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d. Connect Tygon tube from the

manometer to the manometer
shut-off valve after cutting d.
tubing to correct length.
Make certain that there is a
stainless-steel insert in
each end of this tube before
connecting. The inserts are
necessary with this soft
flexible tubing to insure e.
that it does not collapse
under the pressure of the
tube fitting or blow
completely out of the
fitting.

e. To flush orifice, follow

details in figure 21.

Manometer Assembly

Unpack manometer and other
components. The manometer is
complete, except for assembling
the float switch. Power supply
(batteries, solar system, and so
forth) and control unit do-not
come with the manometer and must
be supplied by the installer.
f.
Assembly of float switch

The armature and float as-
sembly will be found wrapped and
taped between the carriage
track. The armature assembly is
too heavy to be shipped mounted in
place on the jeweled bearings, g
which might severely damage the
bearings.

The procedure for assembling
of the float switch (fig. 22) is
as follows:

a. Position the movable pressure
cup manually to the approxi-
mate level of the float-
switch reservoir.

b. Remove the terminal
connectors.

c. Remove the float-switch stack
by removing the three screws
holding it in place on the
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reservoir and set aside with
care.

Unwrap float and assemble into

float stack. Use caution in
assembly by positioning the
armature center contact (FS-
120) between the two con-
tacts (FS-11) at the top of
the stack.

Engage the pivot shaft (FS-17)

of the armature between the
jeweled bearings (FS-18) to
finger tightness. Some
looseness of the jewel
screws is desirable to pre-
vent damage to the pivot
points (fig. 23). By trial
and error adjustment, center
the armature in the stack
with no binding of the
bearing points. The jewel
screws should finally be ad-
justed so that slight later-
al movement of the armature
can be detected but not so
much as to allow the arma-—
ture to fall from the
jeweled bearings.

Test freedom by tilting the

stack and observing that the
center contact is free to
oscillate between the two
contacts. No holdup in the
oscillation should occur; if
it does, the jeweled bear-
ings are too tight.

Reassemble the stack on the

reservoir., The stack (with
float and armature) should
now be replaced temporarily
on the reservoir, and the
mercury—-contact roll pin
should be adjusted, if
necessary, so that it does
not touch the bottom of the
reservoir but will contact
the small pool of mercury
that will be trapped in the
bottom by the reentrant
stainless—steel tube fit-
ting. The float switch can
now be loosely reassembled
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PAINT (ENAMEL ) HEX
WHITE POR IDENTIFICATION

Py (GMAMEL) HEX

GREEN FOR

FLOAT SWITCH ASSEMBLY

i NOTE ! :
! AT ASSEMBLY OF FS-13 AMD FS- 14 i
Q USE TEFLON TAPE THREAD LUBRICANT AND SEALER.

Figure 22.--Float-switch assembly.
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PROPER ADJUSTMENT IMPROPER ADJUSTMENT

—1 BEARING
A = ||11//|5

NN \\/ SO
Plvoy‘ —
FLOAT
SWITCH
STAFF L

o

MANOMETER FLOAT SWITCH

PIVOT ADJUSTMENT:

THE FLOAT SWITCH STAFF COULD TIP BACK AND FORTH ON SIMPLE KNIFE EDGES BUT
FOR PRACTICAL REASONS OF CONTAINMENT,DURABILITY AND EASE OF PROCUREMENT
THE JEWELED BEARINGS AND PIVOTS ARE USED

THE JEWELED BEARINGS MUST BE ADJUSTED WITH CARE SO AS NOT TO JAM AND DEFORM
THE VERY DELICATE PIVOT POINTS. A VERY LOOSE ADJUSTMENT OF THE JEWELED

BEARINGS IS PREFERRABLE AS ANY DRAG ON THE PIVOT WILL CAUSE SYSTEM
INSENSITIVITY

Figure 23.--Pivot adjustment.
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until the mercury is in-
stalled in the manometer.
The two contacts should now
be bent slightly, as re-
quired to center them and to
make them parallel, with a
spacing that will allow a
movement of the armature of
about 1/32~inch.

h. Connect electrical terminals,
following the color coding.

i. Hook up pressure lines to
pressure cup——-two ferrules
front and back.

Connecting pressure tube

This soft-type tube should be
passed through the tube fitting in
the manometer backplate. Pull the
tube through the fitting until
only enough remains on the inside
of the manometer to nicely reach
the pressure reservoir at both
limits of its travel.

Mounting manometer on shelf

Temporarily place the re~
corder that will be used on the
shelf. Place the manometer-
mounting casting on the front of
the shelf and as far back on the
shelf as the downward-projecting
part of the casting will allow.
Fasten the casting securely to the
shelf with the four stainless-
steel screws provided.

Connect the pressure tube
projecting from the back of the
manometer to the manometer shut-
off valve after cutting the tube
to a convenient length. If the
tube is shortened, be sure that
the stainless—-steel insert is
replaced in the end before the
tube is connected to the shut—off
valve.

Placing mercury in manometer

The amount of triple~
distilled mercury supplied with

this equipment is a little more
than is actually required. It is
more convenient to place only
about 3/4 pound in the manometer
at this time, adding more (about
1/4 pound to 35 feet and 3/4 pound
to 50 feet) when the equipment is
placed in operation. To place
mercury, proceed as follows:

a. Remove stack from float-switch
reservoir.

b. Grasp mercury-transfer tube
about a foot below the
float—-switch reservoir and
lift tube a little higher
than the reservoir,

c. Pour about 3/4 pound of
mercury into the reservoir.

d. Lower mercury-transfer tube
slowly, allowing mercury to
flow through it to the
pressure reservoir without
trapping air in the tube or
fittings. If any small
bubbles remain in the
mercury-transfer tube, they
can be dislodged by gently
tapping the mercury-filled
tube with the fingers.
Continue to add the proper
amount of mercury as
indicated above.

e. Replace stack and tighten
screws snugly to seal the
0 ring.

Check of connections

At this point, all tube and
electrical connections on the
manometer unit should be checked
to make sure that they have not
worked loose in transit.

Servo—Control Unit

Battery connections

Connect battery leads from
the servo-control unit to 6-volt
(or 714fvolt) batteries, as indi-
cated in figures 24 and 25,
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’ RAMP
START
CONTROL
UNIT
(]
AUTOMATIC TIMER
DATA
RECORDER

7T\
f

JUMPER

NOTES: (1) REPLACE BOTH BATTERIES IN OCTOBER AND TIMER SIDE
BATTERY (B) AGAIN IN MARCH

(2) TIMER MUST BE CONNECTED TO THE NEGATIVE SIDE OF
BATTERY

' Figure 24.--Wiring diagram for use with ramp-start control.
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RAMP
START
CONTROL
UNIT
[e]e]e]
TIMER
STAGE PRECIPITATION
AUTOMATIC AUTOMATIC
DATA DATA
RECORDER RECORDER
\ / ¢

\ N

ORANGE
PLUG

WHEN PRECIPITATION
AUTOMATIC DATA RECORDER
IS NOT BEING USED, U«To MANOMETER
CONNECT THIS PLUG
DIRECTLY INTO STAGE
AUTOMATIC DATA RECORDER
Q/x
& | %, <
&
X

of g Lo) O

7.5V 3 7.5V 7.5V
OR OR OR

6V 6V 6V
O ve) g

OMIT THIS BATTERY
DURING PERIODS
WHEN ONLY ONE

ADR IS BEING RUN

7.5V
OR
6V

THIS JUMPER MUST BE IN PLACE WHEN A RAMP-

START CONTROL UNIT WITH THREE TERMINALS
ON TOP IS USED; OTHERWISE OMIT THE JUMPER

Figure 25.--Wiring diagram for use with ramp-start control and
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carefully observing the color
coding of the wires. The mano-

meter will not operate if the
polarity of the batteries is
reversed. The servo-control unit
should not be connected to the
manometer at this time.

Recorder

Drive sprocket.~~Place the
desired sprocket (see section on
operation with graphic recorder)
on the float-wheel shaft of the
graphic or digital recorder in
place of the float wheel. (Note
that, by loosening the right-hand
and left-hand screws in the re-
taining disc, the float-wheel
shaft of the recorder can be ro-
tated in the usual manner to check
reversal points and to set pen.)
Connect the ends of thel/,-inch
ladder drive chain and place the
chain over the sprockets. With
the graphic recorder and 1 to
12 gage-height ratio, a 22-inch
length of chain is used; with the
1 to 16 ratio, the chain can be
shortened if desired. For the
ADR, the chain lengths are 31 in-
ches and 23 inches with the jack
shaft and 37-Vzinches without.

Placement and leveling.—-
Level the recorder on the shelf.
Move the recorder into place to
properly line up and tighten the
drive chain, leaving a little
slack in the chain. When the
chain is properly tightened, check
the recorder leveling and secure
the recorder in place with foot
screws as usual.

A step-by-step procedure for
smooth and fast installation of
the gagehouse equipment follows:

1. Install battery box (if used)
and batteries.

2. Drill holes in floor for
bubble~ orifice tubes.

3. Install Conoflow regulator
assembly. Note arrow on

regulator showing direction
of gas flow.

4, 1Install holders and strap to
hold nitrogen tank.

5. Install nitrogen tanmk and
tank regulator,

6. Complete tube hookup from
tank regulator to Conoflow
regulator and attach
orifice tube to Conoflow
regulator.

7. Start nitrogen flow, and let
gas continue to bubble
through bubble tube and
orifice to clean and dry
system. Check for gas
leaks.

8. Install manometer mounting
bracket and manometer, and
adjust level.

9. Hook up pressure tube from
Conoflow regulator manifold
to pressure cup on
manoneter.

10. Install mercury and float
switch; adjust jewels and
points. Mercury level
should be about 1/8 -inch
above bottom of pressure
cup, which takes a total of
about 11/, pounds of mer-
cury. The amount varies
depending on the model of
manometer used.

11. Install control unit, and
connect to batteries and

manometer.

12. Install graphic recorder (if
used).

13. 1Install digital recorder and
timer.

14, Install Telemark (if used).

15. Make final gas test, includ-
ing high pressure, and
check all electrical
connections.

OPERATION AND MAINTENANCE
Manometers are more complex
than most other water—-stage-—

recording devices. Successful
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operation requires alertness and
the ability to recognize and diag-
nose malfunctions, some of which
may be subtle. Familiarity with
these instruments leads to in-—
stinctive recognition of common
trouble symptoms. The general
procedure described below is in-
tended as an aid in developing
this instinct.

Observation

The first and most important
step in manometer operation is ob-
servation. Items that should al-
ways be given attention during
routine manometer inspection are
listed below:

1. Relation between outside and
inside gage readings.

2. Relation of mercury surfaces
in pressure reservojir and
in float-switch reservoir.

3. Quantity of mercury in
pressure reservoir and
stability of surface.

4, Appearance of recorder chart.

a. Magnitude of steps.

b. Painting of pen trace
(surge).

c. Flattened crests and
troughs.

d. Intermittent failure of
manometer to follow
stage.

e. Sudden breaks in
continuity of record.

f. Frequent "inspection
marks."

g. Sags in pen trace for
short periods.

h. Rapid rise to limit
during cold weather.

i. One-way operation (up or
down only).

5. Bubble rate.

6. Gas pressure.

Electrical Malfunction

If no abnormalities are
evident, good operation may be

assumed, and no further attention
is needed. If electrical malfunc-— ‘

tions are indicated by chart ap-
pearance, the following items
should be considered:

1. Condition of float-switch
points, jewels, and float.

2. Motor performance.

3. Servo-control unit response.

4, Battery voltage.

Common Problems and Suggestions

If performance of the mano-
meter is not satisfactory, as
judged from the above observa-
tions, steps should be taken to
improve it. Factors causing poor
operation and suggestions for cor-
recting them are listed below.

l. A stage reading on the
counter that is higher than
the outside—-gage reading
and is not due to orifice
movement is common and
serious. Obstructions in
the bubble tube, usually
0il or water, cause the (
difference between the in-
side and outside gage read-
ings to increase slowly
over a period of months.

If the obstruction is not
removed, operation of the
gage will become increas-—
ingly unreliable, eventual-
ly causing severe painting
or hunting. The oil or
water can be removed by
forcing a solvent, which
itself can be easily re-
moved, through the tub-
ing. One quart of n-hexane
(available from bulk-
petroleum distributors) can
be . forced through the tub-
ing by use of a pressure-
tank garden sprayer. The
spray nozzle is replaced by
a fitting that connects the
bubble tube to the sprayer
hose. The pressure pump
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will force the solvent
through the line easily if
the orifice is only a few
feet under water. After
the line is purged, it
should be flushed with
nitrogen to remove the
heavy solvent fumes which
otherwise would affect gage
operation for a few days.
The flushing nitrogen
should be taken from the

bypass system or the 3.

regulator, not from the
sight-feed outlet. The
source of contaminating oil
is usually the sight-feed
valve when the bubble rate
is too fast.

low inside-gagereading

is unusual and is generally
caused by orifice movement
or a gas leak. The orifice
anchorage and all fittings
in the gas line should be
checked. If the counter
reads low only during high
stages, drawdown or incor-
rect setting of the mano-
meter angle is likely. The
angle should be changed
only after a careful analy-
sis of variation versus
stage to insure that the
relation is linear.
Orifices in highly minera
lized water often become
obstructed or completely
closed by mineral deposits 4,
that build up at the river
end of the orifice. This
can be corrected by using a
short length of larger ID
tube at the river end. A
l/~inch ID copper tube ori-
fice fitting can be reamed
periodically to remove any
buildup. Gas other than
nitrogen may also correct
this condition.

The vertical displacement of

mercury in the manometer

43

should indicate the dis-
tance of the orifice below
water surface. Lack of
displacement shows that the
orifice may be above water.
Negative displacement shows
a vacuum, which, though un-
common, may be highly sig-
nificant. This condition
is relieved by venting the
float-switch reservoir to
the atmosphere.

Mercury in the pressure res-
ervoir should just cover
the reservoir surface at
lowest operating tempera-
ture. Less mercury causes
erratic operation. Excess
mercury is much less
harmful.

Pulsation of themercury
surface indicates orifice
trouble unless the orifice
is in rough water. This
pulsation causes either
stepped or painted pen
tracings, depending on the
delay circuit. Amplitude
of the surge can sometimes
be minimized by slowing the
bubble rate to the lowest
value that other conditions
will permit. Better opera-—
tion may be obtained by
cleaning the orifice,
moving it to quiet water,
or pointing the tube verti-
cally downward.

Appearance of the graphic-
recorder chart is the prime
indicator of manometer per-
formance. The symptoms of
malperformance are much
more difficult to find on a
digital tape than on a
graphic chart. The careful
scanning of a digital
record can be better done
after it has been trans-
lated, but the best field
analysis possible is well
worth the effort.



a. The size of step is not
related to contact-point
spacing at all., It is a
function of motor speed,
electrical resistance
through the float-switch
contacts (affected by
cleanliness), water-
surface surge, bubble
rate, and delay-circuit
characteristics. Step-
ping can often be mini-
mized by use of a l-rpm
motor instead of the
standard 5-rpm motor on
the screw-type mano-
meter. In the STACOM, a
gear change (M-7) may be
used to control speed of
the manometer. This
will permit the unit to
follow only stage
changes slower than
3 feet per hour. The
delay circuit changes
surge into steps. The
step size is usually
equal to the amplitude
of the surge. Sometimes
careful location of the
orifice in quiet water
will minimize steps.

The slowest permissible
bubble rate will mini-
mize some stepping.
Large steps may also be
due to servo—control
malfunction. The servo-
control unit should be
replaced, and the one
thought to be malfunc-
tioning should be
brought in for tests and
repairs.,

b. Painting at low stages is
almost always due to an
obstruction in the gas
line or at the ori-
fice. (See figure 21
for procedure to flush
gas line.) If the ori-
fice is horizontal, the

Ce

d.

painting may be stopped
by pointing the orifice
down. Float-switch “
jewels that are faulty
or too tight or float-
switch contacts that are
set too closely may
cause painting. Welding
of the contact points
will cause the recorder
to paint, but welding
also indicates other
electrical difficulties.

Float-switch contacts that

are too far apart cause
long flat spots at the
tops of rises or at
troughs.

Intermittent malfunctions

might be corrected by
replacing the entire
servo-control unit and
motor., Field repairs
are impractical.

e. Debris catching on or

being washed off the

orifice will cause .
sudden breaks in the ‘
record. Swimmers or -
animals stepping on or

lifting a lightly

anchored orifice will

have the same effect.

Clean and reanchor the

orifice if necessary.

f. Inspection marks not made

go

intentionally are usual-
ly made by sticking
points (tight jewels) or
sticking relays. Adjust
jewels, or replace con-
trol unit. Some combi-
nations of control units
and certain motors cause
unintentional inspection
marks by frequent over-
run.

Gas leaks are most fre-

quent when the tempera-
ture is changing rapid-
ly. Scratching in the
tubing under the



i.

Swagelock fittings is a
prolific source of
leaks. A light coating
of black Permatex on the
tubing and under the
ferrule will prevent
leaks due to scratch-
es. Some sight-feed
components were furnish-
ed with brass ferrules,
which should be replaced

.
with nylon ferrules.

Intermittent leaks are
very difficult to find
unless the joint is
leaking when the hydro-
grapher is present.

A frozen orifice or ice in
the bubble tube causes
the pressure reservoir
to rise as high as the

gas pressure or limit

switch will allow. This
causes the mercury to
blow out at times. If
this has occurred and
the orifice has thawed,
install fresh mercury or
recover mercury from the
overflow reservoir. (Do
not sweep up and reuse
the spilled mercury, as
it will have a lower
specific gravity than
new mercury.) Set the
bubble rate and line
pressure as low as prac-
ticable during cold
weather. Check all sol-
dered joints carefully,
as the blown mercury may
have rotted them.

The set screw on the float
may have vibrated out of
adjustment so that the
armature does not touch
one of the contacts. A
fitting under the mer-
cury may have vibrated
up to interfere with the
float and armature. Re-

5'

6.
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pairs are obvious in
these cases. A tripped
circuit breaker or blown
fuse may cause one-way
operation only. The
control unit may be
faulty.

Bubble rates higher than

60 per minute may contami-
nate the orifice tube with
silicon oil from the sight

feaed and cause poor opera-—

ed and cause poor opera
tion. Rates too low can
cause the record to lag
during rapid rises in
stage, which will show as a
straight line Instead of a
curve on the rising limb of
a flood hydrograph. A
sight—feed valve in good
operation will hold its

rate within close limits.

WAaLwdiill LAQ ER RS E. ]

Rapid changes in rate or
inability to hold settings
are usually due to lint in
the needle valve., Lint is
easily removed, but exten-
sive repairs are impracti-
cal in the field.

Tank pressure should fall

about 100 psi per month
(112 cubic-foot cylinder,
60 bubbles per minute). A
more rapid pressure loss
indicates leaks. Changes
in temperature between suc-—
cessive readings will af-
fect pressure loss. Line
pressure of 22 psi will
operate a 50-foot bubble
gage throughout its range,
and 15 psi will suffice for
a 35-foot model. Low line
pressure limits operating
range.

Float-switch jewels that are

too tight or too loose
cause erratic operation
(fig. 22.) They should be
on the loose side when set
during most normal opera-



9.

10.

ting conditions. However,
they should be set as
tightly as operation
permits during cold
weather. The screw (roll
pin) on the float should
just touch the mercury
surface when all the
mercury that will drain has
been drained. Any deeper
submergence may impede the
armature. The contact
points should be scraped
from time to time with a
burnishing tool or a sharp-
edged tool.

motor in excellent adjust-
ment will run from one
fresh flashlight D cell. A
motor that will not start
with two cells should be
replaced. Field cleaning
of motors is not generally
practical but can be done
as a last resort.

The response should be quick

and clean when the servo-
control unit delay switch
is off. The up and down
delay times should be about
the same. If the responses
are not satisfactory, try a
jumper wire from mercury
ground to each contact
point head (in turn) to
rule out float-switch trou-
bles. The float-switch
armature must be in null
position while the jumper
is connected. Also check
voltage at motor leads be-
fore replacing the control
unit.

Batteries go dead quickly in

cold weather if the motor
becomes too stiff to

start. Painting is espe-
cially hard on batteries.
If voltage is found to be
low for no obvious reason,
the mechanical parts of the
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manometer should be checked
for binding bearings or
gears.

Complex testing devicesare
available that can pinpoint
a faulty relay or diode and
can measure float-switch
resistance. However, these
are rarely needed. The
best testing apparatus is
the graphic recorder. With
this, a simple voltmeter,
and the procedure suggested
above, almost all malfunc-
tions can be corrected or
prevented by the hydro-
grapher on a routine
trip. Once the hydrograph-
er is familiar with the
general procedure, it need
take no more time than ser-
vicing the water-stage re-—
corder. Without alert ob-
servation and trouble-
shooting, high—quality re-
cords of stage from mano-
meters (or any other gage)
are impossible to obtain.
With skillful maintenance,
an excellent stage record
can be collected at less
expense and with less ef-
fort with the STACOM maono-—
meter than with any other
type of gage at most
locations.

PROCEDURE FOR CHANGING GAS

1.

2.
3‘

4.
5.
6.

CYLINDER

Refer to figure 21. Turn off
valve to manometer. (1)

Turn off valve at cylinder.

Close Conoflow sight-feed
valve. (2)

Close river line. (3)

Remove regulator screw.

Remove old cylinder and se-
cure new cylinder in place.
Open valve of new cylinder
for a second or so to blow



out any dirt or dust before 11. Replace backout screw in

connecting regulator. regulator and adjust to

7. Open cylinder valve slowly desired pressure.
until tank pressure gage 12. Close bypass valve. (4)
shows full tank pressure. 13. Open Conoflow sight feed.
Open valve completely. (2)

8. Close cylinder valve and l4. Open river line. (3)
watch tank pressure gage. 15. Open valve to manometer. Gage
If it returns slowly to should now be back in
zero, either the inlet operation.

connection nut or the
cylinder valve-stem packing

is leaking. If the APPENDIX
connection nut is leaking,
the condition must be STACOM Manometer Parts List,
corrected. p. 48-53
9. Open cylinder valve slowly
and completely. Screw-Type Manometer Parts List,
10. Open bypass valve. (4) p. 54-57
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