CALIFORNIA FEDERAL-STATE SNOW SENSDR INVESTIGATIONS 570
PROBLEMS AND REWARDS
By

Richgrd D. Tarbls i/

Ons of the biggest problems that besets the river forecastsr is his lack of rsel
time knowledogs of chenges in snow pack waster sguivalent. In an endeavor to determine the
usafulness of snow pillows for this purpose, the U, 5. Westher Buresu River Forscast Center
in Sacramento, in conjunction with the Californiea Department of Water Resources, conductsd
a series of investigations using a variety of sizes of rubber pillows, metal disks, and
platforms, Thass, in turn; were installed in 2 number of differing exposures at a fairly
broad range of slevations from 5000 te 8200 fest in the Central Sisrra Nevada Rangs,

The initial installation involving both organizastionz was at Twin Lakes, slsvation
8200 fest. Hers a 20-foot houss was built, seven 4-inch standpipe mangmeters were install-
ed, and six were connected to snow pillows. Thes seventh standpipe was partially filled
with alcohal to measure the diurnal fluctuations of tempersture and the daily loss of
liguid due to svaporation in ths standpipe itself,

The snow pack during the first season was quite homogensous with no prolonged
perieds of clear weathsr to form ice laysrs snd no rain on ths snow pack,

The dam tsnder, a BG&E smployse, teok weskly snow surveys and taended the instru-
ments.

Several goals were set prior te installation; as to what we were sseking to find
from this satup. HBecause previous investigators had reported variations between pillow
sizes in the ampunt of water esouivalent indicated, several sizes wers tested (5, 8, and
12 fest), In order to check shsther the way the pillow was expused had anything to do with
the overwsighing, the 12-foot pillows ware installed several different ways;

#; 12-ft: installed beslow ground with Z-inch laysr of sawdust and dirt
covering entire surface.

#2, 12«Fft; installed flush with surfacs.

#3, 12=ft: installed on surfacs,

#4, 12-Ft; installad on surface with 3/4" plywoed cover 12 feet in diamster,
#5, 8=ft, pillow on surface,

#, Buft, pillow on surfacs,

The only apparent diffsrence in readings betwsen exposurss was that normslly sxe-
pected betwsen locations in a lLarge meadow. Certainly the diffsrences were no grseter than
the range sncountsred in the snow survey (sse Fig, 1). At the time of meximum water-
gquivalent thers was only 7% differsnce between high and low values, At the sams time, ths

8-foot pillow was reading 13% highsr than the average of the three 1Z-foot pillows,

The 5-foot pillew had burst sarlier in the season (with 21 inches of water accumu=
latad), At that time it was reading 14% higher than the 12-foot pillows.

The 12-foot pillow mounted flush with the ground developed several pinpoint lseks
and measured several inches of water toc low through most of the ssason. In March, the re-
corder indicated a dramstic drop of B.3 inches (Fig. I1). This was followsd by a slow re=-
covery of 4,8 inches, It never did fully recover before ths melt season set in. This rapid

17' Hydrologist in charge, U. S, Wesather Bureau, River Forscast Center, Sacramento,
California
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drop was attributad Lo bresking of the pressues gseal betwsen the snow and the piliow as
the result of a cavity being formsd in the snow by the alocshel vaper, Similar drops have
besn noted at other lesaiions under aimiler circumstsnces, Digoubs have revealed cavities
associated with alcahol lesks,

It iz intsresting %o noste that diurnal varietbions in the standpips were from 2 to
S-tenths of an iach. Expension and contrsction of the gege house 1ltsalf was about 2/10 inch,

In 1966 the Twin Lakes site was clossad end the pillows reinstalled st Cises (elsva-
tiam 5700 ft.) and Alpha (elevation 7600 ft.}. Additienal innsrtube %ype pillows were pur—
chasad and cembinations of 3; 5, and 12-Ffoot plllows with two platforms and three precip=-
itation gages were installed at Cisco Grovs. A S5-feoot pillow was installed at the Blus
Canyon Weathar Buresu statlon., Beth Cisco and Blue Canven encountersd a much wider varisty
of weather conditiens than was observed at highsr elevation atations. Several very hsavy
rain periods were experisnced al both sites during the 196657 gsason. Complications arose
which had nsver beesn encountered st the higher elevatisns, Flush mounted pillows which were
thought to have adaguate drainags did not drain when raln percelatsed through the snow,

Cold wsathar and high winds cauvsed the ponded water te freeze., This caussd cevities as

well as unusual pressure variations on the pillows., Metamorphosss of the snow crystals also
gave some rather unigue distertions in the readings dus te plasiic movemsnt within the
snowpack,

High winds at the Lims of low dewpoint temperstures lowered the temperature of the
liquid in the pillew, causing & contraction in the alscohol and subssquent sharp lowsring
of the manometer rsading due to ths separation of the pillow and disk from the snow, This
caused a reduction in pressure similar te that when cavitation ecourred. It took sevsral
days for both the pillew and disk te recover full pressurs (Fig. I1II) follewing such con-
ditions. Evsn using a transducsr in place of the standpipe menomster will not sntirely
prevent loas of pressure if the ssal is broken between the snow and pilliow surface, The
ability of snow to provide a very rigid bridge without cellepsing or with very slow verti-
cal movement is well krown to anyons crossing a stream in deep ensw., This same bridging
affoct takes plecs when the interfacs between the smow and either a rubbsr or metel sensor
is separated, It also takss place if heavy rain falls on the snow and liguid water running
along the interface washes a small amount of ths snow sway. This alse caussed a loss in
pressurs which wes slow in recovering.

The smaller the pilleow the longer it takes to transmit all of the added welght of
water squivalent (Fig. IV). With Ffive-Foot pillows, it has taken up to ten days to reach
equilibrium (45 iaches of snow depth}, The twelve-foot pillows responded more readily, but
aven so, they may have up te five hours dslay, though this is rare.

If data are nesded on a real tiwms basis as to the gain or loss of water sguivalent,
any delay in obtaiming a correct incrementsl value may be critical,

fluch additional investigation will be rsquired before we cen advocats a sensor
which can be depended upen te provide real time information for short-term river and fleod
forecasting purpeses. Howsver, cur expsrience with a flush mounted, plywoed covered 12-
foot diameter, two layered pillow has proven to be the best under widely varying condit-
ions, -
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