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GAMIA RADIATION SYSTEM FOR AERIAL SNOW SURVEYLMN

1
Eugenes L, rfeck™, Scott C, VanDemark™ , and Allen E. Fritzsche

stribution of water equivalent of srcw

ing of snowmelt floods. The northers plains
coding over porticns of the area chous every
WW3) has the responsibility for providing

e tes and therefore has a need for measurczment

nhe snow cover in various river basins.
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The difficulty in ob
cover bv ground surveying or
/1.2/. VWhere strong winds oc
errors in determining awveragsz

ining accurate and representative measurements o7 Snow
actual snowfall by precipitation gagas is w21l lnown
r during and following snowfall, as in the pla area,

asin values are greatly enhanced.
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Interest in using aerial gamma radiation surveys to measure the avaraze watar
equivalent of the snow cover started in the NWS in 1969. A very heavy snow cover
existed over most of the north central plains during the spring of that vear. Efforts
were made to obtain the services of a plane suitably equipped with a gamma radiation
measuring system but ware not successful. A research team was sent intoc an area of
greatest snow cover to evaluate the effectiveness of the ground reporting natwork
and to deitarmine if new techniques might be employed to improve the accuracy
erage water equivalent basin estimates. It was concluded that there ware s

m O

imitations as to tha degree of accuracy that could be obtained with changes in the
Tmasurenent program. A research project was initiated in the fall of 1929
Luate the aerial gamma radiation approach and to initiate the developmant of
iystem that could meet the opa-i1tional requirements of the NVS river forecasting servi

The basic prianciple of the gamma ra d ation nnproach
& - . /Y .

U, 232Th, and “UX isotcpes in the soil ar

Jith the presence of snow, the mass oI

2 nzasured

€1 ttenuates the gamma radiation and the measuraed flux at the ai
i 1y less. lonoenergetic gamma photons of energy, E, origin
s er Compton (elastic), photoelectric {absorpticn), and pair
{: nd re-emission) interactions in tha soil, ailr, and detector. Th chat
rs ctor before anv collision, called uncollided gammas, can be tre
ar The foliswing equation was developed to calculate the count rate ver
s due to thase unccllided gammas.
no= (1/(2 uc))E (1, h + uwliz (1)
8
whers:
EZ = exporantial integral of the second kind
. . . sz - - . 2
g = mass absorption coefficient of soil (cm /g)

vdrologic Pesearch Laboratory, National Weather Sexvice, 104, Silver Syring,
viaand 20910.
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systen that has bzen used in the ressza
determining e a £ of

1. Should be adaptable Tor use in light plane, preferrahly portadble for
use in leased planes.

2. Should be operable by only two persons, a pilot and a system operator,
who also serves as a navigator.

6. Should Lave cepability to store background radiation and zo0il rmoisture data
for use in on-board calculationz.
of conpurting line averagses aquivalacis

ig continuinz.
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Tha relative radon daughter gamma contribution.

[#5]
.

14 Th= terrao 2328, sarias gamica contriburtio
s In= terres LoReTTas Z4anitn Conitrioution.
Je Lz N verrascrial LammAa contrioutlcn.
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To normalize tha different spectrum contributions to an absolute nazunituds

at a spacific pressurea, the observad counts at 3300 m are divided by those obsarcval

at 1500 m to obtain the ratio ©33/C15. The cosnic shape for each window (Tg, Us, and ¥g
is then multiplied by the ratio C33/C15. This then gives the absolute cosmic magnitude
in each window for that pressure., The same aoproach should be done to chtain the absolut
cosmie magnitude £or each window at the pressurs assccilated with the 1500 n soectrun.

By flying at several altitudes and therefore different pressures, a plot of
absolute cosmice c01 rhb»tion versus pressure can be develcoped for each window.

{1055 - 7}
2
c. = k_;EL 184 (5)
vhara:
i = he C, U, T, and X windows

C. = absolute cosmic contribution in window, 1, st pressura, P (counts
nuta

las}
I

The approach assumes the cosmic spectrun shape 18 constant with nrassire over
the range of pressure for the zltitules flown.

atributinon.,
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aireraft vaenrvuﬁ changzas in e
i5 roatllscic siaoce ive emitters

ar contributica. Tha contributinn from
2 determined by £1lizh a large body of
f radon concentration., The flignts shoall ba

at give the same atmospheric pressuras. The vindow



During the actan snow survay, the currant datsy are processad undsr
contooa i the un-hoard lewlatery to producs the date ‘o the game ©orm oas
v press hare gpround ourvay Soil noistur: nder the
G- Bitshed by ground maasurerent prior o
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rate (counts per ninute)

count rate (counts per minute)
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soil for bare ground flight (percent)
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M, = soll moisture for snow cover flizht

Equation 7 is used to calculate the watar
count techniques.
entration, the gross count calculations 0
omputer. The gross count data are storad an
compared with those [rom the & 1
of tha gross count are better than those
are used to prorate the spectral line values
thesa data are reguired.
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High Voltage

Low Voltase

!u

vy

4 ea., 6x8" Nal(Tl)
Detectcrs

T J,

Preamplifier

Summer Amplifier

4 ea., 6x8" Nal(Tl)
Detectors

Preamplifier
Summer Amplifier

———;{ Summer Amplifier <

\

Main Amplifier
Stabilizer

\Q"‘“"““_‘J

Data
Acquisition
Analysis
&
Storage

S

I Pressure

G i€ Transducer
N

A

L

C

O Temperature
i’[\)l Transducer
|

T

]

O

N Radar

;Ea Altimeter

S

i)

Primary Power - 115 VAC, 400 I,

. o~ - . . P oA .
Figure ©.--Principal components of the RAMS systenm.
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Chain
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Plind Scaler

50A
Gamma
Voltage CA
[N RN
Pulses
from
Stabijlizer SCA
SC A
SCA
Pressure —4 Digitizer
Temperature—i Dizitizer
Altitude Digitizer

Time
Scaler

Chronometer

On/ Off Switch

Control

Buffer

|

Interface

[

External
Cassette Tape

Programmable

Calculator

#SCA means single channel analyzer.

ta acquisition system.
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