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ABSTRACT

This report pertains to the Carol project of the Iron Ore Company of
Canada, located at Labrodor City Newfoundland, Canada. The engineers for
this project are Bechtel and Company; Montreal, P.Q., Canada. The report
deals with a study to determine the stack height and stack gas velocity, from
the iron ore concentrating mill, necessary to maintain the height of the
stack gas plume, and the ground concentration of stack effluent dust within
satisfactory limits.

For simplicity of presentation, and for convenient use by the client,
this report is submitted in two parts.

Part I describes the problem, the wind tunnel testing program and proce-
dures, and the test results.

Part II presents the results assembled in such form that the designing
engineers may readily choose a number of combinations of stack height and
stack gas exit velocity which will give satisfactory plume behavior according
to the adopted criteria. These combinations may then be examined from the
standpoint of operating practicability and economic limitations. An example
of the use of the curves is also given. Two appendixes are included which
give more detailed information as supporting discussion of some points.
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INTRODUCTION

This part of the Final Report is a continuation of Part I and all pages,
tables, and figures are numbered consecutively through the two parts. Part II
contains the diagrams which summarize the test data and the computed results,
in such form that the designing engineers may readily choose a number of com-
binations of stack height and stack gas exit velocity which will give satis-
factory plume behavior according to the adopted criteria. These combinations
may then be examined from the standpoint of operating practicability and econ-

omic limitations.
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DUST CONCENTRATION NEAR GROUND

The dust concentration near the ground in any one of the eight designated
areas (as located on the map in Fig. 4) will depend upon (1) the quantity of
gas leaving the 4dtack per unit of time; (2) the velocity df the gas as it leaves
the stack; (3) th® wind velocity; (4) the dust concentration and particle size
gradation as the ges leaves the stack; (5) the height of the plume over the
critical area; (6) the distance of the critical area from the stack; and (7)
the rate of atmospheric diffusion.

GAS DISCHARGE RATE AND WIND VELOCITY

It 1s expected that a single stack will be used to discharge the gas from
the present mill and that it will be placed according to Scheme 1 as shown in
Fig. 16. If and when the capacity of the mill is doubled by future extension,
it 1s expected that an additional stack will be placed according to Scheme 2.

It is improbable that the position shown by Scheme 3 will be used, but it is
shown in Fig. 16 as a possibility and graphs are shown for its behavior if used.

The present capacity of the mill is such that about 800,000 cu ft of gas is
discharged per minute at a temperature of about 120°F. The diameter of the
emerging gas Jet will be determined by the cholce of exit velocity of the gas.
Curves are shown for exit velocities of 60, 85, 100, and 120 fps,.between
which interpolations may be made.

The graphs which follow contain curves which give the height to the bottom
of the plume at a distance of 3000 ft from the stack. Other curves show the
number of particles per cubic foot near the ground at distances from the stack
which correspond to the critical areas shown in Fig. 4. In both sets of curves
it is assumed that the plume remains at a constant height beyond 3,000 ft down-
wind from the stack. This means that the flotational rise of the plume is ig-
nored as discussed in Part I under the heading of "Gas Temperature" on page

25.
DUST DISCHARGE FROM THE STACK

Table VII was prepared by Mr. I. Mozer, Senior Process Engineer, Iron Ore
Company of Canada. In his covering letter (February 3, 1964) to Mr. A. Sobering,

Assistant Manager, Iron Ore Company of Canada, he cautions that the calculations
are based on the following assumptions:
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1. Particles are cubes

2. The average size of a particle is equal to the arithmetic mean
of dimensions defining the particle

3, The specific gravity is constant within each size fraction.

It is seen from Table VII that 95.1% (by weight) of the particles are less
than 10 microns. It is assumed that these will behave essentially as a gas
while the plume is being diffused in its travel downwind. Some of the larger
particles may tend to fall out rather quigkly but it will be on the side of
safety to assume that all of the 155 x 10~ particles per cu ft will be diffused
the same as gaseous parcels within the gaseous plume, and that this behavior.
will persist even to the most distant of the critical areas shown in Fig. L.

COMPUTATION OF DUST CONCENTRATION

Since it has been assumed that the dust particles are so small that they
will behave essentially as gaseous parcels, it will be valid to adopt one of the
commonly used theories of atmospheric diffusion. For this purpose the theory
and equation of 0. G. Sutton were used. They are discussed in detail in Appen-
dix A. The method of adapting them to this study and to the use of IBM compu-
tation is detailed in Appendix B.

THRESHOLDS LIMITS OF DUST CONCENTRATION

The emissions from the aerofall stacks contain dusts of several different
chemical compounds, but the one which is of principal interest in this study 1is
silicon dioxide (SiOp). Also present in considerable amounts is hematite
(Fe205). The hematite is nontoxic but the silicon dioxide may cause a disease
of the lungs known as silicosis if the fine dust is inhaled in sufficient quan-
tities over a sufficiently long period of time. One reference (D. E. Cummings,
"The Etiology of Silicosis") suggests that atmospheric concentrations of silica
dusts should be considered in terms of two thresholds, namely, the primary
threshold, a level at which a health man can be employed for his lifetime
without harm, about 5,000,000 particles per cu ft (1ight field count); and the
secondary threshold, a level at which a healthy man will inevitably develop
silicosis, about 100,000,000 particles per cu ft.

The American Medical Association Archives of Industrial Health, Vol. XI,
June, 1955, pages 921-52k, "Threshold Limit Values for 1955," shows the follow-
ing limits for different concentrations of silica in millions of particles per
cubic feet (MPPCF):
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High (above 50% free S105) SMPPCF
Medium (5-50% free S10,) 20MPPCF
Low (below 5% free 510,) SOMPECF

These values are given as the maximum average atmospheric concentration to which
workers may be exposed for an 8-hour working day without injury to health.

Another reference (Air Pollution, Vol. II, A. C. Sterns, page 485) suggests
that where people are exposed to the dust contlnuously for 24 hours per day every
day, the foregoing limits should be divided by 30. However, this condition could
exist only in an area which 1s surrounded by sources of emission of 510, so that
the concentration would be continuously renewed regardless of wind direction.

At the Carol Project this condition would not prevall.. The plume is carried by
the wind which changes direction with the passage of cyclones and anticyclones
about twice each week on the average. These are major changes of direction. 1In
sii‘tion there are minor changes of direction for other reasons. An inspectlon

~ Tables I and II shows that 10% would be a liberal estimate of the number of
int emittent hours per year (876) when the wind would be blowing from such a
direction as to cause the gas plume to pass over one of the critical areas (17
intermittent hours per week, 2.5 hours per day). Therefore, if allowance 1is
made for the nontoxic fraction of the total 159MPPCF of dust emitted from the
stack, it is permissible to place the allowable threshold 1limit somewhere be-
tween 5 and 20MPPCF. It will be seen in the "Discussion of Results" that any
combination of stack height and gas exit velocity which satisfies the criterion
of minimum plume height, will maintain the dust concentration far below the
allowable threshold limits in every criticel area.
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CONTROLLING CRITERIA

There are two criteria which should be used in choosing the height of the
stack and the exit velocity of the stack gas, namely,the dust concentration in
the atmosphere near the ground, and the height of the bottom of the plume above

the ground.

DUST CONCENTRATION NEAR THE GROUND

As pointed out in the foregoing discussion of "Threshold Limits of Dust
Concentration," the dust concentration near the ground in the critical areas
should be kept below SMPPCF, unless a chemical analysis of the dust shows that
it contains less than 50% of free silicon dioxide.

PLUME HEIGHT ABOVE THE GROUND

As shown in Figs. 11, 12, end 13 (Part I), a plume which has escaped the
aerodynamic downwash in the lee of the stack and bulldings will follow the
streamlines in the atmosphere. For some distance downwind the upper stream-
lines may tend to slope downward because of the disturbance in the flow condi- -
tions as the air passes the obstructions, after which the streamlines will tend
to level off or they may level off without sloping downward. Thils occurs in
the tunnel where there 1s no flotational effects due to hot gas. The levelling
off occurs at a distance of about %000 ft downwind and it is assumed that the
height to the bottom of the plume is the same over the critical areas as it is
at 3000 ft from the stack.

This procedure ignores the rise of the plume due to flotation of the hot
gas in the ficld. However, due to the low exit temperature of the gas the rise
is small in all except slow winds and it is on the safe side to ignore it when
computing the ground concentration of dust.

However, the plume in the fheld is subject to fluctuations in height due
to the presence of gusts, and to looping caused by thermal cells in the atmos-
phere. Therefore, it is desirable to establish minimum plume helghts when us-
ing the wind tunnel results in order to minimize the nuisance of these tran-
sient occurrences of short duration.

Based on observations on previous projects in the field, it has been de-
cided to adopt a minimum height to the bottom of the plume of 200 ft when us-
ing the hourly average value of 10.25 mph and of 150 ft when using the higher
aourly value of 15 mph.
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DISCUSSION OF RESULTS

The results of this study have been presented in graphic form (Figs. 19
through 128, inclusive) so that they may be readily interpreted without fur-
ther calculation. Two major considerations should be kept in mind when review-
ing them for stack design purposes: (a) The minimum allowable height of the
bottom of the plume above ground level (1792 ft), and (b) the maximum allow-
able dust concentration at critical areas.

The graphical results have been arranged in subordinating steps in the
following order, with plume height followed by concentration of dust at ground
level (1792 ft).

(1) Wind direction
Wind velocity
Stack locatlon
Plant configuration
Distance from stack to point where
concentration is in question

(2) Wind direction
Wind velocity
Stack location
Plant configuration
Distance from stack to point where
concentration is in question
Etc.

A review of the plume height graphs, which are at the beginning of each group,
reveals that the lowest plume heights occur when the wind is from the N.W. and
the stack is at location 1 without plant extensions. To satisfy the criterion
that the bottom of the plume should not drop below 150 ft with a 15 mph wing,
it is apparent from this graph that a 450 ft stack with a stack gas velocity
of 90 fps would serve the purpose,

A review of the dust concentration curves indicates that the highest con-
centration at any critical area resulting from a 450 ft stack and a 90 fps
stack gas velocity is about 96,000 particles per cu ft. This occurs when the
wind is from the west at 15 mph and the stack is at location 1 with plant ex-
tensions in plaece. The critical area affected is 2200 ft downwind from the
stack. Other combinations of stack height and stack gas velocity may be
similarly investigated.
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APPENDIX A. ATMOSPHERIC DIFFUSION, GAS

Figure Al is a perspective view of a single stack with the basic plume
emerging from the stack, rising, and flowing downwind. The basic plume is the
visible portion of the plume. In thils discussion of the theory the plume is
assumed to be a mixture of alr which has entered the plume as the result of
diffusion in the ambilent atmosphere, together with the original stack gas with
the entrained pollutant. The concentration (Chi) of the pollutant at a point
downwind (x,y,z) is the unknown which is to be determined.

SUTTON'S THEORY

It is necessary to superimpose upon the basic plume the effect of diffu-
sion caused by eddies in the atmosphere. For thils purpose, the equation of O.
G. Sutton [}ﬁcrometeorology, McGraw-Hill, 1953, p. 293, Eq. 8.35) | was used.
Figure A2 shows graphically the assumptions on which the equation 1is based. A
point source is assumed from which the gaseous pollutant continuously emerges
at a constant rate, flows horizontally downwind, and diffuses to boundaries
which are arbitrarily fixed at a concentration equal to one tenth the concentra-
tion at the height of the point source. It is further assumed that, beyond the
distance at which the bottom of the diffused plume reaches the ground, the gas
is reflected back into the atmosphere by the impervious ground and the additional
concentrations thus created are determined by the method of images.

The foregoing assumptions may be stated mathematically in functional form
as follows:

X = yS[Q,h,Vw,x,y,z,‘n,Cy,Cz}
where
X = the mass concentration of pollutant per unit volume of stack gas;

Q = the rate at which the pollutant is leaving the point source ex-.
pressed a8 mass per unit time;

h = the height from the ground to the polnt source;
Vw = the average wind velocity;
X,Y¥,2 = the coordinates along the wind, horizontally across the wind, and
vertically upward, respectively, of the point for which the con~

centration 1s being determined, the origin being at ground level
at the base of the stack;
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n = a 3diffusion parameter determined from the vertical wind profile;
and

Cy,C, = diffusion coefficients for the y and z directions, respectively.

y}

Sutton's explicit form of the equation is shown in Fig. A2. Figures Al
and A2 show that the ground concentration under the center line of the plume
will increase downwind to a maximum and then decrease slowly. Likewise, the
ground concentrations will decrease laterally in the areas on both sides of
the center line of the plume.

AFFLICATION OF THE THEORY

The assumptions upon which the diffusion equation is based are only a
rough approximation to nature. Thus, the gas does not appear at a point source
but is discharged with considerable upward velocity from a stack of such size
that it and the plant buildings constitute an obstruction around and over
which the air must flow. There ds also the additional rise of the plume due
to flotation of the hot gas in that regime of flow in which the plume has not
been entrained in the turbulence behind the stack or over the buildings.

REGIMES OF FLOW
The plume may experilence any one of three regimes of flow.

(1) The first regime is that in which the gas has been entrapped in
the turbulence of the stacks and buildings and has been brought to the ground.
Here the flotational effect of high temperature is lost since the downwash has
been completed.

(2) The second regime is that in which the plume has succeeded in es-
caping the adverse eddies at the top of the stack and is proceeding in an
orderly way downwind. The plume is free to respond to the flotational forces
and to rise to a preater height than would be the case under the influence of
the wind and stack-gas velocity alone. The temperature of the plume decreases
rapidly due to diffusion in the ambient atmosphere, but the {lotational effect
of high temperature 1s not entirely lost because the over-all heat content of
the mixture of gas and air in the plume 1s not reduced, The theoretical rate
of rise can be computed but, as with idealized diffusion, the basic assumptions
are only a rough approximation to nature. In this regime of flow three influ-
ences act on the plume, namely (a) aerodynamic forces, which determine the con-
formation of the streamlines as the wind i1s deflected over and around the stacks
and buildings; (b) stack-gas velocity, which adds height to the plume; and (c)
flotational forces, which add height to the plume.
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(3) The third regime of flow is that in which downwash is impending,
that is, when the bottom of a plume is below the top of the stack and all or
part of the plume is becoming entrapped, either in the tip vortices at the top
of the stack, or in the eddies of the vortex sheath which separates the turbu-
lent zone behind the bullding from the streamlines above, or in the downswerv-
ing streamlines near the vortex sheath. Previous experiments have shown that,
in the regime of flow when downwash is impending, the behavior of the plume,
within the limits of experimental error, depends only on the momentum-ratio
and is independent of the gas temperature. This is because the flotational
forces are so small compared to the adverse aerodynamic forces which are pres-
ent in the tip vortices, in the vortex sheath, and in the down-swerving stream-
lines, that they produce no measurable effect. In the theoretical case the
ratio of stack height to building height, and the exit velocity of the stack
gases, will both be large enough so that the chance of entrapment of the plume
will be remote, and regimes (1) and (3) may be ignored.

WIND-TUNNEL TESTS PLUS DIFFUSION COMPUTATIONS

The effects of the aerodynamic forces upon the plume, as shown by wind-
tunnel tests, are reported in the Final Report (Part I). For purposes of ap-
plying Sutton's Equation, the position of the basic plume is obtained from the
wind-tunnel tests and the height of the hypothetical point source 1s obtained
by extending the level portion of the plume back to the position over the stack,
as shown in Fig, Al. In reading the photographs for wind-tunnel data, the
height of the center line of the plume as well as the height of the bottom of
the visible plume above ground level (1792 ft) was noted.

DIFFUSION PARAMETERS

The observations at the Brookhaven National Laboratory of the U.S. Atomic
Energy Commission contain the best diffusion parameters yet available, although
they do not include the effect of turbulence generated by large stacks and
buildings in the downwind wake within which the diffusion must take place. The
results are also transferable only to other areas in which the terrain is not
too dissimilar.

On a previous project Dr. E. Wendell Hewson, Professor of Meteorology at
The University of Michigan, made a study of observations at various places and
chose coefficients which seemed to him to be most suitable for this kind of
use. It was decided that, since the results must be combined with data from
the wind tunnel, the three turbulence parameters, n, Cy, and Cy, should be ex-
pressed as functions of wind speed. Four types of turbulence were specified,
based on the Brookhaven definitions, as indicated in Table WIII, with slightly
modified values of the parameters which were obtained from concentration meas-
urements at the Brookhaven experimental station. See also "The Relatlonship
Between Peak and Mean Concentrations," by I. A. Singer, Paper No. 60-46, Air
Pollution Control Association, May, 1960, Table I,
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TABLE VIII

VALUES OF TURBULENCE PARAMETERS
AS MODIFIED FROM BROOKHAVEN EXPERIMENTS BY E. W. HEWSON

(Trans. ASME, October, 1955, p. 1167)

Parameter
Type of
Turbulence n Cy(meters)n/g Cz(meters)n/2
B] 0.28 0.L0 0.39
C 0.48 0.5k4 0.3h4
Bo 0.17 0.31 0.36
E 0.38 0.47 0.365

Type E was devised for the special purpose of that investigation and was
obtained by taking averages of the values of Types By and C.

TABLE IX

TURBULENCE TYPE AS A FUNCTION OF WIND SPEED

Range of Wind Type of
Velocity, mph Turbulence
0=~ 17 Bo
8- 18 B
> 18 C

The parameters are fairly reliable even for conditions prevailing in day
light when the turbulence conditions are variable with changing wind velocities,
but the same parameters for the hours of darkness are less affected by changing
turbulence with changing velocity. For winds 0-7 mph, all turbulence 1s assumed
to be Type B, except for 1/2 hour each day for the five-month period from May
to September, inclusive. During these l/2-hour periods, intense concentrations
may occur a2t the surface. These are evaluated by a separate technique, to be
discussed later, under the heading "Breakup of Temperature Inversions."

BREAKUP OF TEMPERATURE INVERSIONS
On clear nights with light winds the plume from a stack flows downwind with

suf'ficient horizontal diffusion to produce a lateral spreading with an angle of
approximately 5°. The vertical diffusion is extremely small, so that the plume
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may flow 20 or 30 miles with little increase in vertical thickness. The concen-
trations are very high in this slowly expanding horizontal ribbon of gas. After
sunrise, solar heating of the ground warms a layer of air which is initially
close to the ground but rapidly grows upward. Marked turbulence associated with
high temperature lapse rates develops in this heated layer. When the top of the
turbulent layer grows to the height of the ribbon of gas, the gas is rapidly
diffused downward and reaches the ground in high concentrations under the plume.
These high concentrations, which last only about 1/2 hour, occur about 8 or 9
a.m. during the warmer portion of the year, and are known as "fumigations." It
is sometimes assumed that one fumigation of 1/2-hour duration, occurs each day
during the period May to September, inclusive, and that the combined hours of
fumigations should be divided equally between the 16 segmental areas around

the plant. This would give 8 hours per year for each area. Actually they will
usually not occur except with wind velocities lower than about T mph and the
hours will not be divided equally between the various directional areas, but in
proportion to the frequency of occurrence of wind velocities below 7 mph in
each area.

This type of inversion 1s usually limited in thickness to several hundred
feet, depending on the terrain and the weather conditions in the general area.
There 1s no systematic record of the thickness of inversion above 200 ft in the

Labrador City area.

Observations of three inversions in a valley in Vermont are given in the
paper "Valley Wind Phenomena and Air Pollution Problems," by Ben Davidson,
Paper No. 60-45, Air Pollution Control Association, 1960, Fig. 3. The typi-
cally rapid increase of velocity with height extended to approximately 350,
450, and 950 ft, respectively. It is stated that the "profile" of the 950-ft
case "represents the most extreme profile that we have observed."

It appears et the time of this writing that the stack height which is
finally adopted to meet other requirements, will place the plume at a height
where it is beyond the reech of all except very extreme and infrequent ground
inversions. It is therefore recommended that no attempt be made to predict
the frequency, duration, or intensity of ground concentrations arising from
the breakup of atmospheric temperature inversions.

ATMOSPHERIC STAGNATIONS

There are occasions when the pressure gradient is too small to generate
enough wind to disperse pollutants adequately in the atmosphere. Such stag-
nant conditions may become serious when they last for several days so that the
accumulated pollutants reach a high concentration. Fortunately these stagna-
tions are relatively infrequent in any given area. Their adverse effects de-
pend upon their duration, the presence of pollutants in the area, and their
colncidence with the growing season of susceptible plant life.
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Stagnations in industrial areas have sometimes induced such high concentra-
tions of pollution that people have died or suffered injury, but this has oc-
curred in an extremely small percentage of all cases of stagnation.

The warm anticyclones in which stagnations occur are deep and extend thou-
sands of feet into the upper atmosphere. ‘However, the stagnations are not a
dead calm during their entire period, and even their very light winds have an
increase of velocity with height. Higher stacks may therefore discharge the
gases into a less stagnant wind regime so that there is a better chance for
horizontal dispersion to take place, with a consequent lowering of the concen-
trations which reach the ground through vertical diffusion.

There is insufficient infommation about the meteorological structure of
stagnations to permit a quantitative estimate of the benefits to be derived
from stacks of different heights, especially where the situation is complicated
by a lack of records in the area. It is therefore recommended that no attempt
be made to predict the intensity of ground concentration that would accompany
a stagnation of a given duration.



APPENDIX B. ATMOSPHERIC DIFFUSION, FINE DUST

It is seen from Table VII that 95.1% (by weight) of the dust particles are
less than 10 microns in size. It is assumed that these will behave essentially
as & gas while the plume is being diffused in its travel downwind. Some of the
larger particles (+20) may tend to fall out rather soon but it will be on the
side of safety to assume that all of the 155 x 106 particles per cu ft will be
diffused the same as gaseous parcels within the gaseous plume, and that this
behavior will persist even to the most distant of the critical areas shown in

Fig. 4.

Sutton s Equation, discussed in Appendix A and shown explicitly in Fig.
A2, shows X (Chi), the mass concentration of the gaseous pollutant (802 for
example), on the left hand side of the equation; and Q, the rate at which the
gaseous pollutant is leaving the point source, expressed as mass per unit time.
The number of units of mass may be replaced by the number of particles in each
case, with appropriate changes in the dimensional system, in order to obtain the
number of particles per cubic foot near the ground at any desired distance down-
wind from the stack.

In order to expedite the use of the equation i1t was set up for an IEM com-
puter and the results tabulated in Table X.

SUTTON'S EQUATION (x=0, y=0)

1
C;nceiiritizn 2Q h2
of pollutan = oon -
(chi) x x Cy Cy Vy x(@=2) I | cg x(2-n)

Grams of pollutant per cubic meter at a point at ground level
and a distance X meters downwind from stack.

(Cni) x

Q = Grams of pollutant released at source per second.
Vy = Velocity of wind, meters per second

Cy,Czyn = Diffusion parameters.

X = Distance (meters) downwind from stack at which concentration =
(Chi) x.

h = Height of center line of plume above ground level (meters).

e = Base of natural logarithms. Note that e is raised to a
bracketed power.
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Diffusion Parameters

Wind Velocity (hourly average)
(mpt) i & G
Large instability By 0- 7 17 .31 .36
Unstable By 8 -18 .28 Lo .39
Adiabatic c 18 L8 .5k .3k

Using these parameters, Sutton's Equation was solved by an IBM machine and
values of X tabulated 1in Table X. Dust concentration values for the Labrador
City mill were then calculated using this table as follows.

COMPUTATION OF DUST CONCENTRATION, x, NEAR GROUND AT DOWNWIND DISTANCE, X

References:

(1) For dust loading see memorandum to A. Sobering from I. Mozer
(February 3, 1964).

(2) TFor ranges of dust sizes see table attached to memorandum
(Table VII of this report).

(3) For Theory of Diffusion see Sutton's Equation (Appendix A of this
report).

0.24k grains per cu ft
0.0155 gr%ms per cu ft
9999 x 10~ particles
155 x 100 MPECF

Summer dust loading

1}

1 gram
9999 x 102 x 0.015%

1

[}]

800,000 cfm (letter dated August 21, 1963, A.R.M.)

13,300 cfs
206.5 grams per sec

Stack gas discharge

Using this stack discharge rate, the dust concentration under the various
conditions which were examined, were calculated by the procedure explained in
Part I, page 29 and graphed in Figs( 19 through 128, inclusive.



TABLE X
(IBM Tabulation)

Tabulated values of (Chi) X expressed in grams per cubic meter at ground
level (z = 0), directly under plume center line (y = 0) at X feet from stack.
For convenience, Q is assumed to be 1000 grams per second emitted from stack.
Range of stack height (h), 100 feet to 700 feet. Range of wind velocity, 5
miles per hour to 60 miles per hour. Range of distance downwind (X), 500 feet
to 20,000 feet. Note that in the preparation of this table meters per second
were converted to miles per hour and meters were converted to feet, but the
concentration was left in terms of grams per cubic meter.

See pages 29-30 (Part I) for example illustrating the use of this table
in calculating the concentrations graphed in Figs. 19 through 128, inclusive.
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