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1. INTRODUCTION

A unique water sampler was developed which draws samples of water from o
flowing stream, and the volume of sample drawn is automatically in volumetric pro-
portion to the flow rate of the stream. These samples are combined in a large car-
boy for laboratory analysis. The frequency of sampling can be set manually. The
sampler system will also automatically switch to a fast sampling mode such as during
a storm whenever the rate of increase of the stream flow rate exceeds a preset value.
In this mode the system collects individual samples in volumetric proportion to the
stream flow rate in up to 250 bottles, each 250 ml capacity, at a rate of up to four
individual samples per minute. These somples are not combined.

This sampler was developed for the Walker Branch Watershed Project which
is a study of the ecological processes that relate to the interaction between the
watershed and surface waters draining from the watershed.! Two samplers were
constructed, and they were installed on two tributaries flowing from the watershed
to obtain data cn dissolved and suspended loads in the streams.

This report describes the design and operation of the sampler, which has
operated satisfactorily after being protected from exireme temperature fluctuations
and lightning surges.

2. GENERAL DESCRIPTION OF THE SAMPLER

The sampler consists of a flow measuring device, a sample proportioning
circuit, adischarge rate derivative circuit, and sample containers (Fig. 1).

The flow rate of the stream is determined by measurement of the stage height
of the water as it flows over a 120° V-notch weir. This measurement is changed to
a linear signal proportional to the stream discharge rate by a specially wound 10-
turn potentiometer, and this signal is the input to the sample proportioning circuit
and to the discharge rate derivative circuit.

The sample proportioning circuit causes samples to be drawn at adjustable,
preset intervals of time by converting the signol from the potentiometer to a cor-
responding energization time of a sofencid~operated valve which can be opened
from four times per minute to once every 100 min. The solenoid energization time
can be varied to hold the valve open for about 1 sec at a stream flow rate of ~0 cfs

]J. W. Curlin and D. J. Nelson, Walker Branch Watershed Project: Objec-

tives, Facilities, and Ecological Characteristics, ORNL-TM-2271 (1968).
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to a maximum of 12 sec at full discharge of 41.6 cfs, The samples obtained in this
manner during normal operation are collected and combined as o composite sample
in a large carboy.

The discharge rate derivative circuit compares the derivative of the signal
from the potentiometer with u preset value which is adjustoble from 0,004 to 0.78
cfs change per 30 min. If the derivative exceeds the set point, which usually
would happen during a storm, the sampling system will switch to o fast~sampling
mode, and the individual samples will be collected as discrete samples vs time by a
fraction collector. These discrete samples will be collected individually in small
bottles.

A continuously operated jet pump whose intake is ot the inlet to the stilling
basin pumps water from the stream to a constant~head reservoir which overflows
back into the stilling basin. A bypass line from the pump discharge to the stilling
basin allows the pump to be operated near ifs maximum pumping capacity, which
helps to keep particulate matter in suspension in the pump inlet line.

The inlet to the solenoid-operated sampling valve is connected to the pump
discharge line ot the point where the water enters the reservoir. Since the reser-
vair is open to the atmosphere af its top and the water level in the reservoir is
maintained at a constant level by the overflow, the head pressure at the inlet to the
valve is constant and the volume of water passing through the valve is directly pro-
portional to the time that it is open.

3. DETAILED DESCRIPTION AND OPERATION OF COMPONENTS

The sampling system is shown in Figs. 1 through 5. A detailed set of con~

struction prints is available; these are ORNL prints 1-20031-QE-001 through -018.2

3.1 Flow Measuring System

A sampler was installed in each of two streams that carry water from the
Walker branch watershed. The water flows through a stilling basin and over a 120°
V-notch weir at each of the sampling sites. A baffle bor upstream from each weir
reduces surface turbulence ot high flow rates, but it also retains leaves and floating
debris of low flow rafes.

2Avuilab|e as CAPE-1930 from the Clearing House for Federal Scientific
and Technical Information, U. S. Dept. of Commerce, 5285 Port Royal Road,
Springfield, Virginia 22151,



Inside an instrument building at each sampler site a stilling well is connected
to the stilling basin by four tubes. The well further reduces turbulence and also
contains a float for o water-level recorder. The float is connected by a stainless
steel tape to aFischer and Porter punch-tape recorder which provides a permanent
record every 5 min of the water level in the weir fo an accuracy of 0.001 ft.

- The stream flow rate is determined by conversion of the stage~height reading
to a flow-rate signal by use of an empirical formula derived for the 120° V-notch
weir:

Flow Rate (cfm) = [Stage Height (ff)]2'449.

A 10~turn potentiometer, wound to this equation, is driven by the stage-height
recorder measuring shaft, and o constant voltage is impressed across the potenti—
ometer. The analog signal measured between the slidewire and the counterciock-
wise (CCW) end of the potentiometer is directly proportional to the stream flow
rate over the weir. This electrical signal, which varies from 0 to 8 v for flow
rates from 0 to 41.6 cfs, is fed to the sample proportioning and discharge rate
derivative circuits.

3.2 Sample Proportioning Circuit

The sample proportioning circuit (Figs. 2 and 3) converts the analog flow
signal to a corresponding solenoid energization time. Amplifiers 1 and 2 in Fig.
2 generate a triangular waveform having a peak~to~peak value of 10 v and a
period of 15sec. Amplifier 3 references the minimum point of the waveform to
0 v. Potentiometer CAL 6 establishes the dc voltage impressed across the com-
bination of the flow-rate potentiometer and potentiometer CAL 7. CAL 7 sets the
zero bias for the flow rate potentiometer, and this determines the minimum sam-
pling time that can occur at a very low flow rate. Amplifier 4, the crossing de~-
tector, compares the signal from the slidewire of the flow-rate potentiometer to
the triangular wave signal from amplifier 3. Amplifier 4 is at negative saturation
whenever the absolute value of the triangular wave exceeds the signal level from
the flow-rate potentiometer, and it is at positive saturation for the reverse signal
conditions. Thus, at 100% flow condition with a corresponding signal level of 8
v, amplifier 4 is at positive saturation for 12 of every 15 sec, while zero flow re-
sults in a positive saturation time of 0.3 sec., This positive saturation condition
of amplifier 4 turns on the Sensitak relay K12, which in turn energizes relay K13,
Relay contacts K13B provide the proportional contact closure time to the sample
rate selector.

- The sample rate selector allows the frequency of sampling to be adjusted
through the range of four samples per minute to one sample every 100 min. This
adjustment can be made for both the ‘normal and fast sampling modes, and it



controls the volume of the composite sample obtained in any fixed period of time
under constant stream-discharge conditions.

During normal operation the contact closures of the sample proportioning
contact are counted by the normal sample counter clutch coil. When the number
of contact closures of K13B equals the number set on the counter, the counter con-
tacts C1B close. This allows the sampling solenoid valve to be energized for the
duration of the closure of K13B. Relay K1 is also energized at this time, and it
deenergizes the counter clutch coil and resets the counters. A similar counter, C2,
performs an identical counting function in the fast sampling mode.

3.3 Dischorge Rate Derivative Circuit

The discharge rate derivative circuit (Fig. 4) senses the rate at which the
stream flow rate signal is increasing and compares this rate to an adjustable setpoint
value. If the setpoint is exceeded, the fast sample system begins to operate. This
circuit also provides a logarithmic flow signal to the flow recorder.

The incoming stream discharge signal is smoothed by the low-pass filter
network of amplifier 1. The smoothed flow signal is limited by the 8.2-v Zener
dicde at the output of amplifier 1 to on equivalent maximum stage height of about
1 ft. This prevents the amplifiers from saturating at the higher stage heights but
still allows maximum sensitivity at the lower flow rates. Amplifier 2 inverts the
stream discharge signal which is fed to the differentiator circuit, amplifier 3. The
output signal level from amplifier 3 is proportional to the rate at which its input
signal is changing. This rate signal is then compared with an adjustcble setpoint
value by amplifier 4. If the absolute value of the rate signal exceeds that of the
setpoint, amplifier 4 will change state and deenergize the Sensitak relay. This
closes the Sensitak contacts and energizes the first time~delay relay K11. The
contacts of K11 close after it has "timed out" (up to 10 min) and this energizes K12.
A similar time~delay process applies to the contacts of K12, When K12A closes,
it energizes K2, the fast sampling relay in the sample rate selector circuit. The
long time delay between the closure of the Sensitak contacts and closure of K12 is
necessary to prevent switching to the fast sampling mode due to false disturbances
in the water level in the stilling well.

The fast sampling relay K2 is a delay~to~drop-out type that prevents the
system from switching out of the fast sampling mode when power outages of very
short duration (<5 sec) are experienced. When K2 is energized, it seals itself in
through its contacts K2-A. It also energizes the fraction collector, the "time since
fast sample energized" timer; and relay K3 through the sample collector confact and
contacts K2-B. Relay K3, in furn, energizes counter 2 and switches the sample pro-~
portioning contact to the count coil of this counter. The solenoid on the sample
diverting valve is also energized by this relay through contacts K3-C. Two pilot
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lights, one labeled " fast sample energized" and one "fast sampling," will be on at
this time and will remain on until the last somple has been obtained by the fraction
collector. At this time the sample collector contacts K301~A will open and deen-
ergize reloy K3, which switches the system back to counter 1. The " fast sampling”
light will go out, but the "fast sample energized” light will stay on until the " fast-
sample reset" button is pushed for at least 6 sec to drop out relay K2, The "time
since fast sample energized” timer is also stopped at this time.,

The operation of the complete fast sampling system can be checked out
periodically by pushing the "fast sample test" pushbutton. The system should then
be deenergized by pushing the "fast sample reset," pushbutton and ail the timers
should be manually reset.

Figure 5 shows the modifications that were made to the fraction collector.
It also lists the switching sequence for the relays contained in the unit. The coun~
ter in the fraction collector control unit is used for setting the time (seconds) that
the collector arm will remain over a sample bottle collection hole. The counter
should be adjusted to a setting that gives a maximum volume of sample during the
period of maximum stream flow rate without overflowing to an adjacent sample
bottle. Information on the operation and servicing of the fraction collector is
contained in the manufacturer's instruction manual.

The logarithmic recorder circuit formed by amplifiers 5 and 6 provides a
three~decade logarithmic flow signal to the recorder over the range of 0.025 to
25 cfs. The output of amplifier 5 is a logarithmic function of its input signal, and
amplifier 6 references this output at 0.025 cfs to 0 v. The span potentiometer at
the output of amplifier 6 allows the maximum output signal to be adjusted to meet
the needs of the flow recorder. The CAL 4 potentiometer at the input of amplifier
5 is used to suppress 0.190 of the 0.200 v impressed between the CCW terminal of
the flow rate potentiometer and ground.

3.4 Water Pump and Flow

Water is drawn from the stream and pumped through the system by a jet
pump. The pump inlet is of the upstream end of the stilling basin, adjacent to the
downstream side of the debris wall, A check valve in the inlet line allows the pump
to be primed, and a bypass valve around the check valve is available for draining
the pumping system. A valve and funnel in the pump inlet line in the instrument
building are used for priming the pump.

The discharge from the pump is split by a valve arrangement. These valves
are adjusted so thaot some of the water flows to the constant-head reservoir in suf-
ficient quantity to overflow through a drain line to the stilling basin, and the re-
mainder flows through another line to return to the stilling basin. This latter bypass
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flow rate is maintained as high as possible so that the high fluid velocity in the pump
intake line will prevent settling of particulate matter in the line.

The flow of water from the pump to the reservoir passes by the inlet of
the solenoid-operated sample valve just upstream from the reservoir inlet. Since
the water in the reservoir is maintained af a constant level by the overflow line and
its surface is at atmospheric pressure, the volume of water passed through the sample
valve is directly proportional to the time that the valve is open.

Normally both valves in the reservoir overflow line and the reservoir drain
line should be completely open. The reservoir supply valve should be adjusted so
that the reservoir just overflows into the drain line.

The water sample passes through the sample valve and falls into a funnel
which drains into a somple diverting valve. During normal operation this valve is
deenergized and allows the samples to drain info a large composite~sample con-
tainer. During fast sample operation, the solencid is energized and the valve is
set to allow the individual samples to flow to the fraction collector.

3.5 Sample Containers

The large container for collecting a composite sample during normal sam-~
pling periods is a 5-gal polyethylene bottle which is maintained ot 32.5°F to re~
duce biological activity. The bottle is emptied once a week, and the normalsam~
ple counter is adjusted as required to give a reasonable amount of waterduring this
period.

The fraction collector places the individual water samples in each of up to
250 plastic bottles (250 ml capacity each) at preset time intervals. The duration
of these time intervals con be varied between 1 and 9999 sec by means of an ad-
justable timer in the fraction collector control unit. This timer and the fast sample
counter should be adjusted to provide a nearly full sample bottle at the peck flow
rate shown on the stream discharge hydrograph. The fraction collector arm is man-
ually positioned above hole 1 in the A section during normal sampling periods, in
readiness for the fast sampling mode. During fast sampling operation, the arm will
move sequentially over the holes until it completes the time period for the 250th
sample. At this time the arm will move from the lust hole and actuate the top limit
switch, which will deenergize relay K301 in the fraction collector control panel.
The normally open upper contacts of K301 (pins 8 and 12) will open af this time
and transfer the sample rate selector back to the normal sampling mode. The " fast
sample energized” light in the sample rate selector will stay lit at this time because
relay K2 will be sealed in. This relay will also prevent the system from switching
back to the fast sampling mode becuuse of subsequent closures of the fast sampling
contacts before the somple rate selector has been reset.
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The operator, when servicing the sampling system, is warned by the " fost
sample energized" light that the individual sample bottles need to be replaced.
After the bottles have been replaced, the fraction collectorarm should be set back
to section A and the nozzle should be placed over the No. 1 hole in the collector
block. The reset button should be pressed for about 10 sec or until the "fast sample
energized" light is extinguished, and the "time since fast sample energized" timer
should be reset.

4, SYSTEM CALIBRATION

4.1 Flow Measuring System Calibration

Since the plastic sprocket on the measuring shaft of the stage height recor-
der is not permanently attached, it can be rotated relative to the shaft. The stage
height recorder should be set to indicate zero, and the sprocket should be rotated
until the potentiometer slider rests against the CCW stop. The recorder should then
be set to indicate the correct water depth by using the permanently mounted hook
gage in the stilling basin os the depth standard.

4.2 Sample Proportioning Circuit

The sample proportioning circuit should be calibrated by the following
procedure: :

1. Connect the input of a digital voltmeter (DVM) to pin é of amplifier 1
and to ground. Adjust the CAL 3 pofentiometer until the DVM indicates that the
output of amplifier 1 is changing.

2. Using a stop watch, adjust CAL 3 to obtain a 15-sec period for the tri-
angular wave generated by amplifiers 1 and 2.

3. Connect the DVM to the output of amplifier 3 and to ground. Adjust
CAL 4 so that the minimum value of the triangular wave just reaches 0 v.

4, Adjust CAL 5 so that the maximum value of the wave is 10 v.

5. Recheck the triangular wave. It should rise from Oto 10 v in 7. 5 sec.

6. Substitute a standard 10-turn, 1000-ohm potentiometer for the flow
rate potentiometer shown in Fig. 2.

7. Connect the DVM to the clockwise (CW) terminal of the potentiometer
and to ground. Adjust CAL 6 so that the voltage from the CW terminal to ground
is 8.00 v.

8. Move the positive DVM lead to the CCW terminal of the potentiometer.
Adjust CAL 7 so that the voltage between the CCW ferminal and ground is 0,222 v,

" 9, Repeat steps 7 and 8.
10. Connect the positive DVM lead to the slider of the potentiometer, and
adjust the potentiometer setting until the DVM indicates 4 v,
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11. Connect a volt-ohmmeter that is set on Rx 1 to the A and C pins
of the sample proportioning signal connector. The meter should indicate that the
K13B contacts are closed for 6 of the 15 sec.

4.3 Discharge Rate Derivative Circuit

1. Into pins B and D of the input connector, feed a ramp signal that is in~
creasing 5 mv/min. The signal should start ot nearly 0 v, and should be permitted
to increase for 30 min before any adjustments are made to the circuit, allowing the
low-pass filter and differentiator to stabilize.

2. Adjust potentiometer CAL 1 so that the output of amplifier 3 is exactly
10 v.

3. Adjust potentiometer CAL 2 so that 10 v is impressed across the trip
point selector potentiometer.

4, Remove the ramp signal from the input connector, and reconnect the
circuit to the stage height recorder ond sample proportioning chassis.

5. Loosen the slip clutch on the stage height recorder until the flow rate
potentiometer turns freely. Turn the potentiometer until the signal measured be-
tween the slider and the CCW end is 4.8 mv.

6. Adjust potentiometer CAL 3 until the output of amplifier 6 is 0 v.

7. Turn the flow rate potentiometer until the voltage between the slider
and CCW terminal is 4.8 v.

8. Adjust the span potentiometer until its output is 100 mv.

9. Repeat steps 6 and 8.

10. Calibrate the stage height recorder according to the procedure given
in Sect. 4.1.
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