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HYDROLOGIC INSTRUMENTATION AND TELEMETERING
Report for 1965-'66

The following report discusses the various phases of work carried
out by the Utah State University under a cooperative agreement contract
with the Soil Conservation Service for the period extending from June 1965
to June 1966.

The body of the report discusses instrumentation techniques
employed for the remote telemetering of total precipitation and water-
content of snow. Discussion of performance of a new type pressure
pillow is also given for measuring the water-content of snow, Data

taken during systern evaluation is presented in the Appendix.

Pressure Pillows

Two low-volume, low-displacement type pressure pillows were
constr.ucted and evaluated during the snow season.

One pilldw measures 4' x 4! x 1 /2" (ILWH) in size; the other pillow
2'x 2'x1/2", (See Figure 1.} One pillow was placed on the ground,
the other on a concrete platform measuring 5' x 5! x 4". The pillows
were connected to separate manometers located approximately 25 feet
distance by means of rubber garden hose. (See Figure 2.)

The pillows, while using the basic concepts used in the large rubber
pillows, were designed out of metal and required only a few gallons of
alcohol. Where a conventional 12 foot rubber pillow requires 250 gallons,
the 2 foot pillow holds 2 gallons and the 4 foot pillow holds approximately

8 gallons of alcohol.



Two sizes of low-volume, low-displacement type pressure pillows installed at

Garden City Summit snow course.

Figure 1.
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The concrete bases were used on two pillows to help prevent what
could be called the "oil-can-effect' where the bottom of the pillow might
suddenly spring up (or down) due to an accumulating load and appreciably
change the internal liquid h.old'mg capacity of the pillow. This sudden change
in pillow configuration would tend to displace liquid causing an increase
(or decrease) in manometer pressure. The effects of this "oil can'!
bottom phenomena should not be underestimated at least in the earliest
phases of pillow evaluation since approximately . 001 inch deflection is
the maximum pillow deflection necessary to cause the manometer to read
full scale. Should such a deflection inadvertently occur due to an uneven
support on the bottom of the pillow the resulting sudden change in the
manometer level would normally readjust itself after a short period by
a slight readjustment of the upper flexible diaphragm upon which the snow
is resting.

This phenomena just discussed is believed to at least partially account
for the perturbations in the data taken on the small pillows. These
perturbations appear more noticeable than those of the 12 foot rubber pillow.

Another point fo consider is that there is more averaging of non
homogeneities in the larger area, which is associated with the large pillow.

Pillow data were taken both by visual manometers located in the
instrument house and by remote radio interrogation and readout.

The manometer data are presented in Figure 3. These data were
accumulated mainly during the snow-melt period when temperature

fluctuations and snow buildup and melt patterns are most extreme. Radio
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readout data are plotted in Figures 4 and 5. The tabulated radio readout

data appear in the Appendix.

Transducers

Special transducers were designed to be compatible with the low.
displacement pillow design. These transducers utilized the density ratio
of mercury to water of 13.56:1 to reduce the height of the liquid column,
normally needed, by that same ratio. Hence, the manometers were much
smaller than they ordinarily would be had not the mercury been used.

Figure 6 shows the configuration of these units.

Various sensitiv.'ities or full-scale ranges can be obtained by varying
the ratio of the cross-sectional areas between the two legs of the manometer.
Thus if the ratio of the leg area having the float, to the area of the other
leg is 2:1, and maximum permissible float range is 1 1/2 inches, the

useful manometer range is

(differential Hg head) x (density of Hg) = inches water equiv.

or
. inches water .
3 inches Hg x 13,56 - 40, 68 inches of water
inches Hg
Figure 6 is a picture of the mercury level manometers used in the
project.

The manometers proved reliable in operation and functioned
satisfactorily. One problem developed which was quite readily solved.

Water condensed on the float and collected on top of the mercury vented
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Figure 6. Mercury manometer used in transducing pillow pressure
into an electrical signal.
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to the atmosphere. Later this froze and the float became stuck in the
ice. This was remedied by submerging the float in antifreeze. Any
water subsequently condensing went into solution which would not freeze
at normal winter temperatures. A calibration curve for the manometers
is shown in the Appendix. (See Figure 12.)

A similar mercury float-type arrangement was designed for use
in determining the liguid level in a rain can. (See Figure 7.) Several
factors combined to make the unit appear less suited than the mercury
transducer used on the pillow,

The primary disadvantage comes from degradation of accuracy
caused by the large diameter reservoir and small orifice of the can.
Intrinsic accuracy of rainfall measured by the liquid level in circular
cans is inversely proportional to the ratio of the squared diameters of
the reservoir to that of the orifice. Thus, a three-to-one ratio reduces
intrinsic accuracies by a factor of nine. Thus, any liguid-level transducer
using a Sacramento {ype gage suffers a considerable loss in intrinsic
accuracy.

If the rain can has straight sides, the telemetering accuracy greatly
. improves; however, ice plugs in the can will form and this is of consider-
able concern during cold weather periods. The liquid-level sensor would
be useless should a solid ice plug occur in the can.

As a result of these problems, a variable inductance pick-up was
connected to a ""huggy spring" arrangement for evaluation in lieu of the

mercury float type. (See Figure 8.,) Data c¢ollected on this was taken
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Figure 7. A mercury-type transducer unit for measuring liquid level
in a precipitation can.



Figure 8

Pearson precipitation gage using a '"buggy spring" transducer for
weighing total precipitation.



during a long no-storm period. This gave an excellent chance to check
system long-time stability which held constant within + 2 counts for

periods of no precipitation.

13

Telemetered precipitation information was not checked quantitatively.

This was due in part to the lack of significant storms during the test
period. The unit was interrogated; however, each time the pillows
werec interrogated and the output was determined to give an extremely
stable output day after day only showing deviation when precipitation

did occur. As the University was not under contract to make on-site
snow course measurements, the actual precipitation increments caught
in the can being instrumented were not measured; hence, no gquantitative
comparisons are possible between the T/M readout system and the
conventional spring scales method. Previous use of the ""buggy spring'

mechanism; however, has proven it to be highly reliable.

Remote Electronics

The electronic system at the remote site functioned throughout
the winter without difficulty, Information from a total of five separate
pillows including the 12 foot rubber, two small pillews previously
mentioned, and two other pillows financed under a separate project -
were telemetered. In addition, total precipitation and temperature
were telemetered. A total of over 700 interrogations were successfully

made,

A schematic diagram of the remote electronics designed under

this contract is shown in Figure 9.
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Radio transmission to the Utah Water Research Laboratory from
Garden City Summit is quite difficult to achieve due to the location of
both the sending and receiving stations. This problem is illustrated in
Figure 10,

The mountain-top translator was designed and constructed in the
fall of 1965 as per the schematic diagram, Figure 11. This unit was
first installed on Temple Peak, but due to the extreme non line-of-sight
angle between Garden City and Temple Peak it was subsequently moved
to Swan Peak. This new location proved satisfactory although the path
to Garden City was still non line-of-sight.

The relay located at Swan Peak installed in mid November was
capable of transmitting information to the west side of Cache Valley;
however, this was about 15 miles from the Laboratory.

In order to ebtain hydrologic data at the Laboratory site, another
relay station was designed and installed on the Wellsville mountain range

near the present Wellsville television repeater site. Due to technical

problems inveolved when using two mountain-top repeaters simultaneously,

this additional relay link was not completed and in operation until about
April 10. Subsequently, information wasg received on demand for the
last month of the snow season without difficulty. On May 3 batteries
which had been carrying a fairly heavy load at Wellsville dropped below
the ¢ritical value for transmitter operation and tests Weré concluded.
As the snow was completely melited within one week after this time,

the tests were not resumed,.

15
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Summary

18

The complete telemetering-transducer system functioned exceedingly

well considering that every item excepting the subcarrier oscillator and
the precipitation gage transducer were of complete new design. No
malfunctions occurred after the system was operational other than
battery fatigue which occurred essentially at the end of the test period.
Early in the test period {November) a transmitter modulation transformer
went out; otherwise, there were no electrical failures,

Data from the radio readout show excellent correlation between
the two four-foot pillows. Somewhat less correlation existed between
the two-foot pillow and either of the four-foot pillows.

A problem as yet unresolved isi Why does the radio readout have
good correlation and yet the visual manometer readings connected on the
same pillows show large deviations?

Twice the manometer surprisingly overflowed showing rather
dramatic changes in levels over a few days period. This occurred before
the radio link was finished, so no data could be taken to make direct
comparisons between the two. However, after the radio link was working
abrupt changes on the manometers did not show corresponding errors on
the radio readout.

At present, possible detrimental effects of entrapped air in the

manometer lines is being considered in an effort fo solve the dilemma.

Direct comparison of the F-recorder records to the data presented

in Figure 4 is difficult as the drum of the F-recorder slipped and the
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record was lost for at least three periods during the time of interest.

For more complete information on the newly designed pillows and
for determining a correlation coefficient between them and the larger
rubber pillows, further tests will have to be made. These tests should
be made in areas of deep snow, using various sized pillows of the low
displacement type.

Tentative plans call for the installation of several pillows ranging
in size from one foot to four feet across some connected singly, others
connected. in parallel. Upon suggestion of Gregory P.earson, a tentative
site has been selected at Tony Grove Lake where snow depths are frequently
in excess of 8 - 10 feet. The units will all be telemetered such that
daily or hourly readings can be acquired readily. Other parameters
that should be telemetered are temperature, humidity, and barometric
pressure. Knowledge of these parameters should aid in the overall
evaluation of the behavior of the snow pillows which is as yet not

considered to be well understood.



APPENDIX

Data used to plot Figures 3, 4, and 5 are presented here in
Tables I and II. The calibration curve used to reduce the mercury
transducers data is shown in Figure 12.

As no digital calibration was made of either the 12 foot rubber
pillow or f;he precipitation unit, these data are not reduced.

Pictures of the transponder and translator are shown in Figures 13

and 14,

20
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REDUCED T/M DATA

DATE

Apr /H

A&V'/z

/ggr /3

,ébf V4

ﬁér /5

4&& /6

4&» /7

HOUR

0930
1330
1500
/730
/700
2/00
/250
/yy0
/530
/P00
/G20
2630
23/0
000
OC2E
o725
/3584
/625
1040
2//5
2250
fo Y (v
//30
/600
/755
/7/8
7225
O848
/057
/900
/FO0
2255
J02CS
/860
23/5
/080

Nz

TABLE I

4 FU RUBBER
IN. WATER
+ 43

/53
x4
/8.
153
15
/5.5
/5.5
/5.5
/53
/5. ¢/
/5.
/5.5
/5.5
/5.0
/5, 7
/5 &
/5.5
/5.2
/5.2
/5.4
/5
/5.8
A
A
/4.9
/4.7

/9. &
/9.5
7.5
4/

YO
/3. &
/3.5
/3. &6

/3.3

USED 7O FLOT Fl. 4+

2F. RUBBER | 47¢ <TEEL

IN. WATER
~6.6

/5.7
4
/4.4
73N
PLVA
2
ré.5
/6.€
VLA
/6. &
. &
/6.6
/4.5

/6.7
/6.3

S
/6.5
/L5
/63
7£.3

/5.3
/6. /
/6.0
/5.8
/5.8
/Y&
A
4
5./
/5D
/9.3
144/
A2
/3.5

IN. WATER
+ 2.3

/60
16-/
ré. 2
/- !
/6.2
/6.2
sh.2
YA
/6.2
V-
/-2
’e.
Y4
}6.3
/e 3
%]
/6.2
VYA
/&0
/6.0

——

/5 &
Va4
/5.7
/5.5
/5.5
/5. &
/5.3
/5.2
A
A
A
4./
LA

/9 /

24



DATE

440? /7

/f/’or /&

/ém-/?

,f@r 20

/gar 2/

/f,'ar 22
‘,{pr 23

ﬁﬁ%-zy

HOUR

1e/0
/820

200
2350
DE20
55/
/035
/3,5
/520
2245
0730
©F20
Jez5
/715
2300
0730
/000
/380
JL20
2/30
2240
o7/5
/250
/506
2030
27306
2900
OO
/&30
Z0/5
2345
o200
/356
/&0
225"
OC8 30
/5/5
2020
22495

IN  WATER
+43

5 /3.2
/3.7
/3.2
/3.9
/3.6
/3.6
/3.6
/36
/36
/3.7

/YO
/9.6
74/
SAE
234
/Y
’gLY
s
/4y
273
/g5
VoA

A

TS

f /A5

S 21

VA

/4

ez

S ¥ A

/5.8

/4.9

S4E

/4. &

/Y5

/5.0

e A1

/Y6

/e

4Ft RUBBER 2 Ft RVEBBER

IV WATER
.o

/3.7

/3.7

/3.5
/3.7
/3.7
Ve ¥

YL AL
/9.2
/%S

e
/Y0
s
A
/Y4
A
/AS
4L

/5.2

/5.2
/5.7

/5.2
/5.9
/52
/57
/5-&
/5,0
’5F
/57
/57
/5.7
/5.&
/5.8
S5
/59
15.7
S/
/8.7
/5.6

4FC. STEEL

M WATER
+ 2.3

13.5
/3.3

/3. €
5/
/4.7
14/
SY/
Y./
s/
S92
ot
/9.7
JAE
SLT
/47
SALT
/50
/550
/5./
/5.7
/57
5./
/5.7
S5/
/57
/5.2
/5.7
/52
S5/
/5.5
/5.4
A
/YT
VA
/50
e
VA
/4T
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DATE
,-?pr 25

/szor 26

/,for 29

/ﬁaf' 2%

HOUR

0600
OF 03

/700

2300

X aa’l
/OYs

/375
/6785

/904
2300
v jdole)
/30

3 #0
/L2 0
/772

2/00

2305
J 000

/1250

/535
/Lo
pleres
2290
D730
0935
/LOO
’5/5
2320
aFT00
/Y00
/700
23/5
o730
/230
/L20
/5. 45
2/ 20
Z 300

4 Ft. RUBBER

IN. WALER
+ /13

L2
L /45
/3.5
/3.4
/3.2

/32

/3Z

/32
3/
/3.2
V74
ER
/3
/2.7
/2-7
/3
/3.3
/2.5
/2.5
/2.2
2.2
/2.3
/2.9
/Z27
72-/
PR
2
Vv

/4
S0 7
S92
0.4

L a7
SO
A
g7
%)
57

2 FE. RUBBER
I N WATER
- 4.6

s5e
oy,
/5./
/4E
/43
/4 )
SLS
/.0
/8.0
ALC
V4
At of
145
IS
/43
/5
SHE3
PPy
LA
J.S
/47
Sz
sl
/37
/3.4
/33
/44
/5O
/32
e

/L7
S 200
/2y
s

Z7

Zé

YA

4Ft STEEL

IN, WATER
+ 2.3

150
/5.3

/97
/3.8
/3.7
/37
/34
/3.6
/3.4
/3.7
4./
/3.5
/3.7
/32
/3.2
435
/3.7
/2.2
/37
/2.8
/2.6
/2.7
/3D
/50
/2.5
a4
P
/2.0
/2.0
J0. 7
SOE
/0.5
JO7
/6.3
57
g7
g5
57
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DATE

HOUR

D6/ S
7030
/1230
/660
/Eys
2025
22 S
DEOO
Al 20

4FL RUBBER
IN. WATER
+LE

7
5é

&/
rd
&7
Jo
20
R
£.6

2FC. RUBBER
N WATER
-6.4

727
sa/

SO0.2
gy
2
2.0
20
2./

4F¢. STEEL
IN. WATER
42.3

A
57
g2
&’
&Y
é. 7
Zo
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DATE

/%mrﬂé

Aprid |

A/c)r /3
; o A
L 0725

/4ﬂo;~ /9

628
1740

2250

; /00

/gaP/SE

/ﬁ»‘ﬂé

i
lR A W 7-/
UTAH W
i

|
 HouR

//\/l
.QWWNF

2 Fr

|

0930
1330
J600
1930
- /%00

2760
/250
1540
1630
J700 |
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