SOME COMPARISNONS FROM THE USE OF RADIN REPORTING . 567

ISOTOPE SNOwW GAGES AND THE SNOW PRESSURE PILLOWS
By
melvin J, Ord
Introductiaon

The Walla Walla District of the Corps of Engineers has besn operating thres radio-
reporting isotope snow gages in the Clearwater River basin of north-central Idaho since
about 1958, In the summer of 1964 a pressure pillow was installed at one of the sites (Hem-
lock), and in the summer of 1967 a pressure pillow was installed at one of the other sites
(Coolwater)., These pressure pillows were installed to obtain comparative information on
the operatien of ths two types of gages. Storage-type precipitation gages also were in-
stalled at these two sites, Although we have been plagued with considerable coperational
difficulties, some information has been accumulated which may be of intersst. Howsver,
this report must be considered preliminary, because; as yet, adsquate data for a complete
analysis has not been obtainsd.

Location of Gages

The gages are part of a radio-reporting hydrologic network for the Clsarwater
River basin drainage area of 9,640 square miles. This nstwork is operated by the Walls
Walla District of the Corps of Enginesrs, and furnishss valuable data as a basis for fore-
casting flood flows of the Clsarwater River, The information is used not only by the Walla
Walla District but is furnished teo the Corps of Enginesrs and Weather Bursau River Fore-
cast Center in Portland and to othsr agenciss. A primary purpose is to obtain basic hydro-
logic data for the operation of Dworshak Dam and Reservoir now under constructien by the
Corps of Enginesrs on the Nerth Fork of the Clearwatsr River. Drainags area at Dworshak
Dam is 2,440 square milss.

The location of the network is shown on figure 1, Radipactive snow gagses are locat-
ed at Hemlock Butte, elevation 6,000; Coolwater Mt., elevation 6,000; and at QOrogrande Mt.,
alevation 7,800, Pressure pillow gages are located at Hemlock; Coolwater, and Hoodoo
Cresky slevation 6,000, Canyon,; Lowell and Fenn are strsam gaging stations, Radio communi-
cation to the bass station at walla Walla is through relay stations at Black Mt, and
Cottonwood Mt,; as shown., Distences between stations range from 40 to 90 miles,

Installation

. a, Radivactivs isotope snow gage. Ths water squivalsnt of the snowpack is measur-
sd by determining the amount by which gamma rays passing through a snowpack are attenuatsd,
A cobalt 60 radipactive source in a lead collimator is mpunted on a steel cruoss beam 15
feat above the ground surface., The detector uwnit is installed in a2 weatherproof mestal box
buried just below the ground surface,; and is accurately positionsd in the center of the
collimated beam of gamma rays. Electrical pulses from the detesctor; which correspond to
ths cobalt radiations srriving at the dstector, are transmittaed by radiec from ths gage sits
through relay stations te the bass station at Walls Walla. Details of the theory design
and specifications for the radicactive isotope snow gage are given in a report prepared by
the Engineering Expsriment Station of the University of Idaho, under a contract with ths
Walla wWalla District of the Corps of Engineers. Loan copies of that report ars available
from the University of Idahe or from the wallas Walla District, Corps of Enginsers.

b. Praessure pillow snow gage. The pressure pillow gage which we instellad is
composed of a circular 12-foot butyl rubbsr pillow, 2 flost well and counterwsight well,
a Fisher-Porter analog to digital recordsry and a Fisher-Portsr binary to digital trans~
mitter. The rubber pillow is filled with 300 gallons of methanol which inflates to about
4 inchses, The pillow is connected to the float well by means of rubbsr hose, The float well
and counterwsight tube are 4-inch aluminum irrigation pipes clampsed to the towsr leg. The
level of methanol in the float well is recordsd by thae float wsll recorder on aluminum
taps, once each hour, At ths time the float level is recorded on ths tape; the same reading
is stored in memory of the binary to digital tramsmittsr. Upon receiving a signal from the
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base station, the scanning unit of the transmitter interrogates the memery unit and sends
the last rscorded lsval to the base staticn at Walla Walla as a series of tones, These
tones are rsad manually and recorded. Power for the pressure pillow system at ths gage
site is supplied by nickel cadmium batteriss, Solar eells sttached to stesl towsrs ars
used to keep ths batteriss chargsd.

c. Precipitestion gaggs., Remote recording precipitation gages were installed at
Hemliock snd Cooclwater. These gages are of the type developed by the Sacramento District of
the Corps of Enginsers, and consist of & 30-inch diameter storage tank and a 4B=inch long
conical trangition section with a 12-inch diameter ceollector ring. This gags has been de=-
gcribaed by Glenn Castle in a previcus mesting of the Western Snow Conference. Although it
was realized before installation of these precipitation gages that the exposure was not
the best for an accurate catch,; it was considsred that usabls information could be obtain-
ed,

A sketch showing the relative location of the instruments and facilities at the
site is shown in figure 2, '

The radic nstwork in which Coolwater and Hemlock stations operate is an on-call
tone~controlled data and veice communication system designed to operate unattended for 9
months (so Ffar that degres of dependability has not been attained). Redio equipment is
solid=-state type and consists of Motorola FM Lookout Radie,; opsrating in the 170 MC band
with 3 watts RF output of powsr; a Motorola type=-FSK data esncoder for isotops gage; twoe
tone decoder for four functions; encoder for telemark: corner reflector-type antenna for
receiving; and a unipole antenna for transmitting.

(Photographs were shown of various views showing conditions at the sites, equip-
ment as installed, and snow accumulation).

Collection of Data and QOperation Expsrience

Beginning with the start of the snow accumulation season, about 1 November, the
gages are interrogated from the Base Station at Walla Walla each morning about 8300 a.m,
Water equivalent and prscipitation amounts are tabulated and plotted,

Unfortunately, as previously indicated; collection of records has been interrupted
by some failures and malfunctioning of equipment. For the first sesason that the pillow was
in Hemlock (1964-65), records were good until about the end of Descembsr, when the timing
clock in the Fishsr-Porter equipment stopped. The clock was replaced by making a heli=-
copter trip to the site. A few days later a lsak devslopsd in the pillow,; and no further
racords on the pillow for the season were ogbtained,

During ths 196566 season, low batteries caussd an interruption in the record for
the isctope gags for abeut 4 weeks in January and February. Thereaftser, good records were
obtained until the end of April, when the snow surveyors got off course and punched a hole
in ths snow pillow,; which ended the records of that gage for the ssason,

A complate ssason's record was obtained for the 1966-67 sezson except for sbout 2
weeks in May when low batterises ceaused an interruption of records from the isotope gage.

So far in the 1967-68 season, continuous records have been maintained except for
ssveral short=time interruptions,

During sach season it has been necsssary to make ssveral trips to the sites mostly
by helicopter to keep squipment oparating., Most of the recent problems have begen asgsociat-
ed with the communication of the system. They have not been peculiar to either the radig=-
isctope gage or the pressurs pillow gage. Maintenance has bsan much higher than considered
desirabls, It is hoped this can be reduced in the future,

Comparisen of Measuresments

Recause of the failure of the Hemlock pressure pillow in 1964465, ng comparative
information is available for that ssason.
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Figure 3 shows traces of the isstope and pressure plllow recordings for 1965-66
at Hemlock. Also shown are the accumulated pescipitation and snow tube measurements, Tha
isotope consistently showsd somswhat greater accumulatiene of snow. It will be ngied that
the i=zotepe shows a2 maximum acocumclebion nsar the end of March of 48,0 inches of water
equivalent, compared to 42,3 inchss for the prsssure pillow. Incidentally, the rscorded
accumulated precipitstion was only 33,3 inches st this tims, By the end of April, the gif-
fergnce in sccumulated ampunits wes considerably less; the isctops showing a tolal of 40,6
inches and the press ure p?i*gw 39,1 inches, or only 1.5 inches diffsresnce. Ths snow tubs
megasursmant made on this date was 44.5 inches, The isctope and pillow readings are rsasone
ably close, but as yet no detalled snelysis has bean made as te which might be the mors
accurate, Daily incremental changss in amounts of water equivalent are also shown on figure
3. Although the patterns of daily changss are somswhat similar, specific amounts usually
are quite different, The isntope, gsnerally, tsnds to show greatsr daily variation. This
ig an important aspect since incremental changss during the meit season ars very signifi-
cant in the short-time forecasting of streamflow.

Accumulation of snow for the 1566-67 ssason was considerably greater than that fer
1965-66, as shown on figure 4. Again, during the accumulation pericd,; the isotope and
pressure pillow showed resassnably cloze agresment, In contrast to the 1965-66 season, the
pillow generally rescorded higher water sguivalsni, Maximum amounis occurrsd near the 1st
of May and wers 70.9 inches for the isctops and 64.6 inches for the pressure pillow, Al
though this differsnce is 6.3 inches, the differences in accumulatsd amounts wers gensrally
within 2.0 inches of easch othar throughout mest of the zeccumulation perisod. It is intsrest-
ing to note that snow tube measurementse Tor the st of April showed 52.4 inches, compared
to isdtope reading of 63,2 inchss and pressure pillow reading of 62,4 inches, The record
for the isotops gags from 6 May to 26 May appears to be in error. At the latter dats, the
gage ceasad to functisn and a subseguent trip to the site showed thg betteries were too
low for operation, Again compariscn of daily increments show the isotope readings much
more erratic than those for the pillow, what ie especilelly discencerting is the readings
showing large daily change but having no justification in having been caused by precipita=-
tien or temperature, which was the case for ths changes for 29 farch and 24-26 pApril, Be-
cause of ths above, the prassurs pilleow dally changes in water sguivalent appear to be
more reasonable than those of the isotops,

Howsver, as yet we have not had concurrent records from the radioisctope gege and
the pillow gage during the melt sesason., Such rscords may show batter conformity between
daily readings.

Snow tubs measursments have been made for comparison with isotope end pressure
pillow measursments, Figure 5 shows a plot of snow tubs measurements vs concurrent isotope
and pressurg pillow readings, The comparison shows snow gage measursments gensrally withe
in 10 percent of snow tubs measurements but some variation greater than 20 psrcent for
both the isctaope and pillow geges. Since individual snow tube measursments often have wide
variations among themsslves little confidsncs can be placed in the snow tube mesasursments
as a standard of comparison.

AL this time no definite statement can be made as te which snow gage is giving the
more accurate reading.

Cost Comparison

Based on our experience with the radicactive snow gags and the pressurs pillows,
sstimated present costs for installations at one site equipped to transmit cver 2 radio
network are as follows;

Radicisptope gage

Datactor and inclosurs $2,400
Collimator 300
Cobalt 60 - two 40 MC capsules 300
Suppert structurs and antenna 500
Radic and inclosure 1,700
Batteriss and solar cell 300
Installation 15200

Total $6,700
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Pressurs pillow gage

Butyl rubber 12-ft, pillow % 800
Alecohoi, 300 gal. 2030
fisher-RBorter ADR & BOT 45250
Recorder inclosure and standpipe 250
Float, tape and miscellanesous 100
Radio and inclosure 1,700
Battariss and solar cell 300
Installation ) 800

Total 45,400

In addition to the above, the radiocactive snow gage reguired a technician or
engineer gualified to remove and replace radicactive isotopes and execute tests for leak-
aga.,
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