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ABSTRACT

A comprehensive computer model of atmospnheric carbon monoxide transport
has been developed for Fairbanks, Alaska. The model, based on a finite
element method computational scheme, accepts input from specified vehicle
.traffic parameters including miles per day, number of cold starts, and total
idie time. The carbon monoxide concentrations are calculated for specified
time intervals at numerous points throughout the urban area. A test of

the model against 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 parking management, planning
and zoning, episode strategy planning, and carbon monoxide forecasting.
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AN ATMOSPHERIC CARBON MONOXIDE TRANSPORT MOBEL
FOR FAIRBANKS, ALASKA

INTRODUCTION

Fairbanks, Alaska, a Targe 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 inciuding severe
temperature inversions, a restricted geographic basin, and Tow 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 Tevel 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.
(GiTmore 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 varijety
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)
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or through installation of retrofit devices such as catalytic converters.

A11 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 turbuience phenomenon, A key aspect in the formation of
a competent control strateqy is the development of a rather compiete carbon
monoxide transport model.

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 _
compiete description of the mathematical basis of the transport model and of
the information needed to use it. This very large, computer-oriented model
requires competence and determination in order to create the appropriate
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 readeb
to interpret the model and relate the results to other aspects of the prob]em.

Included is a discussion of some salient features of Fairbanks®' carbon
monoxide problem. Certain aspects of the model itself are explained as well,
These are tied together through a complete discussion of a case study of an
actual air pollution episode in the Fairbanks area.




BACKGROUND OF THE CARBON MONOXIDE PROBLEM IN FAIRBANKS

Poor air quality and attendant problems in the Fairbanks townsite
probably began when the townsite was first developed. Much of the early work
was directed at the jce~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 hilis.)

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 unti] 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).




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 presently being used by several groups in
the Fairbanks area.

This report presents a brief background about the nature and use of the
atmospheric carbon monoxide simulation proaram (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 comprehensive and complete guide
to use of the model is available in "A User's Guide to the Atmospheric Carbon
Monoxide SimuTation Program,” (Norton and Carlson, 1976). The user's gquide 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
illustrative 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.




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 compiete 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 vehicies, 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 cbmputer 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 Toss through the top of the mixing layer. A more
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.




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 Tine sources
are spread around to simulate the many types of diverse source emissions
that occur in most urban areas. These semianalytic solutions are quite
popular and form the usual basis for the so-called receptor or area-of-
influence models. These models are expiained in a number of references:
Mancuso and Ludwig, 1972; Busse and Zimmerman, 1973; Ingram and Fauth, 1974,

The Tast 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
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TabTe 1: A Description of the Advection-Diffusion Equation

2
ac _ 8¢, 3¢ _
3T - Ugx Taxe T S5 - Ke

1 2 3 4 5

Term

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 € from control element to upper layers or through

decay within the element
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concentrate the computational grid where there is a special interest for more
information, Also, it is quite easy to modify the elements. The final
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 estabilishment of an appropriate
computational network. The distribution of the vehicle emission inputs is
the primary factor for specifying the finite-element 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-
Tateral 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 Timit of 110 elements and 250 node points. These 1imits 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 vehiclies, idling, and cold starts. The model can also

12




FTGURE 5: The finite-element computation grid for the Fairbanks
urban area.
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account for stationary sources and for distribution of the Toads 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
include two factors for moving traffic and a factor each for idle and cold-
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 s shown in Figure 7 and Table 2. The main arterial traffic
loads are shown in Figure 8 and Table 3,

The wind field in Fairbanks and many northern areas have very Tow,
almost imperceptible, speeds during the severe air guality 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 the 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 {GiTmore 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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FIGURE 8: The distribution of the main arterial traffic loads for
Fairbanks area. (Xeyed to TABLE 3)
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TABLE 2

The Traffic Local Input Data Distribution
Shown in Figure 7

Vehicle Mile Average Idle Time, No. of

Zone per day Speed Hours Cold 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 Wainwright
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 8

Arterial Vehicle Speed
Element Mile.
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
Highways.

19



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

Moving vehicle emissions, E]

£y = Vu]SuB; gm/day

where
V = vehicle miles/day/element
S = average vehicle speed
o, = a factor, value of 200* used in Jénuary 22 simulation
B = a factor, .55* used in January 22 simulation

Idling vehicle emissions, -E2

Ez=a2T
where :
% = a factor, gm/hour, value of 600* used in January 22 simulation
T = total idie hours/day/element
Cold start vehicle emissions, E3
'E3=a3N
where
ag = @ factor, gm/cold start, value of 340 used in January 22
simutation*
N = total number of cold starts/day/element

*SOURCE: L. Leonard, tUniversity of Alaska.
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Table 5: Explanation and Specification of Meteorological Values Used
in January 22 Simulation

Wind, v

Estimated from airport data, Fiqures 22 and 23. Values used for
simylation:

speed, .1 m/sec.
direction, from due north,
Mixing height -
Estimated from airport air temperature vs, elevation data,
Figqure 24. Can be calculated by extending a vertical line
from the afterncon ground temperature to the morning
temperature - elevation curve. Value used in simulation:
h=3m
Diffusion coefficient -

Hard to measure, few cold region values available. May
be crudely approximated by D = y-h, Value used in simuiation:

D=1.0 mz/sec.

21
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traces in Figures 9 and 10 will show that the fluctuation of carbon monoxide
concentration is quite active and can be expected to vary considerably within
a short time period. The bag sampiers 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 solution
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 Tast and most important feature of the modeliing 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 & 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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TABLE 6

Location of Samplers (See Figure 2)

Bag Sampler Location
2 Barnette and Airport
3 Steese and College Road
4 Nordstrom
6 RCA Building
9 Co-op Drug Store
10 2nd Avenue
Continuous Sampler
A State Office Building
B 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 Carison, 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 acouired and credibility
is achieved,

The period of study is January 22, 1975, Aithough 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 realijstic 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 bookkeeping.

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. FEach 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 showh 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 trianguiar
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 seaments. 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
north wind, from north to south, a low mixing height, and a diffusion 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 perijods. 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 Tikely and compares favorably with
calculations from the previous winter of 4 to 6 meters (Swift, 1974). The

38




6t

o
|

o
f

o)
!

WIND SPEED, knots
T

JAN. 20 21 22
TIME, hours of the day

FIGURE 22: Wind speed versus time - meteorological instrumeniation.




Ov

WIND DIRECTION, degrees

0
JAN.

FIGURE 23:

Wind direction

AN I Jl\/\
S I8
22

21
TIME, hours of the day

(degrees) versus time.

23




ELEVATION ABOVE GROUND,m

300~

B !
Q
|
OO am
00 L /22175
o
100 -
1
g 100 pm
9/? \uzz/rs
ol Al R | o |
_20 _ 10 0

TEMPERATURE, °C

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

41




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 correjated to these values.
Few literature 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 mz/sec. The meteorological variables are summarized in Table 5.

The program bookkeeping data are fairly routine and incliude 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
Tocated 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 sampiers. 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 predicted 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 reasonabie 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
simitar 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
Tine drawn by Cushman Street as it proceeds southward 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 agood 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 understanding the model, readers
should be warned it is only one exampie 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 field may be provided.

The model now offers an opportunity to examine various potential
planning and zoning alternatives with knowledge of potential CO Tevels
in mind. It also may be used to evaluate traffic episode control devices.
and has a potential use as a forecasting tooi.

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 Ties 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
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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
particulariy 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 controis 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-
togical 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 resuilts.
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APPENDIX
OUTPUT OF THE COMPUTER PROGRAM




MATHEMATICAL SIMULATION OF CARAON MOMNOXIDE DISTRIBUTION IN THE ATMOSPHERE
TWO OIMENSIONAL FINITE ELRMENT FOR HOQIZONTAL PROULEMS OF VARIABLE THICKNESS
IHIT1AL APPLICATION TO THE FAIRBANKS, ALASKA AIRSHED ...

TEST DATA TO CHMECLK NORTON'S APRIL 28 CHANGES

HUKUER OF ELEMENTS 72
NUMBER OF - 13
DL FFUSION CGEFFS . 1
CORMER MQODES 44

DUTPUT PRINT OPTION
LINES FOR CONTIMUNITY
TYPE OF VEL FIfLED
TYPE OF IRITIAL COnND
REQRDERING OPTIAN
LOGICAL UNITI{SCRATCH)
VELDCLITY FLELD OPTIO0Y
DYMNAMIC [HPUT CPTION
VERTICAL DIST OPTION

-
OO0 —=NOOD -

G.305
0.305%
1.000
1.000
1.000

SCALE
SCALE
SCALE
SCALE
SLLAE

T A =

i 0w H

< C

UNITS CONVERSION IS 8.562E-04
EXTERMAL UNITS ARE PPH

TIMe CONTROL AND VERTICAL DISTRIBUTION SPECS

TOTAL RUN TIME(HOURS) 32
PRINT INTERVAL(HOURS? 1
TIME STEP(HOURS) i.00
VERT DIST BEIGHT (M) C.
VERT DIST PARAMETER 0.

ELEMENT CHARACTERISTICS

NUMBER X DIFFUSION Y DIFFUSION
(M2/SEC) (2/5€C)
1 T.000E DO 1.000e DO

VELOCITIES AND BOUNDARY CONDITIONS ARE CONSTANT FOR THIS RUN senae



MATHEMATICAL SIMULATIGH NOF CARBON MONOXIDE DISTRISBUTION IN THE ATMOSPHERE
TWC DIMENSIONAL FIRITE ELEMENT FOR HGRIZONYTAL PRORLEMS GF VARIABLE THICKNESS
INITIAL APPLLICATIOR TO THE FAIRBANKS, ALALSKA AIRSHED...

TESY DATA TO CHECK NDRTON'S APRIL 28 CHANGES

FIXED NODAL SPECIFICATIONS ...aae

NODE X=L0C Y~LOC HETIGHT NODAL NODE x-L0C Y-LGC HETGHT NODAL
NUMBER (METERS) (MEFFRS) (METERS) DRDER NUMBER {METERS} ({METERS) {M4ETERS])} ORDER
1 57119,5¢2 1201978,80 3.0 3t 51 66522.60C  12009926.45 3.0 3s
2 57226,20 1205484.00 3.0 19 g2 €7627,.50 1211107.,56 3.0 52
2 57332.25% 12036%k%, 20 3.0 100 83 £7779.9C 121Cv39,92 3.0 25
4 57492.9C 12141172,7) 3.0 151 B4 7T1262.,24 12104327.00 .0 ia
5 57652.92 1219276.20 3.0 122 £S5 71551, 80 1206972.19 3.0 g8
6 59268.,36 1202973,44 3.0 12 86 72382.38 1208105.28 3.0 26
7 60411,35 1206474.59 3.0 30 B7 70744 .08 1207R91.92 3.0 27
8 63703.20 1210770.41 3.0 5% LES 69443 ,88 1208074 .80 3.0 14
9 60518.G4  1209%79,80 I.0 102 g9 EFAHE 68 12037922.41 3.0 12
10 &167%.0 1215123, 30 3,0 33 90 69783.98 1207175.64 3.0C 35
11 6195¢.22 12140463.1% 3.0 59 91 6980¢.82 1206L356,50 3.0 155
12 65263.52 1212540, 145 3.0 21 52 L7955 .64 1203975.23 3.0 76
13 65922.506 1214929, 23 3.0 8 93 71323,20 1202731.41 3.0 156
14 64B00.48 1220995, 31 3.0 20 94 6735G.B80 1209187.31 3.0 75
15 61417.20 1207838.04 3.0 41 95 6RB176.74  1208722.50 3.0 137
16 63i31.70 1204%Zc1,00 3.0 29 96 66675.0C  1210497.95 3.0 138
17 b2oE6,. A8 12053La. 84 3.0 37 97 7271766 1217325.48 3.0 1C9
13 62560.20 1227404, 23 3.0 43 98 69930.36 121517444 3.0 73
19 41716,54 120LP55.59 3.0 15 59 £7340.350 120725%.45 3.0 1ce
20 ¢1306.88 120E£913.00 3.0 16 160 66522 .6C 1208044 .31 3.0 R&
21 64329.00 120%751.49 3.0 17 101 75331.32 1213B66.00 3.0 107
22 ¢5112.20 1210818,00 3.0 18 102~ 67322.70 1206512,.70 3.0 127
23 64983.356 1211915,24 3.0 102 103 tebEL .50 1207297,56 3.0 126
24 639308 1211762,38 3.0 49 104 69456.30C 12087242,.44 3.0 131
25 674L97.94 121220484 3.0 29 105 6B153,88 12CKE257.49 3.0 132
26 6ECH9.04 121401841 3.0 152 106 68199.00 120%187.31 3.0 &a
27 6736842 121R087.48 3.0 48 107 71231.7¢ 1208135.77 3.0 133
28 6745¢.26 1220891, 64 3.0 129 . 108 72473.82 1207236.59 3.0 135
29 64346.20 1204843.92 3.0 124 109 73479.66 120700&.00 3.0 153
i0 65181.48 1206703.20 3.0 i50 110 75445,.62 1206596.52 3.0 134
21 65219.58 1207449,95 3.0 105 111 75352.28 1205529.72 3.0 59
32 £5219.58 1207556, 64 3.0 123 112 7136%.92 12050484,91 5.0 45
33 6LL95.64 1207724.28 3,0 77 113 79354,.48 1209507.36 3.0 145
34 66522.560 12106465.59 3.0 44 114 £1351.12 12138946,43 3.0 84
35 48732.40 1211569.52 3.0 143 115 7R341,22 1213%81.23 3.0 Lh
36 6933438 1213363.08 3.0 - 42 1154 75R34,24 1212822.006 3.0 58
37 656L6.30 1205697.36 3.0 63 . T 117 76935.08 1209926445 3.0 146
38 70104.00 1220784.95 3.0 81 118 74432 .16 1210970,41 3.0 40
39 61225.70 1220137.27 3.0 34 119 7242E.10 1209903.59 3.0 57
40 71536.54 1210R48.48 3.0 62 120 72397.62 1210124.548 3.0 54
41 £5793.70 1208425.31 3.0 22 . 121 73228.20 1211155,28 3.0 147
42 65798.70 120RE70.14 3.0 1 122 46522 .60 1208257.69 3.0 121
43 GLIRT.LIB 1205849,.77 3.0 ) 173 47337.94 120R257.49 3.0 55
L4 66522.60G 120914731 3.0 7 124 67337.94 1203105.28 3.0 70
45 691%7.22 1209713.09 3.0 24 125 70759.32 1208227.20 3.0 101
46 69044 .82 1210383, 66 3.0 12 126 70987.92 1208013.84 3.0 S4
47 &24L79,16 12G8707.27 2.0 23 127 7i323.2C t1207267.08 3.0 97
48 6£153.28 1237952.88 3.0 11 P28 71079.386 1207145.16 3.0 33
49 £B199.00 1206474.,57 3.0 5 129 67337.%4 12079%B.59 3.0 52




66415.92
72610.98
70020.18
66LL6.40
72633,.84
715%2.28
7073646
134,48
69997.32
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7iL14.64
€57%8.70
06522.610
6RO92.32
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75224.6¢4
45074450
TLR2TR.TH
74310.2¢4
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72550.02
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7331964
57337.94
67313.20
66.527.40
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1206409.58
1220784.95
1217980.80
1206550, 80
1214521, 31
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12090%5, 88
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1205941,20
1203167.52
12038722.50
1209758, 81
1230330.71
1209758.81
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130
131
132
133
134
135
136
137
118
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159

70751.70
70995.54
71010.7¢8
FO774L.56
T1178.62
AFLYL LT
T13v9 40
72374 .76
72420.48

_78318,36

B1436.54
FHRL7 .70
77I98.24
66522.60
76337.16
71414 ,64
713909,40
72332.38
78844 .14
78625.04
63153.28
£6522.60
HB176.14
GEEDE . LD
73253.68
72321.42
73372.98
81518.76
75338.94
73411 .08

1208059.56
1203181.48
120860F.20
1203653.92
1209083.27
1209133.98
12C08615.81
1204B36.30
1206169.30
1220716.38
1217272.14
120844819
1205118.23
1208722.5G
1211778,13
120%766.44
1210642.73
1211000,.88
1212837.30
1217256.71
1208105,28
1208151.00
1207273.73
120%705.4¢8
1213932.30
1203449.45
1204554.36
1220647 .50
1204142.38

1209393.06
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28
158
142
111
110
T4
144
117

74
136
159

72
119
11z

71
116

8%
120
154
148
114
115
140
157
j49
139

68
51
113



MATHEMATICAL SIMULATION OF CARBON MONOXIDE DISTRIBUTIODN IN THE ATMOSPHERE
TWO DIMENSIONAL FIMITE ELEMEMT FOR HORIZQONTAL PROBLEMS OF VARIABLE THICKNESS
INITIAL APPLICATION TO THE FAIRBANKS, ALASKA AIRIHED...

TEST DATA TO CHECK NORTON'S APRIL 28 CHANGES

HODAL COWNECTIONS AMD MATERIAL WNUMBERS....

FLEMENT NODES(COURTERCLOTKWISE) TYPE AREA{M2) ELEMENT NODES (COUNTERCLOCKWISE) TYPE AREA(MZ)
1 1 7 8 9 3 2 o G 1 22117910.00 37 59 145 B4 LE FT94S 0 o] 1 2990076.34
2 3 9 & 10 5 4 0 1} t 326448711.25 38 106 135 6O 153 7% 78 D 0 1 1407493.20
3 8 23 12 M 5 10 0 o 1 15346582.75 3¢ 125 133 60 135 1C& 47 0 g 1 1107168.41
14 & 22 3L 24 12 23 0 o} 1 I054138.63 40 105 104 125 &7 tged 95 1] 8] T 1212044.05
5 69 62 34 22 g 21 o ] 1 3142440.59 41 87 130 125 1G4 1C5 38 G 1] 1 L37190.49
4 15 17 19 20 8 18 0 0 1 5464030.75 42 48 B% 87 88 105 150 0 0 1 394326.57
7 1 & 15 13 8 7 0 D 1 13201052.50 43 61 128 B7 89 48 9D 0 o] 1 1914274 ,11
g 15 16 29 43 19 17 0 . 1 3918565.72 G4 L9 91 &1 90 48 1952 0 0 1 2373506R.66
9 29 37 5% 3D 19 43 0 a T 24029356.59 45 93 112 61 91 49 66 0 0 T 4291539.56

10 1% 30 53 103 100 31 0 0 1 1900776.94 a6 92 65 93 64 49 64 0 0 1 4196%1G.00
171 19 31 100 151 122 32 0 0 1 273031,.81 %7 101 6B 67 51 38 97 0 0 1 17345648,25
12 19 32 122 41 69 33 0 0 1 1451831.30 43 101 149 157 139 &7 68 0 3 1 22128753.5D
13 19 33 40 2% B 27 0 o 1 2563313.06 49 1071 115 114 140 157 149 0 o} 1 20315285,00
T4 69 42 44 31 34 6¢ G 8] 1 1070127.14 50 144 143 114 115 101 116 0 0 1 529941994
15 69 41 122 143 44 42 0 0 1 672970.21 5F 73 117 144 116 101 118 0 I 1 4739369.25
16 12 13 14 39 5 11 0 0 1 3034372£.00 s2 73 118 101 71 72 159 c 0 1 30576702.13
17 12 26 98 27 14 13 0 0 1 16639636.00 53 72 71 101 7?C 121 154 0 o 1 5474461,30
18 35 38 %28 25 12 25 0 4] 1 5265453.38 56 59 119 F2 154 121 120 0 0 1 L27709,45
1% 34 R2  Is 25 12 24 0 0 1 253%277.53 55 59 120 121 147 4C 25 4] D 1 1eavhra,vs
20 79 23 35 32 34 95 0 0 1 505164.00 36 V3 159 72 119 59 74 n 0 1T 2467144016
21 44 94 106 7B 79 80 o 0 1 $353062.20 57 107 84 73 74 59 7136 o i} 1 1114749 .78
22 105 95 106 Y4 44 F7 0 0 1 779211.24 5% 107 136 59 134 &0 132 0 D 1 370569, 71
23 122 123 105 77 L4 143 0 0 1 7579561.05 SO 125 131 107 132 60 133 0o 0 1 202992 .84
24 48 150 105 123 122 124 0 0 1 264B525,82 40 &7 126 107 131 125 130 . O a 1 79296 .81
25 100 129 4§ 124 122 131 n ] 1 173073.31 61 61 127 107 126 B7 128 a 0 1 465937 011
26 4% 152 48 129 102 ¢3 0 o 1 1203211.5¢9 42 61 138 73 56 107 127 o} 0 1 1993477.61
27 s3 12 4% 99 1062 103 0 o] 1 1311662.00 43 &1 138 75 159 73 108 0 o 1 2176440 ,.50
2n &9 102 53 3 29 83 0 0 T 1554676.00 44 93 137 75 138 61 112 0 0 1 27D3479,.22
2% 92 64 49 43 29 5 ° O 0 1 4015933.064 45 93 155 76 156 75 137 1] 0 1 2793323.72
30 98 52 38 28 14 27 0 0 1 14889732.25 56 76 158 142 111 75 156 0 0 1 5496355.63
31 98 54 161 97 38 52 0 0 1 15238225.75 57 75 111 142 110 73 109 0 0 1 4238456.31
312 121 70 101 S4 94 55 0 4] 1 8595709.50 . 48 44 BOD 79 96 34 Bt ] o 1 225290.63
33 40 147 121 55 93 56 0 0 1 39047D1.94 49 142 141 144 117 73 110 s} 0 1 11228337.63
34 35 57 4N 56 98 36 0 0 1 5507525.56 70 142 113 114 148 144 147 0 0. 1 17777686.00
35 R4 144 LT 57 35 5% 0 0 1 673075.65 7T 59 385 40 146 84 145 0 0 1 246657 .46
3 79 46 B4 58 35 83 0 0 1 2601838.50 72 60 134 59 45 79 153 0 0 1 515805.28




SUMMARY OF INPUT DATA USED TO CALCULATE CARBON MONOXIDE LOADS
FOR INPUT TO THE FAIRESANMKS AIR QUALITY MCHMODEL...

TEST DATA TO CHECK NORTON®*S APRIL 28 CHANGES

GM/HR AT IDLE 400.00
GM/COLBSTART 340.00
SPEED EMISSION FACTOR ALPHA 200.100
SPEED EMISS5ION FACTOR QETA 0.55

FRACTION OF DAILY C O LOAD FOR TRAVELINGs. IDLING, STARTING AND OTHER SOURCES.....

Houwr TRAVAL IDLING STARTING OTHER
1 0,020 0. C. 0.
2 0,010 0. 0. 0.
3 0.010 G. 0. 0.
f .00 0. 0. 0.
5 0.910 0.010 0.01C 0.
& a.010 6.020 0.020 0.
7 0.020 0.240 0,050 0.
a8 0.050 0,070 n.090 0.
9 0.050 0.090 0.080 0.

10 0,040 0.Ca0 0.030 0.
11 0.0s50 0.060 0.060 O.
12 0.050 0.960 0.950 0.
13 a.4a70 0,050 0.4G30 c.
14 2.070 0.n40 C.055 0.
15 G.C73 0.043 0.040 0.
1% ag.070 0.260 n,050 0.
17 0,020 0.04a4d 0.050 T 0.
18 D.080 0.0%90 0.0%0 0.
19 0,G70 0.G70 0.G60 0.
et 0.050 0.060 0.040 0.
21 J.040 0,040 0.a330 0.
<2 D.040 0,020 0.n020 0.
23 8.030 G.010 0.010 0.

24 D.020 | 0.010 C. 0.




NUMBER
ELEMENT

SUMMARY OF INPUT DATA USED 70 CALCULATE CARBON MONOXIDE LOADS

FOR INPUT TO THE
TEST DATA TO CHECK

DAILY MASS

INPUFS OF

FAIRBANKS AIR QUALITY MOMODEL...

NORTON'S APRIL 28 CHANGES

THE LOAD INPUT UNITS ARE
hesssnsaanveensDATA
MILES SPEED 10L ING
(BAY) (MPA) (H/DY)
37315.0 43,0 83.0
15564,0 45,0 81.0
2832.0 20.0 t272.0
210%9e.0 46.0 32n.0
25882.0 35.0 63.0
1609.0 20.0 335.0
1302.0 40,0 46,0
1547.0 20.0 258.0
1547 .0 20.0 258.0
1547.9 20.0 258.0
£3850.0 40,0 138
£3350.0 4G.0 0.
1516.0 20.0 126.0
758.0 20,0 63.0
53760.0 2.0 O«
1304.0 25.0 54.0
18844 .0 a0 75.0
¢120.0 46.0 125.0
152.0 25.0 £2.0
35165.0 33.0 d.
21826.6 36,0 0.
1190.0 20.0 198.0
1190.0 20.0 198.0
192C,0 0.0 66.0
1980.0 L0.0 6.0
747.,0 25.0 126.0G
747.0 2.0 1¢4.C
159.0 25.0 13.0
159.6 25.0 13,0
L4880 25.0 75.0
12104.0 50.0 79.0
12526.0 50.0C 171.0
1024.06 25,0 171.0
1174.,0 25.0 233.0
59670.0 35.0 0.
3420%9.0 42,0 8§76.0
19405,0 32.0 464 .0
28000.0 8.0 0.
4077.0 5.0 1133.0
1393, 0 15.90 3a7,0

TNPUTS e eenvavanne

gLb STs
(DAY
528.0
484.,0
2532.0
2282.0
375.0
2011.0
26t .0
1547.0
1567 .0
1567.0
0.
0.
758.0
3179.0
0.
326.0
l’a[.g_[]
750.0
3735.0
0.
a.
1190.0
1190.0
394.0
366,00
767.0
A7 0
20,0
R0.0
448.0
502.0
1024.0
1024.0
1399.0
0.
5256.0
2785.0
a.
6795.D0
2321.0

G.

C 0O FOR EACH ELEMENT FROM E£ALH SORCE
(GM/DAY/ELEMENT) va

emaeaCALCULATED CO EMISSIONSuasaveansssaviannnn

TRAVEL
(GM/DY}
942987.2
383605.1
g76B82.6
513753.1
732471.0
194649
34238.0
59559.9
5955%.9
59559.9
T679087.9
1679067.9
58366.4
29183.2
1376265.3
44 405.9
s0g7Ca.8
222079.3
5108.0
$51173.3
6081E7.9
45815.3
45815.3
52067.0
52067.0
253438.1
256438.0
5414.5
5414.5
15256.0
2814623.5
2971345.9
34870.9
39978.9
1688634.9
P26956.6
57691401
757368.2
183474,1
62324.8

IDLING
{(GM/DY)
52800,0
L8600.0

253z00.0
228000.0
37800.0
2G1000.0
2400, 0
154800.0
154800,0
154500.0

0.

0.
75600.0
3780N0.0

0.
52400.0
4£5000.0
75000.0
37200.0

D.

c.
118600.0
118800.0
39600.0
39600.0
744090.0
74400.0

7800.0

7500.0
45000.0
59400,0

102600.0
102600.0
139500.0
0.
525600.0
278400.0
0.
&79800,0
232200.0

STARTS
(GM/DY)
179520.0
164560.0
B&NE8n.0
?775880.0
128860.0
633740.0
B9760.0
525980.0
5¢5980.,0
525980.0

0.

0.
257720.0
128860C.0

c.
110840.0
$52320.0
255000.0
127580.0

0.

.
404600.0
4044600.0
134640.0
124640.0
2537280.0
253980.0
272090.0
27200.0
52320.0
201280.0
345150.0
348160,0
6475660.0

{

1787040.0

946900.0
G.

2310300.0

787140.0

OTHER
(GH/DY)
0.
0.
C.

oo o
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TOTAL
(GH/DY)
1175307,
534765,
1211563,
1517633,
859131,
9LE6RT,
150398.
740340,
740340,
7403140,
1679025,
1679023,
1914635,
195843,
1376265,
187646,
707029,
552079,
169508,
951173,
608129,
569215,
569215,
226307,
226307,
353218,
355318,
40415,
40615,
212576,
542304,
762106,
435631,
635439,
168863&5.
3239597,
1802214,
757368,
3173974,
1084165,

€O LOAD
(GH/M2)
0.05
0.02
0.07
0.50
9,29
Q.17
D.01
0.19
0.31
2.3%9
b.04
1.16
0,15
D.18
2.05
0.0
0.0z
3.10
g.07
1.88
2.63
0.73
0,75
G.21
1.39
0.27
a.27
0.03
0.01
0.0G1
0.04
0.09
0.12
0.12
2.51
1.25
0.60
0.54
2.87
0.89



NUMAER
ELEMENTY
61
472
43
L4
45
45
a7
(4]
49
50
51
52
53
54
55
56
57
52
5%
60
61
52
63
66
65
66
67
68
69
70
71
7e

SUMMARY OF INPUT DATA USED TO CALCULATE CARAON MONOXIDE LOADS
FOR INPUT TO THE FAIRBANKS AIR QUALITY MQMODEL...

TEST DATA TO CHELKX

DAl

1

LY MASS

44 4 cma e vaARE

MILES
(pAY)
2117.,0
163,0
7i11,.0
17447 .0
328.0
32750.0
1776.0
£4552.,0
12&7 .0
1as.0
92.0
92.0
59570.0
18216.0
47151.G
19522.0
1378.0
29%2.0
2982.0
2211.0
a4640,0
357410
2o .0
235.0
835.0
0.

349490
57000
2901.0
2901.0
11600.0
1114,0

INPUTS OF { 0 FOR EACH ELEMENT FR0OM
THE LOAD INPUT UNITS ARE (GHM/DAY/ELEMENT) ...

SPEED
(MPH)
20.0
230,
16.0
45,0
20.0
45.0
75.0
£2.0
2540
25,0
23.0
25.0
L4.,0
0.0
76 .0
¢3.0
15.0
15.0
15.0
15.0
25.0
45.10
35.0
25.0
25,0
0.
53,0
46,0
35.0
35.0
4G.0
29.0

IDL ING
(H/ DY)
2324,0
63.0
1737.0
135.0
91,0
%1.0
9.0
72.0
72.9
31.0
15.0
15.0

[ s i

1662,
491,60

1242,0

1242.0
%21.0
113.0
244.0
140.0
1372.0

NORTON'S APRIL 22 CHANGBES

CLD STS
(DAY
1764.0
L0&,.10
10421.9
813.0
547.0
547.0
592.0
£29.0
42g,.0
145.0
22.0
92.0

D.

0.

a.
9970,
2745.0
74540
7454 .0
5527.0
10206.0
10236.90
a4C.a
£35.0
235.0

{.
g4n .0

0.
840.0
40,0
0.
2783.0

«soSETUP CALL FOR C O ROUTING...

.s -NUMBER OF EQUATIONS IS

146

«aaTOTAL STORAGE IS

caaDATA INPUTS S vauserennsvounnana

OTHER
(pAaY)
0.

L R T N O N T L T T T I S R I T R A I R I |
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EACH SORCE

s esns CALCULATED CO EMISSIONS cenvennncanrsanaanas

TRAVEL
(GM/DY)
81505.0

6275.5

318229.8
430015.3
12628 .1
AO7187.5
60479 .2
1447741.0
43827.0

4299.9

3132.9

3132.9

T486478.5
S56T1133,7
1313876.5
6957%1.6
53128.2
134437.2
T34489,2
99716.9
2194413 8
205553.5
52097.5
28434 .8
28L%4 .8

0.

3039820.5
138799.5
82099.5
82099.5
289260.9
L2889,.3

8904

LRI

IDLING
CGH/DY)
1764C0 .0
40800.0
1042200.0
8100G.0
54600.0
54400.0
59400.0
43200.0
£3200.0
18600.0
3000.0
gCo0.0

a.

u.

O.
997200.0
2724600.0
745200.0
745200.0
$52600.0
67800.0
146400.0
&4000.0
RPI4GJLD
53400 .0

n.
g4000.,0

0.
84000.0
840090.0
0.
278400.0

STARTS
(GM/DY)
599760,0
13R040.0
3543140.0
276420.0
1856BG.0
185980.0
2D0128C.0
145860.0
145350.0
62900.0
311280.0
31280.0

0.

0.

0.
338980C.0
1001323.0
2534 350.,0
2534360.0
187%1380.0C
3470C40.0
34802400
235400.0
233900.40
2839030.0

0.
2856U00.0

0.
285600.0
285600,C
0.
9446900.0

OYHER
(GK/DY)

OO 50
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P
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TOTAL
(G®/DYY
257645,
1351%6.
4993570,
737435,
253273,
1047768,
321159,
14364801,
232h47.
37870,
43413,
43413,
1436473,
561154,
1313876,
508g992.
1349223,
Ja14CaQ.
3416049,
2531497,
5732254,
4532193,
431697,
395735,
375735,
0.
3405421,
138810,
451699,
451699,
289241,
1263139,

cO0 LOAD

(GM/M2)
1.96
0.47
2.56
0.33
0.06
0.25%
o.02
n.ovz
0.0
0.21
p.o1
g.nt
2.72
1.31
0,28
2.06
1.23
.21
16,82
31,68
12.85
2.27
J.21
3.15
0.14
0.
a.8¢
D.6&62
0.04
0.03
1.17
2.646



»«+«CONCENTRATIONS ARE

MODF
NUM

MATHEMATICAL SIMULATION

DF CARBON MONOXIDE BISTRIBUTION IN THE ATMOSPHERE

TW0 DIMENSIONAL FINITE ELEMENT FOR HQRIZONTAL PROBLEMS OF VARIABLE THICKNESS
INITIAL APPLICATICN TO THE FAIRBANKS, ALASKA AIRSHED...

TEST DATA TO CHECK NORTON'S APREL 23 (HANGES

QUTPUT FOR MODES
TONC X-VEL

PPR MISEC
0. = 0.
0, = 0.
D. = 0.
0. = 0.
0. = 0.
4,00 n.
4.00 0.
4.00 D.
4,00 9.
4.00 0.
4.00 0.
4,00 0.
4.00 9.
0., * 0.
4,22 0.
4,00 0.
4.00 0.
4,60 0.
4L.00 0.
4.G0 0.
4, GO 0.
4.90 0.
L.00 c.
4.00 0.
4,00 0.
4.00C 0.
4,00 0.
C. *» C.
4.00 0.
4,00 d.
4,00 0.
4,00 0.
4,00 D.
4.00 [
4 .00 a.
4.00 J.
4.00 0.
D. = 2.
., * 0.
4 .30 0.

INITIAL CONDITIONS

MEAN VERTICAL VALUES...

t T8¢ 159 ... THE SYMBOL = DENQTES A SPECIFIED VALUE

¥Y-VEL MODE CONC X=VEL Y-VEL
M{SEL NUM PPH M/SEC MISEC
-0.10 41 4.00 0. =0.10
-0.10 42 L.00 a. -0.10
-0.10 43 4.G0 0. ~0.10
-0.10 L4 £.00 a. “0.10
-0.10 45 4.00 0. -0.10
-n.10 Lé ¢.00 0. -0.10
=0.10 L7 4,00 0. ~0.10
~0.10 48 .90 C. ~0.10
-2.19 49 4.00 0. -0.10
-0.10 50 4.00 c. -0.10
~0.10 51 0. =+ 0. ~0.10
~0.10 52 4.00 0. -0.10
~0,10 53 L. 00 0. ~0.10
-0.11 54 4.0 n. -G.10
-n.1n 55 4.00 0. -c.10
-G.10 56 4.00 0. -0.10
-0,10 57 4,00 0. -0.10
-0.10 58 4.00 . -0.10
~0.10 59 4,00 0. -0.10
-, 10 60 4.00 5. -0.10
w10 61 4.00 0. -0 .10
-n.12 62 4,20 . -0.10
-0,10 63 4.00 C. -0.10
-0.10 64 4.00 0. -0.10
-1,10 65 4.09 0. -0.10
-0.10 &6 4.00 0. -0.10
-0.10 67 0. = 0. -0.10
~C.10 68 4.00 C. -G.10
-0.10 69 4,00 0. ~0.10
-0.10 70 4.0 0. -G.10
-0.10 71 4,00 . -0.10
-G.10 72 4.00 0. ~0.10
-0.10 73 L.00 0. -0.10
-0.10 74 L, 00 0, -0.10
-0.10 75 4.00 u. -0.10
-0.10 76 400 0. -0.10
-5.10 77 4,10 0. -0.10
-0.10 78 4.90 0. ~0.10
-0.10 79 4.00 0. -0.1%0
~0.10 &0 4,00 a, -0, %qQ

NODE
NUM
81
82
83
84
85
34
£r

120

conc
PR
4.CO0
4 .00
4.00
4.00
4. C0
4 09
4,.CO
4,C0
4.C0
4 .00
4,00
4,060
4.C0
400
4.C0
4,00
4,GGC
4 .00
4 .00
4.00
4,00
4 .09
4 .00
4 .00
400
4,00
4,00
4,00
4,00
4 .00
4.0
4 .00
4,00
45,00
4 .00
4,40
4,00
L .00
4. CD
4,00

X=VEL
M/SEC

oo
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Y-VEL
MmISEC
~0.10
=0.10
-0.10
-0.10
~0.10
-0.11
=G.10
-0.10
-0.10
-0.130
-t.10
-0.10
-0.1%0
~0,19
~-0.10
-0,10

-0.10 -

-0.10
-0.10
~0.19

-0.10

-0.10
-0.10
~-0.70
-0.10
-0.10
-0.10
-0.30
-0.10
-0.12
=0.10
-0.10
-0.10
-0.10
-C.10
-0.10
-0.10
-0.,1t0
-0.10
-0.10

NODE
N
121
122
123
124
125
126
127
12%
129
130
131
132
133
134
135
134
137
135
139
140
141
142
143
tad
145
144
147
148

1546
157
158
15%

tang
PPM®
4.00
4,00
4,00
4,00
4,00
4,00
4,00
4,00
4.00
4.00
4,00
4,00
4,00
L.07
L.00
4,00
4.00
4.00
0.
4.00
L, 20
4,00
4.00
4.00
4,00
4,060
4.00
4,00
4L.00
4,00
4.00
4,00
4.00
L. 00
4,00
4,00
0.
4,00
4.00

E 4

L]

X-VEL
M/SEC

G.
0.
0.
0.
0.
0.
0.

oo o
LI T T T T T T R |

oOQoo0DOo0O0Docooo o

Lo Rt }
[

0.
0.
0.
0.
0.
Na
0.

=0.1G

-0.10
-0.10
-0.10
~0.10
-G.10
=0.10
-0.10
-g.1t
-0.10




MATHEMATICAL SIMULATION OF CARBON MONOXIDE BISTRIBUTION

IN THE ATMOSPHERE

TWO DIMENSICNAL FINITE ELEMENT FOR KORIZAONTAL PROSBLEMS OF VARIABLE THICKNESS

INITLAL APPLICATION

TO THE FAIRBANKS.

TEST DATA T{ CHECK HORTON'S APRIL 28 C(HANGES

«asRESULTS AFTER

1 HOURS

-+« CONCENTRATIONS ARE HEAN

NODPE
HUM

GUTPUT FOR NODES

Cont X-VEL

PPM M/SEC
0. * 0.
0. = 0.
0, =« 0.
0. 0.
., = 0.
3.83 0.
3.98 0.
406 0.
.01 C.
3.95 0.
3.7 0.
4,31 Ju
3.76 0.
g. + 0.
4,13 0.
4,00 0.
3.92 0.
Lot 0.
4,09 n.
3.59 0.
4,07 0.
4,08 0.
4,16 0.
6.0% 0.
L,60e 0.
L.23% 0.
3.68 c.
0. =+ 0.
4,03 0.
4,09 0.
fa?1 0.
Lo b6 0.
4,00 0.
4 .04 0.
4.05 0.
4.01 0.
4 .01 0.
0, =« 0.
D. = 0.
3.98 0.

T T
Y-VEeL
M/SEC
=0.10
-n.10
-0.%0
«3.10
=0.10
-0.10
-0.1D
-0.10
-0.10
-n.10
-J.1C
~0.10
=0.10
-0.10
-0.10
-3.10
-3.10
-0.14

=0,10
~0.18

-0.10
-0.10
~0.10
-0.11
-0.10
~0.10

ALASKA AIRSHED...

OF DYNAMIC SIMULATION...

VERTICAL VALUES...

o 159 ...

HODE
NUM
4
42
L3
XA
45
L6
Ly
48
L9
50
54
52
53
54

THE SYMEOL +
X=-VEL ¥Y-VEL
M/SEC MISEC

conc
PPM
[y
4.12
403
4.10
£.05
4,11
3.99
4,16
4,04
3.95
.

3.61
4.03
4.23
3.69
6,02
t.03%
4,27
417
3.v2
4.28
4.05
3.99
L. 04
4.07
L.02
a.
3.63
4.07
4.05
4,25
4.4
4.06
4.09
4,09
4,02
4,02
.17
4.25
L, 24

G.

]
.

OO0 oocoOmoDe D
. & & ¥ " * & & » 1 %

QOO o
]

[use 2 e Y oo B
[ I '}

DENOTES A SPECIFIED VALUE

~0.10
~0.10
=0,10
-0,.10
~C.10
-0.10
-0.10
-0.10
~-0,10
-0.10

HODE
NUM
81
82
83
34
85
236
a7
88
g9
20
1
92
33
XA
25
26
97
g8
99
100
101
102
103
104
105
106
107
108

109 .

110
1M
112
113
114
115
115
"7
118
119
120

cone
PP

3.98
4.0
4.18
[T
4,32
3.99
4,07
L.193
3,82
4.C0
4,03
4.03
L.0t
&.20C
4.10
4,43
3.70
4.30
4.03
4.54
L.36
4,02
4.07
4.07
3.%¢
4.18
3.87
4,00
4,21
4,04

4,18

4.03
4.00
4o14
4.21
4.04
3.97
4.0
4 .28
4.23

X+VEL
M/SEC
C.
0.
C.
d.
0.
0.
0.
C.
C.
0.
C.
C.
0.
G.
0.
C.
Cu
0.
C.
0.
0.
0.
0.
C.
G.

Y-VEL
MISEC
-0.10
-0.10
-0.10
-0.10
-0.10
-0.10
-D.%0
-D.10
-0.10
-0.10
~0.10
-0,10

NODE
NUH
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
133
137
140
141
142
143
144
145
Thé
147
148
149
150
151
152
153
154
755
156
157
158
159

CONC
PPM

4,06
L.26
4.00
3.90
.21
5.21
4.5n0
bbb
3.93
.M
3.77
L4.34
4.10
4,04
6.13

"J W

1
.0
7

Bh)

[A
4
3
4] *

z. 3
4.01
4.03
4,29
4.04
4,23
4.53
4.0
4,061
3.69
4,16
L,68
4.13
L.09
4.53
4.01
3.98
0. ¢
3.99
4,04

X=VEL
MISECL

0.
0.
0.
Ox
De
0.
0.
0.
0.
0.
0.
0.
o.
0.
0.
o

J.
0.
0.
o.
N
G.
0.
.
0.
G.
0.
Ga
(18
0.
0.
0.
0.
0.

Y=VEL
M/SEC
-G.10
~0.10
-C.10
-G.i0
~C.10
-0.10
~0.10
~0.10
-0.10
-C.10
-0.10
-C.13
-6.13
~0.10

=0,15

=-0.130
-0.i2
~C.10
-0,.10
-C.10
~C.10
-0,.10
~0.10
-C.19
-0.190
-0,10
-C.13
-G.10
-0.106
-0.10
-G.10
=010
=-0.10
-3.10C
-0.10
=C.10
-G.10
-0.10
-0.10




MATHEMATICAL SIMULATION OF CARBON MONOXIODE DISTYRISUTION IN THE ATMOSPHERE
TWO DIMENSIONAL FINITE ELCMENT FOR HORIZONTAL PROBLEMS OF VARIABLE THICKNESS
[INITIAL APPLICATION TO THE FAIRBANKS, ALASKA AIRSHED...
TEST DATA TO CHEEK NORTONH'S APRIL 28 CHANGES

«a«RESULTS AFTER ¢ HOURS OF DYNAMIC SIMULATION...

.s« CONCENTRATIONS ARE MEAN VERTICAL VALYES...

X~VEL
M/SEC

wee OUTPUT FOR NODES 1 T¢ 159 ... THE SYMBOL « OENDTES A SPECIFIED VALUE ...
NODE cong X-VEL Y~VEL HODE CONC X=VEL Y-VEL NODE tone
NUM PPM M/SEC MISEC NUM PEM MISEC MISEC NUM PPN
1 0., 0. ~0.10 41 4L.67 0. 0,10 31 4,02 0.
2 0. » 0. ~C.10 42 4,10 C. -0.10 B2 31.96 0.
3 G. » 0. -0.13 43 L.CS 0. -0.10 83 4,26 C.
4 . = 0. -g.10 L4 L, 17 o. -0.110 34 L.73 C.
5 C. = 0. -0.1p L5 L,07 0. -0.10 ES 4.50 C.
& 3.68 0. ~C.10 L6 4,23 0. -D.10 g4 4 .00 C.
7 3.95 a. ~3.1C 47 4,00 G. -0.10 87 4,05 c.
8 L.t2 0. -0.10 48 4L.25 0. =0.10 88 4,26 0.
9 4.02 o. =-N.10 L9 4.08 0. -H.10 A9 3.7 0.
10 3.89 0. -0.10 50 3.99 0. -0.10 o0 4.G02 c.
11 3.6 0. -0.10 51 c. = a. -0.10 71 L, 04 C.
12 ha.57 D. -G.10 52 1.22 0. -0.10 92 4.05 0.
13 3.52 0. -0.119 53 6.03 0. -0.10 93 4.00 C.
14 0. = 0. -0.10 54 440 0. -0.10 24 4431 G.
15 4.23 0. -0.10 55 4.01 C. -0.10 95 .22 0.
16 5.99 0. -0.10 56 4.06 a. -0.10 96 4L b6 Q.
17 4L.00 o, -G.10 57 4. 01 0. -0.10 97 3.60 0.
1% 4,0 0. -0.10 58 4035 C. -0.10 95 L.52 C.
19 4,13 C. 0,10 59 4,30 g. -0,1n 99 L.02 L.
20 3.98 0. -D.i0 60 3.82 0. -0.10 100 4.E6 C.
21 4,13 0. -0.10 61 4,61 0. ~0.18 101 4.64 a.
22 4,12 0. -0.10 62 4.09 0. -0.10 102 401 0.
23 4,30 0. -0.10 63 3.69 0. -0.16 103 4.29 0.
24 .14 0. -0.10 ah 4L.07 0. -0.10 104 4.1 0.
25 4 .07 0. -0.10 £5 4.11 C. ~0.10 105 3,809 C.
26 L4 0. -C.1 &6 4.03 0. -¢.10 106 4.33 0.
7 3.36 d. -0,10 67 0D, = 0. -0.10 107 3.77 C.
28 C. = 0. ~0.10 68 3.246 o. -0.10 108§ 4.C2 0.
29 4.G5 0. -0.10 69 4,10 0. -D.10 109 4432 0.
30 4,29 o. -0.10 . 70 4.10 0. -0.10 110 4.04 0.
31 5.10 0. -G.10 71 Luot? G. ~0.10 111 4,131 0.
32 4,64 0. -0.10 72 L.71 0. -0.10 112 4011 a.
%3 4,01 0. -0.10 73 4,09 0. ~0.10 113 3.9¢9 0.
34 4 .05 0. ~0.10 74 £.15 0. -0.10 114 L.26 0.
35 4.04 0. ~D.10 75 5.19 0. -0,10 115 4,33 C.
36 4.04 0. -0.10 76 3.99 c. ~0.10 116 4a11 0.
37 L. 02 Q. -C.10 77 4,19 0. -0.10 17 3.98 0.
38 o, = 0. ~0.10 78 4,26 n. -0.10 118 4.0 0.
19 0. = 0. ~0.10 79 4,41 o. -0.10 119 4.51 0.
40 3.93 0. -0.1G 80 Lobh 0. -0,10 120 4.35 0.

Y-=VEL
M/SEC
~0.10
-n.10
~0,10
-0.10
-G.10
~0.10
-G.10
-0.10
-0.10
-0.10
-0.17
~0.10

~0.10

-0.10

-0.10
-0.10
-D.10
-0.10

NGDE
NUM
121
127
123
124
125
126
127
128
129
130
121
132
113
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
154
157
158
159

CONC
PPM
4,05
L.56
3.98
&.C0
4,37
5.42
4,73
5.13
3.90
3.B8
.86
4,57
L.14
4,038
4.20
4,34
5,03
L. 0N

4.05

L.Nz

X=VEL
M/SEC

0.
0.
0.
0.
a.

e I [ I im0 g I o Y e R Y o
[

ScCaoa
LI )

Y~VEL
#/SEC
-0.10
-0.10
-0.10
=0.10
-0.1%0
-0.10
-0.10
-0.10
-0.10
-0.10
=076
-C.10
-0.10
-0,10
=0.10
-0.10



w=s RESULTS AFTER

MATHEMATICAL SIMULATION OF CARBON MOMOXIODE DISTRIBUTION IN THE ATMOSPHERE
TWO DIMENSIONAL FINITE ELEMENT FOR HORIZONTAL PROBLEMS OF VARIABLE THICKNESS
INITIAL APPLICATION TO THE FAIRBAHNKS, ALASKA AIRSHED...

TEST DATA TO CHECK NORYON'S APRIL 28 CHANGES

3 HOURS OF DYNAMIC SIMULATION...

wexCONCENTRATIGNS ARE MEAMN VERTICAL VALUES...

NODE
NUM

X-VEL
M/SEC

QUTFUT FOR NODES 1 T0 159 ... THE SYMBOL » DENOTES A SPECIFIED VALUE ...

CONC X~VEL Y<VEL NODE coNC Xx-VEL Y<VEL NODE comc

PpM MISEL m/SEC NUM PP M/SEC MISEL MNUM PPM

0, = 0. -0.10 41 4.70 0. -0,10 81 4.07 c.
9.+ 0. ~0.10 L2 4,05 a. ~0,10 82 3,93 0.
0. * G. -0,10 43 4.09 o. ~0.10 83 4.23 g.
q. o. -0.13 44 4.23 n. -0.10 B4 L.74 0.
0. * 0. 0,10 45 L.154 o, -0.10 85 [T A 0.
3.54 0. -0.10 L6 4,31 0. -D.10 Bé& L.u9 0.
3.93 0. -0.10 L7 6.02 0. ~0.10 B7 3,98 6.
4.18 0. -0.10 L3 L.27 0. ~0.10 88 §.37 C.
.02 0. -0.130 &9 .12 C. -0.10 89 3,70 C.
3.20 0. -5.10 50 35.98 0. ~0,10 o0 4 .Gt C.
3.10 0. -0.10 51 0, =« g, -0.10 91 4.10 0.
4.77 0. ~0.10 52 2.83 o. -0.10 92 4.07 O.
3.29 0. -0.10 53 413 0. ~0.10 93 3.99 0.
0. = 0. -G.10 54 4,48 0. -0.10 %4 4432 0.
4,31 0. =0.10 55 4,07 0. -0.10 95 4 .34 C.
3.97 C. -0 56 4.2 0. ~0.10 g6 4,30 0.
4.01 0. ~N.10 57 3.9% n. -0.19 g7 3.09 0.
4. 28 a. -C. 10 53 4.0 D, -0.10 98 464 o.
4.12 0. -8.,10 5% 443 0. -0.10 99 3,99 d.
3.99 0. ~(t.10 &0 31.81 0. -D,10 100 4.95 Q.
.18 n. -0.10 61 4.97 0. -0.10 101 4,60 C.
L.17 0. -, 10 62 Lo14 0. -0,10 102 4 .00 0.
4.62 0. ~0.10 63 1.99 a. -0.10 103 4.58 0.
4.28 0. ~0.10 64 4,00 a. ~0.10 104 4,11 c.
.15 0. -0.10 65 4.12 0. -g.10 105 3.91 0.
4.54 0. -0.10 66 4,02 0. -0.10 106 4otk 0.
3.04 a. -0.10 67 0. * C. -0.10 107 3,84 0.
C. = 0. -0.10 68 2.91 0. ~0.10 103 4 .04 0.
4 .08 0. -g0.10 69 4,13 0. ~-0.10 109 4,36 0.
4.58 0. -0.10 70 4,20 0. ~0.10 110 4,03 0.
5.15 D. -0.10 71 4.49 0. ~0.10 111 4,39 .
4.63 c. ~0.10 72 4,75 0. -0.10 112 4. 24 0.
401 0. ~0.10 73 4.09 a. -0.10 113 3,98 0.
4,06 0. -0.10 74 4,21 0. -0.10 114 4,35 0.
4.01 0. -0.10 75 4,30 0. ~0.10 115 4,49 0.
4.1 D. -0.10 76 3.95 0. -0.10 116 4.25 0.
4,08 0. -0.10 77 4,43 D. =0.10 117 3.97 0.
0. * G. -0.10 78 432 C. -0.10 118 4.08 0.
0. « 0. ~0.10 79 442 0. -0.10 119 h,55 C.
3.89 0. =D.10 au 4,61 0. ~0.10 120 4441 0.

Y=VEL
MISEC
-0.10
-0.10
-0,10
-0.10
-0.1C
~0.10

-0.10
0,10
-0.10
-D.10
-0.10
«~0.1D
-0.10
-0.10
-0.10
-0.10
-0.10
-D.10
-0.10
-0.10
-0.10
-0.10
-0.10

NODE
AT
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
161
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159

tonc
PP

4.02
L.74
4.00
4,11
[
5,22
L.7¢
5.%6
3.94
3.93
3.77
4.70
4,12
L.16
L.23
L.54
6,02
403

3.36
4,02
L.06
L.346
G064
L.65
4.30
1.96
4.07
3.04
4,25
.81
4,30
4,25
L.27
4,02
4.02

4,09
4,28

X-vEL
MISEC

o
*

4 4 & B & & % ¥ = ¥ W 3

OQCoOOo0oooeoOoOooooodago
» 5 8 4 8 0 @ & F ®T 4 & & ¥

L

COoOCoOOoO0OooooOoooo0oQ

Y=VEL
MISEC
-0.10
~0,10
-0.19
-0,10
-G.10
-C.10
~-0,18
-0.132
-0.15
-0.132
-0.10
-0.19
-0.10
-0,10
-0.10
~-0.19
-0.10
-0.15
=0.10
~0.10
-.10
-0.10
-0.10
-G.10
-0.12
-0.19
-0.10
~0.10
-0.10
~0.10
~0.10
-0.10
~0.10
-0.14
-0.10
~0.10
-0.10
-0.10
-0.10




»«« RESULTS AFTER

eea CONCENTRATICNS APRE

NODE
MU

~ 0@ N D

ry

12

QUTPUT FOR

LONC

HODES

X-VEL

M/SEC
N.
U
.
G.
0.
.
0.
0.

MATHEMAT JCAL SIMULATION
TWO DIMEMSIONAL FINITE
INTTIAL APPLICATION

MEAN VERTICAL VALUES...

1 10

Y=VEL
MISEC
-N.10
-3.10
=010
=0.1C
-0.10
-0.10
-0.18
=-0.10
-2.10
-17.10
-0.10
-0.10
-0.13
~0.10
-n.10
-0.10
~0.10
-0.40
=D.10
-0.10
-0,10
-N.10
-N.1%
~C.10
~0.10
~N,13
-¢.10
-0.10
-0.10
-0.10
-0.10
~(1.10

-0.10

-0.10
~0.10
-0.%0
-0.10

159

TO THE FAIRQBANKS.

NODE
NUM
41
42
43
b4
5
46
47
48
49
50
51
52
53
54
55
56
57
5B
59
60
61
62
63
64
55
b6
67
68
69
70
71
72
73
74
75
76
77
78

TS

8o

CONC
PP M
AN
4.05
L. 14
4,30
4.27
4,33
4,06
4.3
Lo14
3.98
C.
2.45
L.35
L, 47
4,15
4,13
4.0
6,22
L,.57
3,95
5,30
L.19
&.20
L.12
4,13
4,02
0.
2.57
4,18
4,32
.54
4,40
4.1
4,29
4,39
3.92
.61
436
4,33
4,74

TEST DATA TO CHELK MORTOM'S APR[L 28 CHANGES

L HOURS OF DYNAMIC SIMULATION...

THE SYMBOL *
X=VEL
M{SEC

OF CARBON MOWOXIDE pDISTRIBUTIGH
ELEMENT FOR HORIZOMTAL PROBLEMS OF VARJABLE THICKNESS
ALASKA AIRSHED...

Y=VEL
w/SEL
«0.10
-0.10
=0.10
~0.10
=0.10
~01_10
~0.10
-C.10
-C.,10
~0.10
-0.10
-0, 10
-0.10
-0.10
-0.1D
-3.10
-0.10
-0,10
~0.10
-0.10
-0.,10
-0.10
-0.10
-0.10
0.0
-0.10
-0.10
-0,10
-0.10
-0.10
-0.10
-0.10
~-.10
-0.10
-0.10
-0.10
-0.10
=n.10
-0.10
-0.10

NODE
NUM

1Y
112
113
114
115
116
117
118
119
120

iIN THE ATMQSPHERE

DENOTES A SPECIFIED VALUE

CoONC
PRH
4.10
3.95
L.17
4,58
4.54
4. 24
3.96
4,460
3.746
4,07
4,15
6,09
3,99
4,31
4,48
4.22
2.77
L.ed
3.97
5.02
L.86
4.02
4. 81
4,10
3,99
L.52
4,04
4.07
4.37
45.01
L.45
4,42
3.97
4a41
4.53
4,42
3.97
L.12
[t
4,417

X=VEL
M/SEC

G
0

C.

C
0

0.

0
o
0

C.

s
¢
o
C

-

-

Y-VEL
M/SEC
-0.10
-3.17%
-0.10
-0.10
~0.10
-0.10
-0.10
=0.10
-0.10
-3.19
=¢.10
=0.10
-0,10
-0.10
-C.19
=2.14

-o.i0

=G.10
-3.14
-0.10

=0.10,

=0.10
~0.10
~0.10
-0,10
=0.,10
~0.10
-0.10
=0.10
-0.1D0
-0.10
-C.10
-G.10
=0.10
-0.10
-0.16G
=0.10
~0.10
-G.10

=0.10

NODE
KUM
121
122
123
124
125
124
127
128
129
1390
131
132
133
134
135
136
137
134
139
140
141
162
143
144
143
146
147
T48
149
150
151
152
153
154
155
156
157
158
159

Cong
PPM
3,79
La75
L.11
.15
Lad 4
5.23
L.75
5.44
4,03
4.00
.73
4,81
.12
4.30
4,30
Y
L.
L. N7

3,10
$.02
4.07
4,38
4.0
4,73
4,19
3.92
h.12
2.71
4.33
4. 94
4,36
L.33
4,15
4.01
4.08

t.18
Lot

X=VEL
M{SEC

0.

0.

[} P S Y S T R

4« & x

COoOOCDOoOOODOOCLDOO0OCS 2D
.

Y=VEL
M/SEC
~0.10
~C.15
-G.12
-0.10
=-0,10
~G.10
-0.10
~3,10
=012
-0.15C
=10
=0.10
~0.19
-0.10

=052

i
o]

3.1

[
.

1
1O MDD Do N

I O B |
.

Eomaa b ik ed o e
iy T ey [ B 0 I s [ Y 0 I o)

&
[

k
Jt
.

=C.10
-0.10
-0.10
-0.19
-0.10
~0.,i0
=0,12
-G.1iC
-0.138
-0.13
~0.10
-0.10
-0,10
-3J.13




MATHEMATECAL SIMULATION OF CARBOM MONOXIDE DISTRIBUTION

IN THE ATMOSPHERE

TWD DIMENSIOMAL FINITE ELEMENT FOR HORIZONTAL PROBLEMS OF VARIABLE THLICKNESS
INITIAL APPLICATION TO THE FAIRBANKS, ALASKA AIRSHED.,..

TEST DATA TO CHELK MORTON'S

+e = RESULTS AFTER

5

«es CONCENTRATIONS ARE

..o

=
i
[amiw
= m

B W R R N

QUTPOT FQOR MODECES
X=VEL
M/SEC

L0nC
PFRK
0.
0.
.
0.
0.
3.32
.92
4.29
4.05
3.55
2.50
4,95
2.B2
O. +
Lihd
3.95
5.07
[
.06
4,07
L. 28
4.35
4.55
4.61
4.36
4.59
2.39
0. *
4,24
5.05
Y.04
L,T76
4,05
4.20
3.98
4.29
L.52
Q.
D. =
3.87

* % * 4 x

c.

WA & X & m 4 8 B ¥ N B 3 3 & T T T T B S T e e

COOoOO0Oo00QROoOCOCOoOoORDCIDooIO0OOOOOMO0O00QO00ODDIO0RD
.

APRIL 22 CHANGES

HOURS OF OYMAMIC SIMULATION...

MEAN VERTICAL VALUES...

RENQOTES A SPECIFIED VALUE ...

1 TG4 159 ... THE SYMBOL ~

¥Y~VEIL HODE oM X-VEL Y-VEL NCDE CONE X-yEL Y~VEL NODE Cont X=yEL Y-VEL
M/ SEC N PP M/SEL har -3 HyUA PPL M/SEC KISEL wuM opy m/SEC MISEC
~-2.10 41 Lot C. -0.10 81 4,15 c. ~0.10 121 4.01 0. -c.10
-0.10 42 L.07 0. -0.10 2 4,04 C. ~0.10 j22 L.74 0. ~0.10
-0,186 43 L.22 0. -0.10 83 4,20 0. L. 123 L.35 0. ~0.10
-0.10 I 4.38 0. -0.10 B4 L.45 0. -0.10 124 L.35 0. ~0.10
-g.10 45 4,329 G. -0.10 a5 4,53 0. ~0.10 125 4,79 0. =0.10
~0.10 46 L.60 0. -0.10 85 L.59 0. -0.10 126 7.1 7. -0, 10
-0.12 47 &, 35 0. -0.17 87 .53 0. -C.10 127 5.07 0. =6.73
=, 10 L8 4.51 0. -0,.10 ¥ 4,49 0. -9.10 i2? 6.23 G- 6.0
-0.10 45 4,18 0. -D.10 &9 .51 0. ~3.10 129 L,23 g, -G. 12
-0.10 S 3.97 0, -0.10 90 4,27 0. -6.192 130 4,71 o. -0.142
~0.10 51 0. =* 0. -5.10 91 4,21 0. -0.10 131 .23 0. -0.1D
-0.10 52 2.99 0. ~0.10 52 6,13 0. -0.10 132 5.78 C. -0.10
-0.150 53 Lo44 0. -0.10 93 4,03 0. -0.10 133 L.nZ 0. -0.10
-0,10 LA 4,58 C. -L.10 74 4,35 G. -0.10 13¢ tL.5G . -0,10
-5.10 5% 4.24 0. -R.10 95 4. 468 . -0.13 135 L3 i, =10
~0.10 5¢ Lo24 0. ~G,10 9% L.24 0. -0.10. 136 5.1 0. -0.10
-0,10 57 4.03 0. -0.,10 97 2.50 0. -0.10 137 4,03 a. ~0.10
-0.10 54 4,25 a. -0.10 28 4.60 0. -0.10 138 4,13 0. 0. 10
-0.10 59 L.74 0. -0.10 99 4L.C4 0. -G.10 133 g. « a. -0.10
~2.,10 61 4,34 0. -0.10 100 5.15% 0. -0.10 147 2.83 0. -0.10
-G.10 &1 5.710 1. -0.10 161 L. 23 0. ~-0.10 141 L.0¢2 0. -0.10
-3.,10 62 4,24 a. =-0.10 102 L.C8 0. =0.10 142 4,7 n. -3.13
~0,18 63 ANLTA 0. -0.19 103 4,53 0. -0.10 143 .50 o, -0.10
~d.10 66 L.15 Ga -0.10 104 .16 0. ~0.10 144 4.08 G. -0.10
~D.10 &5 AR A 0. -0.10 105 4426 0. -0.10 145 4,75 0. -0.10
-0.1G 64 4,03 0. -0.10 106 .62 0. ~-0.10 146 4.15 0. -0.10
-N.10 67 0. = 0. -0.10 107 4.58 0. -0.10 147 3.93 0. -g.10
~0.10 68 2.25 0. -0.10 108 £.23 0. -0.10 148 4,19 0. -0.10
«0.10 69 L.,27 ¢. ~0.,10 109 4,39 0. -0.10 149 2,40 0. -0.10
-0.10 70 bobh 0. -0.10 110 4.00 0. -0.10 150 4,54 0. ~-0.10
-0.10 71 4,57 C. -0.10 111 4.45 0. ~0.10 151 4 39 0. -3.13
-0.10 72 4.43 0. ~0.10 112 L.&7 0. -0.,10 152 .43 G ~0.10
-0.10 73 L2t G. -0.10 113 3.97 C. -0.10 153 L.50 o. -0.10
-0.10 74 L.57 0. -0.10 114 L.45 0. -0.10 154 4.13 0. ~0.10
~0.10 75 Loo? 0. =0.10 115 L. 0L% 0. -0.10 135 4.02 0. ~0.10
-0.10 76 3.94 C. -0.10 114 4.59 o. ~=0.10 156 L.186 0. ~0.108
-0.10 77 4L.73 0. =0.10 117 .08 0. -0.10 157 0. « 0. -0.10
-0.10 78 4.37 G. -0.10 118 AT 0. -0.10 158 L.23 0. -¢.10
-3.10 7e 4,30 0. -0.10 119 4,83 C. ~0.10 159 L.60 d. -0.10
=0.10 50 L_.B2 0. -0.10 120 Ge32 0. ~0.10




MATHEMATICAL SIMULATIOH

TWO DIMENSIONAL FINITE

INITIAL APPLICATION

TEST DATA TO CHECLK

wa»RESULTS AFTER

«w- CONCENTRATIONS ARE MEAN VERTICAL VALUES...

NODE
MU

Y s I W T R VR LR

CUTPUT FOR NQDES
X-VEL
M{SEC

cenNg
F P4

L T T T T

Pl B S AR LR B R ol |
.

[ R R B =RV
eI R E e N s -

o~ e
e
we I~ o
(R e AN

* * X R *

0.
C.
0.
0.
Q.
0.
0.
0.
Q.
0.
0.
0.
0.
G.
G.
0.

LI I S I N |

[T I I

TO THE

OF CARBONM
ELEMENT FOR HORIZIOMTAL PRORLEMS OF VARTABLE THICKMESS
ALASKA AIRSHED...

FATRBANKS,

MONOXIDE DISTRIBUTION IN THE ATMOSPHERE

NORTON'S APRIL 28 CHANGES

6 HOURS OF DYNAMIC SIMULATION...

1 10

Y-VEL
wfSEL
-0.10
~-0.10
~-0.10
-0.10
-2.10
~0.10
-0.10
~0.10
-0.10
-0.10
-0.10
-0.190
-C.18
-0,
=0.10
=-0.10
-0.10
~0.10
0. ¥
~0.10
~-0.10
«0,10
~0.10
-0.10
~-0.10
-0.10
-0.10
-0.10
“~0.30
-0.10
~0.10
~0.10
-0.140
~0.10
-0.10
~0,10
=0.10
-0.1C
=0,10
-0.18

159 ...

NODE
RyH
41
42
43
LL
45
46
47
48
49
50
51
57
53
54
55
56
57
58
5%

THE SYMBOL =

come
PRM
L.61
4,11
4,32
Lat7
4,560
Lo 06
5.03
L.94
L_Z27
1,97
C.

1.746
4,02
L.22
40351
4,32
L.10
L. 41
4,78
L.97
6,50
L 3%
L.14
5,19
L.16
4.09
0

e

1.96
L.61
4,59
L.56
4,329
L, 46
5.23
4,56
4.00
4.60
6.4
L.42
4.87

DENOTES A SPECIFIED VALUE

A=VEL Y~VEL
M/SEC Mm/SEC
0. -0.10
0. -0.10
0. -0.10
0. -0.10
0, -0.10
0. ~-0.140
G. -0 14
D. -0.10
0. -.10
0. -0.10
0. -0.10
0. -0.10
C. -0.10
o. =0.10
D. ~0.10
C. =0.,10
0. ~0.12
G. -7.10
0. -0.10
0. -0.10
0. -0.148
C. ~0.10
G. -0.10
0. =0.10
0. ~0.10
0. -0.10
0. -0.10
0. -0.1C
0. ~0,10
0. ~0.10
a. -0.10
0. -0.10
0. -0.10
D. "Dc10
0. ~0.1G
C. -N.10
0. ~0,10
ag. -0.1%0
0. ~0.10
. 0. -0.10

NOQDE
Ny #
81
B2
a3
84
a5

12

114
115
116
117
118
112
120

Lome
PPM
L.29
L. 14
4.34
4,41
L.58
Savh
6,57
4,84
4.0
4. 68
4,35
4,19
4415
4,60
5.G5
4.238
2,24
L.L6
4. 24
5.31
L.72
4,17
5.19
L.49
6.77
L.76
5.75
4,75
4.45
4.00
4.32
5.0
3.99
4,46
4.318
6.75

4.01.

4,18
5.14
4.1

X-VEL
MfSEC

0
0
C
0
C

OoOoooo
.

(=)

o

o [Rone iy aos By e B o Y e I v QN o s Y o Y o s Y e J o Y v e s I o 0 R s B e o o

*

LI T )

L R N O N L T T T TR T S Y R T S T S T

Y-VEL
M/SEC
-0.10
~0.10
«-0.10
~0.10
-c.10
-0.19

-0.10
-0.13
-C.12
-0.10
-0.10
=0.10
-D.10
-p.10
-0.19
=0.18
-0.10
~0.10
~0.10
-0.1n
=010
-0.10
-0,10
-0.10
~0.10
-0.10
-0.10

NODE
VR
121
122
123
124
125
126
127
128
129
130
1317
132
133
154
135
134
137
138
139
1410
141
142
143
144
145
146
147
148
149
1540
151
i52
153
154
155
156
157
158
159

CONC
PPM
4.10
4. B4
L,b66
474
65.22
14,26
b.24
8.3
4.63
6.61
12.35
9.17
5.97
5.23
4,68
5.92
4o
6,24
0.
2.59
4.04
4.09
6.73
L, 17
£.78
4,08
4.03
L4.26
2.11
5.14
5.11
4L.61
4.85
4.12
4.06
L,25
0.
L.29
4,95

*

*

X=VEL
MrSEC

LI T T

Oooo0oDoOoo0ooDoOo0oo0g

L T I R O L T R S T T |

Loy B oo R o e [ o Y o S e B e [ B o Y e |

.

Y=VEL
Mf5EC
-0.10
=0.130
-0.1C
-0.1G
=-0.15

[
-ULtT




MATHEMATICAL SIMULATION OF CARBON MONOXIDE DISTRIBUTION IM THE ATMOSPHERE
TWO DIMENSIONAL FINITE ELEMENT FOR HOREIZONTAL PRCBLEMS OF VARIABLE THICKWESS
INITIAL APPLICATIOR T0O TRHE FAIRAAMKS, ALASKA AJRSHED...
TEST DATA 7O CHFCK NORYON'S APRIL 238 LHANHGES

we e RESULTS AFTER 7 HOURS DOF DYNAMIL SIMULATIOH...

«ao COMCENTRATIONS ARE MEAM VERTICAEL VALUES...

.e. QUTPUT FOR NODES 7 10 159 ... THE SYMBOL + DENOTES A SPECIFIED VALUE ...
NODE Cutlc X-VEL Y=VEL NODF cone X-VEL T=VEL NODE CONC X=VEL Y-VEL NGDE CONC X-VEL Y-VEL
NUHM PPM MISEC M/SEC NUM PEM M/ISEC M/SEC mLUM PPN M/SEC MISEL KUM PPM MmISEL M/SEC
1 C. = 0. -0.10 41 £.79 G. -0.10 81 L.5¢2 C. -0.10 121 L.29 0. -0.10
2 0. G. -0.10 L2 4.21 a, -0.10 B2 L.27 G. -0.10 122 5.1 0. -0.10
3 0. « 0. -0.10 43 4. L8 G. -0.10 83 L.63 0. -0.10 123 4,92 0. -0.10
4 a. =+ G. -0.10 L4 4.50 0. -C.10 B4 4.53 0. -0.10 184 5.20 0. -0.10
5 3. 0. -0.10 45 L.91 0. -0.18 85 482 0. -0.10 125 9.13 0. -C.10
6 3,15 0. -£.17 Lf 5.20 0. -.16 56 6.30 C. ~0,10 126 26,53 0. -5.58
7 3.%5 0. ~-0.15 L7 6.10 n. ~-0.10 a7 10,52 0. ~0.10 127 8.57 0. -0.15
R 4.38 o. -0.10 L8 5.69 0. -0.10 g8 5.69 0. -0.10 128 13.52 0. C-0.12
Y 4,06 0. ~n.10 &9 L.46 0. -0.10 a9 3.93 0. -G0.10 12% 5.1¢9 -0,10
10 3.24 0. -0.10 50 4.00 0. -0.10 o 6,22 0. ~D.10 1320 92.65 -0.10
11 1.94 0. “0.10 51 a. G. -0.10 g1 L.74 G. ~0.10 i34 21.57 -0.10
17 .92 0. -g.1 52 1.45 o. -0.10 72 4,27 G. ~-C.10 132 1424 -0.13
13 2.38 C. -N,10G 53 5,22 n. -5.10 %3 AR A 0. -0,12 133 §.N4 0 -05
14 G. = 0. =0.1n 54 .02 . -g.1D0 94 4,47 C. ~-0.10 134 S.64 0. . =0.17
1s L.59 0. ~0.10 55 L.35% 0. -0.10 95 5.52 0. -0.10 135 5.07 0. -0.10
16 hal® G. -0.10 54 441 n. -0.10 96 4.50 0. -0,10 - . 136 7.42 0. -0.10
17 4,32 0. ~0.10 57 .22 0. ~0.10 v7 1.59 D. -0.10 137 L.27 0. -0.18
18 L.52 0. -G.10 58 L.77 a. -n.10 93 L.27 C. -0.10 174 4.353 0. -0.17
19 Lo37 0. -0.1C 5% ho9E C. -0.10 99 L.&2 0. -6.170 139 o, = G. “C,13
eC 4,32 0. -0.10 a0 5.50 o, -0.10 100 5.72 C. -G.10 149 £.35 0. -0.1¢
21 4.43 0. -u.10 51 .57 0. -0.10 101 4,57 C. ~-0.10 141 4.08 n. «0.10
22 4L E7 0. -0.110 62 L.LY n. -0.10 192 4,35 0. “0.10 142 Lot2 0. -0.10
23 4.61 Q. -0.10 43 4.35 0. -0.10 103 5.48 0. ~0.10 143 5.20 0. -0.10
Zé 5.05 0. -0.19 &4 L.26 0. -0.10 104 5.36 0. -0.10 144 4£.33 0. ~-0.,10
25 4L.57 0. -0.10 65 4,23 C. ~0.10 105 5,34 0. -0.12 145 4,91 0. -0.1a
24 L 43 d. -0.10 s, X 4L.18 0. -0.10 104 5.10 L. ~0.190 iy L.21 0. =0.0G
27 1.79 0. -0.10 4 0. -« 0. -9.1@ 107 7.73 C. -0.10 147 4,25 o. -C.10
28 g, -« 0. -0.10 63 1.69 0. ~0.10 108 5.71 0. -0.1%0 148 4,33 0. -0.10
29 L.76 0. -0.10 69 4,50 0. -n.10 109 4,70 0. ~0.10 149 1.864 0. ~0.10
in 5,46 0. -0.10 70 4,75 0. -0.10 110 4.03 0. -0.10 150 b.43 0. -p.10
31 S.24 0. -0.10 71 4,59 D. -0.10 111 & .60 0. -0.19 151 S.62 0. -0.10
32 46.97 0. ~0.10 72 4,28 0. -0.10 112 S.53 0. -0.10 o152 5.03 0. -0.10
33 4,28 0. -0.10 . 73 4.94 0. -0.10 13 4.03 0. -0.10 153 5.50 0. -G.10
34 470 0. -0.18 74 6.39 0. -0.10 114 445 0. -0.10 154 4,13 o, -D.15
3% 413 0. -0.10 75 4,70 C. -0.10 115 4,19 G. ~0,10 155 4,17 G. -0.10
36 4.52 0. =0.10 74 4.10 0. -0.10 116 4,88 0. -0.10 156 .35 0. =D.10
37 5.39 0. -0.10 77 3.19 0. -0.190 117 4,04 0. -0.10 157 0., = 0. -0.10
3R n. =« 0. -0.10 78 4,61 0. -0.10 118 4,18 0. -0.10 158 .34 0. -g0.10
39 0. = 0. -0.%1 79 4.72 0. -0.10 119 5.6% 0. -0.10 159 5.48 0. -0.10
40 4.N0 0. -D.tu0 R0 5.07 0. ~0.10 120 3,89 0. ~0.10 :




MATHEMATICAL SIMULATION OF CARBON MONOXIDE DISTRIBUTION
Two PIMENSIOMAL FINITE ELEMENT FOR HORLZONTAL PROBLEMS OF VARIABLE THICKNESS

INITIAL APPLICATION TO THE FAIRBANKS,

TEST JATA TO

«saRESULTS AFTER

s« CONCENTRATIONS ARE MEAN VERTICAL VALUES...

*es=

HCDE
HEHES

FOR-CIENI ARV R SR PH L C IR

QUTPUT FOR NODES

CONE
PPM

I S T ]
* * * & #

Pl LB V2R e e B o B v bt

X~VEL

M/SEC
0.
G.
0.
0.
0.

. & »

4

[ I vt R B e [ o R e J e s I
N M

QooODCaOooo
LR T T Y

o
*

0a
[

0.

CHECK NORTON'S

APRIL 28 CHANGES

ALASKA AJRSHED...

8 HOURS OF DYWAMIC SIMULATION...

110

Y-vEL
#/SEC
~-0.10
-0.10
-0.10
=010
-0.iG
-0.10
-9.10
-0.10
-0.10
~0.10
-0.10
=010
-0,10
-0.10
~-0.10
-0.10
-0.10
~0.10
~0.10
-0.13
=0.14Q
-0,10
-0.10
-0.10
-0.10
-0.10
-0.1G
-0.10
-0.10
~3.10G
-0.,10
-N,10
-3.10
=010
-0.10
-0.10
-0.10
-2.19
-0.10
=0.10

159 ...

NODE
UM
41
42
43
o
45
L6
&7
48
49
50
51
52
§3
XA
55
54
57
58
58
60
61
62
63
64
65
a6

THE S5YXBOL +

Lone
PP

5.55
FANLY:S
L.72
L,50
5.59
6.23
7.52

.75

4,37
4.06

. o s

L] .
I U B A e T
NS U T SO TN o I AN Y

~ -2
~nE

pury
VIR L IR, BT I O R DLW, A v |

-

4_75
6.63
4,43
4,43
4,36

1,46
4.92
4,97
4,53
4,74
5.80
B.37
5.02
L,26
5,81
5.10
5.39
5.78

DEMCTES A SPECIFIED VALUE

X=VEL T =-VEL
MISEC M/SEC
. -0.1C
0. -0,10
0. -0,10
O. -G.10
0. -0,10
J. -0.10
0. -0.10
G. =0.1C
b. ~0,10
0. -D.10
0. -0.18
G. ~0.10
Oa -3.10
0. =-0.10
0. -¢_10
C. ~0.10
Q. -0.10
' ~0,10
C. -C.19
J. ~0.10C
GC. -0,1C
0. =0.10
C. -0.i0
D- -Gi10
0. ~0.10
C. -G.10
n. ~0,10
0. -C.10
0. -0.10
0. ~-0.10
0. -0.10
O. ~-0.10
0. 0,10
0. ~C.10
0. ~3,10
0. ~0.10
0. ~0,10
C. -0,10
0. -0.10
0. -0.10

NODE

7z
118
119
1210

CoNC
PP#
4,91
4 b4
5.24
5.17
5.5¢
§.072
17.C%?
7.42
3.45
8.74
5.63
4.39
L,o63
4,71
6,68

[N TRE ATMOSPHERE

X=VEL

M/SEC
0.
0.
0.
0.

Y-VEL
miSEC
-0.,10
-0.10
-0.10
-0,10
-0.10
=0.10
-0.10
-0.10
-0.10
-0.10
-0.10
-0.10
-0.,110
-0.10
-C.10
-0.10

~0,1¢°

-0.10
0.0
-0.10

~0.10.

-n_10
-0.10
-0.10
~0.10
~0.10
-0.173
-0.10
-0.10
~0.10
-0.10
-0.10
-0.12
-9.10
-0.10
-0.10
-0.10
-0.10
-0.10
-0.10

NODE
muUM
121
122
123
124
125
174
127
128
129
130
131
122
133
134
135
136
137
138
139
140
141
142
143
144
145
thé
147
145
149
150
151
152
153
154
155
156
157
158
159

CONC
PPRM
4,56
S.084
5.12
5.78
TL.14
47.54
13.04
23.61
5.%0
14,53
35.9%
22.53
11.31
6.32
5.20
G.54
4.55
5.14
C.
2.12
L1545
4.29
6,20
4,58
5.40
L,R9
L,H63
4,346
1.66
8.73
7.07
5.90
6.74
5.11
4.3%9
L.45
0.
4,36
6,38

*

X-VEL
MISEC

0.
0.
G.
0.

c.
o.
0.
0.
0.

G.

Cr
«

R I )

LI

[ T 0 I s oo 20 s 4 i TS A e I
[

o0
LI )

o N |
LI }

Y-VEL
MfSEC
-0.10
~0,10
=-0.1%3
~0.10
~G.10
=0.10
~G.10
-0.10
-0.10
~0.10
-0.10
“C.10
-C.10
-0.13

- ~0.10

-C0.10
-0.10
-G,.12
-0.10
-g.10
L A
~-8.10
~0.10
-0.10
-0.10
-G.10
-G.10
-0.10
-0.10
-0.10
=0D.10
~0.10
-0.10
-G.10
-C.i10
=0.10
~0.10
-0.10
-0.10



MATHEMATICAL SIMULATION OF CARADN MCNOXIDE DISTRIBUTICHW IN THE ATMOSPHERE
TWO DIMENSIONAL FINITE ELEMENT FOR HORIZONTAL PROBLEMS OF VARIABLE THICKNESS
INITIAL APPLICATION TO THE FALP3ANKS, ALASKA AIRSHED...
TEST DATA TQ CHECK NORTON'S APRIL 28 CHANGES

-« RESULTS AFTER 9 HOURS OF DYWNANIC SINMULATION...

asn COMCEMTRATIONS ARE HMEAN VERTICAL VALUES...

wvs OUTPUT FOR NODES 1 Tg 159 ... THE 5YMBOL + DENOTES A SPECIFIED VALUE ...

NCDE coNC X=VEL Y-VEL HNODE CONC X=VEL ¥Y-VEL HODE CONE X=VEL Y-VEL NODE coNC X-VEL Y-VEL
HUH PP M/SEC M{SEC NUM PPM M/SEC MISEC num PPM MISEC M/SEC KRUM PP M/SEC MIEC
1 0., « 0. =010 41 .43 o. -3.13 &1 §5.57 o. -0.10 121 4,37 2. -4.10
2 9. 0. -0.16 42 L.n3 0. -2.10 82 4,59 7. -N.10 122 6,52 9. ~-0.19
3 J. - n. -0.10 L3 4,98 C. ~-3.10 g3 5,70 C. -n.10 123 4,33 [N -0.10
4 L.« u. ~0.10 L4 L.14 0. ~8.10 B4 5.%2 0. -0.10 124 6.50 0. -0.10
5 g. = 0. -0.18 45 6,47 o. -0.10 8% 6.53 0. =0.10 125 19.73 C. ~-0.10
4 5.02 a. -0.10C 46 74D a. -0.190 86 10, 35 C. -0.10 126 a6.5¢ 0. ~0.50
7 4,07 0. -0.10 47 &,53 0. -0.10 87 2407 0. -0.10 127 i7.75 G. ~0.i0
a L.47 0. -2.10 LR 5.03 0. ~0.10 a8 9. 81 o, -0.10 128 36.51 0. -0.10
2 L.07 a2, -0,19 L9 5.48 n. -0.10 59 2.32 0. -0.13 125 £.5D0 1. " -0.10
70 2.93 0. -0.10 50 4.7 G. -5.10 20 11,77 C. -0,10 130 18.40 0. ~0.12
11 1.44 0. -0.10 51 0. = 0. -0,10 21 7.26 C. ~0.10 131 45.99 0. -0.10
12 L.75 a. -0.10 52 0.99 0. -0.10 92 4.52 0. -0,10 132 29.42 a. -0.19
13 2.02 0. -n.10 5% 6.0 C. -0.10 93 L.92 C. ~0.10 133 13.22 0. -0.10
1¢ J. » 0. -0.,10 54 3,52 0. -0.i0 94 4281 0. -0.10 134 6.22 0. ~0.10
15 4,30 0. -0.10 35 4,23 0. =0,13 25 7.97 0. -0.10 135 7.03 n. -0.10
14 L.67 o, -%.10 56 4,83 Jd. -0, 110 95 5.55 0. -0.10 | 126 11.78 J. -3.15
17 L.89 a. =0.19 5 L,62 D. -0.10 o7 1.59 a. -g0.12 117 4,23 o. ~0.10
18 L.63 0. 0,10 58 6.23 D. -0.10 98 3,78 0. -0.10 138 6,28 0. -0.10
19 4,77 n, -0.10 59 5.53 g. -0.10 99 6.1 0. -0.10 139 n, - 0. ~D.10
20 4.73 0. ~-C.10 60 5.45 a. -0.10 100 g.29 G. -0.10 140 1.91 (1 -0.10
21 4,50 0. -0.10 &1 18,15 0. -0.10 101 4,26 G. -0.10. 141 L.30 0. -0.10
22 S.9H 0. -0.10 62 5.10 0. -0.10 102 5.05 c. -0.10 142 L.29 0. =0.10
23 4,56 0. -0.10 &3 5.60 a. -0.10 03 6.%6 0. -0.10 143 7.6 0. -5.10
24 5.51 0. -0.10 64 &6 0. =0.10 104 9.12 D, -0.10 14 4 L, EB 0. -0.10
25 4,75 0. -0.10 45 Loh6 0. -0.10 105 5.79 0. -0.10 145 6,13 0. -0.1G
26 4.4 0. -0.10 66 4.57 0. -0.10 106 7.4 C. -0.10 146 5.3 n. -0.10
27 1.29 0. -0.10 ° &7 0. = 0. ~0.10 107 14,32 C. -0.10 147 4.98 0. ~0.10
28 o, = 0. -0.10 &8 1.26 0. -0.10 108 9.10 0. -0.10 148 4,36 0. -0.10
29 5.76 0. -0.106 69 5.21 0. -0.10 109 6.37 0. -0.10 149 1.53 0. ~-0.10
30 6.56 c. -0.10 70 S.16 0. ~-0.10 110 4,21 0. -0.10 150 11.52 0. ~0.10
31 7.57 0. -0.10 71 5.19 0. -0.10 111 5.31" 0. -0.10 151 .22 C. ~0.10
32 6.46 C. ~0.10 72 5.41 0. -0.10 112 8.14 G. -0.10 - 152 7.11 G. -0.10
33 4.77 0. -0.10 73 6.38 0. -0.10 113 t.th 0. -0.10 153 §.22 0. -0.10
34 5.60 G. -0.10 74 10,47 0. -0.10 114 4.38 0. -0.10 154 5,45 0. -0.10
35 4,40 0. -0.10 73 5,49 0. -0.10 115 3.60 0. ~-0.10 155 L.65 D. ~0.10
36 4,73 0. -0.10 76 .37 O -0.10 116 5.02 0. ~0.10 156 L.59 0. «0.10
17 6.51 0. -0.10 77 6.91 0. -0.10 117 L.07 0. -0.10 157 c. = 0. ~0.10
39 0, « 0. -0.10 73 5.68 0. “(.10 113 4.03 0. -0.10 158 Lodd 0. -0.10
38 0., « 0. -0.12 79 5.87 9. -0.10 119 7.46 0. -0.10 159 7.37 0. ~C.10

40 L.138 C. -0.10 ae 7.06 0. -0.1% 120 4. 04 C. -0.10




MATHEMATICAL SIMULATION OF CARDBON MONOXIDE DISTRIBUTION IN THE ATMOSPHERE
TWO DIMENSIONAL FINITE ELEMENT FGR HORIZOMNTAL PROALEMS OF VARIABLC THICKNESS
INITIAL APPLICATION TO THE FAIRZANKS, ALASKA AIRSHED...

TEST DATA 7O CHECK NORTOM'S APRIL 28 C(HANGES
a5 RESULTS AFTER 10 HOURS QF DYMNAMIC SIMULATION...

+e< CONCENTRATIONS ARE MgAN VERTICAL VALUES...

+ew QUTPUT FGR HNDBES 1 T0 159 ... THE SYMBOL + DENOTES A SPECIFIED VALUE ...
MOYE cone X=VEL Y-yEL HOpE CONC X=VEL ¥-VEL NODE CONC X-vEL Y=VEL NGDE coNe X=VEL Y-VEL
Hun PEH NSSEC M/SEC nM PP MISEC M/SEC NUM PEM M/SEC M/SEC MU PR w/SEC M/SEC
1 g. = 0. -0.10 41 6.92 0. -D. 10 B1 6.49 o, -0.10 121 5.16 0. ~0.10
2 o, o« 0. -0.10 42 L.64 0. ~0.10 a2 L.76 0. ~0,10 122 7.45 G. -0.10
3 0. =+ 0. -0.10 63 .24 C. ~3.10 83 5.78 0. -0.19 123 4,13 o. -C.12
L 0. » 0. ~-1,10 [ 3.50 0. -0.10 ah 5.84 0. -0.,10 124 7.18 C. -C.572
5 G, G. ~2.19 45 7.n2 0. -0.10 g5 7.18 0. -G.19 125 23.23 n. -0,18
4 2.99 g. ~0.10 45 3.38 G. -1.10 86 13.0¢ C. ~0.10 126 77,35 0. -0.10
7 4,14 0. -0.10 47 8.23 d. ~0.10 87 28.82 C. -0.10 127 21.55 g. ~0.10
] 4L .48 C. -0.10 48 8.58 0. -0.190 23 12.38 0. -0.10 12% £9.09 0. -0.10
9 4,05 0. -0.10 49 6.27 0. -0.10 89 1.04 0. =0.10 129 &.90 Q. -G.10
1C 2.76 0. -g.1i0 50 L.34 C. ~0.10 90 14,971 0. -0.,10 1319 20.L8 0. -0.10
11 1,22 0. -0.10 51 C. C. -0.10 21 2,71 G. «0.19 131 L9.41 . -2.17
12 4,60 o. -0.14 52 c.77 o, -0.10 92 4,65 0. -9.19 732 32,77 o. -C.12
13 1.85% a. ~2.110 53 6.60 n. -0,10 93 .23 C. -0.10 133 14,38 0. -0.10
14 0, « 0. -0.17 54 3,25 0. ~0.10 24 4,51 0. -0.110 134 5.22 C. -0.130
15 6,37 0. ~0.10 55 4,07 n. -0,10 95 9.41 0. =0.10 135 8,37 o, -+=D.10
14 4.9 0. -G, 10 56 4,70 0. -0.10 246 5.46 C. -0.10 138 12.21 0. -0.190
17 5.18 0. ~0.19 57 L.79 G -0.1i0 ?7 1,41 c. -C.10 137 5.12 0. -G.10
18 4.87 a. -2.10 58 654 0. =010 9E 3,47 0. -0.130 138 7.94 . -0.13
1% 5.6 9. ~-0.10 59 6.01 7. -0,10 39 6.59 0. -0.10 133 0, = 0. -C,19
20 L, B7 0. -0.10 &0 AN 1. -0.10 i00 9.15 0. -0.10 140 1.71 0. ~0.132
21 5.20 0. -0.10 61 27.29 0. -0.10 101 4 .08 C. -0.10 141 LLLB 6, “0.10
22 S.4U a. -4.10 62 5,47 0. -0,10 102 5.52 o. ~0.10 142 4.35 0. -0.10
23 4,59 0. -0.10 63 S5.45 0. -0.10 103 a.18 o. -n,10 143 7.70 G. ~0.10
24 5.56 0. ~G.10 G4 5.02- 0. -0.10 104 11,17 0. -0.10 144 5.16 0. ~-0.10
25 4,80 0. -0.10 65 4,83 0. -0.11 105 L.76 L. ~0.10 145 6.79 6. -0.10
26 3.0¢ 0. -0.10 &b 4,35 G. -0,10 106 .74 0. -0.10 146 5.37 0. -0.10
27 1.7 0. ~0,10 &7 0. 0. -0.10 mn7z 17.35 0. -0.10 147 5.23 0. -0.12
28 0. = 0. -0.15G 68 1.07 0. -0.10 1048 10.62 0. -0.10 1438 4,29 0. =G.10
29 6.28 t. -0.10 &9 S5.43 0. -0.10 109 7.39 C. -0.10 140 1.34 0. ~0.10
30 7.45 C. -0.10 70 5.23 N. -0.10 110 4,18 0. -0.10 150 13,96 0. ~0.10
31 §.12 a. -3.10 71 3.44 G. -4.10 111 5.3 c. -0.10 151 5.88 O -0.10
32 6.89 0. ~N.10 72 5.82 0. -0.10 112 10,87 0. -0.10 152 B.33 0. -0.10
33 5.01 0. -0.10 73 8.06 0. -.10 113 4.19 0. -0.10 153 9.60 0. ~0.10
34 3.8% 0. -0.10 74 12.14 0. -0.10 114 4.30 0. -0.10 154 5.66 0. -0.10
35 .47 0. -0.10 75 6.07 0. ~-0.10 115 3.35 Q. ~G.10 135 4L,89 0. -p.10
36 45,77 0. -0.10 74 A 0. ~0.10 116 4,97 C. -0.10 156 4.53 0. =0.10
37 7.08 0. ~0.10 77 5.49 0. -0.10 17 4. 07 0. =0.10 157 0. ¥ 0. -0.10
38 C. + 0. -0.10 73 5.96 0. ~C.10 118 3.97 C. -0.10 158 Lab2 C. ~-0.10
39 C. « a. -0.10 79 5.73 c. -0.10 119 7.99 0. ~0.10 159 a.31 0. -0.10
40 Hao21 0. -0.10 80 8.36 0. =0.10 120 4.33 G ~0.10




MATHEMATICAL SIMULATION OF CARBON
INITIAL APPLICATION

TEST LATA TO CHECK

«««RESULTS AFTER

<+« CONCENTRATIONS ARE

wea. DUTPUT FOR NODES

NODE colc X=vEL
R PPM MISEL
1 0. 0.
2 G, * 0.
3 J. » 0.
4 G, = c.
5 C. « 0.
& 2.97 C.
7 4.21 0.
c A C.
G 4,03 0.
1a 2.56 0.
11 1.0 0.
12 [ A A o,
173 1.75 G,
14 G, * J.
15 ‘.91 0.
16 5.10 G,
17 3.40 0.
18 L.68 a.
19 5.31 0.
2C 4.63 0.
21 5.55 0.
2e 6.46 a.
23 hobd 0.
24 5.44 U.
25 L,.75 0.
26 3.67 0.
27 c.a4 0.
28 G, = a.
29 6.75 0.
30 3.27 0.
It 8.43 0.
3e 7.39 0.
33 5.21 0.
34 5.94 Q.
35 4.53 0.
36 4.73 0.
37 7.74 Ja
13 0. = 0.
39 N, = a.
L0 4.18 Ca

HOURS OF DYNAMIC SIMULATICON...

TO THE

NORTOHN'S

FAIRBANKS,

MOMNOXIDE DISTRIBUTION _
TWwo DIMENSIONAL FINITE ELERMEMT FOR HORIZONTAL PROGALEMS OF VARIABLE THICKNESS

APRIL 28 CHANGES

MEAN VERTICAL VALUES...

1 TO

Y-VEL
MISEL
~0.10
~-0.10
-0.10
-0.10
-0.10
-0.10
~.117
-20.18
=-0.11
~0.10
-0.10
-0.10
-9.10
=J.10
0,10
~0.10
~0,10
=0.10
-0.113
~-0.149
-g.10
=0.10
~0.10
-0.i0
-0.10
-0.10
-3,.10
-0.10
=0.10
-0.10
=~0.10
0010
-0.10
~-0.10
~0.10
-0.i0
-0.10

~0.10

-N.1g0
-0,10

159

NODE
HUM
41
42
432
44
L5
[
L7
48
49
50
51
52
53
54
55

cong
BEm
7.35
L.77
5.49
2.75
7.32
©_ae
7.467
3.73%
7.20
L.60
G.
D.62
7.30
2.73
I.63
L.6H8
.65
6.20
6.93
3,45
34,07
5.7%
5.7
5.43
4.98
5.37
0.
0.29
5.68
5.21
5.71
&.05
9.29
13.00
6.7¢2
4 .48
10.07
5.85
5.16
11.15

L]

*

THE S5YMBOL
X-VEL
M/SEC

0.
0.

* & 3 R B 8 & g & T 4 & 4w u

P I T Y

QOO0 O00o0RoDOODODoDDOoDOoOCDODOManoD oo CoooooOoo

ALASKA AIRSHED...

Y~-VEL
MS5EC
-0.10
-0.10
-0.10
~0.10
=g.10
-C.18
-.,10
=0.10
-0.10

~(.10 .

-0.10
~0,.10
-0.10
-3J.10
=0.10

HODE
N
K1
82
83
8¢
B5
25
£7
Ba
89
90
51
92
93
24
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
19
120

THE ATMOSPHERE

DENQTES A SPECIFIED VALUE

cone
PPN
7.48
5.04
5.6¢
5.39
7.55
1T.73
30,03
14.58
-0.G7
17.64
17 .80
4,83
5.68
3.92
Ti.064
S5.4¢
1.24
3.13
7.57
9.80
3.b5
6.10
F.23
12.39
3.4t
11.93
19.061
11.57
R.50
4,10

5.93

14.387
4,21
4.19
3.04
4.B3
L.06
3.97
7.49
6,85

X=VEL
¥/SEC

0
0
C
0

r

.

[»]

OO0 Do OOUooOOoOLODOOOZZOO0OOOOoCIoMNooN OO0

-

B OE & & & X B B F § 4 B s F B B B 4 4 & & B ¥ & 0 a2 v &

NODE
UM
121
122
123
124
125
76
127
128
2%
130
131
122
133
T34
135
136
137
138
139
140
141
142
143
144
145
146
17
148
149
150
151
152
153
154
15%
156
157
158
159

CONC
BRY
5.36
8,13
3.48
7.40
25.41
Te,82
23.9%
58,461
7.00
20.17
Lo, 43
3z.52
14,65
6.75
g. 58
10.835
5.51
9.95
0.
1.5¢
La?1
4,37
g.11
5.40
7.25
5.85
S.41
4.15
1,24
15.67%
G.84
9.30
10.62
6.00
5.07
5.74
0.
6,33
8.9a

*

L

X-VEL
MmISEC

R T T T T T R T T R T T Y S S A T T T T T T R TR SR T S S TS

COoCOoOCooOOoOLOoOOOCeCO000o OO OOOOOoNMOOoOO0n0

s = 4




s RESULTS AFTER

+a s CONCENTRATIONS ARE

NODE
[N
1

WSl PN O DA O W s e

[ T N W T T W W R N e I )
=S O W NG SN =00 N

(S )
£ N Ny
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MATHEMATICAL SIMULATION OF CARBON MQYOXIDE OISTRIBUTION IN THE ATMOSPHERE
TWO DIMENSIONAL FINITE ELEMENT FOR HORIZONTAL PROBLEMS OF VARIABLE THICKHNESS
INETIAL APPLICATION TO THE FAIRBANKS, ALASKA AIRSHED...

TEST DATA TO CHECK NORTON'S APRIL 28 CHANGES

12 HOURS OF DYNAMIC SINMULATION...

DUTPUT FOR NODES L R} 169 ... THE SYH30L « DEHNOTES A SPECIFIED VALUE
CONC X=VEL Y-VEL NODE colc X=VELL ¥Y-VEL NODE CONC X=VEL ¥Y=VEL
praM M/SEC Mmysel MUM PPy MISEC M/SEC RUM pPPM ®ISEC MISEC
5., « 0. -D.1i9 41 7.92 C. -n.10 B1 5.42 G. 0,10
0, 0. ~-0,.10 42 s h7 0. -0.10 32 5.37 0. ~0,10
o, e 2. ~1.10 43 5.74 C. -8.10 33 5,47 G. =0,10
g, 0. =0.10 L4 2.19 0. ~0.10 34 5.13 0. -0.10
0. -+ g. -0.10 L5 7.98 0. -D.10 85 7.77 0. ~0.10
2.97 n. -0.10 4L .44 0. -0.10 84 1£.18 C. -0.10
4,28 0. «0.10 L7 6,82 0. -0.19 87 28.37 Q. -0.10
L.39 0. -0.10 4g °.03 0. ~0.10 53 16.02 n. ~0,1i0
3.97 a. -0.10 “9 B.1¢ a. ~“N.13 39 -0.¢&6 c. -C.18
2.3%9 0. -0.10 50 4,91 G. -0.10 g0 19.72 0. -0.10
L.% 0. -0.10 51 0. = 0. -0.10 21 14.11 0. -0.10
4,23 0. ~0.,10 52 0.45 0. -0,10 g2 5.10 0. -0.10
1.55 0. -0.10 53 B.56 0. ~-0.10 93 6.50 0. -0.,10
G. « o, -J.10 54 .73 0. -0,10 94 2.28 . ~0D.10
&,9h 0. -0.15 55 3,52 n. -0,10 55 12,87 0. -0.10
5.27 0. -0.12 ) 4,60 a. ~-0.10 94 5.60 c. -0.10 |
5.57 G. -5.10 57 5.0 0. -0.10 97 1,03 0. ~0.10
Y 0. -0.13 g 6.12 0. ~0,10 9R 2.7V 0. -0.10
5.56 C. -0.10 59 B.3E g. -0,10 99 2.11 0. -0.10
4.95 0. -0.10 60 3.45 0. -0.10 100 10,65 0. -0.10
5.96 C. -0.10 61 46,29 0. -0.10 101 3.67 d. -0.10.
6.79 0. -0,10 62 6.02 0. -0.10 102 6.73 0. ~0,10
4,23 0. -92.10 43 6.58 0. -0.10 103 10,59 0. -0.10
5.26 0. -0.10 XA 5.95% 0. -0.10 104 12,48 C. -C.10
4.59 0. -0,10 $5 5.18 0. -0.10 175 2.43 0. -0.10
342 0. ~0.10 66 631 0. -0.10 106 13,42 0. -0.10
0.70 0. -0.10 67 0. = 0. -0.10 107 19.07 0. -0.10
G, 0. -0.13 68 n.73 0. -0.10 103 11.99 0. -0.10
7.19 0. -Gc.10 69 6.00 0. ~0,10 109 9.47 0. -0.10
g.9¢ 0. -0.10 70 5.13 D -0, 10 110 3,69 0. -0.10
.07 0. -0.10 71 6,13 0. -0.10 11 5.28 0. ~C.10
g.08 C. -0.10 72 647 0. -0.10 112 20.14 Q. ~0.10
5.37 0. -C.10 73 1D.54 0. -0.10 113 4.23 0. -0.10
5.78 0. -G.10 T4 135.11 Q. ~0.10 114 4,05 0. -0.10
4,64 0. -0.10 75 7.45 0. -0, 10 115 2.74 0. -0.10
4,65 0. -0,10 74 4,63 0. -0.10 116 4,65 o, -0.10
8,52 0. -0.10 77 11.28 0. -0.10 117 3.57 0. -0.10
0. = 0. -0.10 78 5.41 n. 0,10 118 4.00 n. -0.10
G, = t. -0.10 79 L.ba n. -0.10 119 7.4 0. -0,10
4,06 0. ~0.10 20 13.72 C. ~-0,10 120 5.45 0.~ -0.10

MEAN VERTICAL

VALUES ...

NCDE
WS
121
12¢
123
124
125
1246
127
128
129
130
131
132
133
134
125
136
117
138
139
140
141
142
143
144
145
146

148
149
150
151
152
153
154
155
156
157
158

159

CONC
PE M
S.ad
g.71
3.3
7.%2
24,85
74.28
29.08
63.79
6.7
12,52
41,10
30.95
14.286
A.20
11.39%
4.41
b17
11.94

1.3¢2
4.98
4,37
B.6¢
5.59
7.57
6-76
5.57
.93
1.15
16.66
10.8C
9.90
11. 11
b.64
5.23
5.93

5.0¢
Fab1

# a2 & * 4 8 &

» %

Y-
M/
_C‘

L% I
wa —a kM

SO TP O v T T A vl R IR

3 e

]
[t ]

1
L8]
.

-

t
2

i
]
+
PP

bk ¥ O

]
(-
.

"

1
O a
[ )
s

-0.133



MATHEMATICAL SIMULATION OF CARBON MONOXIDE DISTRIBUTIOR IN FTHE ATMOSPHERE
TWO DIMENSIONAL FINITE ELEMENT FOR HORIZONTAL PROBLEMS OF VARIABLE THICKNESS
INITIAL APPLICATION TO THE FAIRUIANKS, ALASKA AIRSHEND...
TEST DATA TO CHECK NDRTON'S APRIL 28 (HANGES

eeRESULTS AFTER 13 HOURS OF DYNAMIC STYULATION...

«» CONCEMTRATIONS ARE MEAN VERTICAL VALUES...

ee. DUTPUT FOR NODES + Tn 159 ... THE SYMAQL =~ DENOTES A SPECIFIED VALUE ...
HODE CONC X-VEL Y-vEL MODE cone X~VEL Y-vEL HODE ConC X=VEL Y-VEL NODE CONC
NU! PP mfsEC MISEC NUM pPY MISEC MJSEC NUM PFM MISEL MISEL TR P
1 0. = 0. -0.10 ‘1 38.77 0. -0.18 81 q.24 0. -D.10 121 5.50
2 0. 0. -0.10 L2 5.47 n. -D.10 82 5.71 0. -0.10 122 9.L7
3 C. * 0. -N.10 43 5.04 0. -n.10 83 5,49 0. -D.10 123 1,85
L 8. ¢ 0. “0,10 I 2.86 o. -0.10 BL S.4% G. ~0.13 124 B.01
5 0. « 0. -0.10 L5 7.83 2. -0,10 55 7.65 0. ~0.10 125 24.73
) 2.98 0. -0.10 4y 10,22 0. -0,13 86 20,51 D. -0.12 125 74,31
7 4.36 a, “0.10 ot 7.39 0. -0.13 g7 27,17 0. -.10 127 24.20
a 439 o, -0.10 4R 10.71 0. -c.10 &8 17 .04 G. -0.10 12% b6, 7H
g 3.95 n. -0.18 Lg 9.13% 0. -0.10 89 “U.55 0. -0.10 129 7.30
10 2,20 0. ~-0,10 50 5.27 0. -G.10 90 21.53 0. ~0.13 130 18,48
11 0.t4 n. -0.10 51 0. « 0. -0.10 91 19.13 C. ~0.10 13 L2.76
12 4,13 0. ~0.10 52 0.36 a. -£.10 92 5,52 . -0_11 132 22,74
13 1,43 n, ~-C.i0 5% 9.1 0. =5.10 93 2,13 0. -0.10 133 15,57
Th 0, & 0. -0.110 5¢ 2.52 0. ~0.10 =¥ 2.77 a. 0,10 134 10,77
15 L.98 n, -0.10 55 3.4 0. -0.10 95 14,61 0. -0.132 135 12.63
16 5.46 G. ~0.10 56 4.51 0. -0.10 96 5.72 C. -0.10 | 136 6.%96
17 5.75 0. -n.10 57 5.05 GC. -0.10 97 6,02 0. -0,10 - 137 7.28
18 465 0. -0.10 5% £.26 0. -0,.10 98 2.472 0. -0.10 138 13,42
19 5.85 0. -0.19 57 10.22 0. -0.10 99 3.56 C. -0.10 139 0.
20 L. %3 0. =010 &0 L.50 g. ~-0.10 100 11.73 C. 0,10 140 1.14
21 .40 0. -0.1G 51 51.45 0. -0.10 101 3.49 C. ~0.13 141 5.29
22 6.90 n. ~0.10 62 6,17 n. -0.10 102 7.34 0. -0.10 142 ALY
23 4.03 0. -0,10 63 7.2R C. ~-0.10 1073 18,95 0. ~G.10 143 9.39
24 5.10 0. -0.10 &4 6.57 0. -0.10 104 12.62 0. -0.10 144 S5.71
25 4,34 0. -0.10 45 5.55 0. -D.1C 105 2.96 0. ~-0.10 145 7.98
26 3,19 C. -0,10 66 7.86 C. ~-0.10 106 14 .49 C. -0.10 146 8.09
27 0.55 0. -0t 7 67 0. = n. -0.10 107 18.67 n. =0.10 147 5.79
28 0. = 0. -0.10 68 0.59 J. -0.10 108 12.58 0. ~0.10 148 S.64
z9 7.70 0. -0.10 69 .46 0. ~0,10 109 10,49 0. -0.10 149 1.09
30 9.64 0. -0.190 70 5.03 0. ~-0,10 110 3.90 0. -0.10 150 17.58
29 10.0%9 0. -0.10 71 6.56 0. -0.10 111 6.069 0. -0.190 151 11.7%9
32 A.85 0. ~-0.10 72 '7.09 0. ~0.10 112 26,46 0. -0.10 . 152 10.31
33 5.59 0. -0.10 73 11.86 a. -0,10 113 L.23 0. -0.10 153 11. 34
34 5.57 0. -0.10 74 13.15 0. -0.10 114 3.69 0. ~-0.10 154 6.59
35 L.B7 0. -0.10 75 R.32 0. -0.10 115 2.46 0. -0.10 155 5.51
34 4,56 0. ~0.10 76 4.90 0. -0.10 114 444 a. -0.10 156 6.00
37 Q.46 0. -0.10 77 12.19 0. -0.10 117 3.87 6. -0.10 157 0. =
T8 0. =+ 0. -0.10 74 4,39 i. -0.10 118 4.01 0. -0.10 158 5.31
10 g, + 0. -N.10 79 4,79 0. -0.10 119 8.78 0. -0.10 159 2.9%
40 3.93 0. -0.10 50 16.26 0. -0.10 120 5.78 0. -0.13
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MATHEMATICAL SIMULATION OF CARBON MONOXIDE DISTRIBUTION

TWO DIMENSIONAL FINITE

INITIAL APPLICATION TCQ THE FAIRBANKS, ALASKA AJRSHED...

TEST DATA TO CHECK NGRTON'S APRIL 23 CHANGES

ew o RESULTS AFTER 14

+ea CONCENTRATIONS ARE

Hone
U™
1

e I 0 B VI 5 RV, I W N

40

QUTPUT FOR
CONT
PRI
0.

0.

]
3
> o * » *

NODES

L=vEL
MISEC

0.
.

L L T T I

a0 x4 s k&

W ®m o4 % § & & % $ 8 a3 K a8 5 3 3 @

[iwe I o i o Y o B e e i Y o I e T o e S s Y e Y e I B o B o I e I o B s I s e s Y e s O - T R i e

HOURS CF DYNAMIC SIMULATION,..
MEAM VERTICAL VALUES...

1 10 159 ... THE SYXMBRGL « DENOTES A

Y-VEL HODE coMNE X=vEL Y-VEL
M/SEC NUM 3=y} M/SEC M/ISEC
~-0.10 41 9.532 J. 0,10
-N.10 42 5,79 o. -0.10
-0.10 43 G.279 0. -0.10
-3.10 44 3.98 a. -0.10
-0.19 45 TL.h6 0. -9.10
-7.10 L5 10,94 0. =-G.10
-0.10 47 7.96 O. -0.10
-0.10 LE 11,63 0. =~0.18
-0.10 49 ¥.738 c. ~0.10
~0.10 50 5.70 0. -0.1¢
-0.15 31 0. G. -0.10
-1.119 52 G.70 a. -1.13
~-7.19 33 1C.52 0. -3.1
-0.10 54 2.35 0. -0.190
~0a 1) 55 ° 2.68 C. -0.10
={f.10 54 438 0. -0.10
-0.1C 57 4 .98 0. -0.10
-0.10 58 6.15 0. ~0.10
-0.10 59 11.84 D. -0.10
~-0.10 60 5.764 . -0.10
-0.10 A1 56.58 0. -0.10
-0.10 62 6.27 0. -0.10
~0.10 63 3.07 0. -0.10
-0.1 64 7.24 0. -0.10
-0.10 a5 6.18 0. -0.10
-0.10 66 9.97 Q. -0.10
-0.10 -~ 67 D. =+ 0. -0,1GC
~0.10 68 0.47 C. -0,10
~-0.10 59 6.75 0. -0.10
~0,10 7C 4,91 0. -0.10
-0.170 71 6:.73 0. -0.10
-N.10 72 7.41 a. -0.10
-0,10 73 12.97 . -0.10
-0.10 74 12.75 0. -0.10
-0.10 75 .19 0. -0.,10
~0.10 74 S.22 G. -0.10
=0.10 77 12.62 G. -0.10
-D.t0 78 4,54 0. ~0.10
-0.10 79 4.94 0. -0.10
-0.10 &C 18.39 0. -0.10

IN THE ATMOSPHERE

SPECIFIED VALUE

NODE
KUA

111
112
113
114
115
116
117
118
119
120

LonC
PEM
.72
6.02
5.130
5,84
3. 01
22.15
26.91
17.66
~0.23
22.44%
21.463
6,05
17425
2.35
16.23
5.75
0.76
2.09
8.83
12.71
3.31
7.02
11.85
12.99
4,05
14.31
17.78
13.09
12.65
3.77
7.06
33.31
4421
3.7t
2.23
4,21
.74
4,03
?.51
5.85

ELEMENT FOR HORIZONTAL PROSLEMS OF VARIABLE THICKNESS

X=VEL

M/SEC
o.
0.
0.
0.
0.

L R L U T TR S R SR R T S RS T BN T

OO0 COOLoDOODDoOOoOOO00O0OoOoOD0DoOoOODDOoOOoNO0n

a

Y~VEL
M/SECL
-0.10
-0.170
=0.10
-0.10
-0.10
-0.193

NCDE
NUM
121t
122
123
124
125
124
127
128
129
130
133
1%2
133
134
135
136
137
138
139
140
el
142
143
144
145
146
147
148
149
150
151
152
153
154
1§55
156
157
158
159

tontg
FPM
5.36
10.46
La45
R, L7
25.1R8
72403
26.905
67.08
7.81
18.18
41.31
33,19
16.532
12.23
13.30
5.74
8,77
T4.85
.
0.93
5.60
L3237
10.23
5.72
8. 35
8.92
6.02
3.29
1.04
18.43
12.461
10.83
11.14
6.90
5,93
6.59
0.
5.5%
10,50

-

]

X=VEL
M/SEC

n.

Q
[ D I R L R B I D S T TR B R DN DL I R D S N R T TN T TR IR TR )

LI I I T I |

DO 0ODOOOO0oCO0 o0 QooO0oDO00DO0DN200GCGOoO000QO0

Y-VEL
“/SEL
-0.10
-G.10
-0.10
=-0.1C
-%.10
=0.10
-5.10
-0.10
-0.10
-¢.10
~0.10
-0.10
-G.10
-0.13
C =010
~0,10
-0,10
~0.10C
~0.10
~0,10
-G.10
-0.10
-0_1C
-G.10
-0.10
-0.10
-C.10
=010
-0.10C
-0.10
~0.10



MATHEMATICAL SIMULATION UF CARBON MONOXIDE DISTRIBUTION IN THE ATMOSPHERE
TWO GIMENSINNAL FINITF EZLEMENT FOR HORIZAMTAL PROBLEMS OF VARIABLE THICKNESS
INITIAL APBLICATION TG THE FAIHBAMWKS, ALASKA AIRSHED...
TEST DATA TO CHECK HNODRTON'S APRIL 228 L[HANGES

w-~RESULTS AFTER 1% HOURS OF DYRAMIC SIMULATION...

wea COHCENTRATIONS ARF MEAN VEOTICAL VALUES...

v« OCUTPUT FOR MODES T TO 157 ... THE SYMSOL # DSHOTES A SPECIFJED VALUE «..
NODE CONC A~VE L Y-VEL NODE CONG X~VEL Y-VEL NODE CanNe X-VEL Y-VEL NODE COHC X-VEL Y =YEL
MUM FPM M/ISEC M/SEC TR PPM H/ISEC M/SEC RUH PP MZSEC #ISEC KyM PP mISEL M/SEC
1 0., « 0. -0.106 41 10.08 G. -0.10 81 9,61 g. -0.10 121 5.60 0. ~0.10
2 C. 0. -C.10 42 5.9¢4 GC. -g0.10 82 6.26 G. «0.10 122 11.42 0. ~0.1%
K Q. «# o, =0.10 43 .49 a. ~-C.13 83 4.99 C. -0.19 123 4,70 0. ~-0.12
4 0. = 0. -0.10 Lh 5.L8 o, -0,10 84 6.1% 0. ~0,10 124 8,72 0. ~-0.15
5 0, « 0. -n.10 LS 7.690 0. -0.10 ES 7.95 C. -0.1n 325 2s5.31 0. -0,10
6 3.04 0. -0.19 L6 11.36 0. -.10 a6 22,97 0. -0.10 126 67.3% 0. -0.1C
7 6,49 a. -0.10 47 5.09 0. -0.10 37 25.53 0. -0.10 127 26,55 0. ~0.10
8 4,02 0. -0.,1n 48 12.63 a. -0.10 B3 17.87 0. -0.10 128 64,90 0. -0.10
G 3.82 t. -0.10 .9 10.13 a. ~-N,1i0 89 0.63 0. -G.10 129 §.2¢2 0. -0.10
10 1.80 0. -0,13 50 t.23 a, -0.10 90 22.3C D. =0.10 130 17.56 J. -C.1%3
11 0.3% 0. -0.10 51 [ C. =010 a1 23,15 0. -0.10 131 37.61 G. -0,10
12 3.2 0. -0.15 52 0.16 0. -0.10 92 ha6S G. ~0.10 132 22.309 0. ~C.1]
13 1.12 0. -0,10 53 11,35 0. -0.1C 93 15,41 0. 0,10 133 16.67 n. «0G.10
14 g, » o. «0.10 S4 2.22 0. -0.10 94 2.26 G. -0.10 134 13.32 0. -C.10
15 5.02 D. ~-0.10 55 2. 14 0. -0.10 95 16.47 0. «0.10 135 13,54 0. =-0,10
16 5,72 0. ~0.10 56 4.13 0. ~-0.10 G6 S.78 0. -0.10 136 Lob5 0. -0.10
17 &.00 0. -n.1b 57 427 0. -0.10 97 0.6&0 C. -0.10 137 10.57 0. -0.18
156 L.63 0. -0.10 54 5.830 o, ~0.1C a8 1.79 c. -0.10 118 15.51 G. -5.13
19 5.31 0. -0,12 5¢ 13,14 a. “0.10 3 9.04 c. -0.10 139 0. * G. -0.12
20 4,85 o, ~0.30 60 .23 0. -0.10 160 13.50 0. ~C.10 140 .76 0. -0.10
21 7.10 0. -0.10 61 59.15 0. -0.10 101 2.10 c. -0.10 . 141 5.71 0. -0.10
22 6,54 Q. -0.10 82 6.37 0. -0.10 102 .13 0. -0.10 . 142 4,36 0. -0.10
?3 3.54 a. ~0.10 63 g.47 e -0.10 103 12.73 g. -0.10 143 11.12 0. -0.10
24 G.61 0. -N.10 YA 7.90 0. -0.10 104 13,57 a. -0.10 144 .60 a. -0.130
25 3.52 0. -0.1G &5 7.17 O. -0.10 105 5.18 0. -0.10 145 8.64 0. -0.190
26 2.79 0. -0.106 | 66 12.51 0. -0.10 10 13,80 C. -0.10 146 A 0. -G.19
27 0.30 0. -0.10 67 0., = 0. -6.10 1n7? 16.66 C. -0.10 TL7 6.21 C. -C.1r
28 c. = 0. =0.10 68 0.37 0. -0.10 108 13.40 0. ~0,10 148 2.39 D. -0.18
29 8.77 0. -0.10 69 743 0. -0.10 109 13,12 0. -0.10 149 0.9v9 0. -0.10
30 11.01 0. -0.10 70 L.77 a. -0.10 110 3.59 G. -0.10 150 19,27 0. ~-0.,10
31 11.75 0. <0.10 71 7.15 0. ~-0.10 111 7.32° G. ~0.10 151 131.39 0. -0.10
32 10,11 0. -0.10 72 7.31 0. -0.10 112 40.05 0. -0.10 . 152 11.58 0. -0.10
33 6,14 0. ~0.10 73 13.77 0. =0.10 113 L.15 0. -0.10 153 10,75 G. ~0.10
id 5,11 0. -0.10 74 12.03% 0. -0.10 114 3.51 0. -0.19 154 6,61 0. ~0.10
5.59 0. -0.10 75 10,31 a. -0.10 115 2.0% 0. -0.10 155 .61 0. -0.10
4.23% 0. ~C.1D 76 5.62 0. ~0.10 116 3.94 0. ~G.10 1564 7.29 0. -0.10
11,32 0. -0.10 77 12.65 0. ~0.10 117 3.59 0. -0.10 157 0. 0. -0.30
C. 0. -0.10 7R 4,27 a. -0.10 118 4,09 0. =-0,10 158 5.90 0. -0.10
9. 0. -0.10 79 5.07 0. -0.10 119 9.8 0. ~0.10 159 10,54 0. -0.10

3.64 0. -0.16 80 19,55 0. ~0,10 120 S.74 0. -0.10




MATHEMATICAL SIMULATION OF CARBON MONOXIDE DISTRIBUTIOQN IN THE ATHOSPHERE
0Ff VARIABLE THICKNESS

TWO DIMENSIONAL FINITE ELEMENT FOR HORJZIONTAL PROBLEMS

INITIAL APPLICATION TG THE FAIRLANXS,

ALASK A

TEST DATA TO CHECK NDRTOS'3 APRIL 27 CHANGES

-»aRESULTS AFTER 14 HOURS OF DYNAMIC SIMULATIOMN...

we - LONCENTRATIONS ARE MEAN VERTILAL VALUES...

eee OUTPUT FOR NCDES i TO0 159 ...
NODE Cokne Xx~vEL Y-vEL NODE
MU PP MISELC MISEC NUw
1 0. = 0. -0.170 L
2 N, = C. -0.10 42
3 C. = 0. ~3.10 &3
4 0. = 2. -n,10 L
5 0, + . ~0.19 [
! 3.09 . =010 L5
7 L.54 0. =G,1C 47
8 3.85 0. -0.10 48
9 3.74 n. -0.10 49
10 1.5%9 a. -1.10 50
1 C.2% G. -0,10 51
12 .51 0. -N,172 5¢
12 .97 J. -0,10 53
T4 2. 0. ~0L.n 54
15 .95 a. ~-(1.130 55
16 5.381 2. -0.10 56
7 £.10 C. -0.10 5%
18 &.60 0. -0,10 58
19 .69 0. -0.10 59
20 [ AR 0. ~0.10 (3]
21 7.26 0. -0,.10 [
22 &£.34 0. -n.10 t2
23 3,32 . -0.19 65
24 4L.39 0. -0.10 64
25 3.01 0. -0.110 65
26 2.65 ad. -0,10 66
27 c.19 0. -0.10 ° a7
28 0. = 0. -0.10 68
29 2.37 0. ~0,10 69
10 11.74 0. -0.10 7M1
3 12.30 0. -0.10 71
312 10.53 0. -0.10 72
33 6.54 0. ~f.10 73
34 4.91 0. -0.10 74
25 6.05 C. -2.10 I
36 401 0. -0.10 76
317 12.27 0. -0.10 77
3A 0. = 0. -0.10 75
39 0, * 0. -0.10 79
40 3.57 (438 -0.10 80

THE SYSMBOL =+
conc
FEM
10,42 J,
5.92 0.
b.72 0.
7.13 D.
7495 n,
T1.81 0.
S.67 0.
13.64 n,
10,32 0.
6. 88 o,
. 0.
.27 C.
12.72 O.
f.4 C.
1.58 0.
3.75 .
L.75 0.
5.57 0.
14.2% .
T.39 .
59,55 Z.
H. 49 0.
9.481 C.
8,53 0.
.62 .
15.30 0.
e 0.
.29 C.
7.94 D.
L.h3 0.
7.15 C.
6.95 0.
14.35 0.
11.67 0.
10.84 0.
.74 0.
12,44 [
6,08 C.
5.37 0.
20,50 D.

AIRSHED ...

DENDTES A
X=VEL
MISEC

Y-vEL
“/SEL
~2.10
-G.10
-0.132
~3.10
=a.10
-0.10
-0.10
-0,
-0.19
-0.1G
-0.10
=010
-a.10
~-0.10
-0.180
-0.10
-0.10
-G.10
-C.13
-0.14
~0.10
-0.10
-0.10
~0.10
~-0.10
-0.10
-0.1C
-0.10
=0.10
-0.10
-0.1C
-0.10
-0.16
-0.10
~0.10
-0.10
=0.10
-0.10
-0.10
-0.10C

NODE
HNUM
£1
g2
a3
B4
25

113
114
115
114
117
118
116
120

SPECIFIED VALUE

[
PPN
7.03
b.35
4,2
Ha41
7.85
23,34
25,42
17.34
2.24
21.97
23.83
7.33
20.75
261
16.19
5.79
0.43
1.55
9.38
14.23
2.58
8.39
13.62
13.79
6438
13.34
16.25
13.87
14,13
3.40
7.57
L6182
4 .08
.29
1,87
3.73
T.04
4.5
10.28
5.43

X=VEL Y-viEl
M/SEC MISELC
G. -D.10
C. -0.10
o. -¢.10
C. =0.19
. =-0.10
C. =0.110
G. =010
0. -0.10
0. ~0.10
C. -0.10
c. -C.17
C. -0.14
0. =010
C. -0.10
0. =-C.19
0. ~0.19
a. -0.10
0. -0.10
C. =C.10
C. =0.10
0. ~0,1C
0. ~={3.10
0. -0.10
0. ~-0.10
0. -0.10
C. ~0.10
0. ~0.18
0. -0.10
C. =0.10
0. -0.10
Ui "'0-10
0. -0.10
G -0.1C
0. =010
0. -D.10
C. =0.10
0.. ~-0.10
C. -C.14
(M -N.10
. -0.1C

NCDE
num

124
125

140
141

142
143
144
145
166
17
X
149
150
151
157
153
154
155
156
157
158
159

coue
PFM
S.61
12.22
5.52
2.98
25,44
A3.23
23.01
62.29
8.51
18,69
gL 10
212,77
17.356
Th.AT
13.59
L.06
12.63
15,63
C.
0,57
6.20
4,37
12.16
5.37
8.94
9.65
6.40
2,46
0.95
19.35
14,28
12.55
1G0.62
&.%50
7T.04
R0
0.
6.20
t1.24

*

*

X=-VEL
mISEC

0.
J.

0O o
I S R N T T T ]

fim I o ot B g B o B o s B o e

=]
.

0.

0.
0.
O
0.

0.
0.
0.
0.
0.
0.

Y=NEL
mISEC
~C.10
-0.10
-0,10
-0.10
~fLo13
“GL12
=-G.10
-0,10
~0.10
~0.10
~0.12

- La]
L1
-L.

0.3

- -0.12

-0.10
-0.10
-C.10

-J.10
-0.10

-0.10
~D.10
=010
~0.10
-C.10
-0.10
-56.10
«0,10
-0.1G
-0.19
-0.10
~G.10
-0.10
-0.10
-0.30




MATHEMATICAL SIMULATION OF CARBON MONOXIODE DISTRIBUTION INM THE ATHMOSPHERE
TWO DIMENSIAONAL FINITE ELEMENT FOR HORIZONTAL PROBLEMS OF VARIABLE THICKNESS
JTHITIAL APPLICATINN TO THE FAINBAMKS, ALASXA AIRSHED...
TESY DATA TO CHECK MCRTIN'S APRIL 25 CHANGES

~a RESULTS AFTER 17 HOURS OF DYMAMIC SIMULATION...

e COHNCENTRATIONS ARE MEAN VERTICAL VALUES...

awws UUTPUT FOB HODES 1 TH 137 ... THE SYMEOL * DENOTES A SPECIFIED VALUE ...
NMOnE LoNg X-YEL Y=VEL MOOE coNe £=VEL Y-VEL HODE coxNe X-VEL Y-VEL MCDE coMcC
B PP #/SEC MISEL WU PR MISEC LTS 2 NUH PP M/ISEL #f5EC NUM BPY
1 0. = 0. -7.10 41 0,77 a. -C.10 g1 9,35 o. -0.10 121 5.A1
? C. * 0. ~0.13 42 5.73 G. -0.10 g2 6.28 C. -0.14 122 13.14
3 D. =+ . -0.1n 43 7.04 C. -0,10 83 4 .88 0. ~0.10 123 6,34
4 0. = 0. -0.10 44 5.A2 0. -0.10 84 6.69 0. -0.19 124 2.53
5 N, & o. -1 45 ?.74 7. ~0.172 35 7.7% 0. -0.10 125 27.407
4 3,14 0. -3.i3 45 12.01 7. -0.15 Ah 23,70 0. -C.10 124 72.70
7 4 .60 U. =G.1n L7 10.02 2. -N.10 87 28.305 . -0.11 127 22.71
8 3.68 G. -0.18 48 T4.L3 G ~5.10 £8 18,13 C. ~0,10 i2é 62,29
9 3.65 0. -0.103 L9 10.55 G- -0.10 A9 3,94 0. ~n. 110 129 #HaS1
10 1.3% 0. -0.13 50 7.59 0. -0.10 23 22,62 B. -0.10 130 22.03
i1 0.20 9. -r.14 51 . o+ 1. -0.10 91 23.34 0. ~0.19 131 46,59
P2 .74 7. -N_15 52 -3.n2 0. -0.10 92 £.04 0. -0.10 132 27.30
13 0,82 c. -2.10 33 13,19 0. -0.10 93 27.Gn n. -0.140 133 19.52
14 J. * T -0 34 2,10 2. -C.10 94, 7,52 G. -0.10 R4 TaLul
15 5.12 a. -0,.10 55 .01 0. ~0.10 05 Th.00 U -G.17 139 13.6%
14 5.94 C. -0.icC 56 3.70 C. -0.10 26 5.85 C. ~0.30 . 136 .3
17 6.27 0. -0.10 57 4,63 o. -0.10 37 0.22 0. -0.10 137 14,83
15 4.57 0. 0.0 53 5.74 G. -D.10 98 1.39 0. . -0.10 138 15.37
19 4.73 C. -0.19 59 15,12 0. ~-0.10 09 .93 0. -0.10 132 0. -
20 L.67 G -0, 10 60 .23 0. -g.10 100 15.25 c. -0.10 40 £, Ie
21 T.29 G -0.1G 61 59,05 0. ~-0.10 191 Z2.65 C. -0, 13- 141 6,058
22 .11 0. «7.10 62 .67 . -g.10 102 2,73 C. ~0.10 142 L.44h
23 3.19 o. ~0.1G 583 10,28 0. ~0.10 103 14,60 C. ~-0.10 143 1347
24 4,29 G. -0.13 64 9.18 C. -0.10 104 14,03 0. ~-C.10 144 5.05
25 2.48 0. -0.10 a5 10.53 3. -n.10 105 7.72 0. -0.10 145 9.33
26 2.56 0. -0.10 - 65 18,08 0. -G.10 106 12.89 0. -0.190 146 G,.74
27 0.10 0. «0.10 b7 D. * 0. -0.10 107 17.42 0. -0.190 147 .04
28 0. = d. -0.10 63 .23 0. ~0.10 108 14,89 G -¢.10 148 2.0¢2
26 10.06 C. -0.10 69 .43 0. -0.10 109 15.21 €. ~0.10 149 .23
30 12.55 0. -0.110 70 L.57 0. -0.10 110 3.22 C. =0.10 150 19.52
31 12.95 0. -n.13 71 7.01 0. -0.10 111 7.6% 0. -0.10 151 15.56
12 10.99 0. -0.10 72 6.59 0. -0.10 112 51.03 G ~0.10 - 152 13,76
33 7.07 0. -0.10 73 14.90 0. -0.10 113 3.98 0. ~0.10 15% 10,93
34 4,83 n. -0.10 74 12.21 0. -0.10 114 3.08 0. -0.10 154 6.21
35 6.51 G =N.10 75 11,74 0. -0.10 115 1.75 o. -0.10 155 910
35 3.80 0. -G.10 76 632 0. ~0.10 116 3.55 o, -0.10 1546 5.99
37 13,35 0. -0.19 77 12.20 0. ~0.10 117 5.29 0. -0.10 157 0. =
34 n., = 0. ~0.10 78 4,19 0. -0.10 118 4.15 0. -0.10 158 6,47
3@ n, =« n, -0.10 79 5.99 O. -0.10 119 10,93 G, -0.10 15¢ 11.86
40 3.6 0. ~N1.,10 80 20.46 0. -0.10 120 4,99 a. -D.10
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MATHEMATICAL SIMULATION

CAR20i MOHOATDE DISTRIBUTION

TWO DIMEHNSIOHAL FINITE ELEMENT FOR HORIZONTAL

INITIAL APPLICATION TO THE

TEST HATA TO CHECK NORTOW!

~e s RESULTS AFTER

«a COMCENTRATIONS ARE

NODE
nys
1

RS RV R NV V)

3 N

QUTPUT FOR MODES

cowug
PP
0.

[ue]
[ R

(o e NN S IS T Wy B N
VIR UV o IRV T VI S

[

D ]
fos IRV, IR o Y (W IEECR, SRR . B ao SR W, TN SRR Y
Py VIS IRV, BN AU N ol Y & S SV I [ (Y

C
0
s
3
4
I
3.
Ta
2]
3
o
G
5.
&
b
A
7
A
?
5
z
[A
1
2
4]
Q
10
i3
13
11
7

[

*

X-VEL

H/SEC
l“‘
0.
0.

x 5 9 & 3 & 4 F 2 L & ® B & & & 4 & F v A % ® & ® 1 3 E VU A ® 4 & &

OCDOoOQOOLODDOOCoOHO0oDOoSODUOUODLIIDDOC DDA

HILA S

MEAN

1 79

r=VE

MISEC
=0.10
0,10
=3.10
~0.70
~-0,10
-0.10
-7.,14
-n.1c
=g.10
~0,10
-0.10
-0.1:0
=D.in
-0.i0
~0.10
-G,14
-0.10
-0.10
-G.1C
=0.,10
=0.10
-0.1¢C
-0.10
-0.10
~0.10
-0.13
-0.10
=-0.10
-0.,10
~0,10
-.10
-0.14
~0.10
~0.10
-G.10
-0.10
-n,10
-3.10
=-G.1n
=0.10

FAIRBANKS,

APRIL 23 CHANCGES

HODE
PRI
41
&2
43
L4
45
44
47
[
L9
50
51
5¢
53
54
o5
56
57
5B
59
60
{l‘l
&2
63
64
65
46
67
&8
69
70
71
72
73
74

VERTICAL VALUES...

cong
Fpw
11,07
5.!46
7.3%%
g.43
BT
12,44
11,67
14,45
1G.5%
8,30
c.
~0,.99
14,17
2,09
0.48
.42
LY
5.05
15.61
1i0,%7
5%.53
6,37
10.93
.33
12.78
20.54
a.
0.20
E.77
4L.54
6.581
6,25
15.43
i3.48
12.7¢2
7.56
12.16
4ahl
6.5¢
20.C0

OF DYNAMIC SIFULATION,...

n

D

2w Y R Y oo s RS T 08 e s B s o IO s e T
P T

T
P Y

OO0 oOoO0OLOC2DD0O0OD00DDOOOOOODCr
[T L)

oo
L

Y=VEL
m/SEC
~1.10
~J.10
-0,1G
-0.18
-3.10
~0.,10
~C.10
-G.13
~C.10
-0.10
=0.10
-0,18
~2.13
-C.i0
~2.19
-G.10
~0.,10
~0.11
=0.10

-0.10

-0.19
-0.10
=0.19
-0.10
-0.10
-0.10
-0.10
~-0.10

MCDE
KU
21
52
83
84
33
85
57
a3
g9
20
91
gz
o3
24
75
55
97
38
99
100
11
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
113
119
120

iN THE ATHMOSPHERE
PROBLEMS QOF VARIABLE THICKNESS
ALASKA AIRSHED...

COoNC
PP¥
2.3
5,07
4 .97
5.91
8,17
26,21
32,484
18,53
[
23.73%
22,69
3.74
33,84
[
15,53
5.76
0.13
1.48
10.062
14,35
2.42
.18
15,72
15.03
3.07
12.60
19.94
16.31
16,37
3.C4

7.81

S4.57
3.85
2.90
1.65
3.43
3.14
L, 11

11.35
4.51

159 ... THE SyﬁaoL *+ DENOTES A SPECIFIED VALYUE ...
X-VEL
m/5EC

X=vEL
MISEC

[ )
N

I T N N L D T T Y R B S

" oy & 5§ & x ¥ 8

OOoOOCooo00ooDO000CcNOoO0 OO0 MOoODo oo
.

¥ = & A &

Y=-VEL
Ff58C
-0.15
-0,13
-0.10
-0,10
-0.10
=0.10
R
~,10
~0.180
-0.30
=0.10
~0.10
~0,13
-(.14
~0.10
-0.12
~G.10
~0.10
-C.10
-0.,10

-0.10.

-0.110
-0.10
~0.10
~0.10
-0.10
-0.10
-0.10
-0.15%
=0.11
~0.10
-G.10
~-0.10
-0.10
=0.10
-0.10
-0.10
-0.10
~0.10
-0.13

NQDE

WU
181
122
123
124
125
126
127
122
129
150
131
132
133
134
135
134
157
128
135
140
141
142
143
146
145
146
147
148
149
150
151
152
153
154
155
156
157
153
159

CONC
P

3.50
12.73
6.79
10,43
30,38
53,43
gL
65.743

?.08
25.88
S6.32
£3.1%
22.08
1¢., 94
13.39

X=VEL
m/SEC

0.
0.
0.
0.

R B I i
I

B R F a B oM I & o ®F B &4 & ® 4 m a4 s B

COOOoOOQOGOUOUOVLOoOODOoOLDDNDOOOC

ooo
)

0.
0.
.
0.
0.

¥Y-VEL
nfsel
-0,.iC
~0,12
~0.,10
<~0.10
-0.16
0,10
-C.i%
-0,
-1J,13
-C.i0
-0.10
~0.10
0.0

-0.30

CegL1n

-G.1a
-G.30
-G.19
-0.10C
-0,10
-0.10
-0.%9
=0.19
~0.10
=G0
=0.10
~C.10
-0.10
-0.10
-0.10
=0.10
-0.10
-0.130
-0.10
-0.10
=0.10
~D.10
~.13
=040




MATHEHMATICAL SIMULATION OF CARBON MONCXIDE DISTRIBUTION IN THE ATHMOSPHERE
TWO DEIMEHSIONAL FINITE FLEMENMT FOR HORIZONTAL PROGLEMS OF VARIABLE THICKNESS
INITIAL ASPLICATION TO THE FAIRBANKS, ALASKA AIRSHED,...
TEST DATA TO CHECK WORTQK'S AFRIL 25 CHANGES

we-PRESULTS AFTER 19 HOURS OF DYNMAMIC STVULATION...

-.. CONCENTRATIONS ARE MEAM VERTICAL VALUES...

e« DUTPUT FDR NBDES 1 TD 159 ... THE SYMEOL *» DENOTES A SPECIFIED VALUE ...

NDDE Louc X=VEL Y-VEL HODE CONC X-VEL ¥-VEL NODE canc X=VEL Y-yEL NODE coNe ¥=VEL Y=yzL
[N PPy WISEC BAZEC (VIS =351 M/ISEC mFSEC HE] R=R] m/SEC MISEC NU# PR MISEC 155 C
1 oL+ C. -0,10 41 17.09 C. -9.10 31 7.0% 0. -G.10 121 .35 o. -0.12
b o, « G. -0.10 Lz L,.8? 0. -0.10 82 5.74 C. -0.10 122 16,28 G. -0.10
3 0. « 0. -0.10 L3 7.48 J. -n.10 83 4,71 0. ~(t. 10 123 6.32 Ca -0.i0
4 J. 0. -0.10 44 9.11 a. ~0.10 84 6.68 G. -0,10 124 11.22 0. ~0.10
5 o, = 0. -0.10 45 2.6 0. -0.10 85 B.¢27? 0. -0.10 125 32,88 9. =0,.10
4 3.25 0. -3.10 A 12.51 7. ~G.12 86 24 .54 5. -0.17 126 20,3873 Z. -C.135
7 4,67 n. -0,16 4T 11.55 0. -G.10 Av 36.C6 J. -C.33 ie? 2L.22 Z. -%.19
5 3,135 a. -0.10 4“5 13,65 9. =510 83 19,04 C. -0.13 123 N . -0.%0
9 3.3 a. ~0.10 49 11,30 0. -0, 1% A9 A C. -0.10C 129 5,02 c. -0.1i0
10 1.62 0. -0.10 50 o.Nt a. ~0.10 ?0 25.01 C. ~0.10 130 27.05 O. -7.10
11 0.05 C. -N.10 51 0. * 0. -G.10 91 22.61 C. -0.10 131 55.%3 3. -0.1C
12 I.a1 O. -0,19 57 =013 0. -0.10 92 Su3h 0. ~0,12 1312 L .02 . =G.10
13 J.52 3. -N_ 10 53 15.03% n. -0.10 23 39,05 C. -0.10 123 22.4% C. -C.15
14 o, 9. -0.19 54 2.03 J. ~0.10 94 4 .60 G. -0.10 136 1¢.11 C. -0.10
15 3.23 o, -0.12 55 LG 0. (1,10 as 15.238 0. -0.10 133 14,08 o, -2.15%
16 h.2h c. =3,10 56 3.07F 0. -.10 24 5.37 C, -0.19 . 16 3,04 5. -3.12
17 .62 0. -C.1C 57 4.25 a. -0,10 97 -0, G. -0.15 137 16.53 0. -0.10
15 4.51 G. -0.1C 38 5.934 0. -G.10 93 1.19 G, . =D.10 135 15,13 0. ~0.10
19 7.27 0. -D.11 59 15.60 0. -0.10 97 11.23 0. -0.10 139 0. * 0. -0.10
20 .33 2. =0.190 a0 ?.6% 0. -0,1% 100 17.03 o. -0.10 140 0.02 6. -0.10
21 6.93 0. ~0.10 51 59,74 0. ~0.10 101 2.15 C. ~C.10 141 6. 74 0. -0.192
22 5.68 0. ~0.10 Sy ?7.06 0. -0.10 102 9.49 C. ~0.,19 142 L.31 C. ~G.10
23 3.03 0. -0.10 63 11.461 0. ~0.10 103 16.°20 0. 143 o. ~-0.30
24 L.12 0. -0,10 &b 10,44 0. -0.10 104 16.53 C. 1464 0. -0.10
25 1.48 0. -0.10 45 $5.12 n. ~-0.10 105 B.29 0. 145 o, ~G.10
26 2.4%9 0. -0.10 66 22.39 0. -G.10 104 12.73 C. 146 J. ~0.10
27 -0.03 c. ~0.10 657 G. 0. -0.10 107 22.15 0. 147 Q. =0.10
23 0. G. -0.10 48 0.17 0. -3.10 108 17.34 0. 148 G. -0.10
79 11,63 0. -0.13 69 9.24 G. -0.13 109 17.45 a. 149 o. -0.190
it 13.972 G. -0.1iC 70 4. 64 0. -0.10 110 2.E0 0. 150 C. -0.10
31 13.42 0. -0.10 71 6.60 0. -0,10 111 TJIG 0. 151 a. -0,13
LY 11.62 0. ~0.10 72 5.80 0. -0, 10 112 56.80 0. 152 0. -@.10
33 .18 Q. ~-0.10 73 15.78 n. -0.10 113 3.69 C. 153 0. -0.10
34 4,65 0. ~0.10 74 14047 0. -0.10 114 2.71 0. 154 C. ~0.10
15 6.92 0. -0.10 75 13.69 0. =0.10 115 1.57 0. 155 0. ~0.10
34 3.43 0. ~0.10 76 £.32 0. -0.10 116 3.35 0. 156 0. -0.10
37 15.75 C. ~0.1n 77 12.40 0. -0.10 117 3.05 C. 157 6. -0.10
38 Q. 0. -G.,1C 78 4,953 0. -0.10 118 4,09 C. 158 5. ~N,.10
g 0. a. -0.10 79 637 0. -0.19 119 13,71 n. 159 0. -0.10

a0 3.78 0. -0.10 80 19,46 N. -0.10 120 4£.25 C. :
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MATHEMATICAL SIMULATION
TWO DIMEHNSIOWAL FIMITE ELEMENT FOR HORIZONTAL
INITIAL APPLICATION

TEST DATA TO C(HECK

QUTPUT FOR
coMg
PEH
S
a.
J.

* ¥+ » ¥ X

o
ror

.
L4 w00 N o— O W

*

P — e AN D NS WY WO AN e W
. .

r L R
~ Rt
~ PNl D Sy
»

£ 8. .
NO N U O~
LI = I IS BRSPS RV B IR )

H
oo
P
-
-~

we o RESULTS AFTER
e CONCENTRATIONS ARE
NODES

=VEL
r“/SEC

0.
0.
C.
Q.
C.
0.
n,
0.
G.
0.
8.
C.

0.

L]

D000 Q0DoO3I0o0GCooOol
- % on

ME AN

1 70

Y~VEL
M/5EL
-0
0,10
=p.1n
“G.10
-0.,14
=f1.50
-3.13
~0.10
-3.17
-0.i0
-0.10
-0.14
-0.10
~3.10
-0.140
-N,10
-1.10
-0.10
~0.130
_r,-'!ﬂ
-5.15
-0.11)
-0.110
={.11)
-0.10
-0.10
-0.10
~0.10
-G.10
~g.10
-0.10
~0.13
-0.10
=0.10
~-N_ 10
-0.170
~0.10
010
-, 10
-0,132

T0 THE

FAIRBANKS,

20 HOURS OF DYNAMIC

NOGE
HuW

41
42
63
Ly
45
L5
07
/' a
69

50

THE

HORTON'S ARPRIL 28 CHANGCES
STHULATION.

VERTICAL VALUES...

ConNC
pr
10,55
L.17
7.%8
7.RE
.67
12.C7
10,53
11,82
11,83
9.74
0.
-0.27
15,82
2.05
=n.37
2,608
.7
5.33
15,37
R.LA
55.62
7.05
12.%5

11.0%

17.29
23.60
a.
N.14
9.2%
ba27
6.34
5.24
15.92
14,71
14.61
9.12
12.8%
L.75
5,46
19.00

SYyMp oL

) I T T T

i 4 3 B 4 & 2 & 4 3T *T & 4 o ®

GOGGOODOQDDDDODOGODC)OQCJO\)DLJTJODODS’]!’T}(S

CF CARBON MONOXIDE DISTRIBUTION
Q2L EMS OF VARIABLE
ALASKA AJRSHED...

Y-VEL
WASEL
-0.130
-0.130
=0.10
0.0
-0.10
-0.i0
=0.3C
~0.10
-3.1C
-0.13
=00
-0.10
~0.10
=G.12
6.7
-C.10
~G.10
-C.i0
-d.12
-3.10
-0.13
~C.1C
-¢.10
-G.10
-G. 10
-0.10
-0.10
-0.19
~0.10

MU
31
a2
i3
84
55
&6
a7
28
57
%3
?1
92
93
94
a3
96
97
78
99

100

101

162

103

1048

105

106

107

108

1079

110

111

112

113

114

115

114

117

114

119

120

I8N THE ATMGSPHERE

THICKNESS

DEMOTES A SPECIFIED VALUE
NHODE

CONC
PPia
2.3
5.37
4014
S5.82
7.9%
24,486
35.54
19,62
L 43
25.82
23,27
2.50
4554
4L, 6%
14.63
£.56

-0.15

1.09
T1.47
16.8¢

1,284
10,20
17 .63
17.¢56

6.72
13.28
23,12
17.462
18.256

2.50

7.54
58.03

3,49

2.5¢2

1.5C

3.28

2.96

408

P.25%

4,20

X-VEL

“/SEC

G.
o

e

0.
c.

o0
[ T R S T T T T S S Y T Y T S T T S T R S S T S

COOODOOCOOoOoOO0OO0O0O0000O00DaOnDOI00OMNCOn0O0 oD DD

+ ¥ %

Y~VEL
vfSEL
-g.12
~-0.19
-0.10
~0.1C
-0.10
-0.10
-C.17
=0.0
~-0.10
-0,14
=D.10
=-0.10
~0.10
=0.110
-{1.10
“G 18
-0.10
~01.11n
-0.10
-C.10
=0.10
-0.13
=0,.130
~0.,10
-0.10
0,10
-0,10
~0.10
-0.10
-0.13
-0.10
-0,%0
-0.10
=0.10
-0,10
-0.10
-0.10
=-{.10
-0.10

-0.10

NCUE
NUM
121
142
123
124
125

125

156

159

oML
PP
4,753
1%.75
5.41
11.61
32,57
BL.%3
24,31
77,30
3.57
25.27
L3356
L0065

I e T
=~y Uy - ~ oo
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00w win S~ DO D
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.
O i

10O D0 OODOOOQOIIMN OO0
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.« RESULTS AFTER

e n CORCENTRATIONS ARE

HODE
HM

B IRA N B R PV VR

oo

-
o

MATHEMATICAL SIMULATION OF CARBON MGHOXIDE DISTRIAUTION

TwO DIMENSIONAL
INITIAL APPLICATION TO THE

TEST DATA TO (hECKH

QUTPRLT
conc
PRY
0.

i
M

]
NSOV ODDOW DO WwW W LTI 0
. .

FOR MODES
X-~VEL
MISEC

" G.

* 0.

* 0.

* -

.

L R A L T I T T T T S R T S N T T R

OO0 O00O0 G200 OO0 00D0

oo o
[ T I ]

o B o o e O o e g e}
+ & 0

I |

FINITE

CLEMENT FUR

FAIRIANKS, ALASKA AJRSHED...

NORTON'S APRIL 2& CHANGES

21 HOURS DF DYNARIC SIMULATION...

MEAN VERTICAL VALUES...

170 15% oaae THE SYMHOL & DENOTES A
Y=VEL HOOE coNe L-VEL Y~VEL
MISEL HUM PO nfs5el MISEC
~-0.10 41 9,30 o, -0.10
=0.7%3 42 3.485 D. -0.10
-N,.19 L3 F.09 C. -0.10
-0 G4 8,33 0. -n.12
-o.10 LS 3.ta G. -0.10
-1 LhH 15.36 U ~0.10
-0.,10 L7 .47 (. -0.10
-0.10 4L 9,27 C. ~0.10
-0.10 L9 12.40 C. ~0, 10
-0.10 50 10,50 0. -0.10
-n.1n 51 o, o« G, “g3.10
-n.10 57 ~0.74 a. -0 10
-%5.10 53 TE.55 o. -5.10
-g.10 56 1,%9 g. ~0.10
-0.110 55 -0.62 0. -0.10
-0.10 56 2.21 o. -0.10
-0.10 57 3.50 n. -0.10
ST R 5A L.59 0. -0.10
-0.10 5% 15.20 o, -3.12
-9,10 60 7.98 c. -G.10
-0.15 a1 50,00 U. -0.19
-9.10 a2 & .80 0. ~0.10
~0.10 53 13.11 0. -0.10
-0.10 a4 11.56 0. -0.10
-0,.10 55 19,12 0. -0.10
-3.10 656 24433 0. ~0.10
~0.10 67 D. = 0. -0.1C
-0.10 6% n,12 Q. ~-0.10
-0,10 69 .18 G. -0.10
~0.10 70 3,99 c. -0,10
-0,10 71 5.06 0. -0.10
-0.10 72 4,72 C. -0.10
~0.10 : 73 15,93 0. -0.10
-2.190 74 14,20 0. -0.10
-0,10 75 15.46 0. -0.10
-0.10 76 19.01 C. -0.10
-0.10 77 13,14 0. -0.10
~0.10 78 4.00 0. -0.10¢
~-0.10 79 4.28 0. -0.10
~0.10 B0 19,61 0. -0.10

IN THE ATMOSPHERE

SPECIFIED VALUE

H1ODE
(AR
a1
E2
83
Pl "’t
85
26
87
88
89
90
91
92
93
94
95
94
37
%8
99
100
101
102
103
104
105
106
i07
103
109
110
111
112
113
114
115
116
M7
118
119
120

CoNC
PPH
9.66
5.C2
3,47
461
7.23
24,50
32.26
19.50
L.69
26 .17
24,06
10,%7
£3,.597%
4.6
14,32
3.57
-0.23
0,68
11,89
16.602
1.50
10.09
17.98
16.72
5.20
13,51
2z, re
17 .28
18,73
2.21%
7.72
58.62
3.27
2.34
1,43
3.26
2.89
4,04
7.65
4.25

HORIZOHT AL PROILEMS OF VARIABLE THICKNESS

x-vEL

MISEC
C.
0.
C.
C.

« v 2

LI )

LY

. .

Moo OoOL o OO oOOauooo
[

Y-VEL
MSSEL
-0.10
-0.10
-0,10
-0.18
~0.10
~n.14a
-0.10
~-0.10
-0.10
-0,.10
-0.18
-0.10
-0.17
-G.10
-0.10
-0.10
~D.10
0.1
-0.14
~-0.10

-0.10

-0.10
-0.10
-0.10
-0.16
-C.10
~0.10
~-0.15
-0.10
-0.10
-0.10
~0.10
-0.10
-0.10
-C.10
~0.10
=-0.10
~0.10
-0.10
-G.10

157
153
159

X=VEL
M/SEC

(=]
B

LI )

QOO aOo
D ) N

LI R T N T )

[ e O e I s T i N o W I o O O o e v s I O ot I e Y - O v s e I e B e I Y o o
[

Qoo o
o oa o

oo
.

Y-VEL
M/SEC
-0.10
-0.10
-0.10
~3.10
~0.10
~G.%0
=0.10
-0.10
-0.10
-0.10
-0.10
-0.10
=3.12
~J.10
—-0.14d
~-0.10
-0.10
-0.10
0,19
-0.13
-3.10
-0.10
-0.10
~0.10
-0.10
~0,10
=-5.10
-0.10
-0.10
-0.10
~0.10
-0.10
-0.10
-0.10
-0.10
-0.19
-0.10




MATHEMATICAL SIMULATION OF CARBON WOMNXIDE DISTRIBUTION IN THE ATMOSPHERE
TWO DIMENSICENAL FINITE ELEMENY FGR HORIZOKTAL PRGRLEMS OF VARIABLE THICKMESS
INITIAL APHLICATICN T4 THE FAIRBAMKS, ALASKA AIRSHLD...
TEST DATA TC CHECK NORTOM'S APRIL 27 C[HANGES

ea»ARESULTS AFTER 22 HOURS OF DYNAMIC SIMULATION...

was CONCENTRATIONS ARE MEAN VERTICAL VALUES...

wews DUTPUT FOR HNODES 1 Y0 159 ... THE SYM30L + DENDTES A SPECIFIED VALUE ...
HOGE coMt X-vEL Y-VEL NODE Couc X-VEL Y-VEL NODE CONC A-VEL Y=VEL NODE €oNC x-VEL
HYyM PPM M/SEC MmISEC HUM FPRM MISEC M/SEC KUM PPH Mm/SEL MeSEC KUM PR M758L
i G. 0. -0.10 41 917 0. -0.18 21 9.26 0. -0.10 121 3.60 0.
2 0. = 0. -0.10 L2 I.L4 n. -0.10 82 L,72 0. -0.180 122 12.93 0. o
3 D. = G. ~0.10 43 5.95 g, -0.10 53 2.54 J. -0.10 123 L.79 c. z
4 e w 0. -0.10 L4 5.2% . -0,1G a4 3.62 C. -C.10 124 11.23 a. L4402
5 0. =« n, -0,10 45 7.4 G. -0.10 &5 6.36 0. -G.10 125 24,58 a. -Z.17
& 3,41 3. -0.10 46 10.60 0. ~-0.10 B& 24,11 0. -0.1C 1264 60.73 0. -2,13
7 4.59 0. -0.10 47 5.77 0. -0.10 ar 27.73 0. -0.10 i27 20.33 0. -£.10
8 2.R1 n. -0.10 45 .68 0. -n.10 88 18.55% C. ~0.10 128 £3.71 0. -G.10
3 2.95 0. -0.10 49 17.R3 0, -0.10 89 5.1% 0. -0,10 1260 8,06 0. B S s,
10 due7? 0. -c.1a K14 11.27 0. -C.10 21 25.826 S. -0.10 130 20.%38 . -Z.az
11 -0,14 a. -n.io 51 0. o* o, -G, 21 25.15 n. -CG.70 131 32,37 2. =1L,
12 313 0. -0.10 52 -0,L5 C. -0.10 92 10,79 C. -5.13 132 31,16 0. -CT
13 3.035 0. ~C.10 53 17.53 0. ~0.10 93 52.52 C. -0.10 133 1R.16 a. ~Ceid
T4 0. = 0. -0.10 5¢ 1.91 . -0.10 94 3.73 C. ~0.10 T34 15,01 0. -2,19
15 5.39 0. ~0.10 55 “0.77 a. -0.10 95 14.14 0. ~-0.10 135 15,97 o. ~0.10
14 6.2 n. ~0.10 56 1.77 G, -0.50 94 2.53 C. -0.10 136 2.50 0. -3.13
i T 6.71 o, ~Z.1C 57 .02 o, -0.19 87 ~0. 39 a. -0.n 137 20.46 0. -0.17
17 L.12 n. -7.10 58 1,59 0. -0.30 95 .83 0. ~0.10 133 16,356 0. -2.10
19 7.74 a. -,10 59 15,09 n. -0.10 93 11.581 0. -0.10 139 0. = 0. “0.10
20 3,24 0. “0.10 60 B004 o, -0.10 100 15,00 o. ~0.10 140 0. -0.14a
21 5.74 0. ~06.12 61 50,04 0. ~-0.10 101 1.14 C. -0.10 141 J. ~0.15
22 L.56 0. -0.10 A2 6.30 0. -0.10 102 11.07 Q. ~0.10 142 G. -0.10
23 2.55 0. -0.1D A3 13.86 0. -0,10 103 17.74 C. -0.10 143 0. -0.190
24 3.39 2. -0.10 &4 t12.03 0. -0.10 104 15.44 0. -0.190 164 0. -0.10
25 4.23 o, -n.10 65 20.54 0. -0.19 105 o463 g. -0,10 145 G. 0,40
2 2.3 0. -0.10 56 24 .79 0. -g.10 104 12,42 C. ~G.10 146 0. -C,15
27 -J.2A o. -G.190 67 0. f. -0.10 107 20.54 C. ~-0.12 1.7 o. -UJ13
23 c. 0. -0.10 68 0.10G 0. -0.10 108 1646 0. ~0.1G 148 o. -3.10
29 13.50 n. -0.10 he B.97 0. -0.70 109 18.92 C. ~-0.10 149 Q. -0.1i0
30 13.54 0. -0.1¢C 70 3,68 0. -0.10 110 2.01 C. -0.10 150 0. -0.10
31 11,25 3. ~0.10 71 5.5% 0. -0.10 111 6.65 0. -0.10 151 0. -0.10
32 10.5¢4 D. -9.i0 72 4.34 0. -0.10 112 53.77 0. -0.10 152 C. -0.10
33 B.74 0. -g.in 73 $35.81 0. -0.10 113 3.65 0. ~0.10 153 0. -0.10
34 2. 0. -0.1u 74 12.98 0. -0.10 114 2.18 o. ~0.10 154 0. -C.10
39 6,34 0. -%.10 7% 14.22 0. -0.10 115 1.35 C. -0.10 155 n. -0.10
16 2.94 0. -0.10 74 1. 0. -0.10 116 3.27 0. =0,10 156 0. -0.10
37 18.37 0. -0.10 77 12.R5 0. -0.10 117 2.84 C. -0.10 157 D =G. 16
38 0. 0. -0.10 78 .06 Q. ~0.10 118 3,94 0. ~0.10 158 0. -0.10
39 0. n. ~-0.10 79 3,25 G. ~0.10 119 6.36 0. ~0.10 159 . -0.10
60 3.55 n. -0.10 50 18,21 0. -0.10 120 h.26 t. -0.10




NATHEMATICAL STHULATION OF CARION NCHOXIDE DISTRIBUTION IN THE ATMOSPHERE
TWO DIMENSIONAL FINITE ELELWMENT FOR HORIZICUTAL FAOBLEMS OF VARIABLE THICKKESS
INEYIAL APPLICATION TO THE FAIRSAIXE, ALASKA ATRSHED...

TEST DATA TOD CHECK HORTOL'S APRIL 28 CHANGES

e JRESULTS AFTER 2% HIURS OF DYNEMLIC SINFULATION...

ae  CONCENTRAT[ONS AFE BEALM VERTICAL VALUES...

we. OUTPUT FOR KOBES 1 70 15% ... THE SYM20L * DENOTES A SPECIFIED VALUE ...

WODFE cohc X=VEL Y-vEL NODE COMC X-YEL Y=VEL NODE CONC X-VEL Y-VEL NODE CONC X-VEL Y~VEL
[HR AR “fSEC MISEL N pre 4/SEC ®M/SEC HUME PpM 1/ SEC mISEC UM PEM MISEC MISEL
1 n, o, -, 1R A .57 o, -5.10 21 ¢,72 £. =010 He 3.23 o. -Z.12
2 T.oor 0. -GG Lz T4 . -3.18 92 L,i2 c. -0.12 122 11.14 5. -0.%3
3 D. * . -TLi0 43 7,79 C. -G, 40 23 2.30 o, ~0.13 123 5,40 T -0.17
2 g. & 0. -0.10 it 5.04 G, -2.1n B4 3,06 C. -0.10 124 10,75 C. -0.13
5 D, a. -0.10 45 6,25 a. -0.10 85 5,41 C. -0.103 125 22.5% T. -0.30
) 3,44 n. ~0.10 46 ?.%4 C. =0.10 aé 22.98 0. -0.10 125 48,15 7. -G.10
7 4.52 0. -0,10 L7 ] o. -5.10 87 23.20 a. ~0.10 127 18,22 . ~0.10
3 2.62 G. -0, 43 Eo14 a. -9.10 28 17.05% C. -0,10 128 55.42 . -0
-] 2.7 0. -n.10 Lo 12.87 0. -0 _110 83 5.73 C. =-0.10 129 F.28 c. ~C.37
in .20 n. -0, 10 50 12,74 a. ~1,10 =1y 24,67 C. -0,10 130 18,02 0. -G, 10
11 -C.17 0. -0.10 51 0. = . ~-G.10 91 25.42 0. ~0.140 13 25.65 0. -0,
12 3.21 0. -0.10 52 -0.52 0. ~0.10 92 11.20 a. -0.110 132 36,50 0. -D.1%
1z “0.11 0. -0.10 53 17.21 a. -0.10 93 54,49 0. ~0.10 133 16,86 0. -D. 10
14 o, = a. ~0.1C 54 1.0 0. -0.10 94 3,15 0. -0.10 134 15.59 0. -D.10
15 5,40 q. -g.n 55 -0.%3 a. -G.10 95 15,57 C. -G.10 135 13,19 0. -0.10
14 5.12 rn. -3.10 36 1.%7 c. ~5.14 96 2.20 c. -0.12 | 136 n.45 0. -0.14
17 .95 0. “5.10 57 P67 [ -0.10 97 «{,47 a. -0.10 137 2073 0. -0.13
18 4.26 9. -0.10 53 3.19 0. -0.10 98 0.70 0. -0.10 138 16.31 C. -0t
19 7.82 0. -0.10 59 1483 ¢. ~0.10 99 11,45 0. «~0,.10 139 0. = U. -0.10
20 2.72 0. -0.10 60 £.34 C. -0.10 100 13,34 0. -0.10 140 ~C.53 o. -G.10
21 5.34 0. ~D.10 61 56,93 0. -0.10 101 0.78 C. -0.10. 141 7.01 0. -G.10
22 .25 D. -4.10 te 5.66 0. -0,10 102 11,27 0. -0.10 142 5.58 0. ~0.10
23 2.36 0. -0.14G 63 16.53 0. -0.10 103 17.06 0. -0.10 143 13.26 0. ~0.4%0
24 3.13 0. -0.10 6h 12,40 0. -C, 10 104 14,37 0. -0.10 144 2.14 c. =055
25 -0.34 0. -J2.10 45 21.47 o. -0.10 105 4,68 0. -0.10 145 6,72 3. ~G.15
2é 2.35 0. -0.10 | 66 25.16 0. -o.10 i0s 11.24 C. -0.10 148 B8.1%9 0. -0,10
27 “0.45 0. -0.11 &7 0. G. -0,10 167 18.23 0. ~0.10 147 5.G7 0. ~0.10
28 0. =» 0. ~-0.10 638 0.09 G. =0.10 108 15433 0. ~0.10 148 -0.10 0. ~0.10
29 13.8% 0. -p.10 69 2,54 0. -0.10 109 18,74 0. -0.10 149 D.90 0. -0.10
o 12.72 0. ~0.10 70 3.34 0. ~-0.10 110 1.89 C. -0.10. 150 16.35 0. -0.10
31 10.68 0. -0.10 71 5.76 0. -0.10 111 6. 14 C. -0.10 151 14,04 0. ~C.10
32 10.16 n. -0.10 72 4,01 0. =0.10 112 58.49 G. ~0.10G 152 13.82 0. ~L.10
33 8.59 0. ~0.10 73 15.50 0. ~03.10 113 2.82 C. =0.10 153 e.05 D, -0,1@
34 2.29 0. -0.1GC 74 11.20 o. ~U0,10 114 2.0 0. ~0.10 154 L,63 0. ~0.10
35 6.14 0. ~0.170 75 16.83 0. -0.10 115 1.25 0. -0.10 155 16,41 0. -0.14
36 2.83 G. -0.10 76 T2.06 0. -0.10 116 3.28 0. -0.10 156 15.07 0. -0.10
37 T8.64 0. -0.10 77 12.01 0. -0.10 117 2.79 G « -0.10 157 0. = 0. -0.10
38 0. + 0. -0.10 74 2,11 0. -0.10 118 3.73 0. =0.10 : 158 7.33 0. -0.10
1% 0. = 0. -0.10 79 2.52 G. -0, 10 119 5.45 c. -0.10 159 10.16 0. -0.10

Ln 2,29 0. -0.10 &0 17.52 0. -0.10 120 4. C4 C. ~0.10




MATHEMATICAL SIMULATION OF CARBOXN MONOXIDE DIGTRIBUTION IN THE ATHOSPHERE
TWO DIMENSIONAL FINITE ELEMENT FOR HORIZCNTAL PRODLEMS OF VARIABLE THICKNESS
INTFIAL APPLICATION TQ THE FAIRQANKS, ALASYA AIRSHED...
TEST DATA TO CHECK ORTOMN'S APRIL 28 (HANGES

-»s FESULTS AFTCR 24 HOURS OF DYNAMIC SIFULATION...

cen COMEENTRATIONS ARE MEAN VERTICAL VALUES...

wew OUTPUT FOR NO2DES 1 70 159 ... THE SYMBOL *¢ DENOTES A SPECIFIED VALUE ...

NODE CoMC X=VEL Y-VEL NODE CoNe X =~VEL Y-vEL NCDE conc X=VEL Y-vEL NGDE CONC X=VEL Y-VEL
tu pPPM m/SEC MISEL Ny pp M /SEL M/ISEC NUM PP MmISEL M/SEC NUM =341 m/SEC M/SEC
1 L. » 0. -0.1n L1 794 C. -0.,10 51 9.11 C. ~0.19 121 2.78 0. -0.15
2 n. T -9.10 L2 3.38 0. -0.10 B2 4.08 C. -0.10 122 10,43 0. ~C.10
3 0. C. -0,10 43 7,84 0. -0.10 g3 1.758 Q. -0.10 123 5,82 0. =0.149
4 0. « a. =0.10 L4 5.54 0. ~G.10 a4 P.E7 0. -0.10 124 10.06 0. =-0.10
5 0. * C. ~0.10 45 5.27 0. -0.,1D 55 AR 0. ~0.10 125 19,54 0. ~0.10
& I L6 0. ~0.10 L5 9.03 0. -0.10 84 21.14 0. -0.10 126 34,41 C. =0.10
7 AN 0. -0,10 L7 7.99 . -0.10 &7 19,44 0. -0.10 127 16,35 9. =017
F 2.43 . -2.10 L3 £.20 . -0.1G 38 t5.35 c. ~0.40 12E 46,26 G. -C.i2
o 2.%%4 a. -0.10 49 12,69 0. ~0.10 879 .63 C. -0.10 129 2.78 a. -C.10
10 G.13% 0. -D.1d 50 12.87 0. ~0.10 90 22.59 0. -0.10 119 15,81 0. -5.10
11 -n.23 0. -0.10 51 0. * 0. -0.10 91 25.76 C. ~0.10 131 2C.25 0. “0, 10
1e 3.11 0. -0.10 52 ~0.59 0. ~0.10 92 11.58 C. -0.10 i32 22.21 0. ~0.10
13 -g.28 0. -0.13 53 16.%0 0. ~0G.10 93 55.74 G. ~0.10 133 15.52 a. -0.106
16 0. = o. -0.19 54 .84 0. -0.10 94 2.63 0. -N.10 134 15.22 0. -C.is
15 5. 39 . S 55 A T. -0.40 73 12.¢8 C. -C.1D3 155 14,370 o. -n, 0
16 3.8% e, ~2.10G 54 T.03 T, -0.10 96 1,45 C. ~0.10 . 155 .13 0. -G.T
17 6.55 n. =9.%0 g7 1,90 0. -0.12 97 -0.57 0. =0.19 137 20.7% 0. -C,13
18 L.12 0. -7.1GC 54 2.4 0. -0.10 98 .54 C. ~0.10 138 14,61 0. -0.102
19 7.79 C. ~0.10 59 14.23 C. -0G.10 1=l 10,91 0. -0.10 119 n. « 0. -G, 10
a0 2a1b 0. -0.16C A0 55 o, -0.19 100 12,34 7. -0.10 140 -0, 74 0. -3,i0
21 5,07 n. 0.0 61 51,94 n. -0.10 101 O.61 C. -C.10 . 141 6.79 0. -G.3C
22 1.0 . -0.180 &2 L.v3 2. -3.10 102 11.17 C. ~N0.10 142 5.74 0. LG
23 2,17 a. -n.19 63 5,02 o, -0.10 103 160,06 C. -0.10 ] 12,16 0. -0, 10
24 2.H7 0. -0.10 oh 12,41 C. -30.10 104 12,99 0. -0.10 144 1.72 0. -0.17%
25 =0.71 0. -3.10 5 22448 0. “N.10 105 5,54 G. -0.10 165 5.75 0. -0,10
26 2.32 0. ~0.10 66 25.52 0. -0.10 106 9,17 0. -N.110 48 7.854 0. =0,10
27 -0.55 0. -0.10 a7 0. = C. -0.10 107 15.19 0. -0.10 167 455 0. -0.10
28 g. 0. -0.10 ag 0.9 0. ~0.10 108 14,09 C. -0.10 143 -0.27 D. -0.10
29 13.89 O. ~0.10 69 E_19 n. =0,10 109 12,20 g. ~D.10 149 0,71 0. -0.140
k4 11.70 0. -0.10 70 .78 0. ~0.10 110 1.56 C. -0.10 150 14,66 0. -C.10
31 10.01 0. -0.,10 71 5.54 J. -0.10 111 557 0. -0.10 151 12,39 0. -0,10
32 9.50 0. ~0.10 72 3,06 n, -0.10 12 57,64 0. -0.10 ¢ 152 12.15 0. -0.10
33 3.33 0. -0.10 73 14,91 0. -0.1GC 13 2. 41 0. -0.1C 153 7,47 0. ~3.10
34 1.35 0. -0.10 74 9.15 0. -0.10 114 1,85 0. -0.10 154 3.52 0. -0.10
25 6.04 n. -0.10 75 17.20 U. -0.10 115 1.14 C. -0.19 155 20.27 0. ~0.10
36 2.72 J, -0.10 76 13.11 G. ~0.10¢ 114 3.2% 0. -0.10 156 15.86 0. =0.19
77 14,45 a. ~0.10 77 10,64 0. -0.10 17 2.74 C. -0.10 157 0., = g. =0.10
13 D. * n. -3.15 78 1.1 5. -G, 10 118 3,57 C. ~3.10 159 7.14 g. -3.19
37 G, = 0. -0.10 79 2.07 0. ~n.10 ite L .76 J. -0,10 154 9.08 0. -0G,19

47 2.97% 0. -0.19 30 16,31 C. -0.10 120 3.55 0. -0.10




MATHEMATICAL SIMULATION OF CARBON MONOXIDE DISTRIBUTION [N THE ATMOSPHERE
TWd0 DIMENSIONAL FINITE ELEMENT FOR HORIZONTAL PROBLEMS OF VARIABLE THICKNESS
INITIAL APPLICATION TO THT FAIRSA'IXS, ALASKA AIRSHED...
TEST DATA TO CHECK NMORTON'S APRIL 28 CHANGES

«s« RESULTS AFTER 25 HOURS OF DYNAMIC SIFULATION...

en o CONCENTRATIONS ARE MEAN VERTICAL VALUES.,.

.. UGUTPUT FOR NODES 1 T0 159 ... THE SYMBEO0L * DEInQTES A SPECIFIED VALUE ...

NODE cone X=VEL Y-VEL NODE coNe X=VEL Y =VEL NODE Cone X-VEL Y-VEL NODE coNe LeVEL Y-VEL
MM FPHM M/SEC MISEC NUM PR Bnisse m/SEC HUM PPM M/SEC M/SEC NUM PP M/SEC M/SEC
1 D. » a. ~-0.10 ‘ 41 7.18 0. -0.10 81 8.06 C. -0.10 121 2.48 0, -0,10
? n. = 0. “n.10 42 3.37 0. =0.10 32 3.67 c. -0.10 122 .87 0. ~0.10
3 o, e J. -d.10 L7 7.63 o. -0,17 B3 1.41 C. -0.10 123 baeild C. -0.10
4 O, 0. -7,10 A G044 o. -0, 11 54 2 b4 G. ~C.10 124 2.9% 0. -0,40
5 I, . 0. -g.12 45 4,63 o, =011 85 3,55 0. -0.12 1es 17.19 0. -0.10
& 3,46 G. -9.10 46 2,13 0. -0.10 86 15,71 o. -0.10 124 27.465 0. ~0.10
7 4.30 C. -i1.10 47 7.6% G. -0,10 87 16,84 G. -0.10 127 11,31 0. -0.10
) 2.23 0. ~0,10 tg g.52 0. -g.10 38 13,63 0. -0.10 128 36,79 0. -0,10
g 2.8 0. -0.10 49 11.71 0. -n.10 3y 7.61 a. -0.10 129 B.32 C. " =0.10
10 -0.02 a. -0.10 50 13.5¢L 0. -9.10 90 19,96 0. =0.,10 130 14,36 0. ~-0.10
X -,27 n. ~7.19 51 N, . 0. -G, 10 71 24,74 5. ~p_10 134 16,52 G. -0.10
12 3.02 0. ~0.10 52 ~3.64 0. ~0.10 52 11,92 0. -n.10 132 18,34 0. -5.10
13 ~0.44 0. -3.10 53 16,27 0. -0.10 93 S6.53 C. -0.19 133 14,22 o. -0.10
14 0. = 0. ~-0.10 56 1.52 0. -0.10 34 2.40 0. -0.10 134 14,48 0. -0.10
15 5.34 0. -0.10 55 -0.582 0. -0.1¢ 25 T0.43 0. -0.10 135 10.38 0. .~0.10
16 5.E5 0. -0.10 56 n.75 0. -0.,10 26 1.51 0. -N,10 134 -1.53% n. -0.10
17 6.4 n. -0.12 57 1.30 0. -0.10 97 -0.44 c. -0.13 - 137 20.75 0. -0.10
15 4u13 0. -2.10 53 1.78 N -0.10 98 Q.39 3 -0.10 138 15,91 D. -0.10
19 7.64 0. -0.10 5% 13.32 0. -0.110 29 10.13 0. -n,10 136 n., o« 0. ~G.10
20 1.39 o. -0.11 50 E.61 0. ~0.10 100 10.9% a. ~3.18 140 -N.34 0. -0.10
21 4,71 0. -3.10 61 45,64 C. -0.10 1014 0.05 C. -n.10 . 141 6,67 0. ~0.10
22 3.63 0. -3.10 42 4.33 0. ~0.10 102 10.83 0. -0.10 142 5.8%% 0. -0.10
23 1.99 0. ~-g.10 63 15,23 0. -0.10 103 14.82 C. -0.10D 143 11.26 0. -0.10
24 2.42 0. =0.10 &Y 12.63 0. -0.190 104 11.83 0. -0.10 144, 1.38 0. -0.10
25 -1.40 C. -0.1n 65 23,14 0. ~-0.10 105 5.94 C. -0.10 145 4,32 0. -0.10
26 2.27 J. -1, Ys) 25.86 GCa -0.19 106 7.07 0. -0.10 145 7,40 . -C.10
2 -0.63 g. -0.10 &7 7. * 0. -0.10 107 12.42 0. ~0.19 147 L.12 0. ~-3.19
25 0. = 0. «0.10 58 .09 D, -0.10 108 12.83 G. -0.10 T48 ~0,33 0. -0.10
29 13.72 0. -0,10 49 7.569 0. -0.10 109 17,42 0. -0.10 149 D.94 0. ~-0.10
30 10,56 0. ~0,.10 70 2.64 0. -0.10 110 .92 0. ~0.10 150 12.85 0. -0,10
31 9.43 0. -0.10 7t 5.26 0. ~0.10 111 5.02 C. -0.10 151 11,48 0. -0.10
32 8.83 0. -0.10 72 2.75 0. -0.10 112 55.96 0. -0.10 152 10.76 0. -0.10
33 .00 N. -0.,11 73 14,10 Q. -0.10 113 2.39 C. -0.10 183 6.05 0. -0.10
14 1.53 0. -0.10 74 7.2% 0. -0.10 114 1.49 0. -0.16 154 2.75 0. -0.10
35 b.05 0. -3.10 75 17.34 0. -0.10 115 1.00 0. -0.10 155 20.46 0. -C.10
36 2.5¢9 0. -0.10 76 14.14 0. -0.10 16 3.4 0. -0.10 156 16,49 C. -0.,10
37 17.87 n. -0.,10 77 .00 D. -0.10 117 2.70 Q. -0.10 157 0., = C. -0.10
34 o, = 0. -0.10 78 0.s2 a. -0.10 118 3.33 0. -0.10 158 6.85 0. -0.10
39 0. ¢ 0. -0.10 7Q $.94 0. -0.10 119 4,25 0. -0.10 159 8.03 0. -0.10

40 2.71 J. -0.11 3a 14,54 0. -0.10 120 2.592 c. -0.10




TEST DATA TQ CHECK

e RESULTS AFTER

ce W SOMUNCEMTRATIONG ARE

NGDE
NUM

— 3 s = e
W= OO N Dy

15
14
17

19
2qQ
é1
2z
23
2L
25
26
27
28
29
3o
31
32

3&
35

37
38
319
W0

comMC
pPH

1
an]
¥ s »

JCAMUMN P W D2

[ ]

i
.
.
13
1

* * & ®

CUTPUT FOR NODES
X-VEL
M/ISEL

L N I T N I I )

L O T L L I I T |

OO D000 00D 0O0ODOD DD 0O0TDO0O000O0NDO000
.

oo O
. ¢

0.

o0
L

0.

MATHEMATICAL SIMULATION
TAO DIMENEIONAL FINMITE
INITIAL aAPPLICATION TO

HOUTS OF

.....

1 T0

Y=VEL
M/SEC
=.10
-{,10
-3.10
-0.1n
=210
-0.10
~N,10
-0.1C
~3.1¢C
-0.0
-0.,10
=1.16
-(.10
~-0,10
=010
-n.10
=010
-0.10
-17.i0
-0.10
-0.10
-0.10
=0.10
=7.10
-0.30
-2.10
-0,10
-0.10
-0.10
~0.10
-0.10
-0.130
-0,10
-0.10
-0.%0
-0.10
-0.10
~0.10
-0.10
-0.10

F
£i
£

CARDIN

AENT

FAIRZANKS,

VERTICAL

monaxick

0l

FOR KORIZIONTAL

ALASY A

MORTON'S APRIL 23 CHANGES

STRIBUTION
PAORLERS

AITRSHED, ..

DYHAMIC SIVULATION...
YALUES o u

159 ... THE SYMgQoL + DENDTES A
NODE CoHC ¥-VvEL Y-VEL
U PR MISEC MISEC
41 6.43 0. -0.10
42 .27 0. ~-0.50
a3 7.39 Q. -3.16
L4 7.26 C. ~-0.10
L5 2.73 0. -0.10
46 7.13 D. ~-0.10
47 7.19 D. -0.10
43 £.5¢4 0. -0.10
49 1C.69 2. ~C.10

50 14,31 a. -0
51 . * . -0.12
52 -3.68 0. -0G.10
53 13,35 0. =010
54 1.3§ n. -0.10
55 ~0.80 0. -0.10
56 C.52 C. -0.1%
S7 0.55 c. -0.10
58 1,33 o, -0.,19
59 12,19 o. ~-0.10
50 8,53 0. -0.10
61 38,25 0. -0.10
&6z 3.94 0. ~0.10
6% 15.09 L. -0.1G
54 TR, 44 0. -d.10
&5 23.71 C. -G.10
&b 25,06 0. -n.10
a7 D. = . -0.,10
&8 0,10 0. -9.10
69 7.14 0. -0.10
70 2.29 0. ~0.10
71 4 _R7 0. ~-0.10
e 1.97 C. -Q.10
73 13,10 0. “0.10
74 5.62 a, -0.,10
75 17.23 0. -0.10
76 15.08 0. -0.10
77 7.06 0. -0.10
78 0,42 0. -0.10
79 2.02 0. -0.10
30 12.27 G. -0.10

N THE ATHMOIPHERE

3F VARIAQLE

THICKNESS

SPELIFIED VALUE

MODE
NUM
B
52
33
34
a5
86
az
a3
a9
S0
91
22
93
94
95
9A
e7
95
23
100
10
102
103
in4
1405
106
107
i0a8
102
110
1%
112
113
114
115
ité
117
1113
1179
120

COKC

Z.2u

X=-VEL
m/SEC

2 f & B 3 & & 3 3 & % % & 4 4 # F E B 3 & N 3 4 & ¥ a4 & & s 4 ®

OO OOoOOoOOOoOOODDODoOODODOMNOoOOOOOoOODO 0D

Y-VEL
MISEC
-0.10
~0.10
=0.17
-0.10
0,190
-0.%0
-0.10
-0.10
-0.10
=C.17
-GG
-0.10
0,10
~0.10
-0.10
-0,.10
-G.10
.10
-0.10

NQDE
Num
121
122
127
124
125
1264
127
128
129
134
131
132
113
134
135
134
137
955
139
140
141
142
143
144
165
146
147
148
149
150
151
152
153
154
155
156
157
158
159

X=VEL
M/3EC

G.
C.

(]
N

OO0 oo
s o e

T+ 4 s n

LI Y

L T T T T

L T

COoOQDUDooOocoOOoOlaooaocodan

Y-VEL
M/SEC
~0.10
~C.1G
-0.10
=-0.18
-0.10
~b.1d
-G6.10

- =0.10

-0.10
~0.10
-0.12
~-0.138
-0.10

. -0.1C

~G.10
-0.130
-0.190
=0.10
-G.10
-0.10
-C.10
-0.10
-0.10
~0.10
-0.10
-0.13




METHEMATIOM. SIMULATICH OF CAFRIN MCUOXIGE DISTRIBUTION [N THE ATWMOSPHERE
TWT DIMENSIONAL FINITE FLEMECNT FOR KORIZONTAL PROBLEMS OF VARIASLE THICKNESS
PHITIAL APPLICATION TO THE FALRBANY S, ALASCA AIRSHED,..,
TEST DATA T2 CHECK NORTON'S APRIL 27 (HANLGES
aa-RESYULTS AFTER 27 MGURS OF DYNAMIC STNFULATION...
Ve TOMEENTRATIONS ART NMEAN VERTIGCAL VALLES...
wee DUTPUT FOR MODES 1 70 159 ... THE SY=EOL = DENOTES A FPECIFIED VALUE ...
~NODE conc X~YEL Y-VEL [INDE COHC X-VEL Y-VEL HODE Cone X-VEL Y-VEL NODE conce T=VEL Y-VEL
MM PPM M/SEC MISEC T PPN SISEC MISEL MUA Fpe MISEC M/SEC KUM PPM M/SEC Y EALe
1 3. o+ 0. -0.10 41 5.467 a. -2.15 21 C. ~G,.10 121 2,18 G “3.93
2 T.oo# J. - 4z 2.%5 a. -0 52 C. =C0.17 122 P.87 T w20z
3 J. ¢ 0. -1 5 A7 7.1 c. -0.10 £3 C. -0.70 123 5.77 J. ~C 0
A .o . -0.%0 he 7.5% n. -0.19 G4 C. -0, 124 Gl J. ~T 1
5 o, o« 0. -0,10 45 2727 . -C.10 ES G. -0.10 125 73,57 G. -C.iz
5 LA J. -9.10 ) 6,37 0. -5.150 856 0. -C.10 126 17.52 o. I
7 3.9% i, -0.10 L7 £,47 [ -0.10 a7 C. -G.i3 127 A.%95 o, =00
2 Y3 a, -g.1i0 L3 7.27 C. -0.1n 28 a. -f.10 128 22.%4 c. -2,z
g 1.9% 7. -7.1G 49 G 42 a. -0.19 59 c. -0, 10 1279 7.24 0. -L.1n
(RS ~C.x3 . ~G .0 370 14 .79 . -.50 ER] . ~0.%3 1E0 12.72 o, -T.z
i1 -0.34 J. —G.50 51 rH. o+ a. “,.13 91 . “2 17 131 13,572 T -2,z
12 F.ED G ~G.t0 52 -0.71 G, -1 32 z. ~C.173 132 L3 . “fLin
13 -7 . =0.10 3 iA.23 Q. ~G.10 93 o. I 133 11.77 T. ~5.1%3
14 . # o, -(}.14d Sé A Js =0.19 94 0. =~0.10 134 11.73 3. -5.00
13 5.122 0. 0.0 55 ~D.74 a. =10 75 T ~0.10 135 IR c. ~0.10
1A 50599 o, -0.17 5 A T2 [ ~(.13 2 h cC. 0.1t 174 -0.ns 0. -t.z
a7 6,01 o, -2.10 57 T.57 . -0.10 37 C. -0.15 17 20.37 . -L,i%
72 L0 C. -T.10 53 1.12 o. EI 73 G, ~0.13 139 13,34 o R
19 6.94 0. -0,50 59 10,45 T 0.1 99 o, -C.10 129 C. * o, =0.57T
an 0.%56 o, ~0.10 ¢0 B.12 G. -0.110 100 G. -0.10 140 ~(. 74 0. -0,10
21 4.0 o. ~0.13 &1 3.7 0. -0.10 01 U ~0.10 141 5.8 d. ~T .15
22 2.95 a, -n,1g 42 I.566 0. -0.10 102 C. -C.10 142 H.13 0. -5.10
23 TLT 4 c. CRINR RS 63 1Ta.62 O, -J,138 103 o, -0.13 1473 Q.74 o, -0,
24 2.21 o, -3.10 A 12.0a C. -0 14 n. -9.10 144 T.3A o, -
25 -1.25 J. -0.50 a% FE A {ia -M.10 105 C. ~-0.10 P45 3.5¢4 J. ~G,10
24 2.22 0. -n_ 0 &h 25.21 . -0.10 1046 a. -0.10 166 5,61 a. -0.in
a7 -0.,78 0. -0.10 &7 . * {. -0,1G 107 0. =0.10 1.7 3,45 o, -2,10
23 0. = G. -0.13 68 0,12 0. -0.10 108 C. -N.13 148 -0.41 G. -0.10
29 12.72 0. .10 59 6.53 0. -0.10 1079 C. -0.10 149 1.02 C. -0.10
in .14 0. ~-0.10C 70 1,75 0. -3.10 110 G. -0.10 15C B.74 0. -0,10
I 3.0& 0. -0,10 717 4,43 0. -0.,10 111 C. -0.10 151 9.60 0. -C.10
32 7.20 C. 0.0 72 1,30 0. -0.19 112 0. ~0.140 152 2.33 . ~0.18
3 7.32 0. -0,10 73 11.97 0. ~f1.10 113 0. ~0.190 153 FAE ALY a. -2.1%
24 1.68 J. -0.10 74 [ 0. -0.10 114 0. ~-0.10 154 1.60 C. ~0.10
35 6.10 0. ~0.10 75 16.91 0. -0.10 115 C. -0.10 155 21458 0. 0,13
36 2.23 0. ~0.10 76 15,90 o, ~0,10 116 0. -0.10 156 17.22 0. -0.15
37 15.89 0. -N.10 77 5.38 0. -0.10 117 0. -0.10 157 g. = 0. ~0.10
38 0.« C. =0,19 78 o,.70 0. =0.10 118 C. -0.10 158 64109 0. -0.150
39 Do # Cc. ~0.10 7e 2.18 C. ~C0,.10 119 0. -0.10 159 6. 05 0. -0.18
40 2.33 . =010 g0 9.77 C. ~03.10 120 0. -0.10




BATHEMATICAL SIMULATIOHL OF CARZ0L MECLOXIDE DISTRIAUTION IN THE ATMOSPHERE
TWO OIMEMSIAMNAL FINITE ELEMENT FOR HOuIZONTAL PROBLEMS OF VARIABLE THICKMESS
INITIAL APFLICATION TO THE FAIRSANKS, ALASKA AIRSHED...

TEST DATA TO CHECK NJIRTON'S APRIL 28 CHANGES

ae W BESULTS AFTER 2F HOUDS OF DYRAMIL ST™MLAaTi2h...

(211

w. o COMCENTRATIONS ART MEAN VEIRTICAL WALUES...

me. QUTPUT FOR NODDES 1T TO 159 ... THE SyY=30L + DEROTES A 3FPECIFIED VALUE ...
NONE coHe ¥-VEL Y=VEL MODE CohC L=VEL T~VEL NQDE CONC *=vEL ¥Y-VEL NODE CoNC X=VEL Y-vEL
Ny opM wiSEC "l iy e MISEC MISEC VES porn MISEL MfGES ISV SR MISEC LA
: Z. o+ T ~n10 £ 5.02 0. -4 31 4,27 o, -0.13 121 207 . =Ttz
Z o, T AN L2 ) T, EAE ¥ 22 .35 C. -7.19 1272 E o, -0, 0T
7 J. 0+ T, -0 4% A 7. -7 .37 A3 1,07 o, -0, 127 5.3 G. =C.17
L C. « 7. =17 4L 7.8 C. -6.10 54 1.77 C. ~0.i0 124 5,479 0. -0
3 0. « 2. -0.:0 45 2.7 0. -0.30 RS 1.9% C. -0.19 125 12,14 C. “2.14
4 3.37 0. -0.10 44 5.07 C. -0.10 Bé& 1G.12 c. 010 126 15,43 C. -G.in
7 i.82 G. - .11 L7 ALT¢ D ~5.1C 57 12.%0 0. ~0.,10 127 5.53 0. -0,
2 1,48 n, -c.1n LP AL50 3. 0,15 53 w79 O. R I TEK TrLRY 5. -t
5 1.7% c. A & B éh o, -Gain 37 S 0. -G, 1273 40070 C. -T.017
13 -n.4 [ -7, 10 50 1802 . -0 30 13,07 o -5.10 13C 11,983 0. -2,
11 -1.25 i -3.13 51 [ * . ~{.12 91 17.70 . 0.3 133 12.37 O. =3.13
12 2.84% a9, -0.14 52 -0.73 0. -0.19 92 12,30 0. -0.13 132 12.51 0. -G,13
13 ~3.%0G 0. AR 53 12,27 . ~C.10 73 56,27 a. -0.19 133 iCLAD 0. -0,12
i4 J.* C. 0.1 5S4 1,12 T -L.so 94 2.72 0. -C.19 3L 10.97 Q. -Z.73
1% .25 o, -1,18 5% -2.72 r. -0, =1 4,70 C. =010 T3R 3.0 a. -0,
1t S.45 . =0.19 56 0,10 . -L. 30 76 1ot C. -0.10 1is -5ui 0. -t
7 .74 . -n.t0 57 (.29 C. -0.10 97 -3.72 C. -0, 10 137 1R.R2 0. LIS B
1% 3.4 a. -0.,13 nE 1.14 C. -0, 10 95 G.01 G. -5 123 11,85 0. -0,
19 LA . -0.10 55 9.09 G. -G.10 79 d.59 . -0,10 139 . =« c. -9.10
20 D.13 G. -0.10 65U 7.16 0. -0.10 100 T.E3 0. =018 140 -0.%95 0. “0,13
21 1.62 0. ~3.110 61 23.39 0. ~-0.10 101 ~-0,82 GC. -C.10, 141 5.20 0. -0.13
22 2.60 0. -0.10G 2 .49 0. -3.10 102 G.17 C. ~0.13 142 6.2 0. R B
23 1.7 C. -0, i0 63 1%2.3% o, -0.10 103 11,C0 C. -0,.10 143 9.G¢ O. 0.3
2 2.05 3. =0, 0 &4 11.58 o, -C.13 104 5.27 oo -0.10 744 C.8%6 T. ~7,10
25 -1.21 o. ~G.10 &5 24,53 . ~0.10 135 4L.5R C. =010 145 2.56 G. -CL10
24 2.12 o, -0.10 b 25.27 0. -0.10 106 2.78 o, =0.140 1446 Lo67 0. =0.10
27 ~0.e3 C. -g0.1n 67 0. & G ~0.10 107 7.%7 G. -0.10 147 .20 G. -0,19
28 o, « 0. =0.10 &8 0,14 0. -0.10 108 9.48 0. ~0.10 1438 -0.3s 0. -0,13
29 11,589 a. ~0.10 6% 6.01 0. -0.10 109 14,23 0. -0.10 149 1.09 G. -0.14
0 8.32 0. -0.10 70 1,41 0. -0.10 110 2.43 0. -0.10 150 6.8% D. -C.13
31 7.42 0. -0.10 71 4.0 G. ~0.10 Pt 3,61 C. ~0.,12 151 2.96 a. -0.50
32 G.48 3. -0.10 72 0,61 G. -0,1¢ 112 [N C. -G,.10 . 152 g.2C Ga -C.10
33 5.98 C. ~3.10 73 1G.73 G. -0.192 113 1.860 C. -0.10 153 .31 C. -G,.10
34 1.77 0. =0.10 74 3.73 . ~-0,14G 114 1.22 0. =0.110 154 T.42 0. -C0.13
35 6,00 0. =N,10 75 16,41 0. ~0.10 115 0.36 c. ~0.10 155 21.74 0. -0.10
316 2.02 0. -0,10 76 16.54 0. -0.1C 116 7.72 o. -0.10 156 17,29 0. ~0.10
37 14.70 N. 3,10 7 L.04 0. -0.10 117 2.59 C. -0.10 157 0. « 0. ~0,10
33 0. = . ~0.10 78 0.%5 Te -0.19 118 259 C. ~-C.193 158 5.67 0. ~0.1
39 C. = 0. -0.12 79 2.29 N -0.10 11% 7,70 C. -3.10 152 .12 0. -0.10
L0 7.25 0. ~J.10 39 7ab1 . -1 120 T.16 C. CIE N RS




SF OCAPHON WONOXIDE DISTIIRUTION IH THE ATMOSFHAERE
LEMENT FOE HMORIZANTAL PRCIBLENMS OF VARIARALE THICKNESS
HE FAIRIANYS, ALASCA AIRSHED. ..

SATHERMATICAL SIMULATION
TW0 DIMENSIONAL FINLITE
INITIAL APPLICATION TO

m

-t

TEST DATA TO CHECE NGRYON'S APRILU 28 CHANGES

sasRESULTS AFTER 29 HOWAS OF HdyHaMIL SIMUGLATION. ..

M. CORZENTRAT[ONS ARE ¥TAY YERTICAL VALUIS...
we. ODUTPYUT FOA NCBES 1 FT0 159 ... THE ST¥OUL + PENDTES A SPECIFIED WALUE ...

IN0E CONT =T L HOUE £ong X-VEL Y-YEL NODE CONE X~VEL Y~VEL NCDE CONC X=VEL
ML pox M/geC AT, R APE-T A H/SEL TR R M/SEL q/300 Ryt po Mliged
1 n. . a. 41 LoL7 GC. -C.10 31 3.32 C. ] P24 1.7%4 C.
2 T. o o, Lz 2.5a c. - 1T E] 1.83 o, o 177 T.33 2.
b DL+ T : L3 L3 . -2.19 4% .13 e, 7 17z A A C.
i s - a. -0 Lk £.19 a. -3.19 &4 1.33 0. 104 £.22 T,
5 G. o+ a, -NiG 45 2,83 . ~,10 8% P.E6 c. ] 1325 11.09 9,
& 3.30 a, =033 46 L.31 e, ~-0,10 24 Y 0. ~G.13 126 195.75% G.
7 3.63 o, =510 L7 5.56 0. 0,10 87 12.23 C. -0.12 127 AT 0.
3 1.52 n. -a.1n Lg h. 50 a. -9,.1n g8 7.563 o, -6.,10 123 14,74 .
5 S 3. -3.17 4 7.23 0. -0.13 39 7.51 2. -0.i0 iz7 2,15 0.
10 -2,53 a. ~T15 =0 14,75 . -0, 14 chl 11.82 G. “5.12 135 $1.5% 3.
19 -Gtz c. -t 51 C.oo C. -7.11 91 195.34 0. A 734 13.71 C.
12 2,49 C. -0.113 52 -3.73 0. -0.106 92 12.11 a9, -0.10 132 11,79 a.
13 -1.0% o, -1 53 11.74 i, -0.13 33 54.65 0. -0.10 133 I.48 2.
14 C. =« 2. w18 sS4 G.37 0. ~0.10 94 2.7 0. -0,13 134 8.63 0.
15 5.23% D. -0.10 55 ~0.45 a. -0.10 95 .62 0. -0.10 135 5.10 0.
16 3.35 o, -0.10 56 0.G3 0, -0.19 76 1.26 0. -0.13, 136 n.37 a.
i7 5.43 2. -3.13 57 0,23 C. -0.19 G “0.7 0. ~0.13 137 18.73 i
17 3,58 . ~3.10 58 1,751 C. -0,13 93 -0.09 G. -5.10 133 10,34 0.
19 .55 <. -0.10 52 7.57 0. -0.10 79 T.8h G. -0.10 132 c. = T
20 -0.21 C. -C.10 6 6,54 o, =C.10 100 7.20 G. =010 140 -0.9¢4 O,
21 3,24 0. -c.10C 61 18.55 0. -0.10 01 -1,.090 a. ~0,.10 141 .72 C.
22 2,30 0. -n.10 &2 3.37 0. -0.10 102 8.62 C. - =0.10 142 6.25 0.
23 1,62 0. -0.10 63 12.79¢ n, -0.10 103 10.02 0. -0.10 143 §.23 a.
24 1.%8 G. -2.10 &L 11.00 C. -0.10a 104 7.22 n. -0.10 144 D.34 G,
25 ~1.07 0. -c.ia 45 2430 o, -0,10 105 [T G. -7.173 145 2 47 a.
2 2.02 n. -0 &4 2407 a. -0.10 106 2.22 c. -3.10 144 3.7 0,
27 -0.58 0. -0,10 "7 67 S I n. =510 107 7.71 C. =0.10 167 2.1 G.
28 Q, =« 0. -0.10 65 0.17 0. -¢.10 103 8,41 g. -0.10 148 -¢.27 a.
26 11.21 0. 0.10 6% 5.46 o, -0.130 109 13.27 C. -0.10 149 1.16 0.
10 7.59 0. -0.16 70 1.29 0. -0.10 110 FRY 0. -0.10 150 5.52 0.
31 6.85 0. -0.10 71 3,41 0. -0.10 11 3.3 G. -0.i0 151 B.28 0.
1z 5.88 C. ~0.10 T 0,35 o, -0.10 112 I8.E& C. -0.10 . 152 7.34 G.
33 &.62 0. ~-0.10 75 9,66 a. ~9.10 113 1.63 0, ~0.13 153 2.33 G.
T4 1.93 (. -0.10 74, .47 0. -0.10 114 1.07 C. ~G.10 154 T.372 0.
35 5.77 0. -0.10 75 15,81 C. -0.10 115 0.63 c. ~0.190 155 21.8C 0.
36 181 N. -0.10 76 16.99 0. -0.10 116 241 0. -0.10 156 17.16 0.
317 13.57 0. ~1.10 rird 3.26 0. ~0.10 17 2.59 0. -0.10 157 0, « 0.
T8 C. = 0. ~0,10 78 1.25 0. -0.10 118 2.36 C. ~0.10d 158 5.27 0.
39 n. =« 0. =17.19 74 2.31 o, -0.10 119 2.33 n. -0,10 159 4. 31 o,

L0 2.2¢4 0. -0.10 B0 S.48 0. -0.10 120 0.y7? 9. =010

=<
L4
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MATHEMATICAL SIMULATION GF CARSON MONOXIODE DISTRIBUTION IN THE ATMOSPHERE
TWO DINENSEONAL FINITE CLEMENT FOR HCORIIQUTAL PACILEMS OF VARIADOLE THICKNLSS
IMITIAL A=RULLICATION TO THE FAIRAANLS, ALASAA AIA5HID...

TEST DATA TO (HECK HOATOW'S APRIL 27 (HALGES
~a RESULTS AFTER 30 HOURS CF DYRANIC SIMULATION,..

... CONCENTRATIONS ARE MEAN VERTILAL VALUES...

wee DUTSUT FOR KOGLES t 50 159 .., THST S5Y#a0L « JDTHCTES A SPECIFIED VALUE ...
HMODE Coug X-VEL Y-vEL NGDE conE X=VEL Y-vEL NOEE canc X-VEL Y-veL HODE conc X=VEL Y=VEL
Mg PPM N/sce MISEC HATEE] pp* MISEC MASEL NUH PP M/SEC MySEC KM PFM M/SEC MiSEC
1 T. * O, -N.30 L1’ 3.93 C. -0.10 a1 3.6 C. -C.19 121 1.85 Q. -0.,10
z g. = 0. =~0.10 L2 2.04 C. -0.10 £2 6.70 0. -0.10 122 6.60 0. -0.10
3 I, o+ 0. -0.10 L3 6.21% a. -C.10 33 1.33 C. -0.173 123 1.73 0. ~0.133
2 o, o, -G.10 Lb AN G, -2.10 ERA 1,33 U. “0.10 124 L3 . -G, e
5 0. =+ 0. 0.0 45 2.31 S, -0.10 89 1.0 n. -n.19 125 11,723 o, -0.137
é §.22 5. 0,17 Ly 3.96 0. -0.10 26 A 0. -G.10 i26 20,54 n. -2.10
7 44 n, -3.,10 L7 5.42 0. -C.10 A7 12.E5 0. -¢.10 127 5.69 0. -0,10
£ 1.36 0. ~-1.10 43 1,43 0. -0.10 83 b.94 0. -0,10 128 17,23 6. -0.10
0 1.41 a. -0,1n 49 7.20 o, -0.10 87 LN C. 0,10 129 L.47 0. -0.10
12 ~53.45 a. 0.0 SN 14461 C. ~£.10 90 11.33 G. ~G.15 330 12.23% 0. “0.1
1 =047 U. -3.10 51 T, o, =710 91 13.63 €. ~G.10 131 17,74 0. -0.10
12 2,27 c. A0, 10 52 -0, 72 . -2.10 a2 11.79 0. -0.%3 132 12,43 a. -0.12
13 -1.14 C. -n.10 53 1G.n2 e, ~0.10 93 51.63 C. -0.190 133 .60 0. -G.10
14 G. o« G. ~3.1G 54 A4 £. -n.i0 a4 2.71 C. -0,10 i2¢ 7LL7 0. -C.18
15 5.27 . -2.10 55 ~0,54 C. -£.10 g5 3021 C. =0.10 135 L.13 0. -0.%3
14 5,27 0. -G.13 56 ~0.0s a. -9.10 96 0.é1 0. -n,10 136 ZLET G. -0.10
17 .16 0. ~0.1% 57 -0.19 0. ~0.10 a7 «0D.89 0. -0.10 - 137 17.69 a. -G.10
18 3.82 C. -n.14 53 1.5% C. -5.10 98 -0.17 0. -0.10 125 2,69 c. -G.i0
j0 5.32 5. -0.17 5% 45,18 o, -n.10 99 7,07 0. -0.10 137 o, 0. 0.5
20 ~C.4t o, -.1% A0 5.97 a. -0,19 130 6. 64 o, -C.10 a0 ~3.9% 0. -0.13
z1 2.39 J. -3.10 51 15.29 0. -0.10 101 -1.11 0. 013 141 Lo2b C. -0.i8
22 2.12 0. -0,10 62 1,24 n. 0,10 102 B.U& 0. -0.10C 14z b.27 0. ~U.18
23 1.62 0. -1,10 63 12.00 N, -0.10 103 9,30 D. ~0.10 143 7.46 0. ~0.10
24 1,94 0. -N,10 YA 10.36 0. -0.10 104 6.49 0. -0.19 144 0.37 0. ~0.10
25 -L.87 0. -iJ,.10 65 24,582 0. ~0.10 105 3,27 C. -0.10 145 2.0% 0. ~D.10
24 1.89 0. ~0.10 66 22.34 f. -0.10 104 2.03 n. -C,10 166 2. 86 0. ~0.130
27 ~-g.50 0. -a.19 &7 0. 0. -G.10 107 5.25 0. -0.10 147 2.6% 0. -0.12
23 0., = G. =0.10 &8 0.20 0. -0.10 108 7.56 c. -0.10n 145 -0, 14 0. -0.13
2% 10,45 C. -0.10 69 4,97 0. -0.10 109 12.25 G. -0.10 149 1.2¢4 0. ~G.10
30 7.01 a, -0.10 70 .00 0. ~0.10 $10 2.84 0. -0.10 150 L,94 0. -0.10
31 6.34 0. ~0.10 71 3,76 g. -0.10 111 3.13 0. ~0.10 151 7.56 n. -0.10
32 5.40 0. ~G.10 72 0.96 C. -0.10 112 33.00 0, ~0.10 . 152 6.34 0. -0.10
33 6.26 . -0.1C 73 .74 0. -0, 10 113 1.46 0. -0.10 153 2.481 0. -0.10
LT 1.88 0. -g.1a 74 3,62 0. -0.10 114 0.95 0. -0.10 154 1.13 0. -0.10
35 5,42 0. -n.10 75 15,16 0. -0.10 115 0.32 0. -0.173 1355 21.65 0. -0.10
16 1.63 0. -0,19 76 17.22 9. -0.10 114 Z2.C6 c. -0.19 156 t6.85 a. -0.10
37 12.43 C. -0.10 77 3.00 N. ~0,10 117 2.51. 0. ~0.10 157 o, = 0. ~0.10
78 0. 0. -(.10 73 1.49 . ~0,10 118 2.0v C. -0, 10 138 4,90 0. -0.10
39 6. « 0. -0, 79 2.20 0. ~0.10 119 2,38 0. -0.10 1579 3.833 0. ~0.1G
40 2.27 o. -0.10 80 4.12 0. -0.10 120 0.93 D. -0.10




MATHEMATICAL SIMULATION COF CAEBON MO%NOXIDE DISTRIBUTICN I THE ATMOSPHERE
TWE DIMENSIONAL FINITE ELE4MENT FOR HGUIZONTAL PROZLEMS OF VARIABLE THICKXNESS
IGITIAL APPLICATION TO THT FRIRSAMMS, ALATVA ala3HID ..
TEST GATA TD) CHECKX MORTON'S APRIL 27 LHANGES
es-RESULTS AFTER 31 BOURS OF DYNAMIC SIMULATION...
c e COHMCERTRATIONS ARE MEARY VYERTICAL YALUEZ...
wee CUT2UT FO HZDES 1T 15% ... THT O S¥HIOL o+ DENOTES A SPECIFIED VALUE ...
fI0NE cong ¥eyzsl Y=JeL s et cong x-yEL Y-yfL LGDE fonc X
LU PR “I3EC MISEC HUR 22 wISEC M/SEC tuia FPR® "
1 0. > 0. -n,5n0 L1 .73 0. -2.10 21 .11
4 C. * 0. -0.10 42 2.0t A2 -0.13 g2 C.37
3 L. o, UL L2 5.77 n. -7 53 1.56
4 0.« r. =510 “d 140 . -2.15 g4 T1.93
5 (U . 7. -N.32 43 .07 [ =01z 85 2e19
& 112 3. ~2,10 L6 4.0 O. =301 BA 6.4
7 3.25% C. -0.13 7 5.60 . -C.1C a7 15.¢3
2 1.22 0. -0.10 L8 3.1% 0. -0.10 84 6.838
9 1.24 3. -0.1n 59 &.71 9. -0.10 a9 5.11
1T -C.7¢2 G. -9.,17) 50 TAL03 G. -0.17 9G 11.£90
11 -0.52 O, -1.10 51 C. * T -0.17 =] 12.69
i2 2.5z J. -3, 10 52 =069 G. ~G.13 a2 11.3%
13 -1.,2¢ T, -0.10 53 Q.74 A -2.19 g3 LE 1D
14 0. * )8 =-0.10 54 .73 0. -{.12 Qb .51
15 5.138 G. -C.10 55 ~0.43 . -0.10 €5 3.37
14 5.23 0. ~0.10 56 -0.07 n., =-0.10 L] .42
1.7 L.61 G. -0.10 57 -0.3¢ 0. -G.10 97 -0.45
18 3,77 . -,10 53 1.32 0. ~0.10 95 -0.24
13 4,42 9. -7.10 56 5. 04 0. -0.10 29 A.31
2N -0.54 0. -2,10 ol 5.44 Ge -9.10 10 6.33
21 2.62 0. =010 &% 14,%2 0. ~-0,10 101 -1.13
22 2.14 0. -0,10 63 3.08 0. -N.10 102 7.58
23 1.45 0. «D.10 63 11.723 0. -0.10 133 B5.77
24 1.96 0. -0.10 ) 9.7¢2 0. -0,10 104 6,36
25 -C0.e% 0. -0.10 65 24,05 0. ~0.10 1059 2.85
76 1.74 C. -n,10 . 66 20.29 0. -0.10 106 2.21
27 -0.91 0. ~0.10 67 0. * 0. ~0,10 107 9.57
23 0. + 0. -0.10 58 0,24 0. -0.10 108 7.048
29 .77 a, -0,13 69 4.58 a, -0.10 109 11.35%
30 6.60 . ~7.10 70 9.30 0, -0,1G 110 3.05
31 6.12 0. -0.10 71 2,72 0. ~.10 111 3.20
3z 5.21 0. -0.10 7e 1.17 0. -3.10 112 27.53
33 5.8 0. -0.10 713 8,15 C. -3.10 113 1.30
34 1.97 0. -0.10 74 4.3%6 0. -0.18 114 0.85
35 5.01 U. =0.10n 75 14.51 0. -3.190 119 .26
36 1.50 0. -0.10 | 74 17.25 C. -3.10 116 1.70
37 t1.51 0. -N.10 77 .17 0. -0.10 17 2.LE
3R a. 0. ~0.114) v& 1.72 0. -0.10 118 1.73
39 0. = 0. -0.10 79 2.01 0. -0_.10 119 2.78
oG 2.30 Q. -N.14 20 3,44 Ga ~0.10 129 0.95
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MATHEMATICAL SIMULATION OF CARZBON MONOXIDE DISTRIZUTION 1M THE ATMOSPHEIRE
TWO DIMENSIONAL FINITE FLEMENT FOR HORIZANTAL PROEBLE™S OF VARIASLE THICKNESS
IMITIAL APPLICETIOHN TC TRE FATO3&NKS, ALASTA. AISSHES...

TEST DATA TC CHECY MNORYON'S APRIL 23 (HANGES
eaxRESULTS AFTER I2 HOURS OF 2YNAMIC SINULATIOZN.G..

cedCONCELTAATIONS AFE MEAN VERTICAL VALUES ...

ses GUTFLT F2R HODES TOTH 159 ... THT STMEGL +« CENOTES A IPECIFIED VALUE ...
noc cong X=-YEL TeVEL HCDE cong F-VEL Y=VEL EODE Coue A-VEL Y-~VEL NCDE coue X-VEL
HE R PPEM M/SEC miAEC ML e MISEC MISECD Hy Ppu m{SEC tt/SEC Wi poe M/éEE
1 n. o+ C. =2.10 41 L.09 a, -0.10 81 3.2% C. -0.12 121 1.85 0.
z C. . n, -n.13 Lz Ay G. -0.172 52 g.21 G. -0.12 122 5.F3 n. .9
2 T. o+ g. L L3 5.23 . PRI 33 2.0z C. ~0,1n 125 2.97 o, R s
2 J. o« 2. -,70 G 2LEF e ~1.19 LA ERCY:S T -3 24 LoLh 6. -C.iT
3 T, G. -5.10 45 1,21 T -2 &5 2,49 C. -n.11 123 14,37 1. ~0,52
& 3.00 0. ~r.10 L5 L, 71 d .10 B4 7.7 C. =0,19 124 50,462 T, -G.17
7 1.03 0. -0,10 47 6,30 0. -0.14 27 20,33 C. -0.10 127 12.0% C. -1
8 1.10 . -0.1C LH 3,40 0. -0.13 a8 7.83 G. ~0.10 123 73,33 0. ~0.,10
o i.02 0. -n.16 LG 5,463 T -3.,10 39 3.4 0. ~-0.,10 1279 4,72 0. -C.12
1 -0,74 o, -0, 10 k) 13,703 c. -Z.10 9 12,93 g, =010 124 17.76 3. -L.13
11 -3.57 . -3.17 51 X n. -5, 51 12,70 C. “010 131 32,34 c. 0.5
12 1.7% 0. -1 52 “l. 63 0. -0 .14 92 10,90 0. -0,10 132 23,47 0. -2.10
13 -1,27 J. -0, 10 52 G.13 O. ~0.10 3 63,37 L. -0.10 133 12.32 0. -C.10
14 . D. -G.12 34 .64 o, -0, 10 94 2,45 C. -0.10 154 6.30 0. -0.17
15 5.19 0. -0.10 £g -0,73%% 0. -0.10 95 [y 0. -0.10 135 L, 44 0. ~0,10
16 3.26 0. -2.10 56 -0.03 0. -C.10 94 0.51 c. -0.10 136 5.65 0. -0.10
17 L.75 0. -0.10 57 ~-0,40 0. -0.10 97 -0,480 0. -0.,13 " 137 14.50 0. ~-0.10
13 5.72 G. -2.15 sg 2. 4L c. -0.10 98 -3.23 0. ~5.10 138 E.73 0. -0.13
19 L,k 2. ~0.12 sc 4,35 G. -3J.10 99 5.61 a. ~.1% 139 0. =+ 0. ~0.12
20 -0.52 0. -3.39 650 5.1% 0. -0.10 100 .77 T. ~0.10 140 -n.79 0. -0,10
21 2.51 n. -3, 10 &1 16.%4 0. -0.10 101 -1.05 o, -0.10 161 L C. -G.10
27 2.47 N. -9.10 62 2.55 J. -0.10 122 7.18 Q. -0.10 142 623 0. -0.110
23 1,73 C. -G.18 63 10,14 0. -0.10 i03 8.50 0. -0.10 143 6.54 0. -0,
24 2.04 0. ~03.10 64 G.11. 0. -0.10 104 7.03 0. -0.10 144 1.12 0. -0.10
25 -0.386 G. ~-0.10 65 23.184 0. -0.10 105 2.78 0. -G.10 145 1.98 G. ~0,10
26 1.60 a. -0.10 65 18,12 a. -0.10 106 3,13 C. ~0,10 iy 2,561 2, ~-5.13
27 -0.%9 q. -0.10 - 67 C. = . -G.10 107 1,97 G. -0.112 TAT .16 0. -0.10
20 N, 9. AR 68 0,750 0. ~{1.10 $0R 7.21 C. =0.10 1458 0.06 0. -0.15
29 9.25 0. -0.10 &% 4,35 0. ~0.1¢G 109 10.82 C. ~0.10 149 t.42 0. -0.10
3N 651 0. ~0.10 70 n.76 0. ~0.10 110 1.32 0. -0.,10 150 7.17 a. -0.10
31 6.81 0. -0.1G 71 2.50 0. -0.10 11 3.52 0. -0.10 151 7.51 0. ~0.10
32 5.65 0. -0.10 72 1.72 a. ~0.10 112 23.10 0. 0,10 152 4,32 0. -0.10
33 5.55 0. -0,10 73 8.2 n. ~G.10 113 t.15 c. -0,10 153 4,22 0. ~-0.180
34 2.20 0. -0, 10 74 5.94 5. -0,10 114 0.8a1 0. -0.10 154 1.56 0. -5.10
15 4,57 0. ~0.10 75 12,98 3. -0,10 115 C.19 0. -0.10 155 20.35¢ 0. -0.10
36 1.463% n. -0.10 T 17.14 a. ~0.10 116 1.38 0. -0.10 156 15.79 0. -0.10
17 10.86 a. -0.10 77 177 0. -0.10 117 2.29 0. -0.10 157 0, = 0. -0,10
iz 0. * 0. 0,10 78 2.0% C. ~G.10 118 1.39 0. ~0.13 138 4.3 0. -0.10
39 N.o 0. -3.1D 77 Z2.04 n, -0, 10 119 1,56 0. ~0.10 - 159 L.13 C. -0.10
L0 2.2¢ 0. ~0.10 a0 1.62 n. -0.10 120 1.10 C. -0.10






