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A Rapid Method of Calculating
Temperature increases along Mine Airwayst

SYNOPSIS

By A. M. STARFIELD*, Ph.D. (Rand) (Visitor)

A description is given of a new computer programme that has been developed for the rapid computation of the
changes in temperature and humidity of air passing through mine airways. The programme enables the ventilation
engineer to calculate air temperature increases along airways with an ease that is comparable with that of looking
up a set of graphs or tables in an engineering hand-book. The pertinent information for a particular airway can be
fed to the computer either on a standard punched card, or by typing directly into the computer at a remote terminal
teletype unit.

INTRODUCTION

In a recent paper by Starfield and Dickson1 a com-
puter model was developed for the study of heat transfer
and moisture pick-up along mine airways. The results of
this study were presented in the form of graphs showing
the gradients of both wet and dry bulb temperatures at
a cross-section of the airway. The paper indicated how
these graphs could be used to calculate air temperatures
at any point along the airway once the inlet air tempera-
tures were known. However, new conditions of air
velocity, virgin rock temperature, or the wetness of the
footwall, for example, required the calculation of a
completely new set of gradient graphs. Since each set
was the result of some 50 minutes of digital computation
(on an IBM System 360 Model 30 computer), the cal-
culation of results for particular cases was a somewhat
lengthy and expensive process.

A large number of these graphs have now been
produced in a systematic way so as to cover the range of
variables likely to be encountered in practice. A study
of these graphs has shown that any particular airway
situation can be calculated by interpolating between the
graphs for the conditions most closely resembling that
situation.

The simplest way of presenting these graphs is, in
fact, to store them in a new computer programme which
not only interpolates between the graphs but also per-
forms the integration of temperatures along the length
of the airway. The new programme thus calculates air
temperatures along any length of airway under any
likely set of conditions. The computation time for a
single example is usually less than 30 seconds and the
information pertaining to the example is easily prepared
for the computer. This method of calculation enables
the ventilation engineer to consider a wide range of
alternatives simply and rapidly so as to arrive at the best
method of ventilation in any given case,

A REVIEW OF THE
STARFIELD-DICKSON MODEL

The model proposed by Starfield and Dickson con-
siders an airway in cross-section as a square void in an
infinite extent of rock. The hangingwall and sidewalls are
assumed to be dry while the footwall is, in general,
assumed to be wet. A 'wetness factor' f represents the
footwall's resistance to evaporation. Thus f = I corre-
sponds to a thoroughly wet footwall with actual pools of
water on its surface, while f = 0 describes a perfectly
dry foot wall. It is felt that f = O.2 probably corresponds
to a footwall that would subjectively be described as
'damp',

The temperatures in the rock surrounding the airway
are calculated at successive time intervals by a finite
difference solution of the equation of heat conduction.
Heat and moisture transfer from rock to air is assumed
to depend on the rock surface temperatures and the heat
and moisture content of the air and is controlled by
coefficients of heat and mass transfel which are both
functions of the air velocity and of the cross-sectional
area of the airway.

The wet and dry bulb gradients are calculated from
the heat and moisture transferred, using the appropriate
psychrometric equations,
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Fig. 1-Gradient graphs from the Starfield-Dickson model
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The results are presented in graphs such as Fig. 1 in
which wet and dry bulb gradients are plotted against the
wet bulb temperature of the air, for different values of
the wet bulb depression (the wet bulb depression is equal
to the difference between the dry bulb temperature and
the wet bulb temperature). If air enters the airway con-
sidered in Fig. 1 at 70j95°F (wet bulb/dry bulb), then
points A and A' would give the wet and dry bulb gradi-
ents at the ceginning of the airway. These are O'OnoF/
100 ft and -0.3IoF/1O0 ft respectively. If it is assumed
that these gradients are constant over, say, the first 400
ft of the airway, then after 400 ft the air temperatures
will be 70.3I/93.76°F and the points Band B' would
give the temperature gradients at the position 400 ft
along the airway.

From the,e the air temperatures could be calculated
a further 400 ft along the airway and C and C' would
then give the gradients at a point 800 ft from the begin-
ning of the airway and so on. The shorter the distance
calculated at each stage, the greater the accuracy of the
answers.

A plot such as Fig. 1 applies only to certain fixed
values of each of the following parameters:

Wetness of the footwall
Virgin rock temperature
Thermal conductivity of the rock
Air quantity (c.f.m.)
Perimeter of the airway
Age of airway and the thermal diffusivity of the rock.

It has been shown1 that the tables of Goch and
Patterson2 provide a reasonably accurate correction
factor for the age of the airway (and the rock diffusivity,
which can be associated with age in the Goch-Patterson
tables). With this exception, a change in anyone of the
parameters listed above requires the re-calculation of the
graphs of Fig. 1. The intrinsic non-linearity of the
psychrometric relations prevents the results from being
simplified to any compact or dimensionless form.

THE RAPID COMPUTERPROGRAMME
The rapid method of calculation presented in this

report is the result of an analysis of some 80 graphs such

as Fig. 1. Further details of the analysis are given in
Appendix A. The computer-programme based on the
analysis has been designed to print-out air temperatures
at specified intervals along an airway for virtually any
specified conditions. This is accomplished by the follow-
ing steps:

(i) The programme first stores the information from
the analysis described in Appendix A. This
information enables the computer to synthesize
a whole series of graphs similar to Fig. 1.

(ii) Given the parameters which describe a particular
airway, the computer interpolates between those
graphs having parameters which most closely
resemble those of the airway.

(iii) It then performs the step-by-step calculation of
air temperatures along the airway in steps of
about 250 ft.

(iv) If the age of the airway differs from that used in
the synthesized graphs, the computer applies an
age correction to the temperature gradients at
each step of the calculation.

A listing of the Fortran programme is given in
Appendix B. The only additional input that the pro-
gramme requires are the parameters specifying the air-
way. These are punched on a single card in the following
order:

Inlet wet and dry bulb temperatures eF)
Virgin rock temperature eF)

Air quantity (c.f.m.)
Thermal conductivity of rock (Btu/hr.ft°F)
Thermal diffusivity of rock (ft2/hr)
Age of airway (years)

Perimeter of airway (ft)
Barometric pressure (in. Hg)
Length of airway (ft)
Intervals at which temperatures are to be printed (ft).
An example of the entries on an input card is the

following:
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The computer takes approximately 30 seconds to
calculate and print the results, an example of the print-
out being shown in Table I. By preparing the data for
ten or 12 alternative sets of conditions, the engineer can
have temperature increases for alJ of these conditions
calculated in a period of four or five minutes.

TABLE I

THE COMPUTER PRINT-OUT
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The programme is accurate for the folJowing range
of conditions:

Air quantities of 20,000 to 120,000 c.f.m.
Wet bulb temperatures of 65 to 95°F
Airways with perimeters of 30 to 50 ft
Virgin rock temperatures between 90 and 145°F
Rock conductivities between 2.0 and 4,0 Btu/hr fCF
and airways older than about one year.
The scope of the computer programme is best illus-

trated by specific examples.

SOME EXAMPLES

The results of any set of calculations can be presented
in a number of different ways depending on the purpose
for which they are intended. Figs. 2a and 2b, for example,
show the wet bulb temperature calculated along 14,000 ft
of an airway in rock at a V.R.T. of 110°F. Two inlet
conditions are considered, viz. 80/85°F and 80/1O0°F,
and graphs are plotted for different air quantities and
conditions of footwall wetness. Dry bulb temperatures
are indicated at specific distances along the airway.

An alternative method of plotting results is that of
Fig. 3. In this case the wet bulb temperatures at the end
of a 10,000 ft airway with a cross-section of 100 ft2, in
rock at a V.R.T. of 125°F, are plotted against air quan-
tity for different conditions of footwall wetnesss and
different inlet air temperatures. The figure shows, for
example, that a wet bulb temperature of 90°F at the end
of the airway is attained:

(i) With a wet footwalJ, 80,000 c.f.m. and inlet
temperatures of 80/85 to 80/1O0°F.

(ii) With a wet footwalJ' 60,000 c.f.m. and an inlet
temper.ature of 75/85°F.

(iii) With a perfectly dry footwalJ' 20,000 c.f.m. and
an inlet temperature of 80/85°F.

Yet another plot is that of Fig. 4, showing the wet
bulb temperature at the end of an airway 10,000 ft long
for different virgin rock temperatures (air enters at
80/85°F). Fig. 4 can be used to extrapolate from known
conditions at lower rock temperatures to ventilation
requirements at greater depths. If the ventilation engin-

eer does not wish to rely on the actual magnitudes of the
temperatures calculated by the computer programme, a
graph such as Fig. 4 can still be used to compare results
at a low V.R.T. with actual experience and then scale the
results for a high V.R.T. in the light of this comparison.

Also shown in Fig. 4 are the predictions that would be
obtained from the empirical analysis of Lambrechts3. It
is interesting to note that the empirical predictions are in
good agreement with the theoretical results only at low
rock temperatures, i.e., only within the range of rock
temperatures at which most of the measurements on
which the empirical analysis is based were taken. (In all
of the above examples the rock surrounding the airway is
assumed to be a Witwatersrand quartzite with a thermal
conductivity of 3 .2 Btu/hr ft°F).

Finally, Fig. 5 shows the large effect that a short length
of wet footwall has in an otherwise dry airway. These
results were obtained by using calculated air tempera-
tures at the end of the dry section of the airway as input
conditions for the wet section.
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Fig. 2-Air temperatures along an airway 14,000 ft long
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The above calculations are most easily performed at a
remote terminal (teletype unit) linked to a central com-
puter*. It is then possible to simply 'call' the rapid pro-
gramme (which is stored at the central computer), type
in the data and watch the results being typed out almost
immediately. In fact the availability of both a remote
terminal and the programme described in this report
would enable an engineer to calculate temperature
increases along airways with the same ease with which
he usually uses graphs or tables in a hand-book.
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APPENDIX A

ANAL VSIS OF RESULTS FROM
ST ARFIELD-DICKSON MODEL

In order to cover the range of conditions likely to be
encountered underground, the following values of the
various parameters in the Starfield-Dickson model were
considered:

1. Footwall wetness 1=0
(dry)

100

1=0,2 1= 1.0
(damp) (wet)

120 1402. V.R.T. of
and associated
barometric pressure "Hg 30

3. Thermal conductivity of
rock4 Btu/hr ft°F

4. Air quantity, c.f.m.
5. Perimeter, ft
6. Age of airway, years
7. Thermal diffusivitv

of rock, ft2/hr' 0.1

The influence of each of these variables will now be
considered in turn.

33 36

2.0

25,000

30
3

3.0

50,000
40

4,0

100,000
50

Footwall wetness

Fig. 6 shows a typical set of graphs for the three
different values of footwall wetness. These graphs show
that while the dry bulb gradient at any cross-section is
very sensitive to the wetness of the footwall , the wet
bulb gradient is insensitive to footwall wetness. This
fact is used to simplify the computer description of all
three sets of graphs in Fig. 6 as follows:

c
'"'6111
C,

It will first be assumed that the same set of wet bulb
curves (specifically those for 1 = O'2) can be used for all
three values of the footwall wetness without significant
error. Secondly, since the wet bulb gradient at any point
varies very nearly linearly with depression, it will suffice
to give the curves for only two values of depression, say
5°F and 20°F. Thirdly, over the range of practically
important wet bulb temperatures (65 to 95°F) the wet
bulb gradient curves can be approximated by segments
of a parabola so that, if ew is the wet bulb temperature,

W.B. gradient = alew2 + bl ew + Clat a depression
of 5°F.

W.B. gradient = a2ew2 + b2 ew + C2at a depression
of 20°F.

i.e., with interpolation the'six 'constants aI' bl, . . . C2
would reproduce all the wet bulb gradient curves of
Fig. 6 to within an accuracy of about 5 to 15 per cent.

The accuracy for the wet case (f = 1. 0) can be im-
proved by multiplying the wet bulb gradients for the
damp case (f = O.2) by a correction factor C' which
has been obtained as a best fit to a number of curves.
This factor is of the form

C' = (127 - 0.25 X V.R.T. + 0.000067 X air
quantity

+ 0.28 X depression)/loo

The graphs for the dry bulb gradients are straight lines
and again vary nearly linearly with depression. It is thus
possible to write

D.B. gradient = laleW + gal at a depression of 5°F
when 1 = 0.2

= la2eW + ga2 at a depression of 20°F
when 1 = 0.2
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Fig. 6-Dependenceof wet and dry bulb gradients on footwall wetness
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and

D.B. gradient = fblfJW + gbl at a depression of 5°F
whenf = 1.0

= fb2fJW + gb2 at a depression of 20°F
whenf = 1.0

It is not necessary to specify the dry bulb gradients
when f = 0 (dry footwall) since, if the wet bulb gradient
is known, the dry bulb gradient can be calculated from
the psychrometric equations5, making use of the fact that
the absolute humidity of the air must remain constant.

The complete set of graphs in Fig. 6 can thus be syn-
thesized from the 14 constants aI, bl . . . C2,fal, gal, . .
gb2. It is important to note that the observation that the
wet bulb gradient at a point is insensitive to the footwall
wetness does not imply that the wet bulb increase along
the airway is insensitive to the wetness of the footwall;
temperature increases along an airway depend on both
the wet and dry bulb gradients at each cross-section, and
the dry bulb gradient is sensitive to the wetness of the
footwall.

Virgin rock temperature(V.R.T.)

Plots of both wet bulb and dry bulb gradients against
V.R.T. for a variety of conditions all showed a markedly
linear variation with V.R.T. It was thus sufficient to
calculate graphs only for rock temperatures of 100°F
and 140°F; the computer then interpolates linearly
between these. Fixed values of the barometric pressure
have been coupled with the V.R.T. for the calculation of
these graphs. It has been shown I that the influence of
changes in barometric pressure is small.

Again it should be noted that a linear variation of wet
and dry bulb gradients with V.R.T. does not imply a
linear variation with V.R.T. of temperature increases
along a length of airway. The temperature increases will
depend on the interaction between wet and dry bulb
gradients at each cross-section and these gradients both
vary linearly, but not in the same proportion, with
V.R.T. This caution applies to all the results of this
analysis.

Thermal conductivity of rock

Both wet and dry bulb gradients were linearly depen-
dent on the rock conductivity. A complete set of graphs
was thus obtained only for conductivities of 3 and 4
Btu/hr ft°F, and values for other conductivities can be
computed by linear interpolation or extrapolation.
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Air quantity

Plots of wet and dry bulb gradients versus the recipro-
cal of the air quantity are nearly, but not quite linear.
Graphs for all three values of air quantity were thus
calculated, and linear interpolation can be applied
depending on the range within which the air quantity
falls.

Perimeter

Linear interpolation or extrapolation with the recipro-
cal of the perimeter is applied to the graphs for peri-
meters of 40 and 50 ft for a fixed air quantity.

Age of airway and thermal diffusivity of rock

It has been shownl that the Goch-Patterson2 tables for
heat flow into a cylindrical cavity provide a satisfactory
correction curve for the age of an airway. The Goch-
Patters on tables are given in terms of a function T of the
dimensionless variable rxt/a2,where rxis thermal diffusi-
vity, t is time and a the radius of the airway. For square
airways it is convenient to use the dimensionless variable
'YJ= 167trxt/P2,where P is the perimeter of the airway.

The graphs described above were all calculated for a
diffusivity of O. 1 ft2/hr and an age of three years =~ 3 x
365 x 24 hours. Suppose that 1)= 'YJofor these conditions.
Then for any other values of diffusivity or age, the correc-
tion factor C is given by T(1))/T(1)o).This ratio is calculated
using the approximation

T('YJ) = 100/[931 + 902.5 10glo'YJ+ 39.5 (lOglO'YJ)2]
which is a good fit to the Goch-Patterson tables for
values of'YJfrom 10 to 1,000.

The wet bulb gradient is corrected directly by multi-
plying the computed gradient by C,

e.g., W.B. gradient = C(alfJw2+ blfJW+ Cl)'
For the dry bulb gradient, it is known that if the dry

bulb temperature of the air is exactly equal to the
V.R.T.. then sensible heat from the air will be converted
directly into latent heat fOI evaporation from the foot-
wall 6. This process must be independent of time. It
follows that the correction to the dry bulb gradient is
applied to only part of the expression,
e.g.,falfJw + gal can be written as

fal(fJw + depression-V.R.T.) + gal-fal x
(depression-V.R.T.)

and only the first term is corrected for age, i.e.,
dry bulb gradient = Cfal (fJw + depression-V.R.T.)

+ gal-fal (depression-V.R.T.)
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APPENDIX B

(
(

(

RAPID FRUGAA" Fe> THE (ALCULHIC" CF fE"PERAfURE IN(REASES

ALC"G
"I"E

AIRoAYS

-- -- -- -- -- ---
STHOARO SET Cf DATA CAROS T~ESE GiVE THE CO.STAt,TS Fa'
THE S~NrHESIS Of rHE STARfIElO-OICKSON GRAPHS

-- -- --- -- --- ---- - -- -- -
1 0.20255E-03-0.42759E-OI 0.2<341E 01 0.0
1-0.26214E-OI 0.23331E 01-0.22500E-Ol 0.1774nE 01
I 0.11018E-03-0.23035E-OI 0.11940E 01 0.0
1-0.14143E-OI 0.12134E 01-0.11929E-OI 0.86129E 00
10.61483E-04-0.12700E-Ol 0.6'n57E 00 O.~
1-0.78571E-02 0.63857E 00-0.64286E-02 0.399290 00
I 0.25500E-03-0.54085E-Ol 0.28367E 01 0.0
1-0.33000E-Ol 0.29780E 01-0.28357E-OI 0.23176. 01
1 0013905E-03-0.29240£-01 0.15229E 01 0.0
1-0.17786E-OI 0.15589£ 01-0.15000E-OI 0.11420E 01
1 0.77033E-04-0.1600IE-OI 0.82485E 00 0.0
1-0.97143E-02 0.81314E 00-0.81429E-02 0.55443E 00
2 0.14369E-03-0.31338E-OI 0.15874E 01 0.0
2-C.30071E-OI 0.184nE 01-0.25714E-OI 0.68214E on
2 0.53846£-04-0.13069E-OI 0.70092E 00 0.0
2-0.17286E-OI 0.92086E 00-0 .1364JE-0 I 0 .A3'2 "f-O I
2 00l3228E-04-0.45445E-02 0.27B90E on c.o
2-0010357E-OI 0.43957E 00-0.72857f-02-0.24114E 00
2 0.21160E-03-0.44490E-OI 0.22049E 01 0.0
2-0.36786E-OI 0.2HO9t 01-0.31857E-OI O.I13',(f 01
2 0.9039;<-04-0.20157E-OI Ool0341E 01 0.0
2-0.20929<-01 0.12103E 01-0.17000E-OI 0.27700E 00
2 0030342E-04-0.79295E-02 0.44017£ 00 0.0
2-0012<80E-OI 0.5898oE 00-0.92143E-02-0.1128H 00
I 0036357<-03-0.75976[-01 0.41955E 01 0.0
1-0.27714E-Ol 0.34211E 01-0.24500E-Ol 0.27710E 01
1 0019064t-03-0.39885E-Ol 0.22015E 01 0.0
1-0.14929E-Ol 0.11823E 01-0.12643E-OI 0.13504( 01
1 0.10049E-03-0.2I056E-OI 0.11017E 010.0
1-0.82857E-02 0.93986E 00-0.66429E-02 0.64743E 00
I 0.40368E-03-0.96929E-OI 0.53579E 01 0.0
1-0.34929E-Ol 0.436i3E 01-0.31000<-01 0.)5P20;, 01
1 0.24615E-03-0.51431E-Ol 0.28379E 01 0.0
1-0.18857E-Ol 0.22936E 01-0.16357E-OI 0.18136E 01
I 0.12985E-03-0.27113E-Ol 0.14990E 01 0.0
1-0.I0351E-Ol 0.12086E 01-0.85000E-02 0.e1700f 00
2 0.29017E-03-0.61540E-OI 0.33634E 010.0
2-0.31357E-OI 0.288BH 01-0.27429E-OI 0.164S3[ 01
2 0014972E-03-0.31000E-OI 0.173~4E 01 0.0
2-0.17929E-Ol 0.14563E 01-0.13786E-OI 0.4508tE 00
2 0076455E-04-0.16439E-OI 0.89430E 00 O.C
2-0.10643E-OI o. 71443E 00-0.79286E-02 0.242860-01
2 003729IE-03-0.78980<-01 0.43235E 010.0
2-0.38357E-Ol 0.37146E 01-0.34143E-OI O.23tO4f 01
2 0.19485£-03-0.41397E-Ol 0.22601£ 01 0.0

5 2-0.21786E-OI 0.19029E 01-0.1807lE-OI 0.S2071E 00
L 2 0.10004E-03-0.2142IE-Ol 0.1160AE 01 0.0
t 2-0.12714E-Ol 0.05014E 00-0.91429E-02 0.14t43E 00
1 I 0.21418E-03-0.45361E-Ol 0.23763E 01 0.0
1 1-0.27929£-01 0.25173E 01-0.24286E-OI 0.19689E 01
2 1 0.11548E-03-0.24275E-Ol 0.12630E 01 0.0
2 .l-0.14857E-Ol 0.12996E 01-0.12714E-OI 0.S5814E 00
3 1 0.64249E-04-0.13337E-Ol 0.68716E 00 0.0
3 1-0.81429E-02 0.68043E 00-0.67143E-02 0.44814E 00
1 ,I 0.26863E-03-0.57150E-OI 0.30040E 01 0.0
I 1-0.35071E-OI 0.31977E 01-0.30429E-OI 0.25423E 01

2 1 0.1-4522E-03-0.30693E-Ol 0.16053E 01 0.0
2 1-0018786E-OI 0.16719E 01-0.15920E-Ol 0.12S43E 01
3 I 0.80165E-04-0.16769E-Ol 0.86955E 00 o.r
3 1-0.10214E-OI 0.87614E 00-0.85000E-02 0.61000E 00
1 2 00l6402E-03-0.35111E-Ol 0.17592E 01 0.0
I 2-0.31429E-bl 0.20333E 01-0.27929E-Ol 0.96529E 00
2 2 0.69373E-04-0.15821E-OI 0.82168E 00 0.0
2 2-0.17714E-Ol 0.10171E 01-0.14643E-Ol 0.21840= 00
3 2 0.21530E-04-0.60034E-02 0.34248E 00 0.0
3 2-0.10429E-Ol 0.49829E 00-0.78571[-02-0.10943E 00
1 2 0.23358E-03-0.48028E-0 I 0.23954E 01 0.0
1 2-0.38429E-Ol 0.26003E 01-0.34286E-OI 0.14439E 01
2 2 0.10745E-03-0.23210E-OI 0.11692E 01 o.C
2 2-0.21500E-Ol 0.13200E 01-0.18214E-Ol 0.47314E 00
3 2 0.41229E-04-0.98453E-02 0.52376E 00 0.0
3 2-0.12571E-Ol 0.o6771E 00-0.Q7143E-02 0.1314)E-OI
4 1 0.38159E-03-0.80983E-Ol 0.44BOE 01 0.0
4 1-0.29286E-Ol 0.366"E 01-0.26357E-OI 0.)OI76E 01

I 0.20291E-03-0.4242BE-Ol 0.23426E 01 O.C
. .

1-0.15714E-OI 0.19081E 01-0.13571E-Ol 0.14867E 01
1 O. 10739E-03-0.2247dE-0 1 0.12403E 01 O.C
1-0.86429[-02 0.10064E 01-0. 71428E-02 0.12843" vD
I 0.29625E-03-0. 71334E-0 I 0.44555E 01 0.0
1-0.36857E-OI 0.46616E 01-0.33286E-OI 0.38849E 01
I 0.26044E-03-0.54431E-OI 0.30062E 01 0.0

.

1-0.19786E-OI 0.24419E 01-0.17286E-OI 0.19469E 01
I 0.13834E-03-0.28928E-ol 0.15961E 01 0.0
1-0.I0857E-OI 0.12926E 01-0.901l4E-02 0.96711E 00
2 0.31068E-03-0.65809E-ol 0.35997E 01 0.0
2-0.32643E-Ol 0.J1394E 01-0.29286E-OI 0.19079E 01
2 0010914E-03-0.25197E-Ol 0.14718E 01 0.0
2-0.18357E-OI 0.15886E 01-0.15071E-OI 0.t7e71E 00
2 0.82967E-04-0.17158E-OI 0.96123E 00 n.o
2-0.107B6E-Ol 0.798B6E 00-0.71857E-02 0.W)86E 00
2 0.39866E-03-0.84295E-Ol 0.46148E 01 0.0
2-0.39929E-Ol 0.40073" 01-0.36429E-Ol 0.26163E 01
2 0.20777E-03-0.44081E-OI 0.24104E 01 0.0
2-0.22429E-Ol 0.20623E 01-0.19000E-OI 0.10830E 01
2 0.10810E-03-0.23052E-Ol 0.12579E 01.0.0
2-0.12929E-Ol 0.10453E 0 1-0. 1107lE-0 I 0.42271E 00

I
I
2
2
3
3
1
1
2
2
3
3
1
1
2
2
3
3
I
I
2
2
3
3
4
4
5

6
6
4
4
5
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