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PURPOSE

The purpose of Part I of this Quarterly Report is to pre-
sent the results of a study to determine the suitability of
known precipitation gages to meet the Signal Corps require-
ments for an unattended Arctic weather station, as specified
under Signal Corps Contract No: DA=36-039-SC-1 o« Part II
summarizes progress made in the development of an ombroscope
for use at an unattended Arctic weather station.

ABSTRACT

An evaluation is made of known precipitation gages, with
respect to their ability to satisfy existing Signal Corps
technical requirements for an Arctic automatic weather sta-
tion. It is concluded that none of these gages satisfy the
i existing requirements. With lovering of these requirements,
it is concluded that a weight-type gage, with certain modi-
fications may offer a partial solution to the problem. Sug-
gestions for gage modifications and for further basic re-
search are presented.

A summary of the progress made in the development of an
ombroscope is presented. A field model has been installed
and work is proceeding on certain modifications to improve
the instrument's applicability for automatic weather station
use.,

PUBLICATIONS AND CCNFERENCES

PBublications

On June 30, 1953, authority to declassify the annual re-
gort, "Procipi&ation leasurements Study" was granted by the
ignal Corps. Four file copies of the report on hand at
this office were declassified according to instructions from
the University of Illinois security office. Revision of the
cover and table of contents of the report has been made in
preparation for publication by the State Water Survey.

conferences

lg¥¥51‘_12§3. A conference on precipitation gage evalua-
tion respact to Arctic use was held with staff members
of the Survey.

lnnggfjﬁ_iQEA. A meeting was held at Belmar, New Jersey
between 3ignal Corps contract representatives and staff rep-
resentatives of the Illinois State Water Survey to outline
the program for the remainder of the contract period.

Jgng 3Ql 19%93. A conference on results of the aforemen-
tioned meeting with Signal Corps representatives was held with
staff members of the Water Survey.
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Part 1
Evaluation of Praecipitation Gages

Reference

This report should be used in conjunction with the Annual
Report, "Precipitation Measurements Study", February, 1953
since frequent reference is made to material and illustrations
appearing in it. All page_numbers, figure numbers, and refer-
ence numbers used in Part I refer to the above report.

Sumpary of Signal Corps Technical Regquirements

The technical requirements for a precipitation gage, as
set forth in Signal Contract No. SCL-15484%, are as follows:

l. Measurement of precipitation to report the amount
since the preceding observation to the nearest 0,0l
inch, with a capacity of three inches.

2. Measurement of the precipitation shall be possible
for all conditions of temperature from -60°F to 120°F
and for wind speeds up to 150 mph.

3. The epparatus considered for this application
shall be of a type that is capable of unattended op-
eration for a period of at least one year.

Pertinent to the selection of a suitable gage is the elec-
trical power available in the automatic weather station.
Signal Corps Contract No, SCL-15484 states that a minimum
amount of electrical power from a 6-volt gstorage battery source
will be available at all times in the automatic weather station.
In addition, 1l15-volt, 60-cycle, a-c power will be available
at the time of observation, or for approximately three minutes
once every three hours.
Lipitations of Precipitation Messurements

A precipitation gage samples the rainfall or snowfall at
a point. Due to inaccuracies resulting from wind and turbu-
lence effects about the gage, the point sample does not always
represent the actual or true precipitation at that point, es-
pecially during strong winds. Gaging inaccuracies are gener-
ally more pronounced with snowfall than with rainfall dQus to
the density differenees. When a gage is accepted as represent-
ing precipitation in a given .rea, further sampling errors are
introduced since precipitation wiil vary with distance. This
sampling inaccuracy, of course, will be greater in shower
types than in steady tygoo of precipitation. It also will de-
pend upon topography. he sampling inaccuracy will be less
pronounced when precipitation is averaged over longer periods
of time, that is, the areal variations tend to dec-ease with
time.
gpCre T EC TN
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Standard gages now in existence do not provide an accur-
ate measurement of snowfall., The literature reveals that the
snow-section-method is still accepted as the most accurate
method for measuring snowfall., Several comparative studies
made by independent observers (heferences 53, 556, 329,147,
369) between the catch of a gage and snow sections have shown
that the average gage catch is approximately 80% of that ob-
tained by snow sections. These studies were generally con-
ducted with winds less than 15 mph. With stronger winds, it
is to be expected that this difference would increase due to
greater wind and turbulence effects.

Discuasion of Arctic Gaging Conditions

The Signal Corgs has designated two Arctic locations,
Shemya Island and Point Barrow, as representative sites where
the required precipitation gage is to be used. Therefore, a
sumnary of the climate at these two locations is presented in
the following paragraphs. The significance of various climatic
factors in the selection of a suitadle Arctic precipitation
gage will be discussed later in the evaluation of existing
types of gages.

Arctic %11];&91931. Shemya Island and vicinity has a
maritime climate under the influence of the Aleutian low, Cli-
matic records of the Air Weather Service and U.S. Weather Bur-
eau indicate that precipitation in this section of the Aleutian
Chain averages about 60 inches a year and ranges between 20
inches and 90 inches. The precipitation records for Shemya
shov an annual average of 25 inches, based on less than 10
years of reccord. In view of the ra{her uniform climatic expo-
sure of the area, and the much larger amounts reported by
neighbtoring stat{ons such as at Attu (60 inches), Atka (70
inches), and Adak (53 inches), tne reported amount of rainfall
appears to be approximately 56 percent deficient with respect
to the region it represents. The average snowfall is 79 inches
(approximately 7 inches water equivalent) and occurs during the
months from October to May. Maximum snow depth does not exceed
two feet. Considering the average winter temperature and the
small annual average range of temperature (19°F ¢) in this area,
a moist sticky snow may be expected on occasions. Approximately
16 days per month will have precipitation of 0,01 inch or more,
The heaviest amounts of precipitation occur in the late fall
and early winter, while the lightest amounts are usually re-
corded in late sgring or early summer. The temperature of the
Shemya ares, in keeping with maritime provinces, fluctuates
over a comparatively small range with few extremes being re-
corded. The yearly average is about 39°F, varying from an aver-
age of 50°F for august to 31°F for January. Persistent and
strong winds are an outstanding characteristic of the Aleutian
Chain and are due to the Islands' exposure to the sea, coupled
with the cyclonic effects of the Aleutian lows. On a yearly
basis, the wind will exceed 15 mph about 50 percent of the time,
with summer winds boin% the lighte3t while winter winds will be
the strongest. Gales (40 mph plug{uare frequent and may be
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expected at any time during the year,

Point Barrow is on the shores formed by the northern coast
of Alaska and the Arctic Ocean, and lies in an area above the
Arctic Circle. The area is open and wind-swept during most of
the year., Conditions are truly Arctic. Precipitation in the
region 1s scant, averaging less than five inches per year.

Of this five inches, about 50 percent (2.5 inches) falls in
the form of rain during the summer months of June, July, and
August, with July being the wettest month of the year having an
average of 0,86 inch. The other 50 percent (2.5 inches) of pre-
cipitation falls as snow during the remaining nine months, and
amounts to less than 30 inches in depth on an annual basis.,
The actual snow cover will averag~ between 20 and 30 inches.
October is credited with the most snowfall of the year with 7.1
inches as a mean monthly total. The temperature range in the
Arctic area follows more along continental lines in spite of
the presence of the Arctic Ocean. Approximately nine months of
the year, the Arctic Ocean is covered by ice. The mean daily
minimum {omperaturo for Januar; is -21,6°F and the mean daily
maximum temperature is -8°F, For July, the mean daily minimum
temperature 1s 33.3°F and the mean daiiy maximum is 46,0°F,
Temperature extremes reported for Point Barrow are -56°F and
+78°F, The average wind speed is 11,9 mph with October being
the windiest month having an average of 1l4.2 mph., Other factors
that need to be considered in Arc.ic conditions, such as are
prevalent at Point Barrow, are the existence of drifting and
blowing snow. Drifting snow constitutes the movement of snow
over the ground, usually in a height within one foot of the sur-
gsce. Blowing snow, however, has been observed at heights over
feet.

MMW- Arctic topography
is8 characteriged by leve ra extending 200 miles inland

from the shores of the Aretic Ocean. Bluffs along the shore
vary in heights from 5 to 30 feet above sea level. The surface
area of the tundra is approximately -ne-half water in the form
of ponds, lakes, streams, and marshes. The soil is saturated
with moisture, pernanontig frozen and sudbject to surface thaw-
ing to a depth of 12 to 16 inches during the short suamer
season. The ice fields themselves are comparatively level in
nature. Topography must be considered in gage exposure.

Certain animal and insect life exists in the Arctic that
may interfere with gage operation., wWolves, bears, muskrats,
beavers, rabbits, and elk are quite common and such birds as
ptarmigan, ducks, and crows may be expected. Some insects that
may be expected ivo or three months each year are mosquitoes,
gnats, and flies,

Ennn%i*_gx_Lngxznngesgi_zxgnlgmf. Because of Arctic cli-
matic conditions, a suitable precipitation gage should incor-

porate provisions pertinent to the accurate measurement of
precipitation in this region. These include:

10
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1. Wind shielding of the gage to reduce wind and tur-
bulence effects about the orifice.
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2. Elimination of capping over of the gage orifice in
wvet, sticky snow,

3. Liquifying of the snow in the gage to keep the re-
quired gage capacity within reasonable limits,

4, wind compensation of the recording elements to re-
duce large vibrations and, consequently, obtain accept-
-able_measurement aacuracy.

5. Temperature compensation of the recording elements
to maintain suitable sensitivity and accuracy over a
wide temperature range.

6. Proper exposure with respect to the existing snow
surface and blowing snow,.

These problems will be discussed in detail in later sec-
tions of this report.

Applicability of Known Tvpes of Gages to Arctic Oparations.

Elﬂl&.ﬁ%&ﬂao Twenty-seven float-type designs (pages 33 to
39) , covering the period from 1840 to 1952, were revealed by
the literature survey. The use of the float gage allows simple
magnification, and for this reason it may be made to record to
within 0,01 inch accuracy.

An advantage of the float gage is that wind compensation is
not required since the recording unit {s separated from the col-
lecting mechanism, Since these gages are primarily designed
for rain meas:rement, a heating system must be employed to keep
stored wator from freezing and damaging the float and other
working parts of the mechanism when they are used for snow
measurement. A limited amount of power is available at the
automatic weather station on a continuous basis, dHowever, to
continuously heat a large-sized apparatus, such as a floa{
siphon rain gage, would take on an average over 100 watts on
a continuous basls during winter use in the Arctic. 8ince heat-
ing is required to keep the water in a liquid state, terpera-
ture compensation and antifreeze solutions would not be necess-
ary, but wind shielding would be required. In view of the lim-
1te& power availadble on a continuous basis at the weather sta-
tion, this type of gage does not appear satisfactory for the
contemplatad use.

0 G « In order to overcome the
effecc of freezing, a few lnventors (page 39) have transferred
the action of the water in float gages to fluids, such as oil

and mercury, that remain liquid at low temperatures. Six oil
" ' . ATION
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and mercury float gages, developed during the period from

1870 to 1991, were found in the literature (pages 39-41),

and the Fuess gage,

above freezing.
gagc is untested.

of only two inches.

Three of these, the Beckley gag

£1g.101; the Osnaghi gage,

e
fig.102, use& a siphon system to discharge

water and, therefore, are not being considered for the auto-
matic weather station due to the high power and heat require-
ments necessary (+100 watts) to keeg them at a temperature
Another gage, the Ca

It appears that it would have large fric-
ticnal effects besides g
temperature a mercury bath would solidify.
gage (Fig.103) was especially designed for snow measurement,
It 13 3 gage that requires daily attendance and has a capacity

pplemen (f1g.lO0%) piston

eing inoperable below -40°F, at which
The Rossi snow

For these reasons it is not acceptable

for use with the automatic weather station.

The Japanese Weather Service gage (Fig.105) was especially

designed for all forms of precipitation.

This gage does have

some possibilities for Arctic use, although its capacity is

limited.
ing section.

ther station,

3:

5.
6.

&
9.
10.
11,
12.

It will be discussed in greater detail in the follow-
In general, the oil end mercury zages require
heat to forestall capping, have a low capacity, need antifreeze
solutions, temperature compensation, wind ahiei

ibly wind compensation.

;figng;ang_ggxg;. Twenty-four weight-type gages (pages
41-47), covering the period from 1837 to 1952, have been re-
vealed by the literature survey.
found suitadble for consideration as Arctic gages because they
are continuous-operating types designed mainly for measuring
rainfall and require continuous heating and, consequently, the
power requirements are too high for use in the automatic wea-
These twelve gages are as follows:

ding, and poss-

Twelve of these have not been

Osler's fig-106

Dr. Kreils, £ig.107
Casella's, fig.108
Capello's, fi1g.109
dottingers, fig. 110
Draper's, fig.lll
Ellery's, {ig.112
Richard Fréres, fig.113
Rung's, fig.114
Maurer's, fig.ll1l5
dalliwell's, rigo119
Imber's, fig.123

e e e TN
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Cf the romaining twelve gages; six, Marvin's gage, fig.117;
Grover's gage, fig.llBi Sprung's gage, fig. 122 élettenmark's
gage, fig.127; Maltais' gage, fig.128; and Conover's gage, fig.
131, are made for attended operation and would not bo satis-
factory for unattonded operation.

The Stevens type Q12M (Figure 189) was esfecially dosigned
for romote recording and large capacity. In its present form
with the telemark coding mechanism, it eould be used for an au%o-
matic weather station. However, it is extremely doubtful that
the Signal Corps technical requiremants would be mat by this
?age in its present form. The Friez (Figure 125), the Fergusson

Figure 116), the Rohrdans (Figure 120), and the Hellmann
(Figurue 121), are weight-type gag.s havlng limited capacities
that would make thom unsuitable for use at an unattended weather
station in their present forms. Tho Nillson rain and snow gage
(Pigures 129 and 130) was designed for attended operation.
However, therec is a possibility that it could be used in low
grecipitation arvas whore its capacity would not be exceeded.

f thse woight-type gages montioned, all can be aquipped with
standard wind shielding except the Nillson. Speci provisions
would be needed by all of the gages to overcome capping. In
most cases, capacity is not sufficient for areas such as Shemya
Island and an antifreeze prodblem must be considered, along with
tompurature compensation, wind shielding, wind compensation,
and capping.

Bate Racorders. Twenty-six rate rocorders (pages 47-55),
covering the period 1862 to 1352, were found in the literature
sasarch., Since all of them rcquire continuous hoating to preo-
vent mecasuring inaccuracies and instrument damage due to ice
formation, they would not be suitadble for use with the auto-
matic weathur station where power requirements are limited.

ggnglg_ﬂggg;nln‘_giggg. Ten instruments designed specific-
ally for remote operation were studied. Five of these gages
were eliminated from consideration for Arctic use since they

were designed for the measurement of rain only. These five
gages are as follows:

1. Cerebotani and Silberman's gage, £ig.186
2, T.V.A, gage, figo].e?
a. U.S. Signal Corps gage, fig.138
. Japanaese gage, fig.193
5. A.E.C. 3age, }13.1NO

The latter five are as follows: the Stevens Type Ql2M
(Figure 189), the Diamond-idinman modified Friez (Figure 190),
the U,S. Weather Bureau modified Friez (Figure 192), the Bur-
aau of Reclamation radio rogorting gage, and the radioactive
snow gage (Figure 163). All but the radioactive snow gage re-

quire cap prevention, temparature compensation, wind compensa-
tion, and wind shielding. The Stevens and Friez gages will bde
discussed in greater detail later.
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Evaluation of Spocific Gages.

A total of 97 gages were e¢valuated for Arctic use. None of
these gages in their existing form are satisfactory for contin-
uous operation at an unattended Arctic weather station under the
conditions of the Signal Corps technical requirements. It is
doubtful that eny of these gages with feasidble modifications can
maet the rigid requirements, which spscify an accuracy of 0,01
inch with operation in a temperaturc range of ~60°F to +120°F
in winds up to 150 aph and yearly maintenance. With certain
modifications it appears that some existing gages, such as the
Stevens Q12M, could be used in the Arctic as an interim solution
to the problem. The foregoing conclusion recognizes that the
Signal Corps requirements would not be entirely met and the
gages might not operate satisfactorily on every occasion. Con-
sidering the unavoidable errors inherent in gresent day gaging
techniques, especially in snow messurement, lowering of the
technical requiremonts appears logical,

The following gages in their present forms present some pos-
sibility for unattended operation.

The Japanese Weather Service Gage (Figure 105) has its re-
ceiver and platform floating in oil. As the receiver descends
due to the addition of precipitation, a record is made of tue
platform's progress on the chart of a clock-operated drum, sim-
ilar to a water stage recorder. The instrument would need spe~
cial shielding as its shapc is not suitable for available Alter
shields., Capping would bc a problem with the gage, and some
method would have to be incorporated to overcome this, The cap-
acity of tho gage is limited and appears to be less than 18
inches. No provisions are made for converting the snow into
water equivalent and thus reducing its volume. Temgerature com=~
pensation of the oil is not made and wind compensation would
have to be considered. Detailed plans and specifications for
this gage are not available at this laboratory.

The Stevens weight-Type Q12M Gage, with telemeter rocorder
Q12MR (the telemark), is designed for automatic wuather station
operation. The gage operates on a counter balance system., It
is available in capacities up to 60 inches of precipitation and
has provisions for 60 inches of antifreeze solution. A swing-
ing baffle type shield is provided with the gage. Provisions
would have to be made for reducing capping erfect at the orifice
Temperature and wind compensation would have to be considered.
The Stevens gage is tho only commercially available gage de~
signed specifically for remote operation.

Other weight-type gages such as the Friez, the Hdellmann,
Rohrdang, and Fergusson, with design nodifica%ions, might be
made applicable. Conventional shielding could be used on all
theso gages. These gages do not have capacity enough for un-
attended operation in the Arctic, although with modifications
they could possibly be used. Temperature compensation, wind
compensation, wind shielding, and capg}g& are other factors that
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would have to be considered.

The Bureau of Reclamation has designed a radio-reporting
gage especlally dosigned for unattended operation in regions
that have a large amount of snow. The gage incorporates a
heated catch ring to prevent cappingad apparently uses a weight-
type system for reporting. No plans or data are available on
the gage's operation at this time. However, such information
has been requested through the proper channels, and an evalua-
tion will be made upon receipt of this information.

The radioactive snow gage was designed specifically for re-
mote recording ogeration and the measurement of depth of snow
on the ground. n its present form it is not suitable to meas-
ure rain. According to Gerdel, one of the developers of the
gage, it would not be suitable for Arctic operation because of
the excessive amount of cosmic interference to the measuring
system, A methcd would have to be developed to make the gage
suitable for rain measurement. Capping, wind shielding, wind
compensation, and temperature compenaatlon are not problems
with this gage. The gage capacity of 55 inches would not be
sultable for Shemya on an annual basis.

Riscusaion of Instrumental Probloms

!Ln%_éhigigg. The function of the wind shield is to place
the orifice of the gage in an undisturbed flow of air by di-
verting the wind flow down and around the gage and preventing
updrafts along the body of the gage. Of the many shields de-
vcloped (pages 28-31), only the swinging baffle type of gage
(Figure 73) has proven applicable to unattended operation. The
recason for this is that the baffle movement decreases ice and
snow accumulation. The Nipher shield (Figure 7) has enjoyed
considerable success where it was used at attended stations, and
comparisons in the field has shown it to catch a small amount
(1-5%) more than the Alter.

C.C. Warnick, of the University of Idaho, has been conducting
wind tunnel tests of baffle-type shields and has developed models
that show an improved catch over pravious shields. His'Modified
Alter I", developed as a rasult of wind tunnel tests, has been
field tested and has proven to be a rugged and effective wind
shield. Recent wind tunnel tcsts with a newly developed 'Shasta!
shield have given indications of being even more effective.

The "Shasta" shield employs the swinging baffle of the Alter
shield in conjunct’on with the cutting edge to windward of the
Nipher shield.

The efficliency of a shield decreases ragidly as the wind
speed increases above 15 mph (References 31k, 150), and for
catching snow, it is very low when the winds exceed 40 to SO mph
Results of the rim effect study, presented in the Fifth quarter-
I ly Report, further support these findings with respect to de-

. creased catch efficiency with increasing wind speed. although
A¥ Warnick's developmunts apparsntly improve the catch effici-
ency with respect to other shields in uss, it is doudbtful that
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accurate snow moasurements can be accomplished over a wida

range of wind speeds with shielded gages. At unattonded sta-
tions, whora snow sections cannot be taken, this catchdficiency
with existing gages must be accepted when high wind speeds occunr.

« The orifice of a precipitation gage is likely to
cap over when wet stic snow falls, the wind is light, und the
temperature is near 32°F. The use of continuously hea{ed catch
rings for the gage orifice is the most acceptable means for pre-
venting capping. The effectiveness of intermittent heating is
questionable, but it might be effective when capping conditions
are not severe., Commercially available gages are not equippod
with heated catch rings, but it is believed that the necessary
modifications can be incorporated into these gages. The capp-
ing problem is probably greater in the Shemya area than at
Point Barrow, where near froeezing tempcratures have a low fre-
quency of occurrence. The limited amount of power available on
a continuous basis at tha automatic weather station makes the
solution of this problem difficult.

annitzin‘_g§_§n§¥. An oil-coated antifreeze solution is
the usual means for quifying siow, Calcium chloride is most

often used as it melts the snow by its heat of solution. 4n oil
film prevents lose of the catch by evaporation. The fraezing
point of an antifreege solution rises rapidly as thc solution
becomes more dilute due to tha precipitation. The amount of

initial charga of the antifreeze dapends on the following three
factors:

1. Date of charging
2. Anticipated precipitation
3. Miniomom temporaturse

In the 8homya area, the snow scason appears to be from Nov-
ember through March, ﬁsing precipitation data from Attu aAnd
Atka as baing more representative, due to the short and ques-
tionable record at Shemya, the an‘icipated precipitation (rain
and snow) during this period is 33 inches, or for periods of
extremes, approximately 50 inches. The minimum tempurature
reported at Shemya is 18°F., Tnis should be a safe lower limit
for estimating anti-freeze needs. Using the above data, an
initial charge of 30% calcium chloride of 29 inches would pro-
vide protection to +18°F during the period. Considering that
approximately 40 inches more precipitation could occur during
the remainder of the year (April - October), the total gage
capacity required for an extremely wet year would be 29+58*50
or 119 inches., The date of charging with calcium chloride as
indicated by climatological records, should bs during the fi-st
week in November,

At Point Barrow, the use of calcium chloride as a liquifying
agent is guestionab e. The freezins oint of a maximum concen-
trated ealeium chloride solution (30%) is -59.8°F, end a small

addition of water quickly raises the freezing point of the sol-
ution. The mean annual minimum for areas ov.r the Arctic Ocean
appears to be near =50°F, Ifrtpo gage wore initially charged
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at the be;inning of the snow scason 1in Septomber, according

to climatological rccords, an an-roximate maximum of four

inches (water equivalant) of snow may be exfectod to occur

throush the und of the season in May. An initial charge of

148 inches of 30f calcium chloride solution would be noces-

sary to provide protiection to =50°F during the snow season, 4

total gagu capacity of 156 inches would be required for an average

{ea; even though the annual mean prucipitation 1s only 4%.21

ncnces,

The capacity of the gage usually depends upon the amount
of initial charge required. If the gage were serviced more
than once per ycar, thon an important raduction in capacity
required could be mude at Shemya. By servicing at the begin-
ning and end of the snowfall season, tho required capacity
c.uld be reduced from 119 inches to 79 inches. At Point
Barrow, by servicing the gage at the beginning of the snow
season (Septembar) and again in midwintcr (January), a
capacity of 80 inches would be sufficient.

Calcium chloride solutions react rather rapidly with some
metals in the presance of oxygen cau-ing corrosion. This
action may ba reducad by applying a protective coating of
a3sphalt, or galvanizing the parts that come in contact with
thae solution. Care must be exercisad to avoid splashing any
of the solution on the weighing mechanism whan charging the
g8gO.

According to Gerdels' graph on ths froegzing points of
antifrceze solutions prusent:d in the Fifth Quarterly Report,
the only othcr chemical that has a freezing point suitable
for Artic use is Ethyl alcohol. A 72% (bgaweight) solution
has a freezing point of -60°F, At Point Barrow, where low
tempeiratures exist throughout the winter, there is a possi-
bility that Ethyl alcohol might be usecd as an antifraoze,

Vapor pressurc of Bthyl alcohol varics from 0,39 mm at -4O°F.

to 5.6 mm at 14°F, This comper.s favorably with that of water
at low temperatures. If the use of the alcohol were confined

to nonths when temperatures less than 14F, provailed, then

the cstim.t.d loss of solution would be 0.5 to 1.0 inch par
month, The tumperature during the snow szason is normally less
than 14F, Thuo required initial charge would amount to approxi-
mataly 30 inches compared to 148 inches with calcium chloride.
Tests would be needed to determine tho solubility of ice in
alcohol, heat requiremcnts, rate of ovaporation from the gage
and corrodibility. Due to the high vapor pressure ut higher
temp.:raturcs, alcohol could not be used effectivuly at Shemya.

The use of an o1l film to prevont evaporation would not
be absolutely necessary since the loss of catch ius to this
causo would be recorded by tha gage. Not using an oil film
also improves the liquifying action of the solution and
slightly decreases the nacessary gage capacity. Improvcment
of the liquifying action is brou ht abuvut by the fact that

light, dry snow experiences difficulty panetrating the oil
film, CECURITY PEC S B
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wind Compe¢psation. With weight-type gages, wind compen-

sation is a factor whanever the funnel allows th: antire
surface of the receiver to come in contact with internal
eddies formed ~hen the wind blows over the gage. Oscillations
of the pen arm occur at high wind valocities and dampening 1is
difficult without closing the gage orifice. Oscillations of
the pen arms of 0,02 to 0.03 inch nave besn noted on weignt-
type gages when the wind was 50 mph. Depending on tha scale
ratio used, this could rusult in errors from £0.05 inch for

a 1:1 ratio to £0.12 inch for a 5:1 ratio.

mmmm_%mmw. At Point Barrow whuru the tem-
perature rangos from - to +78F, temperature compensation

of the rcocording clements would be rejuired. In the Shemya
area, this would not bo as critical a factor as the tem-
perature rangas from about +18°F to +58°F, The problem of
temperaturs compensation for prucipitation %ggos dapends upon
the method of operation that is sclectead. is in turn depends
upon the type of gage szlected. Manufacturers of Stovens and
Friez gages state compensation is made for a temperat..e range
from =20°F to +120°F,

l
?M

Gage Exposurg. It would be daesirabdle to place the precipi-
tation gage at a sufficicnt height to ba above the expected
maximum snow level and above the level of blowingz snow., A
height of five or six feet at Shemya and four focet at Point
Barrow should place the zaxa above the maximum snow luvel,.
Blowing snow, however, may occur to heights of 50 fezt und
may occur approximaheiy 3; times per ycar at Point Barrow.
Datgloglthe freyuency of bluwing snow at Shemya are not
available.

Due to addad wind effacts at an clovation of 50 fset,
placement of the precipitation gage at this level is not recom-
mended. Blowing snow will occur with relativcly strong winds.
In view of the low catch efficlency of gages with snow in
strong winds, it is doubtful that blowing snow will intro-
duce a serious quantitative error in snow measuromsnt over a
s3ason, esgecially when all othur sources of orror arce con-
sidored. t will, of course, make snow froguency studias
difficult with data from unattended stations.

Diascussion of Signal Corps Ragquirumonts

Roferring to paragraph 1 un -r the listing of Signal Corps
technical reguirements, a sensitivity of 0.01 inch for the
measurement of rain may be accoumplished by magnification of
the catch, This 1s uccomplishud by directing thc precipitation
over a 1large arsca, such as thc orifice of a gage, into & con-
tainer having a small cross-sectional arca. he resulting
concentration may then bc measurcd by its waight which is a
sultiplication of thu actual procipitation. In order to
. achieve large capacity, a rcpoating, cyclic, emptying action
| is employed to dispose of the measured con‘ents. Since snow
t will not flow as a liquid unless it is molted, tho foregoing
method of concentration and continuity is not feasible wheare

ce Ny
H .

I Y L o




- o

S , ¥
G T TR - n

— ey L

‘ R— § ‘”n._w: R
SN R biilors DU (ot tar L

it must be treatod in the solid state. The weight-type gage,
so often used in snow measuremunt, sacrifices sensitivity for
capacity since an acceptable automatic method to dispose of
tho catch has not been found. According to the manufacturer
the Bendix-Friez Universal Recording Gage, has an accuracy o
0.05 inch over a teamperature rango of -2o§ to +140F while the
Stovons Q12M, 48-inch capacity recorder is accurate to 0.02
inch. The Stevens 60-inch capacitx gago is supposevdly accurate
to 0,1% full scale or 0.06 inch. weigbt-type rocording gage
appears to bc the most satisfactory available gage for the
autometic wsather station, considering all factors, although
achievement of the 0,0l-inch accuracy does not appear feasible
at this time, The requiremcnt for a 3-hour capacity of three
inchcs can be cvasily met by the weight-type gages under
consiacration.

The requiroment for operation over a tcmpsrature rangc of
<60°F to +120°F would probably nocessitate modification of the
temperature compcnsating mcchanism in existing weight-type
gages. Furthermore, the antifrceze problem becomes critical
at -60°F, Calcium chlorid., goneralgy acceptid as thc bast i
antifrccze, nas a freezing point of -59.8°F in its nost
effoctive concentration, and the frevzing point rises as pre- 1
cipitation dilutes the solution.

As stated prcviously, the Fricz and Stesvens gages maine-
tain their ratud accuracy over a range of =20°F to 120°F, The
Stevens gage amzloys a temperaturue-compensatced linkage while
the Friez gage used a temperature-coggensated spring. Suome
investigators (Reforences 509, 529, 687) have uscd hcaters
within the housing of thc gage to mclt snow and also kecep the i
moving parts of the mechanism warm. =wmstimates indicate that
mora than 400 watts would be neccssary to kcep the interior 1
of an insulated 8-inch stundard cage at 35°F, .shon the air {
temperature is -60°F, and the wind veclocity is 150 mph.

To achi.ve satisfactory operation at wind speeds of 150
mph presants & structural problcm. zmxpericncc has shown that
structurel failurc oftan occurs in wind shi:lds befors wind
speads reach 100 mph. Thc gage itsclf would roguire rein-
forcement and spacial anchoring devices, Table 1 illustrates
the amount of wind prossure on tho Stovens high and low ca-
pacity shiclded gages, and on an Alter shicld with winds of
50, 100 and 150 mph. i

TABLE I i
KFFECT OF WIND V.LOCITY ON TOTAL WIND PR.SSURE ON SHIsLDS

i *onroximate

Projacted Area

igh Capsacity
shi_lded gage 14,0
w Capacity
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Calculation .of stresses thvolved when tha wind is 150 mph

indica’.e that strengthening of the chains, bolts, scrows, and

fasterors on the large capacity ga:u would dbe necessary. The

calcu'atced safety fcctors of the largo capacity equipmont were

10 for collapse of housing but only 2 for the enduranco limit

of the 3/8 inch anchor bolts. Tho cclculctions are supnortaed

by cc¢rrespondence with tho guge manufacturer who indicztes that

the tase would nead modification by using 1/2 inch anchor bolts.

Expayience has shown that failure of wind shizlds was due to

fatigue or rapuatad stress iuring the buffeting that occurs in
nigh winds.

The roquiremont for sn unattended period of one yedar necessi-
tates usa of leorge capacity gascs. For example, the procipi-
tation in ths westorn portion of the Aluetian Chain averagos
about 60 inchcs annually. This is boyond .ho capacitg of most
gages unless a mesns a catch disposal is smploywd. atching
of snow often requires an antifreeze solution as a lijuifying
agent which in turn increascs th: sige of gegce necessary for
a given capacity.

The limited amount of power available rastricts the usc of
power on continuous basis for such functions as ligquificction
of snow, deicing, and temperature compsensation. The calcu-
latud heat requirements of an insulated, 8-inch, U.S.W.B,
standard gage, kept at 35°F, with an ou{side temperature of

F., are as follows:

Estimated Power

-Yind Velocity, mph Copauzption. watts
15 104
60 240
150 416

Suxgestions for Modificatiop of Sigpal Corps Boguiremonts

It is recommundad that 8ignal Corps technical require-
ments be modificd, at least for the presunt, to make the use
of commercially availadble geges fcasible at the automatic
weather station., Tha suggosted moiifications arc as follows:

1. Lower the accuracy requirement from 0.01 inch to
0. 06 inch.

7. Permit uss of a -50°F minimum tomperaturc instocad of
-60°F for thos: stations or areas whare climutological records
show =50°F to bc within the limits of record lows. This per-
mits the use of calcium chloride as an antifrc.gze in areas
such as Barrow., Calcium chloride is not satisfactory at
-60°F since it has a froszing point of -59.8°F in its most
effective concentration, and its freezing point risus as
tho solution is diluted by prucipitation,
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3. Permit use of 2 maximum wind specd of 75 mph insteccd
of 150 mph in regions herse climatological records show this
to be realistic, It is doubtful that uvailable wind shislds

ccn meet the structursl requirements for oper.tion at 150 mph
without sacrifice of operational efficiency.

4. Pernit guge maintenance two to three times per year
instead of once por year. This will simplify gage capacity
requirements and increase the utility of antifreeze solutions.

selection of Interim Procipitation Mousuring Equipment
With the suggestad modifications to the technicel raguire-
ments, it appears that one of thc existing weight-type gugas,
with modifications, offers a partial solution to precipitation
measurement at an unattended Arctic weather station, A modi-
fied weight-typs gage should bu satisfactory under most weather
conditions for collecting precipitation data for climatological
and forecasting purposas. Cunsider both upplicability and

availability, the Stevuns appoars to the best choicoe among
presently avatisble 8ogess

« The Alter swinging baffle type of shield
(Fig. 935 is most suitable for arctic use as constant move-
ment of the bafflas decroases snow and ice accumulations. The
"Modified Alter I" shiald developed by Warnick has been
proven in field trials cnd is recommanded for any imm:diate
use. The field trials of thc more recent Warnick development,
the "Shasta" ahieldé should be followed since wind tunnel tests

indicate this shield may be more efficient than the "Modified
Alter I%,

The "Modified Alter I" is not availabls commercialli.
Plans and specifications are available in the Transactions,
American Geophysical Union, Vol. 34, No. 3, June 1953. 1If
necassary further details can be obtained from Frofessor
Warnick at the University of Idaho.

Ag{%{gig;gg. The use of an antifrcecze solution in the
precipitation sage for the automatic weather station should
be avoided, if possible. This is desirable because of the
added capacity that is necessary to cccommodate the intial
antifreazc charge and becauss of instrument damage which may

result from the corrosive nature of tho morvs affectiva
types of antifreezes.

In the Shomya area, the anticipated snowfall is approximately
75 inches during the winter. At Point Barrow approximately 4§
inchaes of snow may be expectod. The capacity royuiremonts

are easily met by the Stevens Ql2M which has an overall
capacity of 120 inches,

Without the usa of an antifrceze, the snow is likely to
pile up on the side of the receiver that is opposite to the
prevailing wind during times of pracipitation. It is quite
possible that this piled-up snow can be liquified by hecting

]
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the bucket during the coding inturvals., Ficld trials would
bo necussary to evaluato this problem. The receiv.cr of the
gaga would nead to be constructed so that ropoated fraezing
of the water would not burst it seams.

If this mothod 1s unsatisfactory, the usc of calcium
chloride as an antifrcueze 1s then recommcnded for those
stations whorc the expected minimum temperature does not
rcach below =50°0F, Tosts have shown this to be tha best
antifreeze presontly availablo for most purposss (see Fifth
Quartorly Report). Initial char_e of the antifroeze will
depend upon axpacted minimum tomperaturas, expected pre-
cipitation, und frequency of guga attendance. Proper pro-
portioning within a gage may be obtained from tables in

"Operations and Maintenance of Storage Precipitation Gagcs"
(Raforence 948),

The maximum available overall capacity in existing
commorcial gages is 120 inchas (precipitation plus anti-
frzeze) provided by the Stevens 8 12M, Calculation have
been made of capacity requirements for the Shemya and
Pt. Barrow areas. Calculated maximum capacity for Shemya
is 119 inches on an annual basis and 30 inches on a seasonal
semi-annual basis. This allows for 90 inches of annual pre-
cipitation and antifreezo protection to 18°P,

At Point Barrow, the calculatod capacity requirement 1is
156 inches on an annual basis and 80 inches on a semi-annual
basis. This provides for an annual precipitation of 8 inches
and antifreeze protoedtion to -50°F, The 120-inch capacity
gage would have to be charg.d twice yearly, with initizl

Sgarging at the beginning of winter and rechariing in mid-
ntar.

In order to obtain maximum efficiency from the calcium
chloride, some moans of agitating and hcating the solution
should be considared. The need for this exists since un-
disturdbed solutions tond to stratify with the heavier
calcium chloride sinking to the bottom, while the lighter
solution forms a layer of ice on the top.

Evaporation from the receiver in Arctic areas during
the winter months 1s less than one inch per month and would
be less then 0.01 inch between 3-hour obs:rvations. Ex-
perience has shown that maximum evaporation effects would
occur at Shemya during tho summer months and would be no
graater than approximately 0.01 inch per 3-nour period.

hould this rate be odbjectionable, it may be reduced by an
initiel chargo of light oil in the receiver. However,

vhere an antifreeze 1s used, the use of oil is not recommended
since any benefits obtained by rsducing the evaporation

may be ovaercome by the increasing difficulty for snow to
penetrate the o1l film and roach the solution,

L
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Tests should be conducted to determine if heating the
solution during the threc-minute coding period at the
waather station would incroase thae effuctivaenass of the
antifreeze. It is pnssible that enough convection would
be caused in the solution to prevent stratification and
at the same time improve the rate of solubility of the snow.
An clect-ical, resistance~type heater placed on the bottom
and outside of the receiver is suggestecd as a ansible
method of accomplishing this, This three-hourly application
of hsat during coding time could also be sufficient to makc
calcium chloride satisfactory to temperatures of -60°F, as
spacifiod in ths technical requirements.

In the wvent that hoating docs not provent stratifi-
cation, a mechanical method of agitation should be considcread.
A bellows or displacemant type of agitator has been tricd by
Gerdel. A rubbcr slcove is made to expand and contract in
the solution., This causcs displaccment of the solution and
a raising and loworing of the lavel of the 1liquid., It is
effactive in Dbreaking the ice layar, as wcll as bringing
snow that may be pilad on the ice 1n{o solution. A propellor
or electrical-mixer type of agitator, such as arcec commarcially
available, should be considerad. Thesa are availabdble in 50
to 100 watt ranga. Design, fabrication, and mounting of the
agitator depend on the type of gage sclected.

The intcrior of the receiver of the gage should be
painted with an asphaltic paint to prevent tho solution
from coming in contact with the metal and causing corrosion.

As an altornative to the use of calcium chlpride, athyl
alcohol should .¢ considered for use during the snow ssason
at Point Barrow where temporatures may dvop below =50°F,
Tests would be necessery to determinc its solubility of ice,
heat requirumcnts, corrosiveness, and evaporation undcr
operating conditions, A preliminary estimate indicatas
that ratc of evaporation of ethyl alcohol would be about
0.02 to 0.03 inch a day, resulting in a required scason
capacity of approximateiy 30 inches, Because of the
higher temperstures and, conssquently, greater evaporation,
ethyl alcohol would not be satisfactory at Shemya.

Snow Capping. This phenonoma should only occur occasionally
since it usually takes place nmar 32°F with 1little or no wind
blowing. A continuously heated catch ring is desirabdblc for
the prevention of capping. Due to the limited power availadls
on a continuous basis at the automatic woather station,
continuous hoating may not be fgasible. Since capping
occurs infraquently, it is possible that heating during the
three-minute coding time at thrée-hour intorvals, when
temperatures range between 30°F and 40°F, would be
sufficiont to brecak the grip of the cap.

By using a catch ring of bronze, l-inch wide by 1/8-inch
thick and insulating it from the raest of the gage, it is
estimated that 4O watts.wowid . be sufficient to raise its
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temporature 40°F which should be adcquate to quickly melt |
the snows A thcermostatically-controlled switch would be

nacessary to confinc operation to the 30°F to LO°F tempur- i
aturc range. If fiecld trials showed that intermittent i
heating was unsutisfactory, thon continuous heating could

be considered, at a powor requirement of 5 to 10 watts

for periods when thc wind is less then 15 mph.

Egmngzgﬁﬂﬁg_ggmngngggzgn. Commcrcially available gages,
such as the Friez and OStavens, do not provide sufficient
tompcerature compensation of the working parts for temperature
of -60°F, Both of thesc manufacturers rate their gages
satisfactory in tho -20°F to +120°F range. Consequently,

the thermal compensating units would have to be modified

for opaeration :ith a -60°F, temperature. This involves
investigzation into the gage mechanism, fabrication of tho

necessary compensating eleoment, and calidbration under ficld
conditicrna,

An alternative mecthod to compcnsete for temperature
would bs to insulate and hcat the operating elements of
the gage mechan'sm to a temperature within their present
rated op-rating rengey wherc consistent rcesults could be
expectodes <Jstimates of tho heat ruequired indicate that
approximately 70 watts per pound of mctal would be necessary
during a two-minute period to raise the tempcrature of
the working mechanism from -60 F., to =20 F,

¥ind Compansation. Wind compensation is normally
accomplishod by using an oil dampening dash pot. £Ex-
pari:nce has shown that sufficicnt dampening has not been
provided by commercially available gages. Increasing the
size of tha dash pot would possibly be sufficient to over-
| come this difficulty. Care must be oxcrcised in thu choice
1 of oil that is usad in the dashpot in order to have consis-
| tent rosults. ©8Silicone oils, such as the Dow Corning 200
Fluids, are exccllent for dampening since their viscosity -
temperature slopes arv rcmorkably flat in comparison to
pstroleum oils. Oils having a pour point at -100°F, und a
viscosity of approximat.ly 100 centistokds in the -60°F,
to O°F, should be considorads The amount used in the dash-
Eot should allow for evaporation over a p:iriod of one ycar.
stirate of the evaporation should be made when the oil is
selaecied. For comparative purposcs gutroleum oil, Sas 10, will
evaporate approximat.ly one-half inch in a dashpot per ysar
of use in tempurate climates.

As an altasrnativa in the event that increass in size
of dashpot docs not provide tho necessary dampuening, it is
recommended that a nm.thod of closin; the orifice of the gage
be considored. By closing off the orifice of tho gage from
vertical air movement during coding time, the source of
encergy of eddics causing oscillation of th. receiver plat-
form would be blocked and oscill:otion should stop, A de-
vice for accomplishing this would have to be duosigned, built
| and tested in the field befaope it could be installed.
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2Uggostad Gagas. Of the comm-rcially availa»le weight-

type gages, the Stevens Q12MR and the Bandix-Fricz universal
| rocording gages have boen selected as most applicablo to
unattended Arctic usae, with the Stevens being the first choice
because of its groater existing capacity. The Bureau of
Reclamation gage, previously mentioned, may be an improvement
over thess, but plans and specificiations have not yet bcen
received. As statad previously, ovaluation of this g.ge
will be made at a lateor date. The followi paragraphs are
concerncd with a further description of the Stevens and Fricz
gages.

The Stevens, type Q12M (Fig. 189), remote recording gage
is fabricatod in cupacities up to 120 inches. The gage has
been especially designed for snow as well as rain. It is
the only gage manufactured specifically for remote recording
and high capacity. For this rvason, it requires loss modifi-
cation than the Frioz for use at an unattended station. With
the use of antifreozes, 1t has sufficiont capacity for both
the Shemya and Point éarrov areas on a semi-annual attandance
basis , If anti-fraezus can be climinated, its capacity 1is
sufficicnt for annuel attendance.

1. Materiasl. The metels uscd throughout the gage arc
mostly of a stainiuss varioty and are wall suited for their
purpose. The catch ring is of turned bronze, thc nousing
of cluminum shest, and working pcrts are mostiy brass and
pot metal. The complste unit rcsts on a hsavy (1/2 inch)
stacl base. The becring straps supporting the counterweight
are of stoel and have baen kmown to fail due to corrosion in
liss than a year. Roplacement of the straps with brass stock
should be umadas.

2. Form. The throat of the gage 18 that of an upright
truncatcd conee This form has becn found nost accoptable
since it docer.asas caiping and snow-clinging in the vicinity
of the orifica. owar gortion of tho gagao is cylindricel
| and r.sts ona l/2-inch sto.l basa which 1s supported by thrce,

8-inch, loveling screws. Dimonsions are 23 inchss in
' iamcter and 66 inches in height.

| 3. Construction and opgration. In the type Q12M ro-
corder, tho weight of the precipitation accumulating in the
catch bucket moves a pon arm to racord .nches of precipitation
on the paper of a clock-operated drumy Since interval re-
porting cnd not continuous recording will be uscd, the clock-
oporated drum would not be neccssary in the gage for the auto-
matic weather station. The woeight is balanccd by a cam and
counterveight. Vibration of the pen arm is dampened by an

oil dashpot. A catch bucket accommodctcs a charge of calcium
chloride 1in addition to the praci:itation rccording capacity
of the instrument. A componsating weight is provided to

: balanco the liquify charge. Accuracy of tho instrumont

i i3 £0.02 inch to $0.06 inch, and depends on the gage capacity.
| A radio tcleometoring attachment, the "Telcmark™ is availablao.
: The "Tolomark" has a pickup accuracy of 0.1% of full scals.

—— — —— —
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! b, Elﬂlﬂ.lﬁiﬂl&ﬁ- Field "trials of the gage h.s bean

. madce by the U, S. Weather Bureau and the Corps of Engin:ers.

. The following quotas wro made from corrospondence with the

| U, S. Weather eau regarding the performance of this gage.

ae "Theoretically the cam and counter weight system of
the Stevens gage is superior to spring weight, but the field
tests showed soma serious deficiencies, due 1n part possibly
to tho extreme sensitivity of the gagao."

b, "The mechanisms of tha gages had too little clearance
and occasionally one part would get hung up on another. We
found it difficult to service the gage in the field without
disturding the suspension. It was too easy for calcium
chloride to spill on the mechanism." e

c. '"While strong wind was avidenced by a wide ragged i
pen trece which merely made the charts hard to read, some bdbias
: might also have beun caused by the wind."

5. Modificitions. These would be according to previous
discussion, i

The¢ Bendix-Friez Universal Reocording Goge is fubdricated
for & capacity of 12 inchcs of precipitation and is used most
frequently wher:e it rcceives weckly attention,

1. Matorial. The metals used throughout the gage are
mostly of a stainlaoss variety and are woll suited for their
purpose. The catch ring and housing of th: gage aro of 27- 1
gaza (0,017 inch) silicone-bronze, the working parts are of
brass, aluminum, and plated stocl material, and the base is
of a stamped L/ﬂ-inch circuler steel plate,

2. Forp. The throat of thc gagc is zn 8-inch cylinder,
5 1/2 inches long, that flares out at aggroximately 5 degrces
to a 13-inch diameter ring that forms tho metal cylinder which
houses the working mechanism of the gage. The cylindrical
housing rests on a steol platc that is bolted to a concrete

base. Leveling is accomplished by shimming. Dimonsions arc
36" x 13 7/16",

3. SConstruction ond oparatioh. The bucket of the gage
rosts on a spring-type weighing mechanism which moves a pen
. arm to record inches of precipitation on the paper of a clock-
' operated drum, A dual traverse system is used; that is, when

the pen movaes to tha top uf the chart (6 inches precipi-

tation), it reverses its direction until it reaches a limit-
ing pos{tion on the bottom of the chart (12 inchus prccipitation,
A dash pot is used to dampen wind vibrations in the pen arm.
Accuracy of the gage is £0.06 inch betweon -20°F and +120°F,
An overflow attachment 4is available for localitiss where the
capacity may ba oxceeded.

b, ;%nld_xgnnlxg. The Illinois State Water Survay has
ovor 70 Friez gages in oparzation. Parformance with the gage
f SECIITY AN T BT
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for purposes of mcasuring rain has bcen oxcellsnt., They ure
' comparativaly sasy to instcll, operate and maintain. Records
are consistently good. Servicing the guge presents fow
difficulties.

Estimctes of various effects by fiold men are as follows:
a. Extremes of temporature (tempercte conditions) may
cause +0.02-inch vcriation in the record. Survey gages are
without a tcmpor. turo componsated spring.

b. Winds of 60 mph may cause +0.02-inch to £0.05-inch
ascillations in the record.

v

c. Jarring the gagso can dislodge pen arm and put gage
out of ordcr.

4, Calibration of the guge is difficult.

3
5. Moiific.tions. The modifications recommended in the
preceding section for capping, wind and temperature compen- i
sation and for antifreeze solutions, would be necassary. !
Capacity of the gaga should be increased. In addition, the

dual traverse movemaont would lead to difficulty in rea&i

whan the pen .rm changos direction.

i . The throat and shoulder upper section could

| be chang to the truncatad cone form of the Sacramento gage
(Referance 948) to improve performance. The cylindrical trunk
would need modification to permit increased capacity of the
gag:. This incrcase 1in size would depend on thu capacity
needed.

b. Mochapism. The plaetform and pucket of the gage would
noed to be increased in size to accommodats a larger capacity.
Agsuming that 2n cleven-inch diameter bucket could be accom-
modated (approximataly one-half inch clsarance), then to hold
a larger capacity, the necesscry height of the bucket would
be as follows:

Capacit Height Approximate Weight of
| .(Mﬁi{ {inchas) Bracipitation (pounds)
| 12" 6.4 22
| . 21" 1.1 4o
I 35 18.6 80.0

123" 65.3 247,0

The dual traversc of the gago should bo chunged to single
treverse. This in turn leads to a nead for stronger springs.
The added weight due to increuse in capacity would also
necessitote an increase in spring strength.

, Because of its smaller cxisting capacity, the Friez gage
requires more modification than the Stevens for use at an

. 2 » ‘
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Arctic station. This laboratory has been unable to find

any record of specific tests comparing the utility and
reliablility of Stevens and Friez goges under the same field
conditions. Such tests would be desir.dle defore undertaking
modification of either for Arctic use.

Suggeations for Further Research on Precipitation Gages

The use of upright forms, such as a gage, to catch snow
offers so many aercdynamic dIfficultioa that 1f a mcthod were
dovised to measure precipitation as it hits the ground,
rather than by a cylinder or other container, then many of
the prasent problems of precipitation measurement would not
exist. The only gase that dooes this for snow is the radio-
active snow gego. nfortunatoely, the large cosmic action in
tha Arctic ragions, according to Gerdel, does not make the
gage suitable for Arctic operation. The principle of the
radioective snow gage 1s acceptable and warrents further in-
vostigation, In most instances, such factors &as shiclding,
capping, capacity, and temperature and wind componsatioa, do
not enter into the operation of this gags. A method needs
to be incorporeted to measure the rain os well as the snow.
Porhaps,2 Koschmieder pit gage (Fig. 9), that accurately mea-
sures rain as it is received the ground could be utilized.
Monolith lysimeters (Ref. 1034) used at Coshocton, Ohio also
provide a method of measuring the precipitation reaching the
ground. These gages do not present obstructions to the wind
and, thcorefore, do not have the many problems associated
with wind which upright gages have. The most difficult
nroblem of adapting these techniques is isolating tha sample.

It might be possible to use a roteting type of lysimeter,
wherein a round platform of the gage would be lavel with tho

ground surface. By slowly roteting the platform it is possible

that only & core of snow would romain in ths platform. A
weight recording mechanism could be placed in a pit bencath
the platform to mcasur. the amount of pracipitation received
by the platform.

Since the principle of thc radio-active gage is good, an
invostigation of the applicability of other types of rad{

head mount.d on a rotating cross arm, such as is used in the
radio-active gage (Fig. 163), could give a profile of the snow
and water equivalent, provid.d the tecinique werc fezsibdble.

Should the preceding types bo unacceptable, a collector-
type of gage would have to be useds A gage in the shape of
a gird bath (sphore segment) filled with an oil-covered anti-
freeze solution and provided with an overflow device would
grosent a more cerodynamically neutral obstruction to ths wind
hen many of the storage-type gages presently used.

ation
such as sound and infra-red, might be dosirable. An 1nd1catin§

T el




S -833. ”~ . ® .
W vC“A &\.J datl wr s baneb Gl L4 Reu i AClec

As a rosult of thu evaluation of known precipitation gages
it is concluded that:

1. No known precipitation gage in its prosunt form satis~
fies tho existing Signal Corps technical requiremcnts.

2. With tho suggested modifications to the technical
requirements and with the suggestod modifications of the
Stevens and Frioz weight-type gages, 2 partial solution to
the problcm appears possibl.. However thc suggested gage
modifications necessitate design, fabrication and fiold
testing of the modified equipmunt.

3. Further basic rasearch is noeded to develop a8 satis-
factory gaging wethod for use in the arctic with an unattended
wcather station.

!

{



Qmbroscope Developpent

The purpose of the ombroscope AMWALOPWANY is to detect
the presence of precipitation during time of observation at
the automatic weather statioh. Sensitivity of existing gages
is insufficient for this purpose

iype

As a result of a study of ombroscopes, the system employed
by Barnothy and Bell was chosen, since it appeared to be the
most promising ty{e of precipitation detector. The Barnothy
and Bell unit employes a heated metal cylinder covered by blot-
ter paper over which wire 1s wrapped. A drop of water on the
blotter closes a circuit between the wire and cylinder, and
the resulting flow of current trips an alarm., The heat from
the cylinder evaporates the water, thus re-opening the circuit
and completing the cycle. It was anticipated that snow would
also be detected since the cylinder was heated.

2est Eguipmpent

Development to improve this design has been conducted in
the hydraulics laboratory of the Illinois State Water Survey.
An a paratus was built that employed a water sprayer to provide
drizzlo-typo of precipitation at an approximate rate of 0.02
inch per hour. This was the minimum rate specified in the con-
tract. Fog and mist producing devices were also assembled. A
low pressure steam line provided steam fog, while a water
sprayer was used for the large fog to mist range. The drop
type-size distribution adopted was as follows:

Drop-Ivpe  DPiameter in Microns = ZIermioal Velocity in MPS

Fog 1l .60 0] to 0.1

Mist 60 - 100 0.1 to 0.2%
Drizzle 100 - 400 0.25 to 1.5

Rain LOO+ 1.5+

The ice cream hardening room of the University's Dairy Sciences
building was periodically availadble for low temperature tests.
A temperature of approximately -10°F is mainta:ned in the room.
Hoar frost crystals of ice deposited on the refrigerating pipes
were used to simulate snow.

Chelce of Materisls

The alloy, Nichrome V, was selected as being suitable for
the conducting elements of this type of instrument. Nichrome
is a nickel-chromium alloy of 80-20 proportions that has a high
electrical resistivity, a low temperature coefficient, a high
resistance to oxidation and alteration over a wide temperature
range, and excellent workability.
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Tests for suitability of insulation material were con-
ducted on tlotter paper, linen, cotton, nylon, rayon, wool
asbestos and Fiberglas. Fiberglas was found %o be most suit-
able since it is strong, has excellent wetting properties,

and resists deterioration due to high temperature, sunlight,
wind and water.

Wood was selected as foundation material as it is easily
worked, is durable, and when heated does not mildew. For
temperatures in excess of 375°F, aluminum was used in place
of wood as foundation material.

Dow Corning Silicone Varnish 935 was used as a bonding
agent for the heater construction, since it is a flexible
fast drying varnish that has high heat and electrical reslstance
and excellent chemical, weather and moisture resistance.

Forp

The form of the models is that of a truncated pyramid

i (Fig. 1), having side slopes of 12 1/2 degrees from the ver-
tical. fThe size was based on estimated drop distribution

during the bteginning and ending portions of a shower where

precipitation is lightest. The sloping sides allow effective

drainage of water and yet have sufficient horizontal projection

(1/2 sq. in.) to detect light rain.

Besults

A series of models have been built, each one incorporating
new materials and techniques in order to develop a satisfactory
wvorking model. The various models are as follows:

Model 1. The first designed model used a wooden base,
vhose sides were covered by #25 gage copper plate. Fiber-
glas 114 was used as the insulating material between the cop-
$gr plate and the wire grid. The outer wire was Nichrome V

8 wire, wrapped in 20 turns around the instrument, and

served tﬁe dual purpose of heating as well as doteciing. After
several h.urs of use under laboratory conditions, it was dis-
mantled due to contamination of the insulator.

Model 2. This model duplicated Model 1 except that the
copper plates were pletinum coated to retard corrosion. 1In
laboratory tests it was effective in cetecting ice crystals
and drizzle, yet was not activated by the steam fog. Cor-
rosion of the outer wires took place and it was dismantled.

. This instrument was of the same construction
as the previous types except that a cavity large enough to
accommodate a thermometer was made between the upper copper
plate and wood. The cavity was filled with mercury and dsta
for heat and temperature analysis have been collected with it
. by use of an immersion-type thermometer placed in the cavity.

.| . In this model, a wood foundation, copger plates,
' linen 0.0I2" thick, and copper #28 wire were used.

ts
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operation was effective. However, corrosion was noted and
it wvas dismantled.

U%ﬂ%l_i_fnﬂ.gﬁﬂll_ﬁo These models used a wood or lucite
block but employed several different comdbinations of materials
in an attempt to stop corrosion. By a process of elimination,
it was found that the corrosion of the wires was due to the
high current of the dual-purpose outside detector and heating
wire producihg electrolysis when wet.

o An aluminum block was substituted for the wood
block and construction from the block outwards in layers was
as follows:

Item 1, Aluminum truncated pyramid.

Item 2. A layer of Fiberglas 114 impregnated with Dow
Corning Silicone Varnish 935.

Item 3. A winding of 10 feet of Nichrome V #28 wire as
a heating element.

Item 4. A layer of varnish Impregnated Fiberglas 113.

Item 5. An inner detector winding of several turns of
Nichrome V, #26 wire replaced the copper plates
as this simplified construction.

Item 6. A layer of FPiberglas #113 as insulatihg material.

Item 7. A winding of several turns of Nichrome V, #23
wire as the outside detector.

The purvose of this construction was to have a model
wherein the heater element wculd be separated from the detector
section and which would also be suitable for high temperaturcs.
Drying tests were conducted with the instrument saturated with
vater. It was noted that at 60 watts input, 1.1 minutes were
required to dry the model. Considerable heat was generated
(500°F.+), and after several trials, the instrument lost
sensitivity to drizzle. Loss of sensitivity was attributed
to vaporiszation of the inner layers of silicone varnish &and
condensation upon the outer insulation of fibdberglas. The
siliccne effectively destroyed the wettability of the glass
fiber and, thus, the sensitivity of the instrument.

. The same construction was used as in model No.?7
except that item 5, the inner detector winding, was replaced
with aluminum foi. (in lieu of Nichrome V metai which is on

order) to act as a vapor barrier as well as a detector. A
recording system has been built that employs an RCA 2050 thy-
ratron tube as the switching element. An electromagnetically
controlled pen arm is activated to record on the paper of a
clock-operated drum. This model has been installed on the
roof of the meteorologic building and is in operation at the
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present time. Some difficulty has been experienced with the
electronic recording system.

. Construction of this model is similar to model
7. Considering it in layers from the block outwards, the
construction is as follows:

Item 1. Maple wood truncated pyramid bdblock.

Item 2. 15 turns of Nichrome V, #20 wire covered with
silicone varnish as a heater element,

Item 3. 15 turns of nickel #38 wire placed in between
the turns of the Nichrome as a temperature
control element.

Item 4. A layer of varnish-impregnated Fiberglas 113
as insulation between the¢ heater and detector
elements.

Item 5. A layer of aluminum foil (in lieu of Nichrome)
as a vapor barrier and detector.

Item.6. A layer of Fiberglas 126 to act as the water
catching agent between detectors.

Item 7. A winding of Nichrome V #2¢ wire to act as a
detector.

The purpose of model 9 1is to incorporate a temperature
control in an attempt to provide ranid unloading with rela-
tively large amouhts of power.

For ranid unloading a relatively large amount of power
is required for a short time. This power must be controlled
to prevent damage to the detector. A variadle resistance type
of temperature control was developed for this purpose. It
consists of a nickel wire wound integral with the heater wind-
ing, but not touching it. By use of an electronic circuit
controlling the power to keep the nickel wire at a constan{
resi:::gce, the tenmperature of the detector is maintained
cons .
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PROGR:M FOR NEXT ;NTERVAL LIE

An evaluation of the Burecau of Reclamation ga{o derigned
for use in snow measurement in isolated regions, w 1{ bo made
upon receipt of plans and specifications for the gage. 't is
hoped that this gage will provide a better solution to the
problem than the known gages evaluated in this report.

Except for the preceding evaluation, no further work
on precipitation gages is contemplated during the reasinder
of this contract period unless the Signal Corps technical
personnel have some further recommendations. Fabrication of
a field model of the precipitation detector will de made {or
field trials, and a report on results of the research will be
prepared.

Work will start on a literature survey concerning the
measurement of dust deposited per unit area.

PERSONNEL

Dr. A, M. Buswell®*®*, Project Suparvisor
G, E. Stout**, Group Leader
F. A. Huff, Technical Advisor
J. C. Kurtyka, Project Engincer
R. H, Hardin, Rescarch Assistuant
H., Van Gerpen®, Resecrch Assistant
* . Part time

*¢ . Part time, not payroll
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