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ABSTRACT

Project Prairie Grass was a field program designed to pro-
vide experimental data on the diffusion of a tracer gas over a
range of 800 metsxsly In each of 70 experiments the gas was
released continuously for 10 minwte® at a source located near
ground level, The gas releases were made over a flat prairie
in Nebraska under a variety of metenrological conditions during
July and August of 1956,.

shed-in-twe-volwmes—ineludes a brief history

of the prozect lﬂi detalled descriptions of the tracer technique and
the meteorologzcal equipment employed in the field program,
Tabulations of the diffusion data and the meteorological data
collecied during the gas releases are alsu presented. In addition,
this-paper centains data on the heat budget at the air-earth inter-
face during other selected periods during the,ffummer of 1956.
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CHAPTER 7
INSTRUMENTATION USED BY THE TEXAS A&AM GROUP

R.L. Richman* and W. Covey
Texas A&M Research Foundation

7.1 The Mobile Micrometeorological Station
The mobile micrometeorological station of the Texas A&M group

was installed at the extreme west end of the observation line (Figure.
7.1). Figure 7.2 shows the relative locations of the component elements
of the station. The station consisted of (a) a slender aluminum pipe

mast supporting six anemometers at heights of 8, 4, 2, 1, 0,5, and 0,25
melers, (b) a similar mast supporting seven temperature meusuring,
radiation shielded, copper-constantan thermocouple junctions at heights
of 8, 4, 2, 1, 0.5, 0.25, and 0.125 meters, (c) a similar mast supporting
seven polyethylene air sampling tubes at heights of 8, 4, 1, 0.5, 0,25, and
0.125 meters, (d) a triangular section, tubular steel, fold-over type tower
supporting at a height of 16 meters an air sampling tube, an anemometer,
a shielded thermocouple, a wind vane and a radloactive point collector,

(e) a U. S, Signal Corps instrument shelter housing maximum and mini-
mum thermomecters and a thermograph, (f) an 8-inch rain gauge and a
weighing type recording rain pauge, (g) a wind vanc supporied at a height
of 1 meter by an iron pipe stake, (h) a Gier and Dunkle net exchange radio-
meter supported at a height of 1 meter, (i) an inverted Eppley thermoelec-
trical pyrheliometer supported by an iron pipe standard at a height of 2
meters to receive reflected short-wave radiation, (j) an instrument irailer
which housed indicating and recording apparatus, (k) an Eppley pyrhelio-
meter mounted on the roof of the trailer, (I) two differentially connected
shielded thermocouple measuring junctions supported by a pipe stake at
heights of 1/2 and 1 meter, and (m) six copper-constantan temperature
measuring junctions at depths of 3.125, 6,25, 12,5, 25, 50, and 100 cm in the

*Present affiliation: U. S. Navy Electronics Laboratory
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VS

soil, Figure 7.3 illustrates the vertical distribution of the senging ele-
ments,

The instrument trailer was a 15-foot.house trailer shell, the interior
of which was designed to acconumodate the recording and indicating equip-
ment agsoclated with the exposed sensing elements.’® Figures 7.4 and 7.5
illustrate the assignment of space in the trailer. The principal instruments
were {a) a Thornthwaite dew-point hygrometer and associated air sampling
apparatus, (b) 2 group of six recording miiliammeters with moduiated-
carrier-type d-c amplifiers for recording insclation, reflected short~-wave
radiation, net radiation, temperature differences, wind direction, and
absolute temperatures, (c) a temperature indicating system with a switch
for selecting thermocouple measuring junctions, and (d) a counting system
for indicating the number of turns of the anemometers, that is, for record-
ing wind profiles. Thege instruments will be discussed individually and
described in detail. In addition, space was provided for computing and
plotting data, storing spare parts, and storing the sensing elements and
supporting structures during transit,

7.2 Observation Procedure

Most of the observatiorns were made during periods which centered
about five minutes after the hour Central Standard Time. The procedure
during such observations is listed below. A similar procedure was followed
for periods centered about other times,

1, Ten minutes before the hour: measurement of soil temperature
at 6 depths,

2. Five minutes before the hour: start of the anemometer counting
period; start of the air sampling period; start of the recording period for
insolation net radiation, reflected short-wave radiation, temperature
difference, and wind direction; start of the air temperature measurements,
(Eight measurements of air temperature, one at each height, were made
each minute for a 20-minute period.)

3. Fifteen minutes after the hour: ending of observation period
which was started at five minutes before the hour,
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4, Seventeen minutes after the hour: second measurement of soil
temperatures,

5. Twenty minutes after the hour: measurement of the dew-points
of the 8 air samples obliained during the air sampling period. (One sample
was obtained for each height.)

All data reported are average values for the observation period.

7.3 Individual Elements

7.3.1 Insolation Incoming short-wave radiation was measured by an
Eppley pyrheliometer (Weather Bureau 10-junction type). The output of
the pyrheliometer was continuously recorded by a modulated-carrier-
type d-c amplificr (Figure 7.11) and an Esterline-Angus graphic ammeter.
The amplifier was cquipped with a gain selector switch so that the re-
cording sensitivity could be changed. Three recording scales were thus
provided, 0 to 0.025 cal cm 2 suc'l, 0 to 0.01 cal em ™2 sec'l, and 0 to
0.0025 cal em™2 s‘et‘-l,

The calibration factor for the pyrheliometer was determined by the
manufacturer and assumed to be correct. The amplifier and recorder
combined werc calibrated by supplying an input voltage from a calibrated
voltage source. The voltage source had been calibrated by a Leeds and
Northrup potentiometer (Type K).

The calibrated voltage source (Figure 7.6} is extremely stable and
was used in the field for periodic checks of the calibrations of the various
amplifier-recorder systems.

7.3.2 Reflected Short-Wave Radiation Short-wave radiation reflected
by the surface was measured and recorded by a system which was identi-
cal to that used for ingolation measurements. In measuring reflected
radiation, the Epplev nyrheliometer was mounted at a height of 2 meters
and inverted so that this radiation was incident on the sensitive element.

The calibration of this system was determined in the same manner
as that of the insolation system,

7.3.3 Net Radiation A Beckman and Whitley thermal radiometer,
Model N188-1 (Gier and Dunkle net exchange radiometer), was used in
measuring the net mdiation.3 A continuous record of the net radiometer
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output was obtained by means of an amplifier and recorder similar to
that used for insolativn measurements, Two recording scales were pro-
vided; -0,00125 to +0.005 cal cm-zsec'.l, and -0.005 to +0.02 cal em 2sec”™,

The calibration of this system was determined in the same manner
as that of the insolation system,

7.3.4 Air and Soil Temperature Profiles All temperature measure-
ments were made by means of copper-constantan thermocouples. The
temperature measuring system (Figure 7.7) consisted of (a) shielded air
temperature measuring junctions, (b) soil temperature measuring junc-
tions, (c) measuring junction selector switches, (d) a modulated-carrier-
type d-c amplifier, (e} a milliammeter, (f) a reference temperature com-
pensator {(calibrated microvolt source), (g) a constantan junction zone box,
and (h) a reference junction.’

A radiation-shielded thermocouple assembly is shown in Figure 7.8,
The shield consisted of fouxr aluminum plates held together by small
screws and plastic spacers. "Alzak' aluminum 0.032 inches thick was
used for the shield plates because it is highly reflective in the portion of
the spectrum between 0.4 and 7.5 microns, The thermocouple junction
formed by No, 36 DB&S gauge copper and constantan wire was positioned
in the center space of the shield plate stack. The surfaces of the plates
faced toward the junction were coated with flat black paint so that heat
transfer by radiation would assist in keeping the shield stack at air tem-
perature,

The lead wires were No. 16 Bg&S gauge rubber-covered copper and
conatantan in a twisted pair which was encased by a weather-proof neoprene
covering,

Hollow brass tubes formed the supporting arms for the shield assembly.
The lead wires entered the base fitting and the copper lead was threaded
through one arm and the constantan through the other. As shown in Figure
7.8, the ends of the No. 36 B&S gauge copper and constantan wires which
formed the junction were secured to the corresponding lead wires by means
of firm-fitting plastic sleeves.

10
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The thermocouple junctions were made by tinning the ends of No. 36
B&S gauge copper and constantan wires, bringing them into end-to-end
contact with the aid of a glass capillary tube, and soldering them.8 June-
tions formed in this manner are uniform and not significantly larger in
diameter than the wires themselves., A thermocouple of this type has a
low heat capacity and relatively low thermal conductivity,

A set of eight shielded thermocouple ac semblies was used as shown
in Figure 7.3. The supporting structures could be lowered to facilitate
cleaning the shields and replacing the thermocouples,

The thermocouple measuring junctions used to obtain soil tempera-
tures were of two types4 as shown in Figure 7.9. The junctions which
were placed at depths of 12,5, 25, 50, and 100 cm were formed by No. 16
B&S gauge copper and constantan lead wire. This type of junction was
encased in a copper tube 6,5 inches long and 5/16-inch outside diameter.
The copper tube was sealed at one end by a brass bullet-shaped cap, The
junction was electrically insulated from the copper sheath by "Glyptal"
lacquer and plastic tape. The junctions which were placed at depths of
3.125 and 6.25 cm were formed by No. 36 B&S gauge copper and constan-
tan wires. The wires were ingulated by means of thin glass capillary
tubes and inserted in a brass sheath 6.5 inches long and 0,095 inches
outside diameter. One end of the sheath was sealed by a pointed brass
cap and the other end was connecied to a i.5-inch length of 5/16-inch
outside diameter copper tubing which served ag a housing for the splices
of the No. 36 B&S gauge wires to No, 18 B&S gauge lead wires, The
junctlion was electrically insulated from the sheath by "Glyptal’' lacquer,

Care was taken during installation of the soil temperature elements
to disturb as little as possible the soil which would surround the junc-
tions, A triangular pit slightly more than one meter deep was excavated,
The sod was cut and removed and successive layers of soil were removed
and piled separately. In order to maintain accurate spacing between the
junctions, a wooden template (5 em x 2 em % 105 cm) in which appro-
priate holes had been drilled was used. The wooden support was accurately
positioned vertically at the apex of the pit. Holes which were slighily

A— i e et 41 o b e rem e e v——— a————- - o me— _
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smaller in diameter than the temperature clements were drilled into the
side of the pit at each level. The temperature elements were then in-
serted horizontally through the wooden support and into the holes in the
soil. The layers of soil were replaced at their original depths as the pit
was filled. To minimize the effect of thermal conduction along the lead
wires, each lead was buried at the same depth as its corresponding ele-
ment for a horizontal distance of approximately one meter from the ele-
ment. Figure 7,10 illustrates the arrangement of the soil temperature
measuring junctions.

All constantan leads from the measuring junctions were connected
to the constantan lead to the reference junction at the constantan junc-
tion zone box. (See Figure 7.7) The lead ends were held in contact with
the common lead by means of plastic clamps. Each lead could be easily
disconnected from the circuit for checking purposes.

The copper leads from the measuring junctions were connected to
the individual positions of a two-gang rotary selector switch. A copper
knife swilch permitted selection of a gang. Since the rotary selector
switch had silver contacts, it was mounted in a thermos flask which in-
sured isothcrmal conditions and prevented the occurrence of spurious
voltages due to the copper-silver junctions.

The reference junction was formed by No, 16 B&S gauge copper and
constantan wires and - as electrically insulated and water-proofed by a
thin coating of polyethielene. The reference junction was immersed in a
pint thermos flask filled with a mixture of distilled water and crushed
distilled water ice. To prevent conduction of heat to the junction by the
lead wires, approximately one foot of the lead wires was looped and
immersed with the junction., The thermos flask was mounted in a cork-
lined metal container to further reduce the melting rate of the ice. The
metal container was mounted near the floor on a pair of horizontal pivols.
The operator could impart a rocking motion to the container with his foot.

In this way the reference bath was agitated to minimize thermal stratifica~

tion. The mixture of ice and water was assumed to be at 0°C.

14
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The circuit diagram for the modulated-carricr-type d-c amplifier is
shown in Figure 7.11. The prominent characteristics of this amplifier
are high sensitivity, virtually no zero drift, high gain stability, relatively
high input impedance, and a high degree of linearity. The amplifier used
for temperature measurements had a nominal input range of 0 to 400
microvolts which corresponds to the output of copper-constantan thermo-
couples for a 10°C temperature difference. A control was provided for
precise setting of the amplifier gain,

The amplifier output was indicated on a meter (Weston, Model 271)
which had a range of 0 to 1 milliampere and an internal resistance of
1400 ohms. The meter scale was 5.8 inches (147 mm) in length, had
100 divisions, and was marked to read a temperature range of 0° to
100°, This meter was equipped with a knife-edge pointer and a mirror
scale which eliminated reading errors due to parallax,

The reference temperature compensator circuit is shown in Figure
7.12. This unit is a calibrated variable microvoltage scurce., By setting
the diai of the 5000-ohm precision variable resistor and regulating the
voltage across the precision divider counsisting of the 1-ohm, 250-ohm,
and nominal 5000 -ohm series-~connected resistorg; a microvoltage
equivalent to that produced by copper-constantan thermocouples for any
temperature difference in the ranges of 0”to 45°C and C° to 45°C could
be obtained. In this circuit, the output microvoltage is made dependent
only on the setting of the 5000-ohm resigtor by maintaining a constant
voltage across the divider. This is accomplished by comparing the
voltage across the divider with the em{ of a standard cell and varying
the 100K ohm resistor in series with the 1.5-volt dry cell until a condi-
tion of balance is obtained as indicated by the microammeter,

Since the input range of the amplifier was iimited to a 10°C increment
and the reference thermocouple junction was maintained at 0°C, the refer-
ence temperature compensator was employed in measuring temperatures
which exceeded 10°C. The connection of the compensator in the measuring
circuit was such that its output voltage was subtracted from the voltage

16




zapdwie ajdnosowaayy, [1°L 3indra

uo>m.m~m wq%
i S IV - S
90 A00E Wz ] Wik ) ) wib ] Yaer ) | >3w_i.ooo_u- .

1T s L8 | 33
1 %m : i Tro E- Y

Q .MM&QV x Wmnﬁ

_ L i

N ¥ . i

16286, o Str
HILEIANGS |
NMOHE  25522-1QMOHL 2/1-L0v2l =g/

LS

2/h-1xY 2l -2/

" ieessw

903y L QEOHL w31u3aw0d naous

1-62864

17



N —— e

produced by the thermocouples. The net voltage was then amplified and
indicated on the meter. The following example illustrates the operation
of the temperatur. measuring system;

To measure the temperature (assumed to be between 20° and 30°C)
at the 50-cm depth in the soil:

(1) Set the selector switch for the -50 ¢m soil-measuring junction,

(2) Set the reference temperature compensator dial for 20°C com-

pensation and adjust the balance control,

(3) Set the amplifier gain diai for the 20°to 30°C increment, and

{(4) Read the meter (assume a reading of 6.35 is obtained)

(5) Apply a meter correction, in this case +0.02,

The temperature (26.37) is the compensation (20°C) plus the meter reading
(6.35°C) plus the meter correction (+0,02).

A platinum resistance thermometer (Leeds and Northrup), which had
been calibrated by the National Bureau of Standards, and a Mueller Bridge
(Rubicon) were used to calibrate the copper-constantan thermocouple wire,
A thermocouple circuit was constructed from a length of No. 16 B&S gauge
copper~constantan lead wire. One junction was placed in a 0°C reference
bath and the other junction was immersed in a large thermos flask filled
with water (approximately five gallons), A Beckman differential thermo-
meter and the registance thermometer were immersed in this calibrating
bath, The thermocouple junction, Beckman thermometer bulb and resist-
ance thermometer bulb, were placed in close proximity near the center of
the bath. A motor-driven stirring mechanism was used to agitate the
water. The thermocouple wires were connected in a circuit with an ampli-
fier, meter, and reference temperature compensator as shown 4n Figure
7.13. The amplifier and meter merely served as ¢ sensitive null indicator,
hence their calibrations had no influence on the wire calibration,

The temperature of the calibrating hath was varied through the ranpge
of -20°C to $50°C and 15 evenly-distributed calibrations points were
obtained, Methanol antifreeze was added to the bath water for temperatures
less than 0°C. The temperature of the bath was determined by the resistance
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thermometer, and the rate of change of temperature was maonitored by the
Beckman differential thermometer. At each calibration point, a reference
temperature compensator setting was determined which produced zero
current flow in the measuring circuit as indicated by the amplifier meter
null detector; that is, a setting was determined which caused the compen-
sator ouiput to be equal in magnitude to the emf produced by the thermocouple
junctions. The emf temperature characteristic of the copper-constantan
wire was then determined by measuring the output of the compensator for
each of the dial settings. A potentiometer (Leeds and Northrup Type K),

a precision voltage divider, an amplifier -meter null detector, and an auxiliary
emf source were used for this measurement as shown in Figure 7,i4, The
amplifier and meter were calibrated by means of the circuit shown in
Figure 7.15, In this circuit, the compensator serves as a calibrated micro-
voltage source which simulates the output of a thermocouple circuit. With
the auxiliary microvoltage source set at zero output, the compensator was
set for 10 °'C and the setting of the amplifier gain control which produced
full-scale meter deflection was determined. The output of the auxiliary
microvoltage source was then adjusted until it was equal in magnitude to
the compensator output. Since the iwo microvoltage sources were connec-
ted so that their polarities were in opposition, a condition of equality was
indicated by a reading of zero on the meter. (The zero reading, of course,
is independent of the amplifier-meter calibration.) The setting of the com-
pensator was then changed to 20 C and the amplifier gain setting for full-
scale meter deflection was determined. The auxiliary microvoltage source
was again adjusted for a condition of equality and the process was repeated,
By this method, amplifier gain settings were established for a series of
overlapping operating ranges, that is, 0°to 10°C, 5° to 15°C, 10° to 20°C,
etc. The transfer characteristic of the amplifier-meter combination was
determined and it was found that deviations from linearity were due primarily
to meter movement and scale irregularities. Corrections to be applied to
meter readings were estabiished which corrected for the irregularities in
the amplifier -meter transfer characteristic aid the curvature of the emf
temperature characteristic of the thermoecouple wire,
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The emi temperature characteristic of the No. 36 B&S gauge copper-
constantan thermocouple wire had been established to be virtually the same
as that of the No. 16 B&S gauge thermacouple wire by the Leeds and
Northrup Compahy. This was verified by experimentation. A series circuit
was constructed from lengths of No. 16 B&S gauge copper wire, No. 16 B&S
gauge constantan wire, No. 36 B&S gauge copper wire, and No. 36 B&3
gauge constantan wire,

Four junctions were formed: (1) No. 16 B&S gauge copper to No, 36
B&S gauge copper, (2) No. 36 B&S gauge copper to No. 36 B&S gauge
constantan, (3) No, 36 B&S gauge constantan to No, 16 B&S gauge constan-
tan and (4) No. 16 B&S gauge constantan to No. 16 B&S gauge copper.
This circuit was connected to an amplifier-meter null detector. The No,
16 B&S gauge copper-constantan junction and the No. 36 B&S gauge copper-
constantan junction were maintained at the same temperature by immersing
them in a thermos flask filled with water. The No. 16 B&S gauge to No, 36
B&S gauge copper junction and constantan junction were heated separately.
No thermoelectrical emf was obtainaed,

An overall gtatement of the accuracy of the temperature measure-

-ments cannot be made. The a2ccuracy of the air temperature measurements

is a function of the prevailing atmospheric condiiions at the time the measure-
ments were made. Errors inherent in thermal measurements further compli-
cate an assessment of accuracy. It is possible, hbwever, to designate the
sources of error and to estimate, in some cases, the magnitude.

Absolute accuracy can be defined as the deviation of a measurement
from irue temperature. Relative accuracy can be defined as the deviation
of a measured difference from true temperature difference. The signifi-
cant errors in air temperature measurements are calibration error, radia-~
tion error, and sampling error.

The calibration of the thermocouple wire is the basis of the calibra-
tion of the temperature measuring system, The accuracy of the wire cali-
bration is difficult to evaluate., However, the caiibration was conducted
with extreme care and several determinations of each measured value
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showed the calibration to be reproducible. A conservative estimate of the
error due to calibration inaccuracies is 0,05°C for an absolute measure-
ment and 0.02°C for a relative measurement. Error caused by loss of
calibration due to change in characteristics of the system components (in
particular, a change in the emf temperature characteristic of the thermo-
couple wire) can be considered insignificant, A comparison of this wire
calibration (conducted in April 1956) with a calibration conducted in May
1953 shows an average difference of 0.05°C. An unknown fraction (be-
lieved to be small} of this difference is probably due to a change in the
emf temperature characteristic of the wire. Frequent checks of the
amplifier calibration were made by the method illustrated in Figure 7.15
to insure no loss in accuracy due to this component.

Probably the most detrimental effect on the accuracy of the air tem-
perature measurements was produced by radiative transfer al Lhe
measuring junctions, The magnitude of the radiation error is difficult to
determine since it is a function of atmospheric conditions, time, height,
and vertical distribution of wind velocity. In the dayvtime with a clear sky
and low wind velocity this error would be greatest. All measured air
temperaiures would be higher than true air temperature. Air movement
decreases the effect of radiation. The measuremcent nearcst the ground
would have the greatest error since the wind speed there is less than the
wind speed aloft. At night with a clear sky the radiation error would pro-
duce measured temperatures lower than real, and variable with height and
wind speed. Under cloudy and windy conditions, the radiation error would
be less significant. Under isothermal conditions with zero net radiation
at the surface, the radiation error would be completely absent. It is con-
ceivable that the radiation error could be as high as 2°C; however, for
most of the observations made at O'Neill it probably did not exceed 0.1 C.

A handy means of checking the relative accuracy of air temperature
measurements independent of sampling error makes use of Nature's heat
bath which exists with adiabatic thermal stratification. At these times, the
thermocouples on the mast are exposed {o the same.constant potential
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temperature.* That is, since the potential temperature is constant through-
out the depth of measurement, and over the time of measurement, no breath
of air of different potential temperature can come along to iniroduce sam-
pling error. Since meteorological sampling error i8 missing, only radia-
tional error and calibration error remain. '

Adiabatic thermal stratification near the ground occurs typicallytwice
a day, shortly after sunrise and a while before sunset. However, these
are also times of rapid heating in the morning and cooling in the afternoon,
so that the length of time that adiabatic stratification exists may be very
short. On some occasions the entire 16-meter depth of measurement
will not be at uniform potential temperature at any one time. Adiabatic
profiles may be caused at other times by high turbulence if the turbulent
heat flux is relatively small. »

Analyses were made of six adiabatic or nearly adiabatic air tempera-
ture profiles (20-minute periods) obtained during the 3-day observation
period 6-9 August 1956. Profiles of mean temperature and mean potential
temperature were plotted for each of the six runs (see Figures 7.18, 7.17,
7.18, 7.19, 7.20 and 7.21). It was assumed that the logarithmicprofile
equation holds:

6 =6, + nAg,

where A# does not vary with height in the lowest 16 meters. Logarithmic
profiles were fitted-by-eye, and the standard error of mean potential
temperature for the 20-minute period was estimated as 1.25 times the
average deviation of the points from the fitted line. The values aregiven
in Table 7.1. This standard error ranges from 0.0048°C to 0.031°C,

with an average value of 0.020°C. Since some meteorological sampling

g ,
*More precisely, to the same value of § = T+ -~ 2z where z i8 mzas-

ured from the surface of the ground. p
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error still exists, and possibly a very small radiational error, these
values are considered outside limits for the calibration standard error.

Table 7.1 Values of standard error of mean potential temperature

Date | Time Type Ag* | Wind Velocity S.E.m | Remarks
(°c) Speed Dir (°C)
(cm/sec) (deg)
6 Aug ; 1755-1805 | Cooling | .00 537 160 |.031 |.1 Cs
7 Aug [ 0255-0315 | Dynamic| .04 574 65 |.016 | .4 low cloud
) Was raining

previous
two hrs

8 Aug | 0155-0205 | Dynamic|.015| 812 20 | .0048 | Thunderstorms
to north last
few hrs

8 Aug | 0755-0805 | Warming) .01 314 330 |.030 | Overcast
Raining one
hr. ago

8 Aug | 1855-1905 | Cooling | .03 527 o |.017 |[.2 Cu

9 Aug | 1855-1705 | Cooling |.002 418 30 |.019 | Huge thunder-
storm to west,
advancing on
us for last
3 hrs

* Al = -g% , where n ("number of doubled levels") is the logarithmic,

non-dimensional height scale n = H‘l—ngéz(’ .
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The importance of the meteorological sampling error still remaining
can be appreciated by taking a ¢loser lock at the data for two of the runs:
that of 0205 CST on 8 August, an ideal case, and that of 1805 CST on
6 August, a less than ideal case, The thing sought is the nature of trends
during the 20~-minute periods. To this end, simplified profiles of poten-
tial temperature for the {irst and last five minutes of each run were
obtained, The data of the lowest two heights, middle two heights, and top
two heights were combined, giving profiles of only three points, These
profiles are plotted in Figures 7.22 and 7.23. The latter 20~-minute pro-
file was obtained when shelter-height temperature dropped 1.0°C in 15
minutes, and the potential temperature profile quickly passed from day-
time type to nighttime type during the run,

On the other hand, the ideal 20-minute profile was obtained with
high turbulent mixing and small, nearly constant, heat flux downward,

The drop In shelter-height temperature was only 0.4°C in 15 minutes,
and the slope of the potential temperature profiles changed very little
during the run. Meteorological sampling error was therefore much less
in this period of observation than in that of 1805 CST on 6 August 1956,

Errors in the 20-minute profiles of mean temperature due to samp-
ling may be evaluated by simple statistical techniques. The magnitude of
these errors is least (nearly zero) when thermal stratification is adia-
batic. It is also usually small with calm conditions at night. These errors
are greatest in the heat of the day when no steady breeze is blowing.

A computation was made to evaluate sampling error in ihe temperature
profiles, Data are from the 1455~1515 observation period of 8 August.

This was a time of strong solar heating (clear sky above, bank of cumulus
clouds in the distant southeast) and '"'very light" winds from the southwest,
In the computations, the standard deviations are in all cases estimated at
5/4 of the average deviation,

The standard deviation of the 20 temperature measurements at each
height varied from 1,08 degrees (2 = 0.125 m) to 0.44 degrees (Z = 16 m).
Since the serial corre}%ﬁon is negligible, the standard error of the mean
temperature is (1/20)*/“ times the standard deviaiion, The mean
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temperatures at the various heights are found to have standard errorsof
0.10 to 0,24 degrees. Figure 7.24 shows the profile of T plus or minus
S.E.T as a function of height,.

The accuracy of mean temperature differences within the profile
is increased by a small positive correlation between temperature obser-
vations at various heights, In this example, the difference in mean temp-
erature at 1 m height and at all other heights is between 0.18 degrees
and 0,24 degrees. -

The means, standard deviations, and correlation coefficients are
given in Table 7.2,

Table 7.2. Statistical measures of temperature

i T — T _.F y > * o
H(%rg!?)t T °r . E'T T?‘ Th" U(T'z'T!m) Sh(_'};—q‘!:’) T "‘z’Tlm)
1600 98.86 0.44 0,10 -1.83 0.93 0.21 0.20 -.044

800 29,37 .57 .13 ~1.32 .92 31 .22 4,13
400 2976 .75 .17 -0.93 .01 .20 25  +.31
200 30.31 .68 .15 -0.38 .01 .20 .23 4,25
100 30.69 .80 .18

50 31.40 .93 .21 +0.71 0.82 18 27  +.56

25 32,54 0.92 .21 +1.85 1.06 .04 27 +.25

12 33,56 108 0,24 ;2,88 1.03 0.23 0.30 +.41

* - Value that S.E, (Tz'Tlm) would have if correlation were zero.
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The accuracy of the soil temperature measurements is 0.05°C for
absolute measurements and 0,02°C for relative measurements since the
only significant error is that due to calibration inaccuracy.

Malfunctioning of the temperature measuring system could be easily
recognized by observing the hourly change in temperature at the 1-meter
depth in the soil. Large scale change or rapid fluctuations in this read-
ing usually indicated shourts or leakage to ground, electric and magnetic
field pickup, or component failures. Difficulties could also be recognized
by reading the 1-meter soil temperature using two overlapping reference
temperature compensator ranges.

7.3.% Air Temperature re Difference. The air temperature difference
between tiie 1-meter and the 1/2-meter levels was measured by means
of two radiation-shielded thermocouple junctions of the same type as
that used for air temperature profile measurements. The two junctions

were differentially connected and the output was recorded by a modulated-

carrier-type d-c amplifier and an Esterline-Angus graphic ammeter.
A recording scale of -5"to +5°C was used; hence, the temperature
at one level relative to the other was determined in addition to the
temperature difference.
7.3.6 Vapor Pressure Profiles. The measurement of the amount of
water vapo?i—rrt—ﬂe air \';r;;accomphshed by means of an air sampling
system and a dew-point hygrometer, During the 20-minute observation

periods, air samples were obtained at each level as shown in Figure 7.3,
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The dew point of each sample was then measured using a Thornthwaite
automatic dew-point hygrometer.‘6 The data reported are in units of
vapor pressure (millibars) which were obtained by conversion of the
measured datad which were in terms of dew-point temperature (degrees
Centigrade).

The air sampling system shown schematically in Figure 7.25
consisted of (a) polyethylene sampling tubes, (b) sample storage jugs,
(c) sample selector valves, (d) a variable speed pump, and (e) a pump
speed control, Polyethylene tubing having an inside diameter oi 0,25~
in, was used since this material is virtually non-hygroscopic. One
gallon glass jugs were used as reservoirg for the air samples in order
tc obtain average samples(that is, samples which did not exhibit small
scale fluctuations) simultaneously from all levels. The sample selec-
tor valves permitted extraction of the samples from the reservuirs for
measurement, A modified vacuum cleaner was used as an air pump,
The rate of pumping couid be changed by varying the input voltage to
the punip motor. Two pump speeds were used and were conveniently
obtained by switching the motor input to full line voltage or to the
voltage at a tap on an auto-transformer,

The dew-point hygrometer is shown in Figure 7.26, This is a
condensation type hygrometer which utllizes a mirror surface on which
moisture is caused to condense. By measuring the temperature of the
mirror at the time of incipient condensation the dew point is obtained.

The instrument which was used consisted of (a) a mirror assembly,
(b) a sample chamber, (c) a photoelectric dew-film detection system,
(d) a dry-ice heat sink, (e) a control circuit, and (f) a radio frequency
induction-heating unit., The mirror assembly was formed by copper
foil chrome plated on one surface and soldered to the end of a steel rod
0.25-in, indiameter which, in turn, was connected to a copper slug 1-inch
in diameter and 5 inches long. The chrome surface served as the mirror
and a copper-constantan thermocouple junclion was held in contact with
the under or copper surface by a second piece of copper foil, This junction
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was connected to the temperature measuring system (see Figure 7.7).
The thermocouple wirc was the same type, No. 36 B&S gouge, as that
used for the air temperature measuring junctions,

The copper slug of the mirror assembly was inserted in a thermos
flask filled with crushed dry ice and tne steel mirror stem was inserted
in a hole in the sample chamber. A radio frequency induction heating
coil concentric with the hole in the sample chamber then encircled
the steel mirror stem, The sample chamber wasahollow, airtight, plas-
tic block with air sample intake and exhaust ports, windows for two
photocells, and a window for the admission of a light beam,

The photoelectric dew-film detection system was connected to an
amplifier (control circuit) which, in turn, controlled a radio frequency
oscillator (R-F induction heating unit),

In operation the mirror surface was ¢noled by the dry ice and
heated by the R-F induction heater. By conirolling the heating, the
mirror temperature could be varied. Three heat controls were available:
(1) a quick-heat button, (2) a manual control, and (3) an automatic con-
trol, By manvally depressing the quick-heat button, rapid heating of the
mirror was obtained, The manual control enabled the operator to vary
the mirror temperature to obtain a dew-film of proper thickness. The
automatic control was provided by the photoelectric dew-film detcction
svstem. Light which was incident at an angle of 45 degrees on the
mirror was reflected to one photocell. A second photocell positioned
directly below the mirror surface(that is, on a line normal to the mirror
surface) received scattered light when a dew-film was present. An in-
crease in dew-film thickness caused a decrease in reflected light and
an increase in scattered light. This change was sensed by the photo-
cells which produced a control voltage causing an increase in R-F in-
duction heating, Conversely a decrease in dew-~film thickness was
sensed and the heat supply to the mirror decreased. In this way the auto-
matic control aided the operator in maintaining a constant dew-film thick-
ness on the mirror,
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In addition to providing automatic control, the photoelectric dew-
film detection system produced a meter indication of dew-film thick-
ness. The dew-film thickness meter permitted eslablishing a standard
dew-film thickness for all measurements.

The following procedure was used for measuring dew-point pro-
files. With the sample selector valves set in the simultaneous sample
bosition and the pump set for high speed, air samples were drawn into
the storage jugs. The pump was set for low speed and the valves were
set so that air which was a mixture of all the samples was passed
through the sample chamber. In this way an initial setting of the manual
control was made to produce a dew-film and the proper reference tem-
perature compensator range setting was determined for the tempera-
ture measuring system. The quick-heat button was then depressed to
clear the dew-film from the mirror and the zero or clear mirror read-
ing of the dew-film thickness meler was checked, Valve settings were
made for selection of the first sample, The pump was operated at high
speed for 3 to 5 seconds o scavenge the sample chamber and connecting
tubes of the initial air. With the pump operating at low speed, the manual
control was set {o produce a dew-film of the proper thickness as indicated
by the dew-film thickness meter, The temjperature oi the mirror was
then read by means of the temperature measuring system. The second
sample was selected and the first sample scavenged by operating the pump
at high speed. The process was then repeated. Slow speed operation of
the pump during the measuring period was necessary to prevent depletion
of the air sample and mechanical disturbance of the dew-film by the air
passing over its surface,

Because of the number of manual adjustments and switch settings,
and complexity of the procedure, considerable skill was required of the
operator in measuring dew-point profiles,

Prior to Project Prairie Grass, the dew~point hygrometer was cali-
brated by an air saturating chamber as shown in Figure 7,27, The
chamber was formed by two sheet-copper boxes one within the other
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and separated by insulating material 1-inch thick., The box was con-
structed in two sections to permit access to the chamber, The bottom
section formed a pan 18 inches by 18 inches by 1.5 inches deep, The

top section cuntained a labyrinth of baffle plates. The pan formed by

the top section was 1.5 inches deep and the baffle plates were 2 inches

in width. The bottom section was filled with distilled water and the

top section was positioned in such a way that the lower edges of the
bafflc plates werc immersed to a depth of 0.5 inches. In this way an
enclosed and baffled air space 1.5 inches high was formed over the

water surface. Glass tubing inserted through the top section of the
chamber provided intake and exhaust ports. Air entering the chamber
was confined to a path formed by the baffle plategs, Between the in-

take and exhaust ports, the air path length was 27 feet. The air tem-
perature and water temperature were measured by means of copper-
constantan thermocouple junctions at three stations along the air path:

at the intake port, at the exhaust port, and at the midpoint of the air

path. The dew-point hygrometer, a pump, and the chamber were connec-
ted in a closed circuit by means of polyethylene tubing, The pump circu-
lated air through the chamber and dew-point hygrometer at a speed
sufficiently high to produce turbulent flow in the saturating chamber, The
difference hetween air and water temperature at each station was
observed, A condition of temperature equilibrium between air and water
was used as an indication of saturation, The temperature at which
gsaturation occurred was then taken as the actual dew point of the air. The
condensation temperature or dew point as indicated by the dew-point
hygrometer when operating with various dew-{ilm thicknesses was
compared with the saturation temperature. By repeated tests a dew-film
thickness was established which produced agreement of saturation
temperature and dew point as indicated by the dew-point hygrometer. To
prevent condensation from occurring in the connecting polyethylene
tubes which were virtually at room temperature, saturation temperatures
less than room temperature were used. This was accomplished by using
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water in the chamber having a temperature a few degrees below that of
the room.

The accuracy of the dew-point measurements is at best equal to
the accuracy of the calibration of the lemperature measuring system,

In addition there are sampling errors, and small random errors
introduced in setting the dew-film thickness. Sampling errors are
difficult to evaluate but are suspected to exist when a smooth profile is
not obtained. Excluding sampling errors, absolute measurements are
probably accurate to 0.06°C and relative measurements are probably
accurate to 0.03'C,

Malfunctioning of the dew-point hygrometer was readily recognized
by observing the behavior of the dew-film thickness meter. The
presence of water in the sampling tubes could be detected by the behavior
of the instrument and by rcadings of dew point which were greater than
ambient temperature. Water in the sampling tubes sometimes occurred
as a result of rain, fog or an inversion under humid conditions. The
sampling tubes were necessarily cleared of water before resuming
measurements. During the ohservation periods, moisture measurements
were made by means of a sling psychrometer. These measurements
were used as a check for gross error in the dew-point system,

7.3.7 Wind Profiles. Wind profiles were measured by a set of
matched three-cup anemometers. Nineteen Rikoken* anemometers
were modified, compared, and grouped in sets of seven matched units.

When received from the manufacturer, the Rikoken anemometers
were equipped with pear trains and contact systems for counting the

*Manufactured by the Sanoya Iron Works,
1064 Nakata-machi, Kanuma-shi
Tochigi-ken, Japan
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turns of the cups. The modification consisted of replacing the gear train
and contact system with a photoelectric counting system. The latter
system utilized a cadmium sulfide photoconductive cell and a No, 51
light bulb. The light reflected to the photocell by the mirror was inter-
rupted by a shutter blade connected to the shaft which was turned by the
cup assembly, In this way the photocell was illuminated and shaded

once for zach revolution of the cup assembly. The photoelectric counting
system had several advantages not afforded by the gear train and con-
tact system: (a) Friction due to the gear train and contacts was elimi-
nated by use of the photoelectric system. Since this was the major
porticn of the friction in the instrument, its elimination resulted in
lower starting speed. Also, the magnitude of this portion of the friction

‘was not the same in each anemometer so its absence tended to make

the anemometer characteristics more nearly alike. (b) The resolution

. (counts per revolution or counts per meter of 2l passage) obtained by

using a photoelectric syslem which counted each revolution of the
anemometer cups was 6.9 times as large as that provided by the gear
train and contact system. Since the anemometer output was in digital
or pulse form and was recorded by means of a digital counter (step
function integrator), wind measurements having a resolution commen-
surate with accuracy could be obtained for a shorter time interval
using the photoelectric system than by using the gear train and con-
tact system. (c) Gear train and contact systems often produce
spurious counts caused by contact bounce and intermittent conduction
at the instant of make or break, The photoelectric system produced
no spurious counts, (d) Contacts become pitted with use requiring
that they be burnished or replaced. The photoelectric system required
little and infrequent maintenance.

A unit having 8 counting channels (one for each anemometer and
one spare) was used to register the number of revolutions of the
anemometers, The circuit of a counting channel is shown in Figure 7,28,
The circuit consists of a pulse~shaping stage, three bi-stable multivi-
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brators, and a thyratron-driven electromechanical counter, Input pulses
from the anemometer were converted to short rise time rectangular pul-
ses. The output of the pulse-shaping stage was then fed to the three hi-
stable multivibrators which were connected as a binary frequency divider.
By means of a selector switch, the thyratron driven electromechanical
counter could be connected to the vutput of the pulse-shaping stage or the
output of any multivibrator. In this way the electromechanical counter
was caused to register either each, every other, every fourth, or every
eighth revolution of the anemometer, The electromechanical counter
(mercury four-digit reset type) was rated at 10 counts per second. Since
the anemometer speed could exceed this rate, the binary frequency
divider was employed. In addition to enabling the counting circuit to
accommodate a maximum input rate of 80 counts per second, the binary
frequency divider reduced wear of the electromechanical counter when
wind measurements were made which did not require the maximum
available resolution,

The eounting unit was constructed in three agsemblies. The elec-
tronic portion of the counting channels was built on a single chassis.
The threshold controls and count-down (frequency division) selector
switches were located on this chassis, Two banks of electromechanical
counters, a counter start-stop switch and a bank selector switch were
mounted on a panel. One bank of counters could he read and reset while
the other was registering counts, In this way successive profile
measurements could be made without loss of data during the reading
and reset periods. The power supply for the system was contained on
a gingle chassis, ' _

Prior to Project Prairie Grass, the ai:emometers were matched
by means of a whirling device having four horizontal arms each eight
feet long.” The anemometers were matched at O'Neill by mounting
them at the same level on a horizontal support approximately two
metersa above the ground in an open field as far as possible from
ohstructions.” The support could accommodate 10 anemometers
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having a horizantal spacing of approximately 1 foot.

An anemometer which was representative of the matched set was
selected as a standard and its calibration was defermined. This anemom-
eter was calibrated in a wind tunnel* against a pitot tube which had been
calibrated by the Bureau of Standards., Several trial calibrations were
run to investigate the characteristics of the calibrating procedure and
equipment, Four independent calibrations were then made and the average
was taken as the true calibration. A check of this calibration was made
using a different procedure and different calibrating apparatus.** The
calibrating apparatus consisted of an airtight room (located in the
laboratory building) having an air intake nozzle (89-inch throat diameter)
in one wall and a volumetric flow rate-measuring exhaust nozzle in the
opposite wall. By measuring the rate of flow out of the airtight room,
the speed of the air entering the room through the intake nozzle could
be determined, The anemometer was placed in the throat of the intake
nozzle and its calibration determined. In the velocity range of 1 to 4.5
meters per second this calibration was virtually the same as the previous
calibration. At higher velocities a difference was obtained. The calibra-
tions differed by 2 percent at 5 meters per second and increased to 8
percent at 15 meters per second. A pitot tube was recognized to be most
accurate at high velocities, The second calibrating technique was recog-
nized to have an accuracy deficiency at high velocities. Both calibration
technlques were unsatisfactory at velocities less than 1 meter per second
since the air flow could not be maintained constant and the zero error and
drift of the manometers became large compared to their readings. The
calibration using the pitot tube, therefore, was accepted for the velocity

*Massachusetts Institute of Technology portable wind tunnel at
O'Neill, Nebraska,

**This calibration was performed at the Fan Test Laboratory,
Engineering Experiment Station, Texas A&M campus, October 1956,
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Figure 7.29 View of Rikoken anemometers installed
at heights of 25, 50, and 100 cm

range of 1 to 15 meters per second., A third method was employed to
obtain a calibration point at a velocity less than 1 meter per second,
Under conditions of steady low velocity, virtually laminar flow at a
height of 0.5 meters in the atmosphere* the wind velocity was measured
by observing the time required for smoke from a cigarette to travel
a measured distance, and the corresponding anemometer indication
was obtained.

In measuring wind profiles, the anemometers were installed at
the heights shown in Figure 7.3, The three lowest anemometers,

*These conditions existed at 2100 CST, 22 July 1956 at O'Neill.
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thuse atl 23, 50, and 100 cm, are shown in Figure 7.29. Each anemom-
eter was carefully leveled so that the cups rotated in a horizontal plane
thus minimizing the effect of asymmetrical weight distribution in the
cup assembly.” The revolutions of the anemometers were measured
for 20-minute periods and converted to uniis of wind speed by means of
tables derived from the calibration curve shown in Figure 7.30.

7.3.8 Summary. In measuring these micrometeorslogical parameters,
the method used in each case was designed to provide data which was in a
convenient ferm for immediate reduction. The operating procedure was
such that the operator observed the behavior of each measuring system
at least once during cach 20-minute observation period. With the ex-
ception of the radiation, wind direction and air temperature difference
measurements which were recorded on strip charts, all measurements
were recorded on data forms. These were so arranged that all tabula-
tions and computations per data class were on one page. All computa-
tions were made from prepared tables, slide rule, and or standard desk
calculator. This enabled the operator to reduce the data immediately
after the measurements were made; hence, gross errors due to malfunc-

tioning of the measuring equipment were noted and remedial action could
be taken before measurements were resumed.
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CHAPTER 8

MICROMETEOROLOGICAL DATA COLLECTED
BY TEXAS A&M

W. Couvey, M. H. Halstead*, S, Hillman,
J, D, Merryman, R. L, Richman*, and A, H. York
Texas A&M Research Foundation

This section contains three groups of data ‘collectéd during Project
Prairie Grass, In the first group (Table 8.1) are micrometeorological
data collected during the 68 regular and the two special gas releases.
These observations covered a period of 20 minutes each, starting 5
minutes before and ending 5 minutes after the 10-minute period during
which the gas was released,.

The second group (Table 8.2) includes similar observations, but at
times other than the 70 gas reclease times. 177 observational periods
are included in this group,

The third group (Tabie 8.3) contains soil moisture and soil density

data on four days during July and August,

*Present affiliation: U, 8. Navy Electronics Laboratory
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Table 8,1

HOURLY OBSERVATIONS O'NEILL, NEBRASKA

GAS RELEASE NO, 1 2 3 4 5 8 .

JULY (1056 3 3 5 g 8 6

CST 1105 1505 2205 0105 1405 1705

RADIATION (cal/cm?see)

Insolation GLED) .0048 -- .- 0205 L0120

Roflected .- - - . - -

Net Radiation L0050 L0020 1-.0013 -.0010 L0145 . 0060

e e e IR and SOIL TEMPERATURES (°C)

Height Tmj

16.60 -- - - - - -
8.00 21.68 23.78 22.41 20.09 20.18 30.19
4.00 21.90 23.79 21.12 18.55 29,72 30.50
2.00 22,12 23.87 19.83 17.50 30.117 30.80
1.00 20,32 23.99 18.45 16.75 30.71 31.09

.00 22.95 24.18 17.24 16.00 31.44 31.32
.25 23.22 24.54 165.89 15.63 32,05 31.63
.12 23.84 24.85 18.55 15,33 -- 31.82
-.03 24,06 25.390 -- -- -- .-
-.006 2311 24.63 -- .- -- .-
-.12 21.71 23.20 -- .- . -
-.25 21.61 21 54 -- - - -- --
-.50 20.01 20.34 -- - - -
-1.00 18 21 1418 .- .- .- -
o _ VAPOR PRESSURE (mb)

16.00 - ( -- - - o -
8.00 1d.44 18.62 18.34 1G.43 17.19 16.53
4.00 1873 18,73 18,44 16.52 17.38 16.04
BRE [T 18.88 18.46 16. 51 17.73 16.88
1.00 149 04 I9.10 16.58 16.58 18.11 17.07

.5 19.91 19,38 18.58 16.64 18.46 17,24

.25 - 19.77 18,40 16.65 18.73 17.30

12 19.95 20,24 i8.06 17.29 10.27 17.41
WIND SPEED (em/sec

16.00 - -~ - -- .- -
8.00 321 233 2t1 304 703 846 .
4.00 249 216 113 202 651 765
2.00 258 190 44 120 593 680
1.00 249 174 G6 91 515 599

50 2006 164 39 52 148 523
95 173 122 10 17 378 439
WIND DIRECTION (deg)
1.00 1 o0 100 | 150 [ 200 1 160 | 180 [ ]
. SCIL TEMPERATURE CHANQEJ"C) 3

Inittal Time - 1450 -- - - -

Run Tine (min) .- 20 - e - -
-.03 - -.10 - _— - -
-.08 ) 20 . - -- -
-.12 - 11 -- -- -- -
-25 - .03 - -- -- .
~,. 50 -—— -.02 - - - -

-1.00 - -.01 - . - .-

Precipitution (em) -- -- -- -- -- --




Table 8.1 (Continued)

HOURLY OBSERVATIONS O'NEILL, NEBRASXA

GAS RELEASE NO, 7 8 9 10 11 12 ,

JULY (1958) 10 10 11 1 14 14 :

CST 1405 1705 1005 1205 0805 1005

_RADIATION (cal/em?2scc)

insolation 0212 0115 | L0180 .0200 | .0105 .0185

Reflacted .0039 .0023 | .0035 .0040 -- -

Net Radiation .0128 0057 | o114 0128 | .00n0 L0117

AIR and SOIL TEMPERATURES (°C)

Helght (m)

16.00 28,71 20.90 | 25.7¢ 28.42 -- .
8.00 29.04 30,15 | 26.25 28.98 | 24.16 28.83
4.00 20.46 30.57 | 26.01 20.58 | 24.64 29.45
2.00 30.27 31.10 | 27.38 30.45 | 25,01 29.67
1.00 31.21 31.47 | 28.19 31.47 | 25.42 30.53

.50 41.58 5201 | 28.75 32.11 | 2502 31.18
.25 33.10 32.58 | 26.53 33.14 | 26,34 31.94
12 34,23 33.06 | 20.82 33.78 | 26.68 32,85
-.03 34,90 33.74 | 26.64 31.79 | 24.23 28.88
-.ng 30.53 31.77 | 24.48 27.01 | 23.46 25.08
-12 24.23 26.77 | 23.14 23.03 | 24.25 24.16
-.25 21.11 21.84 | 2297 22.27 | 24.14 23.65
~.50 20.03 19.99 | 20.42 20.34 | 21.40 21.34
-1.00 18.22 18.22 | 18.28 1820 | 18.75 18.68

YAPOR PRESSURE (mb)

18,00 12.06 13.16 [ 20.60 22.84 - -
8.00 12.97 1387 | 20.88 23.10 .- --
4.00 13.02 13.72 | 20.9?2 23.14 - --
2.00 13.05 13.75 | 21.10 23.27 -- .
1.00 13.18 13.05 | 21.14 23.40 - -

.50 13.50 1398 | 21.20 23.43 -- --

.25 13.85 14.16 | 21.39 23.59 -- -

.12 14.15 14.32 | 21.92 23.62 -- --
WIND SPEED (em/soc

18.00 560 811 884 579 - -
8.00 508 540 842 536 844 973
4.00 481 408 708 506 850 892
2.00 444 452 700 468 761 799
1.00 402 400 611 415 677 721

.50 352 350 533 376 579 817
.25 295 288 450 312 480 522
WIND DIRFE.CTION (deg)
~1.00 T 204 l 171 ] 199 200 ] 185 1 175 l
SOIL TEMPERATURE CHANGE (°C)

Tnitial Timo 1351 16561 | 0950 1150 | 0750 0050

Run Tinie (min) 27 26 16 24 28 21
-.03 -1.80 -, 76 1.01 .19 .80 .29
-.06 .53 -.29 .50 .70 -.16 12
-12 .53 .20 .08 .23 -.08 .10
-.25 .07 13 -.08 - 03 -1 -.08
=50 00 -0 | - .01 | -.03 -.01

-1.00 00 00 | -.01 00 | -.01 -.01

Proecipliation (cm)

- - - -~-
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Table 8.1 {Tontinued)

: HIOURLY OBSERVATIONS O'NEILL, NEBRASKA
: GAS RELFASE NO. 13 14 15 16 17 18
; JULY (1958) 22 22 23 23 23 23
i CST 20045 2205 0805 1005 2005 2205
S RADIATION (cal/em@scc)
Insolation .00) .0000 L0101 ( 0183 .0001 0000
Reflected -- .- -- -- .- --
et Radiation ~,0011 -,0010 0060 L0100 -, 0011 | -.0014

! AIR and_SOIL TEMPERATURES (°C)

Heipht (m)

16.00 22.34 21.04 20.32 | 24.61 27.91 ( 25.11

8.00 21.64 19.76 20,51 | 24.82 27.83 | 24,30

4.00 21.04 17.87 20.78 | 25.10 27.62 | 23.83

2.00 20.39 16.25 21.44 | 25.61 27.44 | 23.52

1.00 19.56 15,31 22.056 | 20.67 27.32 | 23.23

.50 18.72 14.66 22.58 | 27.79 27.19 | 23,03

.25 1815 14,31 23.32 | 28.84 27.08 | 22.83

12 1776 | 13.98 23.05 | 29.63 27.00 | 22.86

-.03 26.48 23.10 20.75 | 26.71 29.49 | 26.30

-.08 27.02 24.62 20.48 | 23.55 20,53 | 27.08

.12 25.60 24.95 21.44 | 21.62 27.26 | 26.51

i -.25 22.17 22,640 22.12 | 21.79 22.96 | 23.20
{ .50 20,36 20.48 20.72 | 20.68 20,32 | 20.28
-1.00 18.95 19.02 19.04 | 18.99 18.54 | 18.82

VAPOR PRESSURE (mb}

/ 16,00 16.13 14.01 17.19 | 17.6¢6 -
8.00 16.47 14.20 17.39 | 18.14 - --
! 4.00 16.714 14.21 17.41 | 18.21 . -
_ 2,00 16.60 14.20 17.43 | 18.30 - .
. 100 16.02 14.25 17.52 | 18.40 -- -
.50 15,88 14.27 17.63 | 18.57 - --
.25 15.71 14.32 17.65 | 18.81 .- .
.12 15.71 14.99 17.77 | 10.08 - .
o WIND SPEED (cm/scc
16,00 343 445 . 378 555 a5d
8.00 [ 264 348 378 302 455 488
4.00 108 225 354 346 402 315
2,00 146 139 322 431 341 322
ﬁ 1.00 92 74 200 256 287 268
' .50 46 41 261 264 237 229
.25 18 16 | s 225 209 186
e e WIND DIRECTION (de e
1.06 _[ - [ -] 193 ] 202 ﬁ) 172 | 188 ] I
SOIL TEMPERATURE CHANGE (°C)
Taihal Time 1952 2150 0752 | 0D50 1050 | 2155
i feun Tine (min) 25 30 24 21 28 22
| -.03 -1.08 -.68 .19 1.54 -8 -.83
7 -.0f -.03 -.60 .92 .92 -.59 -.70
; -12 =07 -.18 -.04 RV -.10 -.25
.28 .04 .04 -.04 -.02 .05 .07
-.50 -.056 .04 00 .01 00| -.04
-1.00 -.04 02 ou | -.02 e | -.01

Precipitution (em) .- -- .- - - e
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Table 8. (Continucd)

HOURLY OBSERVATIONS

2aO' NEILL, NEBRASKA

GAS RELFASE N(. 19 20 21 22 23

JULY (1956) 25 25 25 26 29 20

CST 1105 1305 2205 0005 2105 2305

RADIATION (cal/cm2acc)

Insolation .0140 0218 U T -

Reflected .00290 00415 .- .- - --

Net Radiation Q081 0137 | -.0000 |-.0014 | -.0014 | -.00115

AR and SOIL TEMPERATURES (°C)

Helght (m)

16.00 27.28 30,14 28,91 | 26.7% 23.62 | 22.07
8.00 27.711 30.88 28.684 | 26.70 23.52 | 21.99
4,00 28.04 31.47 26.74 | 26.60 23.49 | 21.96
2.00 28.59 32.49 28.60 | 26.42 23.40 | 21.89
1,00 29.28 33,94 28.50 | 26.32 23.31 | 21.83

.50 20,75 34,91 28.42 | 26.22 23.21 | 21.74
.25 30.56 35.16 28.32 | 26.05 23.11 | 21.71
12 31.00 45.98 28.19 | 25.93 23.04 | 21.63

-.03 28.52 33.60 27.70 | 26.32 21,92 | 25.85
.08 24,9} 28.80 27.65 | 26.57 20.14 | 26.38
.12 22.80 23,02 26.76 | 26.1% 26.83 | 26.16
~.25 22.74 22.56 23,00 24.00 23.98 24.10
-.50 21.21 21.12 2114 | 2117 21.63 | 21.85

-1.00 19.00 18.94 19.04 | 19.08 19.62 | 19.62

VAPOR PRESSURE (mb)

16.00 14.01 14.10 14.56 | 15.81 - -
8.00 16.22 14,33 14.65 | 15.47 .- .-
4.00 15.24 14.39 14.66 | 15.8) - -
2.00 15,30 14.41 14.060 | 15.82 --
1,00 15.41 14.47 14.62 | 15.80 20.7¢ | 20.0°¢

.50 15.60 14.51 14.64 | 1581 .- --

.25 15.60 14.57 14.65 | 15.77 -- -

|12 15.73 14.71 14.59 | 1675 | - -
WIND SPEED {cm/acc

13.00 752 1211 450 1041 883 865
8.00 721 1130 712 033 784 764
4.00 627 1017 875 814 685 662
2.00 - 938 611 739 605 580
1.00 533 826 531 63y 537 521
.50 415 727 462 557 47 461
.26 393 504 376 454 380 382

e e WIND DIRECTION (deg)
1,00 [ 102 j 168 | e [ o [ 132 | e ] [
SOIL TEMPERATURE CHANGE (°C)

Initial Time 1050 1250 2154 | 2350 2060 | 2250

Run Time (min) 26 2 23 26 20 27
-.03 .81 .67 -.16 -.24 -.53 -.18
.00 .86 .84 -.20 - 11 -.43 -7
- 12 .13 .37 -2 -1t -.12 -.33
.25 -.04 ..01 .02 .05 .06 -12
-.50 -.02 -.01 -.01 00 00 00

~1.00 -.01 00 -0l .01 00 -.03

Precipiation (em) --
4 Sling Psychrometer
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Table 8.1 (Continued)

HOURLY OBSERVATIONS

300‘NE1LL, NEBRASKA

GAS RELEASE NO. 25 26 2 28 29

AUGUST (1056) 1 2 2 3 3 3

CST 1305 1205 1405 000 0205 1305

o RADIATION (eal/cm2soc)

Insolation .0092 L0180 .0183 .- -- .0202

Reflected 00185 | .00305 - .- - .00320

Net Radiation 00562 L0126 L0123 - -.0003 ,0129

L AIR and SOIL ‘TEMPERATURES ("C)

ileight {(m)

16,00 22.87 .- 25,24 26.24 | 31.88
8.00 22.92 27.93 30.26 | 24.76 26,81 | 32.30
4.00 23.26 28.57 30.84 | 24.38 26.12 | 32.06
2.00 23.62 20.21 31.43 | 24.23 26.36 | 33.63
1.00 24.00 29.91 41.96 | 24.07 25.14 | 34.00

.50 24,77 30.42 32.62 { 23.92 24,781 34.73
.25 25,32 3115 33.45 1 23,72 24.58 | 35.42
12 25.72 31,74 34.26 | 2352 24,33 36.10
-.03 27.41 27.41 29.97 | 23.68 22.92| 33.29
-6 25,12 25.42 27.84 | 24.64 23.78 | 30.50
- 12 22.91 22.96 23.93 | 25.25 24,60 | 25.03
-.25 22.50 22.94 22.31 | 23.74 23.68 | 22.94
-.50 21.73 21,38 21,31 | 21.58 21.521 21.58
| -1.60 19.82 1970 _| 18.65 ] 19.82 1982] i9.91
e VAPOR PRESSURE (mb)

16,00 B . - - - 18.67
8.00 22.57 22 43 21.72 -- -- 19.27
4.00 22 40 22.69 21.46 .- - 10.48
2.00 20,00 23.02 22.02 .- -- 10,74
1,00 .- 23.40 22.29 .- 20.07

50 24.12 22.44 -- - 2%,53

25 23,98 21,02 22,47 -- . 20.65

1% 23.15 24.31 22.82 - .- 21.04
WIND SPEED (em/soc

16,007 328 g1 849 508 806 885
8.00 18 115 755 388 520 852
4.00 207 721 694 421 441 715
2.00 275 648 613 255 394 807
1.00 248 568 540 212 340 628

.50 221 511 483 177 296 540
.25 173 422 an2 154 241 455

o . WIND DIRECTION (de .

1.00 Tl .[..l_7l_J- 170 [ 167 | 208 | 108 [ |
. o SOIL TEMPERATURE CHANGE (°C)
il Time 12632 T 1150 i 1350 T 2357 0150 | 1250

Run Thue (min) n 27 28 20 27 26
-.03 .04 1.25 1.10 -.51 -0 M2
-.00 .21 1.09 .69 -.01 -17 4
-.12 .07 14 .36 - 45 -.10 .02
- 25 -.04 -.00 11 -7 ..01 .05
-.60 -.03 -.07 .05 -.20 .02 00

.1,00 -.03 -.04 .00 -.31 00 .02

Brecipitation (cm)
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Table 8.1 (Continued)

HOURLY OBSERVATIONS

O'NEILL, NEBRASKA
35 a8

GAS RELEASE NO. 31 32 33 34 368
AUGUST (1956) 3 6 7 7 7 11 11
CST 1505 2005 1305 1505 2308 2135 2335

RADIATION (cnl/un?aeo)

Insolation L0152 0000 T.0164 0174 - - -
Reflected 00264 - -- - -- -- -
Net Radiation 0092 ~.0013 |.0109 L0113 1-.0007 -.00091 r.00085

AIR and SOIL TEMPERATURES (°C)

Helght (m) |
16.00 33.23 27.21 21,1 20.00 | 23.03 23.67 [20.74
6,00 33.44 25.33 | 2748 20.21 | 24,68 22.30 |19.81
4,00 33.79 2371 |28.18 20.68 | 22.47 21,04 19,52
2.00 34.25 20,93 |an.73 3019 | 22.28 19.73 118,94
1,00 34.85 22.45 2916 30.99 | 22.17 19.13 | 18.63

,50 15,37 22,06 | 29.64 31.45 | 22.05 18,47 114.10
.25 35,81 21,66 | 30.07 213 | 21.: 18.34 [18.19
12 56.11 21.38 | 30.61 2262 ({21179 18.21 |17.98
-.03 34,04 25,45 | 84,57 .07 | 23.42 24.85 123.15
-.08 32,10 242 | 27.07 28,96 | 24.41 26.02 | 24.41
-.12 26. 80 2618 [ 23.43 24.86 | 25.22 26.27 (25.49
-. 20 2311 24.00 | 22.58 2273 | 23,93 23.78 | 24.01
-.50 21 50 22.02 | 21.80 2182 [ N.91 21.63 §21.74
-1.00 19.60 | 1994 Liese | 19.93 | 20,08 19.99 120.08

YAPOR PRESSURE (mh)

16.00 18,49 13,82 [16.64 17.00 | 19,99 10,06 [18.30
8.00 4.6 1439|1697 17.21 | 2012 16.93 |18.43
4,00 18,70 15.08 [17.16 17.38 | 2017 19.06 {1444
2.00 18.79 1554 [17.41 1751 | 2017 1891 |18.44
1.00 19.07 15.8%  {17.62 15760 | 20,23 18.84 | 18.52

.50 19.20 15.01 |1.77 10,97 1 20.27 1992 114.83

.25 19.34 16.04 18.04 1810 20,27 16.59 18.56

.1 i9.53 inge boag 14 26 | 20.33 1450 {1843
. WIND SPEED (cm/sev

16,00 1013 604 1063 1214 639 421 464
8.00 -- 412 - 1124 524) 318 342
4.00 R87 248 Hah 10152 134 253 243
2.00 787 218 750 020 RYR {0 186
1.00 691 110 (90 HETH 340 110 137
.50 6517 136 HH0 700 281 iE:] 116

.25 527 ng 1654 1 507 211 45 81
] WIND x)uwcrlon N (deg) o
1.00 [ 204 T aee | v 140 LY I O [—
SOIL ’I‘EMPERA’] UnE CHANGE (°C)

Initial Time 1450 19650 [ 1250 1460 | 2255 2120 | 2820 |

Run Time (min) 28 27 27 2 | 21 20 30 |
-.03 -.08 =70 1o 14 -.38 -1 -.35
-.08 .25 5% 64 .31 =99 -2 -.38
-12 .25 -0 22 .25 -9 -12 -.23
-.25 10 05 | -2 02 | -.04 12 00
-.50 00 .01 .11 .04 .05 .04 .01

«1.00 00 .01 -8 .03 -.04 .04 00

Precipltation (em) -- - -
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Table 8,1 (Continued)

HOURLY OBSERVATIONS

O'NEILL, NEBRASKA

GAS RELEASE NO. RV ag 30 40 11 42

AUGUST (1956) 12 12 13 14 14 14

CcsT 0305 0505 2235 0035 03ph 0506

RADJATION (eal/em2sec)

Insolation - .- - - e -

iteflected e -- - .- " . .-

Net Radiation -.00087 | -.00085 | -.00135] -.0014 |..00123 | -.00192

AIR and S0IL TEMPERATURES (°C)

Height (m)

16.00 21.02 20.07 20,68 | 21.01 | 2;.63 21.92
8.00 20.90 19.93 22,40 | 21,11 | 20.82 21.68
4.00 20.70 19.84 2128 | 2060 | 2043 21.61
2.00 20.65 19.82 20.47 | 2020 | 20.20 21.49
1.00 20.55 19.65 20,01 | 19.96 | 20.03 21.30

.50 20.41 10, 34 19.55 ] 19,52 | 19.00 21.16
.26 20.33 19.48 19.35 | 19.20 | 10.02 21.03
.12 20.22 19.37 10.06 | 19.08 | 19.43 20.90
-.03 21.68 21.58 265.00 | 2284 1 22,26 2i.92
-.08 22.69 22.37 26:52 | 24.88 | 23.53 272.82
-.12 24.21 23.62 27.42 1 26.41 | 25.28 24.56
-.25 23.83 23 62 24,465 | 24.80 | 24.80 24.471
-.50 21.80 21.81 21.87 | 21.92 | 22,06 22.06
-1.00 20.08 20.05 20.03 | 20.02 { 20.00 22.03

VAPOR PRESSURE (mb)

16,00 19,61 19.77 12.82 | 13.11 | 14.03 14.13
8.00 19.62 19.77 12.91 | 13.16 | 15.03 14.14
4.00 19.63 19.02 12.02 [ 13,18 | 15.08 14.19
2.00 10.62 19.75 12,92 } 13,10 | 15,07 14.18
1,00 19.63 10.73 12.04 | 13.21 | 15.08 14.20

.50 20.11 20.00 12,095 [ 13.22 | 15.08 14.23

.25 19.08 18.72 12,03 | 13,22 | 15.00 14.22

12 19.04 19.73 12,00 | 13,31 | 15.00 14.23
WIND SPEED (cm/sec

16.00 120 679 542 406 671 g28
b.00 608 585 410 343 550 751
4.00 528 504 201 250 435 4173
2,00 450 428 220 208 309 504
1,00 400 370 160 158 316 527
.50 344 317 142 137 267 452
.25 281 250 112 49 216 380

WIND DIRECTION (deg)
1.00 [0 ] 1w 122 | 166 | 185 | 199 ]
SOIL TEMPERATURE CHANGE (°C)
Initial Time 0250 0450 2220 0020 0250 0450

Run Time (min) 30 26 28 28 28 l 28
-.03 .08 -.12 -.46 -2 -.10 -.05
-.08 -13 -.09 .45 -0 -.18 .01

-.12 -.29 - 11 «.25 -.45 -.15 -.14

-.25 .04 -.006 .02 -.04 -.03 -.08

-.60 00 -.01 00 .01 .01 .01

«1.00 -.01 ~.01 -.02 00 .02 00
Precipliation (em) .- - -- - -- -
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g Table 8,1 (Conlinucd)
; r— ~-- ——
HOURLY OBSERVATIONS O'NEILL, NEBRASKA
GAS RELEASE NO. 43 44 45 46 47 48s 488 48
AUGUST (1056) 15 15 15 15 20 20 20 a1
CST 1205 1405 1705 1850 1005 1205 1265 0806
' RADIATION (eal/em2sec)
- Insolation .0178 L0164 | 00443 | .00036| .0187 L0125 - 0142
- Reflected .0030 .0026 | .00080 - .00313 | .00215( - ,00253
- ! Net Radiation .0108 .0007 | .0014 | -.0014 | .0108 .0070 -- L0681
Allt and SOIL TEMPERATURES ('¢)
Meight im)~
16.00 31.03 33.02 | 34.50 33.12 | 16.81 18.56 | 19.29 | 17.18
8.00 32.00 34.97 | 34.75 33.001 | I7.10 1897 | 19.711 | 17.70
4.00 32,60 34.73 | 34.01 32.00 | 17.47 18.04 | 20.11 | 18.05
2.00 33.05 35.43 | 35.04 32,74 | 17.713 19.45 | 20.72 | 18.40
b 1.00 34,17 36.06 | 35.28 32.57 | 18.46 19.91 | 21.31 | 18.96
§ .50 34,92 30.92 | 35.69 32.44 | 19.20 20.52 | 22.10 | 10.43
‘ .25 35.76 37.09 | 35.82 32.32 | 2013 21.12 | 2315 | 19.87
y .12 38.64 38.64 | 35.95 32,20 | 21.30 22.02 | 24.44 | 20.46
-03 33.80 37.81 | 35,56 32,50 | 18.27 25.06 -- 17.12
-.06 28.82 32.25 | 33.03 31,67 | 17.79 22,57 . 16.80
! .12 24,63 26.11 | 27.69 26,32 | 18.21 19.07 . 18.40
J .25 23.75 2372 | 24.11 24,19 | 20.24 18.87 - 20,52
‘ .50 22.20 22.25 | 22.12 22,00 | 20.98 20.78 - 20.73
: 400 . __J2013 | 2011 ] 2008 | 2005]| 2028 | 2013 - 20.04
' i
- e VAPUR PRESSURE (mb) _
16,00 113377 To64 [ 11,90 .41 P 9.73 - 12.53
' 8.00 12.98 1,17 | 12.17 11.51 -- 10.09 .- 12.78
. 400 12.36 11,16 | 12.18 11.57 -- 10.26 .- 12.81
] 2.00 12.46 11.15 | 12.21 11.63 -- 10.35 -- 12,63
1.00 12.50 11,19 12,20 11.64 - 10.49 - 13.03
.50 12.61 11,30 | 12.31 11.64 - 10.58 - 13.17
.25 12.74 11.33 | 12.39 11.68 -- 10.66 -- 13.27
12 12,05 1141 | 12,34 11.70 -- 11.33 -- 13,38
y ____WIND SPEED (em/see) .
16.00 641 760 788 787 f 394 350 316 1027
8.00 606 719 735 707 374 347 385 981
4.00 565 880 685 625 356 320 342 --
; 2.00 522 - 602 558 a32 307 3,21 784
| 1.00 468 539 531 486 302 271 2.94 691
| .60 411 408 460 428 270 249 2.96 608
= .25 343 397 378 384 -~ 210 2.23 505
WIND DIRECTION {sicg)
‘ .o | 168 | 150 J 15 | 134 | -- ] 216 | -- 189
RGIL TEMDER nA FURE CHAN(.F ( C)
| Tinltial Time 1150 1350 | 1050 50 50 | -- 0850
| Run Time (min) ‘ 27 28 26 27 26 28 -- 21
-.03 .67 .21 -.57 -1 1.87 47 -- a0
j -.08 .60 .52 -.25 -.40 .70 1,03 -- .52
! -.12 .24 .36 .13 -.06 .03 .34 -- 00
! .25 .00 .03 .08 .05 .03 -.06 -- -.08
; -.50 -.03 -.02 ~-.02 -.04 -.04 -,03 -- -.02
~1.00 -.02 -.01 00 -.07 -.04 -.01 . -02 |

Precipitation (cm)
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Table 8.1 (Continued)

HOURLY CBSERVATIONS

O'NEILL, NEBRASKA
60

GAS RELEASE NO. 56 56 57 58 59

AUGUST (1956) 25 25 26 25 25 20

CsT 0105 0304 1735 1035 2235 0035
~ RADIATION (cal/cm?sec)

““Insolation - - L0054 .- - -
Reflected -- - 00087 .- . ~-
Not Fudlation -.0005  |-.0004 0013 |-.0013 j-.0014 | -.0014

L AR und SOIL TEMPERATURES (°C)_

Heipght {m)
16.00 17.1% 16.88 | 33,64 20,50 | 26,01 26.49
B.0 117.08 15.70 1 33.76 20.40 | 2534 26.17
4.00 16.90 15.47 | 34.m 27.16 | 24.M 25.01
2.00 16.75 15.29 | 34.11 23.64 | 23.60 25.75
1.00 16.65 15.15 | 44.19 25.84 | 23.13 25.49
.50 16 40 15,03 | 34 43 26,13 | 22.82 25,35
.25 16.37 14.91 | 34.52 24.82 | 22.58 25 14
12 16.20 14.77 | 34.01 24.58 | 22.20 24,98
-.03 20,46 19.42 | 3170 28.00 | 24.52 23.28
-6 21.43 .8h | 29.594 27.97 | 25.12 23,87
- 12 23 58 22.7% | 25.51 25.80 | 25.10 24,40
- 25 23.04 22,62 | 2219 22.49 | 22.99 23.09
- 50 21.02 21.02 | 2c.80 20.7¢ | 20,89 20.94
chen o basnLaoge J1ede b 1951 119,59 10,60
R 'OR PRESSURE (mb)
16.00 B 1172 - 12.82 11.89
§.00 11.°58 -- 12.99 11.96
4.00 1174 .- 13,09 1.9
2,00 1173 .- 13.11 11.97
1.00 11 14 - 13.10 12.01
50 e - 13.14 12.04
.25 11.73 -- 13,15 12.00
12 [ 112 5 | -- s 12.08 ]
o o WIND SPEED (cm/see) _
1o 7T T T T e ]t a6 572 628 723
8.00 755 619 ] 433 462 505
4.00 679 446 824 a1 442 553
2.00 HUd 4id 120 n24 261 451
1.00 517 415 G612 165 202 404
.50 446 S 556 13 168 349
.25 474 209 469 103 134 204
o WIND DIRECTION (dog)
1.00 I 143 [ 138 ] 145 [ 150 | 100 | 182 |
e ... ___ SOU, TEMPERATURE CHANGE (°C)
Tniteal ‘Tone 0050 l 0250 | 1v22 1923 | 2227 0028
Run I'tme (min) ] 26 26 25 25 10 18
-.us ! -2 o1 1 o6 | -39 -.10
-.06 -2 H -.22 -.61 -.24 -.117
-12 -11 .22 16 -.03 | -3 .13
=25 -0} -.04 .08 11 .03 -.03
= vl 00 00 .01 .G3 .61 00
-1.00 00 YT, S RV O .01 00

Dreeipitution (em)
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Table 8.1 (Continued)

HOURLY OBSERVATIONS O'NEILL, NEBRASKA
GAS RELEASE No, 49 50 51 52 53 54 Co :
AUGUST (1956) 21 21 21 24 24 24
CST 1105 1405 156345 1120 2005 2205 .
| RADIATION (eal/em@sec)
Insolailon -0209 0202 | .0158 .0204 . --
Reflected 00308 | .00309 | 00259 | .00289] - -
Net Radlation 0129 .0128 | 0088 0110 |-.0016 | -.0017
AR and SOIL TEMPERATURES (°C)

Helght (m)
16,00 21.45 27.14 | 26.36 23.17 | 21.32 19.56

8.00 21.64 27.68 | 29.13 23.59 | 20.28 19.31

4.00 22.64 27.90 | 29.40 .08 | 1877 18.94

2.00 23.20 28.64 | 29.80 24.96 | 17.30 18.08

1.00 24.04 20.20 | 1050 25.98 | 16.56 18.45

.50 25.00 30.05 | 31.07 26.74 | 16,76 18.25

.26 25,72 31.23 | 31.07 27,95 | 15.47 18.04

.12 26.38 31.85 | 32.52 20.19 | 14.90 17.89

-.02 2:.77 z8.55 | 30.45 27.56 | 25.07 22.48

-.08 20.34 26.18 | 27.18 23.69 | 26.32 23.92

-.12 18.86 21.20 | 22.45 21.12 | 25.65 24.48

-.25 20.15 19.99 | 2012 2057 | 22.46 53,96

-.50 20.60 20.45 | 20.14 2001 | 20.82 20.60
-1.00 19.92 19.83 [ 19.73 19.658 | 19.56 19.64

YAPOR PHESSURE (mh)

16.00 14.03 14.09 | 12.94 9.22° ] 10.64 11.40

8.00 11.44 14.35 | 1321 1072 | 1079 11.42

4.00 19.97 14.39 | 1323 1069 | 1075 11,42

2,00 13.60 14.49 | 1334 10,79 | 10.74 11.40

1.00 13.47 1458 | 13.53 1119 | 1078 11.42

.50 13.20 14.68 | 13.57 1110 | 10.86 11.41

.25 13.20 14,75 | 13,66 1121 | 10 64 11.39

12 12.87 14.93 | 1392 149 | 1084 | 1142 .

WIND SPEED (em/sec) ——

16,00 808 A1 1 869 521 504 G41 -
8.00 802 796 #04 508 446 537

4.00 752 764 166 406 120 464

2.00 674 673 682 442 228 304

1.00 603 600 614 404 156 340

.50 522 -- 547 - 137 299

.25 444 446 475 308 101 248

__WIND DIRECTION (deg) =
1.00 [Ties | won {26 [ o [ e |
SOIL TEMPERATURE CHANGE (°C}

nitial Timo 1059 1350 1520 115U 1950 7150
Run Time (imin) 28 28 25 26 26 21

-.03 1.44 .h8 .42 1.1 .. 50 -.35

-.00 .97 .50 .20 .89 -1 -4

-.12 .32 .40 44 .20 .12 -2

-.25 -.00 ,02 .04 .08 .07 .04

-.50 -.03 -.02 -.03 .02 -.01 00
-1.00 -.01 -.03 -.02 -.02 .01 00

Precipitution (¢m) -
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Table 8,1 (Cortinued)

[ HOURLY OBSERVATIONS U'NEILL, NEBRASKA
GAS RELEASE NO. 61 062 63 a4 85 66
AUGUST (1956) 27 27 27 27 29 29
CST 1105 1405_ 2005 2235 1930 2136
IADIATION (cal/em2sec)
Insolation .0180 0110 -- - - --
Reflected .0030 00174 .- - - -
Net Radiation 0019 -.0072 |-.0011 -.0005 { -.0022 -.0018

AIR and SOIL TEMPERATURES (°C)

Helght {m)

16,00 29.80 29,77 | 28.52 2677 | 25.98 | 22.02
8.00 30.41 30,00 | 27.217 23,85 | 26.61 21.22
4,00 31,00 | 30.40 | 25.54 22,16 | 25.22 | 20.05
2,00 31.63 30.75 | 2d.07 20.90 | 24.98 | 20.19
1.00 32.20 31,15 | 21.41 10.60 | 24.76 19.88

.50 32.20 | 31.58 | 19.24 18.70 | 24.57 18.57

.25 34.10 | 3210 | 18.17 18.16 | 24.30 | 18.27

132 34.61 32.35 | 17.57 17.83 | 24.04 | 18,90
-.03 30.12 | 30.02 | 26.64 2349 | - --
-.08 2580 | 28.66 | 27.33 24.68 e --
.12 23.60 | 25.44 | 206.30 25.54 - .-
..95 23.19 23.01 | 23.71 23.98 .- -
-.50 21.49 21.39 | 21.55 21.50 iy --
~1.00 19.66 19.61 | 19.50 19.78 .. -

o VAPOR PRESSURE (mb)

16,00 11.64 | t2.41 | 15.00 | 1583 ] -- -
8.00 12.15 12.56 | 15.04 15.68 | -- --
4.00 1210 | 12.67 | 1468 | 1587 -- .-
2.00 1220 | 12.83 | 1413 | 1558 | -- --
1.00 12.20 | 12.81 | 1364 | 1516 | -- -
-90 12.28 | 13.13 [ 13.20 | 1488 | -- -

.20 12.36 13.30 | 12,75 14.69 -
12 1244 [ 1347 1 1220 AL =- az
WIND SPEED {cm/sic

18.00 280 632 267 307 768 850
8.00 926 603 185 209 626 508
4.00 .- 583 139 168 530 392
2.00 782 518 118 120 455 314
1.00 700 461 26 AG 304 250
.50 814 405 -- 28 339 217
.25 520 343 .. -- 271 117

WIND DIRECTION (deg)
1.00 [0 [ w0 [ - - ] 1se | 153 | [
» SOIL TEMPERATURE CHANGE (°C)

Thitial Timo 1050 1363 | 1850 2220 | -- .

Run Time (miln) 28 23 27 27 | -- --
-.03 1.40 .46 -.80 -.24 -- -
-.U6 .82 -.27 | ~.54 -3 -- -
-12 11 15 | -.03 -.10 - --
-.25 -.08 .03 .08 .01 -- -
- 50 -.05 .01 .04 00 .- -

L -1.00 -.03 00 .05 00 -- -

Preeipitution (em) .- - - - - o
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Table 8.1 (Continued)

HOURLY OBSERVATIONS U'NEILL, NEBRASKA
GAS RELEASE NO, 7 68 I
AUGUST (1956) 30 3u
ST 0035 2235
RADIATION (cal/cm?see)
nsolation - -—
Reflected -- -
Net Radiation -.0011 -.0000
Allt gnd SOIL TEMPERATURES {°C)
Helght (m) )
16.00 21.12 21.07
8.00 20.88 21.36
4,00 20.66 20.94
2,00 20.55 20,65
1.00 20.38 20.38
.50 20.21 20.24
.25 20,10 20.08
12 20.02 10.88
-.03 .-
-.08 -- --
-.12 - --
_‘05 - -
_50 - “o
1,00 -~ -- i
| VAPOR PRESSURE (mb)
16.00 - [ .-
8.00 --
4.00 -- --
2.00 .- --
1.00 -- --
.50 -- --
.25 -- -
12 -~ --
WIND SPEED {cm/scc)
16.00 748 558
8.00 615 427
4.00 521 331
2.09 144 2069
1,00 385 219
.50 336 148
.25 o 274 149

— . WIND RIRECTION (deg)
1.00 [res | 1w | 1 | [ | I

501, TEMPERATURE CHANGE (°C _ e
Initial Time - . ’ A D
Run Time (min) “e .- ]

-.03 . .-
-.00 . .-
-.12 - -
-.25 - .
-.60 - .

~-1.00

Proecipitation (¢m) -- .-
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Table 8.2

HOURLY OBSERVATIONS July 10, 1456 O'NEILL, NEBRASKA
| CST _l 130'._5__1 1405 l 1505_| 1608 [ 1705 l 1605 | [
L RADIATION (cal/cm?soc)

Ingolaiton 09250212 | .0187 | .0150 | 0115 | .0068

Refiected 0040 | .ouag | .ouze | .o027 | .0023 | .0015

Net Radtation L0138 | L0128 | .0tus | 0085 | w057 | 0025

AIlt qnd SOIL TEMPERATURES (°C)

Height {m)

16.00 28.5% 28.11 29.22 20.85 20.80 29.89
8.00 20,09 20,04 29.57 30.18 30,15 30.12
4.00 29.21 24,46 25.75 30,01 30,57 30.34
2.00 29.64 30.27 30.34 30.73 31.10 30.52
1.00 30.50 31.21 31,10 31.61 31,47 30.79

.50 32.01 31,09 ] 32.09 32.30 32.01 | 31.08
.25 32.93 33.10 ) 33.39 | 35.22 32.58 | 31.18
12 33.92 34.33 | R4.27 | 34.16 33.08 | 31.38
..03 33.68 34.89 | 35.41 | 35,22 3314 | 31.718
-.06 20.89 30.53 31.58 32.08 L 30.82
- 12 23.25 24.23 25.34 | 26.1¢ 26,717 | 2n.1e
.25 21.01 2§11 21.27 21.95 21.84 22,17
-.50 20.07 20.03 19.97 20.00 19.99 19.87
-1.00 18.23 18.22 18.19 18.22 18.22 18.33

VAPOR PHESSURE (mh)

16,00 11,90 12,06 12.12 13.28 13.16 15.41
4.00 13.06 12.97 13.07 13.81 13.87 13.58
4.00 13.03 13 02 13.10 13.87 13.72 13.63
2.00 13.12 18.05 13.16 | 13.92 13.75 13.60
1.00 13.32 13.18 13.42 14.15 13.85 13.78

.50 13.711 13.50 13.63 14.52 13.08 13.88

.25 14.26 13.85 13.94 14.65 14,16 13.93

12 14.81 14.15 14,31 15,12 14,32 14.62
WIND SPEED {cm/sec

16.00 362 560 470 506 611 821
8.00 Ji4 508 433 461 540 710
4.00 324 481 408 427 408 0647
2.060 208 444 379 380 452 572
1.02 21 402 350 353 106 503

.60 246 362 309 RI12:] 350 432
.25 203 205 257 253 288 3o2

mpwmcwom@ﬁ)_ .
Lo [ = J @) — | - i l

SOIL TEMPERATURE CHANGE (°Cj)

“Initial Time 1253 .- 1452 1550 1757 --

Run "Chme (miln) 20 -- 29 20 21 --

-.038 .85 “- .02 =37 -- --
-.00 1 .85 .= .40 .06 --

-.12 .59 - .39 45 n -

-, 25 .02 “- .08 12 - -

-. 50 - 05 “- -.04 -.01 -n --

-1,00 U . -0t L0 -

Precipilaton (e¢m) - - - - . -
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Tabie 8.2 (Coutinued)
\ . HOURLY OBSERVATIONS July 10, 1866 O'NEILL, NIDRASKA
) I e R N
: CsT I 1905 I 2005 ] 2105 J U5 e ] ()I()ﬁ‘l 0205+ l l
)
RADIATION (eal/em2sar)
Insolation L0002 -- - - - - -
Reflected 004 - - - -- —
Net Itadiation ,--0004 | -.0017 buum LG4 | -0018  [-.0013
AL and SOIL TEMPERATURES (°C)
Height (m)
16.00 29,16 26,00 | 25.72 -- -
4.00 20 12 263G | 25.06 1 23,29 20,99 | 2192
4.00 20,07 26.0¢ | 24.47 | 23.03 20,61 | 21.50
2.00 20.03 26.50 | 24.13 | 22.46 21,88 | 2124
1.00 28,99 25.26 | 23.81 | 22.63 21,12 | 21,04
.50 28.96 25.02 | 23.45 | 22.47 20.96 | 20.86
.95 28.91 24.78 | 23.20 | 22.20 20.74 | 20.04
12 28.89 24.68 | 25.63 | 22.12 20.58 | 20.38
-.03 30.34 28,48 | 2680 | 24.10 23.47 | 22.91
-.06 29.94 28,78 | 27.60 1 24,09 24.40 | 23.91
. .12 27.20 27.00 | 26.84 | 25.64 26.16 | 24.86
.25 22.42 2272 | 23.00 | 23.30 23.33 | 23.34
-.50 19.99 20.01 010 20,20 21,26 | 20.34
. -1.00 18,20 18.25 | 18.92 | 14.39 18.34 | 18.35
{ e e o — YAPOR PRESSURE (mb)
16,00 1408 146371 14.06 ST T T6.07
‘ 8.00 14.24 f4.80 | 1420 11570 16.06 | 15.04
4.00 14,35 .84 | 1424 | 15,73 1600 | 16.07
; 2.00 14.43 14,093 L 1428 | 15696 16.02 | 16.09
100 14.54 14.98 § 431 | 1578 16,01 | 16.09
.50 14.58 1502 [ 1436 | 15.78 16.03 | 16.11
.25 14.63 15.02 | 14.43 |15 80 15,948 1 16,11
19 IER] 1502 4 1454 [ 15,60 16.00 | 16.13
FR S S - . IR PR B, —1
R e WIND SPEED (emsec)y
16.00 724 L2217 G Hul 1368 632
800 639 418 501 640 1061 401
4.00 560 380 397 H54 900 418
! : 2.00 497 307 322 484 5 252
i : 1.00 432 260 219 415 661 305
. L5 373 202 230 j62 576 262
' 5 299 161 173 204 457 201

WIND DUECTION (dog)

o Y R N QU

SOIL PEMBERATURN CHANGE ('C)

Inittal ‘Fime 1850 1950 2050 2353 (058 0155

| Itun Time (indn) 28 28 28 28 26 22
=08 - H4 ~ K7 - 68 -.27 -.20 20

-, 06 .61 -.02 -3 -.30 - b .20

-.12 -u2 -9 17 - 19 -.08 11

- 25 .15 14 v 06 0 +.06 .0t

=00 02 Al 0 -.02 +.0Q ¢

=140 L0t 05 0 -.04 0 02

Procipitidion {cin) . - . - - -

*July 11, 1958




Table 8.2 (Continued)

HOURLY OBSERVATIONS

July 11, 1958

O'NEILL, NEBRASKA

csT ) [ 0305 l 0405 l 0505 [ 0605 Lmos l 0805 1 T
RADIATION (cal/em2sec)
Insolation = -- L0001 L0020 .0058 0078
Reflected .- - -~ |.0003 L0014 | .0013
Net Radiation -.0010 | -.0009 ]-.0012 |.0000 .0028 | .0042
AlR and SOIL, TEMPERATURES (°C)
Helght {m)
16.00 -~ - -- -~ -~ -
8.00 21.86 21.88 | 22.33 | 22.817 23.48 | 24.02
4.00 21.61 21,60 | 22.20 | 22.43 23.69 | 24.23
2.00 21.30 21,58 | 22.12 | 22.80 20.87 | 24.35
1.00 21,16 21,42 | 22,04 | 22.17 24.03 | 24.51
.50 20,97 21,30 | 2187 | 22.74 24,23 | 24.68
.25 20.78 21.18 | 21.68 | 22.67 24.38 | 24.81
12 20,61 21.03 | 21.54 | 22.64 24.50 | 24.88
-.03 22.44 22.18 | 22.07 | 21.96 | 22.35 | 23.19
..08 23,34 23.02 | 22.74 | 22.5% 22.52 | 22.84
.12 24,48 24.13 | 23.80 | 23.56 23.30 | 23.07
..25 23.28 23.10 | 23,08 | 22.09 22.87 | 22.70
-.50 20.40 20,38 | 2040 | 20.44 20.44 | 20.40
-1.00 18.36 18.34 | 18.32 | 18.33 18.31 | 18.28
VAPOR PRESSURE (mh)
16.00 033 [ 1673 [ 1706 [ i7.10 19,00 T 1832
8.00 16.30 16.68 | 17.10 | 17.21 17.92 | 18.38
4.00 16.35 16.711 | 17.15 | 17.29 18.09 | 18.58
2.00 16.36 1676 | 17.19 | 17.30 18.19 | is.82
1,00 16.39 16.75 | 11.21 | 17.30 18.19 | 15.94
.50 16.43 16.80 | ir1.2a | 1T.47 18.15 | 18.68
25 16.46 16.82 | 17.24 | 11.54 148.22 | 19.32
12 16.40 16.82 | 17.24 | 17.54 18.15 | 19.42
" s , W!NQS"E,&D_((‘"}(AQ('L, - .
10.00 ;5% R T L Y & ki T 14 1060
8.00 506 550 707 680 793 936
4.00 429 491 698 607 704 833
2.00 385 437 558 543 636 744
1.00 214 383 488 474 5504 649
50 272 327 424 411 484 570
25 204 267 348 340 102 468
—_— - _— v d b )
6 e ,,“ENQ,QYB.EQ'P'QN,(GLY‘. .
| [ | R i S R [
o _SOH. TEMPERATURE CHANGE (°C) o
nihal Time 03588 0351 04527 71 11550 0 0750
Run ‘T'hae (rain) 23 25 4 26 26 26
-.03 15 -.03 .08 -11 .29 -.20
-.00 .07 .14 O +.03 -.04 - 15
.12 .12 .18 a0 | oo 1 n 11
-.25 02 U6 .04 .04 .08 .09
.50 .02 -.01 -.01 -.02 .02 .03
-1.00 ..02 .01 0 -.02 .01 0

Precipitidion (em) -
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‘Table 8.2 (Continucd)

HOURLY OBSERVATIONS July 11, 1956 O'NEILL, NEBRASKA

csT l oousl 1105 musAJv_;gg_L 1505! 1605 T ]

RADIATION (cal/em@see)

- " Insolation DI35 ] 0200 | 0190 | .020% | 0135 | .0135
Reflected .0026 .0038 | .0037 | .003p .0028 | .0032
i Net Radiation .0082 ,0128 L0125 L0123 .0080 ,0075

_ AIR and SOIL TEMPERATURES (°C)

Height (m)

16.00 - 27,13 20.54 | 31.%0 32.47 | 32.83
8.00 25.06 27.271 30.00 | 31.67 32.83 | 33.38
4.00 25.38 27.93| 30.46 | 32.13 33.32 | 33.81
2,00 25.87 20.11] 31.39 | 32.85 34.11 | 34.33
1,00 26.09 20.84| 32.22 | 33.26 34.80 | 35.23
.50 26.77 30.46 32.98 33.97 35.15 36.19
. .25 27.36 31,64 33.82 ! 35.26 36.98 | 37.17
. ' 12 27.89 32.07| 34.71 | 36.49 38.02 | 37.76
= -.03 24.42 20.20 34.30 35.52 36.46 36.00
E -.08 23.37 26.U6| 20.84 | 31.12 32.34 | 32.72
.12 23.04 23401 24.68 ) 25.53 26,28 { 27.10
‘ -.25 22,58 22,341 22,34 | 22.3¢ 22.50 | 22.58
] .50 20.41 20.37( 20.40 | 2v.34 20.38 | 20.26
H -1.00 18 27 1g.21| 18.25 | 18.21 | 18.20 [ 18.18

VAPOR PRESSURE (mb)

| 16,06 [TI8.10 [ 23721 [ 23,14 | 22.62 24.01 | 23.55
. 8.00 19.17 23.48 | 23.62 | 22.94 24.31 | 23.60
. 4.00 19,20 23 57 23.40 [ 23 11 24.45 23.74
i 2.00 19.26 2378 | 2340 | 23.22 24.75 | 23.80
1.00 10.34 23,98 | 23.54 | 23.24 24,04 | 24.10
f .50 19.51 24.31 | 23,73 | 23.67 24,00 | 24,15
25 20.05 24.61 1 24.06 | 23.85 24.01 | 24.55
‘ .12 20.21 25.07 | 24.58 | 24.26 24.88 | 24.75
}
|  WIND SPEED (em/see)
THs00 T T T T I068TTT s 670 w4 466 630
.00 023 84 626 - 463 628
4.00 837 634 575 43 435 506
2 00 761 582 530 490 403 515
b 1.00 063 519 4111 439 360 484
| 50 585 460 416 300 320 429
Lo 2% 527 380 350 321 261 361

WIND DIRKECTION (de

=T 1 - =TI

|
I
) o e e ———— ———————
e . SOIL TEMPERATURE CHANGE (°C). e
T hital "time 0850 1050 1250 1350 1453 1550
tun Trme (min) 20 26 26 27 25 27
.. 03 +.87 .12 +.67 +.52 +,20 -.23
| . U0 +.37 WAB | w88 | w57 | 488 [ el
’ w12 1] + 17 +.31 +.34 +.28 +.25
.29 -.05 -03 0 +.01 +.03 +.07
' v 50 0 (] .04 -.02 -.01 .03
1.0 u -02 | -04 |-02 | -01 | -01

Precipitation (cm) -- -- - - -- --

P . ——— i nnn g e e -tk e e et e S e A 3 2 mwe e aais . e [
v

[R{IE




‘Table 8.2 (Coutinued)

HOURLY OBSERVATIONS July 23, 1956 O'NEILL, NEBRASKA
CST B l 0905ﬁ_l 1105 l 1205, 11305 J 1405 lmos [ J .
i __RADIATION (cal/cm@sec)
Insolation 0148 .0205 [L028 (0207 0201 {.0148
Reflected - - -- - - -
Net Radiation L0080 0118 {.ui3u  |.C130 0117|0078
. Allt and SQIL, TEMPERATURES ('C)_
Hedght (m) R
16.00 22.67 206.10 | 27.43 |28.56 30.54 | 30.92
B.00 23.18 20.63 | 27.89 | 28.43 30.01 | 31.22
4.00 23.65 26,89 | 20.30 |20.52 3176 | 31.61
2.00 24.18 27.81 | 26011 3045 32.47 | 32.03
1.00 25.04 28.73 | 2088 | 30.96 32.85 | 32.80
.50 26.41 20.50 | 31.u2 |31.85 34.62 | 34.08
.25 26.80 30.62 | 32.17 ]33.05 34.90 | 34.62
.12 27.44 31.97 | 33.068 |34.21 35.80 | 35.22
-.0% 23.44 30.35 | 3322 |35.40 47.20 | 36.63
-, 06 21.6Y 25.88 28.20 30029 3272 33.05
- 02 21.47 22,10 | 22,81 | 23.74 2072 1 20 48
-85 21.03 2164 | 2057 |21 6o 201,68 | 21.08
-. 50 20 65 20.60 20.54 274 20086 20.317
-1.00 19 01 18.92 | 18.u2 |18 85 18.74 | 18 56 B ]
e VAPOR PRESSURE (mb) ]
16.00 18.31 .- 1377 .- 15,00 -
8 00 18.41 - - 13 91 -
4.00 18.50 17 51 - .- 13,83 -
2.00 18.54 YRy . - 19.84 --
1.00 18.61 17.77 | 141 .- 1342 --
Lo 14 80) 14.04 I4.68 -~ 1309 -
.26 18.86 18.34 .- - 14 07 - i
12 19.09 | 168y | 1550 | -- RIS |
__ e iy WINDSPRED femoseq) e
oo [ o6 410 T Y A T T 521 T
£.00 409 3 424 483 511 485
4,00 464 354 397 452 472 455
2.00 425 34z 473 428 457 123 !
1.00 379 305 344 a7 410 362 I
50 438 275 303 343 369 436
25 261 234 255 289 409 201 J
1.00 gh U 1 |
SOIL_TEMPERATURE CHANGE (C)
oot Tune 0850 1057 1154 1254 I 13h4 1555
Run ‘Thse (mln) 21 25 27 20 25 a0
-0 i.au 138 .89 63 | - | -3
-.06 74 1.03 .14 2 36 16
-.12 07 .22 .30 49 .21 .16
.45 -.05 -.09 .04 13 A7 .25
-.50 ] -.08 -.04 .08 .02 12
! -1.00 .01 -.ul -.03 0 | -2 -0t
Precipmtation (cim) - “- - - .- .-
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Table 8.2 (Continuecd)

HOURLY OBSERVATIONS

July 23, 1050

O'NEILL, NEBRASKA

Towe | T

l‘x ceipitatioa (em)
* July 24,

CsT I 1705 [ 1805 l mm ] 2wr7 2305
HADIATION (cal/cm2sec)
Insolation 0099 0060 | L0018 -- - -
Reflected - -- - -- - -
Net Radiation L0042 0017 |-.6007 |-.0011 | -.0014 |-.0014 ]
- AIR and SOIL TEMPERATURES (°C)
Height (m)
16.00 31,21 31.05 | 20.96 | 26.83 23.68 | 24.82
8.00 31.48 31.27] 30.04 | 2649 23.13 | 24.26
4.00 31.03 31,52 30,04 | 2618 22.69 23.03
2.00 32.37 3177 su.ul | 26.01 22.44 | 23.55
1.00 32,66 31,99 | 3u.02 | 25.70 22,07 | 23.15
‘50 33.16 32.26 | 30.01 | 256.58 21,74 | 22.59
.25 33.61 32.50 | 30.01 | 25.40 21.51 | 22.27
12 34.06 32.65 | 30.03 | 25.22 21.33 | 21,09
-.03 34.40 33.20 | 3131 | 27.08 25.27 | 24.66
-.06 32,71 31.84 | 3068 | 28.31 2620 | 25,60
-.12 26.08 27.30 | 27.28 | 26.95 26,16 | 26.07
-.25 22.19 22.52 | 2274 | 2397 23.44 | 23.75
-.50 20.31 20,88 | 20.32 | 20.32 20.38 | 20.65
-1.00 _18.58 1454 | 18.54 | 18.54 18.65 | 18.93
VAPOR PRESSURE (mb
BRI I T -- 15 .SH LT‘.'».—TT“" 15,64
8.00 -- -- -- 15.38 15.17 | 16.48
4.00 - - “- 16.26 15.17 | 16.50
2.00 - - -- 15.74 15,12 16.43
1.00 -- - - 15.481 15.00 | 16.34
.50 -- - -- 15.53 15.13 | 16.30
25 -- - -- 15.71 15.16 | 16.1!
12 - -- .- 15.54 15.15 | 16.11
e WIND SP*EED (rm ‘gec e
“16.00 637 8 731 332 575 43
8.00 600 706 635 410 474 398
4.00 537 667 568 341 385 | 341
2.00 487 -- - 278 330 268
1.00 442 505 437 233 219 241
50 390 442 377 1176 241 207
25 326 | 368 310 160 174 1458 [
o _ WIND DIRECTION (de o
1700 | 190 l 180 ] 170 Lwo T 200 '[ 250 [ [
o o son, TEMPE HATURE CHANGR (Q) o
~Initial Tine ] 1057 1753 | 1850 [ 2050 2252 | 2352 ] ,
ftun Time (min) 13 27 27 13 25
-.03 . aa | -2 ] -.76 .68 -.40 -.33
-.06 l - 15 | -.38 | -.48 | -.58 -43 | -.31
-.12 .92 o ) -.28 -, 24 - 17
-.25 o AU 12 .08 .07 v
-.50 -.15 -.01 0 0 .07 .01
e -1z ..ol ol o | o] -0 ———
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Table 8.2 (Continued)

HOURLY OBSERVATIONS July 24, 1956 O'NEILL, NEBRASKA
| CsT l 0105 W 0205 [ 0305 13@5 ] 0505 10605 [ ]
RADIATION (cal/em2sec)
Insolatlon P - “- - 0001 0013
Refleeted -- -- -- - 0000} .0003
Net Radlation - 0014 | -0017 |-.v018 }oo17  |-.0018  }.0008

AIR and SOIL TEMPERATURES {"C)

Height (in)

16.00 24.34 22.65 | 20.66 | 19.83 19.84 | 18.74
8.00 24.17 22.18 | 20.62 | 10.47 19.52 | 18.70
4.00 23.98 21.93 | 20.35 | 19.2 19.41 | 18.68
2.00 29,88 21,73 | 20.18 | 19,08 19.25 | 18.60
1.00 23.65 204 | 1996 | 15.95 19.13 | 18.50
.50 23.30 21,23 | 19.62 | 18.66 18.95 | 18.43
.25 23.05 20.91 | 19.32 | 18.48 18.60 | 18.34
12 22.80 20.64 | 19.02 | 18.33 18,62 | 18.26
.09 24.23 2371 | 22.02 | 22.37 21,91 | 21.60
..06 25.04 24.58 | 24.02 | 23.50 23.00 | 22.64
-12 25.85 25.28 | 24.8¢ | 24.66 24.32 | 23.99
.25 23.76 23.15 | 23.70 | 23.70 23.82 | 23.52
-.50 20.70 20.74 | 20.80 | 20.84 20.88 | 20.91
-1.00 18.93 18.92 | 18.93 | 18.94 18.94 | 18.95
VAPOR PRESSURE (mb)
16.00 1843 TTHT [ 1707 [ 1833 83711799
8.00 18.47 1774 | 17.98 | 18.05 18.35 | 18.05
4.00 18.44 17.70 | 11.97 | 18.08 18.42 | 18.03
2.00 18.41 17.61 | 17.98 | 18.17 18.45 | 18.05
1.00 18.36G 11.57 | 18.01 | 18.19 18.51 | 18.07
50 18.36 17.57 | 18,07 |18.2¢ 14,56 | 148.12
25 18.31 vrag | 1809 | 18.23 18.61 | 18.13
12 18,31 1743 | 1814 | 1895 18.711 | 1811
B WIND SPEED (cm/sec ,_
16,00 660 605 590 { 637 642 584
8.00 559 412 418 ) 495 542 539
4.00 167 415 371 435 463 505
2.00 375 358 319 318 411 420
1.00 a2 307 275 328 378 380
.50 204 267 229 287 330 336
.25 246 " 222 197 244 281 289 |
) __WIND DIRECTION {dey)
1,00 [ 320 [‘320 ] 320 ]320 ‘1 430 [ 320 i J
. SOIL TEMPERATURE CHANGE ('C)
Tnitial TTme 0051 U157 [o2sl T Teasy 0450 | 0051
Run Time (min) 25 19 | 20 l 21 27 25
-.03 -.12 .26 | -.31 .20 12 -1t
-G8 -7 .21 | -.18 -.19 -2 -.15
-.12 -.15 - 13 .11 - 11 - 10 -.14
.25 -.01 0 -.01 .03 0 -.08
-.50 .02 .03 .03 U6 -.02
«1.00 0 .01 0 0 L .03 -.02

Precipitation {(em) .- - - - - -
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Table 8.2 (Continued)

HOURLY ORSERVATIONS July 24, 19586 O'NEILL, NEBRASKA
CST ] 0705 L 0805 I 0805 l 1005 1 1105 J 1205 l [
RADIATION (cal/cm?sec)

Insolation 0048 0095 | .0143 " ].0182 0212 ] 0238

Reflected .0012 .00z2 | .0030 | .D035 .0039 | .0041

Net Radiation .0015 .0051 | .0084 | .0115 0133 ] 0144

AIR and SOIL TEMPERATURES (°C)

Height (m)

16.00 19.75 21.48 | 22.78 | 24.58 26.64 | 26.77
8.00 20,95 21.87 | 23.09 | 24.80 26.05 | 27.03
4.00 20.05 22.13 | 23.56 | 25.26 26.60 | 27.87
2.00 20,20 22.48 | 24.02 | 26.04 27.23 | 28.608
1.00 20,35 22,73 | 24.66 | 20,91 28.16 | 29.74
.50 20.42 23.20 | 25.08 | 27.68 20.11 { 30.38
.25 20.59 23.66 | 25.77 | 28.44 20.80 | 31.31
12 20,67 23.98 | 26.30 | 28.83 3v.52 | 32.02
«.02 LL70 22.75 | pdAqe | 27.44 30.20 | 32.05
..08 22,38 22,66 | 23.47 | 24.84 26.57 | 28.38
14 23.68 23.43 | 23.30 | 23.38 23.14 | 24.30
.95 23.37 23.20 | 23.16 | 23.04 22,00 | 22.85
-.50 20.90 2097 2098 | 21.00 21.00 | 20.08

-1.00 18.94 19.06 | 18.55 | 18.84 18.87 | 18.85

VAPOR PRESSURE (inb) :

16,00 Y758 Te 2 1791 | 1603 1596 T 12744
8.00 18,05 18.36 | 18.00 | 17.10 15.96 | 12.74
4.00 18.00 18.34 ] 18.04 | 1715 16.12 | 12.74
2.00 18.03 18.37 | 18.01 | 17.14 16.08 | 12.¢8
1.00 18.09 18.43 | 1o.07 | 17.25 16.19 | 12.70
.50 18.13 18.48 | 1819 | 17.39 16.23 | 12.11
.25 18,12 1448 | 18.21 [ 17.48 16.20 | 12.83
12 18.21 18.57 | 18.30 | 17.68 16.17 | 12.88

WIND 8PEED {em/scc

16.00 843 BOh 1] ) 74 918
8.00 763 828 856 904 889 863
4.00 108 719 723 756 745 765
2.00 609 608 614 062 658 879
1.00 552 532 540 585 585 613
50 501 475 492 537 538 560
.05 42¢ 41z 416 455 455 502

WIND DIRECTION (deg)
T.00 340 [ 340 [ 340 [ 340 740 730 ]
SOIL TEMPERATURE CHANGE (*C)

izl Time 0651 W50 [ 0851 ( Lual 1050 1150

Run Tune (mln) 25 21 46 I 25 29 30
-.03 .20 Rl 67 1.05 .21 .88

-.00 -.03 .20 46 .61 75 14

-.12 - 14 -.06 .03 .09 .21 .20

-.25 -.06 -.02 -.04 -, 05 -.05 -.04

-.50 -.01 1,08 02 ] 0 -.01

-1.00 -.01 01 0 .02 -.02 -.02

Precipttation {em)

A s b A s
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Table 8.2 (Continued)

HOURLY OBSERVATIONS July 24, 1950 O'NEILL, NEBRASKA
|_CST | 1305 | 1405 l 1505 | 1605 I 1805 1905 l [
1
! RADIATION (cal/emZsec)
Insolation .0222 .0208 | .0183 | .0150 0083 [ .0019
Reflected .0041 .0039 | .0034 | .0030 L0017
i Net Radiatlon .0142 L0127 | L0109 | .0u80 .0014 |-.00%1
AIR and SOIL TEMPERATURES (°C)
Height (m)
16.00 27.71 28.60 | 28.82 [ 29.04 29,00 | 28.45
8.00 28.11 28.83 | 20.39 | 29.63 20,10 | 28.5t
4.50 28.75 2050 3007 | 3012 2054 | 28,54
2.00 20.93 30.08| 3074 | 30.83 29.82 | 28.56
1.00 30.35 3111 | 31.44 | 31.24 30.0R | 28,50
50 31.32 32.05 | 32,17 | 31.84 30.36 | 28.60
.25 32,54 32.04 | 33.08 | 32.42 3072 | 28.65
12 33.36 33.77| 33.98 | 33.26 31.17 | 28.63
-.03 34.60 36.12( 36.74 | 36.43 33.54 | 31.58
..08 30.03 31.45 | a2.52 | 22.95 32.03 | 30.90
, 12 24.98 28000 | 20.41 | 21001 28.04 | 2808
-.25 22.84 22941 23.03 | 23.20 23.45 | 25.69
-.50 20.98 21.03 | 2101 | 2099 20.87 | 20.85
, .1.00 18.82 18.84 | 18.80 | 18.75 18.87 | 16.87
. VAPOR PRESSURE (mb)
| 16.00 117 1066 |~ 11.29 | 16.51 16.48 | 12.28
. 8.00 11.82 11.65 | 11,80 | 16.88 16.61 | 12.38
} 4.00 11.84 11.68 | 12.00 | 16.88 i6.5i | 12.38
. 2.00 11,66 165 | 11.76 | 16.84 16.45 | 12.a8
! 1.00 11,78 1168 | 11.72 | 16.76 10.44 | 12.35
50 11.90 12,19 | 11,93 | 18.81 16,46 | 12.28
25 12.24 1276 | 1193 | 16.92 16.57 | 12.38
12 12.93 12.84 | 12.21 | 17.14 18.57 | 12.38
] WIND SPEED (cm/sec) .
""16.00 856 790 825 657 447 503
8.00 793 707 745 588 433 427
4.00 736 688 704 566 426 398
2.00 857 6!l 018 501 376 330
1.00 595 540 554 444 Kk Y/ 201
.50 540 485 507 401 206 259
.25 411 420 434 353 204 224
. _WIND DIRECTION (s!srgi),
1.00 | 340 I 340 [ - ] - - - [
- SOIL TEMPERATURE CHANGE (CC)
[~ Tni(ial Time 1250 1350 1450 1554 1752 1850
Run Time (min) 21 21 26 27 25 26
-.n3 .84 A5 01 -.43 -.83 .03
-.08 14 .46 .30 .08 -.33 -.62
-.12 .32 .30 .30 .28 .05 -.02
-.50 .01 .02 .03 .09 10 +.08
-1.00 -.01 ] -.02 0 01 0

Precipitation (cm)
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Table 8.2 {Continued)

HOURLY OBSERVATIONS July 24, 1956 O'NEILL, NEBRASKA
CST l 2005 ] 2105 l 2205 I 2305 J 0005’] 0105¢ L !
RADIATION (cal/cm2sec)
Inscolation 0002 -- - -- ~= --
Reflected - - == bl - -
Net Radiation -.0015 | -.0012 [-.0011 |.0010 |-,0011 |-,0000
AIR and SOIL TEMPERATURES (°C)
ilse.’(;:gt (m) 27.19 26,40 | 25.42 | 23.66 22.44 | 21.26
8.00 26.47 24.30 | 23.13 | 22.37 21,28 | 19.58
4.00 25.28 22,98 | 21.83 | 20.73 18.43 | 17.15
2.00 23.83 21,71 | 19.63 { 19.17 17.62 | 15.94
1,00 22.04 20.23 | 17.27 | t6.31 18.54 | 14,54
.60 21.68 18.52 | 18.0t | 14.68 15.76 | 13.06
.25 21.02 1740 | 15.42 | 13.73 15.26 | 12.13
12 20.26 16.30 | 14.81 | 13,02 14,77 | 11.56
-.03 20.13 26.72 | 25.05 | 23.70 22,64 | 21.70
-.08 20,62 28.04 | 26.68 | 25.49 24.48 | 23.62
-12 27.94 27,83 1 27.21 | 26.09 26.14 --
.08 23.95 24.10 | 24.33 | 24.42 24.44 | 24.46
-.50 20,95 21.05 | 21.08 | 21.10 2116 | 21.24
-1.00 18.91 18.95 | 10.00 | 19.04 15.08 | 19.16
VAPOR PRESSURE (mb)
16,00 12.38 12.93 | 12.40 | 13.18 13.74 | 13.16
8.00 12.28 12.64 | 12,46 | 13.18 13.58 { 12.80
4.00 12.26 12,42 | 12.46 | 13.290 13.55 | 12,76
2.00 12.22 12,28 | 12.38 | 13.25 13.56 | 12.71
1.00 12.20 12.19 12.22 | 13,10 13.52 | 12.67
.50 12.33 12.08 | 11,90 | 13.08 13.34 | 12.88
.25 12.22 11,08 | 11,96 | 13.08 13.15 | 12.64
L 12.18 11,07 | 1194 | 183 | 1298 | 1298 i
WIND SPEED (cm/see
T18.00 417 442 448 478 512 521
8.00 3i7 270 anT 395 414 378
4.00 250 172 301 201 K[I}) 230
2.00 148 115 216 217 202 178
1.00 85 (il 130 126 137 118
.50 36 21 1t 60 92 48
.25 28 18 27 16 45 16
WIND DIRECTION (deg)
1.00 l - J .- [ - I -n .- l 180 l [
SOIL TEMPERATURE CHANGE ("C) e e
Tnltlal Time 1951 2052 [ 2150 [ 2250 2353 | 0053 ’ I
Hun Time (min) 26 LI 27 27 25 kH
-.03 1,19 -.83 .66 -.57 -.34 -.49
-.00 -3 -.64 -.57 -,50 -.39 -.47
-12 -.19 -.18 -.20 -.28 -.22 --
-.25 A7 .04 05 -.01 -.01 - 11
-.50 A1 -.01 .03 0 0 -,08
-1.00 0 .01 02 -.01 .02 .02

Precipitution (cm) --
* July 25, 1958
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Table 8.2 (Continued)

HOURLY OBSERVATIONS July 26, 1056 O'NEILL, NEBRASKA
CST Lozos I ososl 0405 Losos 1 oeos] 0705 [ L
RADIATION (eal/cmsec)

Insolation e - =~ [ .0000 00T T L0057

Reflected - -- -~ | .0000 .0006 | .0016

Net Radiation -.0008 | -.c008 |-.0012 |-.0011 | -.0004 | .0022

AIR and SOIL TEMPERATURES (°C)

Height (m)

18.00 20.05 18.35 | 18,15 | 17.65 17.14 | 19.22
8.00 18.51 15.34 | 16.34 | 15.56 16.67 | 19,40
4.00 15.78 14.13 | 15,07 | 14.04 16.62 | 19.586
2.00 14,60 13.73 | 14.47 | 13.25 16.41 | 19.175
1.00 13.61 15.38 | 14.00 | 12.86 16.36 | 20.08
50 12.56 11.61] 13.06 | 12.45 16.27 | 20.338
.25 1.1 1073 | 13.34 | 12.13 16.24 | 20.69
12 11.04 9.86 | 18.01 | 11.80 18,19 | 20.87
-.03 21,24 19.04 | 19.47 | 19.21 18.00 | 19.82
-.00 22,78 25041 21,40 | 20.90 20.31 | 20.64
.12 25.06 24.56 1 24,07 | 22.60 23.14 | 22.82
.95 24.30 24.18 | 24.06 | 23.90 23.69 | 23.57
.50 21.24 21,26 | 21.30 | 21.28 21,32 | 21.34

-1.00 10.15 19.16 | 10.18 | 10.16 19.08 | 19.09

VAFOR PRESSURE (mb)

10.00 13.27 1313 - - = 14.65
8.00 12.33 12.01 .- .- -- 14.87
4.00 12.23 11.65 -- -- 14.79
2.00 12.20 11.82 - - -- 14.86
1.00 12.28 11.76 - .- - 14.87
.50 12.30 11.83 - - - 14.92
.25 12.36 11.89 - . 14.08
12 12.63 12.27 - -- -- 15.05

WIND SPEED {cm/sec

16.00 521 458 500 538 648 531
8.00 398 217 442 414 514 512
4.00 2290 118 301 267 426 488
2.00 153 7% 230 101 e 429
1.00 95 55 174 137 322 390
.50 32 45 140 97 278 335
45 16 18 04 55 220 21

WIND IMRECTION (deg) _4

100 [L g0 | e { 1e0 T 100 IS l_ 190 [

SOIL, TEMPERATURE CHANGE (°C)

Inftial Time 0152 0252 | 0352 0453 0550 | 0650

Itun Time (rain) 32 24 24 24 26 26
-3 -.51 - 20 -.06 -.i4 Wi +.56
-.06 -.43 -.52 - 12 17 -.58 .12
-.12 -.30 -2 -.22 -.14 -.18 -.18
-.25 -,05 -.07 -.05 ..01 -.08 | -.10
-.50 .01 -,01 .03 0 .03 -.01

-1.00 R I I .03 01 10 | -m

Precipiiation (cm) -

76
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Table 8,2 (Continued)

HOURLY OBSERVATIONS July 25, 1956 O'NEJLL, NEBRASKA
CST [ 0805 f 0905 l 1005 J 1205 Jm [ 1605 [ l
RADIATION (cal/em2sec)
insolation ,0085 ,0056 | (.0126) | .0230 .0202 | .0180
Reflected .0020 .0012 | .0028 | .0044 .0038 | .0033
Net Radiation .0042 .0023 | .0009 | .0142 .0128 | ,0108
AIR and SOIL TEMPERATURES (°C)
Haight {m)
16.00 21.85 23.96 | 25.37 | 28.91 31.40 | 32.83
8.00 22.27 24.25 | 25.82 | 20.72 32,15 | 33.35
4.00 22.68 24.30 | 26.27 | 30.44 32.87 | 34.01
2.00 22.98 24.64 | 26.00 | 31.13 33,63 | 34.70
1.00 23.17 24.83 | 27.43 | 31,75 34,40 | 35.31
.50 23.64 24.95 | 27.98 | 32.80 35.18 | 35.80
.25 24.08 25.17( 28.55 | 34.06 36.07 | 36.55
.12 24,27 25.35 | 28.81 | 34,96 36.82 | 31.35
-,03 21,41 23.58 | 25.58 | 31.46 35.05 | 35.69
.08 21,19 22.30 | 23.38 | 26.50 30.22 | 31.22
-.12 22,52 22.44 | 22.57 | 23.24 24.88 | 25,58
-.25 23.31 23.08 | 22.91 | 22.62 22.56 | 22.60
-.50 21.31 21.27 ] 21,85 | 21,15 21.11 | 21.02
-1.00 19.05 10.01 | 10,02 | 18.97 18.92 | 18.88
| VAPOR PRESSURE (mb) .
16.00 14.69 15.00 | 15.20 [ 13.22 13.75 | 13.98
8.00 14.79 15.23 { 15.37 [ 13.68 13.95 | 13.44
4.00 14.83 15.24 | 15.38 | 13.76 13.00 | 13.48
2.00 14.89 15.32 | 15.42 | 13.97 14.05 | 13.54
1.0 14.89 165,38 | 15.48 | 14.04 14,11 | 13.58
L5 14.96 15.46 | 15.51 | 14.30 14.17 | 12.64
.25 15.00 15.47 | 15.00 | 14.38 14.21 | 13.61
12 15.09 15.50 | 15.73 | 14.57 14.30 | 13.90
WIND S8PEED (cm/sec
16.00 788 BiD 7768 | 1053 1269 | 1145
8.00 1117 753 - 1009 1217 | 1103
4,00 852 664 a62 B78 1073 po4
2,00 547 624 816 841 975 Q1
1.00 522 550 545 732 8604 186
.50 400 474 -- 048 740 488
.25 375 388 393 534 014 563
. WIND DIRECTION (deg)
1.00 | Teo ] 0 ] 170 [ Te0 | 165 | 180 | 1
SOIL TEMPERATURE CHANGE (°C)_
Initial Time 0750 0854 | 0951 1151 1350 | 1450 I
Hun ‘Time (min) 26 24 28 27 28 24
-.0: 13 .45 .80 1,03 .48 .02
-.08 .30 .52 .63 5 .58 .27
-.12 -13 .02 07 .21 .33 )
.25 - A1 -08 | -.00 -.08 .01 .05
-.50 -.02 0 -.01 ~.02 -.02 0
-1.00 -,04 .02 -.01 -.02 0 0

Drecipitation {em)

1
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Table 8.2 (Continued)

HOURLY OBSERVATIONS

July 25, 105¢

O'NEILL, NEBRASKA

CsT I 1605 | 1705 l mosl; 1805 | 2003 l 2105 ] [
RADIATION (eal/em2acc)

Insolation 014 L0000 | 0648 00T 0001 -

Reflected 0028 ,0020 | 0010 -~ -- -

Net Radiation .0U80 0040 | .0006 |-.0015 | -.0017 |-.0011

Allt_and 80IL TEMPERATURES (°C)

Height {m)

16.00 32.86 33.42 33.14 31.97 20.63 28.91
800 33.32 | 33.68| 33.26 | 31.87 20.52 | 28,86
4.00 33.79 34.01( 33.3¢ | 31,79 20.42 | 28.78
200 34.45 | 34.38| 33.40 | 3188 | 20.21 | 26.08
1.00 34.9¢ 34.72| 33.49 | 3161 20.03 | 2R.62

50 36.40 35.02] 33,56 | 31,50 28.85 | 28.52
25 36.17 | 35.34) 33.62 | 8108 | 28.66| 28.34
12 36.78 | 35.62| 33.68 | 31.28 | 2650 | 2L.25
-.03 35.28 34.40 32,80 31.28 290, 64 28.34
6 31.64 L7 8110 | 4024 26.30 | 28.28
12 28.22 26.84] 27.14 | 27.22 27.18 | 20.06
o5 22,70 22.00| 23.07 | 23.37 23,60 | 23.78
- 50 20.98 21.06| 21.04 | 21.04 21,06 | 21.10
-1.00 18.48 18.00 18.98 | 18.98 19,01 | 19.04
. ..___VAPOR PRESSURE (mb)

16.00 14,01 13.05] 13.13 | 13.80 14.37 | 14,51
8.00 14,20 13.12] 13.27 | 13.94 14,43 | 14.61
4.00 14.24 13.21( 13.26 | 13.8% 14.49 | 14.60
2,00 14,31 13.26] 13.28 | 13.04 14.38 | 14.53
1.00 14.35 13.29 13.3% 13.86 14.48 14.62

L0 14.39 15.33 1 13.92 | 13.97 14.45 | 14.50

.25 14.42 13.40 13.32 13,04 14,49 14.59

12 1449 | 1346 13.33 | 13.84 | 14.30 | 14.50
) WIND SPEED (¢m/sce

16,00 - 1260 1236 1174 9448 920 972
8.00 11790 1103 1073 421 B03 863
4.00 1046 1044 944 21 114 770
2.00 055 050 853 H50) 1K) 0883
1.00 B30 820 T44 565 541 587

.50 1722 T8 652 400 475 620
25 591 5848 534 405 386 419
WIND DIRECTION (deg) e
100 [ T 10 L 170 1 160 | 160 160 [
SOIL TEMPERATURE CHANGE ('C)

Inilial Time 1650 1650 1152 1851 1051 2053

Htun Time (min) 20 26 24 25 28 217
-0 .12 an 74 -.74 -850 -.30
-.06 .03 -.12 -.33 -.32 ~.39 -, 31
-2 .26 13 .09 +.02 .05 -.07
~.eh +07 +.10 0 U8 10 07
-. 00 ~02 -.02 .01 0 .04 .01

~1.00 -.01 0 .03 .02 .04 0

Urecipltation {em)

78
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Table 8,2 (Continued)

HOURLY OBSERVATIONS

July 26, 1906

U'NEILL, NEBRASKA

| CsT l 2305 L 0005* _Agzqgg[ _Q:;o_fv_l u405~l 0505+ J ]
RADIATION (cal/em3scc)
Insolation - .- .- . - .0000
Reflocted - . - .- -— ,0000
Net Radiation -.0014 | -.0014 [-.0000 |-.0012 |-.0011 |- 0007
Alit and SOIL TEMPERATURES (°C)
Height (m}
16.00 27.72 26.75 | 26.37 | 25.65 25.07 | 24,02
8.00 27.63 26.70 | 26.36 | 25.56 24,83 | 23.48
4.00 27 51 20.60 | 26,34 | 25.30 24.63 | 22.79
2.00 27.43 26.42 | 26.23 | 256.1¢6 24.45 | 22.08
1.00 21.35 26.32 | 26.16 | 24.89 24.20 | 21,31
.50 27.2 26,22 | 20,09 | 24.69 24.07 { 20.65
.25 27,11 20.05 | 26.00 | 24.42 23.94 | 20,27
12 21,03 25,03 | 2591 | 24,25 23.78 | 20.02
-.08 21.16 26.32 | 25.44 | 25.20 24.75 | 24.02
-.06 27 14 26.57 | 25.60 | 25.44 25.00 | 24.87
.12 26.46 26.11 | 25.78 | 25.48 26.26 | 25.07
.05 23.08 24.06 | 24.17 | 24.15 24.10 1 2405
-.50 21.14 2017 20,33 | 21.34 at.a1 | 2142
1.00 | ibuo 908 | 19.19 | 19.19 | 1920 | 19.2]
e _ . VAPOR PRESSURE (mb)_ ]
16.00 1520 15t | 1713 | 159 () 15.38 | 14.55
8.00 15.23 15.87 | 17.95 | 15.84 15.48 { 14.0¢
4.00 15.24 15.81 | 1779 | 15 a8 15.46 | 15.05
2.00 15.28 15.82 | 1774 | 15.87 1550 1 15,16
1.00 15.31 1580 ] 1793 | 15.88 15.48 1 15.16
.60 15,22 1581 1775 | 1504 15.54 | 15.18
.25 15.26 15770 1777 4 a2 15,48 | 15.13
12 1528 | 16595 | 17.84 | 1597 | 1560 [ 1518
' . WINDSPEED {ewsec)_ .
16.00 1084 ] ol 968 541 607 341
.00 931 433 954 521 550 287
4.00 864 Hl4 #53 439 457 238
2.00 724 739 %7 400 4114 191
1.00 636 639 655 142 351 150
.50 561 557 576 205 299 120
,25 463 454 469 I 236 242 j 72
WIND DIRECTION {deg)
1.00 [ 150 l 1701 190 I 215 1 210 I 250 1 J
SOIL TEMPERATURE CHANGE ('C)
Imtald Time 2253 2350 0150 0250 0350 0450
I’un Time (min) 23 26 26 26 2H 26
-3 .23 -. 24 LUt .27 - 17 -.38
-.06 -.18 - 11 -.13 - 14 - 13 - 20
~.12 -1 -1 .01 -.12 -.006 ~.08
~-.25 2 05 .03 -.04 -.01 -02
-.50 0 1] .01 0 0 0
-1.00 02 U1 0 0 -0l 0

Precipiation (em)
* July 28, 1856
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Table 8.2 (Continued)

P ——

HOURLY ODBSERVATIONS July 26, 1056 (' NEILL, NEBRABKA
CsT ] 0605 l 0704 l 0805 l 0905 J 1005 I 1805* l l
RADIATION (cal/cm2sec)

Insolition 0016 0050 | 0060 | .0150 L0155 | .0035

Reflected .0006 .0013 | .0013 | .0030 ,0030

Net Radiatlon -.0002 0019 | .co2r | .o080 0000 | .0008

S . Alll and SOIL TEMPERATURES (C)

Height {m)

16.00 23.44 24.78| 26.74 | 29.84 32.45 | 20.20
8.00 22.52 24.90{ 26.85 | 30.07 32.68 | 20.35
4.00 21.78 25.10] 26.98 | 30.28 33.21 | 29,38
2.00 21,23 25,28 27.19 | 30.83 33.63 | 20.35
1.00 20,93 25.45| 27.57 | 31.42 34.18 | 29.38

50 20.74 25.74| 27.03 | 32.10 34.08 | 29.40

a5 20.78 25.991 28.25 | 33.08 36.00 | 29.42

12 20,78+ 26.22) 28.57 | 33.81 30.82 | 29.48
..03 23.41 23.711 24.78 | 26.58 30.15 | 28,71
-.06 24.21 23.061 24.24 | 24.80 26.68 { 28.68
_an 24 88 24 621 2438 | 2496 2499 | 26.38
-.25 24.03 23.94| 23.83 | 23.70 23.54 | 23.76
- 50 21 45 21.45 | 21.44 | 21.42 21.36 | 22.06
-1.00 19.21 19.21 19.20 | 19.19 19.18 | 19.91

o ___ VAPOR PRESSURE (mb)

16.00 15.05 14.49] 1430 | 12.48 i3.28 | 14,24
8.00 15.27 1.nn | 1445 | 14002 13.57 | 14.89
4.00 15.38 14.59 | 14.50 | 14.04 13.56 | 15.07
2.00 15,50 14.63 | 14.66 | 14.11 13.63 | 15,21
1.00 15.54 14,67 14.77 | 14.21 13.77 | 15.44

50 15.58 14.72| 1489 | 1497 14.00 | 15.58
.25 15.62 14.79 | 15.01 [ 14.08 14.22 | 1571
Az L 15.13 14.96{ 15.26 | 1516 14.33 | 15,76
- e WIND SPEED (('_n'-.{@g('g._._..__ e

16 00 306 364 3l 430 319 726
#.00 204 a2 326 415 328 680
4.00 212 340 a1 374 308 612
2.00 179 324 281 371 211 537
1.00 146 287 248 331 253 471
0 121 272 180 296 234 411
25 L] 208 174 246 198 332

o ‘ WIND DIRECTION (deg)
1.00 | s [ 210 I 200 ] 235 l] 320 | 1e0 | |
o e ___SOIL IEMPERATURE CHANGE ('C) o

Imtial ‘Time 0550 0650 V750 0852 0052 1750

Run Time (mla) 26 28 28 24 20 an
-.03 -.24 .48 .49 1.20 1.48 .74
.06 o | a5 Lor b a0 1 g -.43
-.12 -.10 -5 -.08 -.02 .06 .05
-.,2(’-; -0t -.04 -.04 -.05 -.08 .05
-5 . - -.01

-1.00 0 8 8 '0(1) '08 00

Precipiation (¢m) ~- -- -- - - “-

¢ Aurvat 8, 1956
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Tuble 8,2 (Continued)

HOURLY OBSERVATIONS August 6, 1056 O'NEILL, NEBRASKA

¢St iwoé i 2105J 2205 J 2306 ] 0005‘] 0305+ , l

RADIATION (ral/em2sac)

Insolation L0015 - . e =7
Reflocted - —- -- - - -
Net Radiation 0007 | -,0012 [-.0011 raln | -.0007 |-.0013
AIR and SOIL TEMPERATURES (°C)
Height (m) i
16.00 28.18 24,70 | 22.25 | 21.87 21.06 | 17.54
8.00 28.00 23.67 | 22.10 | 21.63 21,05 | 17.61
4.00 27.94 22.85 | 21,90 | 21.58 21,09 | 17.61
2.00 , 27.78 22.44 1 21.87 | 21.53 21,03 | 17.58
1,00 . 27.58 21,97 | 21.97 | 21.44 21.02 | 17.54
.50 27.42 21.54 ] 21.59 | 21.34 20,06 | 17.50
- .25 27.25 21.25 | 21,45 | 21.28 20.80 | 17.47
- 12 27.14 21,0t 21.28 | 21.20 20.88 17.46
- -.03 27.12 23.88 | 22.96 | 22.84 22.71 | 20.57
-.08 27.64 25.22 | 24.30 | 23.80 23,59 | 21.88
‘ .12 26.38 25.86 | 25.49 | 25.13 24,70 | 23.73
-.25 23.89 24.07 | g4.15 | 24.22 24.18 | 23.83
.50 22,06 22,01 | 22,08 | 22.11 22.16 | 22.08
. -1,00 19.93 19.96 | 20.00 | 20.11 20.02 | 20.01
%_r VAPOR PRESSURE (mb)
' 6.00 13.47 1506 [ 22.93 ran | rain | 20.27
| ) 8.00 13.85 15.54 | 22.55 rain rain | 18,59
i 4.00 14.02 15.00 | 22.58 rain raln | 19.50
. 2,00 14.14 16.11 | 22.51 rain rain | 19.51
! 1,00 14.24 16.31 22.45 rain rain 19.50
: .60 14,32 10.42 | 22.45 rain rain 19.59
.25 14,38 16.52 | 22.33 rain rain 19,27
| A2 14.45 16.56 | 22.39 rain rain | 10.83
f
WINQ”SX’EEQ_L(;mA/pe_C
16.00 630 402 65T 549 79 [ 780
8.00 528 3er 544 457 697 700
4.00 464 308 498 425 860 638
| 2.00 404 244 437 74 565 574
i 1.00 354 196 386 327 491 --
.50 305 166 337 286 428 437
20 247 i3i 26i 235 360 w1

i
! _ _ WIND DIRECTION édﬂ? 75

1,00 [ 185‘“[ ;1] l T TR l 5 50 i l
SOIL TEMPERATURE CHANGE (°C)
Inttial Tline 1850 2050 2150 2250 2350 0250
} Run Time (min) 27 28 27 27 26 26
| -.03 6% 1 -5u ~.31 -.04 11 -.29
‘ =08 -.45 -.46 -.41 -.14 00 -.20
-12 ~.08 - 14 ~.22 -.18 -.14 -.19
- 2D .04 .06 00 -.01 06 - 14
-, 60 -.01 .02 00 00 .09 -.08
-1.00 00 ,04 j +.03 02 00 -02

Precipitation (cm) -- _— - - - -
*August 7, 1068

81
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Table 8.2 (Continued)

HOURLY OBSERVATIONS August 7, 1056 O'NEILL, NEBRASKA
cs: I ]
ST 0405 0505 | 0605 | 0705 0805 | 0905 1
RADIATION {cal/cm@s0c)
nsolation - 000 | .0006 | .0048 .0052 | .0125
Reflected - - .- - - -
Net Radiation -,0014 | -.0012 {-.0008 | .0019 .0uss | .0c88

AIR and SOIT, TEMPERATURES (°C)

Height (m)

16.00 11.78 17.19 16.82 18.28 20.67 22.80
8.00 17.83 17.11 16.70 18.41 20.98 22.93
4.00 17.15 17.00 16.57 18.55 21.22 23.15
2.00 117.89 16.90 16.45 18.66 21.49 23.41
1,00 17.62 16.80 16.37 18.75 21.73 23.74

.50 117.51 16.69 16.24 i8.84 22.08 23.96
1) 17.40 16,57 16.18 18.98 22.34 24.25
12 17.87 16.53 i6.13 19.08 22.70 24.57
-.03 20.17 19.51 18.92 10.04 20.14 21.64
-.08 21.41 20.91 20,38 20.09 20.41 21.31
- 12 23.40 23,00 22,75 22.41 22.16 22.08
-.25 23.75 23.67 23.50 23.42 23.28 23.13
-.60 22.06 22.10 22.08 22.08 22.04 22.04
-1.00 20.03 20.03 20,04 20.02 20,01 20.00

VAPOR PRESSURE (mb,

16,00 18.64 17.60 17.43 17.86 17.75 18.07
8.00 18.02 17.63 18.02 18.14 18.11 18.19 i
4.00 18,56 17.53 18.13 18.23 18.23 18.32
2.00 18.64 17.56 18.08 18.37 18.42 18.49
1.00 18.67 17.61 18.07 1R.58 18.6t 19.68

.50 18.75 17.72 18.06 18,711 18.94 18.91

.25 18.78 17.15 17.98 19.12 10.22 10.25

.12 19.02 17.94 17.82 19.21 19.52 18.47
WIND SPEED (¢m/scc

16,00 W8 533 | 580 | ‘1‘5‘8?&”“')_‘307“'(“1718
8.00 611 553 500 535 660 1134
4.00 871 611 455 512 606 1040
2.00 498 430 385 456 542 915
1.00 439 -- - 431 500 835

50 410 KER 289 370 420 803
ac ala 270 242 200 040 &3
WIND DIRECTION {deg)
1.00 ]

] 75[ aisl 85[50111011401

SOIL TEMPRRATURE CHANGE (°C}

Initial Time 0355 0450 | 0551 0652 0751 | o851
ftun Time (min} 21 26 25 24 25 25
-.03 -.50 .14 -.06 .18 .12 .l
~.U6 -1 .18 -.08 -.06 .21 .41
=12 - 11 -.13 -.07 - 11 -.05 00
~.25 00 -.08 N H -.05 -.04 -.08
-.50 .01 .0t .04 .02 .02 | -.03
-1.00 .01 ) a0 | .04 03 | -.02

Precipitulion (em)

- - - e - -

82




Table 8.2 (Continued)

HGUKLY OBSERVATIONS August 7, 1956 O'NEILL, NEBRASKA

csT | 1005 | nusl 1205 I 105 | 1o0s [ 5708 [ |

RADIATION (cal/em2sec)

Insolation 0145 01927 01507 ] L0100 LUTHD |, 0097
Reflectod L -- -~ - - .-
Nel Radiation 0102 0130 0110 0135 | 0103 0054

Al and S80I, TEMPERATURES (°C)

Height (m)

16.00 23.05 25,97 27.47 | 27.14 20.83 | 28.58
8.00 24.24 26.34| 27.80 | 28.34 30.26 | 28.86
4.00 24.58 26.82( 28.34 | 28.42 30.52 | 29.23
2,00 24.04 27401 28,66 | 20.37 31.00| 29.62
1.00 25.32 28,24 20.27 | 20.03 31.36| 29.0%

50 25.83 2877 2u.84 | 30.78 31.85 | 30.46
.25 26.39 20.25| 30.3y | 31.62 32.47] 30.13
A2 26.67 30.30( 30.89 | 32.02 32,90 31.15

-.03 23.09 25.80 | 27.62 | 30.24 31,12 | 3v.65
-.06 2171 23,80 2654 ] 28 14 20.48 | 20.53
-12 22.13 22,32 2281 | 24.24 26.52 1 25.97

T 22.04 22,96 2w u | 22.68 22.96 | 28.12
-.50 21.99 21,92 2192 ] 21.48 21.88 | 21.87

-1,00 10.98 19,92 L 19,068 | 19.94 19.98 1 19.98

o VAPOR PRESSURE (mb)

16,00 18.48 .17 18.80 | 17.42 17.12 ] 19.50
8.00 18.97¢ 18,17 1914 | 17.80 17.38 | 19.82
4.00 19,10 18,19 s | 1797 17.54 | 20.02
2.00 19,42 19.34 | 1925 | 182 17.69 | 20.16
1.00 19.62 18.63 | .64 | 18.29 17.85 | 2v.27

.50 19.496 18.91 .79 | 18.59 1R.02 | 20.44

.25 20.43 10.3671 20.14 | 18.79 494 | 20.60

12 20.59 19.65 1 20,64 | 1447 18.46 | 20 A7 )
WIND STEED (em ‘ace e

(16,007 T T Tun By 865 1348 1379 992
8.00 #14 154 113 1251 1290 923
4.00 wi 07 714 1135 1165 841
2.00 704 ) 651 114 1025 730
1.00 Tiu Ohd Huh BRI (P X (1]

50 404 470 500 768 713 560
a1 340 B 405 640 K30 ENT|

WIND pIReCTioN degy
.00 L 145 I msJ 17‘.'7] 155 50 [ 155 ___]'__‘_w__

B _SOIL T MPERATURE CHANGE (C) L
Tnital “Time 0952 ws2 | 1s0 | 150 1550 | 1650 | ]

Run Time (min) 24 25 27 a7 26 21 |

-.08 .61 T S T T R T Tt

.06 1.41 19 | .54 .27 07 -.04

.12 ‘ 67 13 .24 .36 .21 18

-89 -.U5 - 08 -7 02 7 11

-.50 , -.02 -.03 Y T .01 .04

-1.00 SRR DR 11 B N - o N ,1,_‘9,1.._,‘ wi_ | v —
Preciptation {em) - - : : -
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Table 8.2 (Continued)

———— e

Precipitation {em)

HOURLY OBSERVATIONS August 7, 1056 O'NEILL, NEBRASKA
_CsT [ 1805 I 1905 l 2()95_]_ 2105 _ _l 2205 ] 0005* [ l
. . —_____RADIATION (cal/em®sce) .

Insolation L0050 | 000D .00V0 - - .

Reflected -- -- -~ e - .-

Net Radiatlon .0023 | ~.0009 |-.0012 |-.0010 | -.0008 |-.0014
e Al and SOIL TEMPERATURES ()

Hefght (m)

16.00 28.20 | 21.UB] 20,79 | 24.08 23,61 | 2278
8.00 28.50 27.03 | 25.46 | 24.20 23.56 | 22.62
4.00 28.62 26,05 25,13 | 23.70 23.12 | 22.48
2.00 28.77 26.44| 24.96 | 23.25 22.82 | 22.27
1.00 28.93 26.77) 2417 | 22.97 22,52 | 22.19

.50 29.12 26.65 | 24.57 | 22.59 22.17 ] 22.03
.25 29.31 26,54 | 24,38 | 22.43 22,021 21.87
12 20.50 26.48| 2422 | 22.33 21.88 | 2175

-.03 20.33 27.82] ac.e8 | 2511 24.15 | 22,08

.08 28.9¢6 28.09 | 2102 | 28.02 25,18 | 23.04

-12 26,23 26.20] 26.10 | 2503 25.59 | 24.80

.25 23.30 23.50 | 23.64 | 23.80 23.90 | 23.98

-.50 21.85 21.80 | 21.86 | 21.00 21,01 | 2183

.1.00 20.00 20.04 | 20.05 | 20.00 20.08 | 20.10
VAPOR FRESSURE (mb)

16.00 10.07 TOR4 [ 10.31T [ 10.80 10775 1 1543
8.00 19.17 20.00 | 19.50 | 20.0t 20.08 | 18,59
4.00 10 B4 20.01 | 19.60 | 20.12 20.25 | 18.60
2.00 19.89 20.10] 19,62 | 20.11 20.26 | 18.62
1.00 20,02 20.13 | 19.64 | 20.13 20.27 | 16.66
.50 20.11 20,22 | 10.75 | 20.21 2039 | 18.74

o5 20.22 20.22 | 19.76 | 20.14 20.36 | 18.74
12 20.27 2031 19.87 | 20.22 20.39 | 18.78
N WIND SPEED (cm/sec)

15.00 714 697 632 440 378 932
8.00 668 634 521 349 298 833
4.0 815 554 430 207 238 745
2.00 544 191 316 214 191 652
1.00 500 447 342 177 163 580
.50 423 378 280 139 128 491
.25 350 3i4 232 102 92 399

o o ~ WIND DIRECTION (deg
1.00° - | 145~ ] 130 ] m 105 'f 75 ] 150 [

L e b()ll, ’H MPERA’ rum- CHANGL {°c)
“Inioal Time 1750 IH.)U 1950 2050 2155 2353

fun Time (min) 24 ‘ 20 26 21 23
-84 | =47 1 - au | -53% | -44 - % a0
-.U6 .31 a2 ] -4z | -4 -31 | -.18
.12 07 -02 -.08 -7 -.15 -11
-.25 .08 -.03 .06 .04 -.01
) .02 -.00 00 00 -2

100 | oo | 'm o1 ] e -0l | -.01

84
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Table 8.2 {Contfnued)

HOURLY OBSERVATIONS

Aupust 8, 1057

O'NEILL, NEBRASKA

CST l 0105 I 02095 l 0305 l U405 J 0505J 0805 l l
RADIATION (cal/cm2gec)

Insolation - U B - .0000 [ 0005

Reflected -- - .- -- - --

Neot Radintion -.0015 -,0007 [ -.0014 [-.0015 -.0011 |-.G004

o e ARand SOIL THEMPFRATURES (°C) -

{Tetght (m) [ o [

16.00 23.12 18,76 17,77 17.15 16.501 17.11
8.00 22.80 18.83 17.58 16.70 16.11 17.11
4.00 22.58 18.85 17.41 16.45 15.81 17.05
2.00 22,53 18.86 17.30 16.21 15.57 16.05
1.00 22.07 18.86 17.17 16.00 15.44 16.89

.50 25.73 18.8% 17.00 15.77 §0.22 16.81
.25 21.41 18.83 | 1686 | 15.60 1512 | 16,73
12 21,20 18.82| 1677 | 15.43 15.02 | 16.65
-.03 22.31 21.89 21.08 20,12 19.16 19.10
.06 23.52 22.06] 2243 | 2075 21.00 | 20.48
.12 24.74 24.34 ] 24.02 | 2370 23.20 | 22.44
..25 23.94 23.41 23.87 23.73 23.62 23.44
- 50 21.95 21,951 2095 | 21.06 2095 | 2190
.1.00 20,10 20,09 | 20.08 | 20.08 20.06 | 20.04
VAPOR PRESSURE (mb)

16,00 17.30 15.20 15.21 1o 21 15.71 16.40
8.00 17.43 .29 15.25 14.8% 15,52 16.42
4.00 17.51 15301 1530 | 14.95 15,54 | 16.49
3,00 17.50 15,31 15.31 | 14.99 15,52 | 16.62
1.00 17.59 15.32 i5.31 15 01 15.59 16.71
.50 17.68 15.34 15.34 15.06 15.97 16.172
25 17.74 15.35 15.36 15.06 15,58 16.76

12 17.9% 15.36 15.36 15.15 15.75 16.77
WINIY SPEED (vin; see

16.00 479 11460 547 512 470 508
8.00 438 997 451 445 311 404
4.00 395 015 397 315 310 440
2.00 340 812 344 J11 205 379
1.00 313 729 311 283 229 349
.50 255 643 256 233 186 294
.25 214 533 201 iyt 142 pRY]

WIND DIRECTION (deg)

1.00

l %65 L :u;o[ 50 l

851

05 T 110 J"” L

SOIL TEMPLERATURE CHANGE (°C)

Injual Time 0053 D154 0253 0351 04H4 05H0
Run ‘Thne (min) 23 22 23 25 21 27
-.93 -.30 -.28 -3 PRY .24 - 01
- 00 -.20 - 11 -.24 -.31 .21 -.16
-.12 -.21 - 14 - 12 -.1h - 13 -.16
-.25 -.02 -.04 ~.03 -.0% S -.05
-.50 [$11] .01 0l ..Ul ou -.01
-1.00 ) oo | -0 -0 ot -m
Precipitation {¢tm) .- -- .- -- .- --
85
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Table 8.2 {Continucd}

HOURLY OBSERVATIONS

August 8, 19566

O'NEILL, NEBRASKA

RADIATION (cal/cm2sce)

oot [ ows | ons [ woes | vos | a0s [ as0s

11

Insolation L0030 T 0130 | o1y ] .otuo 07307 [ 0218 N
Reflected - -- -- - - -
Net Radiation wet 0088 | 0113 | .0l1t10 .0150 | .0150

- . _ AIR and SOIL TEMPERATURES ("C)__
Height {m) - )

16.00 18.00 20.84 | 23.76 | 25.28 26,74 | 27.54
8.00 17.04 21.20 | 2a.1e | 95.52 27.23 | 27.76
4.00 17.96 21.45 | 24.17 { 25.80 2774 | 28,13
2.00 17,97 21.93 24.406 26.12 28.01 28.70
1.00 17.97 22,19 | 25.09 | 26.63 98.61 | 20.70
50 17.97 22.62 | 25.88 | 27.52 29.64 | 30.74
.25 17.96 25,07 | 26,85 | 28.33 30,83 | 31.41
.12 11.95 23.55| 27.68 | 28.97 31.87 ] 32.71
-.08 19.30 2078 | 24.27 | 27.44 29.85 | 31.89
-0% 20,19 20,56 | 21.76 | 24.62 26.71 | 28.4¢
-1 22.22 22.00 | 21.04 | 22.38 23.06 | 23.03
.25 23.18 22.98 | 22.82 | 22.75 22,41 | 22.61
.50 21.90 21.88 | 21.82 | 21.87 21.87 | 21.83
-1.00 20,04 20.02| 19.09 | 20.04 2006 | 20.05
- YAPOR PRESSURE (mbj
16.00 - 14.04 | Tara [ 1328 12.06 | 13,16
a.00 - 14.41 | 15.05 | 13.55 13.42 | 13,83
4.00 -- 1455 | 15.26 | 13.74 13.62 | 14.03
2,00 - 14.63 ] 1535 | 13.85 13.85 | 14.18
1.00 - 14.95 | 1558 | 14.18 14.04 | 14.40
.50 - 1501 15.96 | 14.66 14.67 | 14.60
(25 - 1613 | 16.46 | 15.16 15,17 | 15.08
12 - 16.83 | 116 | 15.64 1572 | 15.81
e ___WIND SPEED (em/nec)
16.00 511 4h 368 530 a3 531
8.00 440 466 344 505 487 541
4.00 385 444 321 473 446 487
2.00 314 409 208 436 413 452
1.00 2687 345 200 408 301 420
.50 250 320 245 344 178 -
.25 212 270 21 317 60 -

“nitial Time oS
Itun Thine (inin) 2f
-,08 Y

-. U6 I 7]
.12 I -13

-~ 25 -.07

~. 50 ~-.01
«1,00 -0l

Precipitatlon (em)

T T _i' 336 { ’

1

45

0850
27
1.32
.2)
-9
-.16
-.03

WIND DIRECTION (de

5 J 40 "’[)-TIO

SOUL TEMPERATURE CHANGE (°C)

0950 1050 " T Ti59 1250 ' ]
28 28 21 l 26
tew o100 .83 kA
o6 ] Lot .70 .10
06 26 .34 .34
-.00 04 1 00
-.01 .02 -.02 -.03
| -.02 u3 -.02 -.04
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Table 8.2 {Continued)

HOURLY OBSERVATIONS

August 8, 1956

O'NEILL, NEBRASKA

CST i 1405 l 1505 l 1605 l 1705 ] 1808 l 1005 L j
RADIATION (cal/em@see)
Insolation .0200 0178 | L0134 | .v082 0052 | L0012
Reflected .- .0C33 | .0020 | .coiB 0013 -
Net Radiaiion .0133 0110 | 0077 | 0041 0018 |-.0011
AIR and SOIL TEMPERATURES (°C)
Height (m)
16.00 26.02 28.86 | 28.48 | 27.91 27.14 | 25.06
8.00 28.44 2037 20.00 | 28.28 27.35 | 25.89
4.00 26.79 20.76 | 29.60 | 28.58 27.58 | 25.87
2.00 29.28 3031 apan | 28.90 27.80 | 25.06
1.00 26.92 30.60 | usud44 | 29.26 28.03 | 25.65
.50 31.31 31.40) 309 | 29.65 28,19 | 25.63
.25 32.08 32.54| 3177 | 30.03 28,39 | 25.62
12 33.48 33.55| 32.25 | 0,43 28.68 | 25.58
-.03 33.29 34.46| 34.95 | s2.01 30.98 | 20.02
-.00 29.97 3125 sroeslo3:e3 30 78| 20.49
.12 24,80 25,65 | 2642 | 2718 2705 | 27.54
-.25 22.58 22.74 | 2291 | 23.11 2304 | 23.m
-.80 21.79 21,76 2172 | 2169 215% | 2178
-1.00 20.01 19.96] 1904 | 19.03 20.09 | 20,03
VAPOR PRESSURE (mb)
16.00 12.79 1358 1540 [ 17.08 11.40 | 11.51
8.00 13.46 13.48 1 15.89 | 17.31 17.65 | 17.52
4.00 13.66 13.57| 1595 | 17.39 17,93 | 17.52
2.00 13.76 13.65 | 1505 | {738 1797 | 17518
1.00 14.04 13.85 16608 | 17.43 17.44 § 17.53
.50 14.50 14,20 16.4u | 17.58 17.92 | 11.57
.25 14.89 14.47] 16.66 | 17.73 17.86 | 17.57
a2 15.58 14,96 { 16.98 | 17.8u 17.99 | 17.62 3
WIND SPEED {cm/aec
16.00 311 205 505 685 744 704
8.00 308 201 547 624 674 671
4,00 366 269 508 572 587 601
2.00 3386 256 467 517 515 527
1.00 317 240 438 483 480 404
.50 272 218 118 108 418 419
.25 228 173 118 248 360 35
___ WIND DIRECTION (deg)
100 [Ts T w0 | 5 ] se0 350 | 360 | ]
SOIL TEMPERATURE CHANGE (°C)
Initial Time 1350 1450 | 1550 | 1650 1752 | 1853
Run Time (min) 26 26 28 26 24 23
-.03 52 A2 | -.43 - B2 -2 -
-.06 .80 .37 .08 -.26 -.56 -.51
-.12 .36 .30 .28 15 08 | -.03
- 26 14 05 |05 [ .10 09 | .09
-.50 -.01 -03 | ~05 | -.04 -0t 00
| ~1.00 -.0] -00 1 03 | -02 -.02 02

Precipltation (cm)
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Table 8.2 (Continued)

HOURLY OBSERVATIONS August 8, 1956 O'NEILL, NEBRASKA
CST l 2005 l 2105 l 2205 [ 2305 l ooos*l 0105* I ,
RADIATION (eal/cm@sec)

Insolation .0000 - - - -- --

Reflected .- - .- -- -- --

Net Radlation -.0015 | -.0010 | ~.0010 [-.00085 | -.00031] -.00110

AIR and SOIL, TEMPERATURES (°C)

Height (m)

16.00 24.26 23.43] 22.45 | 22.44 21.83 | 10.68
8.00 23,98 22.43| 21.25 | 20.15 20.35 | i8.05
4.00 22,65 21,150 1074 | 18.90 10.86 | 18.24
2.00 22.22 19.88| 1881 17.83 17.49 | 17.86
1.00 21.82 19.08] 17.19 | 18.46 1638 | 17.64

‘50 21.54 18.01) 15.9% | 15.29 15.84 | 17.41
.25 21.24 17.231 1548 | 1417 15621 17.1%
12 21.02 16,201 15.19 | 14.34 15.45 | 17.07
-03 27.13 25.30| 23.89 ) 22.11 21.86 | 21.70
06 28.16 26751 25.56 | 24.49 23.58 | 23.00
12 27.34 28.05| 2652 | 26.00 25.45 | 95.00
a5 23.92 24.07| 24.21 | 24.27 24.25 | 24.24
" 50 21.80 2179 2180 | 21.80 21.82 | 21.88
-1.00 20.07 20.02| 2003 | 20.02 20,02 | 20.04
L VAPOR PRESSURE (mb)

8.6 Y814 TT83] 1677 | 15.45 18.05 | 18.84
8.00 PSod 17.43 ] 15.80 | 14.04 17.78 | 18.38
4.00 18.41 17491 15.94 | 14.05 17.78 | 18.34
2,00 18.35 1751 | 15.98 | 14.62 17.76 | 18.28
L.00 18.35 17.54 | 16.01 | 14.68 1717 | 18.28

.50 18.35 1758 | 16,01 | 14.67 1777 | 18.34

.25 16.28 17.58 1 1608 | 15.63 1711 | 18.23

12 18.20 17.80 { 1653 | 15.06 17.82 | 18.44
WIND SPEED (cm/sec

16.00 482 296 .- 189 118 552
8,00 343 225 156 179 82 423
4.00 250 130 114 139 18 348
2.00 107 85 174 108 85 266
1.00 157 a6 | 101 68 57 222

‘30 132 19 51 44 50 193
‘25 101 - .- - 18 151 )
WIND DIRECTION (deg)
1.00 [T T -1 -- -- - | | |
SOIL TEMPERATURE CHANGE (°C)

Initial Time 1950 2152 | 2253 2350 | 0050
Run Time (min) 23 24 23 28 2
-.03 .83 -50 1 .40 T -3
-.08 .52 -4 | -4 -47 | -.20
-2 -1t -2t | - <28 | -.21
-28 -.01 .09 00 .04 | -.04
-.00 .02 00 .03 00 00

«~1,00 04 _ 01 00 _ 11 L0
Procipitation {em) -- - -- - -~ - * August 0, 1986

8y




Table 8.2 {Continucd)

HHQURLY OBSERVATIONS

August 9, 1956

o'

NEILL, NEBRASKA

[ 0205 ] 0305 ! 04@5_ ros'cﬂs__ [ 0605 [ 0705

|

| ————aa e i

_csr
- RADIATIChL(cnl/glnzscc)

Insolation -- -- -~ |.0000 .0011 | .0052

Reflected - - -~ | .0000 .00035 | .0015

Net Radiation -.00100 | 00008 |-.00101 {-.00114 | -,00038 | .0026

AIR and SOIL TEMPERATURES (°C)

Height (m)

16.00 19.75 19.04 1 18.306 ] 17.33 1807 | 19.12
§.00 14,69 11,61 16.97 | 16.01 16.92 | 19.20
4.00 17.92 16.97 | 16.14 | 16.56 16.70 | 19.27
2.00 16.06 16.38 | 15.46 | 16.25 16.17 1 19,34
1.00 16.08 15,72 | 14.93 | 16.02 15.39 | 10.42

.50 15.26 15.08 | 14.47 | 15 n8 14.85 | 19,53
.25 14.75 14.81 | 14.30 | 15.44 14,98 | 19.17
12 14.39 14.60 | 1413 | 15.22 15.10 | 19.84
-.03 21.18 20.22 | 19.68 | 19.40 19.00 | 19.51
-.06 22.61 21,00 | 2138 | 2085 20.54 | 20.37
-.12 24.56 24.18 | 23.68 | 2228 2293 | 22.63
-.25 24.18 2410 | 23.88 | 23.75 23.70 [ 23.53
-.50 21.90 21,92 21.9 | 2192 2200 | 21.98
-1.00 20.03 20.04 | 2004 | 2004 | 2011 ] 20,10
VAPOR PRESSURE (mb)

10,00 15.96 165.16 [ 16.45 | 15.05 17197 ] 16.07
8.00 15.25 14.67 | 1541 | 15.70 16,45 | 17.30
4.00 15.25 14.67 | 1544 | 15.70 16.48 | 17.46
2.00 15.22 14.68 | 1539 | 15.70 16.51 | 17.49
1.00 15.23 14.66 | 15.39 | 15.70 16.41 | 17.17

.50 15.25 14.69 | 15.41 | 15.70 16.41 ) 17.20

.25 15.20 14.68 | 15,36 | 15.69 160.21 | 17.40

12 15.01 15.22 | 15.38 | 15.97 16,12 | 17.63
e _\YIND SDEED (em/sec)

16.00 203 404 470 425 147 308
8.00 278 203 365 336 105 286
4.00 204 221 284 259 16 263
2.00 143 160 a12 205 106 245
1.00 86 107 157 16U 82 214

.50 71 88 135 145 62 104
.25 149 4l ug 16 29 16!
WIND DIRECTION (deg) .
- [ L fwo [er] 20 ]
SOIL TEMPERATURE CHANGE (°C)

Initial ‘Time 0150 0250 0350 0450 0550 U650

Run Time (min) 27 21 28 24 26 26
=03 -.53 - 14 -.2h -.u5 -.18 .64
-.06 -4 -2y -y <16 -.18 .08
13 =17 - 15 -.20 -.18 -.28 -.16
=25 -.u3 -uy | -.06 | -.06 -07 | -.08
- 50 .01 +.04 00 .01 -.04 -.05

-1.00 0o 01 ) -m 02 00 | -.02 ]

Precipitution {em) - - “- “- -~ ~- *Wind to light

to turn vane
89
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Tablc 8.2 (Continued)

HOURLY OBSERVATIONS . August 9, 1958 O'NEILL, NEBRASKA
£
: _ st ' l 0803 l 0905 ]__w_QL 1109 l 1205 { 1305 l I
: - RADIATION {cal/em2aec)
Insolation L0071 L0138 | L0177 | .0204 0214 | .0132
Refiected L0015 002651 U316 | . 0035 0037 | o023
Net Radiation L0037 0077 | 0104 | .0119 0127 | .ovep
AIR and $OIL TEMPERATURES (°C)
I Teight (m) N
16.00 21,33 23.22 | 24.75 | 26.46 27.36 | 28.05
8.00 21,66 23.66 | 25.13 | 26.75 2171 | 28,29
4.00 21.82 2392 25.58 | 27.60 28.14 | 28.74
2,00 21.82 24.20 | 25.00 | 27.21 28.26 | 20.24
1.00 22.04 24.641 | 26,35 | 28.03 29.41 | 20.66
.50 22,50 25.28 | 27.44 | 29.35 30.27 | 30.38
.25 22,91 26,47 28.33 | 30.67 31.52 | 30.94
12 23.54 27.16 | 29.21 | 31.68 32.79 | 32.08
-.03 20.89 23.10 | 26.26 | 29.41 31,08 | 34,12
-.08 20,87 21,98 | 23.82 | 26.07 28.09 | 30.21
.12 22,43 22,25 | 22.45 | 22.96 23.63 | 24.70
i -.25 28,91 23,11 | 2291 | 22.78 22.68 | 22.72
-.50 21.02 20,871 21.83 | 2178 21,78 | 21.74
} -1.00 20.03 19.96] 1999 | 19.93 19.91 | 10.05
! B VAPOR PRESSURE (mb)
H 16,00 22.62 16,91 16.10 14.75 14.37 --
! 8.00 27.58 17.36 | 16.53 | 15.40 14.79 -
n 4.00 27.48 17.50 | 16.65 | 15.46 14.86 -
! 2.00 27.72 .82 1 1763 | 15.40 H.7n -
. 1.00 26.91 .63 | 16.77 | 15.46 14.45 -
( .50 19.11 1796 | 17.08 | 15.78 15.05 -
.25 17.20 18.01 | 17.30 | 16.08 15.42 -
12 17,29 1884 ] 1817 | 16.64 15.08 -
‘ . . WIND SPEED (em/sce )
16,007 174 338 T a2 FLiuo 393 313
8.00 176 339 290 373 39) 308
4.00 : 148 323 273 360 361 288
2.00 153 300 256 330 432 258
! 1.00 136 (273) 240 308 309 235
i 50 128 246 216 276 242 212
| ‘ap 162 204 182 235 239 182
|| ‘ WIND DIRECTION (deg)
[ 236 26 345
| #.1,/'00 265 [ oo [ 205 [ 230 | 260 | 3l5 | I
- . 80IL TEMPERATUQE CHANGE (°C) o
‘ Inital I'ime v1s0 0850 046U 1050 1148 1251
i Run Thme (min) 26 26 26 20 24 26
y -.04 .65 110 1.28 .06 1 1.17 .22
| -.00 .33 .84 Bl .87 R A7
: -.12 -.04 oy 17 .31 .42 .58
! ~.25 -.08 L1 el -.07 .04 -.01
‘ -.L0 ..Ul -.u3 -.03 -.06 07 -.04
~1.00 ou Cva |l os | coz | ez | -3 .
Precipltation {sm) -- -- -- - - bl




Table 8,2 {Continued)

HOURLY OBSERVATIONS August 9, 1958 O'NEILL, NEBRASKA
csT | 1405 | 1s0s | teos | 1705 | 1505+ | 1605+ | I
RADIATION (cal/cm2sec)
Tneolatlon “O%T0 U185 | ,0UBU 1.001% L00TE T .U1T5
Reflected .0038 .0033 | .vote .0013 | 0021
Net Radlation L0125 0105 | .0030 }-.0008 038 | 0060
AIR and SOII, TEMPERATURES (°C)
Helght (m)
16.00 26.81 20.80 | 28.27 | 27.08 32.00 | 33.00
8.00 29.20 30,33 | 20.64 | 28.07 32.30 | 33.28
4.00 29,59 30.88 | 20,89 | 28.13 32.59 | 33.81
2.00 30.01 30.80 | 30.11 | 28.13 32.04 | 34.32
1.00 30,91 31.06 | 30.24 | 28.18 93.30 | 24.84
.50 31.03 32.88 | 30.75 | 26.18 33,62 | 35.61
.25 33.04 33,02 | s1.2v | 28.18 34.00 | 3e.10
12 34.02 34.94 | 32.12 | 26.15 34.35 | 38,50
-.03 35,64 | 36.77| 36.01 | 3.28 30.82 | 32.05
..08 31.53 32.79 | 33.30 | 32.44 28.54 | 28.88
-12 25.11 26.64 | 27.48 | 27.08 25,85 | 25,70
-.25 22.76 22.88 | 23.06 | 23.31 23.10 | 23.30
-.50 21.69 21.65 | 21.60 | 21.56 21.99 | 21.51
-1.00 10.91 19.87 | 10.82 | 19.84 19.62 | 19.47
VAPOR PRESSURE (mb)
18,00 13.08 [3.60 | 13.53 | 14.38 12.71 ] 13.24
8.00 13.85 14.06 | 1385 | 14.55 12.00 | 13.48
4,00 13.95 14.17 | 13.89 | 14.60 12.94 | 13.53
2.00 13.92 1416 13.04 | 14.05 15.00 | 13.84
1.00 14.04 14.26 | 14.00 | 14.66 13.09 | 13.68
.50 14.32 14.50 | 1d.27 | 14.74 13.13 | 13.71
.26 14. 64 le.66 | 14.51 | 14.76 13.18 | 13.77
12 15.05 14.67] 14.86 | 14.83 13.23 | 13.82
WIND SPEED (cm/acc
16,00 246 271 154 573 753 88D
8.00 261 299 153 501 727 843
4.00 244 261 141 463 004 764
2.00 230 244 144 416 590 678
1,00 217 228 132 370 522 603
.50 200 205 129 3925 450 537
.26 168 175 101 276 383 440
WIND DIRECTION (deg)
1.00 [ 25 | 250 [ 85 | av | s58 | 162 | |
30IL TEMPERATURE CHANGE {°C)
Inittal Time 1353 1454 | 1553 | 1653 1453 | 1653
Rup Time (mln} 2 24 25 2% 24 23
gf; .60 32 | -56 |-1.23 -.03 -.48
o 56 V46 AT ] .50 A6 1 -.54
-2 .39 .38 .33 .18 .08 .10
-.25 u3 s | | 03 | .05
=50 -.03 0o 00 | -.01 00 00
-1.00 -.01 -.04 .01 .01 02 | -.02
Preciplistion (em) -- - e -- - - * August 27, 18566




Table 8.2 (Continued)

HOURLY OBSERVATIONS August 27, 1856 O'NEILL, NEBRASKA
| _CsT l 1705 I 1905 L 2105 I 2205 ] ooog[ 01057 I l

) RADIATION (cal/ecm2sec)

Insolation 0070 D003 T .0000 | .0000 L0000 T .0000
Reflected .0014 -- | .0000 | .c000 L0000 | .0000
Net Radiation .0u27 | -.001% |-.0010 |-.0008 | -.0006 |-.0009

AIR and SOIL TEMPERATURES (°C)

Helght (m)

16.00 33.22 3L13| 29.11 | 28.12 24.46 | 21,75
8.00 33,32 3055 26.72 ; 24.90 21.38 | 20.03
4.00 33.60 20.67] 24.95 | 22.57 20.11 | 18,02
2,00 33.95 28.94 | 22.59 | 20.60 18.83 { 18.37
1.00 34.34 27.41| 18.84 | 19.72 18.29 | 17.05

.50 34.64 25,571 17.45 | 19.02 17.68 | 16.78
.25 35.04 24.45| 16.86 | 18.58 17.26 | 18,47
.12 45,38 23.85( 16.28 | 18.00 16.94 | 16.06
«.03 32.19 29.07| 25.04 | 23.7¢ 2252 | 21.79
..08 29.40 28.58 | 26.26 | 25.04 23.67 | 23.14
-.12 25.01 2636 26.26 | 25.76 24.96 | 2457
-.25 23.38 23.65 | 23.08 | 23.06 21.09 | 23.62
.50 21.40 21,54 | 21.60 | 21.58 21.61 | 21.62
-1.00 19.44 19.561 19.79 | 10.78 10.78 | 19,78
VAPOR PRESSURE (mh)

16.00 13.55 14.87| 14.32 -- 14.48 | 14.49
8.00 13.70 15.00 | 18.10 - 165.20 | 14.84
4.00 13.73 14.80 | 15.76 -- 15.06 | 14.85
2.00 13.76 14881 1555 - 14.82 ] 14.77
1.00 13.81 14.75 4.2 -- 14.70 | 14.51

.50 13.87 14.45 | 14,08 -- 14.38 | 14.51

.25 13.93 14.22] 13.89 - 14.37 | 14.53

12 13.98 14.05 | 13.73 - 14.32 [ 14.48 o]
WIND SPEED {cm/sec

16.00 325 230 213 320 167 337
8.00 784 201 187 325 138 265
4.00 708 163 136 262 103 208
2.00 625 147 148 165 100 169
1.00 555 83 70 78 88 113
.50 490 45 31 59 70 99

.26 403 .- 30 52 74
WIND DIRECTION (d
b [ -] - [~ [ =T T ]
SI0IL TEMPERATURE CHANGE {°C

Inttial Time 1652 1850 | 2050 | 2150 0000 | 0050

Run Time (min) 24 27 27 27 26 25
- -.25 -.98 -.80 -.30 .27 - 37
-.00 .8 -.40 -85 -.38 -.27 -.28
-.12 A2 .02 - 14 -.15 -.18 -.14
-.28 .03 .06 -.03 .04 .00 -.02
- 60 -.02 .02 .01 .02 .02 .00

-1.00 -.01 .01 .00 .02 .00 00

Precipilation (em)
* August 28, 1866
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Table 8.2 (Continued)

HOURLY OBSERVATIONS

August

24, 1956

O'NEILL, NEBRASKA

CsT ] 0205 l 0305 | o40 ] 05U I 0605 J 0705 l l
RADIATION (cal/cm?sec)

Insolation L0000 RO 0D RV L0004 045

Reflected R LOULU LUy RO ool L0011

Net Kadlatlon L0009 | -.ouu4 Foouos |-ouus ] -.0007 | L0021

AIR and SOIl, TEMPERATURES (°C)

Helght {m)

16.00 23.14 21,93 | 2232 | 21.28 1915 | 10.74
8.00 21,83 21.04 | 20137 | 20.04 1.71 | 10.95
4.00 20.87 19.90 ] 20.27 | 14.55 16.50 | 20.15
200 19.97 18.95 1 19.01 | 17.39 15.65 | 20.28
1.00 14.30 18.45 [ 1501 | 15.97 14,03 | 20.51

50 18.59 frus | 1459 | 15.13 13.12 | 20.84
25 16.1u Paoob [ 1392 | 14.75 13.30 | 21.14
.12 17.16 17.47] 13.38 | 14.43 13.02 | 21.41
..03 21.23 20,87 20.63 | 19.91 10.42 | 19.80
..08 22.63 22,16 1 218 | 21.41 20,04 | 20.53
-.12 24.2 L343 RERHD! 23.30 22.99 22.10
.05 23,01 23.83 | 23.73 | 23.61 23.50 | 23.38
-.50 21.68 2070 2173 | 2194 276 | 2174
-1.00 19.82 .83 | 143 | 19.43 19.83 | 19.85
_____VAPOR PRESSURE (mb)

16.00 14.82 14.57 | 1w | 1470 14.87 | 14.80
8.00 15.04 el o | it 19.83 | 14.87
4.00 14.87 15.05 | 1474 | 1470 13.80 | 14.87
2.00 14.60 15.05 | 14.60 | 14.68 13.58 | 14.85
1.00 14.52 14.95 1 1451 | 1459 13.02 | 14.86

.50 14.50 14,93 | 1403 | 104y 12.92 | 14.00

.25 14.39 1445 | 1as2 | 1490 12.65 | 14.87

12 14.3) 14.43 | 1368 | 14.37 12,80 | 14.97
.. WIND SPEFD (cm/sce)

16.00 260 49 314 422 223 400
8.00 248 149 183 205 184 ¢ 395
4.00 192 144 112 301 9y 366
2.00 158 114 11 PRE] 51 326
1.00 106 6l 81 164 41 200

.50 90 51 32 124 46 256
95 04 36 .- 07 11 205
- WIND DmFCTION _(de
1.00 [ - { l 340 | 151 I

SOIL '[‘l")M__I’ERATUHF, CHANGE (°C)

Inlttal Time 0150 0260 | 0350 | 0450 0550 | 0650
ftun Time (min) 26 26 26 26 27 26
-.03 Y 07 .35 .21 -.22 .63
».0f -2l Y T -.1b -8
-~ 12 .12 .15 -12 11 10 - 12
-2 -.02 -.02 U4 -07 -.08 -.08
=50 .03 00 ot (U | o0 | -.ut
| _-1.00 01 01 | oy 00 0y 00
Prect Hatlon {(cm) - -- .- - . -
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Table 8.2 (Continued)

HOURLY OBSERVATIONS August 28, 1956 O'NEILL, NEBRASKA
- e
CST [ 0HUS l 0905 [ 1005 [ 1105 J 1205 l 1305 [ ]
. PRADIATION (cal/cm®?scc)
Insolation U0 0125 L0155 KR LOTGh 0185
Reflected .u1% L0022 | o024 | o031 0028 | .oule
Nel Radiation .bu3s Lust | Louss o115 0100 | L0030
AlR and SOIL TEMPERATURES (°C)
Helght {m) o
16.00 20.96 24.98 | 26.94 | 30.36 at1t | anss
8.00 21.09 25,34 | 27.25 | 30.86 4151 | anl
4.00 21,20 25.62 | 27.60 | 31.3Y 31.86 | 31.91
2.00 21,29 26,02 | 2807 | 32.26 32.43 | 32.21
1.00 21.59 26.26 | 28,87 | 32,90 33.3¢ | 32.56
.50 23,04 26.76 | 2903 | s8.08 38,97 | 33.41
.25 22.05 27.74 1 3017 | 34.42 34.99 | 34.28
a2 23,20 28.51 | 31.45 [ 34.98 35.90 | 34.98
..03 21.41 24.46 | 27.9u | d1.28 33.95 | 35.24
-.08 21,14 22.41 | 24.49 | 26,63 26.62 | 30.25
- 12 22,40 22.34 | 2252 | 2205 23.76 | 24.61
..95 23.20 23,02 | 22.85 | 22.64 2270 | 22.70
_5p 2113 2170 | 21,68 | 21.58 21.64 | 21.61
-1.00 1182 1983 | 1tasn | 19,74 19.84 | 19.82
o 'VAPOR PRESSURE (mh)
16,00 15.80 17496 vide | 19.44 14776 | 12.31
§.00 1592 w1758 | 14,82 15.05 | 12.57
4.00 16,00 16 47 Y] 14,37 1h.05 12.51
2.00 16 04 18 GG 17 63 14.30 15.03 12.58
1.00 l6. 10 165.09 17.65 14.21 1o.08 12.549
.50 16.20 1818 | 1772 | t4.48 111 | 12,66
.25 16.43 18396 | 1780 | 14.63 16,16 | 12.71
12 16.51 i 18.54 17.88 14778 18.19 12 #6
e — WIND SPEFD (em,yee ey i ]
16,00 159 185 AT T hAG 637 164 |
8.00 162 194 492 448 5414 456
4.00 148 1483 107 475 553 443
2.00 144 111 241 428 176 384
1.00 114 137 253 35 436 339
.50 17 134 235 148 403 307
.25 94 117 207 | auy 361 260
WIND DIRECTION (deg)
1.00 315 I 45 ] 315 ] 360 [ 360 J 31D J l
fOIL_TEMPERATURE CHANGE (°C) ——
Initial Fime 0750 viby | usou | 150 150 | 1250 [
Nan Time (min 2 26 %6 26 VA 27
-.03 6 1.50 ' 1.43 1.17 14 19
-, 00 42 16 .87 HY .83 .66
-12 -.0n .04 16 .22 .38 .4z
-.25 .08 -.U5 -.u8 -4 -.01 .ut
-.50 -0l -.0! 00 -.04 ou -.02
-1.00 0o 01 (] 00 -.01 ~.04

Precipltation (em)

—— i et
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Table 8.2 (Continued)

HOURLY OBSERVATIONS

Augost 28, 1958

O'NEILL, NEBRASKA

ST

[ 05 [ 1505 | 1aos |

l

|

|

RADIATION (cal/em@sec)

" Ingolation
Reflected
Net Radlation

0175 0157
.0029 0027
0097 0083

AIR and SOIL TEMPERATURES (°C)

| Helght {m)

16.00 31.8% 29.63 | 32.96
8.00 32.20 30.26 | 33.08
4.00 33.01 30.67 | 33.16
2.0p 33.54 31.38 1 33.18
1.00 34.01 32.23 | 83.22
.50 34.80 32,941 133.26
.25 36.16 33.84 | 33.28
13 37.14 34,52 [ 33.92
-.03 35.59 36,25 | 31.00
-.08" 3111 3108 | 29.25
-.12 25.44 26 14| 26.24
-.25 22.76 22,93 | 23.53
-.50 21,60 21.59 | 21.52
-1.00 19.83 19.84 | 10.52
| VAPOR PRESSURE (mb)
18.00 13.80 17.16 ] 13.92
8,00 14.0b 17.28 | 1400
4.00 14.07 17.26 | 1411
2.00 14.07 17.21] 1412
1.00 14.04 17,201 14.20
.50 14.17 1791 1423
25 14.24 iRy 14.30
12 14.30 i7.31 1 14.32
_____ e WIND SPEED (cm/sec
T16.00 r Tt 054 567
8.00 790 946 51t
4.00 744 893 466
2.00 664 Tul 407
1.00 597 7 356
.50 Hae 6H26 310
.25 451 542 261
. WIND DIRECTION (deg)
1)}y -
1.0 r 288 i 205 J -_I ___L____._.
SOIL TEMPFRATURE CHANGE (°C)
Initial Time 1350 1450 1750 1
Run Time (min) a7 28 27
-.03 12 -.06 -57 I
.U .36 .21 08
-.12 .33 31 G
-.26 U6 6 04
-.50 .0t .02 00
-1.00 0o - 03 01 i ]

Yreclpltation (em)
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Table 8.3 Soil motisture and soll density, O'Neill, Nebraska, 1956

Date: July 10 July 16
Depth {cm) Soil Sofl Soil Soll
Moisture Denglty Molisture Density
(% Dry WL) (Gr/em3) (% Dry Wt.) (Gr/emd)
0-10 7.2 1.08 6.8 .99
10-20 1.0 1.13 8,3 1.07
20-30 3.8 1,28 8.3 1.11
30-40 4.2 1.35 4.9 1,17
" 40-50 5.1 1,31 3.9 1.19
5060 3.1 1,43 3.7 1.20
60-70 1.9 1,63+ 3.4 127
70-80 1.8 1.63¢ 3.2 1,20
80-80 2.0 1,63 4.8 1,40
¥0-100 5.7 1.53* 4.8 1.45
Date; Augusl 6 August 20
Depth {cm) Soil Soil Soil Soil
Motsture Densily Moisture Density
(b Dry Wt.) (Gr/cm3) (% Dry Wt.) (Gr/em?)
0-10 9.2 1.03 6.6 1.05
10-20 6.6 1.11 6.5 1.19
20-30 3.0 1,23 8.0 1.22
30-40 2.8 1.27 4.4 1.356
40..50 2.9 1.290 5.6 1.29
50-60 3.5 1.32 8.7 1,39
€0-70 6.2 1.20 3.8 1.51
706-80 3.8 1,45 2.9 1.56
80-90 2.6 1.45 2.4 1,568
90-10U 1.8 1.60 2.4 1,688

*Mean value, 60-100cm.

e e e - b wee e ol
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CHAPTER 9
EVALUATION OF THE FLUXES OF SENSIBLE AND LATENT
HEAT FROM MEASUREMENTS O WIND, TEMPERATURL,
AND DEW POINT PROFILES

M. H. Halstead* and W, H. Clayton
Texas A&M Research Foundation

9.1 Introduction

Inasmuch as the macroparameters of meteorology are, in many
cases, determinable by the microparamcters in the near surface layers
of the atmosphere, a great deal of study has been conducted by many
investigators towards better evaluation of these microparameters. A
basic attack on the problem lies in the determination of the surface
energy budget; and it is the purpose of this paper to present a method
uf evaluating the various terms of the encrgy balance relationship from
measurements of moisture, net radiation, and the vertical gradients of
wind, temperature, and moisture at a particular site for a given time
interval.

From conservation of energy requircements, the sum of energy
fluxes entering or leaving the earth's surface must be zero. Or

Ro+q.+4d,+ag=0 (1)
where Rn = net radiative flux of heat,
q. = flux of sensible heat to the air,

Qe = flux of latent heat from evaporation or
condensation ol water, and

conductive heat flux into or out of the ground.

£
<]
n

The net radiation is easily measurable directly and need not concern
us herc other than as a measure of the reliability of the other terms in

Eq. (1).

*Present affiliation: U. 8. Navy Electronics Laboratory
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Mcasurements of soil heat flux, though not performed directly, are
based on the Fourier conduction equation and the treatment shown in
this paper is no different from that of previous authors (for example, Sutton5).

The essential difference between this and previous papers is based
on a definition of turbulent flow f{irst advanced by Hals::tead.2 This, in
turn, leads to evaluations of q candq e ina turbulent regime diffcrent
from those obtained through the classical concept of equivalence of ex-
change coefficients for heat and momentur.

The applicability of these evaluations is shown by heat bhudget
computations based on data collected during Project Prairie Grass by
personnel of Texas A&M Research Foundation.

9.2 The Flux of Momentum

The transfer rate of molecular momentum within a gas per unit
time and arca, in a direction perpendicular to the mean vclocity of the
gas (or tangential shear), is proportional to the vertical gradient of the
velocity. That is,

T, = udu/dz (2)

where u is defined as the absolute viscosity of the gas. Equation (2),
though first presented as an empirical concept, can casily he derived
from kinetic theory.

This derivation shows that

w=pcL/3 (3)

where ¢ is the root-mean-square velocily of the molecules comprising
the gas, p is the density, and L is the mean free path. If the scale ol
motion within the gas, as characterized by the product uz, where z is
the distance from the bounding surface, cxceeds the molecular scale
of motion as shown by ¢L, by a sufficient amount, the flow ceases to be
laminar and becomes irregular or chaotic or, as usually described,
turbulent.

The critical values of this ratio for {ubes of various sizes were
first investigated by Reynolds, who found that turbulent motion occurred

98
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in a tube of diameter d when

R, = 3ud/eL = pud/p > 2000. (4)

Even though turbulent motion is present, a laminar sublayer ad-
jacent to the boundary can still exist. The thickness of this layer is
determinable {from R, for flow over smooth surfaces. Assuming a
linear profile within the laminar layer, the surface friction 1 is

2 :
T, = -332pug / /R“o

From integration of Eq. (2), assuming 7 # 7(2),

Ty = péLua/Sb.

Thus, the localized Reynolds' number is

R, = 3ug 6/¢L = 135. (5)

It should be noted that the flow pattern at = - &6 will not be strictly
laminar or turbulent. That is, z = 6 cannot be interpreted as a point
but rather as a region. Howcver, for purpuscs of discussion here, 6
will be regarded as the thickness of the laminar layer.

To apply Eq. (2) to a turbulent regime, the molecular viscosity
must be replaced by a term, usually referred to as the eddy viscosity,
which will be a function of the distance from the bounding surface.

Inasmuch as division between laminar and turbulent flow does
not occur at a precise point, it appears reusoiuble that the eddy
viscosity should be so defined that it reduces to the molecular vis-
cosity. That is, Eq. (2) could be written as

T, = Kdu/dz, (6)

where K will be equalto pat 2z = 6.
Consider a flow of gas over a smooth surface and assume n

hypothetical surfaces inserted in the gas above the boundary, cach a
mean distance 5 units above the layer preceding it. That is, the first
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surface is coincident with the top of the laminar sublayer, The ecffect
of turbulence may he thought of as a factor of area distortion of a
given surface. Hence, the area of the surface at elevation j will be
greater than the area of the surface at j -~ 6 and less than the surface
at elevation j + 5. This is shown in Figure 9.1,

z flowing gas
turbulent

>boundary
3 layer

3 laminar
sublayer

VI s

Figure 9.1 Distorted Area Pattern

The first surface has the same area as the smooth boundary itself
inasmuch as below z = 6 the flow is laminar. Above z =0, a given
surface becomes distorted due to the distortion of the preceding surface,
plus any inherent distortion of the surface itself,

Let r he the ratio of areas of any two adjacent surfaces. Then

= An/An"l .
Hence, Eq. (6) may be written T, = uAn/A0 du/dz, (7

Thus, the area of the nth layer at elevation z will be

An = A1 rn,
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Since Ay = A,
An/Ao =rz/6. (8)

Substituting Eq. (8) in Eq. (7), we obtain,
T, = rzpu/0 du/dz, 9)

as applicable to turbulent flow.

The shearing stress 7, will vary with elevation, being a maximum

b/
at z = 0, and decreasing with elevation. For the atmosphere, T, will
vanish at z = H, where H is the geostrophic wind level.

Assuming a linear variation of shearing stress with height*, we

may write,
rp = 7(1-2/1), (10)
where 7 is the stress at the top of the laminar layer, which for all

practical considerations for the aimosphere will equal the shear stress
at the surface. Hence,

TO(I-Z/H) = p¢(Lrz/30) du/dz (11)
Actually, p and ¢ and L will vary with height also, but for the lower

layers of the atmosphere this variation will be small,
Separating variables and integrating from 6 to z, we obtain,

u, = Ug + 3670(1n z/6 - z/H)/pcLr (12)
From integration of Eq. (7) fromz=0toz =6 (‘ro =T, K= pu),

UG = 3705/p EL. (13)

*This is equivalent to agssuming a unidirectional mean velocity, negligible

Coriolis acceleration, and a uniform horizontal pressure gradient.
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Thus,
u, = ug {1+ (Inz/6 - z/H)/r] . (14)

Inasmuch as the discussion is restricted to the region where z is
of the order of a few meters, while H will be of the order of 500 meters,

z/H of Eq. (14) will be insignificant with respect to In z/6 and the former
term may be neglected. Thus,

u, =g [1+ {lnz/8)rl . (15)

Equation {15) is analogous to the wind profile equation derived
from mixing length concepts, that is,

u, = u, [A+ (Inu,z/v)/K] (16)

where u, = '\/l‘r/p, k is von Karman's constant (k = 0.40), and A is a
constant, It is interesting to convert Egs. (15) and (16) to identical

form, inagsmuch as A and k have been evaluated from empirical studies.
From Egs. (5) and (13),

ug = ch.l/b = u_“2 o/v. (1m
Substituting in Eq. (15) _
u, = u A+ (Inzu,/6)k] (18)
which is identical to Eq. (16) when
A=ub/v[1- (Inu,b/v)/r] (19)
and
k=vr/u,b. (20)

Using Nikuradse's (Suttons) data for flow near a smooth surface,
A = 3.5 for k = .40; hence, r = 4.65.

More recent work by Laufer at the Bureau cf Standards affirms
the Nikuradse data and leads to the same r value.
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Substituting this value in Eq. (15),
u, = uﬁ[ 1+ (Inz/5)/4.65], z >8 (21)

for flow near a smocth bounding surface.
Within the laminar sublayer (z < 8), u is given from Eq. (17)
and using p= 1.8 X 1074 gm/cm sec, p - 1.2% 107 gm/em”,

us = 20.3/5. (22)

Figure 9.2 shows Eqgs. (21) and (13) for sevcral 7 values,
plotted as velocity versus the logarithm of elevation. The turbulent and
laminar regimes are separated by the line along which ug 6 = 20.3.

The applicability of Eq. (21) is limited to small elevations and
smooth surfaces. We can rigorously define elevation but not a smooth
surface. Aerodynamically speaking, a smooth surfare means a
surface that does not physically protrude through the laminar sublayer.
However, since the thickness of this layer depends upon the velocity,

a surface consisting of No. 4 sandpaper could be a smooth surface;
and, undcr other flow conditions, a pane of glass could be a rough
surface.

While a satisfactory theoretical treatment of the effect of surface
roughness has yet to be developed, it is reasonabie to think of the
roughness elements as sinks of momentum which In total are equiva-
lent to a "drag velocity.'' Hence, for the postulated type of flow over a
rough surface, Eq. (21) can be mndificd to

u, =us[1+(In 2/6)/4.65] - ug, (23)

where u is the drag velocity corresponding to momentum transferred
to surface roughness elements, assuming no modification of the rough-~
ness elements by the flow. Further, the length 6 must then represent,
not the thickness of an actual sublayer, but morc generally, the thick-
ness of any layer which would give a distortion r. Since it is im-~
possible to determine the sink strength of a surface theoretically or to
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measure U dircctly, it is necessary to eliminate the "drag velocity"
by solving Eq. (23) simultancously, for more than one level.

In the presence of a vertical gradient of potential temperature, the
modification of the flow patiern can be significant, as the density, mean
free path, and root mean square velocity of the gas will change with
elevation. That is, a buoyancy term will be present. This will be true
in the laminar as well as in the turbulent region. For the lower
Jayers of the atmospherc to which this discussion is restricted, the
effects of buoyaney can be large, varying velocitics and transfer rates
‘through one or two orders of magnitudes. Fortunately, however, thesc
effects do not appreciably influence the logarithmisc nature of the pro-
files in the layers below one or two meters, hence need not be con-
sidered. Actually, this requires that z be no greater than the eleva-
tion for which u vs In z is lincar.

In general, the argument presented implies that turbulent transfer
is not a function of an exchange coefficient varying with lateral or verti-
cal displacement but a rate of distortion of laminar flow arca which will
vary from case to case, but will remain constant for a given flow pattern,

In order to apply the development to measurcements of momentum
transfer to the surface, we require the difference in velocity between a
height z and 2z. F¥From Eg. (23)

Ug, = U, = (uﬁ In 2)/r. (24)

Substituting Eq. (23) in (13) and rcealling that r = 4.65, then the total
momentum flux at the surface (or any clevation, z, since Eq. (23) is
essentially based on constancy of shearing stress with height) is given
by

.2
T, = 1/3p(uZz - u,)”. (25)

Inasmuch as this equation will be used again in the evaluation of
the convective and evaporative fluxes of heat, it will be worthwhile to
repeat the meaning of the various terms cntering this equation.
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These are listed below:

u

, = mean wind speed at elevation z,

us = mcan speed at the top of the laminar sublayer (fictional
for flow over a rough surfacce),

r = 4.65, increase in surface area due to turbulent dis-
tortion of a single layer of mean thickness 6,

6 =thickness of layer producing a constant distortion r
(for flow over smooth surfuces, the thickness of the
laminar sublayer).
9.3 The Flux of Sensible Heat
The rate of vertical transfer of heat (qc) per unit time and unit
area within a gas is proportional to the density ¢f the medium, the
specific heat, and the gradient of potential temperature, or for non-
turbulent flow,

Up =V, PC dT/dz, (286)

i

where p is density, Cp is the gpecific heat at constant pressure, T is
potential temperature, and Ve is a constant of proportionality related
to the product of molecular mean free path and root-mean-square
velocily, and generally referred (0 as the thermal diffusivity, It has
the same units as kinematic viscosity, cn12/scc in the cgs system.

If air is in turbulent motion, transfer of heatl is still expressible
by Eq. (26) but with a dependency on the scale of motion within the
fluid. That is, heat is transferrcd by parcels of air as well as by in-
dividual molecules.

As in the case of flux of momentum, consider a {low of air over
a smooth boundary with hypothetical, cqually spaced surfaces sepa-
rating layers of the moving air. Four laminar flow, each surface will
be parallel to cvery other surfiace, or each surface will have the same
area. For turbulent flow, however, each surface will have a different
area depending on the degree of turbulence, The first of this hypo-
thetical group of surfaces will be parallel to the solid surface itself,
if it is located at the top of the laminar layer, which is at a distance &
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above the solid boundary. Surface number two, at a mean distance 8
above number one, will be distorted to a degree depending on the scale
of motion between the two surfaces, Surface number three (at a mean
distance 5 above surface two) will be distorted according to the scale
of motion between it and surface one, or between it and number two,
plus the distortion between surfaces one and two.

The area of a surface at a given height, 2, i5 4 measure of the
opportunity for encrgy transfer. This area An , divided by the hrea of
surface number one (or the area of the boundary itself, Ao), will be
equal to rn where r is the fractional increase in area due to turbulent
distortion and n is the number of surfaces, cach a mean distance §
apart, betwecen the boundary and elevation z.

Thus,
A=A rz/6. (2m

Hence, Eq. (26) may be written as

4

dq chcpd’l‘/dz, . (28)

where K

t

¢ = Ve for z < 6 (laminar flow),
and for turbulent flow (over smooth surfaces) as,
q=v,rap cp/é dT/dz. (29)

Restricting the application of Eq. (29) to small values of z, con-
stancy ot v ,, P, and ¢_ may be assumed. This, in effect, means
negligihility of any buoyancy terms.

For the same conditions given in the preceding scction for stress

varying linearly with elevation, we assume a lincar variation of q
with elevation, or

q,= qu (1 - Z/H), (30)

where H is the thickness of the turbulent layer, or geostrophic wind
level.
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Substituting Eq. (30) in (29), separating variables, and integrating
from the top of the laminar layer to an elevation z,

T, = Tﬁ[ 1+ (lnz/6 - z/H)/r], (31)

where
Tp = qcb/p Cp Ve (32)

For small values of z, the term z/H will be negligible in com-
parison with In 2/8 and may be omitted. Thus,

T, = Tg[1+ (Inz/8)/r], (33)

for flow over smooth suriaces.

For flow over aerodynamically rough surfaces, we parallel the
previous view concerning momentum., That is, we will regard rough-
ness elements to act as sources or sinks of heat, according to the
temperature differences between the elements and the ambient, and
postulate a potential temperature equivalent to the magnitude of the
sources or sinks. Inthis view, Eq. (32) may be modified to

T, = Tb[l + (Inz/6)/r] + Tg- (34)
Generally, TS will be unknown, but it is not involved when Eq. (34)

is applied to potential difference between two levels. For the particu-
lar levels z and 2z,

Tg, - T, =T (In 2)/r. (35)

Z

Combining Eqgs. (17), (24), (32), and (35), we obtain

9 = cprz pv,(Tg,~T,) (uy, - u,)/R. v (In 2)2 ’ (36)

for evaluation of the flux of sensible heat.
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Using the values

p =12x 1073 gm/cma,
cg = 0.24 cal/gm deg C,

v, =0.21 cmz/sec,

v =0.15 cmz/sec,

r =4.65, and
R, = 135,
in Eq. (36)
q, =124 % 107y, - u ) (Ty, - T,) (37)

with d, in cal/cm2 sec, velocity in cm/sec, and temperature in
degrees Centigrade.
9.4 The Flux of Water Vapor

Evaporation of a fluid is a measure of the difference of exchange
rates of moleculeg of the fluid between the surface and the surrounding
medium. For the case in which molecules eacaping from the surface of
the fluid are influenced unly by their concentration and the molecular
properties of the surrounding medium (for example, still air over water),
the evaporation is given by,

E=0dp'/dz, (38)

where o i8 the diffusion coefficient, and p' is the density of the fluid
vapor. While ¢ will vary slightly with temperature, it may be con-
sidered constant for purposes of this discussicn. Its value for 15°C
is .250 cmz/se(;.

If the air i8 in turbulent motion, Eq. (38) requires modification
to allow for non-molecular transfer. As in the previous cases of
transfer of momentum and heat, we will generalize the laminar flow
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case to include turbulent flow by introducing a factor to allow for the
increased area of contact between the turbulently distorted layers,
or

E=or 2/6 dp'/dz. (39)

Using the same reasoning that has been applied for the wind and
temperature profiles with respect to variations in E with height,
surface roughness, and thermal buoyancy, the cvaporation is given
as

E=0(ug,-u,)(p'y,-p',)/3, (40)

where E will be given in gm/cm2 sec for p' in gm/cms, and u in
cm/sec,

In order to compute the flux of latent heat by evaporation, Eq. (40)
must be multiplied by the latent heat of vaporization of water for the
particular temperature concerned. Using 20°C as an average tem-
perature and converting absolute humidity to an equivalent vapor
pressure by use of

p' = eM/RT (41)
where
M = 18, molecular weight of water,
R =8.31x1077 erg deg, universal gas constant,
T = 283°K,

vapor pressure (millibars), and

c

9 evaporative flux of heat,

we can write approximately,

q, = .240 X 107> {ug, = u ) {eg, - ), (42)

when q,, 18 given in cal/cm2 sec.
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9.5 Soil Heat Flux

Inasmuch as transfer of heat energy within the soil is by conduc-

tion, the equation for heat flux in the soil is given by tiie Fourier
relation,

b T/bt = v V2T (43)
where T = temperature, and Ve = thermal diffusion coefficient. If
827/0x% - 02T /6y? = 0, using Eq. (26) to define the heat flux, and
considering z to increase positively with height,

(8}
Gy = 9, * Zf p cp (8T/8t)dz. (44)

Since it is desirable to determine the surface heat flux from soil
temperature difference with time, q, must equal zero. That is,
measurements must cover the range from the surface to a point
where 8T/0z = 0. Hence,

o
q, = [p cp(BT/at) dz. (45)
zZ
3.6 Computation of Surface Heat Budgets

During the 70 gas releases of Project Prairie Grass, personnel
of the Texas A&M Research Foundation made measurements of net
radiation as well as of wind velocity, vapor pressure, air tempera-
ture, and soil temperature at several levels. These data have been
used in the energy balance equation as a measure of the applicability
of the expressions developed for evaluating the fluxcs of sensible
and evaporative heat.

The systems of measurement employed in the study are de-
scribed in Chapter 7 of this report and need not be repeated here. The
method of analysis of the data as pertinent to the various flux compu-
tations, however, is given below.

Referring to Eq. (37), evaluation of Au = (u2z - uz) and AT = (’1‘3Z - Tz)
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is all that is required to evaluate the flux of sensible heat. These
values, of course, are obtainable from profile measurements of wind
speed and air temperature. Specifically, the mean values of u and T at
12.5, 25, 50, 100, 200, 400, 800, and 1600 centimetcrs were measured
for a 20- to 30-minute interval surrounding the gas release intervals
and plotted versus the logarithm of elevation. Inasmuch as the de-
veloped relationships apply in the region where u is linear with In 2,
the portions of the profiles significant to the study are straight lines,
and the double-level variation is merely the abscissa increment he-
tween any two successive levels along the profile.

- To minimize plotting and reading errors, the increments were
read hetween four levels and divided accordingly. Of course, not all
profiles were strictly linear. In such cases the '"'best sight' fit to a
linear profile was used with greatest weight given to the lowest levels
where deviation from linearity was a minimum.

In the u evaluation, extrapolation of the profile to u = 0 gives

the roughness parameter z,, as can be seen from

u = (u, lnz/zo)/k, (46)

which is another form of Eq. (16). A value of 0.6 cm was found to be
the z o value for thc measuring station location. This value represents
the average value of the In z versus u intercepts of 16 profiles that
were esscntially linear at all levels. Hence, all wind profiles were
drawn as straight lines from the point z = 0.6 cm, u = 0, through the
lower four points of u versus the logarithm of z.

The increment of vapor pressurc Ae = (ezz- ez) was obtained
similarly from measurements of vapor pressure at the same eleva-
tions used for wind speed and air temperature.

The soil heat flux at the surface is given by Eq. (45). Bothp
and c,, vary with depth but so slightly, for the interval considered,
that tﬁey may be ireated as constant. For the type of soil in question
(O'Neill loam, upland phase), p Cy = 0.28, as determined from six
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different soil teste performed during the period covered by the data.

Thus, the value of soil heat flux is proportional to the areca between
proiiles of temperature versus depth at the beginning and the end of the
sampling period. The above, of course, is based on the assumption
that 8T/8z = Q at some level z.

Soil temperatures were measured at 3.12, 6,25, 12,5, 25, 50, and
100 centimeters. If 2 maximum or minimum occurred at a depth of
less than 100 centimeters, then the integral is represented by the area
between the two profiles from the surface to the critical depth. I nc
maximum or minimum temperature occurred, then the integral was
evaiuated to 100 centimeters, provided the temperature at that depth
did not vary significantly with time during the gas release period. In-
asmuch as surface temperature was not measured, this point on the
profilc was obtained from a graph of surface temperature versus
time of day for that location as given by an analog computer4 from
local input data.

Table 9.1 gives a summary of the analysis for 48 release periods
for which complete data were available. The fluxes in this table are
given in kilocalories per square centimeter per second. To facilitate
comparison of these fluxes with valucs determined by the University
of Wisconsin group, the fluxes are presented in calories per square
centimeter per minute in Table 8.2.

The line of best fit* of the data of Table 9.1 is y = .99, where
y represents the net radiation values and x is the negative of the sum
of the fluxes of latent heat, sensible heat, and soil heat. The average
error (that is, between the net radiation values and the sum of the
fluxes) is 0.43 X 10'3 cal/cm2 sec. If release No. 10, which is obvi-
oualy suspect, is omitted, the line of best fit is y = 0.97x and average

-3 2
error is 0.36 X 10™* cal/em” sec.

*Determined by the method of lcast squares. The second significant fig-
ure inthe equation of best fit should not be taken to imply anaccuracy
of 1 percent, butis given only as a means of comparison with other equa~
tions based on different methods of evaluating heat fluxes.
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Table 9.1, Heat budget data collected by the Texas A&M Research Foundation
- -
Gas Au A6 Ae g q ag L, R, Rn+2qi
em Kcal Kcal Kcal Keal Kcal Keal
Rel. =— o¢c mp 2 2 2 2 2 2
No. sec MY em“sec em®sec cmsec cm®sec em“sec cm®sec
2 23 - .28 -.42 - .80 -2.32 .07 -~ 3.05 2,90 .15
7 54 -1,07 -.833 - 7.16 -4.28 -1.58  -13.,02 12,00 .22
8 54 - .51 -.20 - 8.41 -2.59 23 - BT 5.70 .07
9 84 - .63 -.23 - 5,52 -4.64 -1,18 -11.34 11,40 - .06
10 57 - .90 -13 - 6.36 -1.78  -139 - 953 1200 -3.217
15 40 - .70 -.09 - 3.47 - .06 -1.11 - 544 5.00 44
16 42 -1,03 -.23 - 5.36 -2.82 <238  -10.06  10.00 .06
15 73 ~ .60 -.10 - 5.43 -175 -1.08 - 8.2 8.10 16
20 112 - B3 -.05 -11.53 -1,34 -1.43 -14.30 13.70 .60
21 2 .10 -.01 69 - .17 .22 94 - .90 .04
22 83 .15 -.02 1.54 - .40 .28 1.42 . 1,40 - .02
25 34 - .52 -.48 - 2.19 -3.92 .03 - 6.08 6.20 12
26 79 - .63 -.30 - 6.17 -5.60 -1,06 -12,92 12.60 .32
27 73 - .82 -.18 - 7.42 -3.15 -2,66 -13.25 12,30 .85
30 83 - .70 -.260 - 7.20 -4.98 -1.82 -13.70 12,90 .80
3 99 - .38 -.14 - 466 -3.33 - .95 - 8,94 9.20 .26
32 20 .33 -.06 .82 - .20 .99 1.52 - 1.30 .22
33 90 - .48 -.50 - 5,36 -6.48 78 -11.06 10.90 .16
34 110 .65 -.15 - 7.50 -2.0 -.35 -~11.81 11.30 .51
358 44 .12 -.04 .65 - 12 .78 99 - 70 - .29
35 10 12,00 .15 .00 .82 97 - .09l - .00
36 16 .23 -.06 46 - .23 .61 .84 - .35 .01
38 48 .10 .00 .60 .00 .45 095 - .85 - .10
39 22 .26 -.02 11 -~ .11 .78 1.38 - 1.35 - .03
40 20 .23 -.04 a7 - .19 70 1.08 - 1.14 .06
41 42 .16 -.01 .83 - .10 .51 1,24 - 1,23 - .01
42 70 .15 -.01 1,30 - .17 .26 1,30 - 1.92 .53
13 65 - .83 -.17 - 6.69 -2.65 - .68 - 9.97 10.80 - .03
44 71 05 -.07 - 7.48 -1.19 -1,35  -10.02 9.70 .32
45 70 - .20 -.03 - 1.74 - .50 GO - 1.58 1.40 10
46 66 .13 -.04 1.06 ~ .63 1.34 .77 - 1.40 - .37
48s 38 - .77 -.34 - 3.63 -3.10 -~154 - 8.27 7.00 1.27
48 91 - .51 -.11 - 575 -2.40 -1.01 - 0.16 8.10 i.06
49 82 - .78 -.15 - 7.73 -2.95 -1.67 -12.35  12.90 - .55
50 81 - .90 -.13 - 9.04 -2,63 -1.33 -12.90 12.80 .10
ol 82 - .67 -.13 - 6.81 -2.56 - .52 - 0.89 8.80 1.09
52 55 -1.25 -.19 - 8.52 -2.51 - .68 -11.71  11.00 P!
53 21 43 -.03 1,12 - .15 .08 1.95 - 1.50 - .45
54 46 7,00 917 .00 .67 1,64 -~ 170 .06
55 89 .15 .00 1.28 .00 .55 1,88 - 1.50 - .33
56 56 .10 .04 .69 .54 .64 1.87 - 1.40 - .47
57 86 ~ .13 -,02 - 1,37 - .4l 34 - 1,44 1.30 .14
59 28 .26 -.01 .84 - .06 .58 1,36 =~ 1.40 .04
60 54 A7 -.01 1.14 - .13 .52 1.63 - 1,40 - .13
61 96 - .70 -.08 - 86.33 -1.84 -1.21 11,38 11,90 - .52
2 63 - .37 -.17 - 2.89 -2.57 - .60 - 6.06 7.20 -1.14
63 3 .83 47 .31 .34 .05 1.60 - 110 - .50
64 3 .43 .18 .16 .13 .96 1.25 - .RO - .75
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Table 9.2. Ileat budget data collected by the Texas A&M Rescarch Foundation

Gas 9 4o U ,I”n
cal cal cal cal
Release Ty PO - D)
No. cm min em“min om T min ¢ra min
2 ~-,048 -, 139 .004 174
7 ~-.430 -. 257 -.095 764
8 -.205 -. 155 .014 .342
9 -.331 - 278 -.071 .684
10 -, 382 -, 107 -.003 L7638
15 ~. 208 -.0562 -.067 .500
16 -.322 -. 139 -.143 .600
19 -.326 -.105 -.065 46
2 -.692 -.080 -.086 L0622
21 .053 -.010 013 -.054
22 .092 -.024 017 -.084
25 -.131 -.235 .002 L3172
26 -.370 -.341 ~.064 .756
27 ~-. 445 -.189 -.161 .738
30 -.432 -.299 -.091 174
31 ~-.280 -.200 -.007 .552
32 .049 -.017 .0569 -,.078
33 -.322 -.309 047 .654
34 -.450 -.238 -.021 .678
35s .039 -.025 046 -.042
35 .009 .000 .049 -.0565
36 .028 ~.014 037 -.051
38 .036 .000 021 -.051
39 .043 - 007 047 -, 031
40 .034 -.011 042 -.068
41 .050 -.006 .031 -.074
42 .078 ~-.010 018 -.115
43 -.401 -.159 ~,03 .648
44 -.449 -.071 -, 0061 502
45 -.104 -.030 .040 .084
46 .064 ~.038 .080 ~.084
48s .218 -, 186 -.092 .42
48 -.345 -.144 -,061 L4586
49 -, 464 -1 -.100 .174
50 -.542 -.162 -.680 L7638
51 ~.409 -.154 -.031 .528
52 -, 011 -.15% -.041 .660
53 .067 -.009 .059 -.090
54 .058 000 .040 -.102
55 077 000 .033 -.090
56 041 .032 .036 -.084
57 ~.082 -.025 020 078
59 L0560 -.004 .035 ~.084
60 .068 -.006 .031 -.084
61 -.500 =10, -.073 114
62 -.1173 -.164 -.036 .432
b4 019 .020 .057 -, 060
04 .010 .008 .058 -.030
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Hence, the evaporation amounl and the flux of latent heat, as computed
by the developments in this paper, are approximately 50 percent

Figure 9.3 is a scatter diagram of the data of Table 9.1.

A comparigon of Eq. (40) with the Thornthwaite-Holzman evapo-
ration formula shows that the latter relation differs from the former
by a constant factor. The equations are, respectively,

4y, = c/3vaup’ (46)
2 2
g, = (pk® Auah)/(In 2)

(47)
where Ah is the difference in specific humidity between elevations z

and 2z, and all other symbols have the meanings previously used.
Replacing h in Eq. (47) by the ratio of absolute humidity to air density

a)e/dg, = 0/v (n2)%/ 32 .
That is,

(48)

qle & U/V Q2e (49)
At 20°C, the ratio of o/v is equal to 1.6 or

9e = 1'6q2e

(50)

greater than the corresponding values obtained by the Thornthwaite-
Holzman equation,

The sensible heat flux, according to the developments of this

paper, also differs from the usual computations based on equivalence
of the eddy conduction of heat and momentum by anproximately 50 per-
cent. That is,

qy;, = Ky cyP dé/dz

(51)
where KH is the eddy coefficient for heat. Assuming that Km = KH =
ku, z, where the subscript m refers to momentum, then

qpy, = ku,, 2 cyP de /dz (52)
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Comparing this with Eq. (29)
Agp, = v T(2/8) p ¢, d6 /da

and using Eq. (20) to evaluate ku,,
Ay /gy, = V/ve = K /Ky, (53)

which is the Prandtl number for air (.711). Hence,
9p 7 1'4qlh’ (54)

or, as noted above, the scnsible heat flux based on the reasoning of
this paper is approximately one and one-half times the {lux compu-
tations based on equivalence of the Austauch values for heat and
momentum. Figure 9.4 is a scatter diagram of the O'Neill data
based on the latter concept.

The supposition that the exchange coefficients for heat and
momentum are equal or nearly so probably dates from the Reynolds'
analogy, that is,

1/p = (v + K) du/dz = K du/dz (55)
and

-q/cpp = (vc + K) do /dz = Ky de/dz. (56)

Assuming that v and v, represent insignificant contributions to the
coetficients, Ky and Km should be nearly equal.
The development used in this paper is equivalent to the postulate

that
t/p - K du/dz = K., du/dz, (57)

and
-q/p cp= Ve K dé6/dz = Ky dae/dz, (58)

hence, using Eqgs. (9) and (29),

-
Py
(.53
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Km/KH = v/vc. (59)

It is not intended to imply that the equivalence of the eddy co-
efficients for momentum and heat has been universally accepted in
the past. Swinban!«:6 from experiments conducted in Australia says
"... there is a certain notable consistency about the manner in which
KH exceeds Km ... Not only is this order of the coefficients main-
tained from one occasion to another, but also, broadly, the propor-
tionality among them." From f{ive measurements of Km and KH ,
his average ratio is

KH/Km = 1.8, (60)

which is certainly of the magnitude of the ratio of v, tov.

Data obtained by Rlder4 at Cardington, England, also supports
this value of the ratio of Km and KH , although Rider did not interpret
the results as support for the non-equivalence of the two coefficients.
From averaging of nine evaluations of KH and Km (at 75 centimeters)
from observed energy balance computations, Rider finds as an average
ratio

Km/KH =.70.

While this value is indeed near unity, it is remarkably near the
Prandtl number (.711) for alr,

While detailed profiles of wind, temperature, and humidity have
been utilized in verifying the turbulent transfer equations, the equa-
tions themselves require measurements at only two levels. Since
measurcment of a detailed profile requires a large number of highly
accurate instruments and a comparable amount of technical time and
attention, it would seem important to determine the degree of accuracy
with which the various terms in the energy budget would have balanced
had only two levels been available. Further, the data available should
be sufficient to determine the optimum levels at which measurements
could have been made.
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The matter of optimum levels must require a compromise which
Wwill minimize three possible sources of error. First, the lowest level
needs to be far enough above the surface that irregularities in that
surface do not cause an appreciable uncertainty in determining the
height of that level. Second, the difference in height between the two
levels needs to be sufficiently great (in terms of doubled levels) so that
errors caused by instrument inaccuracies and sampling errors are not
too great. Third, the top level needs to be as low as possible so as to
avoid the effect of buoyancy.

To study the combined effect of these ihree error sources, the data
of the previous section have been treated in the following way. Values
of Au, A8, and Ae have heen obtained from the 21 pairs of levels; 25 to
50 cm, 25 to 100 cm, 25 to 200 cm, 25 to 400 cm, 25 to 800 cm, 25 to
1600 cm, 50 to 100 cm, 50 to 200 cm, 50 to 400 cm, 50 to 800 cm, 50 to
1600 cm, 100 to 200 cm, 100 to 400 cm, 100 to 800 cm, 100 to 1600 cm,
200 to 400 cm, 200 to 800 cm, 200 to 1600 cm, 400 to 800 cm, 400 to
1600 cm, and 800 to 1600 cm. The number of Au's, Af's and Ae's, ob-
tained in this manner (per pair of levels) that fall within 10 percent of
the corresponding profile determinations are shown in Table §.3.

As can be seen from this table, the levels at 25 and 100 c¢cm appear
to give the most satisfactory rcpresentation of the entire profiles. This
is further substantiated by Table 9.4 which lists the best fit equations
and average error for the four best level pairs, as well as that obtained
from use of the profiles to determine Ay, A8, and Ae, '

9.7 Conclusion

The method developed in this paper appears to he satisfactory for
calculating the turbulent transport of sensible and latent heat over the
range of conditions represcnted by the data available.

However, since it differs from earlier metheds by approximately
50 percent and since thc test data are restricted to a summer season
with exclusively southerly winds, it would appear desirable that it be
tested further, preferably by other workers in the field.
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Table 9.3, Percentage of double-level values within 10 percent of
profile values

Level Au A9 Ae % Level Au Af Ae %

Pair Pair

(cm) cm/sec °C  mb (cm) cm/sec  °C mb
25-50 17 19 19 38 100-200 15 12 10 26
25~100 25 25 18 47 100-400 15 14 8 26
25-200 28 20 17 45 100-800 B 8§ 15 22
25-400 24 18 11 37 100-1600 7 8 12 19
25-800 12 17 11 28 200-400 12 9 9 2]
25-1600 12 15 15 29 200-800 6 10 12 19
50-~100 18 13 8 27 200-1600 3 6 14 16
50-200 17 13 13 30 400-800 4 5 6 10
50-400 19 17 11 33 400-1600 4 4 6 10
50-800 10 1i 12 23 800-1600 4 3 6 9
50-1600 9 8 8 17

Table 9.4. Statistical analysis of heat budget balance

Average Error

9 Levels
Method Line of Best Fit*  (cal/em” sec) Employed
CLASSICAL y = 1.37X 1.60 x 10-3 Profiles
DISTORTED AREA y= .92X 1,14 % 10-3 25-50 cm
DISTORTED AREA y=10X © 1,06 x 1073 25-100 cm
DISTORTED AREA y=10X 1.25 x 10-3 25-200 ¢m
DISTORTED AREA y=1.0X 1.40 x 10~3 25-400 cm
DISTORTED AREA y= .99X .43 % 10-3 Profiles

*Line of regression
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CHAPTER 10

HEAT BUDGET DETERMINATIONS MADE BY THE
UNIVERSITY OF WISCONSIN GROUP

V. E, Suomi and P. M. Kulu
University of Wisconsin

10,1 Instrumentation

The instrumentation used in heat budget determinations during
Project Prairie Grass was, with two exceptions, the same as that
used by the University of Wisconsin during the Great Plains Tur-
bulence Field Program in 19'.‘33.1 The exceptions are as follows:

a. In 1953 the thermocouples in the psychrometers were wired
to give the dry bulb temperature difference and the difference in the
wet bulb depressions, During these experiments the thermocouples
were wired to give the dry bulb temperature difference and the wet
bulb temperature difference so that the vapor pressure difference is
given by the relation

Ae:(K+k)ATw -k ATd (1)

where k is the paychrometric constant and X is the slope of the vapor
pregsure vs, temperature curve at the mean wet bulb temperature.

Every 10 minutes the positions of the two psychrometers were
reversed but the connection to the recorder was not, This has the
effect of doubling the senslitivity and yet eliminating dead zone and
zero errors, Therefore, the vapor pressure and temperature gradi-
ents obtained during the Prairie Grass experiments are more accurate
than those obtained in 1953. This is cspecially true during those times
that the gradient is small.

b, Soil heat flow was obtained by measuring the change in the
heat content of the layer 0-5 cm and the heat flux through the -5 ¢cm
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level. The change in mean temperature of the 0-5 cm layer ‘was meas-
ured using 12 space-integrating thermometers similar to those used in
1953. Instead of a manual balancing of a Wheatstone bridge, the out-of~
balance current was recorded on the 12-point Brown recorder. The out-
of-balance current depends on battery voltage as well as resistance;
however, the former was held constant by employing mercury alkaline
batteries. The heat flow through the -5 c¢m layer was measured using 5
heai {lux plates connected in series. The soil term G listed in the tables
in Section 10,2 is the sum of the change in the heat content of the layer 0
to -5 cm and the heat flux through the -5 em level.
10.2 Heat Budget Data

The heat budget values listed in Table 10.1 are 20-minute averages
centered, in each case, on the period of gas release. Estimated values
are shown in parentheses. Missing values, duc to instrument failure,
are denoted by dashes. Positive signs indicate fluxes toward the air-
earth interface; negative signs indicate fluxes away from the interface.
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Table 10.1 Heat budget data* collected by the University

of Wisconsin

Gas Release Date Time I Ry L E G
Number (CST)
3 7/5 2200 -,10
4 n/6 0100 : -.10
5 7/6 1400 1.30 1.08
6 7/6 1700 73 .50
7 7/10 1400 1,35 82 -390 -,26 -12
8 7/10 1700 15 36 =23 -.12 .01
9 7/11 1000 1.06 .61 -30 -.18 -.13
10 7/11 1200 1.23 16 -.38 -,24 -.14
11 7/14 0800 .72 B39 =21 -12  -05
12 7/14 1000 1,15 73 -38  -21 -.14
13 /22 2000 03 -,08 .01 0 .06
14 7/22 2200 ' o -017 .01 .01 .05
15 7/23 0800 10 .38 -19  -,08 -.10
16 7/23 1000 1,15 S0 -.36 -18  -.16
17 7/23 2000 .05 -.06 0 .01 .05
18 7/23 2200 0 -.09 -- - .04
19 7/25 1100 1,10 69 -40 -16 -.14
20 7/25 1300 1,30 .85 -,62 -,26 -.08
21 7/35 2200 0 -.056 .02 01 .02
22 7/26 0000 o -01 .02 .01 .08
23 7/29 2100 0 -.09 .04 02 ,02
24 7/29 2300 0 -.08 .03 .02 .02
25 8/1 1300 712 46  -,19 -.23 -,04
26 8/2 1200 .86 61 -~20 -33 -.08
27 8/2 1400 97 .64 -19 -.37 -.08
28 8/3 0000 0 -.09 - - -
29 8/3 0200 0 -.06 -- - .01
30 8/3 1300 1.22 84 -34 -39 -10
31 8/3 1500 .89 58 -2 -31 -.03
32 8/6 2000 .02 (-.09) -- - .04
33 8/17 1300 1.09 .83 -39 -3 -.08
34 8/7 1500 1.10 .84 =44 -36 -,05
35 8/11 2130 0 -.06 .02 .01 .03
36 8/11 2330 o -.07 .01 0 ,05
37 8/12 0300 0 -.06 - - .02
38 8/12 0500 01 =07 -- - .02
39 8/13 2230 0 0 -01 -,02 .03
40 8/14 0030 0 -00I =01 =02 .04
41 8/14 0300 o -01 -,01 -01 .02
42 8/14 0500 0 o -.01 -.01 .02

——— —
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Table 10.1  Heat budget data* collected by the University

of Wisconsin (cont)

Gas Release Date Time I Ry L E
Number (CST)
43 8/15 1200 1.11 .93 -- -~
44 8/15 1400 1.13 .03 -- --
45 8/15 1200 41 .25 -~ --
46 8/15 1845 .05 ~03 - --
47 8/20 1000 .85 45 -21 -.14
48 8/21 0900 .39 21 -11 -05

~m

.04
~.11
-.04

* All heat budget entrics are in langleys per minute.
I  represents insolation
RN represents net radiation
L represents convective heat transfer
E represcnts evaporalion
G represents soil heat transfer

( ) denotes estimated value

-- denotes missing data due to instrument failure

REFERENCE

1. Lettau, H, H. and Davidson, B. Exploring the Atmosphere's First
Mile, Pergamon Press, New York, 1957, Volume 1, Chapters 2,

3, and 4.
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CHAPTER 11
OPTICAL MEASUREMENTS OF LAPSE RATE

R. G, Fleagle
University of Washington*

11.1 Introduction

Detailed and very accurate observations of temperature structure
in the lowest 50 ¢m of the atmosphere have been made above a cold
water surface by an optical method.1 These observations reveal a
minor anomaly in the lemperature profile at a height of about 10 em of
air (equivalent to an optical path length of 10'4 gm cm"2 of water
vapor) which is consistent with simple numerical calculations based on
extrapolated radiative absorption coefficients for water vapor, At this
height above a cold surface, the air cools by radiation at several de-
grecs Centigrade per hour; and, this cooling is reflected in the observed
anomaly in the temperature profile.

Optical observations were incorporated in Project Prairie Grass
to determine the detailed temperature s.tructure ahove a warm land
surface. The method used was essentially that described in reference
1, but certain modifications in detailed technique were necegsary. The
instrument used was a field artillery range finder operated in the verti-
cal position, In lapse conditions the two light paths from ingtrument to
target diverge from their respective straight-line directions as shown in
Figure 11.1, whereas in inversions the light paths converge from their
respective straight-line directions, The instrument is mechanically

* Personnel of the Texas A&M Research Feundation, under the direction
of Professor Maurice Halstead, constructed the optical targets and
mude Lthe tlimie series oheservations.

Max Scoggins, General Electric Company, Richland, Washington, helped
in installation of the equipment and in maf(ing the profile observations.
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limited to measuring converging angles; consequently, in lapse conditions
it was necessary to use targets separated by a vertical distance less than
the separation of the lenses. The separation used in lapse conditions was
90 or 95 cm, whereas the separation of lenses is 100 cm. For this reason,
in lapse conditions the upper path sloped slightly with respect to the lower
path, but not enough to affect the measurements appreciably. From Figure
11.1 and Eq. (1) of reference 1, it follows that

h x' xx'(n-1) _g <8 7
hy' = = — 4 | (1
1 X 2nT R 8z /4 )
, hzx' XX' (n*l) _’g /6 T\' ]
hz = = — + ) (2)
X 2nT R 9z /g

where n represents index of refraction for air; T, absolute temperature;
z, height coordinate; x, horizontal distance between instrument and target;
and x', apparent distance to point of convergence of tangent lines (instru-
mental reading). Also, Figure 11.1 shows that

) t x'
hz -h1 = (Z-L)-;- VA (3)

where L represenrts the vertical separation at the target lines and Z the
vertical separation of the lenses. Substitution of Eqs. (1) and (2) in Eq.

(3) gives
(a'r‘ _(aT\ _ 2nT |2Z-L _Z @)
82,)2 \8 z)l x(n=1) X x'
For L = Z, Eq. (4) vreduces to Eq, (5) of reference 1. Nine targets, each
consisting of two {(or more) horizontal black lines on white backgrounds
were mounted at varying distances from the instrument. The black lines
are indicated as target lines in Figure 11.1, Flasghlight bulbs were in-

stalled at a vertical separation of 100 cm for night observations. Heights
of the lower black line, equal to height of the lower lens, were chosen as
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indicated in the accompanying data. In order to minimize effects of in-
homogeneities in terrain, targets were placed as cluse as was feasible
to a radial line running outward from the instrument. For the first 50
yards the land was extremely flat, the main obstructions to vision being
small tufts of grass, On July 11, the grass was cut to lawn height along
the light path out to about 100 yards permitting observations at a mean
height of about 6 cm above the goil, Between 50 and 300 yards the land
was flat except for a few areas of small scale roughness. Between 300
and 500 yards a ridge in the terrain may have influenced the 500 yard
(50 cm) readings, However, the portion of the light path near the target
is less important than the portion near the lenses, so that the effect of

inhomogeneous terrain probably was small compared with the effect of
variations in time,

11.2 Qbservations

The differences in lapse rates at the heights of the upper and lower
lenses computed from Eq. (1) are tabulated in Tables 11,1, 11,2, and
11.3. Five of the nine profiles are shown in Figure 11,2, On July 10 at
1715 CST, prior to grass cutting, the anomaly was unmistakable at about
16 cm. On July 11 and 12, after the grass was cut, the anomaly was
present at a height of about 12 cm; but the height of the anomaly above
the effective radiating surface wag comparable to the earlier observa-
tions.

In order to develop the temperature profile from the differences in
lapse rate, the lapse rate at one height must be known. ihe lapse rate
at 150 em was approximated by extrapolating the curves of the type
shown in Figure 11,2 linearly to 150 cm and assuming that this value
represents the lapse rate at this height. Although this assumption may
be groasly in error, the lapse rate is in any case small enough in magni-
tude at this height that subsequent calculations are not significantly

affected, Mumerical integration Lhen gives the temperature profiles shown

in Figure 11.3, The anomaly is evident on all but the inversion profile,
and In this case the data reveal a slight anomaly at about 25 cm height,
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A time series of observations at 12 cm (50 yard range) was mau - -n
25 July, 26 July, and 2 August. On 2 August four observations were taken
during each 5 minutes for 25 minutes out of cach hour between 1155 and 1620
CST. These data are tabulated and are shown in Figure 11.4, They show
that the variations encountered in 25 minutes are as large as one-fourth to
one-half of the difference on lapse rate, itself, It must be concluded that
the profiles shown in Figures 11,2 and 11.3 are subject to error from time
variation in lapse rate. However, the reality of the anomaly is not in doubt
because the anomaly appeared consistently and because the anomaly in
lapse rate exceeds the variation in time by roughly an order of magnitude,

REFERENCE

1. Fleagle, R. G., '"The temperature distribution near a cold surface."
J. Meteor. 13, 180-165, 1956.
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Table 11.1 Values of A(87T/82) Found by Optical Method*

Lower Lens |Distance A(0T/02)
Heigh
{cm) {yd) ("C/cm)
1715 1110 1845 2155 1130 1550 2135
10July 11 July [1lduly |11July| 12 July 12July 12 July
100 500 1.006
50 500 ~.008 -.027
50 300 L0156 {+.021 10,024} +.005 -.0068 .00 +.011 -.110
J0 200 025 { .010 10 .048 011 .00 +.050 .017 |-.800 to +.004
20 12H L041 | .05910.069 ] .024 .00 [.07410.060 020 +.007
18 5 060
17 50 070
15 75 073 10.082 042 -.025 110 040 +.018
14 30 013
12 50 120t0.150 ] 050 -.04% 1170 046 ¢ - 480
12 20 .402
10 30 121 .0D «.066 .105 .018 .00
8 25 027 ~.080 399 .096 -1.20
8 20 1.2 096 -.092 .438 ,204 [-.48 to -2.1
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Table 11.2 Values of A(8T/0z) Found by Optical Method*

Lower Lens
Date Time Helght Distance A(aT/bz)
(CsT) (cm) (v (°C/em)
21 July 1300 8 20 +.280
1309 12 50 .100
1425 12 50 .255
23 July 0800 12 50 .073
0803 ¢ 20 .261
0805 8 25 .140
0808 10 an .088
0810 12 50 .10
0813 15 76 ,064
0815 20 125 ,050
0819 30 200 .034
0822 50 300 ,020
0905 8 25 .200
08U 10 30 .160
0913 12 50 1217
0917 15 75 .098
0921 20 125 ,084
0925 30 200 .047
0955 12 50 145
1007 12 50 .138
1015 12 50 174
1200 12 50 .150
1210 12 50 188
1355. 1400 12 50 .188,.171,.171,.1176, .200
1510 12 50 .180, .160,,135
1555 12 50 -130, .138,.128
1055 2 50 .105, .087, .103
1755 12 50 .083, .065, .058
31 July 1140 6 20 .200
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CHAPTER 12
RAWINSONDE DATA

P, A, Giorgio
Geophysics Research Directorate
Air Force Cambridge Research Center

The table in this chapter contains rawinsonde measurements
made by the 6th Weather Squadron (Mobile), Tinker AFB, Oklahoma,
A rawinsonde ascent was made at the test site for all gas releases
except those numbered 358 and 48s. For each ascent, GMD-1A equip-
ment was used and tabular data computed according to the instruc-
tions contained in the USWB Circular P and Air Weather Service
Addenda. The computations were reviewed by an independent group
using the same techniques, )

Values of pressure, height, temperature and relative humidity
are given for the significant and muandatory Jevels, The pressure
is given in whole millibars, the height in meters above the ground
(elevation of site above mean sea level is 603 meters), the tempera-
ture in tenths of degrees centigrade and the relative humidity in
percent,

Values of the wind are given for standard heights. The height
is given in meters above the ground, the direction in degrees
(360 degree compass) to the nearest ten degrees, and the speed
to the nearest tenth of a meter per second.

139




Table 12.1

Gas Release No, L

Gus Ruleaso No, 2

3 July 1956 1050C 3 July 1956 1450C
P 4 T rU P 4 T R.AH.
L (mb) (m) °C) % {mb) {m) ‘) (%)
945 0 22,5 65 045 0 24,0 66
034 20.0 67 033 21,8 Gl
900 420 17.6 8 800 423 19,0 2
860 144 91 850 912 14.7 86
850 006 118 91 844 14,3 88
800 M0 ti1 93 500 1423 11,5 23
744 7.9 94 771 9.4 86
730 5.5 81 129 7.5 100
706 3.8 45 700 2530 6.4 100
700 2522 4.7 H2 679 3.9 100
694 5.5 58 655 3.5 100
€38 1.6 Gl 620 - 1.6 100
600 3167 1.1 70 609 - 1.5 97
GO 0.0 8y
6800 3718 - 0.1 82
Winds Winds
. — —
Z ddd {f 2 ddd it
(m) (deg) {(m/acc) (m) (deg) (rn/sec)
SFC 02 120 1. S¥C 02 140 1.6
350 140 2.1 170 120 2.0
630 160 2,2 690 140 2.8
920 180 3.0 960 170 3.1
1200 190 3.9 1250 160 2.6
1470 200 4.1 1530 180 2.1
1770 190 3.5 a74 170 2.3
2060 220 2.6 2120 180 2.2
2320 250 4.2 2410 280 2.7
2630 250 3.1 2710 250 3.9
2920 230 32 3030 270 8.8
3190 210 3.0 3320 280 10.8
3470 190 2.9 3620 260 9.0
3750 100 2.1 3830 270 10.3
4920 100 3.2
[RRGRIICIPU Y R R PR e el
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Gas Relense No, 3

Tahle 12.1 (Continued)

Gaa Release No. 4

141

5 July 1956 2150C 6 July 19560 0050C
— ] "

P Z T I H. 1t 7 T R
(mbj) {(m) "G %) (mb) (m) (C) (%)
948 19 8 ue 547 19.1 04
340 24.8 61 426 25.8 74
900 454 21.9 02 000 44Q 23.4 61
882 20.5 ol 080 21.6 52
850 148 14.1 RL] 680 19.0 63
837 17.1 H0 50 041 19.0 63
805 14.5 58 300 1459 15.6 56
800 1464 14.1 h6 731 10.6 45
762 11.9 45 700 2578 8.2 44
725 0.0 ) 661 4.1 42
700 2078 6.5 62 LG 0.9 57
695 54 ue 611 0.9 4
672 1.0 G 500 3831 - 0.1 15
636 0.8 54
600 3823 - 3.1 55

Winds Winds
Z ddd ff 4 ddd 11
{1} {deg) {(m,/ sec {m} (deg) (m/Bec)
SFC 02 140 ] SEC G2 180 2
250 140 3 KLY 100 54
520 160 30 630 180 4.3
#10 180 IN] 910 170 1.8
1oso 140 1.8 1170 160 3.2
1380 130 22 No Data
1630 190 06 2900 290 9.9
1020 2170 XN 1280 200 8.1
2220 300 4 h 3600 310 0.5
2460 200 50 1850 300 10.8
2710 280) n.2
2980 290 5.0
3230 J00 n.¢
3490 300 6.0
4730 280 )
SR P — I —




Taule 12.1 (Continued)

Gas Roloase No. 5 Gas Release No. 6
6 July 1956 1350C 6 July 1958 1850C
P z T R.H, o Z T R.H.
(mb) (m) cc) ) (mb) (m) ro) )
046 0 31.1 34 944 0 31.5 34
032 27.5 38 000 425 26.8 42
800 440 24.1 43 868 23.1 50
885 22.6 44 850 920
856 22.0 33 822 20.8 39
850 938 21.5 34 800 1449 20.2 45
800 1462 17.8 41 734 13.1 38
720 1.5 7 700 2579 10.0 42
700 2501 9.4 71 660 6.0 60
660 4.9 76 600 3843 2.5 34
632 2.8 47
600 38490 0.0 40
l - Winds o Winds
b} m—a
| Z ddd it Z ddd (]
{rn) {deg) {m/sec) (m) (deg) (m/sec)
}
| SFC 02 160 4 SFC 02 170 §
! 280 170 7.4 300 180 11,8
] §50 170 6.0 700 180 13.4
850 100 6.2 Signal Tpilure
1130 200 6.2 No Data
! 1470 210 5.0
1800 210 59
2100 220 7.7
2440 220 110
2750 230 10.6
3050 240 0.8
3380 230 13.9
3700 230 16.0
ANOD 220 15.0
|
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Table 12,1 (Continued)

Gas Release No, 7
10 July 1956 1350C

Gas Releasoe No, 8
10 July 1956 1650C

P Z T R.H, p Z T J(AR
(mby) (m) ') (‘%) (mby) (m) ("C) (%)
94¢ 0 31.0 30 045 0 31.6 30
938 26.8 pA) 030 28.9 30
904 24.5 35 900 432 25,9 35
900 439 24.1 37 850 TR] 20,9 42
8560 935 19.5 49 1137 10.4 45
800 11433 116 o1 21 18.6 52
732 1.4 76 800 1461 16.7 55
702 ) 61 05 8.0 G6
700 2564 ) G0 700 2571 7.3 65
666 4.1 23 674 4.5 59
655 5t mh 699 3.5 32
633 3.y mb 644 4.5 21
[di1)] a8ty i.0 mb 600 3824 1.1 mb

Winds Wands
Z ddd {1 7 ddd i
(m) (deg) (m - 8r¢) (m) {deg) (m/sec)
SFC 02 140 1.1 SO 02 1890 4.1
J10 210 (P KR} 170 4.7
G670 2iu o BB11] 190 5.8
1050 21 17 1060 200 7.2
Ty 220 D] IR I 220 6.4
1780 260 RED] 1710 230 6.8
2130 400 h6 2100 250 4.3
2460 310 Hh 2100 200 0.4
2800 $10 94 2660 314G 7.8
3130 310 95 2040 330 6.7
3450 310 90 3200 Ji0 8.4
1780 Bt I} J160 320 7.8
4120 Sy 1)1 3120 320 7.1
4000 330 7.4
— — 1 -
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Gas Release No, 9
11 July 19566 0950C

————
D 4
(mb} {m
9411
030
900 390
890
874
4b0 vuy
BOJ
800 1414
716
00 26448
635
600 J612
¥a
(m
5kC 02
50
6GHO
yno
1220
14520
1430
2120
2410
2720
3000
3240
3510
3750
4000

Table 12,1 (Continucd)

Gas Rceleaso No. 10
11 Juiy 1966 11500

"
o)

27
0.
e
arl
b

ol eV

20,
)
12
10.
4
0.7

LA SN X2

-

Wonds

ddd
(dey)

140
2o
220
220
BaL]
K
1]
20
250
260
20t
200
200
200
200

(- gee)

1B
o
B2
vl.,
(1)
HoH

144

1Y 7 T LH, l
(mb) (m) O (%)
D] 0 30.8 44
025 206.5 47
900 394 24.4 52
IH1) $92 19,9 63
846 19.4 64
yi32 20.5 67
#00 1415 18.6 50
764 16.5 43
T 10.9 56
700 2545 0.7 52
663 6.1 46
600 3804 0.2 G5

Winds
Z ddd 1l
(m {deg) (m/sec)
Sh 02 220 3.0
280 230 60
H80 230 59
900 220 6.0
1220 210 8.0
1600 210 1.4
1950 220 6.8
2300 240 6.7
270 250) 7.5
3000 260 9.5
3310 270 11.2
3690 280 11.2
4070 200 13.2




Gas Release No, 11

Table 12,1 (Continued)

Gas Release No. 12

14 July 1856 0750C 14 July 1956 0950C
P Z T R.H. p 2z T R.H.
(mb) {m) 'c) % {mb) (m) ("C) (%)
044 0 24.5 00 044 0 30.0 48
0933 22.4 05 336 26.0 56
902 22,8 08 900 421 22.9 67
200 417 22.8 68 890 22.6 68
850 916 21.7 48 800 235 it}
814 20.8 34 450 920 23,1 35
800 1442 10.4 30 843 23.1 30
127 12,2 42 800 1446 19.9 30
700 2570 0.4 52 152 - 15.8 32
664 5.3 03 700 25711 10.3 49
024 3.4 4 548 4.4 60
600 3829 1.2 44 524 3.2 42
604 1.4 60
600 3836 1.1 59
Winds Winds
K4 ddd {f 4 ddd il
{m) (deg) (mi/sce) {m) {deg) {m/8cc)
SFC 02 180 4.0 L3 2 02 180 3.8
300 100 11.8 300 200 11.0
830 210 14.7 680 200 12.8
940 210 12.0 1030 200 12,5
1240 210 10.0 1400 200 10.3
1650 210 6.8 1780 210 8.5
1960 210 4.7 2130 210 5.0
2250 210 4.0 2470 220 4.4
2600 230 3.5 2850 250 4.4
2G380 200 3.5 3210 280 5.2
3350 280 0.5 3530 310 9.4
3730 290 8.5 3850 200 9.8
4080 300 10.6
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Table 12,1 (Continucd)

Gas Release No, 13 Gua Release No, 14
22 July 1856  1950C 22 July 1956  2150C
P zZ T R.H. P Z T R.H,
(mb) (m) (°C) (%) (mb) (m) ('C) (%)
949 0 21.9 68 950 0 16.4 89
940 22.8 59 940 22.2 64
900 459 19.9 G5 900 467 10.8 b
! 850 950 15,0 13 898 10.7 57
¥ou 1462 1.8 42 860 967 15.7 70
1471 7.1 92 802 1.5 86
700 2566 4.4 80 800 14068 1.4 85
685 - 3.4 70 700 25690 40 M
0645 - 0.4 80 654 0.2 72
634 1.0 80 651 0.5 49
622 - 0.1 34 620 0,6 21
601 - 086 22 600 3807 - 0.8 mb
800 3807 ~ 0.6 mb
!
[
|
‘ Winds Winds
i = -
‘ Z ddd H z ddd it
. (m) (deg) (m/sec) (m) (deg) (m/sec)
A SFC 02 170 1.0 sI°¢ 02 160 1.0
i 350 180 1.6 260 170 4.8
700 180 46 G10 180 4.5
{ 1020 160 5.0 000 190 3.0
1340 180 40 1210 230 3.2
1660 180 3.0 1500 260 2.9
1960 100 1.8 1800 270 1.2
2270 260 1.1 2160 300 2.1
2670 310 2.9 2390 310 5.0
2860 320 1.7 2660 310 7.5
3200 320 6.0 2030 310 8.2
3520 340 76 3210 di10 7.8
3840 340 9.3 3500 310 7.0
‘ 3800 330 8.3
|
|
\
l
|
1
l
|
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Gas Release No. 15

Table 12.1 (Continued)

Gas Releass No, 10

23 July 1950 07500 23 July 1856 0350C
P 2 T R.H. p Z T R.IL
(mb) (m) °C) (%) (mb) (m) (°C) (%)
949 21.0 64 048 0 26.5 48
940 10. 4 66 035 23.3 54
924 21.1 G7 900 454 20.8 GO
900 458 20.8 i} 450 945 16,7 111}
897 20.7 i 841 15.9 70
853 17.0 G6 810 14.4 33
850 948 16.8 65 #00 1458 13.6 34
800 1462 13.0 LE] 159 10.9 38
728 7.2 19 728 7.1 59
100 2509 6.4 mh 715 6,7 50
698 6.7 mhb 708 6.4 27
644 4.0 mh 700 2564 6.4 26
600 Ju2o 0.0 mh 681 6.4 22
6HY 3.9 46
600 2812 - 0.5 37
Wirds Winds
2 ddd 1t z add ft
{m) {deg) {m/sec) {m) {deg) {m/8ec)
SFC 02 230 21 sS1°C 02 180 2.1
300 230 44 00 200 2.6
600 240 2y Gl0 190 2.6
210 230 Iy 950 190 2.0
1210 230 1.0 1300 180 1.1
1500 260 0.0 1650 360 4.2
1800 330 2.0 1989 Gih 7.3
2090 360 4.7 2280 010 10.6
2380 360 T8 2600 010 12.5
2080 350 0.5 2010 0lo 13.5
2080 350 10.7 3230 0lo 13.2
3200 340 10.9 3570 010 12.4
3580 350 10.0 3880 350 10.2
3850 350 8.9
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Table 12.1 (Continued)

Gaa Release No. 17 Gas Helease No, 18
23 July 1956 1960C 23 July 1966 2150C
P z T R.II, P z T R.H,
(inb) (m) {'C (% {mb) (m) c) (%)
943 ] 28.0 39 943 0 23.8 54
028 29.0 a2 020 27.6 a5
900 414 27.0 35 800 411 28.0 33
850 016 23,1 40 898 25.9 33
804 19,5 43 850 211 23.1 39
800 1441 19.1 45 841 22.8 39
700 2571 9.8 04 800 1435 18.9 47
600 38290 - 0 85 1700 2564 9.0 04
084 2755 7.2 87
Winds Winds
z ddd { A ddd {f
(m) (deg) (m/ser) (m) (deg) (m/aec)
SFC 02 170 2.1 SFC 02 180 2.1
310 190 0.8 300 200 13.1
g20 200 1.6 650 220 15.2
930 220 12.5 1000 240 13.2
1260 230 13.6 1310 200 13.6
1620 250 12.0 1670 280 15.0
2000 270 10.4 2000 280 14,5
2330 310 10.8 2310 200 14.5
2670 3120 13.0
3010 320 15.8
3350 323 18.8
3700 320 13.1
4080 230 18.9

— e .
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Table 12.1 (Continued)

Gas Release No. 15 Gaa Relewaa No. 20
25 July 19568 1050C 2% July 1956 1250C
P 4 T R.H. P % T R.H,
{mb) {m) C) (B {mb) (m) rc) (%)
845 0 28.8 a8 942 0 31.0 30
932 25.8 41 917 36.6 33
9010 429 22.8 47 900 406 25.1 35
878 20.5 51 870 22.0 38
850 923 20.5 20 850 004 22.3 2zt
823 20.8 21 #138 22.5 18
800 1447 19.1 24 804 21.2 23
711 11.9 38 800 1430 20.9 24
0 2577 11.1 30 700 2565 11.5 38
678 8.5 28 647 10.6 24
800 3844 2.4 30 610 2.6 J1
600 3827 1.8 34
Winds Winds
Z ddd 1] V4 ddd It
(m) (deg) (m/uec) {m) (deg) (m/sec)
SFC 02 160 3.6 SKC 02 160 0.7
%20 170 6.3 360 180 12.8
6820 1eo 7.6 100 180 11.2
900 180 88 1020 100 9.6
1130 "0 9.0 1370 200 6.8
1380 190 6.6 1700 240 5.5
1620 210 2.9 2060 250 5.1
1820 220 2.0 2420 260 4.8
2000 250 1.4 2770 270 5.7
2280 300 2.0 3140 270 7.0
2480 310 2.3 3380 270 7.4
2700 300 2.4 3630 270 7.8
2880 300 3.0 3900 200 10.0
3080 290 4.5
3260 280 5.0
3430 250 4.0

148




Gas Release No, 21

Table 12,1 {Continued)

Gas Rolease No. 22

25 July 1956 2150C 25 July 1956 2350C
P 4 uT H.H. P Z T RJL
(mb) {m1) c) (% {mb) {m) ¢c) %)
038 0 28.0 41 937 0 26.5 45
g11 27,1 39 910 25.5 45
900 367 28,3 34 000 355 28.3 43
889 29.6 30 896 206.8 42
861 28 4 21 8560 850 25,2 36
850 875 20.5 27 . 800 1390 23.4 27
844 . 25.5 27 749 13.0 29
806 24.8 25 700 2532 13.4 38
800 1408 24.2 26 630 5.7 50
728 18 8 35 600 3800 2.0 55
700 2557 14.0 41
678 11.45 44
632 4.7 39
620 3563 3.0 70
Winds Winde
2 ddd it zZ ddd H
(m) (deg) (m/acc) (m) (deg) {m/sec)
SFC 02 180 4.1 8FC 02 170 4.8
160 200 8.0 300 190 20.0
370 220 1.3 660 200 25.0
5490 220 12.3 930 210 24,6
180 230 12.3 1220 220 25.3
1030 250 4.4 1500 240 22.0
1300 260 17.0 1800 260 16.0
1030 260 14.0 2080 260 16.0
2020 200 15.0 2300 260 18.8
2180 205 20.8 26830 250 21.0
2860 250 1.5 2030 2590 19.6
2950 270 8.0 3180 250 17.0
3150 270 12.0 3460 250 17.0
3340 2060 i9.5 3750 260 17.0
3550 260 19,6 4080 270 11.4
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Tahle 12,1 (Continued)

Gas Releage No, 23 Gas Release No, 24

29 July 1956 2060C 29 Juiy 1956 2250C
]
P 2 T ILH. p Z T R,
(mb) (m) ("C) (‘%) {mb) {m) ("C) (%)
044 0 23.9 70 045 0 222 80
900 417 211 T8 036 22.4 80
860 19.4 84 800 4124 19.9 85
860 ot1 19.5 g2 897 19,7 85
838 101 80 854 20.0 15
804 17.5 76 850 919 20.9 15
800 1432 17.0 70 814 19.5 [41)
770 18.6 41 BOO 1443 18.5 69
700 2507 11.9 45 7174 16.3 T2
636 11.4 44 750 15,9 4
885 10.1 54 00 2516 11.1 66 .
614 3.9 63 G454 9.6 67
600 38317 2.2 65 659 7.0 57
600 3842 1.0 72
Winds Winds
Z ddd i Z ddd {1
(m) (deg) {m/8ec) (m) (deg) {m/sec)
SFC 02 120 4.0 SrC 02 130 3.8
200 130 13,1 290 150 13.3
600 120 15.0 600 160 14.4
890 090 11,5 030 190 13.7
1190 10 11.5 1270 210 14.2
1480 050 11.1 1620 230 12.4
173¢ 020 7.8 1920 250 10.2
2020 030 5. 22170 260 8.1
2200 030 1.1 2600 260 6.1
2520 020 3.1 2010 260 5.3
2820 010 5.3 3230 260 5.3
3100 010 6.4 3500 270 5.7
3360 360 6.0 asso 2170 6.0
3030 460 656
3020 360 5.0
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tag Release No, 25

Table 12.1 (Continued)

Gas Release No, 20

1 Augy 1ude 1257C 2 Aug 1956 1150C
P 4 T R, p 2 T R.H.
{mb) (m) (‘C) (‘) (mb) {m) °c %)
046 0 24.1 60 042 0 30.3 56
934 22.4 0 922 25.4 684
9G0 436 w7 18 200 104 23.8 70
478 18.0 84 883 22.1 73
850 927 16.6 84 50 301 20.7 70
800 1443 13.9 44 800 1424 18.4 64
700 2550 R.2 83 790 18.0 62
(94 7.0 83 7056 16.6 8
636 3.8 43 700 2658 10.1 79
620 3.4 79 648 5.9 85
600 819 1.8 78 600 3R22 2.4 83
Winds Winds
Z ddd ft Z ddd it
(m) {dcg) {m/sec) (m) {deg) {m/8sec)
SKFC 02 180 2.1 SKC 02 170 3.6
350 190 4.5 230 180 8.7
680 200 6.1 500 190 11,2
260 200 6.5 770 200 11.0
1200 210 5.6 1030 200 11.56
1450 210 5.9 1300 210 12.5
1740 220 h.Y 1500 210 13.8
2120 220 73 1010 210 13.5
2420 220 7.1 2210 210 13.5
2720 220 4.0 2520 210 14.7
3080 23) 111 2820 23¢ 16.0
3460 220 0.3 3130 230 17.0
KUy 220 5.7 3420 230 17.0
JH90 220 5.5 3730 230 18.0
4030 230 19.0
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Gas Release No. 27

Table 12.1 (Continued)

Gas Release No. 28

2 Aug 1956 1350C 3 Aug 1956 0035C

p Z T R.1L P Z T R.IL
(mb) (m) (°C) (% (mb) (m) °c) %)
941 0 32,2 48 940 0 25.0 a8
934 26.6 52 925 28.0 59
900 308 26.5 50 o 385 26.6 55
850 498 22.0 60 802 26.1 54
813 18.5 65 B74 26.6 51
800 1421 18.6 56 850 889 24.2 51
700 2551 10 5 60 B1D 21.0 51
868 7.1 13 800 1416 20.0 54
600 3817 2.6 72 721 13,1 74
700 25651 1.1 78
630 4.1 80
600 3818 1.9 #9

R §
Wndn Winds
o ddd f z ddd ft
(m) (deg) (im/sec) () (deg) (m/8cc)

SFC 1Y 119 5.1 SFC 02 170 3.1

986 190 9.2 300 200 13.2

580 180 1.0 590 210 18.4

280 140 4.8 830 210 22,2

1200 100 12.0 1090 210 21.3

1600 200 13.9 1320 210 20.5

1800 210 14.0 1580 210 20,1

2100 210 15.8 1874 220 21.5

2420 210 17.0 2200 220 24.0

2720 210 18.5 2400 220 20.0

3020 220 14 5 2770 210 18.8

3320 22 ;g;é 3020 210 18,5

a1 td, 3300 219 18.7

%ﬁﬁg s 19.3 3550 210 18.7

' 3820 210 17.0

© g Mg

 m— ity =+ T
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Gasa Releuse No. 29

Table 12.1 {Continued)

Gas Release No, 30

3 Aug 1856  0150C 3 Aug 1956 1260C

P 4 T R, P Z T RH.
{mb) () °C) (%) (mb) {m) (°C) (%)
941 0 25.5 61 441 0 34.6 36
978 26.6 506 932 31.6 42
900 363 25.4 54 900 401 28.7 49
893 25,1 53 850 906 23.9 56
870 25.1 48 846 23.5 57
850 895 23.8 50 600 1432 19.1 63
800 1422 20.4 54 757 14.8 70
787 19.4 55 732 14.3 60
700 25657 10.9 72 700 2504 1.5 62
668 7.5 80 630 4.8 68
601 1.9 70 607 3.7 66
600 3824 1.8 80 600 3634 3.0 66

Winds Winds
2 ddd ff 7 ddd t
(m) {deg) (m/scc) (m) (deg) (m/sec)

§ 02 180 4.3 SFC 02 190 5.1

SFC 300 200 16.0 290 160 8.5

620 210 20 0 580 190 11.7

950 210 230 R40 100 11.8

1270 210 23.8 1160 190 8.4

1600 220 21.0 1450 200 8.6

1900 220 19.0 1800 200 13.4

2210 220 19.0 2150 210 18.5

2530 220 18.0 24180 210 18.5

2850 220 15.5 2780 210 18.5

3150 210 16.2 3040 210 19.0

3470 210 17.0 aan) 210 21.0

3780 200 19.0 3540 220 20.0

4100 200 19.0 310 220 20.5

4100 220 20.8
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Table 12.1 (Continued)

Gas Release No, 31

Gas Release No, 32

3 Aug 1066 1460C 6 Aug 1856 1850C
P 4 T RH. P z T RH,
{mb) . (m) )] (%) (mb) (m) 0 %)
941 0 34.0 37 945 0 24.9 an
932 31.5 40 933 27.0 35
900 400 28.8 40 800 430 24,17 38
850 906 24,2 50 456 829 21.0 43
800 1433 18.7 66 800 1450 17.3 48
738 . 13.6 80 783 16.0 49
700 2565 10.5 8 770 15,0 41
817 3.5 68 758 4.4 51
600 3813 2.7 72 700 2574 9.2 60
647 4.1 67
600 3834 0.3 53
Winds Winds
Z ddd 1t 2 ddd 144
{m) (deg) (m/gec) (m) (deg) {m/8ec)
SFC 02 200 5.1 SFC 02 130 2.1
320 20C 9.7 300 170 11,0
600 210 0.0 630 160 14.5
1010 210 10.1 980 160 17.0
1360 210 12.0 1300 150 16.0
1880 210 12 0 1880 140 16.2
2000 210 118 2030 130 16.2
2300 210 12.9 2400 130 13.1
2620 220 13.6 2720 140 8.8
2930 220 15.9 3080 160 8.8
3390 220 15,5 3470 220 8.6
3620 220 13.5 3840 260 12,2
3940 230 15.0
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Table 12.1 (Continued)

Gaa Release No. 33 Gas Releass No. 34

7 Aug 1956 1258C 7 Aug 1968 1455C
P z T R.H. P z T RH.
{mb) {m) ¢ (% {mb) {m) °C) (%)
944 28.8 48 944 0 30.5 38
800 422 24.2 49 928 26.0 48
894 23.8 49 900 422 23.8 63
864 23.3 38 868 20.7 58
850 p21 22.2 40 850 918 20.3 55
800 1444 18.0 48 800 1440 18.7 42
700 2570 9.0 66 708 18.8 41
811 6.9 70 700 2569 10.3 43
840 5.5 51 620 2.3 65
600 3832 1.8 43 600 3833 1.0 57
Winds Winds
Z ddd 1t Z ddd 11
{(m) (deg) {m/scc) (m) (deg) (m/sec)
SFC 02 170 4.6 8FC 02 170 4,8
00 170 13,3 340 150 13.0
800 170 16.2 620 160 15.4
880 170 14.5 960 170 15.5
1320 180 14.5 1200 180 13.8
1700 180 14.0 1830 160 11.9
2080 180 0.4 1930 200 11,0
2450 150 5.4 2210 210 12.1
2830 150 9.2 2500 220 14,1
3170 170 8.0 2800 230 13.7
3470 200 1.8 3060 240 12,0
3600 230 7.3 3330 240 9.5
3620 240 6.8
kITih] 240 6.1
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Table 12.1 (Continucd)
Gas Releage No, 35 Gas Release No. 36
11 Aup 1956 2122¢C 11 Aug 1066 2328C
P Z ‘T R.H, p Z T R. 1.
(mb) (m) (°C) (% (mb) (m) e B
045 0 20.0 62 043 0 18.8 85
938 24.8 50 030 23.5 7%
900 428 900 106 21.8 “ 74
850 920 | 860 1.5 66
806 150 : 67 850 900 19.0 68
800 14306 800 1418 15.17 14
700 2549 5.4 20 7318 11.3 a3
082 4.9 ik 700 2537 7.6 70
656 4.0 24 693 6.8 68
600 3799 1.3 mb 677 6.3 24
G650 6.0 mb
G618 3.4 24
; 600 3704 1.3 30
, - b - R R B
[ Winds Winds
z ddd " zZ Add ft
(m) (deg) (m/yec) (m) (deg) (m/8cc)
SFC 02 170 1.6 SFC 02 180 1.6
' 300 160 6.1 350 180 11,3
L 830 130 1.0 600 100 10.0
i 940 200 1.0 BR0 200 8.0
; 1240 220 8,0 1170 220 7.0
t 1580 240 9.8 1420 240 9.0
1950 250 10,0 1700 250 13.0
2250 200 11.9 2000 200 15,7
2510 260 1.5 2300 200 15,0
2760 260 11.4 2000 200 13.3
3000 270 11.2 2030 270 12,0
3260 280 13.1 3270 280 12.0
! 3480 290 10,2 3580 GG 13.8
i ) 37110 300 17,8 3800 300 16,2
J
|
| |
“ ——l. -
]
{
i
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(Gas Release No, 37

Table 12.1 (Continued)

Gas Release No, 38

12 Ay 1956 02500 12 Aug 1956 0450C

P 4 T RH. p z T ReHL
(mb) (m) {°Cy (%) (mb) (m) °c) %)
012 0 26.0 % 942 0 20,0 81
912 22.8 i 905 22,5 55
200 308 22.2 11 900 395 22,5 51
883 21.3 Gl 880 22,5 45
850 894 19.3 6l 652 20.5 45
823 17.6 62 850 891 20.3 45
800 1413 16.0 60 800 1411 16,9 59
726 11.0 81 735 12,1 78
702 Y. 3 [111] 712 10.5 54
100 2538 90 04 700 2534 g.1 59
677 7.6 23 673 6.0 66
622 2.0 30 656 5.0 34
600 3104 - 0.1 41 633 3.5 24
600 3787 0.2 33

Yinds Winds
Z ddd " 4 ddd {f
(m) (deg) (m/see) {m) (deg) {m/scc}

SFC 02 180 3.1 SFe 02 180 3.6

300 190 14.9 330 180 14.0

830 1no 15.8 680 150 18.3

050 200 12.3 1020 200 19.7

1240 220 13.4 1370 210 17.5

1520 230 15.4 1670 230 12.5

1830 250 14.8 1950 240 10.0

2140 210 12.5 2300 250 8.8

2410 210 11.2 2600 280 8.5

2700 260 10.0 2000 . 240 10.0

a0Ou 260 0,0 3220 240 0.0

3300 260 IR 3480 240 10.0

3640 260 7.4 3760 230 13.0

3660 260 6.8 4000 230 14,6
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Cas Release No, 39

Table 12,1 (Continued)

Gaa Release No. 40

13 Aug 1046 2220C 14 Aug 1956 00200
P Z T R.. P Z T R.H,
(mb) {m) °C) (i (mb) {m) o) )]
948 0 20.5 41 48 0 20.6 62
037 25.4 38 940 25.5 49
7130 27.4 35 032 278 40
900 457 25,49 hit] 000 457 25,1 42
886 24.6 28 850 055 21.0 46
850 955 21.9 36 805 17.0 49
800 1477 7.9 418 oo 1476 16.9 50
161 14.5 656 63 15.0 5G
700 2599 8.0 [HH] 700 25048 8.4 49
880 6.4 e [} 5.8 46
837 2.5 26 628 0.1 63
600 3849 - 0.2 24 G609 0.0 24
800 3849 - 0.6 mb
Wiis Winds
Z ddd it z ddd i
(m) (deg) (m/scc) (m} (deg) {m/scc)
SFC 02 160 2.6 SKC 02 200 2.0
420 150 10.3 300 200 12.8
850 170 0.0 600 210 14.2
1200 200 9.0 900 210 13.8
1580 230 10.3 1230 210 12.3
2030 200 12.0 1570 230 0.2
2460 280 13.0 1870 270 9.5
2780 200 13.0 2100 J00 0.3
KIY(] 300 14,0 24710 J10 114
3580 300 14,6 2760 320 14,0
4000 310 10.0 RIVI] J20 15.5
3400 320 16.5
1700 320 15.5
300v 320 12.5
I SR — —_— e —
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Gas Release No, 41

Table 12,1 (Continued)

Gus Rolease No. 42

160

14 Aug 1956 0260C 14 Aur 1958 0450C
» 7 T R.H. r Z T R.H.
{mb) {m) °c) (%) (mb) (m) ¢c (%)
04 0 20.0 8A 047 0 21.7 55
943 24.2 60 920 28.6 K3
915 26.0 40 400 448 26.0 30
900 440 25.8 40 869 24.9 30
850 N46 20.8 36 850 948 22.0 41
840 22.2 36 841 22.0 46
800 1470 14.9 52 800 1473 20.0 53
733 18.2 55 792 19.5 54
700 2597 0.3 59 133 127 817
696 8.9 59 1l 11,1 53
600 KELY - 2.3 65 700 2603 10.0 52
674 7.1 51
614 - 08 73
600 3858 - 2.0 69
Winds Winds
Z ddd ff Z ddd 1t
{m) (deg) {m/scc) (m) (deg) {(m/aec)
SFC 02 181) 1 SKC 02 210 4.8
280 210 13.2 340 230 20.9
530 220 14.2 690 230 20.8
Bau 220 14.0 1020 240 16.3
1130 240 12.2 1330 260 17.1
1450 260 110 1680 260 16.5
17680 270 10. 8 2000 270 14.0
2100 280 12.0 2330 270 12.4
2430 200 12,8 2630 270 11.0
2730 200 14.0 2940 280 1.0
3050 00 14.2 1270 200 12.0
3400 310 15.0 3590 200 14.¢
3680 10 1.0 3910 300 15.6
4000 310 16.5 !




Table 12.1 {Continued)

Gas Release No. 43 Gaa Rolease No. 44
15 Aug 1058 1160C . 15 Aug 1956 1350C
p Z R.H. P Z T RIL
me) (m) ¢c) %) {rab) (m) C) (%
945 o 34.5 2 043 0 36.8 19
931 30 4 26 030 31.9 22
900 436 27.6 30 200 . § 418 29.1 25
850 937 22.0 35 a7 20.8 27
846 22.4 30 450 922 24.5 30
ac 23.3 18 866 20.6 35
800 1462 20.1 24 800 1448 20,1 87
162 17,2 19 446 18.5 52
740 10.1 41 v 13.3 54
708 12.0 5¢ 700 2585 11,9 43
700 2508 11.8 53 95 11.6 40
685 10.7 47 658 8.5 37
610 4.2 53 600 3853 1.2 64
600 3863 0.8 69
Winds Winds
2z ddd ff ) V4 ddd 1t
(m) (deg) (m/acc) (m) (deg) {m/sec)
SFC 02 160 15 SFC 02 150 4.1
280 160 5.0 280 150 6.0
570 150 4.2 570 150 8.5
760 140 5.0 880 160 8.2
1130 150 5.8 1210 170 8.3
1430 a4 4.4 1550 200 7.1
1720 220 5.7 1020 230 8.4
2050 250 7.0 2300 25 10.2
2390 200 8.7 2650 250 11.9
2700 260 0.8 3000 240 11.5
3000 260 10.7 3380 240 10,2
3300 260 11.2 3720 250 9.2
3600 260 11.2 4080 250 10.1
3010 200 11.2
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Table 12,1 (Continued)
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Gasg 3. "case No, 45 Gag Releaae No, 46
15 Augr M 1658C 15 Aup 1956 1835¢
p oz T R.H. P Z T R.H.
(mb) m) e (0 (mb) (m) ) %
a40 0 36 5 21 G390 i 24
430 33,6 23 919 27
900 392 41.0 R} 900 a749 o0
y42 27.8 36 H50 884 4l
LHT) 8949 26.6 a1 842 kY
B¢ 1429 22.0 40 800 1420 11
700 256Y 120 4 714 44
600 834 2t T 700 2061 62
G687 65
H5H6 6
00 KERE! 1
U SEEIU § N - _
Wl Witieds
4 ddled 11 z ddd ff
(m) (cdeg) i see) (m) (deg) (m/gcd)
JRUUSSRIUR U R e e 0 SRR ISR
!
SPc 02 jui 4t oK e 140 46
310 160 7 J00 146 1i.2
620 160 o GO0 140 127 1
080 160 o aun 160 123
1300 170 9.4 1210 180 145
1610 190 un 570 140 12.9
1870 210 TR . JruG 210 128
2180 230 0 201 230 140
24710 240 (] 2340 230 14.6
2760 240 126 2910 210 0
3020 240 [ Kpat] 240 KT
3L9U 240 2 3570 200 136
3350 240 184 AKHO 0 IKRT
200 250 14 4
q0n4) 2004) | S
|
] 1 I
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Gas Rolease No, 47

Table 12,1 (Contlinued)

Gag Roleaso Nu. 48

29 Aug 1956 1005C 21 Aug 1056 08500
p A T R.H. P Y4 T R.IL
{mb) (m) (°c) % (mb) (m) (°C) (%)
855 0 19.0 50 947 0 18.8 59
045 16,5 410 030 15.8 63
000 502 i3.1 51 500 433 134 [434]
850 979 \ 9.1 [ ittt} 14.5 (14
842 8.4 [tH) 50 915 12,3 48
800 1477 4.0 60 849 12,3 ! 48
754 0.9 50 #24 10.5 H1
729 - (14 15 y12 10.9 22
7108 - 18 41 #u0 1420 11.8 mb
700 2550 - 11 39 Tu2 12.3 mb
604 - 0.5 34 756 11.6 mbh
666 - 31 24 16 8.4 mb
645 - 3.3 mb 700 2532 8.0 mb
800 3768 - 6.5 mb 686 1.7 mb
G610 1.6 mb
Huf) 37817 0.5 mhb
Winds Winls
2 ded fi Z ddd 1
m) (dog) (m/acc) (m) {deg) (m/sec)
SFC 02 200 3.1 S 02 180 5.7
320 230 . 330 210 9.0
600 250 2.5 GHO 230 10.8
1060 260 0.8 1030 240 12,3
1420 ol0 21 1400 250 11.0
1800 350 2.8 1730 260 9.7
2150 320 3.9 2050 260 9.0
2530 320 6.5 2480 200 11,2
2000 340 #.0 2730 290 14,0
3270 340 9.5 3050 200 18,0
3620 340 10.0 3400 200 16.5
3860 340 1.4 3710 300 16.8
4030 300 16.0




Gas Rolease No, 49

Tablo 12.1 (Continued)

Gas Relonse No, 86

o —— ——

21 Aup 1958 1050C 21 Aug 1856 1350C
1
P Z. T R.H, p 4 T R.H.
(mb) (m ¢c) (&) {(mb) {m) ¢ %
946 0 23.8 44 D43 0 20.0 38
g1e 171 44 937 25,7 40
900 430 10.5 48 300 408 22.3 48
874 14.9 4 95 218 40
860 15,3 54 850 801 19.0 40
850 914 14.8 56 826 17.4 35
a00 1424 11.2 65 800 1417 14,1 37
788 11,0 66 793 13.3 Kyk
782 9.0 20 704 11.9 20
761 1.8 mh 742 11.9 mb
728 8.8 mb 700 2533 8.8 mb
714 0.8 mh 600 3790 0.9 mb
700 25313 8,6 mb
G0d 1.4 mb
800 3788 0.5 b
Winds Winds
4 ddd 4 2 ddd {t
(m) {deg) {m/sce) {m) (deg) (r/see)
SFC 02 180 57 SFC 02 200 5.1
330 210 7.8 230 200 8.0
TG0 230 10,5 480 220 8.0
1254 250 12,2 700 240 7.0
1400 260 13.8 950 250 0.7
1780 a0 13.3 1200 270 11,0
2120 270 132 1480 280 11,0
2486 280 13.2 1750 280 12.0
2800 200 14.6 2010 300 13,56
3130 290 15.3 2290 300 15,0
3460 200 16.5 2500 300 14.8
3800 290 17.5 2870 300 13.5
3110 00 16,0
3320 300 11.5
1020 300 18.5
3910 300 17.0
- g

——
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Gas Roleass No. 51
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Tnble 12,1 (Continued)

Gas Relgase No, 52

21 Aug 1956 1520C 24 Ay 1658 1105C
p z T R.H. P 2z T R.H.
(mb) (m} (°c) 1) (mb) (m) °c) (%)
942 0 31.0 33 552 0 25.0 22
932 26.1 a6 042 20,7 29
900 403 23.9 41 900 485 16.2 33
850 809 19.4 50 850 971 14.1 39
818 16.4 5 848 13.9 39
800 1417 14.6 60 800 1482 13.3 15
7170 11.6 00 793 13.1 ]
733 8.3 54 740 4.5 O
722 8.3 22 713 8.9 25
700 2530 7.6 mb 700 25903 7.4 42
695 1.5 mb 648 6.5 30
600 3184 0.4 mh 676 5.5 4
600 g2 - 2.7 O
Winds Winety
Z ddd ff A ddd 144
(m) (deg) {m/ac) {m) {deg) {m/scc)
SFC 02 240 4.6 SEC 02 140 3.1
320 240 0.5 4100 IH] G1
680 250 13.0 760 110 5.0
1010 250 13,5 1100 oun 2.8
1370 260 12.8 1460 140 3.6
1710 210 1.4 1810 320 5.9
2050 280 9.5 2190 J10 7.2
2400 290 1.8 2600 310 8.5
2780 300 12.0 J020 330 3.4
2080 Joo 13,2 A440 J 8.1
3400 anon 14.5 J100 330 9.2
3770 a1 15.4
4030 a1 170
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Table 12,1 (Continued)

Gas Releaso No, 43 Gas Release No. 54
24 Aug 1956 1650C 24 Aug 1956 2150C

P Z T R.H, P z T R.H

(mb) (m) 0 (% (mb) (m) °C (%

0448 0 18.0 44 949 0 20.0 51

940 22.1 41 918 20.8 42

000 460 21.0 35 904 20.0 35

850 941 17.2 42 200 439 19.8 35

825 15.1 45 850 850 17.3 43

800 1455 14.4 42 800 1466 - 4.8 50

174 13.8 38 712 13.8 a2

700 2572 8.0 41 700 2683 8.7 42

6886 7.0 42 600 3833 - 2,0 67
800 3822 - 1.4 63

Wh\d: o - - Winds
2 add ] Z ddd f
(m} (deg) {m/scc) (m) (deg) (m/scc)

SrC 02 160 3.1

Equipmuen| Failure 380 160 12,5

No Soundipy 730 180 13.2

1080 190 9.2

1450 210 1.9

1760 240 2.0

2100 270 3.0

2460 280 5.9

2800 300 7.3

4160 310 6.9

3520 320 10.2

3500 320 11.8
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Table 12,1 (Continued)

Gas Release No, 55 Gas Release No, 56

25 Ay 1056 0055C 256 Aug 1950 0250C
P ¥4 T R P V4 T R.H,
{mb) (m) ¢ (B {mb) (m) Q) ¥ )
048 0 17.0 40 048 1] 15.0 fi8
904 20.0 43 900 444 20:0- 47
900 446 10.9 43 850 030 19.4 49
862 19.0 40 . 815 18.8 S0
R50 938 18 4 40 800 1457 17.2 51
800 1456 15.0 52 761 13.3 58
756 1.9 50 726 10.7 44
710 8.2 41 700 2470 8.2 50
700 2576 8.2 50 600 3829 - 2.1 T4
694 7.3 54
415 - 0.5 70
600 3825 -~ 2.1 70
Wiids Winds
Z ddd it Z dddi it
(m) (deg) (in/Bec) (m) (deg) (m/scec)
SFC 02 150 8.2 SFC 02 160 8.9
360 160 14.3 260 170 11.8
700 189 12.0 560 100 14.6
1030 200 10.2 1040 200 12,9
1350 210 B.2 1500 220 8.1
1680 220 H0 1800 230 1.6
1080 230 4.0 2170 240 3.0
2280 240 4.6 2760 240 8.6
2600 250 5.8 3100 2560 7.8
2000 260 6.7 3360 270 6.0
3230 210 7.0 3000 200 6.5
3600 200 7.7
3020 300 7.4
R S A .
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Gas Release o, 57

Table 12.1 {Continued)

e ————— et e e, .
SRS

Gas Release No, 58
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25 Aug 1056 1720C 25 Aug 1950 192012
P Z T R.H. P zZ T R.H.
{mb) (m) °C (B (mb) {m} °C) %)
940 0 34.5 18 936 0 20,2 25
900 390 30.5 22 32 31.5 25
850 887 25.2 30 900 379 29,0 27
800 1425 19.9 an BAD 884 25.0 30
784 18.0 42 800 1410 20.6 33
1738 15.0 23 762 17.1 36
00 2657 1.1 31 744 15.5 23
600 3819 0.4 50 700 2540 11.3 BK]
610 20.0 02
600 3812 1.0 P
Winds Winds
Z ddd H{ Z ddd [
{m) (deg) {(m/aec) (m) {deg) {1 /dec)
SFC 02 200 2.8 SrC 02 180 2,1
430 260 13.0 360 200 12.8
870 200 13.0 730 200 14,5
1250 210 14.0 1110 210 14,4
1040 210 17.8 1500 220 15,0
2200 220 17.5 1900 220 15.0
26560 230 15.8 2200 240 11,9
3000 240 14 0 20630 240 11.1
3300 250 10.2 3020 250 10 4
3620 200 9.0 3350 250 8.4
3050 270 8.0 J150 200 8.9
4030 240 0.6
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Gas Release No, 59

Table 12.1 {Continued)

Gas Release Ne, 60

25 Aug 1956 2220C 26 Aug 1956 0020C
[ -
v Z T R.H. D Z T R.IL ]
| (mb) (m) C) (%) (mb) (m) (<) %)
939 0 25.5 38 038 0 25,5 35
913 31.0 23 907 20.1 28
900 kidi} 30,2 24 000 375 20.0 35
855 274 24 860 27,4 25
850 380 %26.9 25 850 882 26.6 35
800 1417 21.9 32 800 1113 22,0 28
110 12,9 45 784 20.6 29
700 25654 i1.3 43 720 14,0 42
648 6.1 37 700 2562 11.8 47
600 3816 0.3 57 600 3814 0.4 72
L - g
Winds Winds
Z ddd 1 Z ddd ff
(m) {deg) (m/sed) (m) (deg) (m/sec)
SFC 02 190 2.0 SFC 02 210 8.2
400 200 15.8 440 220 22,5
780 210 16.6 850 220 24,1
1170 210 15.3 1200 220 10.2
1570 220 15.0 1520 220 21,8
1960 230 14.0 1850 220 14.2
2350 240 11.3 2210 220 15,3
2730 240 11.0 2760 220 11.2
3160 240 10.8 3150 210 79
3600 250 8.0 3490 210 d.1
4000 260 6.0 3850 200 9.0




Gas Releaac No, 61

Table 12.1 {(Continued)

Gas Releases No. 62

27 Aug 1866 1050C 27 Aug 1956 1350C
—
P Z T R.H, P Z T R
(mb) (m} F0) (%) (mb) (m) ¢ ()
934 o 31.8 2 934 0 20.0 37
916 28.0 30 024 28.0 30
800 IR0 26.0 30 900 329 20.0 30
838 24.5 30 869 25,4 30
874 26.2 27 850 831 23.9 32
850 832 24,3 20 300 1357 10.6 38
800 1358 20,2 a2 Ta4d 14,5 43
735 1.4 38 700 2488 10,3 54
700 2492 10.9 47 635 3.8 71
634 3.8 42 600 749 0.2 75
o0 3754 - 0.1 2
Winds Winds
z ddd 1 z ddd i
(m) {deg) {m/8ec) (m) (deg) (m/ace)
SFC 02 180 5.7 81 02 180 1.6
vt 260 2.7 280 210 8.5
660 210 11.8 550 200 4.2
990 220 8.0 800 200 3.0
1200 220 1.0 1050 210 4.4
1600 210 6.7 1280 220 5.0
1900 210 8.4 1500 230 5.0
2180 210 9.0 1730 220 5.9
2490 220 0.2 1950 220 8.0
2800 220 7.3 2200 220 9.5
3070 230 1.5 2500 220 10.5
3370 230 8.0 2800 230 12.0
3650 230 9.7 3000 230 112
V50 240 10.5 33bv 230 11,7
3700 230 12,0
4000 220 10.h
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Table 12,1 (Continued)

Gas Ralease No. 63 Gasa Releasge No, 64
-37 Aug 1956 1850C 2T Avge 19566 2220C
P 4 T R.H. p Z T R.H,
(mb) {m) °c) (%) {mb) {m) (°C) (T
9831 0 245 41 932 0 10.8 67
023 30.7 34 921 . 29,1 40
900 302 29.0 34 900 309 20.8 30
853 25.4 34 804 29.7 28
850 807 25.1 34 858 27.3 28
800 1335 21.3 32 650 816 26.6 20
773 10.1 31 800 1346 22.0 26
700 2473 11,8 34 742 18.5 20
G54 6.9 30 700 2484 11.9 35
600 3739 1.1 45 600 3141 6.0 41
Winds Winds
Z ddd it Z ddd 1t
{m) {deg) (m/aec) (m) (deg) {m/sec)
SKFC 02 240 1.0 SFC 02 Calm
230 230 3.4 360 230 3.0
480 220 5.0 720 230 4.0
T20 210 6! 1080 230 8.6
980 210 1.1 1460 230 8.0
1280 210 8.0 17680 230 7.7
1620 210 3.1 2110 240 5.8
1810 210 3.5 2450 240 6.3
281060 210 3.2 2780 240 4.4
2370 2210 3.5 3100 240 3.3
2660 220 3.5 3490 240 4.8
2940 230 2.4 3880 230 5.8
3200 240 1.8
3450 260 2.5
3680 280 3.8
NT70 280 4.0
e sk e ot
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Tabla 12,1 {(Continued)

Gas Reloase No, 60 Gas Release No, 66
20 Aug 1968 1920C 20 Aug 1950 2120C
P Z t’I‘ R.H. P 2 T A ]
(mb) (m) ¢c) (%) (mb) (m) ro %
833 0 20,5 28 93 0 21.0 42
900 315 24.9 32 916 25.6 37
850 812 19.9 40 900 316 24.9 33
800 1331 15.8 50 850 - 814 22.1 23
780 14 4 52 B4R 22.0 28
700 2447 7.1 42 800 1336 16.0 28
658 3.4 a0 750 13.4 34
BuY ABH O - 1.2 24 100 2460 8.4 46
650 3.0 il
600 3711 - 2.0 50
T Winds o I Winds
Z ddd {ff z ddd 1t
(m) (deg) (n/sec) (m) (deg) (m/scc)

8FC 02 180 3.1 SFC 0z 180 3.6

360 180 11.8 380 180 18.3

100 180 13.6 750 190 17.4

10680 190 1.0 1100 200 14.5

1440 200 1.0 1420 220 4.1

1830 220 10.6 1400 220 13.8

2200 240 1.0 2150 230 10.2

2530 260 115 2460 250 0.1

2000 200 11.2 2750 250 0.6

3220 260 12.2 4130 260 12.0

3580 270 12,2 3520 2060 14.1

3900 210 10.0 3920 270 15.0

- rew
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Tabla 12,1 (Continued)
Gas Release No, 07 Gas Release No, 68
30 Aug 1956  0020C 30 Aug 1956  0220C
- T

by % T .H, P 2 T R.H,

(mb) () ¢c) (%) (mb) (m) ¢cj (%)

832 ] 21,0 47 931 0 21.0 45

01X 24,6 7 916 24.2 40

500 304 2.8 10 900 245 24.6 37

878 219 45 850 791 213 30

B50 801 2.1 34 830 20.4 27

8130 20.5 4 300 1312 17.7 30

800 1323 17.8 30 700 2434 8.0 43

700 2444 7.0 48 672 5.2 47

886 6.4 40 435 2.2 43

#00 3087 - 2.4 59 600 3685 - 1.8 50

Winds Winds
; 2 ddd i z ddd r
o J (m (deg) {m/sec) (m) (deg) (m/8ec)
i|‘ 8FC 02 160 3.1 SFC 02 180 4.8
38 380 190 16.0 400 210 14.8
: 130 200 16.5 800 220 15.3
1030 210 16.8 1160 220 12,8
1320 220 17.3 1530 210 13.8
; 1680 220 16.4 1920 210 12,7
¥ 2000 220 13.6 2240 200 10.2
2300 210 13.0 20640 200 0.7
2620 210 11.0 3020 210 7.1
2050 230 7.0 3380 240 8.4
3230 260 5.0 3770 280 8.3
: E 3530 250 6.0
4 3900 200 7.3
1
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CHAPTER 13
AIRPLANE OBSERVATION DATA

P, J. Harney
Geophysics Research Directorate
Air Force Cambridge Research Center

13.1 Introduction

The aircraft soundings taken at O'Neill, Nebraska at the times of
the diffusion experiments are tabulated on the following pages. The data
were recorded on an AFCRC Aerograph (Kollsman KS-4). In addition,
altitude was read from a calibrated sensitive altimeter by an observer
who also noted air conditions,

The pattern for the sounding which was regularly followed consis-
ted of horizontal passes at constant airapeed and altitude along the north
mile of the site section for altliud=es up to 1000 ft, Then a box climb wag
made with observations on each side in level flight for 30 seconds. Unless
clouds intervened, this was continued to 7000 ft above the site itself (9000
ft mean sea level indicated altitude). A spiral descent followed with one
observation at either 1000 ft or 300 ft and a final traverse at an altitude
similar to the initial run,

13.2 Tabulated Data

The first column, Z , gives the pressure altitude obtained from
altimeter readings. The height of the lowest level was adjusted to match
the pilnt's intention to fly by his own calibrated altimeter and by visual
reference to 50-foot instrument towers nearby, The other levels were
corrected for scale and installation errors but can be as much as 25 feet
too high due to a lack of up-to-dale information on these errors and on
the airport elevation,

The Pmb column is the pressure in millibars obtained by converting
altimeter readings through use of a standard altitude table.
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The T column is the lemperature in °Cread from a thermistor bead
in a stagnation type probe on a boom on the wing. The value represents
an average for the traverse when the trace was changeable and a value at
the end of the traverse when a drift of temperature was noted. The value
represents a free air temperature because it has heen corrected for
dynamic heating using a recovery factor of 0.8%5, found to be typical for
the equipment used. The accuracy was of the order + 0,2°C, Part of
this spread was due to a modification to make the recorder more sensi-
tive, which allowed the indicator to hunt through this range during the

time of high ambient temperatures.
A column marked # refers io ihe behavior of the temperature

. trace. The code used is similar to the one used for pressure tendency

reports. The first figure indicates the trend shown by the trace during the
traverse, which lasted about 30 seconds. (The time taken to cover the one
mile at 100 knots indicated air speed.) The second figure is the amount of
change (plus or minus) indicated by an oscillating trace or the amount of
temperature shift as indicated by the drifting of the trace. The significant
values are given in the legend prefacing the table,

The RH column lists the estimated relative humidity obtained from
a carbon-eloment electric hygrometer, The calibration curve used was
that for a batch of pre-production clements., This was checked againat
apron values of a sling psychrometer before and after the flights., Com-
parison was made with the dally radiosonde upper air observations
(lithium chloride elements) and the caiibration curve was ghifted to mateh
the deviation of the overall average. As i8 customary, allowance was made for
a small temperature shift; also in this RH column an allowance was made
for the increase in probe pressure of 15 mb. The same element was used
throughout because no deterioration nor regular shift could be proven in
the field. The accuracy ig of the order of § percent.

The VP column for vapor pressure in millibars and the DP column
for dew point in °C are slide rule values, They are computed without
allowance for the above mentioned probe-pressure effect, The gradient
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values are considered good due to the fast response of the humidity
element at these high temperatures, The accuracy of the absolute
values is limited as noted above. '

The TIME shown for each sounding is generally that of the time
of gas release for convenient reference, The sounding actually started
with the first pass; this first pass almost always corresponded with the
start of the ground meteorological observations which was 5 minutes
before gas release time. The first traverse followed the radiosonde
balloon release by § minutes. The top level of a complete sounding was
reached about 30 minutes and the final run about 45 minutes after the
first traverse.

13.3 Remarks ‘

Afrcraft ohservations were not made for tests 23, 24, 31, 32, 38,
and 34, At thege timeg the aireraft was at Omaha for engine change and
installation of asdditional instruments. An extra run of note was made
and this is included a3 Field Test No, 488,

The aircraft used was a standard USAF 1.-20, instrumented by the
Research Airborne Engineering Branch of the Hanscom Air Force Base,
Bedford, Mass, The crew consisted of Li. George A, Sexlon, Li, E, E,
Clark, pilots, and A/lc John 1. Knutila, A/lc Joseph H. Driever, crew
chiefs,

The thermistor used was modified for a response time of about
threc seconds and calibrated by James H. Meyer of the Lincoln Labora-
tory. The calibration used with thc carbon element was provided by
Alfred 8patola of the Cloud Physice Section of GRD.
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Table 13.1 Aircraft Observations

LEGEND
Code for the # symbol

First Figure Temperature Behavior
2 Unsteady or oscillating trace, may include a jump or a hump.
3 Drift to warmer temperature which is maintained.
8 Drift to colder temperature which is maintained,
dash Smooth trace, no temperature change.
Second Figure Temperature Oscillation Temperature Drift
none £ 0,2°C less than 0.5°C
2 £ 0.3 0.5
4 + 0.5 1.0
5 + 0.6 1.2
6 + 0.8 1.5

Abbreviations used are those of the airways teletype code and con-
tractions whose meaning is evident,

The observer’s initials are listed because non-meteorological
aides made frequent {lights onwhich their observations are sparse. The
pilots alternated in flying and no difference in techniques was noted,
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FIELD TES NO. 1

i —— e

Table 13.1 {(Continued)

3 JULY 156

1100 CST

2y r T # | Rl ¢ Tq Remarks
(1) {mh) (‘c) (") {mb) 'c)
A S e ] - ]
50 043.5 21,0 a7 24,4 20,17
100 941.5 21.3 a5 24,4 20,0
180 439.0 21,1 22 91 23.0 19.7
390 032.0 20.4 -- 01 22,0 19,0
6810 924.0 19.2 04 21,2 18.4
830 017.0 10.1 98 21,0 19.0
1000 411.0 18.8 100 214 18.6
1520 893.5 17.8 1006 1.7 17.3 | Ocnl bump lower levels
2015 876.0 16.3 “100 18.5 16.3 |In clear
2400 ans 0 151 1090 .2 i5.1  jfase of clouds-in wisps
900 LS 17.5 =100 20,0 11.6
130 940.5 20.6 »100 24.3 20.6
50 943.5 | 21.% Q6 24.4 20.7
50 043.5 | 21,2 a5 24.4 20,7 [ Second pasy Obgr P
5 J
FIELD TLST NO. 3 JULY 1958 isun CST o
Zp P T [ ny [ T Rernarke
) (mb) 'C) (%) {(inb) ()
50 43,0 235 H2 24.0 20.4
85 gil.h 3 20,4 43 24.1 20,5
160 039.0 23,4 83 24,1 20,8 [Bumg
430 931.0 | 22,6 85 23.2 10,9
n30 923 0 21,9 Y 22,8 19.6
840 | 916.0 211 85 21,6 18.8
1023 909.5 20,7 89 22,0 10,0
1515 893.5 |19.4 B2 02 21,2 18.5
2025 B76,5 118.2 06 20.4 17.8  |Steady
2536 4606.0 17.0 99 10.4 17,0 10en! bump
kDP{H] 844.5 15,7 “n 100 17.8 15,7 |In elds
3645 428.0 14,4 -100 10.4 14,4 [Thru hole i» clds
4005 812.0 13,0 82 100 15.6 13,0 |Thru thin clds
5010 182.5 11,7 100 13.7 T ietween clds
First bump about 1200°
1000 010,5 18,0 32 100 21,7 18.8  |Descending 500! /minyte
50 043.0 (214 22 100 25.4 21,4 |Ahrupt descent to here
00 o430 1223 M4 25,4 21.4 |[Traverse aflor 30 seconds
Obsr DP.H.
! ] |
¥ 3eo Lepond No. 1 &2
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Tahle 13.1 (Continued)

FIELD TES’I‘ NO, 3 5 JULY 1956 1100 ¢sT
Zy p T " R e Ty Remarks -
() (mb) (°C) (%) {mb) (°c)
22.4 95 25.17 21.5
220 940,0 26.0 58 19.7 17.3
160 042.0 | 25.8 60 20,2 17.7
300 934.5 25.2 21 60 10.0 17.2
600 927.0 24.5 43 19.1 17.2
840 019.0 | 24.0 62 a5 0.7 17.2
1010 $13.0 24,3 66 20,0 17.6
1520 896.5 23.0 82 67 19,1 16.8
2010 880.0 21.9 82 87 17.9 15,7
2505 a64.0 20.8 19 17.4 15,8
3025 847.5 19.1 a7 15.0 13.0
3505 832.5 18.0 85 13.8 1.7
4045 815.5 16.6 80 115 9.0
5025 788.0 14.7 64 11.0 8.4
220 940.0 23.9 32 73 21,8 18.9 ~ Obsr P.H,
FIELD TEST NO, 4 68 JULY 10560 0100 CST
!Z.p P T L] ny ¢ Ty Remarks
iy {mb) {"c) (% (mb) (°c)
20.8 n2 21.8 1R.9 |Equip Osc +0.2°C por 10 sec~taxling
180 941.0 25,9 .- 60 20.2 177 |'I'mp max on Sdg
405 833.5 26.1 ~- 80 20,4 17.8
615 0926.0 25,4 - 80 19,6 17,2
820 810.5 24.8 21 60 18,0 16,7
1010 A1ah | 24,4 22 59 18.5 17,3
1600 806.5 23.4 60 17.4 15.3
16856 80,0 22,0 50 15.8 13,8
240% 860.% 20,6 69 16.9 4.9
3000 848,0 19,2 75 16.8 14,8 | Pireps slight turbe
3505 832.0 17.8 74 16.2 13.3  {abave 3000¢
3090 817.0 16.0 71 i3,0 11,6
5025 786.6 14.4 58 0.8 6.7
180 941.0 23.6 44 82 23.8 20,3 | Pireps sligh! turvc
Sharp 2° laversion Obsr J.D,

# See Legend

———
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Table 13.1 {Continued)

FIELD TESY NO., 5

6 JULY 1956 1400 CST
Zy P T # RH e Ty Kemarka
(it) (mb) | (°C) B | (mb) | (°C)
60 044.0 29.4 41 18,2 16.0
5 a43.5 | 20.4 47 18.3 17.0 | Ocnl gust all levels
170 040,0 29.3 47 19,2 16.9
375 933.0 28.5 22 48 18.8 14.5
630 924,5 27,8 49 18.6 16.3
820 918.0 | 27.2 22 50 18.2 10.1 | Bumpy helow
900 912,0 26.2 22 53 18.3 16.1
1500 895.0 25,3 82 52 17.0 1,50 { One gust
2000 878.5 23.8 82 54 16.3 14,3
2505 862.5 22.3 22 56 15,5 13,6
3005 846.5 21.2 22 49 12.6 10,4
2405 6831,0 20,1 2 49 i1.b 9,
4030 B14.56 | 18.2 49 10,9 8.2
5048 784.0 | 17.4 62 10.4 7.6
300 935.6 26.5 a2 63 22,1 19.1
35 945,0 | 28.5 KF 52 20.0 17.5 Obar 1.D.
e e
FIELD TEST NO. & JULY 1958 1700 C8T
Zp P T ¢ RH e Tq Roemarks
(1t) {mn) | 0 (%) {mb) Q)
650 942 30.3 22 43 18.5 17.3
76 041 30.17 -~ 46 20.3 17.8
185 KT 30,2 46 19.8 1.3
375 930.5 20.0 46 18.4 16.2
838 922 20.0 82 46 18.6 1.4
BOS 816 28.3 46 17.8 16.7
1006 008.6 | 27.8 48 18.1 15,9
15156 862.5 1 28,7 48 16.3 14.3
1805 876.5 | 20.3 82 60 18.4 14.4
2500 860.5 23.3 82 54 16.9 13.6
3020 B42.5 | 22.8 60 14.2 12.2
3660 8217.0 | 21.2 46 11,5 9.1
4000 813.0 293.5 42 10,3 1.4
5010 783.0 | 1#.3 490 10,4 7.4
216 934.0 | 21. az 64 20.3 17.1
65 941.0 | 30,0 47 20.0 17.6 Obsr J,D,
# Bee legend T No.5 &8
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Table 13.1 (Continucd)

KFIKLD TEST NO. 7 10 4ULY 1066 1400 CST
e - e ]
Zp r T # i ¢ Ty Remarks
(1Y) {mb) | {C) @® | (mw) | €C) :
50 944 n 30,1 22 38 16,3 14,3
90 943.0 290.0 39 15,3 14,3 [Obrep sounding
180 040.0 20.2 22 40 16,0 14,1 Rough aloft
390 933.0 28,6 a9 15,3 13.4
500 026.0 21.8 41 15.5 13.5
820 916.0 27.2 22 42 16.4 13.4
1000 012.0 26,9 42 11,8 12.8
120 894.5 | 25.3 45 14,4 12.4
2015 478.5 23.8 22 47 13.8 11.8
2505 862.% 21.8 50 13.0 10.9
3005 846.6 20.5 82 52 12,6 10.4
3515 830.5 18.9 82 b6 12.4 10.2
4035 814,65 17.3 by 11,9 0.6
5045 704.0 14.6 82 62 10.4 7.6
6085 753,58 12,3 82 86 0.0 6.4
7080 725,0 0.8 68 8.4 4.5 | Turbulonce noted
200 936.0 2R.4 32 45 10.6 13.8
90 | 043.0 |20.: | 33 | 41 170 | 150 | Obsr J.D,
FIELD TEST NO. 8 10 JULY 1956 ] 1400 CST
Zp r T [} H [} Tq Remaxks
(1) (mb) °c) ] {mb) (°C)
50 043.0 130.5 22 30 17,1 15,0 |Ocnl bumps and drafts
90 41,5 0,1 23 39 16.7 14.7 Drafta
180 038,5 20.8 23 41 17.4 15,2
395 931.0 1203 a2 42 17.3 16,2 |Oepl bumps
040 (422.5 :28.2 43 10.4 14,4
830 016,0 | 27.4 42 15.8 13.8  |Bumpy
1000 910.5 21.0 44 15,5 13.6
1500 894.0 20.7 4h 4.7 12,7
2010 871.0 | 23.8 46 14,2 12.1  {Ocnl yaw
2525 860 4 22.1 22 50 13.4 11.3
3035 844.0 [ 20.5 54 13,4 11.3  (8moother
3646 #2H.0 19,0 £9 137 11,0 Numps
4045 a13.0 17.6 59 130 10.8  {Yawlng
5865 782.0 14,6 it:} 11.6 .1 [Smooth, some 2l 1 bnsces
6075 702.5 1.9 73 14,3 7.4 |Cloud bhases thage altiluiny
7490 723,5 0.3 9 0.4 8.2 |Wallawy
J20 031.0 20,1 32 30 15.0 13.8 Obsr P H,
53 941.5 [30.7 22 39 17.8 15.2
# See Legend No.7&8
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Table 13,1 (Continued)
FIELD TEST NO, ¢ 11 JULY 1956 1000 C8T

—

2y p T # RH e Ty Remarks
(L) (mb) | (°C) (%) (mb) °c)
50 236.0 | 25.9 23 62 21.2 18.4 | Bumpy
100 937.6 25.8 23 62 20.8 18.2
185 935.0 25,3 22 65 21.2 18.4
385 o2n.5 | 247 22 67 21,0 18.3 | Drafls
10 920.0 23.9 22 70 21,1 18.4
825 IER: 23.1 22 2 20.4 17.8
9080 807.0 23.2 2 19.3 16.9 | Bumpe [ift
1490 680.5 a1 23 73 18.4 16.2
2026 875.0 21.4 16 T3 18.8 18.5 | Slow osc
2615 857.0 22.4 23 06 18.3 16.1 | Steady
3015 841.5 21.5 22 fR 7.8 155 | Hasy vab 8 to 10
3495 828,95 20.9 65 13.4 i4.4
4035 808.5 20.6 54 13.2 1.t
5025 780.0 { 18.6 50 11.0 8.4
8035 750.6 16.1 47 8.1 5.0 | Ac clds 5000' abave
7080 721.5 13.1 48 7.4 2.5 | lazy
260 931,5 | 25.2 34 70 22,1 10.5
55 039.0 26.6 23 60 21.3 18.5 Obsr P.H.
FIELD TEST NO. 10 11 JUL_Y. i?ﬁ(l 1200 Cs87T
Zp P T ¥ RH [ Ty Remarks
@) | (mvy | (o) @ |ty | o |
45 930.0 28.4 23 65 21,5 18.7
20 031.5 24.2 23 50 21.8 18.8
185 934.0 217.8 a2 58 212 18,5
405 926.6 | 26.9 22 €0 21,7 18.4
635 018.0 20,3 28 A3 21.8 16.8
820 012,5 | 25.4 ;] 24,7 16.8
690 6070 25.5 22 Ag 21.8 18.9
1490 890.6 23.6 22 70 20.8 14.2
2005 f73,¢ 21.0 22 72 19,3 17.0 | Pireps rough below
25.¢ 8570 | 20.4 22 74 18,0 16.8 | Relalively smooth above
2015 Bif.o 10.7 14 70 14,3 14,2
3614 8255 | 20.3 32 82 16.0 13.0
4016 810.0 19.7 22 64 12.5 10,3
5016 780.0 | 18.1 54 11.4 8.8
6025 750.6 | 15,8 22 53 2.5 6.3
7040 722.0 12.9 22 60 9.1 5.0
200 0305 | 27.7 22 58 21.0 10,0
60 038.5 | 20,0 32 55 22.3 10.2 Ohsr J.D,
# See Legend No, 0 & 10
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Table 13,1 {Cantinued)

FIELD TEST NO. 11 14 JULY 185§ 0800 C5T
zp\ b3 T b Ru ¢ Ty Remarks
(ft) {mb) {°C) (% {mb) {c)

40 6425 | 23.5 23 | 83 24.2 20.6 { Bump
90 941.0 | 32.4 23 | A8 4.2 @€0.5
180 Y375 23.1 2 83 23.7 20.2 | Drafts
380 831.0 22.4 22 83 22.1 10.5
640 0220 21.8 22 85 22.4 18,3
840 015.5 22.4 23 84 23.0 1.8 | Bumps
1040 008.5 23.1 23 76 21.8 18,8 | Steadier
1520 8925 22.8 32 82 ?22.8 18.6
2019 874,56 23.6 50 14.8 12.8 1 Smnnth
2405 Rato 1 asg 22 | 55 15.2 13.2
3025 844.0 22,4 42 11,5 9.0
3405 829.0 | 22.2 42 11,4 8.8
4035 812,56 | 20.8 20 0.7 6.5 | Oseillation
5035 T82.5 17.7 46 0.4 6.2 | Smooth
06035 53.0 15.5 40 8.1 4.0
T80 123.5 12.5 43 6.3 0.4 | Oscillation bumps at 1300
200 934.0 23.8 32 85 256.2 21,3
50 942.6 23.9 83 80 23.8 20.3 Obsr P.H
! I
. 1

FIELD ‘TEST NO. 12 14 JUILY 1654 1000 C3T
Zp P T ] RH ] Ty Remarka
(| (mb) | €C) (® | tmb) | °C)

75 941.0 27.8 22 86 24 R 21,0
160 N30.5 | 214 2 | 6b 44,3 20.0 Dump?'
360 2315 206.7 22 0 24,0 210 Liftg hegin
7320 $22.% | 25.0 22 1 13 247 209
800 D16.5 25.4 2. 1M 20,4 214 | Gusts al end
1000 | 9095 | 2490 | 22 | 18 248 | 200 |
1510 892.5 | 244 24 T 22.2 91 eeanonal bumps
2006 870.5 24.6 24 02 16,4 4.4 | Smoolh
2485 861,0 23.u 22 Ho 148 12.¢
3015 844.0 23,1 22 39 1 5.5 | Steady
3495 829,0 2.9 - Y 10.0 1.0
4030 812.5 21.1 35 4.8 50
5035 782.6 18.4 a9 .4 4.4 | Yaw
€035 753.4 16. 1 40 7.3 2.4
7040 724.5 11.0 18 7.1 2.1 | Steady
Humpy nt 1000
280 944.0 27.6 34 44 1G.4 14.4
70 HER I 20,4 44 50 208 18,2 Bump Obsr DM,
# See Legend No., 11 & 12
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FIELD TEST NO. 13

Table 13.1 (Continued)

22 JULY 1950

2000 C8T

%y g T # Ry e Tq Remarks
L.'f}:)...__ W_(mbz 5 °C) 1 (% (mb) (°C)
45 947.0 { 23.3 32 | 62 18.1 16.0 | 8Cvesperalis 9000’
50 45,0 22.8 65 18.2 16.0 | Sunluw at the horizon
180 942.5 | 23.1 .- | 40 17.0 15,0 | Smooth
400 035.0 | 23.0 5G 16.9 14,9
G20 927.0 21.8 32 62 16.4 14,6 | Very smooth
830 920.0 | 21.2 6% 16.8 14.5 | One lift; sunset
1000 0i4.5 20,9 67 16.9 149
1505 897.5 10.6 82 1 16.5 14.5
2000 881.0 18.0 12 15,0 13.1 | Very light turbe
RUNIY 285.0 10,9 Te 13.6 ii,B 8 h
3000 84H.9 15.1 73 12.8 10.6
3505 833.0 13.1 7 12,2 10.0 | R H Osc
4045 816.5 12.6 80 13.3 11.2 | Smooth
5030 786.5 10.4 97 12.4 10.i B
6070 756.0 8.1 100 11.3 8.1 | Cloud bage 5800
7080 721.0 6.3 96 9.4 6.0 | Top about €500 vrbl
285 036.5 22.3 62 17.0 15.0
180 0942.5 | 22.6 22 | G0 16.8 14.8 Obsr P.H.
_ FIELD TEST NO. 22 JULY 1056 2200 CST
Zl, p T ] r_y ¢ Ta Remarks
{1y (mb) Y] (%) | (mb) (°C)
170 043.5 | 21.7 42 1 57 15.0 13.0
356 §37.0 | 22.4 54 14.8 12,9
60G 028.5 | 21.8 60 15.8 13.4
620 3210 | 214 22 | 6D 15 2 12.2
085 215.5 | 21.0 oh 14.3 12.3
1500 698.5 19.6 a2 14.4 12.4
1085 882.5 18.1 73 15.4 13.4
2485 866.0 16.7 22 41 15,6 13.6 | Light turbe
2005 850.0 15.0 083 14.4 14.4 | Light turbe
3405 R34.0 14.4 00 15.0 13.0
4005 SYIRI] 13t 93 15.0 13.1
4990 T08.0 L3 H2 11.2 8.7 | Ocnl bump above
6025 758.0 0.4 % 0.0 5.4
7020 20,4 6.0 87 8.8 5.1
260 040.0 | 23.3 64 14.8 12.8
170 043.5 | 22,3 22 | &3 14.5 12.5 Obsr J.D,
i A
i Hee Logend No. 13 & 14

o e et i — e e e e ae
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Table 13.1 (Continued)

. FIFLD TEST WO, 15 23 Juny 1950 0800 CS8T
2, P 7 t | R c Ty Remarks
L | (mb) | o) (%) (mb) | (°C)
50 047.0 | 19.4 22 | 84 1.2 10.8
K 942.5 | 1D.2 22 | 83 18.8 16,5
185 042.0 | 19.0 84 16.8 16.5
395 035.0 | 18.9 84 18.6 16.4 | Occasiongl 1l turbc
635 9264.5 | 20.1 22 | 8O 19.1 16.8
845 910.5 | 20.3 81 10.6 17.2
1005 014.0 | 20,1 82 19.6 17.2 | Hazy level not sharp
1525 897.0 | 20.0 05 15.8 13.6
2020 880.5 18.8 1] 15.2 13.2
2500 865.0 { 17.1 .- 78 15.6 13.5
3030 848.0 15.9 84 15.3 13.3
3520 8326 | 15.2 59 10.4 7.5 | Above smoky layer
4050 816.0 ¢ 13.9 - | 47 7.5 2.8
9040 7868.0 | 1.7 42 5.9 -0.4
6060 766.0 0.4 36 1.3 -4.1
7085 727.0 7.8 a2 3.5 -6.5 | Few Ac on horlzon
285 038.5 | 20.4 32 | M4 20.3 17.8 | A few lilile bumpe
60 46,5 | 21.3 75 10.3 14.9 Obsr P.1.
['— FIELD TEST NO. 23 JULY 1050 1000 €8T
zp P T ¢ Ry 1] Tq Remarka
(1) (inb) Q) (%) (mb) (°C)
51 040.5 | 24.4 24 62 19.4 17.0
100 044, 5 4.4 24 %] 19.2 16.9
1410 ARG 1 24,1 a2 o 16.8 in.n
400 834.0 | 23.3 2 [it] 18.8 1.0
6§10 0927.0 | 22.8 82 64 17.8 16.7
830 pig.5 | 21.9 22 74 19.3 17.0
1010 913.5 21,6 22 kil 18.7 17.3 | Obreps bumpy to here
1500 807.0 | 20.3 22 T 17.6 16.5
2005 880.5 | 18.8 22 74 16.2 14.2
2405 §64.5 | 17.9 - T 15.9 13.5
3014 A48 0 | 16,0 T8 14.6 12,6
3405 833.0 | 1.8 22 1 12.2 0.9
4035 #16.0 14.7 42 7.3 2.2 } A light layer of
scattered clowds
£025 786.0 | 12.4 af 5.5 1.2
60456 756.0 | 10.3 54 (18] 1.8
7050 727.0 8.0 4 8.1 3.9
300 937.5 | 24.4 a2 58 18,1 16.9
50 046,0 | 25.8 32 50 16.7 14.7 Obsr J.D.
# Sec Legend No, 16 & 18
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Table 13,1 (Continucd)
FILD TEST NO.17 23 JULY 1950 2000 €8T
Ty P T I e Ty Remarks
(ft) {mb) “c) (%] (mb) {°C)
! 0| odre | 2000 k ki 14.6 12,6
80 240.0 28.8 31 14.4 12,4
180 938.5 29.3 -- 35 14.4 12.4
390 ¢ 920.0 29.5 22 33 13.1 iLe
620 - D215 | 20.4 29 12.0 9.6
820 Dl 28.0 22 31 12,2 10.0
950 90905 28,2 33 10.7 10,5
1480 8425 26.9 22 32 11,8 9.5
2005 875.5 | 25.5 34 1138 8.8 | Pireps temp 72°F '
2500 850.0 24,8 12 36 11.2 8.7
2085 5440 | 23.2 38 10.8 8.2
3505 821.5 | 211 39 10.2 7.4
3995 a12.5 | 20.3 44 10.4 7.8
5015 781.5 17.5 49 0.9 (1))
6005 752.5 14.9 52 8 5.4
7040 723.5 11.8 60 44 4.5 | Very Igt turbe Pireps 63°F
280 833.0 | 28.4 -~ 35 13.17 e
180 034.% 2.4 22 30 14.1 12,1 ObsrJ.D,
| e
| —
. FIELD TEST NO. 18 230 UL_Y__ !?‘50 2200 C8'1'
Zl’ P T [ iy i Ty Remarks
' pﬂ> (mb) | (°C) @ | () ] ()
! B I
160 939.0 2;.0 a2 | a9 14.3 12.2 1 (St Cuy drifted out,
345 932.% 27.9 22 35 13.3 11,2 | wind varied with
606 923.5 | 27.9 32 J6 134 112 1 oloud cover)
815 2165 | 217 g !oad 12.4 10.2
9856 011.0 | 27.2 21 93 12.1 0.8
1475 804.5 | 26.4 32 L a6 | ket hump
1980 878.0 | 25.% - 6 1. 9.8 | Lot turbe continuoug
2400 861.5 24.4 30 114 0.4 Bumps not sjusts
| 2070 R46.0 23.4 22 30 [ w8 | (Pireps alt changes rpther
than airspecd changes
noted)
3510 829.0 218 82 42 1.1 8.0
4010 813.5 | 20.3 22 | 40 10.0 8.2 | Buinps small but pitehing
5010 T83.5 17.4 22 1 54 10.8 8.2 | Choppy
6010 754.0 | 14.6 61 10.4 7.4 [ Wallowy
: 7030 725.5 11.6 05 9.0 H.5 Up & «down dyaftg
| 265 935.5 | 26.4 62 | 42 14.4 12.4 | Smuoth betow about 1200
‘ 155 030.0 | 26.7 43 15 0 13.1 Qbar 2. H,
e [ [eo——
# Scve Legend No, 17 & 18
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Table 13.1 (Continued)

20 JULY 1006

1100 ¢s1

Ct—— — s

187

FIELD 8t N(). 19
“n r T # Iy o Ty Remarks
(fy) (mb) (°C) v (mb) ")
50 943.0 27.0 23 10 14,2 12,1} Cirrus clowds sun oul
15 042.0 26.7 22 10 14.0 11.9 | Boungy
175 9390 20.4 22 41 14,0 12.0
J40 031.5 26,7 22 42 139 1L9 | Bumps
620 023.5 25.2 43 IR 1.8
450 016.0 24.5 22 15 [ER 12.0 | Drafts
1000 208.5 24,0 B 45 [ RN 1.4
1500 304, 0 224 2 & 14.¢ 1.4 Bounclye
2015 8717.0 21,0 22 53 13,4 {4
25056 HGL.0 205 24 RH 4.4 4.5 Luss drafty
3024 LET R 203 a2 25 6.0 0.3 R datic doubt ful tins
test, response sluggish
3515 29,5 20.0 22 25 5.0 -0.5
4035 35 | 200 22 26 5.9 -0.56
LKURE] 783.0 18.2 12 28 6.0 -0,3 sSmooih
G045 153.9 16.2 41 h.1 R
) 7200 135 36 ) o Slow ose
Dumnps wt 2500
300 D34.5 26.4 22 43 151 13.1 Fift ad 800
100 D15 | 284 22 10 15.4 13.4 | Big bump Obsr P
I {
i | i
PO OO - — .
FIFLD TESE NO. 20 25 JULY 1956 1309 C8T
Lol [ I L gt -
"p Iy T L] nu 4 Ty Hemarka
(ft) {mb) (¢) (") {(mh) {C)
428 Husridify elemoent
T4 030.5 | 29.4 23 31 127 10.6 | Inspreted '
176 1 o n | 903 sy Lo 1.9 9.4 ¢
475 0200 28.6G 2 31 12.1 0.8
a0h 0215 20 22 39 12.4 i
i HOY [T B 210 m 34 2.4 H). 6
1515 0% H 26.2 22 A4 12.4 10.2
1505 4910 25,1 22 35 11.3 u.
2000 Hih 0 23,2 KH) 10.2 1.2
2410 850.5 218 22 43 11,1 8.6
SO206 HE W die 26 28 T.4 2.0
34490 827 4H 22.0 24 25 (.6 1.0
4010 Blio 21.4 28 25 IR} 0.0
H020 ™Hi o 10.4 28 24 () (.6
6030 YEIRS 170 IR 5k il
1045 2380 1A 30 h.8 0.4
Turbe felow 3000 1
210 932. 6 30,0 33 25 10.5 71
BH G n 306 n2 29 10.8 8.0 Obsr J.D,
#see faprend NO, 19 & 20
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Table 13,1 (Continuced)
] -
t FINLE UEST NO. 21 26 JULY 1056 2100 C8T
?’l’ r by A R ¢ T Remarky
(1t} {mb) ("C) o (mbh) ("¢
| 175 032.0
, 390 0045
1 602 | 917.5 ‘ Rough
1 850 | o090 | M6 32 1 M 13,3 1,2 | Liyrto N
i 1020 an3, s ) auh an 32 13.2 1,1 ] Smeoth suddealy
1 1,180 488,0 288 A2 29 11,5 9.0
1 2015 8705 21 28 10.4 1.6
24904 865,0 21,6 24 4.9 6.8 | Steady
24595 #5395 26,9 25 8.9 0.4
F 3495 824,0 25.4 26 4.5 4.6 | Tomp min sharp abou! 3800
I 3045 408,0 | 24.4 24 5.4 4.2 | Bmooth
Ll Hiz0 TT8.5 21.2 24 31 7.8 4.4 | Bumpy then steady
; 6044 149.0 | 18.1 35 7.3 2,4 | Hvy llng to N Smooth
: 7070 710.5 16,5 32 A 5.1 -2,2 1 -1,57C tmp blip on climb
I Fquipment looks OK
* 205 028.0 28,7 31 12,2 10.0 | Bumps al 800°
180 932.0 | 28.7 30 1.8 9.4 Ohgr PLH.
1
i
!
l e 'y T
. FIFLD TEST NO. 22 26 JULY 1956 oo00 CST
.: e e
| A 14 T " Ry v Ty Remarks
(1) (mb) {°C) (%) {mb) ('c
, )
180 131.0 21,6 KY) 13.7 116 Pireps strong winds alotl
400 az23.5 | vk 22 a7 14,3 1T | Bumpy
640 915.5 e oH] 37 120 16.4
860 H08.0 26.4 24 38 (KN} 10.9
1030 002.0 | 26,2 26 K}/ 12.0 10,8
1500 a86.5 21.5 4 a4 124 1.2
2525 HBG3. 27.4 24 10.6 7.4
: anlh 853.5 21.5 22 25 0.4 9.8
: 3035 #37.5 2.0 2c 24 U6 4.4
l ! 515 822.5 25.0 22 24 71 3.2 [Very gt iwne
J . 4035 | 8065 | 24.9 23 7.3 2,4 [t turbe at 45000
50256 70,5 216 & BRI -0 ISmooth at AH00°
! 6045 7417.0 Yy 22 24 5.8 1.4
: TOH0 714,0 16,1 22 23 4.4 -4, 0 L1 turbe at 56007 deseent
into fuize at 4400
280 027.6 | 266 -- 360 12,6 10,4 [Out haze at L4owr
260 030,0 | 26.9 36 1.8 10,6 | Bumps ai Jou’ Obsr 1D,
i
!
# Sce Legend No. 21 & 22
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Tuble 13.1 (Continued)
PIBLD VEST NO, 29 1 AUGUST 1996 1300 C8T
Zl‘ P T # R ¢ Ty Remarka
) {mb) {'C) {“9) {mh) (*C)
50 9410 | 220G 22 906 26,0 22,0 | Bouncy
100 042,56 22.6 22 e 25,0 PAN]
1o 930.5 22,0 22 HUH 25.5 21,1
410 032.0 | 21.4 22 04 24,3 200G [ Drafts and acceleration
G3o D24 6 20,7 2100 349 207 R H slupgsish
845 917.0 20.0 > 100 RENC 20,0 Dumpy
[TIRD) 9105 19.5 100 4 24,5 B TY ] slugpish
1510 895.0 ; 8.2 gy 220 18,2 f Bampy al biuso wbout 1600*
! In clowds at 1759
i and drafls
1000 912,0 | 1.4 -100 I 24,2 19.4 | Bumpy
50 044,90 22,9 32 96 4 21,0 23,4 Lt 64 1t hy the tower
} 40 {1 Indicated Obsgr P.H,
,
JE P, — . - —
FILLD TEST NO, 26 2 AUGUST 1050 1260 CST
; '/‘I) » T [ gt} N Tq Remarks
B {1 (mb) | ('C) (%) {mb) C)
50 940, 0 27,3 29 GG 24.2 20.5
i go | 03w {204 | 23 6 | atd 2006
} 100 040 4 20.9 2 07 24,0 20,4 Drafls
4 305 HIVENA 26,3 23 72 24.8 21,0 Bumpy
: 630 020.0 | 25.6 22 75 24.9 21,0
Ha0 013.5 25 6 22 71 23,7 20,2 [Bumpy
e boang s tadg o TE | a5 | w4
10 1 8018 | s 12 gz larz | 10
2005 | 874.% 21,2 02 23,4 | a0 [Torhe
2460 g4u.0 N4 14 o1 22,0 VDl Waoblites no dralts
2085 8450 | lu.b a6 gg ) e 16.7
3405 827.0 14,0 24 81 17.6 a4 [Setd eld bases bolow
4035 810.5 14.4 63 13.6 11,6 | Puasing cld hases at 3700'
5026 "0 16,2 83 82 15.3 13,3 ({Climb in clear
G045 751.0 14,0 .- 8 13.7 10,6
1050 742.5 1.8 a5 12,0 9,6 n ¢lds 4500 to
4900 {t on deseent
1020 001.0 24.8 34 73 23.1 10.8 Basen osl 3500 ft Bumpa
205 031.5 27,6 33 07 21.4 18.4 Bumps
a0 ad0.0 244 22 54 21,2 6.4 jlow 50 pass Oimr P H,
l # See Legend ) No, 25 & 20
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Table 13.1 (Continued)

LD TEST NO. 27

2 AUGUST 1866

1400 C&T

L eemmm e -

'/.p r T i nm [ Ty Rearks
{tt) (mb) ("r) (‘b (mb) ("ei
50 039.5 29.9 24 50 21,2 6.5 | Bumpy
A0 038.5 30.1 23 49 21.0 183 | Draitag already
175 9356.5 20.6 23 50 20.8 18.2
390 027.5 | 29.2 83 50 20.5 17.8 | Drafty
615 020.0 27.9 23 52 20.0 17,5 | Ouveaglonal gusts
830 als.0 | 295 22 o4 20.2 17.6 | Ups & Downs
1020 906, 5 26.0 22 56 20.4 17.8 | Negative G acceleration
1500 890.5 25,4 67 22.0 19.0 | Bumpy
2015 873.5 | 21.6 79 23.2 19.0
2495 858.0 | 22.1 80 2.4 .6 | Nowamder clouds, immpy
3025 Bd1.5 RIVEH 84 20,6 i6.0 -
3515 824.Q 19.0 22 93 20.7 18.0 | Woblly
4025 810.5 17.6 08 19.9 17.4 | Base of clouds just abeove
5035 760.¢ | 18.4 22 2 13.7 11.6 | Cloud haze al 4800 ft
6045 750.5 4.6 ™ 12.6 1.4 Cld tops H00U- 5500 It
ond NG it i1 11.3 8.7 Deck Ac est 1000 above
Lyt muisture content In elds
290 §31.0 | 1.1 2. 50) 21.6 18,7 | Bumps at 300'
it §58.5 iu 23 19 22,0 190 [ Bumpy Obsr P11
1
[ ,
FIELD TEST NO. 20 8 AUGUST 1056 0000 CST
', "
Zy, p i T " I ¢ Ty Remarks
(f (mib) °c) )] (mb} "C)
,,,,, - . R, e — ah e Y - - - NN JR— SN
262
145 034.5 26.4 22 72 25 0 21,1 | Bumpy
ans agran 266 22 70 24.6 208 Fal rain bampy
505 WL | 26.4 22 70 24.0 20.8 | Homidity shiggish
835 011.4 26.5 22 65 22,4 19.0
1006 906.0 26,9 61 207 111
1500 86Y.% 20.4 22 52 4.2 16.0
1000 873.5 | 25.2 hi 16,7 140 | Mg to N
2490 u87.% | 23.8 A2 155 6] Oenl bump
2980 H441.5 23.8 22 51 154 154 | Smooth
3510 7250 | 23.0 19 13.7 11,0
4030 800.0 21,4 50 12.8 10.6
5040 770.0 | 10.1 54 121 9.8 | Smooty
6050 740.6 { 16.0 16 13.6 1L6 1 Btrong 8 Wind
7025 122.0 12.6 82 12.3 10.0 | Frea Ung N
-3°C at about 700 due R
1475 300.5 26.4 50 17.2 151 | High pass account wei
176 34.0 | 27.4 22 55 20.4 17.8 Obsr P.H.
# See Legend No. 27 £ 28
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Table 13.1 (Conttinued)

FIELD TEST NO., 29 3 AUGUST 19586 Bihn O8N
o e s
Zp P T f R e T,j ! Flognart
() | (mb | (C) @ | mv) | o] ;
165 | 9350 |274 | 22 | s0 | 184 i te2 | :
365 | 928.0 |26.8 a2 50 17, 150§ i
595 920.0 | 28.5 12 5C 15,5 1Gus! :
795 913.5 ]25.9 49 - 160 14,5 Aeoeterations et
995 906.5  26.0 22 O U Passy !
1 1
1475 | 890.5 |26.2 45 1.3 1 134 iSesother cbo b SW
2000 | 873.5 |25.8 3 45 150 [ 13.0
2470 858.5 | 24.2 45 13.3 | L8 {Smeath v
3010 841.0 | 22.7 46 126 104 7
3480 826.0 2L 22 T 12.1 9.9 2 / ’
i
4000 810.5 '19.8 49 11.) 8.8 JRam encounters
; approachine U s
965 % 1 26.2 32 48 1.3 143 HBumps at Ton
! I No ow e Orse 125
‘ ; A e
! : : I '[ |
i i ! P {
- ! T ei b
, e e e eerm e e = vt « s e e s e e
!_ FIELD TEST ¢ 30 3 AUGUST 194t 1300 Cs7T
e enere JRR : - — 2 e i+
! : ! ! '
. -~ ¢
C 2y | L . | @ ; an ) Ta Remarks
E iy lmnr Doy 4 Y] {mb) < |
S0 S S S S0t Sy O -
i RN ; 23 ; 42 19.8 17.3  jRough Qivgr FH.
R e LT
Clin butio s3ia 123 |43 10.7 17.2 iBum
R B T iuh g 22, 35 20.¢ 17.7  |Drafis
Pe2y ) MG a0 23 | 36 19.5 171 iDrafts
NESO RIS 2ea |25 ne 20.7 18.0  [Drafts
P O95 40T e ase | R3] 47 8.5 16.2 ¢
i 3 H !
3 B H -
Hesr 1t eols 12vd i12 o5 lie4 sz |
innng i o N P i 4a * - - H
12010 i 873 25,7 j 430 o9 i8.2 16,0 iQecasianal Lot Lamps
12505 | 4875 1239 122 ., 6 tR 3 161 oy iy
linge {orevg o t2nn )12 i A4 176 et |
! i 1 i ‘
3n2s | W07 | | 72 179 ! | SV :(W.'vll\»\.w
AUMG ! 1w 12y 76 RSN B I SN (I
hoen v - RY R T 113 iGeezional bump
6050 ! L P ud H1o K4 deercaching base level at
ITi0h e I U Th wa  iod !t ssei; Edee of FrCu
NN oo l ! Basc clds 6500 tops 7000
VUL T Qhe N U I ¥ w9 IHo level pass account
‘ : : ' : of boom cscillation
| - ! | |
; ! 5 ’ '
l.._._...L__.._. U S S | I

# See Legend No. 29 & 30

Best Available Copy
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Table 13.1 (Continued)

[ r———— b——

FIELD TEST NO, 37 12 AUGUST 1956 0300 CST
2 P T # Ts 0 T4 Itemarks
(ft) (mb) {°Q) % (mb) (°C)
}—__ -
19.1
165 936.5 211 32 44 21,3 18.5 | Buraps ling N & NE
385 020.0 | 224 13 21,6 16.7
805 921,58 § 22.9 74 20.8 18.1
810 014.5 | 229 72 20.4 17.8
915 909.0 23.0 58 16.7 141
1475 892.5 | 22.6 -- 84 15.0 13.0
2000 876.0 21.5 -- 53 13.8 11.9 Let trube plrep
“hinr | BhaLS 20.6 53 13,1 11,0
2695 843.0 19.8 83 13,5 10,2
347 - §ER.5 1.4 ne 112 8.7
ACHD 2.0 | VL% 33 Y 8.0 1 Very Mght turbe
£015 wis ) 162 76 16,2 1.3
N0 AT} 4.2 T4 12,1 0.8
7040 ™" | 105 A3 1.2 9.7 Ling E
i 1 Ligid turbe «f 1600
CYRCON BT B | - | 20.9 18.2
{1851 wdT0 | tu 1, 0 21.5 14.6 | Dumpy Obsr P.H.
! i l i
t 1 ! .
P Lo
i ! L I
1 s — ~1 . 1 { ~-lL ] .
FIRLD TESI KO, 36 12 AIGUST 1958 0500 C8T
s A !
Z, » 1 # Ry e Ty Remarks
{1y {ma: "¢y %) {mh) ]
2
170 Y36,V 211 86 215 14,0 | Plreps sfc the same
20 | PN L 244 @ Lo ooy 18.6
LK ] Yih 7 DA 22 . v Mo e
poad | 8140 | édoo Pous e i 15,5
1010 007.5 | 23.4 40 4.2 121
1510 861.0 | 24.0 42 12,6 10.4
2016 674.5 | 22.4 18 13.2 111
2495 4520 217 44 11.4 N4
3005 843.0 20.0 - LY) 10.9 #.2
15 827.0 18.6 50 10.7 8.0
4015 f11.5 11.8 59 12.3 10.0 | Light turbe
5025 781.0 | 16.5 51 5.7 6.5
3035 VLN 13.9 87 14.0 12.0 { RH jump vbout 5260
7040 723.5 11,2 BO 14,0 0.7 1 PMreps gt turbe
R Hdrop sbout 5600’
000 008.5 | 22.5 83 17.4 16.3
30 941.0 2n.6 y2 L1Y 21,8 18.9 Obsar J.D.

¥ 8re Legend
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Table 13,1 (Continued)

FIELD TEST NO. 39 ;2 AUGUST 1056 2200 CST
4y o ' T # (13 e Ty Remarka
{ty (mb) | (°C) ) {(mb) °C)
——— [ S Y U . . e
190 041.% 24,2 12 44 15,8 13.4 | Ocnl bump at 300*
420 933,56 27.1 63 43 15,8 13.8
620 927.0 | 27.3 42 15,8 13,3 {8mooth
850 9i9.0 | 27.3 22 40 144 12,4 | One bump, ocnl draft
1060 912.( 264 22 40 13.8 11.8
1825 30,5 a9, - 39 12,8 1.6
2045 179.0 24.3 36 1.8 Y. 4 Smooth
2015 804.0 2.0 22 39 19 8.4
3035 HB47.5 kA ] 22 11.6 8.3
3525 | 83z.0 | 200 | 7 | 110 8.3
4040 816.0 1.3 ! 50 0.6 7.9 | Pirep« added power needed
5010 785.5 4 16.3 62 55 10.3 7.4 1 Several bumps, lgt turbe
GUTY 755.6 14,3 37 1i,1 6.5 | 8ome bases at §500, turbe
7090 726,56 | 11.3 72 9.3 6.7 | Clds above, turbc, drafts
1000 | 9140 [ 264 | -- | 40 | 157 | 11.6 |Bumpaatsoo
205 041,0 | 25.0 32 14,2 12,2 | Turbe noted thruout Obsr P,H.
FIELD TEST NO. 49 14 AUGUST 1956 0(30 C8T
2‘.p P T ] RH e Ty Remarks
(ft) {mb) (°C) T (mb) (°c)
150 942.5 26.4 2 44 15.) 13.1
T 04,5 a7 % 22 44 15.48 14,8 | No turbe noted
610 026.5 27.9 22 43 10.2 14.2
810 #1094 | 272 22 43 15.a 13.7 | Pireps strong wind
100G #13.5 27.3 22 43 15.0 13.7
1510 806.5 | 25.5 45 14.8 12.8
2010 880.0 | 24.3 45 13.9 147 | Plreps lodo puwer rqrd
2500 864.0 22.17 47 13.2 111
3060 848.0 21.2 41 11,8 0.4 Pireps dito
4400 8325 | 20.0 49 11.2 8.7
4000 817.0 14.4 48 10.2 7.2
£030 785.5 16,3 63 118 w49 | Ocnl drafts
€040 756,0 14.1 46 10.8 6.1 Lgt turbe 56001t
7070 726.5 11,3 71 0.6 C.4 | Bumps, wallowy
080 014,0 26.4 32 47 10.4 14,4
150 042.5 24,4 7 14.4 12,4 | Turbe at 300 Obsr P.H.
L. -
# See Legond No. 39 & 40
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Table 13,1 (Continued)

FILLD TEST NO. 11 14 AUGUST‘ 1056 oG CST
'I.l, P T 1 R ¢ Ty Remarks
{m (b () A (mb) {'C)
160 041, 5 24 4 49 15,0 13,0
386 0340 U629 a5 15,8 13,3 ugtg
GLG 036.0 21.0 32 43 15,4 13,4 [ Genl pust
825 019.0 26,71 43 181 13.1 Iing N
HER) 018, h 26.1 42 Vet 12,7
1485 89%.0 24506 22 41 13.4 11,3
605 ET I A R 11 12.9 10.7 |3 Ung cells N& NE
2500 8635 24,8 42 12,4 10,2
3030 848,95 22.7 23 i2 1.7 0.3
34520 #31.5 21,8 46 11,4 0.6
4025 815,56 2000 G0 1.9 0.6
4500 any 0 14,1 53 1.8 9.4
5025 785.5 17.8 hh 11,3 8.8
GO Tuu.0 16,2 -~ 67 11,8 0.4 |Ocenl draft
7005 7206.5 12,3 65 0.5 6.2 | Bumps
Lgt turhe around 2000
1005 013,0 an.4 40 13.7 11,7
115 410 [ 23.8 a2 50 14.8 12,8 | Bfe turhe Qbsr PH,
\ e ¢ e
| FIELD TEST NO. 42 14 AUGUST 1956 0500 CST
R =
7, p T " R « Ty Remarks
(ft) (inb) ‘o) (%) {mb} (°c)
180 040.5 22.8 572 14.4 12,4
410 032.5 23.2 23 A4 14,0 12,0
650 024, h 48,1 22 42 14.2 12.2
840 018.0 27,0 a7 13.1 11,0
1
1040 011.6 a6, 39 13,6 11.6
1540 Ho4.5 25.8 22 39 12,9 10.8
2025 BT0.5 24 1 42 12,8 10,6
2520 862,65 24.0 22 34 i1.6 9.2
RitA 0465 23,4 41 114 {141
3535 A30.5 21.6 13 11,0 .4
40145 4145 RITK] 46 10,0 #.2 Lyrt turbe
5065 44,0 vha J2 it} 12,1 10,6
506 754,0 15.6 - (9 12.3 19,1 {Turbe
7010 121.6 2.1 1o 0.0 5.4 Turbe
1000 012.6 25,0 48 14,0 12.0
[ 0445 29.0 g8 12,4 10,2 Ohne 110,

# See Lepewd
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Table 13,1 (Continucd)
FIELD TEST NO. 43 15 AUGUST 1058 ) 1200 CST
Zl‘ P T L] ny ¢ Ta Remarks
{ D) (mb) | ("C) (V) {mb) (‘o)
50 943.5 317 22 33 15.4 13.4 J {Tempadjustinent loo slugyish
80 942.5 31.7 23 31 15.4 13.3 accuracy ¢ 0,3 this run only5
190 038,56 | 31.2 22 33 15.1 13.2 | Bumpy
380 §32.0 30.4 22 35 15.4 13.4 | Draftg ocnl
600 024.5 20,7 22 33 140 12,0 | Bump
820 91%.0 29.0 12 3G 146 2.6 | Draft
1ot 010.5 | 28.4 42 36 14.0 12.0 | Smooth over eldy grd
1510 9040 | 27.4 a2 37 5.3 112 | Draft
2005 878.0 5.8 22 KE] 11.8 0.6 | Wallowy
2515 861.5 25.0 23 3 9.6 6.4 lGusty
anis 8485 23 22 20 1.3 2.5 [ Small oenl gusts
{ 3525 829.5 1 23.2 13 25 i1 2.1
4015 814.0 | 21.8 " 28 1.4 2.6
’ 5030 783.5 | 18.7 43 3.9 5.3 | Relatively smooth
i 8035 754.0 17.2 50 gRY IR
i 7065 725.0 14.4 50 45 4.1
Draflts noted at 1500
8no 911.5 29.1 12 35 1438 12,3 | Bouncy
13 0425 | 338 22 33 17.3 15.2
i
i _ e
FIELD TEST NO. 44 15 AUGUST 1960 1400 CST N
Zp p T ] 141 e Ty Remarks
(1) ()] (") (¥ H)] (mb) ("c
I 50 042,85 | 3.3 22 20 15.6 18] {Pemp amp clusely adjusted,
| 05 9410 | 34.2 29 1hh 145 eyp osCr 0.3°C per 19 suc
! at thls femp)
180 338.4 33. 8 24 29 15. 1 13.1 | (Hners at high temp,)
l 380 | 0310 | 328 22 29 14.4 121
0440 022.0 | 321 13 20 13 u 11,6
: 8B40 915.0 41,4 22 29 13.6 1.5
1000 010.0 | 30.6 22 20 12,7 14
\ 1540 892.0 | 20.3 33 13,0 11.6
| | 2015 8716,0 | 97.6 a3 12.4 10,2
2515 860.5 | 26,2 22 kD)) 12,2 0.6
[ 3025 | 8440 | 244 | 82| M o | o4
3615 820.0 | 22.8 22 40 10.8 U1
405h 812.0 | 21.2 K}t S .y
5065 7815 19.1 32 47 t0.4 75
f 8065 | 7645 | 17.0 50 100 7.0 ,
! 7070 | 724.0 | 14.0 9 in.2 T4 1 Lter © 0.1°C st thistemp)
! 25 | 6106 | 0.0 20 | 130 | 108
70 8420 | 34.3 33 20 13.8 1L 1 Hetghl estimnted Ubur P,
/
# See Legend No. 43 & 34
!
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Table 13.1 {Conlinued)

— . -
FIELD TEST Ni. 45 16 AUGUST 1956 1700 £28T
Zy P 3 # nH e Ty Remarka
(1) (mb) | {°C) | ® | (mb) | (o)
5 938.0 | 35.3 22 20 16,4 14.4 | Fqtbumps Obsr P.H.
}_90 934.0 34.0 23 20 15.9 13.9  {Ocnl drafts
J80 927.5 33.9 22 29 15.1 13.1
620 019.5 33.3 22 20 148 12.8 | Drafts
835 012.0 | 32.4 22 29 14.1 12.1 |Drafts
1020 900.0 32.0 22 a1 14.8 12.8 [Wallow
1526 869.0 30.1 31 13.3 11,2 | Lgt gusts
2035 872.5 28,1 62 33 13.1 1.0
2400 B57.5 27,1 36 i2.8 10.8
3025, 840.5 25.6 22 35 157 8.3
3325 829.0 44.0 34 11.4 8.8 [Draft
4025 800.5 2.5 39 10.7 8.0
3045 710.5 19,7 406 10.5 ‘N
6055 749.5 | 17.0 62 10.2 7.3
7065 721.0 14,2 61 10.1 7.1 | Brkneclds 2000' above
Rumpy about 1200
1005 906,95 31.6 33 28 13.3 11,2 Steady run
100 937.0 | 35.0 63 25 14.4 12.4 |Gain 30" on traversc;
gusly
- L - -
FIELD TEST NO. 46 15 AUGUST 1056 1840 csT
Z, P T ¢ RH e Ty Remarks
(n_)_ (mb) (’c) <(%) | (mb) ("c) 7
45 0317.5 34.5 22 29 15.7 13.7 | Bumpy flight
90 330.0 | 4.0 22 25 1.8 11,8
180 933.0 | 34.0 22 25 137 11.8
400 025.5 33.4 63 25 13.2 111
620 918.0 32,6 22 29 14.7 i2.3
H40 010.5 kI ) 62 29 13.4 1.3
1020 0045 31.2 - 20 13.1 11.0
1500 888.5 29.8 33 13,9 11,0
2035 871.0 28,1 38 12.4 10.4
2515 855.5 20.4 38 13.8 1.7
3026 839.5 26.0 12 30 131 11.0
343h 823.5 24.4 41 2.6 1.4
4035 808.0 22,4 4) 11.4 8.9
6065 1.5 20,1 40 10.8 8.1
6075 749.0 17,0 5% 10.8 8.2 |(Cld to cld Mne,
6o T T19.5 | 14.4 01 10,2 7.3 atrong Htng W& N,
crow felt static shork
1010 005.0 | 30.8 32 29 12.8 10.6 on final approach)
f10 937.0 | 32.8 23 25 12.8 10.6 | Sprinkling Obsr J.D.
# See Legend No. 45 & 40
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Tiilidle 13,1 (Caninucd)

___ FLLD TEST NO. 47 20 AUGUST 1956 1000 CST
?p b iy § Hid e Ty Resnarks
() (mb) 1 (°C) (%) (mb) °c)
50 0535 | 15,5 55 9.9 6.8
80 052,51 155 20 | 54 9.7 6.6
180 049,0 | 152 55 0.7 6.6 | Bumps
400 941.0 14.7 55 0.4 6.1
440 §33.0 | 13.8 60 N 6.6 | Dumps
870 925.0 14.3 63 8.8 6.7
1010 920.5 1217 (13 9.7 4.5
1520 903.0 11,6 AR 8.1 3.4
2025 #36.5 10.5 u2 8.1 3.9
2535 80D.5 9.1 66 78 3.4
RIEKE 854.0 8.4 16 A5 4.7
3525 841.5 7.0 80 4.2 4,1
4025 822.5 5.9 70 6.7 1.2
5055 791.5 3.6 821 711 | &7 -0.8 | Lwl sctd eld at 4500
6055 762.0 1.7 Tl 5.0 -2.4
7080 7324 .2 U 3.1 -0.8
Tpt turbe st 2400
1000 92410 12.4 a2 ] 61 0.7 6.5 | Turhe
40 953.5 iy 32 he 0.4 7.0 Obsr J.D.
i
|
o - - — e nt e
i _l;l‘l':LD TEST NO 445 20 AUGUST 1056 1200 C8T
T P T . i o Tq Remarkes
(4 (mb) ey () (mb) ("C) .
a0 10 32 49 10.3 7.4
RH 951.5 7.4 2 406 9.2 AN
17% MR 5 1%.5 44 9.8 (.8
385 0415 15.9 22 10 0.6 6.3
025 0933.0 16.2 51 9.6 6.3
LK1 u2.0 15 H Gl 0,2 58
1015 420.0 15,0 53 9.2 6.8 [ Turln -
15245 002.5 13.6 02 a8 6.1 | llvy turbe
2520 #70.0 10.8 66 8.7 0.0
3020 854.0 0.9 ¥kl 9.2 5.8
510 838.0 3.0 an H.4 3.1
4030 822.0 6.5 L] 8.3 4.0
5040 7915 4.2 32 [ 7.9 2.8 | Cloud layer
6040 | 762.0 2.2 80 0.5 1.0 | 4600-5400'
7075 732.9 | -0.2 - ng fi % -5
N] 020.5 15.1 J6 he 0.7 6.8 | Turbe
69 052.5 18,6 32 49 1.6 7.9 Obar 4.D,

¥ 8ee Legend
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Table 13,1 (Continued)

FIELD TEST NO. 481t

21 AUGUST 1950

06000 CS51

A RN

i Bee Lepend

N p T it it ¢ Ty Remarka
(1) {mby) ("C) (% (mby) ("C)
('T' eq responac rate cheeked)
75 944.5 16.2 4 13.9 1.9 jHouncy - sudden dealts
185 040,45 15.4 72 13.2 1.0
105 933.0 15,2 5 122 1L {Bouncy
645 025,90 145 7 4.3 11,2 [Continual turbe
230 018.5 13,8 22 a1 13.1 11,0
1015 012.5 13,4 32 12,9 07 |Less turbe
1595 895.5 13.3 28 #0 12,4 10.2  {wversion ose + 0.6°C
in hall mile
2040 g478.5 | 14.2 65 10.8 .1 {Smooth oent bump
2520 0863 0 12,0 [H1} 10,5 (N
3050 846.0 1.9 65 0.2 5.8 Hmooth
3540 830.5 11.3 60 8.4 4.1  {(Vsby exceptional. liaze)
4050 8150 10.8 41 .1 1O lihark to53)
5050 84,5 | LT 39 . ~5,.0  jWiiale strioak Fohorizon)
LO6G0 755.0 10.9 36 0.3 ~2,2
7005 725.5 0.1 10 4.6 ~4.4
Bumps af 1500 1empdrops
995 913.0 142 34 81 HEH i
[{Es ud4,0 17.4 42 GG 13.3 b2 Gusts Ohsr P.H.
_ FIRLD TEST NO. 44 2L ABGUST 1956 g Cst
T p T 4 nH " Ty Itemarks
Y (mb) | £C) Gk | (mb) | ()
. . U1 o response 9.1°C/10
(E) 0430 1 20.5 23 A9 1L 0.5 see) Slde st (elt
165 440.0 19.9 22 50 111 0.1
3ih b3d.u iv.i 50 Y 2.0 [up & downs
615 9245 16.5 h2 1i.38 8.4
835 17.0 18.1 95 11,7 9.2 | Bumpy
1th) 012.0 LS 58 118 9.4 | Drifts
1505 895.0 16.3 22 i | | 3.8 [Sharp pusts, wallowy
200 8785 | 15.6 22 G4 11,6 9.1 '
2510 862.0 14.% 632 10,4 7.0
3040 H45,0 14,2 32 Yiil 11.9 9.0 Lt deafts felt to 3500
3520 830.0 14.0 60 0.8 6.7
1030 814.0 18.0 62 ah G.3  RITdip around 3800
5030 784.0 1L 3 4.5 =40 R deop about ABLO
6060 4.0 11 35 1.1 -3.2
1014 725.0 .U K 4.1 -4.8 ’
Nigr 1% G ot about 1800
(AT 912,09 18.4 34 G0 12.8 LT [ltoush
85 043.0 FARY) 49 2.4 10.6 Ghsr P.H.
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Table 13.1 (Continued)

FIELD TEST NQ. 60 21 AUGUST 1956 1400 CST
Zp P T # R e Ty Remurks
(tt) {mb) C) (% (mb) °C)
110 930.0 | 26,3 23 43 14,7 12,7
1856 936,5 | 25,6 23 43 14.1 12.1
390 020.5 | 25.2 ) 43 13.8 11.8
850 Y215 24.3 23 45 13,8 11.7
850 0140 | 237 22 45 12.3 11,2
1020 508.0 ; 22.4 22 46 13.0 10,8
1530 891.0 21,8 62 12,6 10.4
2045 873.5 10.8 22 54 12.8 10.6
2535 58,5 18.6 52 11.4 5.9
3055 842.0 [ 17.8 B2 36 7.4 2.6 | Sharp temp drop
35395 424,0 16,0 32 360 6.9 1.7
4045 BiL.0 | 15.4 an 6,7 1.4
6055 780,65 | 12,7 38 5.6 -1.0
8085 750.5 | 10.8 52 35 4.6 -3.4
T040 7235 0.1 20 5.6 -8.3
at 3400 turbe
1010 an8 5 23,7 45 13.4 11,2
1m0 h Q38,8 2R 24 30 13.3 1,2 Ober JK,
[ FIELD TEST NO. 54 21 AUGUST 1056 1530 CST
2, p T ¥ R u Tq Remarks
(i1) {rnb) Q) (%) {mb) (°C)
30.5
5 030 | 27.4 K1) 14.1 12,1 |Yawing in cross wind
1t Dis.5 21,4 22 39 14,2 12,1 Dralts, Pireps
365 029.0 (o8 22 44) 14,0 12.0  [Hard to hold El at 600
616 p20.5 |268.4 23 i2 vad 12,6 |Wallows, bumps, drafts
B0OH w40 | 257 62 41 14,6 i1,6 [Drafts
1a1h 007.0 25.0 - 43 13.3 1.2
1625 8u06.0 23.5 22 43 12,5 10.2
1090 86,0 1216 45 11,7 9.4
2520 858.0 [20.4 22 46 11,2 8.6 [Hard to hold wings level
018 842.0 (18,8 47 10,2 7.3
3600 §27.0 17.0 650 9,9 6.8 |Bumpy
4015 811.0 15.4 68 12,0 .8 [Rocky like boat
5030 7808 112,90 71 10.4 6,1
6035 751,0 0.0 8O 100 7.0 [Rocky
6975 724,65 8.0 22 50 5.5 -1.3  |it H Reaponse marked
6500 737.8 8.4 82 9.3 5,9 {In clear (base at 6800')
In cload tmp drops 2°C
1014 9070 25,3 Kil} 12,6 10,4
85 930.5 (20,0 37 14,4 12,4 Obsr P.H.
¥ See Loegead No. 50 & 51
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Table 13,1 {(Continned)

1115 CST

# See Leguend

FIBLD TESY NQ. 52 24 AULGUST 1056
- =T g
Zn P T # RH e Ty Remurhs
| (1) fmy) | (C) (%) (mb) ("c)
50 950.5 22.9 23 a8 10,4 7.7
115 94R.0 22.3 23 38 10.3 7.4
176 946.0 22,0 22 38 10.1 7.1
385 938.5 21.4 22 39 10.0 4.9
G630 830.0 20.8 22 30 9.4 G.4 | Dumpy
25 223.5 10.8 44 9.6 0.3
1015 917.0 10.3 42 0.5 6.2
161% 900.4 [7.8 82 47 0.6 0.4 Draflts
2010 884.0 18,6 45 8.5 4.6 |Dralts
2535 BG7.0 15.2 A7 82 | 40
3030 851.0 13.6 50 7.0 45
3535 835.0 ig.2 23 47 7.1 2.1 | Undulations on traverse
4030 a1e.6 12.8 33 50 1.4 2.7 |Smooth R i change 4500'
6060 788.5 125 70 10.3 7.4 [Shaliow Ac 10 S at
6060 750.0 | 103 75 0.6 6.4 1 Top haze layer
7085 130.0 Yo €0 (1] .4 [Cold poted on descent,
Buiapy aronnd 4000°
1005 917.5 10.5 a2 42 9.6 ‘t.4 | Pireps updralt, also
recovided
80 500 23.1 a3 15 ) 7.1 Obsr P.H.
_ FIELD TEST NO. 53 24 AUGUST 1956 2000 CST
2 p T ’ i e Ty Remarks
(1) 4 (mb) ("C) & {(mb) | €O e
37 y. 7 5.0
165 3435 S8 - KH] i B4 One bump
305 034.5 22.5 39 10.6 7.8 | Very sniooth
634 026.0 | 21.6 e 39 .1 7.2
834 919.5 | 1.1 11 3 7.4
1015 135 | 20.7 41 10.1 7.1 | Smooth
1520 806.5 | 2n.) a8 8.9 5.4
2020 880.0 18.6 R1] 4.4 4.4
2520 4h1.5 1,1 41 8.1 4,0 | Minor bump
3030 847.0 16.0 ER] 1.4 3.4
3530 831.5 15.0 32 L) 8.0 3.8 | Tiny bump
4035 816.0 15.2 22 L1} 8,3 4.3
5045 785.5 13.9 50 8.0 3.4
68065 755 8 124 43 4.9 0.2
7079 727.0 0.1 48 5.0 1.4 | Above haze
Ho6 614.0 | 20.8 an .6 6.4
145 941.5 2.4 42 10 8.0 Chsr PAL
T PO

201
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Tabhle 13.1 (Continzed)

_PILLD TEST NO, 54

24 AUGUST 1956

2200 oS8T

¥ See Legend

e —— ey s o

202

2y j T [] 1 n Tq Remarks
(1)) (mb) (8] (%) (mb) (‘c)
6 848.5 18.1 53 11.2 8.6 Take off
160 043 10.0 47 11,2 8.6 | Slight turbe
370 03¢ 20,2 46 1.3 8.0
610 028 21,0 41 10.56 7.9
820 320.5 20.4 42 10.2 7.4 1 Smonth
890 Y15 20.5 42 10.4 1.5 | Bump
1505 897.0 15 @ 40 9.5 6.2
2195 875.0 1.8 43 9.6 0.4
2495 865, § 18.0 45 0.5 6.2
3000 840.0 17.4 45 0.1 5.6
05 | ogaas | o100 46 91 5.6
4005 1 8175 | 6.3 45 8.4 4.4
5005 787.5 | 14.4 47 8.0 3.7
8030 i 12.6 - 36 5.7 ~1.06
7050 728 10,3 64 4.2 4.1
(Pireps higher engine
970 ole 20.2 42 10.1 7.1 | outpnt rqrd all traverses)
180 943 ig.h 47 10,9 8.2
G 044, 5 i, 1 - 50 10.8 8.2 Landing Obgr P H,
I
Corasbl (RET NO. 85 29 AUGUS'T 1856 0100 C8T
Zp P T # RI o Remarka
(1) {mb) | (°C) | (mb)
B 4 16.4 67 1a.1 Take off
165 942.5 17.1 58 11,8 0.4
405 034.0 | 17.4 a2 4 11.2 8.0
615 027.0 18.7 30 11.2 4.6
845 016.0 |} 10.6 16 n.e B.2 | Pireps turbenoted below
1015 g13.5 | 1p.6 46 10.6 7.8
1525 806.0 20.0 43 10,1 7.2
2000 8130.56 108 45 10.4 7.6
2490 £64.5 10.1 48 10.8 8.1
3020 847.5 | 19.2 k] 11.2 R6
3515 #32 18.1 49 10.2 1.2
4025 Bl6.5 | 171 52 10.2 7.6 | Steady going
5020 786 15.0 82 0.2 5.7
4040 758.8 \3.2 48 1.4 2.8
7035 128 11,2 41 5.5 1,2
085 014.5 i9.3 45 10.2 7.2
195 041 16.4 62 12,0 9.7
[ ') 16. 60 1.8 9.1 Landing Obsr J.K.

Nu. i4 & 65
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'f'able 13, U {Continued)

FILLD TIST NQ, 56 25 AUGUST 1956 0300 CST .
7 1 T # il ¢ Ty Remarka
__(It) (mb) (‘i(;) 7 0 & 7_(mb) (°C) 1 ]
6 048 16.4 70 13,2 11.2 | Take off
156 942.5 8.0 [i:] 12.8 10.6 Lgt turbe
38 834.5 17,2 63 12.8 10.6 Lggt turbe
G625 926.5 17.9 47 12.0 9.7
855 018.5 19.3 L 141 A&
101y 913.5 19.6 47 10.0 8.2 | Poustble Neg G
1515 /95,4 20.3 32 46 it.0 H.4
2020 880.0 19.0 L 11,3 8.8
2510 464.0 19.¢ 149 11,2 8.6
3020 H47.6 19,7 18 11.0 .4 Possible Neg G
3510 832.5 18.4 49 10.4 8]
4030 816 18.4 32 | 48 10.3 7.4
5040 185.5 16.3 48 8.7 4.9 | Some lgt furbe
/N4An 94 & 13,2 543 16.8 4.4 Draft
7065 127.45 1. ? 64 y.5 4.6 | Down Draft. Undulat ions
Ac¢ E15000M5L
085 914.5 19,7 62 EH] 10.9 1.1
IO 942.5 16.2 [it:] 1.8 10.6 { Rough now
6 48,0 16.5 69 12.G 10.4 | Landing Obsr P.I.
FIELD TREST NO. 57 26 AUGLET 10506 1730 CST
2y r T # Ry e Ty Remarke
@ | v | o M | ) | oo
b PO IR SRR DR BTN - [P
0 gds. 5 3.7 25 13.4 11.3
5 036.5 33.7 25 1i.4 11,4 | Turbe
195 Q34,5 a3 22 20 14.6 12,6
395 D26 § 82,7 82 20 14.4 12.4
615 #19.0 32.1 22 20 1.9 11,0
845 911.0 31,1 20 13.2 111 Turbe
1055 o055 30.5 221 20 12.6 10.4
1545 688.0 22.8 30 8.4 4.0
2035 872.0 21.6 22 1 34 Y, bh.8
2535 B56.0 20,71 34 10,8 n.4
3030 R41.0 23,9 36 10.7 8.0
3550 824.0 22,2 b1t} 10,5 7.1
4040 809.0 | 21.4 38 9.7 8.5
5070 718.0 16.2 41 4.7 5.0
6070 749.0 16.2 40 7.4 2.0
7075 720.56 13.4 31 4.4 -3.0
1015 006.5 30,4 24 ' 12,7 1.4
(U1} vig.0 345.4 20 i4.9 12.9 Obsr J.D.
# See Legend No. 66 & 57
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Table 13.1 (Continucd)

FIELD TEST NO, 58 25 AUGUST 1056 1930 C8T _1
e L — R _
Zl) i T # Ri e Ty Romarks
(f1) {mb) (°7) 03] (mb) (°C)} | Temp eq damping checked OK
r_’—1.9() —932‘0 31,1 31 14.0 12,0 | Smoouth
410 924.0 | 32.2 -- 20 12,4 10.1 | Anvil cld West
460 916.0 321 62 20 12.4 10.1 | Fleecus vverhead
870 000.0 312 22 26 1.7 9.3
1060 B02H 30.5 62 29 12.6 10.4
1560 ARG 0 29,2 20 11.8 9.4 | Blulsh haze noted
2055 870.¢ 27,6 22 29 10.8 8.0
2545 A54 § 26,2 29 10,0 1.0
3070 837.4 24.9 .- a3 10.3 7.4 | Qenl very Jgt updraft
3565 $22.0 22.7 35 9.6 HIE]
4075 806.5 21,2 22 KK 8.4 u.i Clear overhead
5380 776.5 id.4 22 15 7.4 2.6
6075 747.5 18.3 .- 21 4,7 -3.2
1100 718.8 § 133 29 4.4 -3.9
Floccus overhead
1010 804.5 | 30.3 62 28 12.1 o4 | Ocal bump
215 931.0 0.1 13 30 13.8 2.6 Ghar P.H,
B L. —
. R cormaes
__‘_df'lELD ’I‘ES'I_‘_NO. H4 25 AUGUST 10566 2230 CST
Zy » T v ar e Ty Remarks
(1t mb) | (°C) (%) {mb) ey
23.0 44 13.0 10,8 '
190 235,0 | 28.0 35 13.4 11,2
480 028.0 20.8 31 13.0 10.8
630 020,0 | 31,2 28 1LY 0.2
850 012.5 30.8 a6 11,5 D.0
1050 906,0 | 30.9 20 11,5 9.1
1530 gbo,0 | 20,7 - 26 10,8 8.1
4030 473.5 | 28.5 -- 26 10,1 1.1
2625 857.5 | 20.8 - 20 10,3 7.4
3035 41,5 | 25.4 28 9.2 5.7
3524 826,00 | 23,4 30 9.0 9.h
402% 811.0 22,3 22 30 8.2 4.1
5035 780.5 19.1 22 e 1.0 3.8
onTh 760.0 15,0 40 1.2 2.2
7060 7220 (13.1 - 44 7.0 1,0
T lag test 6% Iy fow see
1020 907.0 30,5 26 1.4 w4
170 936.0 27.8 36 i3.2 11.1 Qvar J.D.

s - -
# Sce Legend
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Table 15,1 (Continued)

FIELD TEST NO. 60 277 AUGUST 1956 0030 ¢ST
zl’ P T ¥ ‘M ¢ Ty Remarks
(it) (mb) o) % (rab) {°C)

6 | 938.0 | 24.2 10 2.1 5.8 | Take off
185 | 932.0 | 268.8 34 12,0 Tur
5 | o250 | 280 | 28 | 31 | 1tp | g4 | weielwooon
625 | 017.0 | 28.8 28 1.1 8.5
425 | 910.0 | 20.0 20 1.8 .2
1015 | 903.5 | 28.3 29 11.2 3,6
1515 | 887.0 | 2.0 26 10.3 ?ﬁ’
2005 | 8710 | 209 20 10.9 83
2400 | 855.5 | 26.8 28 9.4 8.7
025 | 8385 | 25.3 28 9.1 56
3510 | 823.5 | 23.8 a0 5.0 :
4030 | Bor.5 | 222 | -- 33 8.8 glg
5020 1.5 19.1 a3 7.2 2.4
6030 ! 748.5 | 16.1 36 6.8 1.2
7085 | 718’5 | 131 42 6.5 0.6
1125 | 903.5 | 20.9 25 10.4 7.5
15 | 9315 |26 | -- | 34 |pLg 0.5
[§] a8 n 2% 36 | N 0.5 Landing Obsr J.D.
FIELD TEST NO. 61 21 AUGUST 1956 1100 CST
' T
Zn P T 4 RH ¢ Tq Resmurks
() (mb) ('C) (% (xab) °C)
6 | 934.0 | 325 23 40 191 18.8 | Take off T 7
g0 | 8310 | 287 23 33 13.2 11.0 | Bouncy
190 | 8275 | 28.0 2% 34 13.0 10.0
a0 | 9210 | 280 22 44 126 10.4 Lt
045 §iz.0 2.9 24 33 [ 2.1 v, 6 |idouney
H#45 ant & 94 K 32 11.2 8.7 |G [elt i dialts
1015 | 900.0 | 26.2 22 34 11.8 4.4 |Dralts
1525 | #88.0 | 24.9 24 35 1.0 9.4
20230 866.5 | 24.9 62 a2 10.2 T3 {Small bumps
AT S R W 04 a2 1.0 7.0
3040 { A34.0 | 225 -- a2 .3 5.4
3540 819.0 | 21.0 35 8.1 4.9 | Bumps wilh drafts
4040 | 803.5 | 20.8 24 42 2.8 3.4
nods | 7135 | 114 1a 74 31 [Wallowy
6150 744 & 147 22 4 74 a8
165 710.0 1L.u N I .0 1.9 | Nut smooth
195 a00.6 | 26.4 33 34 11.8 9.4 | Boaey & dralls
00 | 031.0 | 20.0 14 31 12,8 .
1 vean 1 ouu 8 a7 136 11.4 | Landing Qher P.H.
|
4 4ee Legend Ne. 30 & 61
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Table 13,1 (Continued)

FIELD TEST NO. Q2 27 AUGUST 1956 1400 C8T
%y r T i RH ¢ Tq Remarks
() (mb) ] °C) (%) {mb) (°C)
8 $34.0 | 28.9 43 17.0 15,0 | Take off
80 931.0 28.3 39 15.2 13.2 | Turbe
180 928.0 | 28.3 22 1 38 14.0 12,0
8o 021.5 27.8 36 13.8 11,6
620 813.0 27.8 36 13.2 11,1
810 807.0 28.0 31 11.8 9.4
1010 900.0 e7.7 31 11.0 9.1
1505 883.5 | 206.4 32 | 32 11.0 8.4
2015 867.0 25,5 30 9.9 0.8
2605 851.5 24.3 22 30 9.2 5.8
3615 835.5 22.6 62 32 8.9 5.2 | Bumps
3515 {  620.0 | 20.0 3¢ 9.0 5.4
4025 804.0 19,4 22 39 8.8 5.1 Bumps
G035 774.0 | 18.6 43 8.1 4.0
6045 744.5 13.6 49 1.1 3.2
7050 716.5 1%.6 51 7.4 2.8
8840 guLo | 262 - an 11.4 8.0
80 8il.h | 3¢ 82, 20 i2.0 9.6
6 034.0 31.4 32 14.6 12.7 | Landing — Obsr J4.D.
|
— ed RN T I SR I S
FIELD TEST NO. 63 27 AUGUST 1956 2000 CST
|
N P T # R [ Ty Remarks
{n (mib) ("C) (¢))] (mh) °C)
6 31,0 2.3 31 11 9 9.6 | ake.off
105 025.0 [ 31.4 - 33 15.2 13.2 | Smuoth
385 g18.5 | 31.2 33 15.1 13.2 | Smooth
030 410.0 30,0 31 g 11,17
adh oA v 30.0 J 14.4 i2.2
1015 807.0 | 29.7 .- 33 13.8 11.4
1625 400.5 28,2 - 33 12.8 10.6 | Smouth
2020 264.6 20.8 36 12.6 10.4
2520 845.5 | 25.4 a4 11.6 9.2
3050 831.5 | 23.7 16 10.6 7.8 | Slight lift
3540 816.5 | 22.5 35 0.6 6.4 | Smooth
4055 801.0 2L6 30 8.2 4.0
5050 77010 18.5 33 6.9 i.6
butu 41,5 16.0 32 A, -0.4 | Smonth
7075 7144 K . 43 £.0 -2.4
1905 ent.s . 291 32 ] 33 13.4 11.4
180 925.5 31.2 33 16.0 13.0
6 9310 28,7 38 15,0 13.0 Landing Obsr I H.

b See Legend
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Table 13,1 (Continued)

l-‘l[-i!_.lﬂ)ﬂ?!g{:‘-’l‘ NO. 64 27 AUGURT 19506 2200 CST
4y b T # itf € Tq Remarks
(1) | b} | CC) ») (mb) | (°C)
6 0931.0 | 20.5 G9 16.6 14.6 | Take off
205 924.0 | 30.0 33 14.0 12,0
435 916.0 | 30.4 22 33 14.4 12.4 | Very steady going
670 808.5 1 30.0 22 3 13.2 11.2
890 961,0 | 30.0 22 25 12.4 10.t
1065 895.0 | 290.7 20 12.1 0.8
1560 879.0 ; 28.8 29 116 a1
2080 862.0 | 27.5 29 10.7 8.0
2475 84€.0 | 26.1 29 30 10.2 7.3
3070 820.5 | 24.8 32 10.0 7.0
3845 R15 & 230 kM 0.2 Ly
4070 800.0 21.8 28 7.4 2.1
5000 768.5 | 18.7 32 7.2 2.0
8080 741.0 | 15.6 33 5.0 -0.5
7105 7125 | 12.8 40 5.8 -0.8
1045 896.0 | 28,0 31 12.5 10.3
195 9245 1| 7.7 24 42 16.0 13.6
] 831.0 | 25.9 43 14.4 124 | Landing Obsr J.K.
FIELD TEST RO, 65 20 AUGUST 1056 1400 CBT
Zp P T ] RII 4 Tq Remiarks
() {mb) (°C) (k) {mbh) g
@ 032.0 24.8 HE] 10.3 1.4 Take off
7] 025.5 | 40.4 22 30 10,2 1.4 | Smooth oenl hump
346 910.0 | 20.3 28 9.6 0.4
€45 010.0 | 2i.8 24 9.3 0.0 | Sunset 14:12 by tables
415 902.5 | 25.2 n 0.1 a.5
1045 897.0 | 24.1 32 A1) 1.0
1530 881.0 24,6 32 9.0 a4
2024 865.0 2:1 10 0.3 6.0
2510 840 0 | 2000 39 9.0 5.6
3040 832.5 10.6 22 43 0.2 5.4
3540 81%.0 17.5 -- 40 0.2 5.8
405() 801,5 15.4 43 6.1 5.0 | Slight dralt
5050 1.5 13,4 34 16 3.0 1 Occanlonal Hght turbe
A0R0 741.5 | 11.8 4 6.0 -0.2
71008 7120 0.4 3R 4.1 -4 7
100h 498.0 | 24.9 22 10.2 7.4
105 026.56 | 25.7 33 32 10,6 7.8 | S turbe
¢ 932.0 | 24.1 K] 10,4 7.4 | Landing Obsr P H.

# See Legend
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Table 13, 1 {Cantinued)

FIRLD TEST NO, 64 20 AUnEYe 1956 2133 CST
'Al, Iy T # R e Ty Romarks
(i1) (b} 'C) (%) {mb) “C)
3] 932.0 20.7 82 46 11,2 8.8 | Take nff delay - flat tive
o100 025.5 23.6 36 10.5 7.6
400 918.5 | 25.8 65 32 10.5 7.8 | Gust or bump
610 010.5 | 267 30 10.0 7.0 | Draft or bump
885 902.0 25.2 -- 32 10.4 1.5
1060 800.5 24.4 g2 348 10.0 7.0
1360 880.0 23.1 13 30 8.0 4.8
2085 863.0 22.8 13 25 7.6 1.6
2555 &48.0 a1 2 25 6.0 1.2 | Smooth
3o05 ; A31.0 20.¢ 22 25 4.1 0.0
3580 G160 19.4 32 31 6.9 1.8
2099 #00.0 18.0 32 32 0.8 1.5
HOBD 770.5 | i5.8 22 a6 6.3 0.2
G09E 1.5 | 12,6 32 39 5.7 -0.8 |SHt turbe
T . 7125 0.9 40 4.9 -2.8 | Sit turbe
JRUERY} ] 8N 245 I a2 16.0 7.0
205 | 9z5.0 |22z 1l ar Larn | w5 Isient wrbe
A ¢ 2120 a8 10.2 7.2 Fanding Obsr P11,
e S U N | .
FIELD TEST NO. 67 30 /\(I(ill.‘-l'lyn.‘vz'.!.’?q o 0020 ¢'8T
ZP r T # RH [ 0 Ty Romarks
O QN
{1 (mb). ) _( C) b (%) (xrn‘h)h (°C) D
6 932.0 19.7 -- 48 0.5 8.4 | Take off
220 024.5 | 211 41 0. 8.0 | Bumpy below 300 1t
430 917.5 24.6 25 16 1.0 A4 | Shght turbe
670 000.5 24.6 g2 39 10,9 0.2
830 002.5 PR 62 K¥) 10,2 1.2 | Smoath
1080 | BaGO | 232 82 | a6 [ 104 7.4
1570 479.5 21,6 40 14,0 0.6
2079 803,45 21,0 42 10.5 7.4
2545 A48.5 20,5 43 1.0 3.6
3005 632.0 20.0 22 20 6 f 1.4
2565 816.5 19.6 KY 20 i " -1.0 Ling SW
4015H 8005 84 32 H Lol -0.2 Pireps sit turhx
5088 7710 15,2 ah ¢ Ll 0.0 S turbe
[HHIY] T41.5 12.6 w i H 4 ~-1.6
TLin it a wi 44 NN | -2 H Tyrbe wallowy
im0 | wore | 232 TR 9.3
) 9245 22,1 G 3 i b T.6 [ Routh af 2007 Punps
fi [IRYRT 201 57 LR u.8 Panding Obsr P11

See Legoened
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Tapw 18, 1 (Continued)

FIELD TEST NO. 45 30 AUGHIET 19bi 0230 CHT
“p P T # ] e Ty Romarke
() (mh) ) %) (3nh} ) |
6 351.0 21,6 22 43 1.2 8.6 | ‘t'uke off Obsr P.H.

200 0245 ( 22.8 04 a8 10.8 8.1 | Bump not turbe

420 017.0 | 23.4 14 a6 10,3 7.4

6875 008.0 23.8 2 35 105 7.6 Turbe

480 002.0 23.6 12 32 9.3 6.0

1050 896 23.2 32 0.1 6.6 Turbn draft

1540 8794 202 22 32 [ 5.0
2040 63,5 22,2 12 28 79 2 P Lgt bup
2625 848.0 22.8 a2 25 0.4 iu
3045 831.5 | 21.4 62 23 4 0.7 | Walluwy
2605 815.5 | 20.2 - 25 5.0 -0.4
40565 R00.5 | 10.9 12 26 0.4 04 1 Pirepy rocky
5066 770.5 | 18,0 22 28 52 -2.0 |{Down draft at 4500
8078 741.0 | 13,2 a3 c.0 -2.3
7100 T12 35 10,1 6 4.5 -3.8 Furbe

Gusts tn degeent
1040 807.0 25.0 23 a1 88 5.0 Drney
200 924.0 25.6 P ; 11,0 .4 | Down draft at 250°
[i} 831.0 24.1 5 10.8 7.8 | Mild wind shift encountered,

L abuot 2 mides 2 eyeles + 1°C
trap champe ot 728°, updraft
with AT 2.1 ¢ in ubout
1/2 milc

# Sen Legend No, 68
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GEOPHYSICAL RESEARCH PAPERS

Isotrapic and Non-lsotropic Turbulence in the Atmospheric Surface Layer, lieinz Lottan, Geo-
physics Research Directorate, Decnmber 1940,

Wifective Radiation Tenpervtures of the Ozonosphere aver New Mexico, Adol, Geophysics

D), Decombar 1940,

Diffraction Effects in the Propagation of Compressiona! Waves in the Atmosphere, Norman A.
laakell, Geophysics Rescarch Directornte, March 1950,

Fvaluation of Results of Joint Air VForce-Weather Bureau Cloud Seeding Trials Conducted
During Winter and Spring 1949, Charles E. Anderson, Geophysics Research Directocate,
May 1050,

Invostigation of Steatosphere Winds and Temperatures From Acoustical Propagation Studics,
Allort . Crary, Geophysics Rusearch Directorate, June 1950,

Air-Coupled Fiexural Waves in Floating Ice, F. Press, M. Ewing, A. I, Crary, 8. Katz, ard J,
Oliver, Geaphysicn Reaearch Ditoctorate, Novembar 1950,

Procesdings of the Conference on [onosphuric Research (June 1949); edited by Bradford B.
Undechill and Halph J. Donaldwon, Jr,, Geophysics Reacarch Ditectorate, December 1950.

Proceedings of the Colloquium on Mesnspheric Phynics, edited by N. (. Geraon, Geophysics
Rescarch Directorate, July 1951,

‘The Dinpersion of Surfuce Waves on Multi-Layeeed Medin, Norman A, Haskell, Gaophysics
Haneareh Divectorats, August 1951,

The Measurement of Stratespheric Dennity Disteibution with the Searchlight Technique, 1.,
Elterman, Geophysics Hesanrch Directorate, Docembar 1951,
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