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Introduction

The half-century-old science of snow surveying and water supply forecasting has
felt the effscts of sutomation during the last several years, The developmant of sutematic
snow sensors for cbtaining snow water content data from remote areas has grown from initial
sxperimental attempts, at the University of Idshc and at Mt. Hood, Oregon, to the present
network of well over 50 instrumented sites throughout the West, Efforts to improve the
pressure pillow and associated sensing, recording, and data transmission instrumentation
have been vigorous. In addition, nasw configurations and materials for the basic sensing
untis ars bsing fabricated to mest the dsmands for a mors compact instrument complsx for
remote sites,

The network of snow sensor sites in the California Cooperative Snow Survey program
has grown rapidly during the last thrse years, Thers sre now 20 sites in Sierra watersheds
where operational and experimental snow sensors are providing oncall snow data or are
testing the performance of promising new or modifled componants,

Summary of Snow Senseor Progress

During the early 1960%s interest in the use of pressure pillows to moniter snow
water content was growing rapidly, Extensive evaluation studies had been carried ocut by
the U. 5. Soil Conservation Service at Mt. Hood during the winters of 1961 through 1963
(1). In July 1964, they convensd an inservice ssminar on remote snow sensors in Portland,
Qregon. Several Despartment representatives were invited to attend this session which in-
cluded an inspecticn of the Mt. Hood test sits,

The successful operation of pressure pillows at Mt, Hood resulted in their subse-
quent installetion at numerous sites throughout the West, In California, thrse snow ssnsor
sites wars sctivated during the winter of 1965-66. A 12-fopt-diameter pillow was installed
at ths Indspendence Camp snow course in the Truckss River Bazin by the U. $S. Soil Conser=-
vation Serviece. The Department and the U. 5. wWeather Buresu activatsd two cooperative
sites in the American River Basin., Thess two sites wers developed Tor bsth operational
use and for snow sensor eveluation purposes. (ne was located at the Alpha site where a
snow course had besn sstablished the previous winter to menitor snow cover conditions
prior to committing the sits to sxtended uss as an instrument svaluation site, The other
site was developed nsar Twin Lakes where a hydrographer of the Pacific CGas and Electric
Company was available throughout the year to ssrvice recorders and obtain contrel samples
in the piliow arsa during the snow seasen, .

During the winter of 1966-67, eight more sites in California were asquipped with
snow sensors for opsratienal use. Also, considsrable expansion of the taest installation
was accomplishad at the Alpha instrument Evaluation site and a new test site was estab-
lished near Cisco by the U, $S. Weather Burssu,

Current (parational Sites

This year, automatic snow sensors are in operation from the Kern River Basin in
the southern Sisrra to the Yuba River Basin in the north. (Tabls 1 lLists pertinent details,
Relative Locations are indicatsd on Figure 1.)

Current sensor installations operated by the U, $. Scil Conssrvation Service and
the U, 5. Wsather Bureau have basen described in other presentations te this Confersnce,
Work by the U. S. Forest Service, California Coopsrativs Snow Ressarch Projsct, in
developing a radio isotope snow gage alse has been well documented (2).

i/ Presented at ths Westsrn Snow Confersnce, Laks Tahoe, Nevada, April 16 - 18, 1968

2/ Chisf, Program Coordination and Service Unit, Snow Surveys and Water Supply
forscasting Ssction,; California Departmsnt eof Water Resourcss,
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TABLE 1

California Snow Sensor Installations, 1967-68

#Ananniatord
River RBasin and Site Elevation Snow (ourss Principal
or Aerial Marker Agency

Kern River

wet Meadow g 4000 518=AM Usce

Round Meadow 9,000 258 USCE

Tyndal Creek 104650 255 USCE
Kings River

Wishon Dam 6,500 - AWRR

Upper Woodchuck 9,100 341 USCE

State Lakes 10,200 . 545-AM Usce

Mitchall Meadows 9,900 511-AM USCE
Carson River

Wet Moadow Lake 8,100 561-AM SCS
Walker Rivar

Virginia Lakes 9,500 150 SCS

Sonora Pass 8,800 152 SCS
American River

Twin Lakes 8,000 107 usws

Alpha 7,602 365 DR
Yuba River

Cisco 5,900 - RS

Blue Canyon 5,000 - Uswa
l.ake Tahos Basin

Hagens Meadow 8,000 98 SCs

ward Cresk 7,000 101 sCs

marlette Lake (Nav.) 8,000 332 3CS

Fallen Leaf Lake 6300 - USFS
Truckee Rivar

independence Camp 7,000 88 SCS

* Assigned California Snow Course Number, AM = Aerial marker location,
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In addition to continuing work at the Central Sisrrs Snow Leb, the U, 35, Forsst
Service has installied o 12-¥soi preseure plllow in sn expesrimental weatershsd at Fallso
t.eaf lLeke, The conbinuous record of snowpack sccumulation and wmeld from the zszosisted
A=35 recovdsr wiil bs ussd tu asvlet in defining storage and relssss factors for fishery

gnhancamnant,

A% Wisbon Dwm the Atsospheric wWater Resources Rassarch Progras, Fresno State Cols-
iBQQg osperates a data gathering installation in coeperabion with itwospherics Inec, Precips

thalt o el snog o = Prom oo 40 Faet miling, and temnaraburer sve trmnemitied te Fresan.

One of the msst significant spoerational snow sensor networks in the Sisrre has
begen activated in the Kern end Kings River wetersheds by the U, 5. &rmy, Corps of Engineers
(3). six 12«foot pillows have besen installed by the Corpe with the assistence of the
Department and the Kings River Water Association, The snow date from Mitchsll Meadows,
Stete Lakes, end Upper Wpodchuck Meadows are telemstsred to Pine Flat Dam sleng with pre-
cipitatien and temperature data from instrumsnts operated by the Atmespheric Water Rescur-
ces Research Brogram. Snow data From Tyndsl Creek, Round Meadow, and Wet Meadow are transe
mitted to Isabellia Dam, The sonser components abt these installations have besn standasde
ized,

The unigus feature of these snow sensors is the standpipe assembly which censists
of an B~inch-diameter, 10-~foet aluminum riser pipe for the float well, tepped by 2 compact
shelter housing for a Telemazk, This unit is light, easily trenspocted by helicoptsr, and
allows the sntirs pillsw-standpipe-sntenna package to be conveniently installad by two men
in two days time. The pillows are of twe layver butyl rubbsr connected to ths float well by
armoured hose. Ths radio and batitery housing is installed on a ground pad at the base of a
sectional antenna towsr that is assembled at the site, The nicksl cadmium battsries are
kept at a fairly constant temperaturs leval after initial snowfall and charged by selar
cells mounted on the antenna tower, Normal operation consists of ons-a-day intervagation,
with mors freguent ealls bsing made when conditions warrant. The sensors have bsen very
succagsful in providing data on a timely basis in order to update water supply forscasts.
During their first season of operstion, their uss during periods of snowmelt was of cone

gideraple eid in rsaching weter reqgulating decizions duriag thne rvapld meil perisd of labs
June and early July of 1367,

Snow Sensor Evaluabtion Studies

Since the fall of 1964, the Department has bsen engagsd in analyzing snow sensor
performance and acecuracy at the Alpha instrument Evalustion site, Preliminary snow measurs-
ment accuracy studies have bsen rewarding and a deteiled report of new findings will be
pressnted to this Confersnce at a future mesting,

The Alphe sites is located in open timber at slevation 7,800 fest in the American
River watershed. It was ens of ssveral sites sslected by zerial reconnaissance Iin 1964,
and was choessn for ths instrumsnt asvaluation site eftsr close cbservation of snow cover
behaviezr during 19564=-65 when a snow coursze wes sstablished and added to the helicepter snow
syrvey circuit in this area., Figure 2 illustrates site characteristies, Figure 3 shows the
current site configuration.

Aipha 1, & 12-Foot~diameter,; singls layer butyl rubbsr pillow, was installed and
operated during the 1365-65 winter, with snow water content indicsted on an A=-35 sirip
chart recerdser, The instrument wasz placed in a shelter installed on tep of a 36=inch core
regated pipe containing s Be~inch float well, In the fall of 1966, a Mobtorolas Fi transmitter
and a Leupcld=Stasvens telemark were added to a separate 6-inch well installed in the in-
strument compartment of a newly consbructed, A-Frams shelter cabin., Data from this pillow
are transmitted to Sacraments and used operationally in forscasting American River runoff,
This system is being left undisturbed from seazsen to ssason to detsrmine its effsctive
1ife and required frequency of maintenance,

Other sxisting installations include both missile typs and Castle precipitatien
gages, The Castle gage is squipped with a Telemark which also reports, in ssquence, to
Sacramsnte. This ssason, a bank of Ni-Cad batteries have been installed for ths talemeter
ing system and a trickls charge from seler pansls is being utilized to maintein a constant
powsr spurce. A strip chart recorder is alss opsrated on the Castle gage to odbiain a ceon-
tinuous record of precipitation,
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FIGURE 2
ALPHA INSTRUMENT EVALUATION SITE
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A centinuous record of wind run, dirsction, ond velocity is obtained from two
instruments. Ths first one installed has a permanant magnet generator and eight wiper
points to recerd wind speed and dirsction on an snaleg event recordsr. The spring wound
chart drive operates unattendsd for up to 10 days, To insure uninterrupted wind data, fr,
Tom Henderson eof Atmospherics Inc. provided and installed the second instrument, an auto-
matic weathar station that will sperate unaltendsd for 30-day periods.

Snow sensors now being svaluated are:

{1} Alpha #3, 2 12-foot pillow wh ackivates bue secvrdsis, One has a
Lnng—laad hose with 8 2,51 langth ratlo ta tha shorter lead (115 feet and 46 feet
respectively). This configurestion was ussd to determine if delayed recordsr regis-
tration, caused by line lag, was a problem. Ths snow date obtained on the tws re-
corders shows that no additienal lag is caused by the extra lenoth of lsad-in hose,
Operational installations whers the senser is placed at soms distance from radio

squipment ars, therefors, acceptable.

This prassure pillow was installed flush to the ground and a rim of metal
flashing was placed snugly around the perimster to investigate edge load effect
during a dig=out study. Further investigation of edge loading was prompted by
witnessing of a leoad surge on recordsers during dig-outs of surface mounted pillows
last winter.

(2) Aalpha #2 and #7 are groups of two and five 3-foot-dismeter pillows, each
group connscted by a common lead to their rsspective A=35 strip chart recorders.
Qvermeasurement is well pronounced this winter. Group configuraticn has no effect
on reducing the cvermeasurement of small sized, surfacs mesunted, pillows,

(3) Ripha #4 is a surface mounted S-foot-diameter pillow, also currently
overmeasuring the snow load. Investigation of a possible correlation between this
sanser,; the 3-foot pillow groups, and sther senscors and caontrol samplss, will be
made after the melt season ends,

(4) Alpha #0 is & 12~foot pillow Filled with a mixturs of ¥ galieons of
alcohol and 240 gallons of water (Sp. Gr. 0.94 at 0% F,), This iz one of a series
of tests on the stability of varieus solutions under opsrational conditions to
develop criteria for fisld use in remote areas where transporting large amounts of
alcohol can be a logistics problem. No noticeabls density variation has ccoured
in this system thus far.

{5) Alpha #14 is a 12-foot surface mounted pillow, This pillow was dug out
last winter as part of an accuracy test., It has baen left undisturbed ss that a
comparative test can be performed again this winter under diffsrent snow condi-
tions, (In the first test this pillow was found to be overmeasuring 7.2 percent as
compared with contrel samplss,)

(6) Alpha #5, a flush mounted 12-foot pillow, contains 72 gallans of glyce
erin base sntifresze and 292 gallons of water (Sp. Gr. 1.04 at 16% F,). The
solution under not too severe conditions, thus far, has not resulted in sny change
in consistency which is characteristic of some antifreeze sslutions at low temper-
aturss, and no separatien has besen observed.

(7) alpha # is a 12-foot doubls laysred butyl rubbsr pillew, filled with
400 gallons of alcohol,; coversd with a plywosd cover and buried under 2 inches of
soil, In addition to contimuous recordation of load by an A=35 recorder, this
pillow alsc smnsrgizes two pressure tramsducers. One is a Fischer and Porter bie
metal pressurs transducer which sctivatss the standard punch tape ADR, The taped
data, at 15 minute intervals, is cenverted to punched carda and printed out on
18M data processing equipment at headquarters. The other is a Stathem unbonded
strain gage pressurs transducer (PG 132 TC-5-350), This transducer activates =
Rustrak adjustable gain amplifier and the signal is recerded by the stylus of a
moving ceil galvanometer on pressure sensitive paper. Calibration of this system
affords a direct recording of O to 80 inches of snow water content.
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This pillew installation was designed tp cross-check the perfermance of the
two typss of pressure transducer systems with the 8-35 recorder trace and standard
snow tube contrpl samples which can be ebtmined directly sver the pressurs pillow,
Both types of transducers are currently opsrating satisfactorily.

(8) Alpha #8 is the latest Department design for an experimental snow sensor,

cansisting of a 6-foot-~diameter metal bass plate with a rubber tep held in place

by pressure rings. Clesrance, between bass plats and top, rangss from one-fourth
inch at the edges tc about & imches in the center. The "Diaphrsgom Gags® is fillsd
with 42 gallons of alcohol and activates sn A=39 recordsr connected to a 4-inch
float well. The design was selected to sliminate the edge load experienced with
surface mounted rubber pilleows, With this factor sliminated, small sized pillows
may provide a reliable snow water index,

(9) Alpha #15 is a 4 % 4 foot wetal tank, 6 inches dasep, filled with aleshol
under pgsitive pressure, and connscted to a visual manometer lecatsd in ths shelter
cabin, This sensor appears to be very sensitive ts beth pressure and tempsrature
changss within the enowpack, The erratic bshavier thus far indicates a new design
and possibly a flush installation will be nesdsd ts securs mors stable condiiiems,

Tomperature datz are obiained From a 30-day, battery operated,; Weksler gage
with four sensers on 25-feot lsads. One sensor provides alr tempsrature, another the soil .
temperature 6 inches balow the ground. The remaining two are used te obtain snowpack tem-
peratures at ground level and at 24 inches above ths ground, A maximumeminimum thermometer
is used as a check and an air temperature trace is alse abtained from the automatic
weather station mentioned earlier, This infermatiss will be valuabls when analysis of re-
corded snow and precipitation data are made and charactsristics of snowmslt a2re described,

Summary

Continued work is needsd in evaluating ssmser desion and pressure transferring de-
vices, This will lead to ths development of an scenomical, compact, emsily installed, accu-
rate, and relatively maintenance free instrument complex for remote data gatherimg sites,
But already the sxisting cooperative snow senser network in Celifernia has provided a new
and valuable tool to water supply and flood flow Forscasters. The operational network will
be continually expanded until repreesntative snow data will be available from ssveral
slevation zones in all major snowled river basins. Ferecasting techniques are being im=-
proved as a result of the availability of snecall deta and the subsequent benefits to public
safety and the water economy will bes appreciable.
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