37 14.70 O. ~o. 1 0 77 l. .. Q6 O. - 0.10 11 7 2.59 C. -0.10 1 5 7 O. • O. -0.10

38 O. • o. -0 .. 1 C 78 0.96 O. -0.10 113 2 .. ~ 9 C• - O. 1] 1 '5 ~ 5.67 O. -0 .. 10

39 C. · O. -!l. 1·J 79 2.2 Q O. -c. 10 119 ?70 C .. -0 .. 10 15 'j : • 1 J O. -0 .. 1Cl

GO 2.15 O. -') .. 10 aa 7 .. 4 1 0 .. -O.la 1211 1 .. 1 6 Co -8 .. 1D
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...... RESULTS II F r E" 29 HOlJ~S OF ,') Y:J,o.I~ 1 C SI'·"JL,\TJ'Jr; •••

.... [~',:E~TPQT[O:~S t, R:: '.' r ''\ 'J 'Jr;YTl(·... L ·J,'L'J~5 ...

'ji.JTPUT F 0 H ,'J S ES 1 TO 1 5 ;; . . . THE S '( :"~CL • :J E,'J!') T ES A SPECIFIED 'JALUE

r: ():) E COt~ C '1.- 'J L Y - If:: L tlO uE ( (H;( X-VEL y -vEL r,jOI) E COtiC X-VEL V-VEL NCDE CO fJ C X-VEL v-v l

~!U '" P P ~~ ~11 :. C ',1/ S r: c :;u'·' p;:.:,\ ;., I SEC [.;/ S EC ",U :1 F'P :~ 1-'./ St t '.j / :; ~ C ~: U '.: PD'~ ,'<1/ SEC '1/ 5 C
1 0 • .J -;").1 G t; 1 !, • t.. '/ u. -C.1D 31 3 • :1 2 C• -0.1J i;: i i • ? l. 0 Cw. - .
2 - · ~, . - C. l' 1,2 ;' . (' ;~ - - iJ .. 1'"'::' ~2 1 • 23 ... -C'. 1C ': ?;- 7.3'- 0

:, - · ::"' - . ' " 1.3 I~ • 5 : c..' • -::. iJ : ) i .1,) C .. -'-,:.. ~ - • ? .. L.. t, S '-' .
i, h, · D. - . • • U t,l, f. • 1 " :l -0.1] f.4 i • 53 S" "';J .. 1 U l.:.t, 5 • 2 2 " .
5 C. · n -1'.10 /., S 2.63 "0.10 85 ;.E6 C. -C. 1 0 i '? 5 1 1 .. 0 9 O. - - '-~" .-
6 3.3G O. -O.iJ 4" t.. 31 ~. - Co. Fl ·36 -.66 O. -C.1 Q 126 1 5 • 7 ;.:. c. '_. : -
? 3 • 6 :~ o. -0.10 47 5.56 O. -0.10 87 12.2.3 C• -0.10 127 t. • r;6 n - '.." .. ~o •

? 1 • S ~ O. - o. ~ 0 48 t, .. 9 tl o. - Q. 10 38 7.63 C. -0.111 12 q 16.71; '2. - 'J .. i:
0 i • (; C ,. -~'. '1 'I {,O 7 • .::' :.. o. -~.1J 39 7. ) 1 ~ . -0 .. i i] i 2? :;.. 1 5 Q. - -

~ . :

1': -,-'.55 G. - ~. 1:J :::'., 1 I, • :;; 5 [ - Cr. 1tJ 90 1 1 • tl2 G.. -D.' J 1 .. I'" 'i 1 • ~ 7 -o.

" - ,i • I, ~ -. - -:-. i ", 5 j C' . r -C'. , J 91 1 5 • 36 O. -c. i so i 3 ~ 13.21 C .. ~ .-: -'w.

12 2.t..9 O. -J. i .1 S2 -G.73 D. -0.10 92 1 2 • 1 1 D. -0.10 1 32 11 .. 79 Q. - J. i,J

13 - 1.03 O. -Q.iG 53 1 1 • 74 0 - [1. 1:) 93 5 l. • 05 O. -0.1 J 1 53 q • .'.r~ :J • -'J.i'J

" C• • O. -n. 10 54 G.. 97 O. -0. ,0 94 2 • 7'; O. -0.10 1 34 8. 6 ~ O. -0.10

1 5 5.23 Q. -D. 1 (' 55 -0.1S5 O. -0.10 95 3.62 O. -0.10 135 5.10 O. -:.10
16 5.35 D. -'J. lI") 56 o.cn o. - o. If) 96 1 .26 O. -0. 1 ~ 136 1J.~7 O. - ~. i ':'
• 7 s. I, 5 O. -0.1 ;J 57 r.':3 o. -0 .. 1'1 97 ... Q • 71 O. -C.10 137 1 E.? 3 c· • - ". ,. -, ,
, 2. 3.~8 ;1. -J. i~, 58 1 • ::, 1 - - f] • 1·'] n -0.1]9 O. -C.l0 13'3 1 n. 54 O. c. ... '_'".
1 y 5. C8 G. -G.l'] 59 ? 5 7 'n -D.l0 99 7.b6 O. -0.1 Q 13° O. • O. - ~. ' c.c.

20 - O. 21 O. -r .. i!) (, il 6.:; 'l rJ. ... C. 10 100 7.20 O. "0.10 140 -0.9t.. iL -C. 1:;
21 l .24 [J. -0.1 C 61 1 8 • 5 5 O. -0.10 101 -1.00 O. -0.10 141 4.72 O. - G. 1 J

22 2.31) O. -~.1Q 62 3.37 O. -0.10 102 8.62 C. -0.10 142 6.25 O. -0.10
2) 1 • (; ~ O. -0.10 63 11.9f. r. - 0.10 10 3 10,02 O. -c. 1 0 143 8.2'3 O. - CJ. 10

24 L96 G. -J.l0 6 4 1 1 .. en O. -0.10 104 7 • 22 Q. -0. , 0 144 C.94 0. -C.le.
25 -1.07 O. -0.1 Q 65 2"-60 1;. "'0 .. 10 1I] 5 4.DO O. -G.l0 lit '1 2 • I, 7 O. - J. i J
2i 2.02 0,. -':.10 G!l 21..07 O. -0.10 106 2.22 c. -n. 10 146 3. 7 t.. O. -c. i J
27 -o . .::.'?' O. -0.10 67 O. • o. -Co 10 107 7 , 71 C. "0. 1Q lt, 7 2. '11 O. ...0.10

28 O. • O. -0.10 6,') 0.17 O. - C. 10 103 8 • 4 1 O. -0.10 1 4 8 -C.27 O. -0.10

29 1 1 .21 o. -r.l0 69 5.46 O. -0.10 109 13.27 O. -0.10 149 1 .. 1 6 O. -0.10

30 7.59 O. -0.10 70 1. 29 O. - 0.10 110 2 • I'l '.
O. - o. 10 1\0 5. 5 2 O. -0.10

31 6.R5 O. -D.1Q 71 3. n1 O. - 0.10 111 3.34 O. -a.l0 1 5 1 8.28 O. -0.1J
,2 5.88 O. -0.10 72 o• ~,,5 O. - 0.10 112 38.84 C. -C. 1 0 1 51 7. 34 O. -C.1a

33 6.62 O. -0.10 73 9.66 Q. -0.10 11 3 1 • 63 O. -D.18 153 2.,'33 C. -C.l]

,4 1 • 1\ 3 n. -0.10 7 t. " • 4 2 O. - 0 .. 1Q 114 1. 07 C• -G.1Q 154 1. ") 2 O. -0.1 Q

35 5.77 O. -0.10 75 1 5. 81 O. -0.10 115 0" t.3 O. -0.10 1 5 5 21.80 O. -0 .. 1J

30 1 .. Ii 1 lJ. -0.10 76 16.99 O. - 0.10 116 2.41 O. "0.10 156 1 7 .. 1 6 O. .-0.10
37 1 3 .. ') ? O. -U.l0 77 3.26 O. -0.10 11 7 2. >5 O. -0.10 157 O. • O. -0.10

38 C. • o. -0.10 78 1. 25 O. - 0.10 118 2.36 O. -C.I0 158 5" 2 7 O. -'].18

39 O. • O. - Q. 1 0 79 2 • 3 1 O. - 0.10 119 2.35 n. -0.10 159 4 • 31 o. -G .. la
40 2.24 O. -0.10 80 5.48 r. - 0.10 120 0.99 O. "0.10



,"1A THE:",A T I Al SP1ULATI0"1 CF C"RSQr~ f'iO~JOXIDE DISTR!]ljTlmJ IN THE AT!~OS>JHEPE
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••• RESULTS AFTER 30 HOURS C- F o '(t~I'dI! C Slj-\IJLATION •••

••• (C~CE~TRATIONS ARE j-IE A I-J VERTICAL V,iLUES •••

C-~IT oUT FO~ r;c,r..ES 1 T D 159 . . . TH: S'(:~;j')L . J~~IC"jES A SPECIFIED Vt'lUE
f! 0 I) E CQt; C X-VEL '(-vEL ~lO DE CC'~ t X-VEL V-VEL fJOC E CONC X-VE L '(-VEL t.:ao E co:; C X-VEL '(-VEL

till ;-i PP,"1 /115 [ C I"~ I SEC ~ )\)0"-1 pp'" !>i I S~ C 1~/5EC ,';U:,' ppr'j :"11 SE C :011 sEC t,lji-l pp,'" H/SEC 11 I 5 EC

1 " . • o. -0.10 :'1' 3.? :3 C. - C. 18 a 1 3 • 16 O. -C.10 121 1 • 8 5 O. -0.10, o. · O. '"'"0.1 C 42 2.04 C. -0.10 82 0.70 O. -0.10 12< 6.60 O. -0.10

3 · O. - 'J • 1 !J 43 6.73 , . -C. 10 83 1 .. 'I C. -0.1'J 1 2 :; 3.73 O. -C .. 1:;. . .0 J

4 o. • D. -C. is l, I, I, .:"i 1 n_ -].18 84 1 • 35 O. ~O.lQ 124 t. • ?' JJ O. -c. ", C'

5 O. • O. -0.';;) t, J 2. S 1 ':. - C ;. 11J ~S 1 • Ii rj n . ~O. l-C} 1 ? 5 1 1 • :- ,3 o. -0.1:

6 3 • 2 2 ~, -0.,'1 t·6 3.'}fJ o. -C. 10 86 6.1.'1 O. -0. '0 1.:'6 28J,IJ O. -r:. 1Q
Jo

7 3 • t. ~ D. -0 .. 1 0 t. 7 5 .. t. 2 O. -0.10 87 1 2. E5 O. -0.10 127 5 • 65 O. -0.10

f 1. 36 O. -C.10 48 3. II 3 O. -0.10 33 6 .. ii1. O. -0.10 128 17.23 O. -0.10

9 1.1.1 8. -0 .. 1:J 49 7.20 0. - 0.10 89 (,. £.4 C. -C.11) 129 l, • 4 7 O. -0.10

10 -'].65
,

-C.1D ~, 0 1 4 .. tJ 1 c. -C.10 90 1 1 • .:. J O. -0.1S 130 1 2;. 2 3 O. -0. i 0u.
1 ' - 'J.l, 7 U. <1.' c: 51 . . • (l- • -8.11] 91 13.63 C. -Q.1U 131 17. 7 t. O. -C.1C

12 2.27 ~, .. - r:. 1 C ')2 -[" .. 72 D. -0.10 92 , 1 .. 7? D. '"'"0.,0 1')2 1 :'. 'i 3 D. -D.l')

13 - 1 • 1 !, C. _'i. i!) 53 1 G. 'J 2 c. -2.10 93 51 • ,3 C. -0.10 133 9. 1.;1 O. - [,'.10

14 Q. · r -0. , 0 5 I, G.ot. O. - 0.1 'J 9/, 2 • 71 C. -[1.1[1 13 .. 7 .. l. 7 O. -C.10u.
1 5 5.20 n -0.10 55 -0. " e. - C. 10 95 3 • 21 O. -0.10 135 l.. '53 O. - -(1.1 Q

o.

16 5.27 O. -0 .. 11: 56 "0.05 O. - 0.10 96 0.61 O. -D. 1 Q 136 '2. £. 7 Q. -0 .. 1a
1 7 5.16 O. -0.1'] 57 -0.19 0 .. - 0.10 97 -0.69 O. -0.10 137 17.69 o. -0.10

1 ~ 3 .. ~2 D. -0.10 53 1. 53 O. -8 .. 10 93 -Q.11 O. -0 .. 18 1 7 :: ? l. 9 O. -0.1rJ0"

j 9 5.32 o. - a. '1 ~J 59 ": • 1 a D'. -0.10 99 7.07 D. -0 .. 1 I] 139 " • O. n • n
o. -,... I ...

20 - C .. 4 (, 2. - '). 1 ') 60 5.97 :J. - 0.10 100 6.64 C. -0.10 1 t, 0 ~ J. 91 O. - 0.1 D

::: 1 2.a o O. - 0.1 0 61 1 5 • 29 D. - 0.10 101 -1 • 1 1 O. -C.10 141 £..26 C. -c. 1G

22 2 .1 2 O. -0.10 02 3.24 O. "0.10 102 B .. lId O. -0.10 142 6.27 O. -0.10

23 1 .62 Il. -0.10 63 1 2.00 O. - 0.10 103 9. 30 O. -0.10 143 7.46 O. "0.1 Q

24 L94 O. -fl.1 0 64 10. ')0 O. -0.10 104 6.49 O. -0.10 144 0.37 O. -0.10

25 - C.. 3 7 O. -iJ.10 65 24.62 O. -0.10 105 3.27 C. -0.10 1 4 5 2.09 O. -0.10

26 1 • t, 9 o. -0 .. 10 66 22 .. 36 O. -0.1 (J 106 2.03 O. -c. 10 146 2.~6 O. -O.lel

27 -8.90 O. -0.10 67 O. • O. -D.10 107 S.2j O. -0.10 147 2.6S C. -C.1"

28 C. • O. "0.10 68 0.20 O. -0.10 108 7.56 C. -0.10 1 t, ~ -Q.16 O. -C..1'J

?? 1 0 • 4 5 O. -0.10 69 l;.97 O. - 0.10 109 12.2:; G. -O~10 149 1 • 24 O. - 0.10

30 7.01 ~. -0.10 70 1. 00 o. - 0.10 110 2.R4 O. -0.10 150 4.94 O. -0.10

31 6.34 D. -0.10 71 3.16 O. -0.10 111 3.1$ O. -0.10 1 5 1 7. 56 O. -0.10

32 5.40 O. -D.l0 72 0.96 O. -0.10 112 33.00 O. -0.10 15 2 6.34 O. -0.10

33 6.26 O. -0.1C 73 3. 7 I. O. -0.10 113 1.46 O. -0.10 153 2. M1 O. -0.10

34 1~88 O. - o. 11) 74 3.62 O. -0.10 114 0.95 O. -0.10 1 54 1 • 1 3 O. - 0.10

35 5 • I. 2 O. -1.10 75 15.16 O. -0.10 115 0.32 O. -0.10 155 2 1 • 6 5 O. -0.10

36 1 .6 3 O. -0.10 76 17.22 O. -D.l0 116 2.C6 C. -0.10 1~6 16.35 O. -~c" 1 D

37 1 2" I. 3 C. -0.10 77 3.00 O. - 0.10 11 7 2 • 51 O. -0.10 1 5 7 O. • O. -0.10

3P. o. • O. -0.10 73 1 .. t. [} G. -0.10 118 2.09 C. -0.10 158 4.90 O. -0.10

39 O. • O. -0.10 79 2.20 O. - 0.10 119 2.36 O. -0 .. 10 159 3.03 O. -0.10

40 2.27 O. -0.10 80 4.12 O. -0.10 120 0.93 O. -0.10
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T EST D~TA TJ [HE [.>:: ~'I O;? T Q,\: 1 S APRIL 2 ?' CHAt,'GES

.... RESULTS I' F T E;;- 31 !-lOURS Of DHU,:-' I [ S I :.'!j l" T 10 -.J ....

••• CC~CErjTD~Tl0·lS A..~ ;: ,'.' Ct.': VU:TI [·'L V.'LUES •••

fl.:T ~UT F (\ =! Tj S 1 Ti) 1 5 '"I . . . T ;~ :- ') '-I '.,'? OL. . :: :::)j:: S , $P::CIFIED Vf.LL!E

110:) E eN.'C x- \' Y-'lc L :11))': ( :J!; C x -VE Y-'J::L I; GD E Co f.C X-'JEL ~-'J[L t,,: C:'):: (0 I; ( .( - .... EL v-v L

r; u\~ PPI-' ~~ /3 1'\ / SEC jjlJ f, prJ :1 ;.'. / S E :.\ / S ':C t~U 1'" PP1". ;"/'SEC r..; / SEC :.;1)',: pprt, H / SEC II)/ S C

1 O. · O. -'j. F] " 3.73 o. -':'. 1:) 81 3. 1 1 S .. -0. D 171 1 • B1 o. - f) .. 0

1 o. • G. -!l.10 " 2. ,; i Q. -e'.1] p,~ 0.37 o• -0 .. 1:1 122 5 .. ') 7 G. - ... 0
) e. · c -r;. i 0 [, 3 5 • '1 ? t;. - ,~, , ... ,$ .) 1 • 5[, C • ""5.:J 1 :: 3 ~'. 2 1 O. -,

_. I '.J

4 Q. • C .. -J. 1D t. t. "3.I·G .. -..; .. 1':..0 Sf, 1 _ i ) C. -c _1 J 12 [, !•• 5 3 u ..

\ (,1 .. · 0. -flo 1.] , 5 2 • {,7 C - r) .. 1C 85 2. 19 o. -0 _ i U 1 25 1 2. I, <. O. -G .. 1:

6 3 .. 1 2 i...'. -0.10 ,6 l,_1[, ;]. - 'J. , J 86 6 .. 1 ~
oJ _

""0.10 126 3 1 _ 36 O. -G .. l']

7 3.25 o. -D.1J 1.7 5 .. 60 I) • - C. 10 87 1 5 • 2 a o. -0.10 127 7 .. 73 o. ~O .. lC

8 1.. 22 O. -0.10 48 3 _ 1 3 o. -0.10 8R 6 .. b:3 o. -0.10 12 g 2'J.98 o. -0. 10

9 1 .. 24 8 .. -0 .. 1 n 49 6.71 D. - 0.10 89 5 • 1 1 O. -0.10 1271 [, .. 32 O. -0 .. 10

1 c - C .. 7 2 O. -1 .. 1 .J 50 11... 03 C. -0.1 'J 90 1 1 • to G. -0.10 131] 1 3. 34 O. -0.1D
1 1 - (1 ~ 5 2 Q. -':'.1":\ 51 G. • " . -0.1 1) 91 12. (3 C.. -8.1J 1 3 1 ~ 5. 37 C.. -2.1J

12 2.:2 J. - tj. 1 ,j 5? -C.6? 0 .. -0-.10 92 1 1 • 3 S C• - fJ. 1 0 132 16 .. 5 S O. -0.1';

13 - 1 .22 o. -0.1G 53 9.7[, c. - 'J .. 10 93 4 E- .. 1 a c. -0 .. 10 133 1 C.. 1 ~ o. - 0.1')

14 o. • D. -'] .. 1 0 54 'J.73 0 .. -0.1;J 94 7. • 51 O. -0.10 134 6. \ 7 O. -0 .. 10

1 5 5.1 S O. -0.10 \5 -G.1,3 O. ~ 0.1 a 95 3.37 O. -0.10 135 4.1)7 O. '-0.1 J

16 5.23 o. -0.10 56 -0.07 O. - 0.1 U 96 0.42 O. -0.10 136 [,.2[, U. -0.10

17 4.91 0 .. -0 .. 1[1 57 -0.34 o. - 0.10 97 -0.n5 o. -0.10 11 7 1 6" 1 6 o. -0.10

1 (' 3.77 D. -D.l0 53 1.. :i2 O. -:J. 1 f) 98 -0 .. Zl, C• -0.10 118 ~.'36 D. -0.10

19 (, .. d 2 O. -0.10 59 S • r, I. o~ - O. 10 99 6 • 31 O. -0.10 157 O. • o. - 0.1)

2 n - c. 5 4 O. -J.10 60 5.1,6 D.. -0.10 100 6.33 o. -0.10 1 • n -0.35 O. -0 .. 10

21 2.62 D. -0.10 61 14.52 O. -O.H] 101 -1. 13 c. -O.HI 141 3. g 3 O. -0.10

27. 2 • 1 [, o. -0.10 62 3 .. 08 O. -0.10 102 7.58 O. -0.10 14 2 6.25 O. -0 .. 10

23 1 .65 O. -0.10 63 1 1 • IJ 3 O. ~ 0.10 103 8.77 O. -0.10 1t.3 6.7[, O. -0.10

24 1 .96 o. -0.10 64 9.72 O. - 0.10 104 6 .. 36 O. -0.10 1 4 l,- 0.75 O. -0.10

25 -0.63 O. -0.10 65 24.05 O. -0.10 105 2.85 C• -0.10 145 1.85 O. - 0.10

76 1. 74 Q. - fl. 1 (J 66 20.29 o. - 0.10 106 2. 21 O. -0.10 146 2.35 O. -0.10

27 - 0.91 O. - G. 1 0 (,7 O. • O. - 0.10 107 9. 59 C. -0.10 147 2. 32 O. -0.10

23 U. • O. -0.10 !~8 O~21, D. -0.10 108 7.06 C. -0.10 1/. 8 "'0.\)5 O. -0.10

29 9.77 o. ~Q.1J 69 I, .. 58 o. -0.10 109 11 • 35 o. -0.10 149 1 • 32 O. -0.18

30 6.60 O. - 0 .. 1 Q 70 Q ••')0 O. -0 .. lG 110 3.05 O. -0.10 15~ 5.l,0 O. -0.10

31 6.12 O. -0.10 71 7. • 72 O. -0.10 11 1 3.20 o. -0.10 1 5 1 7. 1 1 O. -0.10

32 5.21 O. -0.10 72 1.. 1 7 O. -0.10 11 2 27.53 O. -0.10 152 5. 38 O. -0.10

33 5.09 O. -0.10 73 8. 1 5 O. -O.lU 113 L 30 O. -0.10 1 5 3 3. 1 7 O. -0.10

34 1. 9 7 O. -0 .. 10 74 4 .. 36 O. -0.10 114 0.85 O. -0.10 1 54 1.0B O. -0.10

35 5.01 LJ. -0.10 75 1 I, • 5 1 O. -0.10 11 5 0.24 O. -0.10 155 21 • 2 \ O. -0.10

36 1 .50 O. -0.10 76 1 7. 25 C. -0.10 11 6 1 .. 70 C. -0.10 156 16.39 o. -.D. 10

37 1 1 .51 O. -n. 10 77 :;. 1 7 O. - f). 1 0 117 ;>.4l O. -0.10 1 5 7 O. • O. -0.10

3,~ Q. • o. - 0 • 1 i1 -, 1 • 72 0" - iJ • 10 11 B 1 .. 73 O. -0.10 151'. 4.58 O. -0.10, w

39 O. • O. -0.10 79 2 .01 O. -0.10 11 9 2.75 C. -0.10 159 3.73 O. -0.10

1.0 2.30 o. -n. 1 0 ~o 3 .. (, {, O. - 0.10 120 0 .. 95 Q. -C. 10



;·lATHE~'AT lCAl S!~~UlATIO~J 0 ARBO~~ MG~:JX!LJ )ISi~I U Tl ON ]'J THE ATr~O:;PHERE

T\,..'O 0!i';E~~5rO'ljfo,L F I ~. 1 T :- FL :,' ;n FOR HC'~Il"J r,~L ppQ L E ''', S OF VAP.IA3LE THIC<NESS

;: ~I IT! ':, L AFt:lICt.TI'Jt: TO T I~ J, r t] :] t .~ '"= 5 .. f, L:'" ;; j, t. r "S E ,) ~ ••

Tt: S T DATA TO CHE C'( ~iortTor~'S APPIL 28 Ch ,.... ·iG;;: s

•• ~RESJLTS AFTER 32 HOUQS or 'J 'f,'j/, ;.~ rc SI·~'_'l,:TI'J:: •••

••• CO!~(E!;T~ATIO!~S ;'::E I~ E t, ,'J VE;<T!C"l Vr,LIJES •• ~

'J-t-,T P Ij T Fi]l?'~0r:ES 1 TO 159 . .. rH~ <:: 'f :";~ ot. . CE\\JTES 4 ~PECIF!ED VALUE
.~ r.: ~ :: CCfl C X-VEL 'f -v;: l ;~ C r:: E c0 ~ C X-VEL Y-VEl t-;OD E CO tiC X-VE L Y~VE:L NCD E CC '; [ x -v: L Y-VEL

i i lJ I·: p P~l r:/SEC ;·'1:; E C ;.J !J ~<1 ?P',' r.j 1 SEC i~/SEC tlU:,l p p ~~ !,' I 5 E C t'/SEC :.-u:·, r D~" t~/StC ''', I S

1. • G. "'-;; • 1 IJ " <'.. r:9 !J - O. i 0 8 1 3 .. 29 C. -C.1D 12 1 1 • a5 O. - c. 1CI

c. · (! -C. ~ oj {.;! " .._-.. ' C. -D. 1 j 32 0.21 G. -C.1J 1:: 2 5. i' S Q.
, .. • O. -n. -: ,} C;, ') • ;;: 3 . .. -0. Lj ,33 2.03 C. -0. ~ C P3 2.97 O. - ':. ':

J. • _1 • n t,f, ? .~..., G - ':\ • 1 ') ~<'. ; • "35 'J • -D.j:) i ~ i, :~. r.. 6 ('l .. - C ~ ; ':. . ". {. {

5 J. · G. - C • i [) , 5 L?1 c, - 'J. 1(1 35 2.'t9 C. -0.1 1) 12) 1 ".l. C,. O. - 0 4 ~ -::

6 3 4 IJ C' O. -r. 10 '6 t. • 71 J. -0. 10 86 7.G? C• -1].1 'J 1/6 50.62 Q. -:,.1:
7 3.03 O. -D.10 " 6 4 ).] 0 .. - G. 10 .~? 20.33 C. -0 .. 10 177 1 2. C 5 O. -0.10
8 1 • i 0 fl .. -0.10 '0 ') .R:] U. - O. 'I J " 7.R3 G. -0.10 1 2 ~ /';.33 O. -0.10

9 1 .02 O. -1.1e; ,9 ,~)." 'J '" -0.10 39 3.<'.} O. -0.10 P9 !, • 7? O. -D. 10

1 C - n .. 7 6 O. -0. 1 C' 50 , :3 • ;: :3 c. - ,'J.1 J '10 12.95 ,c -0 .. 10 1 '<I' i 7.U.) O. - C. 1 Jo.

1 1 -,J.57 O. - '}. 1 -: 5 i c- o C - j. i;} " : 2 • 70 C. -0 .. 1 G 131 3 oS. :: <'. Co. -: ~ ': 0

1 / 1 .75 O. -: • ': J 5? _r,. 6!J O. -':.1 G 9/ iu .. ltD O. -0.1 I} 13-2 2 3 • t. 7 O. - ': .. i '}

1 3 -1.27 O. -G.10 5? 9.13 ,- -0.1,] 03 <'.3.37 C• -0 .. 1 u 133 1 2. 32 O. _c. 10.' .
" G. 0 O. -0.1] ') f, J.6t.. fJ. -0 .. 1n 9' 2. <'.0 C. -0.10 13' 6.30 O. -0.10

1 5 5 • 1 9 O. -0 .. 10 55 -0. 31 O. - 0.10 95 4424 O. -0.10 13 5 1. 4 <'. <'. O. '-0.10

16 5.26 O. -0 .. 10 56 -0.03 O. - C. 10 96 0.51 o. -0.10 136 6.65 O. -0.10
1 7 t• • 7 5 O. -0.10 57 -0.'0 O. -0.10 97 -0.60 O. -0.10 137 1<'..50 O. -0 .. 10
13 3 • 7 2 G.. -8.1S 58 2. t. <'. o. -0.10 98 -0. Ii; O. -0.10 138 8.73 O. - r; • 1,J

1 Q 1..<'.6 0 -8.1 D 5° I, • ~ oS C" -].10 90 5.51 O. -0 4 1'1 13° O. • O. - 0.1 ':
" .

20 - () ~ 5 ~ o. -0.', a 60 5.19 O. -G. i 0 100 6 .. 77 r: • -0.10 "0 - 0.79 o. -G 4 1'J

21 2 • :; 1 ~ . -0.10 6 , 16. r,'6 O. -0.10 10 1 -1 .05 O. -[)4 1 O '" ' " O. -0.18-'. ; U

12 2.t. 7 O. -0.10 62 2 4 95 o. -0.10 1:J? 7.18 o. -0.10 1'/ 6./3 O. -0 .. 1 0

/3 1 .73 O. -0.1 C 63 10.14 O. -0. '0 103 8.50 O. -0.10 143 6.5' O. -0.1 Q

2' 2.04 O. -0.10 6L 9.11 O. - 0.10 10' 7.03 O. -0.10 1 f, t. 1 • 1 2 O. - 0.10

/5 -0.36 O. -0.10 65 23.16 O. -0.10 105 2.78 O. -0.10 1'5 L 98 O. ~O. 10

26 1 .60 Q. -0.10 6S 1 8. 1 2 c -0.10 106 3 • 1 3 O. -0.10 1 !, 6 /. 61 O. -0. i Jc>.

/7 -O .. h9 O. -0.1 C 67 C. • O. -0.10 1'J 7 11.. 9 7 O. -0.1 J "7 /. 1 6 D. - 0.10

2 ~. r, .. • O. --0. i 0 6e C .. 30 O. -0.10 1013 7 .. 21 O. -0.10 1', S 0.06 D. -0.1'J

/9 'f. 2 ,31 O. -0.10 6' I.• 35 O. -0.10 109 10.E2 c. -0.10 149 1 • , 2 D. -0.10

30 6. 51 O. -0.10 70 0.76 O. -0.' 0 110 3.32 D. -0.10 150 7.17 O. -0.10

3 1 6.81 O. -0.10 71 2.50 O. -0.10 11 1 3. 52 O. -0.10 1 5 1 7. 5 1 O. -0.10

32 5.65 O. -0.10 72 1.72 O. - 0.10 11 2 /3.10 O. -0.10 1 52 '.8/ O. - 0.10

33 5.55 O. -0 4 10 73 S. i 2 O. -0 .. 10 11> 1 • 1 S O. -0.10 1 5 3 , • /2 O. -0.10

3L 2.20 O. -0.10 7' 5.91. O. - 0.10 114 0.61 O. -0.10 15' 1.56 O. - C' .. 10

35 4.5'7 O. -0.10 75 13. Q 8 :1. - O. 10 11 5 C.19 O. -0.10 1 5 5 20.59 O. -0.10

36 1. 4, O. -0.10 76 1 7 .. 1 4 O. -0.10 11 6 1 .,8 O. -0.10 1 56 1 5.79 O. -_0 .. 1 a
17 1 o. B6 O. -0.10 77 "5.77 O. -0.1[1 117 2.29 O. -0.10 157 O. * o. -0.10

3 f, O. • O. -0.10 7R /.05 O. ~n.iO 11 B 1 • 39 O. -0.10 1 5 f) t, .. 3 1 O. -0.10

39 n. • O. -0.10 n 2.0A O. - 0.10 110 3. 96 O. -0.10 159 4. 1 3 O. -0.10

40 2. 4 26 O. -0.10 80 3.62 O. -0.10 1/0 1 • 10 O. -0.10




