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Preface

River discharge can be obtained by either direct
or indirect methods of mesasurement. In this section of the
field manual, the techniques used by the Water Resources
Branch for making direet discharge measurements by
current meter are described in detail sinece this is the
fundamental method for measuring streamflow. Various
other techniques such as dye dilution, slope-area methods
and flow over weirs or dams are sufficiently complex to be
the subject of separate manuals.

A portion of this manual deals specifically with
the care, adjustment and maintenance of the Price current
meter inasmuch as it is the prineipal instrument used in the
determination of river discharge. Other items of
equipment and equipment assemblies required for making
the various types of direct discharge measurement are also
deseribed.

This is the first edition of the "Measurement of
Streamflow" section of the field manual. From time to
time there will be changes in techniques which may result
in suggestions for change to some of the procedures
contained in this or other manuals in this series. All such
suggestions will be given careful consideration and, if
adopted, will be incorporated in subsequent printings of the
particular manual.

While this manual and related manuals released
by the Water Resources Branch are intended for internal
use, they are available on request to any other agencies
interested in this work.

This manual was prepared by Mr. R.A. Terzi,
Hydrometric Methods Section, with eritical comment from
regional offices, and approved by Mr. P.I. Campbell, Chief,
Water Survey of Canada.



Hydrometric Field Manual — Measurement of Streamflow
o R. A. Terz '

MEASUREMENT OF STREAM FLOW
Introduction -

The Water Resources Branch is the main
collector of hydrometric data in Canada,  operating and
maeintaining approximately 2500 gauging stations. Although
the primary data collected at these sites are water levels
(stage) and river discharges, other observations such as
water and air temperatures and ice thickness are made.

The ever incressing demands for hydrometric
data are reflected in the many and diverse uses of water to
meet today's requirements and to ensure beneficial and
‘wise planning to meet the needs of future generations. The
data are essential for engineering schemes involving the
safe and economical design. of control structures,
floodways, storm sewers, eulverts and bridges to name a
few. At the other end of the scale and equally important,
is the need for knowledge of drought flows for the
effective and safe management of schemes such as water
supply projects, irrigation systems and pollution control
programs.

Water Resources Brench field activities are
conducted by personnel from regional offices in Halifax,
Montreal, Guelph, Winnipeg, Regina, Calgary and
Vancouver and from sub~offices administered from these
regional offices. Individual field officers are assigned
specific areas of responsibility, from these various
loeations.

Discharge or stream flow is the volume of water
flowing through & given cross-section of a stream during a
given or implied period of time. The seasonal changes in
flow conditions measured at a gauging station result from
variations in both precipitation and temperature. Although
factors such as elevation, and slope of the watershed, soil
conditions and vegetation on the drainage basin will affect
the amplitude and duration of runoff, the rate of snowmelt
and intensity of rainfall will likely have the most
significant affect on fluctuations of stage and discharge.

Stage-Discharge Relationship

. A discharge measurement program is carried out
to deveiop a relationship between stage and discharge for
the full range of stage. Usually about ten discharge
measurements are obtained annually at each gauging
station but because of wide variations in Canadian climatic
conditions, differences in geographic locations and
- requirements for specific projects, this number eould be
less or significantly greater. Each discharge measurement
and corresponding water level is plotted and a "smooth"
curve is drawn. A graphica! illustration of this
relationship, called the stage-discharge curve, is illustrated
in Figurel. This is used with a coatinuous water level
record to produce a record of daily discharges. Discharge
measurements at periodie intervals are obtained to verify

" WATER LEVEL

the stebility of the stege-discharge relationship.
Departure from this relationship may result from scour of
the river channel, from backwater due to the formation of
ice, the lodgment of ice and debris at the control, alluvial
deposits. or possibly from & change in slope of the water
surface at certain periods during high flow conditions.

EXAMPLE OF A STAGE-DISCHARGE CURVE
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Figurel

The permanent installation of a gauging station
is always preceded by & reconnaissance of the reach of
river for which data are required. This is to determine the

‘best location for the proposed station. The choice of
- loeation is normally based on an assessment of the physical
-characteristiecs of the river channel.

"These include
cross-sectionel ares, slope, shape and roughness. Once
locations for the gauge and measuring seetion have been
selected, the degree to which the stream channel will
affect the stage-discharge relationship should .be
determined. When developing a new stage-discharge curve,
or when extending a curve beyond the range defined by
measurements, a knowledge of the stream channel
characteristics is vital,

A program to obtain a sufficient number of
discharge measurements that clearly establish the
relationship between stage and discharge is one of the first
things to consider for each gauging station. Another
importent consideration is the stability and sensitivity of
the relationship. The full understanding of these
parameters is necessary since this is the essential
information upon which the production of good records is

based.



When developmg new stage—dlscharge
relationship, & number- of dxscharge ‘measirements “and

corresponding observations of stage must be obtained. The

measurements should cover the entire range of stage and’
be sufficient in number to define all sections of the
stage-discharge curve. Over a period of time, & history for

the stage-discharge relationship will evolve. At some’

locations this will-have to be verified on & tegular basis.
At others where it tends-to be stable and well defined; it is
- quite possible: that enly one or two measurements may be
required during the open: water ‘period to verify that no
change has taken place. -This is: diseussed further in: the
following seetion on contrels. ..

A field program should be planned so that trips
to gauging stations are sehediled to-coincide: with changes
in stage rather than with ealendar dates. For smaller
streams where peak flow periods may last for only an hour
or s0 and can oceur at any time of the day or night, this
can be a particularly difficult task. On the other hand, the
duration of high flow conditions on larger rivers is usually
sustained, ellowing ample time to obtain the required
measurements.  Of course, most of the rivers and streams
measured are neither very large nor very small and the
required discharge measurement program must be assessed
independently. An - offsetting econsideration” is = ‘the
additional costs of making several short duration trips to
individual sites rather ‘than going on a cireuit trip,
involving many sites, on a more regular basis.

- Control Section

. A contrel is the physical condition at or
downstream from the gauge that determines the stability
or lack of stability of the stage-discharge relationship. It
"eontrols" or determines the:discharge that passes a given
" point for any giveh upstream water level., It may be a
natural phenomertion such as & stretch of rapids or a weir or
other artificial structure. In the absence of a prominent
feature, a control may be a less obvious condition such as
convergenee of the channel or even the resistanee to flow
through a downstneam reach

The stage—dxscharge relationshtp ds t‘requently
..Subjected- to many conditions that may or-may’ not:ibe
readily apparent. They.-cen- significantly 'change: the
- relationship causing -individual discharge. measurements:to
plot either to the.right or:left ef. the-established curve.
These conditions;-often ;vaused by . impermanent - banks,
unstable: stream -beds, :or- change in;slope: due to a:-rising-or
felling stage, are called slalits and «can be of a temporary or
permanent nature :

It becomes apparent that, in most mstanees, &8
discharge measurement should .be made .every time-a
gauging station is visited, regardless of whether or not
there has been a change in stage, However, those locations
with permanent controls of known stability, that have been
adequately gauged, . will -only --requite. one or .two
mesasure ments during, the open water period: to demonstrate
. that changes have not occurred. ' Other.trips would be

necessary -to service. the .recorder  and carry out MinOr
mamtenanee. :

During hxgh ﬁow eondltlons, streams often -CAITY
‘large amounts of debris that ecan be on the surface: or
submerged. To attempt a discharge measurement under

"GAUGE HEGHT.
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RS rifndicated- by "thé plot of measurements,
- gtage-discharge curve will have £o be defined.

t,hese condltxons ean be both time consummg and hazardous
‘equipment:“'can -be lost;" udamaged or destroyed.

..Generaliy, there is a significant reduetion in the amount of

debris being carried downstream shortly after the peak
flow has passed. A proper course of action in some
instances may be to wait at the station for a few hours
until conditions improve and then proceed with the
discharge mieasurement, : It may also bé possible to use one
of the procedures deseribed in Special Techmques,
Measuring High Velocities, as an interim method. - -

. The deecisions:.on.-when and how. to alter a
discharge ‘measurement . program- will depend to a- great

- extent on the background: knowledge g field officer has
- acguired .of the areq for which. he is responsible and on the
. .characteristies of the streams mvolved. B

Scour and Badcwater

Scour-_ Scour is defined as the removal of stream bank or
- stream bed material by the erosive action of the flowing
. water. - The effects of this will appesr as a shift to the

. right of the stage-discharge relationship as 1]1ustrated in

Figure: ‘]A. - The. discharge capacity of the stream will

: inerease over that- whmh |t was earlier eapable of, for the
'same glven stage- S e
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Effects of Scour

For a given stage of 2.5, the stage-discharge curve
has  moved to the right _and ‘the discharge has

wincreased fmm 13 to 22. :

a new
Figure 1A

Changes' to  stage-discharge relationships can

" take -place: in a gradusl and éontinuous manner as a result
- of slow proeesses of erosmn or they may occur suddenly s
- & consequence  of more ' profound alterations in the

channel. - They-can be caused by high flows or they can
result from the seouring action of ice. Generally these



changes will be most apparent at low and medium stagés
and least noticeable during high flow conditions.

The field officer must be prepared to obtain
discharge measurements on a frequent basis to determine
the rate and magnitude of any change. During and after
extreme events, such as floods, it may even be necessary
to redefine the entire stage-discharge curve.

Backwater: Backwater is the eondition where the water in
a stream is backed up or retarded in its course as compared
with its normal or natural condition. Backwater effects
will appear as a shift to the left of the stage-discharge
relationships and, for any. given stage, there will be &
eorresponding decrease in discharge. This is illustrated in
Figure IB,
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Effects of Backwater -

For a given stage of 3.5, the stage-discharge curve
has moved to the left and the discharge has been
reduced from 28 to 15. :

Figure 1B

Although there are a great number and variety
of conditions that can cause backwater conditions, the
three most common result from debris lodged in a stream
channel or on the control, from the growth of aguatic
vegetation in the channel or from the formation of ice
cover. Backwater conditions ean also result from high
water levels in a lake or reservoir downstream of the gauge
or from high flows in & downstream tributary.

Debris Effects

Debris or drift materigl lodging in the stream
channel or on the control does not normally cause a
backwater econdition on large streams. One exception is a
latge stream that is subject to a large emount of material
such as in the case of & logging operation. For smaller
streams, it is often possible to remove or dislodge debris
that is affecting the stage-discharge relationship. Once
this is done, carefully note and record the effects. A
similar but opposite effeet may be evident on earlier

records to indicate how long the relationship has been
affected. The information will be useful .when ‘computing
daily discharges for the period in~questid¥. Allow flow
eonditions to .stabilize before obtaining a diseharge
measurement.

Aquatic Growth Effects

. The problems created by the eycle of aquatic
growth and decay in & stream channel are twofold. The
growing wvegetation not only creates backwater by
decreasing the capacity of a stream channel, it slso affeets
the accuracy of discharge measurements by disturbing the

distribution of veloeities in the vertical and impeding the
operation of the current meter.

. Aquatic growth begins when water temperatures
rise in late spring or early summer and continues until the
fall when the water temperatures lower. Throughout this
period, a program of frequent discharge measurements
must be carried out in order to establish the changes to the
stage-discharge relationship.

: Since it is often difficult to obtain accurate
velocity observations under these cirecumstances, special
care must be teken during the measurement of discharge in
order to minimize the effect of velocity disturbances at
lower depths. In some instances, the best results ean be
obtained by using the three point method of veloeity
observation. With this method, the mean of the veilocities
observed at 0.2 and 0.8 of the depth are averaged with that
observed at the 0.6 depth.

“ice Effects

Three distinet types of ice ean form in a flowing
stream and reduce the carrying capacity of the channel:

1) Board Ice - an apparently uniform ice cover
formed at the ice-water interface, usually
starting at the edges where the water is
shallow and progressively working towards
the centre of the stream.

2) Anchor Iee - submerged ice attached to the
river bottom.

3) Slush lee - a combination of frazil ice (fine
spicules of ice suspended in water), anchor
ice that has become detached from the river

.bed and shale ice (thin brittle skim ice
plates).

~Although any of these conditions can develop
independently from the others, the formation of ice in a
stream most often involves the combination of all types of
ice. : '

Although the initial steges of ice development
can be gradual, with little to indicate that a backwater
condition exists, the opposite is more often the case, and is
characterized by the formation of ice that obstruets the
flow of water both below and above the gauge, and causes
abrupt fluctuations in stage with correspondingly large
changes in discharge.



: ﬂle iee’ cover- forms, the diseharge capacﬂ:y
of a stream ‘channel is rediced dtie* to the :mreaSed
friction caused by the ice surface. If the underside of the
ice cover is particularly rough or if there is an
accumtiation of slush ice, the backwater will incresse

accordingly. After the initial development of ice cover,

‘the. flowing" water- will tend to ‘erode thé ice and t
reduce the friction and the ‘amount of backwater,  This ¢an
and often -does take place over a: ‘prolonged period .of ‘time
and the result from any reduction; in- friction will-often be
offset by .an-increase in ice. ttncknens due to pmgresmwly
colder temperatures. :

River discharge durmg the formatlon of ice is
usually difficult to -define :because of -rapidly changing
backwater and the-storage and release of  water as the
channel ' becontes . alternately clegged ‘and freed - {rom
accumulating: iee. - Aithough- it is miost often a: difficult
task, discharge: meuasurements- should be ebtained dfm X
this pericd. oe . g

: Normally "the - - easiest - winter ~ discharge
_ measurement - to obtain is-‘one-by wading, provided’ that
enough ice cover-can be removed from above and below the

eross-section to minimize any. effects ‘on ' the veloclty '

distribution.. Where " rivers "are ‘not ‘wadeable,: a “partial
measurement .“from: & bridge - or -‘cabléway " should:-be
considered even thoug'h sections ‘of the. river may: be ice
covered. If the ice:is unsafe to walk on-preventing a-part
ice cover and part open water measurement, sections of
flow may have to be estimated. Notes from previous
measurements can be used to assist in est:matmg the
cross-sectional areas covered by ice,

' m'semn'ee ﬂeAsuﬁE‘MEm‘s '
Pre-Trip Plan ' :

A standard procedure to foilow .prior to every
field trip is to prepare & pre-tnp plan. . Normal or routine
maintenance and supply problems are considered at this
time. Necessary .tepairs. to shelters, .cable cars and
cableways, which were not completed during a previous
field trip or perhaps required suppliu which were not
readily available, should be listed in the Fleld Data Book.

_ F.xpenenee has shown that . unlm a definite
effort is made to organize this. uﬂormatlou and material in
advance of each trip, some items necessary for the survey
will be inadvertently excluded from the planning. An
experienced field officer will have developed a system
whereby pertinent notes are kept for this very: purpose. An
excellent location for notes.of this type is ‘the Field Data
Book. It is a decided: advmtwgetolnveaumemecmary
information related to the gauging stations for which the
field ofﬁcer is respomxble, readlly acewslble for field use.

Another appheatmn nhen the Fteld -Data: Book
ean be -of value:is during: floods-op-high weter. At these
- times it is often necessary-to.deploy:extra: personnel-on
short - notice: to- obtain pwper cévefé‘ge &n “event ' and
there is usua]ly very little time to assé aiid provide
them with information pertaining o the ‘Iocation of
gauging stations; station bench marks and elevations,
measuring sections and cableways. When these data are
compiled in one field book, they are readily available to be

copled or removed and distributed to field officers who are
not famrhar 'mth the gaugmg station locations.

A HAPHAZARD LIST WILL ONLY LEAD
. TO. UNNECESSARY DELAYS AND CONFUSION.

FIELD DATA BOOK

The "erld Data Bock" (Figure 2} is a most
important record for a field officer to maintain. Levelling
results, a list of measurements for the current vear and
notes on conditions which may affeet the stage- discharge
relataons!up should .all be recorded in this bont
Information dealing with maintenance for both
structures and the instrumentation at each gauging st
site should be listed as well.. Any instruction dealing w.
special instruments, equipment or unusual techniques must
also be included. The book should contain the following
uformanon for each statton: }

1 a copy of “the- statmn dmnptmn complete with a
good” quality detailed ‘map; beneh’ mark locations
an& eiavnﬁons ’

1 2Y e print of the current stage-discharge table
Te (form Rﬂk

3) a copy or plot of the stage-dtscharge curve {on
" x 17" form R239A)

4) a sheet on wluch to list dlscharge measurements
: (form RSG); o

8 'stage-dxseharge eurve dehc:enc:es;

| 6) "-?jlocatlon and description of low, medium and high
o fwater metu‘ing secnom;

" 7) ' a sheet to record level checks;

8) special instructions - instrumentation,

equipment, maintenance, ete.



‘9) name and address of gauge observer or attendant.

The stage-disecharge curve must be prepared in
accordance with the instructions contained in the "Manual
of Hydrometric ‘Data Computation and Publication

Procedures”, so that the extreme high and low discharge -

measurements from previous years are piotted on a replica
of the current stage-discharge curve. Normally, sall
discharge measurements must be computed prior to leaving
the vicinity of the gauging station. - This wilt allow for a
check measurement to be made should it prove necessary.
During conditions of open water, plot the unchecked
computed results on the fieid eurve in the data book, using
the latest gauge correction.

This current and pertinent information is not
only useful when prepering a pre-trip plan, it also provides
the necessary background information on which to base
decisions which must be made while in the field,
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Pre-Measurement Procedures

Before proceeding with a discharge
measurement, the gauge reading &nd time should be
observed and recorded. This is particularly important
where the station is equipped with only a manual gauge,
since ‘an aceurate determination of the mean gauge height
is. zcsential for plotting the results of the discharge
measurement. If there appears to be a change in stage
while the measurement is in progress, it will be necessary

to obtain additional readings during the progress of the
measurement.

Where a gauging station is equipped with 2 water
level recorder, the stage record which has been
aceumulating since the time of the previous visit is
removed from the recorder prior to beginning the
measurement. Where the station hes a stilling well, the
intakes must be flushed if equipped with a
servo-manometer, adjustments may be required. Wind the
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clock drive mechanism of the recorder and set the pen to

the correet time and gauge height and:proceed with the, -

discharge measurement. When the measurement has been
completed, obtain another gauge reading .and . observe

whether - the recorder drive: system is opersting properly.. .
and if the pen -is tracking correctly.. By this: time. the. ..
recorder will have been cperating -for: approximately one. ..
hour and any error in-setiing the pen should. be readily.::

apparent. This is also the time.to check-the recorder drive

system to. make certain that the clock. weight spring hasn'{.
caught. on . the shelf ‘or that.the: ratchet and pawl of & ..

negator spring-driven. recorder.is disengaged.-. . - e

Where an automatic recording  installation is
equipped with &  manometer,

leaving the site. :

L Observe both the Qtessure in the - cylmder

-and the reduced: pressure being:supplied to
the manometer. Record the information on
the log sheet or on the measurement note

form as required. :

2, Make certain that the appropriate valves to
..the manemeter. are either fully.open.or fully.

closed; (see Field Manual - Measurement of

Stage).

3. Check the vbitage of bat;eﬁes under load'

conditions.

4. Make sure that the delay switch on -the:

servo-control unit is-in the correct position
- (this is normally the maximum position). -

5. Replace the cover or covers being careful’ .

not to pineh any of the tubing in the process.

The need for servicing the recorder -and:
manometer- in this order cannot be stressed enough. The.

‘time taken to’check the operstion of the recorder and
other instiiments befcre leaving the gauging station should
reduce significantly the numbe# of record loss events.

SUMMARY

1} Read all gauges or obtain a_ water level by
instrurnent. . Note and record any’ difference.

(Pen setting, gauge height or water level)

2)  Flush the stilling well intakes and make Gertain:
they are in no way obstructed. Note and record:
any difference that may have occurred after .

flushing.

3) Service the recorder.

4) Make any adjustments to the servo-manometer
that may be necessary - float switch adjustment,

check for gas leaks, check valve positions.
5} Level check the gauge or;gauges if required.

6} Complete all notes on observations made or
procedures followed thus far.

make . eertain .that the -
following additional steps have been eompleted before. -

.. . Before 'using a2 current meter, it should be
inspected:so; that: the bearing. surfgees are in good order.
This can be done quite easify by first loosening the bucket
wheel raising nut: so. that. the -pivot. wheel bearing rests on
the pivot. The bueket wheel is then.gently. rotated and
observed: as it comes to-a stop.. If the:stop is-gradual then .
the .bearing surfaces .and the pivot .are in satisfactory -
condition. .Jf the bueiket wheel.comes to.an abrupt halt, the
pivot and bearings should be closely inspected.. If there is
evidenee of -wear, the meter should: not-be used but should
be returned to the rating facility for overhaul, and perhaps,
an "as received".calibration.. .- ... .. .

7)0btam ﬂze discharge measurement.

8) Check the recorder operation, manometer or
_ _ ‘sﬁl}_igga,_wellkintake_s.
' Having = completed the ~ pre-measurément

procedures, the next step is to assess the river conditions.
Observe carefully and make the necessary notes describing

conditions which are or could have affected the

stage-discharge relationship since the time of the last visit
to the station. Look for and describe such conditions as
weed growth at the measuring section or on the control,
debris floating or lodged in the proximity of the gauge,
beaver activity, the deposition of gravel or development of
sand -bars in the vieinity of the gauge or erosion of the
river ‘banks. - In the ‘event of high flows, look for any
overflow channels. . Overbank flows that are bypassing the
metering section must be measured or estimated. Obtain -

.photographs of unusual conditions if at all possible, as

these are often valuable for later reference, Constructior
in :the vicinity of the gauge, or -high winds, should -
noted. During’ winter periods, the  deseription
conditions, amountof ice cover, ice jams, flowing sic. -

and overflooding of the iee cover should be noted. ‘i«
completeness of these notes will not only aid in making
judgement decisions when computing the records, but can
be of inestimable value for detailed studies at a future
date. )

There are times when it is quite in order, and
indeed advisable, to forego a discharge measurement at a
gauging station. For example, when unsafe ice conditions
prevail or when a stream is heavily laden with debris, it
would be both-unsafe:and impractieal to obtain a complete
meéasurement. A field officer may also pass up a
measurement at_one station.when to obtain a measurement
or ‘observe unusual or extreme conditions at another station
is of higher priority. . |

Conducting the Measurement

" Discharge measurements are usually made using
one of two methods-which are’ generally described as direct
and . indirect . methods of measurement. The main
difféerence between the two. methods is the manner in
which the: value for the velocity is obtained. A direet
measurement is one_in which discharge is measured at the
time of its oecurrence while for indireet messurements,
the discharge is détermined after the event has passed.

Indirect methods, where the average velocity is
computed from formulae, observed by a single-point device



or obtained by other special techniques, are sufficiently
complex to be the subject of separate chapters of the Field
Manual and therefore are not covered in this manual.

The direct method of measurement most
ecommonly used by the Survey is the veldeity-area
technique whereby the computed discharge of 'a stream is
the product of the cross-sectional area and the average
veloeity. The measuring or metering section is divided into
a number of sections, usually twenty, each bounded by two
adjacent verticals. The distanice along the measuring
section to each vertical is referenced to a permanent

initial point located on either shore. During a discharge
measurement, observations of depth and velocity at each
vertical will progress from one shore to the other. The
distance between verticals along the measuring section will
depend largely on the following factors:

1) the overall width of the stream
2) the unevenness of the stream bed

3) the variation of velocities across the
channel.

It is important to space the wverticals more
closely where the depths and velocities are more variable
in order to define accurately the discharge for any given
segment. Where the variation of depth and veloecity
between verticals is gradual, the spacing can be greater.
Unless specified otherwise, a minimum of 20 verticals at
which to observe depths and velocities should be selected
at any measuring section. The distance between
consecutive observation verticals should be such that the
discharge in any one panel would be approprimately
Spercent of the total discharge. These two criteria may
not be possible for very narrow streams where the vertieals
would be less than 0.15m apert, a Pygmy meter should be
used rather than the customary Price No. 622 meter in
order to obtain a greater number of sampling points. The
small bueket wheel will also respond more readily to low
veloeities.

GENERAL METERING CRITERIA

The criteria to be followed when making a
discharge measurement are as follows. Reference to the
diagrams' with "Discharge Measurement Computations™,
will be useful when reading the following paragraphs: '

(). The location on a river where a
messurement is taken is called the
"metering section". If at all practicable, all
measurements should be taken at the samie
metering section. This of course will vary
angd with changes in stage, what might be an
ideal section for measuring high and medium
flows from a cableway, boat or bridge, may
be far from aceeptable for making low
water wading measurements. However,
once the sections for wading, medium and
high water messurements have been
selected, they should not be ehanged unless
there is a substantial reason for doing so.

(2) All observations of distance at metering
sections shell be referenced to an initial

(3)

4)

(s)

(8)

]

(8)
(9)

point on the shore. This should be a well
defined immovable objeet whieh in turn is
referenced to a permanent feature in the
vicinity of the measuring section or gauging
station. These data are often required for
detailed studies long after the gauging
station has been established or possibly even
discontinued.

The metering section chosen should be
perpendicular to the general direetion of
flow, a procedure for determmmg angle of
flow ecorrections is deseribed in Special
Technigques, "Correcting for Angular
{Oblique) Flow". It should alsc be located in
a reach of the river where the bed and banks
are straight and uniform for a distance of
approximately five times the section's width
upstream and a distance of approximately
twice the width downstream.

The stream bed cross-section should be as
upiform as possible and free from vegetal
growth. Large rocks and protruding

‘obstructions such as bridge piers are

particularly ob]ectmnable although not
always avoidable.

There should be a minimum of 20 to 25
observation verticals in the eross- section in
addition to the 2 points which define the
edges of the channel.

The observation verticals must be
distributed in relation to depths and
velocities -so that any unevenness of the
river bed - and significant variations in
velocities are well defined. Verticals should
be more closely spaced where depths and
velocities are greater or highly variable. If
the verticals are properly spaced, then the
discharge in each of the sections should be
about 5 percent of the total discharge.

Before the start of a velocity observation,
allow sufficient time for the current meter
to adjust to the veloeity being measured.
The adjustment time required will be & very
few seconds at high velocities and
significantly longer at low velocities. This
adjustment period is of particular
importance at low veloeities, those of 0.3
m/s or less and the failure to observe it
could produce erronecus velocity
measurements.

Observe velocities for 40 to 80 seconds.

Observe time to the nearest 1/2 second.

(10) The 0.2 and 0.8 depth method is normally

used when obtaining the mean veloeity in a
vertical. This 1is based on both
mathematical theory and from studies of
actual observations from numerous vertical
velocity curves. See Fig. 3 for a typicsl
vertical velocity curve.



: j(lI) For measurements wtnre depths are 0.75m
__.or less,.observations are made at the 0.6
depth. .Experience has shown that the use
,of the 0.2 and 0.8 depth method in shallow
streams places thie ‘¢current meter too close
to the water surface and tbe stream bed to

_gwe rehable results. e

(12) When sounding, wheéther from bﬁdges,
. cableways, boats or when wading, record
soundmgstothenearest 2cm. v

' (13) See "plscharge Measurements During Ice
’ ‘Coudz'ho:is" ~for”  winter ; measurement
procedures. o :

“TYPICAL VERTICAL VELOCITY CURVE
WATER SURFAGE\

® 02 DEPTH

-~ DIRECTION OF . ©- .~
o FLOW

DEPTH

06 DEPTH:

0.8 DEPTH -

. STREAM BED

MEASUREMENTS 3¥:mbme L

Where cond:tlons pernut, wadmg measurements
are preferred to those obtamined by -other. means. They
offer the possibility of selecting the best available
cross-section for. the:measuremnent as well as simplieity in
making the obsecvatlons and computmg the discharge.

In preparatlon for a wadmg measurement the
type of current meter to be used must first be determined.

Where the selected measuring section is either very narrow

and shallow or where thé majority of depths are 0.15 mci.e
or less,. the Pygmy meter. should be-used. The Price
No.622 meter tends to.over-register if-the buckets are
only .partiaily. submerged and. sheuld only -be used where
depths are greater than 0.15 metre‘ L fenihe

When the meter has:been; attaehed t0 the wading
rod and the electrical lead on the rod connected to one. of
the terminals on the meter contact chamber, the electrical
cireuit is now ready for testing. Attach the headset,

- beeper or counter to the receptacle at the handle of the -

rod. and-: mtnte the bucket wheel i a headset or beeper is
used, a series of sharp clicks or.beeps. should be heard.
With a. counter, the chgit dml will rotate in the \newmg
mndow. .

If the statmn has been idn operatmn for some
ttme, zhete is usually a_standard locanon at. which wading
measureménts are made. Nevertheless it is wise to inspect
the reach lmmed:ately abéve ‘and beiow this locatlon to
make certain that the standard loeatlon s mdeed the ‘most
sultable for the measurement. ’

Be careful when decldmg ‘whether ~ or not
conrditions at 2 station will permit the stream to be waded
in safety A geweral rule ‘of ‘thumb which has been used in
the past is arrived gt through the preduet of the depth and
velocity. Genérally speaking, if the stream ‘bed is firm and
provides good footing, the product of these two factors
should ba stightly less than 1 for safe condxt:ons.

_.To begin the messurement a tag line must first
‘ACTOSS tre; ": It" not. familiar with the

stream stﬂrgmg the tag liné at right angles to tr
du'ectlon of the curtent. ‘Use’ tiie wading rod as a support
_ssmg ﬂse ‘stream but fu'st raise the current meter
the rod.” If the séetion is totally unfamiliar, use the
i '_:t the metet when making the . initial crossing.
Tlns xs done. for. two reasons. Sheuld lt be. necessary- to
move - the .rod. qmekly beeause of poor footing, there is
little likelihood of striking a submerged rock and damaging -
the -meter;: secondly; I:_here -is mueh less resistanee to-the
current . if the meter .is out of the water or not ¢n the red
at.all, ]

While wading across the stream to place the tag
line, an overall impression of the depths and veloecities can
be obtained. This is also a good time to look for rocks and
debris . which might .be. removed from the stream bed to
improve . the measuring  section. Be certain, particularly
for very. small streams,. that. the rocks.to be-removed do
notformpaﬂofthecontml. -Onee, thetaglinehasbeen
secured and the overall width is determined, it is then
possible-:to decide on the distribution -of -observation
verticals and to proeeed with the measurement. The banks
of. the-river and corresponding edges of water are always
defined, as right or left bank (R.B. —.L.B.), or right or left
edge of water (R.E.W, =— L.E.W ), when facing downstream.

- Record the startmg nme. Next, record the edge
of. water distance. by observing the appropriate numbered
marker on. the -tag line.  If there-is a vertical drop at the
edge, an observation ot‘ .depth and veloeity must also be
obtained... Move to the position selected as the next
vertical and record. the distance-indicated by the numbered
marker on_ the tag line..: Observe and record the depth.

- Next, set ‘the.current. _meter to the correct: depth to obtain

the velocity. In order to obtain the veloeity, count and
record: the -number .of revolutions the bucket wheel makes
for a duration of -time between 40:and 80 seconds. Observe



and record the time to the nearest 1/2 second. In order to
use the ecurrent meter rating table, the number of
revolutions counted should be one of the 13 that are listed.
Current. meter rating tables are s¢ designed that the
velocity in meters per second can be obtained directly, for
& given number of revolution within the required time
frame. The 13 choices of pre selected revolutions are 5, 10,
15, 20, 30, 40 590, 80, 100, 150, 200, 250 and 300. If this
method is not used, a double interpolation of both time and
count is necessary to tise the table to compute veloecity.
This procedure is repeated until the stream is traversed

and the measurement is completed. Upon completion, note -

and record the time.

Although wading measurements allow for greater
control over the discharge measurement procedure, lack of
attention to detsil and errors in technique which would
otherwise be considered as minor for larger flow
conditions, ean have a significant affect on the overall
accuracy of a measurement. Therefore when making a
weding measurement the following steps should be followed
carefully: . '

1. Take the time to ensure that the tag line is placed
in a position that is perpendicular to the direction
of the current. Even though this preeaution has
been taken there will be instances where angular
flow oceurs. When this does happen, record the
cosine of the horizontal angle. This is deseribed
completely in the section "Correction for Angular
Flow".

2. -Where necessary, take the time to improve the
measuring section by removing boulders and
debris from the measuring section and the area
immediately above it. Remove weeds for a
distance of about 3 times the depth from the area
upstream and downstream from the section. On
smaller streams it may be possible to construet
small dikes to cut off sections of shallow flows
and dead water. After any modifications of this
sort, be certain ‘to allow sufficient time for
conditions to stabilize before proceeding with the
measurement. Also note if these modifications
have had an influence on the gauge reading,

3. Obtain 20 to 25 observations of both depth and
velocity for one complete measurement (See
Discussion of  Errors). Whére a narrow
cross-section is encountered, vertieals should not
be spaced closer than 0.15m when using the Price
No. 622 meter, since the ' distance between
verticals must be greater than the diameter of
the current meter bucket wheel. Where a very
narrow section is encountered, it is often
preferable to use a Pygmy meter and space the
verticals closer.

4. The position of the field officer with respect to
the current meter is very important when making
a discharge measurement by wading. The field
officer should be to the side and downstream from
the meter so as not to influence the veloeity
being measured. Exhsustive studies have
indicated that the. position which has minimal
effect on the operation of the current meter is

when the officer stands facing either shore and is
no less than 0.4 m downstreem and to the side of
the current meter.

5. Hold the wading rod in a vertical position and the
current meter parallel to the direction of flow
while the velocity observation is being made., If
the axis of ‘the meter is not kept vertical, the
meter will tend to under-register.

6. If depths are sufficient, the 0.2 and 0.8 method
should be used for observing velocities, The
settings on the wading rod for these observations
can be made quite easily. To set the 0.2depth
position on the rod, simply double the value of the
observed depth. The 0.8 depth position is
determined by setting the value of cne<half the
observed depth on the rod. Example: observed
depth 0.96 m: for the 0.2 depth set 1.92 on rod,
for the 0.8 depth set 0.48 on rod. It should be
pointed out that the 0.2-0.8 method is not entirely
satisfactory where stream beds are very rough,
irregular or covered with aquatiec growth. These
conditions will often produce erratic results for
the observetion at the 0.8 depth. In some
situations, more reliable results have been
obtained by computing the average veloeity on
the basis of the 0.2 and 0.8 depths and averaging
the computed value with the veloeity from the 0.6
depth.

7. Sounding stream beds that are extremely soft or
those that are boulder-strewn requires a great
deal of extra care and attention. Be careful not
to over-sound by allowing the bottom of a8 wading
rod to sink into soft stream bed material when
sounding or obtaining velocity observations. When
sounding very rough stream beds, such as those
with very large boulders, take time to adjust the
observed depths so that they reflect both the tops
of the boulders and the deeper depths between
them.

CABLEWAY MEASUREMENTS

Cableway measurements are generally preferred
to those from boats or from bridges with piers. The
lengthy set-up time required for boat measurements is
eliminated as are areas of disturbed flow caused by bridge
abutments and piers. For these and other reasons, the use
of cableways by the Water Survey is becoming more
eommon for rivers up to approximately 450 m in width.

Periodie safety inspections must be carried out
at all cableway sites (See Safety Gujde - Construction and
Operation of Stream Gauging Cableways). In areas where
the potential for vandalism is great, these inspections
should be frequent. Cable car sheaves and locking devices
as well as clamps and turnbuckles for both the main eable
and tower tie-back cables must be cheeked carefully.
Cable clamps are a prime target for vandals and should be
checked before each crossing.

The main cable should be maintained at the
proper sag. Because the length and therefore the sag will
change with variations in temperature, seasonal
adjustments of the cable may be necessary, particularly



" those of ‘longer spans. To prevent undue “strain or
- stretehing during the winter months, the tension should be
. reduced by backing off the turnbuckles’in the autumn.

Adjustments to a cableway should be made prior
to spring and summer use. YUnnecessary sag makes the
operation of the cable car more difficult because of the
increased slope in the cable when either  tower is

approached. This becomes mgmflcant with long cables

where heavy cabie cars .or those heawly JIoaded with
equipment are hand propelled. .In ‘most cases,. once the
ecrrect sag has been determined, permanent. ‘reference
marks can be.painted on the cable support structures. It is
then a simple matter of sighting between these marks and
the bottom of the cable any time a’ sag adjustment is
reqmred. (Figure 4)

~ SIGHTING MARKS

A cable ear moving on the cable, should never be
permitted to travel too rapidly. Dirt and grit, paint chips
and splinters- of metal produced by the abrasive acticn
between the cable and the rapidly rotating sheaves can
cause serious eye. injuries to anyone riding .in the car.
Glasses or some other form of eye protection shouid be
WOrn.
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, A pazr of good quahty s1de-cuttmg pliers must be
carried . when makmg measurements from ‘cableways.
Should the meter and weight assembly become caught in
submerged or- floating debris that cannot be dislodged or
towed to the ‘shore and removed, ‘the sounding cable should
be ‘cut "to ‘ensure the safety of the cable car occupant.
Record the dlstance from the initial point at which this
oceurred. Thls may be helpful if and when an atternpt is
made to recover the equipment.

Procedure -

Mount a sounding reel on a metering frame if
required and secure the assembly to the cable car. {Some
¢able cars are equipped with permanent reel mounts).
Assemble the current meter and- ‘sounding weight on the
hanger. The recommended ‘minimum’ depths for positioning
eurrent ‘meter wheu usmg the M=-2 harger bar with various
we:ghts is shown in Table 1. Since’ the purpose ‘of the
weight is to ma.lntam the soundmg Ime in 4 position as near
to " vertical” as pOSStble in order to measure depths
correctly, seleet the proper weight for the depths and -
velocities to be measured. Information from previous
messarements should:be listed in the Field ‘Data Book or
‘plotted on the field curve and can be used'as a guide for
the size of weight required at various stages. In some
egses this is.not available and will have to be obtained by
trial sampling. Your experience will determine whether

this step is neeesary

Table]
Minimum depths for positioning the current meter when
using the M=2 hanger bar with various wexghts o

o . 0.6 depth 0.2 & 0.8 depth
&undiﬁgjeig‘ht Method ~ Méthod
15 and 30 1. 70,55 m " LISm
50, 75 and 100 1b. 0.80'm - L60m

. Condmons will be encountered where the weight
is msufﬁclent and the drag on. the sounding line and weight
will cause them to-be deflected downstream. Even though
it is s:mpier 1o -use a-heavier. weight than to compute
corrections to determine correct depths, these weights are
not always readily available or on oceasion even the
heaviest welght will be deflected. . Oné of the three
methods discussed in Specisl Technigues (Sounding) must be

'used to obtain correct soundings.

No attempt should be madée to carry heavy
soundmg weights up an “dccess ladder to a cable ear
‘platform. "Unwind a sufficient amount of cable from the

.meunted soundmg reel to permit the meter and weight

assembly to be attaehed to the cable at ground level.

With the equipment assembled and mounted on
the cable car, connect the headphones to the sounding reel
jack and spin . the current meter bucket wheel to make
certain. that proper. contact is being made between the
brush and slip ring on, the sounding reel and in the current
meter contact chamber. Now check the items required
during the measufement; stop watch, note book and paper

{remove any notes from previous measurements), pencils,

sidecutting pliers and screw driver, cable .car - puller and
brake.



Next, record the size of weight and the position
of the meter above the bottom of the weight. The initial
point for cableway measurements is usuelly located at one
of ‘the towers. In order to remove the possibility of
confusion, the left bank tower or anchor shouid aiways be
selected for the initial point. This will also prove to be an
added convenience if and when it becomes necessary to
plot channel profiles at the measurement section, since
these are normally prepared as downstream views, The
initial point should be marked in an unmistakable manner
since all distances, observations of depth .and velocities
Tmust be referenced to this point. The distance between
the spacings painted on the main cable should alse be
marked on this tower. This information must be included
in the Field Data Book. ’

Board the cable car and proceed to the edge of
water to begin the measurement. A rope can be used as a .
simple brake to control the movement of the cable ear see
Figure 5B. Record the distance from the. initial point to
the water’s edge, the starting time of the messurement and
record the bank at which the measurement is started. :

Soundings are usually' made with.the _meter at
the water surface, that is, with the bottom ha¥f of the
bucket wheel submerged and the horizontsl section of the
tail assembly at the water surface. The distance between
the meter and the bottom of the weight must be added to
the soundings indicated on the reel counter to obtain the
correct depth. The slight amount of drag on the meter and
weight when the "meter is zerced" has & stabilizing effect
which makes the process of sounding quicker and essier
than when attempting to "zero" the bottom of the weight. .
There is also the convenience of not having to apply a
correction each time the meter is positioned in the vertical.

Observe and record soundings to the nearest 2
em at each vertical. Be careful not to over-sound by
allowing the sounding weight to sink into a soft or unstable
streem bed. The distribution of verticals must be in
decordance with that outlined in the seection on "Metering
Criteria”. Also see the paragraph "Tagging the Line", for
sounding in deep, fast flowing water. - ‘
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Some cables' may undulate from the pulling
motion required to move the cable ear from one vertical to
the next or from vigorous cranking movements when
sounding with heavy weights. This motion must be allowed
to subside before starting the depth and veloeity-
observations. This is of particular importance when
measuring veloeities below 0.75 m per second, since the
effects of vertical movement on the current meter are
T =t significant in this range.. Observe and record the
time and revolutions of the current meter bucket wheel.

The esble car can be held stationary during the
measurement by jamming the belt attached to the car
puller under one of the car sheaves. Another method using
a short length of rope is illustrated on Figure 5A.

At the end of the measurement, record in the
notes the time of completion and an appropriate remark
identifying the edge of the channel. Record any pertinent
information that may have had an effect on the
measurement results.

USING A ROPE TO CONTROL CABLE CAR SPEED

BLOCK -ROPES FOR
MOVING P - CABLE

BRAKE ROPE FOR MOVING
DOWN ~ CABLE

Figure 5A - 5B

BRIDGE MEASUREMENTS

Bridges are not the most ideal struetures from
which to meke discharge measurements but, for reasons of
economy, they must often be used. Piers can ocause
charges in velocity, angular flow, scour and deposition
which all add to the difficulty in making 2 measurement
and if care is not taken, the accuracy of the measurement



will be affeeted. Old pilings and debns lodged around the
p:ers can also be partxeularly troublesome.

The downstream snde is’ usua]ly preferred when

metering from a ‘bridge. Piers tend to straighten the flow-
lines and if necessary verticel angles of the suspenston--

cable can be measured. more easily. The suspension cable

is also kept from rubbing agamst the bridge deck-or bridge
members. However, there are dxsad\:antages, such -as not .

being able to readily spot floatxrg debris or ice and having

to sound and measure velocmes 4n the turbulenee caused

by piers..

" One of the abutments is normally chosen as t!'te '

initial point for bridge measurements. As in the case of
cableways, this should be .on the left side of the stream

whenever possible. There is-an understandabie objection-to-

having marks painted on bndges, particylarly. the réwer

ones. It is therefore essential that information describing .

the initial point ‘and the distance between scunding
verticals be recorded in the basic field data book. In place
of permanently painted reference marks for sounding, a

tagline can be strung from the initial point along the brldge

deck to obtain the distance between verticals. Where it is"

permtssnble to paint marks on the bridge reils this should be
done in a neat and orderly fashion with the paint marks on
the outside (stream side) of the rail se as net to invite
unnecessary criticism for defacing property.

Procedure

Select ‘and assemble the eqmpment reqmred for
the measurement. In most cases a bridge frame and type A
reel-can be tsed with weights of 75 pounds or less (They
¢an on occasion be used with 100 pound weights). The type
A crane on a three wheel basé arid one of the B reels is
required when sounding with the 100 pound weight or when
using one of the lighter weights where the distance from

the bridge to the water surface is great. The type A crane -

mounted on & four wheel truck complete with counter
weights and motor driven reels is available for use with the
100 and 150 pound weights. Information should be recorded
in the Field Data Book to assist with the selection of
equipment required.

Note:

’ The praetzce of using pound units when referring
to sounding welghts, will continue until such time as the
Survey acquires sounding welghts that have been designed
in metric values. For convenience purposes the metric
equivalents of the more commonly used Columbus weights
are listed below. ;

151b. - 6.8 kg
30 Ib. - 13.6 kg
50 Ib. - 22.7 kg

751b, - 34.0 kg
1001b. - 45.5 kg
1501b. - 68.0 kg

With the equipment assembled, check the
continuity of the current meter cireuit by connectmg the
headphones or beeper. Note and record the size of weight
used and the position of the meter above the bottom of the
weight. Begin the measurement. by reecording the time, the

edge of the stream (right or left) and thedlstance from the -

initial point to the water's edge.

The dxrecnon of ﬂow is ot'ten not perpendicular-'
to a bridge measuting section.  :Moreover it  may be

consistent throughout the seection or it may ehange from

vertlcal to vertlcal withm the sectlon ‘and often vary with
changes in: stage.” The cosine value can be measured easily
by:placing the left edge of the note paper along the bridge
rail and viewmg the wake from the suspension cable; “This
procedure ‘is deseribed in  detail under "Correction for
Angular {obilque) Fiow". -

. ’-I‘he eurrent meter should be mspected
frequenﬁy during the course of a dlscharge ‘measurement.
This - particularly - important “during high =~ flow"
measurements when- debris ean foul ‘the bucket wheel or

_ dumg low ﬂow penods when weed growth'is encountered.

BOAT MEASUFIEMENTS

- . Boat measurements usiaily require not only a
lengthy set—up ‘time but also- extra help to handle the boat

and’ the tr&nsportatxon and’ mamtenance of, additional
equipment. - This method ' for obtaining’ discharge
meéasuréments {5 normally used only when eableways and
bridges are not available. “Ii other instances, even though
bridges are available, they .may not be suitable as
structurestome%erfrom. :

* “The*boat measurement method would also be
used ‘if*a bridge or cableway section was blocked with
debris or- réndered unusable for someé other reason. Boats
often provide the_only practlcable means of obtaining
meamrements dunng floods’ or. hxgh water conditions.

©7 “Therve ape seve _' "'methods for, posntxomng 2 boat
to ‘obtain- soundmgs and ‘determine velocities, but the
following" are the methods _most’ commonly -used by the
Water Surveys

tagline

() ' Positioning - " is. obtamed using a
- -maintained on site.”
*(2)° " Positioning is obtained using. a tagline strung

pfior to each measurement. .

- Stnngmga Tagline =~

Tagline stringing is one operation that requires
skill, coordinaticn and caution by those involved. Not only
are there potentml hazards during this operation, but the
fact that this is most often carried out at rémote locations
adds to the seriousness of any acc:dent. TAKE CARE!

Aside from the® smaﬂ hend-held tagline used
during wading measurements, two larger types of tagline
used by the Survey have been placed across spans of up to
300 m. The permanent ‘tagline is usually a heavier cable
erected dunng the winter months when it can be hauled
across the ice surface or pulled across with a large boat at
the time construetion is carried out “at the station. Quite
often this type of tagline can be raised.and lowered to
accommodate small boat traff_:c_on the river.

The temporary tagline is strung for the durstion
of the discharge measurement and removed afterwards.
Cables that range in diameter from L5. mm to 4.5 mm are
used. This operation is normally carried out with the reel

- ‘mounted on shore; however, it has on occasion been

sccomplished with the reel positioned in the boat. Do not
secure the reel to e’ boat; in case of trouble, jettison the -

- reel and eable immediately. The equipment can usually be
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retrieved af terwards.



) The important feature in tagline stringing is to
keep as much of the cable out of the water as is
practicable. This not only reduces the amount of
downstream drag on the cable but eliminates the possxbzlxty
of snagging the cable on the stream bottom. The best way
to achieve this is to position the reel high on the shore, It

may not always be possible to lIoeate & suitable, high bank
for this purpose and a guide pulley may have to be attached
to a tree or suspended from a tripod fashioned from trees
cut in the vicinity to gain the height required. -

The shore opposite the reel must be free of
debns and boulders to perlmt the boat to be beached under
power. An anchoring cable is fixed to a tree or deadman
and carefully laid out to the shore. A eable gripper or a
hoolk, depending on the hook~up method used, is fitted to
the end of the anchoring cable. '

The: next step is to "run" the cable across the
river.
operation. One person on shore, controls the reel and the
rate at which the cable is payed out, another operates the
boat and the third person anchors the boat if necessary
when reaching the far shore, and completes the connection
between the tagline and anchor cable.

When a larger dlameter cable is being strung and
the span is great, the tagline can be secured to the boat by
rope. The rope should be fastened at a point approximately
one-third of the boat length from the stern to enable the
boatman to maintain steerage. An extra smount of cable
should be coiled in the bottom of the boat. This portion of
the cable is fed into a gripper or hook on the anchor eabie

when the other shore is reached. The third person must .

stand by with a sharp axe or knife and be ready to cut the
rope in the event of an emergency.

Where spans are not too great and small
diameter cable is used, the cable can be handheld during
the crossing by way of 2 metal ring fitted to the end of the
tagline. The tagline must be carefully payed out from the
reel and the person holding the end of the cable in the boat
must be prepared to drop the ring the moment any
diffieulty is encountered. The cable can be retrieved and
.another attempt made to get it across the river. When the
opposite shore is resched, the ring is slipped onto the hook
or gripper attached to the anchor cable. Where adequate
preparations have been made, with the correct approach
through technique and teamwork, the stringing of a tagline
is not necessarily a chancy dash, but rather becomes a
systematic operation. DO NOT attempt to get more
distance above the water by standing in the boat. :

Aside from the metering frames especially
manufactured to fit the various types of boats used, the
sounding- and metering equipment required for a boat

measurement is the same as that used for bridge and

c¢ableway measurements.

Boat Posstioning by Targets and Instrument

(a) Transit Method. After a cross-seetion has been
selected, erect two or more targets on an extension of the
section line on one bank of the river. They must be
positioned so that they can be readily seen and mateched
from any point on the cross-section, and be spaced a
suitable distance -apart so that accurate slignment of the

Three people are normally required for - this:
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boat can be achieved. On rivers with steep banks it may be
necessary to erect a series of targets to accomplish this.

Select and chain a baseline either upstream or
downstream from the eross~section. The length should be a
distance equivalent to at least half that of the
cross-section. Install a hub &t the end of the baseline
upstream or downstream from the eross-section. From this
position the angles of intersection with the eross- section
will be not less than 25°, A transit is set up at this
location and is used to position the boat at selected points
along the section.

The boat crew, with instruetions from the
instrument man and by sighting on the alignment targets,
maneuvers the boat to the selected point on the
cross-section. Communications between the instrument

‘man and boat crew are usually by radio although

prearranged hand signals can be used. It is often possible
and indeed preferable to position the boat by steering and
using the thrust of the motor to hold it, thus eliminating
the need for the time consuming process of anchoring.
This technique can also be used with the Pivot Method and
in some instances with the Sextant Method.

(o) TRANSIT METHOD

Figure 6

{b) Pivot Method. This method can be used with targets
and a bridge or other structure that spans the river near
the eross-section, or with a series of targets positioned on
shore.

The cross-section alignment targets are installed
in the same manner as was described for the transit
method. Next select a pivot point on shore which may be
loeated in front of or behind the structure spanning the
river. It must be a sufficient distance from the structure
so as not to emphasize any sighting error. Determine the
width of the river at the ecross-section by stadia,
triangulation, chaining or electronically.



From the cross—sectwn and at one. sho:e, s:ght on
the pivot tafget and the structure and mark the strueture
at this point.” Repeat this process at the other shore. Now
determine the number of measuring verticals reqmred and
divide and . mark these. . distances on., _the structure
accordingly.

on the eross-section by using the alignment targets on the

shore and. positioned for each vertical by s;ghtmg on thei

pivot target and the marked structure.’

(¢) Sextant Method. Section ahgnment targets and a
baseline must be established in accordance .with the
instruetions described in the transit, method. Install -]
control target-directly over ‘the hub at the end of the

baseline. The baseline. must be of sufficient length to

produce sextant angles greater ‘than 25°:because .the

acecuracy obtainable with this instrument at: leﬁer values is
gresatly reduced. A set of targets should:also be installed
on the opposite shore to avoid:the need to observe angles
over shost distances, -another - potential - ‘source  for

inaceuracy. Aim the control targets so that. they face the

During a discharge measurement the boat is kept:

m;d—pomt of the cross-sect:on and are readxly seen from
any peint’ on the section. Although the control targets can’
be. located _either réam - or downstream from the
cross-sechon, thosef pos:tloned upstream usually offer the
greatest convemence. '

Determme the dlstance froin the initial point to
the water‘s edge by sighting on targets mounted on the far
shore. ~ Sét the - predetermined angle for the first
observation vertieal on the sextant and power the boat
along the section. Cheek the progress of the boat with the
sextant -and,.as the targets : eoincide, move the boat.
upstream and drop the..anchor. The boat can -then’ be
allowed.. to - drift- back onto -the . cross-section. Obtain
another : observation.:with  the .sextant. and record the
reading. If this reading shows. the position of .the boat to
be within a few feet of the predetermined position,
proceed’ with the scunding and veloeity observations. As
the ' measurement progresses past the mid-point of the
cross=section, “sight on" the“other control and alignment
tifgets until the measurement has-been. completed. By
obseérving ' the targets from @’ greater dlstance, a higher
order of aceuracy-¢an be actnevecL

"Table 2

Baseline is 1,000 feet long and’
perpendicular to the éross—sec‘tion L

Angle Measured With
Sextant on Boat

Distance From Target
at end of cross-sect:on gwes dlstance error ¢ of-

Error of H0°08" " -

63° 26' 06" 500 ft. +L1ft,
45° 00" 00" 1000 ft. +7 1t
330 41" 24" 1500 ft. +2.8 1.
26° 33' 54" 2000 ft. +4.4 ft.
20° 48' 05" 2500 ft. . +6.3 ft.
19° 01 32" 2900 ft. 8.2 ft.

‘For other baseline léngths the error is proportlonal, l.e., for a baselme
of 100 feet and an angle of 19° O 32" the error would be 0.8 ft.

Table 3 .

Baseline is 1,000 feet long and
perpendicular to the cross-section

Angle Measured With

Distance From Target

Error of +0°03*

" Sextant on Boat

at end of Bageline

95° 00" a2t
© 85° 00" 618 ft.

75° 00° 769 ft.

65% 60" 936 ft.
~ 55000" n3zfL,
© - 459 00" ‘1383 ft.

350 00" 1742 ft..

25° 00" © 2343 it

200 90"

2849 ft.
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_gives distance error of .-

LT £t
+0.7 ft.
+0.8 ft.
+0.9 ft.
+L1 ft.
.6 ft

22t
+4d ft. -
6.2 ft.



Use of the Sextant. ‘Tebles 2 and.4 ‘show the results of

some- field tests and ‘indicate the accureciés that can be
expected when :using :a ‘sextant to position"a - “boat,
Different people reading. a- set: -dangle “on the -particiilar
sextant that was uséd:obtained a wide variéty of ‘answeérs
because of-the parallax between the Sextant vernier-seale
and its index. marker. The.largest difference: recorded was
approximately 0°03'. For the calculations in. Tables 3 and 4
a setting and reading error of +0°03' was used.. A field test
~ conducted by two ‘personis’ over a trienguler - course
indicated that a combined. reading and setting error is .not
likely to‘exceed 03' even under poor. conditions.. It can be
seen from Tebles 3 and 4 that sextant angles should be
greater than 25°, PN

MEASUREMENT UNDER ICE CONDITIONS, . ..

... The careful selection of .a winter: metering
section is as important as that for an -open-water section.
Although it is pot. always: possible,. try -to locate & section
that will have reasonable.aceess. .The savings-in time and:

effort expended during -the winter months will: make this
well worthwhile. Prior to freeze-up, investigate ehannel
and flow conditions at more than one site. At a later date,
should conditions. prove unfavourable. at one locéation, then
one or.more others are available. for. which. there is some-
background information. = Poor. : iee -.cover,. . slush-. ice-
accumulation or gifficult:accessibility are -a féw ‘reasons:
why an otherwise good section may have to be abandgned.::

L - When . selecting ~a . site look for a relatively
straight- reach-of river. where the water: will remain in one .
channel and where the channel is well.defined. A seetion
with-good distribution: of :velocities is desirable sincé ‘these -
will often remain good: after the formation of ice COver.

Avoid- reaches below ‘sections that: have traditionally”

~ abandoned” dnd’ another

reméined- ‘iee~free during the winter . months,

. , Heavy
coficentration of ‘slush ice ‘will -often. form in these
tocations, ‘These conditions can add 'sigriificantly te ‘the
eompléxity and diffic'ulty‘of_ -making a winter measurement.

On the other hand, open-water sections on rivers
that can be waded will often provided very good winter
metering locations with the removal of s minimal amount
of ice, usually along either shore. Take care to locate the
metering section well downstream from the surface ice
cover to avoid surface velocity disturbances. If ice has to
be' removed ‘from the metering section, allow adequate
time  for conditions to “stabilize before starting a
measurement. Thé ice will often jam in the channels and

create an eadditional but likely temporary backwater
condition.”~ ~ _ .
Ice Safery

oo oo OMMOD Sense must be exereised. when walking
across an ice-covered_ stream. Since the ice.is subject to
continuing charge, it must be carefully tested before any
measurement is attempted. A fresh fall of snow will often .
cover areas that would otherwise be recognized as

.. ... . The best method for testing the safety of ice
cover is to use an ice chisel. The ice should be struck a
solid biow every few paces as the seetion is crossed. If
there is any doubt about the safety of .the ice, take the
time 't check it thoroughly. If there are open sections of
water close {0'’the’ measuring site or if the. chisel
penetrates the Surface “éasily, the cross-sectiof should be

and another crosssection -tested. A
MEASUREMENT ‘MUST NEVER'BE 'ATTEMPTED AT THE
RISK OF THE FIELD OFFICER'S LIFE.

-

/E\’ow Be Tells 3
T
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The followmg table ‘is taken from “Suq)ect"' .

Safety Bits &nd " Pieces, Information Branch, Safety
Programme ~Development Section,. Mlmstry of Natural
Resources, Ontario, February 1975.

loe Thickness Permisible Load

. inches centimetres . .- . . .- L iy
Less than. 2 ° Lessthan 5.1 ' notsafe SR
2 - .51 onepersononfoot
e 1.6 . group in single file . .
C 15 19 - 2-ton - ‘truck ({car,.
_ ' ' snowmobile) . ...
-8 20 2.5-ton truek . ...
10 25 3.5-ton truck
12 30

8-ton truck

“This table applies to clea:, blue lake ice only..

River ice is weaker than clear lake iceand” slush ice is ¢
half as strong. Repeated travei over the same lee~weak
ltt :

AIthough this table llste some safe load—benring
capacities for ice cover, it must be recogmzed that there .
are certain risks involved when crossmg ice~covered nvers:_

and lakes, partieu]arly if the crossing isjnade by’ vehu‘.‘l

I-‘luctuatmg water levels mll cause unsaIe

conditions. ‘A "drop in water lével .will create ‘"ice.

bmdgmg", ice will remain. attached to.the shore -but .be-

unsupported by watef. A rise in water jevel will cause;; :

overflooding' and one.or more. hyers of relatwely thin 1eeg;

will form.

Travel on iee cover by vehicle should be done at - -

greatly reduced speeds. A hydrodynamic wave created in

the water beneath the ice, together with stress caused by .

““wheel freely.
_.wheel stops. rotating (Fxgure 8¢).

the vehicle itself, can cause the iee to fail. The stress is
greatest when, among other things, the depth of water
under the ice is shallow. This is particulerly critical when
approachmg or travelling close to a shore since then the,

ice is stressed by a reflection of the hydrodynamic wave as ™

well,
Measurement Procedures.

1t is often possible to determine approximately,
the shape of the winter measuring section at the time it is
being evaluated prior to freeze-up. A simple sketeh in the
Field Data Book along: with notes on flow conditiors are
very helpful whien selecting the spacing of observation
verticals for the first measurement. Winter measurements
from previous yearscan aimbe used asa gmde.

t at the centre of the section.

One or two-more exploratory holes between the centre and -

either shore will help determme if there is slush ice at the

section and  whether of fiot - the’ measurement : Should ‘be

attempted at one of the alternate sites. This will also help
avoid unnecessary damage to the ice auger. The section
with the least amount of: slush 1s normally the one selected
for the measurement.

The holes across the metenng sectlon should be
dlstnbuted so:that the discharge measured in any one panel
is no greater than approximately-5 percent of the total
(See Dascharge Measurements, General -Metering Criteria).
Where it was not possible to select and assess thé metering
section before the ice cover was formed, first determine
where the ‘édge of water is at both shores. Then cut a
number of evenly spaced holes. A few trial ‘observations
wilk indieate where the greatest depths and velocities are
located: Additional holes eén then be cut t6 ensure the
propa- spacmg ’netween vertleals-

Dlscherge measurements through fee cover ean
be made using various eqmpment assembiies. The most
commonly used are the“wintef~red set and the winter
metering sled. Hand lines have been used at locations
where access to'a station is difficult and the depths at the
metéring “Section: dre-tbo grédt: for ‘the winter ‘rod set,
Various souriding weights: that will pass - throug'h ‘the “8-inch
holes. (no metric equivalent- a8 yet available) cut with the
ice auger-are ‘availablé fof use- wnth e:th the metenng'
sled?or thehah&!me. ST

o - measuiements t‘rom iee cover_ it

neeessm!y ‘o He’kerm:ri’e the effective depth; that is, the_
distanee: betweeri‘the béttofiof the ice surface orslush i ice
pack::end ‘the bottom ot.' the stream. Tlns is lllustrated in

Flgw:e N R RN T

- To begin’ a: .measurement, the first step at a
selected vertleal is to measure the distance:from the water
surface- to the bottoin-of -theice. A mesasuring scale as
illustrated in: Figure8a is used: for this purpose. ¥ using
the. -rod :'set; - the -top protrusion  oni the: base and the
graduation on the.rod can be used instead (Figure8b). In
order to define the iee horizon {the interface between the
slushi~ice “and the ﬂowug water where slush ice is
encountered), the meter is lowered through the ice and
slush to a point where the water velocity turns the bucket
It is then slowly raised until the bucket
The distance from the
meter to the water:surface.is the combined depth of slush

1ce and surface-ice

This measurement is entered in the third
column of the meter ‘note form“under the heading "Total
depth/W.S. to bottom. ice™. “The: overall depth is measured
and recorded in the same column, except that it is placed
above the iée’ thickness value as shown in Figure$ or 10.
The effective: depth, which is the: difference between these
two observations, 'is entered in: the fourth column. The
depth at which: the meter is' to be positioned for cbhserving
velocities is computed from this figure and added to the
distance measured from the water surface to the bottom of
the ices” Where the 0.2 and 0.8 depth method is used, the
veloelty at the 0.8 degth 15 observed first. These steps are
shown in Figure 10,

- If usng the wmter rqd set, the 0.2 and 0.8
depth method is recommended where: the- .effective depths

- are 0:757m “or gFédter and the 0.5 method for depths less

than 0.75 m. Where a winter weight assembly is used, the
0.2 and 0.8 depth: method can only be used where effective
depths are equal to or greater than L3 m since the meter is
0.24 m sbove the bottom of the weight.
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Figure 9

The shapes of vertical velocity curves for water
flowing under ice cover differ from those of water flowing
in an open channel Even though these differences exist
and provided that the depths are suffieient, the 0.2 and 0.8
depth method can be used for veloeity observations. Where

depths are insufficient for this method, the 0.5 depth
- method with an assumed coefficient of 0.88 orthe 0.6
depth method with an assumed coefficient of 0.92, must be

At times it is necessary to make discharge
measurements at locations that have a heavy concentration
of slush ice lodged beneath the surface ice cover. A long
aluminum pole with a series of disks attached to the first
section is used to clear & path through: the layer of slush
ice. If this piece of eqmpment is not:available a slender
tree that has been limbed ean. be used for the same
purpose. These are interim measures only.: “When slush ice
concentrations are “a‘known or- continuing problem, the
metering section should if posssble be relocated. -

Stush ice eondu:mns dre not a‘lways a:voadable
and at times the shish ‘horizon' exceeds depths that can
readily be cleared. m_mpoles. The use ‘of Slush-n-All
weight assemblies are recommended in these instances.

It is not uncommon to encounter vertical
pulsation of the water in some of the holes cut through ice
cover. When sounding or positioning the meter for veloeity
observations it is i-mportant that “these ' pulsations be

carefully averaged in order to minimize’ soundmg and-

positioning errors. The current meter suspension rod or
cable should be held as close to the upstream side of the
hole as possible in order to reduce any effect the pulsations

might have on the meter should it be positioned close to -

the water-ice interface.

YR AR /AN AN AR A 7

- The current meter should be exposed to
freezing temperatures for as short a period as possible
when moving from one vertieal to the next during a
measirement. If there is any question that ice may have
fg'med on the meter during the time it is exposed to the
air, permit it to "soak" in the moving water for a period of
timé before observing veloeities. This will allow the water

“to warm the meter and remove any minor build-up of ice.

In cases: ‘where- temperatures and the distances between
verticals are such that ice formation on the meter beeoimes

. & problem, it may be necessary to use a small pertable

"heater or torch to keep the meter ice free. Excessive ice

- build~up on metering rods can be simply removed by
_ _‘_stnkmg the ice with a small wrench or serew driver.

is

~bé obtained. (See Figure 12).

If the selected metering section has proven to
be satisfactory, the time required for locating verticals
during later measurements may be saved by marking the
selected verticals with 1 metre lengths of stick or tree

branches. Simply place the markers in the holes and allow
them to freeze in. During later measurements, drill holes
a few feet upstream from those previously used. This will
avoid the pessibility of disturbances that could be caused
from any irregular ice that may have formed after the
previous measurement.

Check Measurements

Certain events can and often do produce resuits
of an unusual and unexpected nature. These in turn may
appear as a change in the stage-discharge relationship.
Should there be any uncertainty or & departure from the
existing relationship when the results of a measurement
are plotted on the field curve, a check measurement must
H at all possible, use a
different current meter when obtaining the check
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reasurement to_iredu;:e,;--tihé_possihi_lity of ‘introdueing a

ystematic error. Obvious damage such as a bent shaft,

ucket, wheel hub, dented buckets and bent bucket wheel .

roblems which_can affect the pperation of & meter are
'orn bearing sutfaces.or a_worn or dameged. pivot. point.
hese latter problems are often not readily detectable and
en be found only after- close,. inspec

djustment and_operation of the Price Current Meter is
quipment and Equipment Assemblies. i

© CHECK MEASUREMENT

TR

-

3
WGE HEIGHT.
TAGE OR
ATER LEVEL

o 00 700 300

DISCHARGE 1

« -Check measurement to verify results of the Voff .

the curve”™ measurement.
+ Define changés in this range next.

+ Define the lower range. It is quite common,

particularly: for - smaller. -streams, for ‘the--

duration of fléw ir the medium and high ranges
of “the
short. This must be kept in mind when evidence
of a change in the.relationship has oecurred so
as not to have large sections of the curve
undefined. In the lower. .range, the prate of
change decreases and thus more time i1s
available to define this portion of the curve.

Figure 12

NEVER sftempt to adjust a currént meter that "
ts been used during” a suspect measurement. The méter
or an "as received" calibration, béforg_ .

ould be Teturned

‘pair and setvieing. - L

This is by no means the only reason for obtaining

check measurement. Having measured. a very high flow,

wwticularly one which is beyond previous rieasurements on _

e existing curve, it is good practice to obtain another

easurement to corroborate the results of the first, M it

'stage-vcﬁs'ch'arge'=’-’~rg],"a‘;ﬁionshig_' to be -

. seems likely that the stage will change rapidly, it may well

be necessary to remain at the station and meter the flow
at regular intervels throughout the rise and fall so as to
define any change in the stage-discharge curve. If a
manual geuge is being used at. the site, an appropriate
number of gauge readings must be obtained as well. Quite
often, a period of high flow can significantly change the
previously defined stage-discharge relationship. .

SPECIAL TECHNIQUES
Sounding - '

Downstream dreg on the sounding line, eurrent
meter and weight assembly makes it difficult to sound and
position the meter accurately. Sounding from a great
height above the water surface, using a weight that is too
light, or working under conditioris of high velocities and
large depths, are all factors which individually or in any
combination will contribute to sounding and positioning
errors.

Sounding observations should be mede when the
weight first comes in coniset with the river or stream
bed. Increased velocities around the sounding weight will
cause scouring of unstable material if the weight is allowed

torest on the streanbed for any lengthof ‘time: " -

~+"There -are 'times “when ‘the’ heavisst: -weight
readily available will be insuffieient-to ‘prevént the -
metering assembly from being deflected downstream a
slight amount. A simple method™to reduce downstream
drag is to remove the current meter and complete the
soundings ‘with the weight only.  Often this is all that is
requireéd t¢ obtain’ Feasonabily deeuraté depths, Onice the
depths™havé-beeri ‘determined, replace the current meter
and proceed with the measirement. It sy be necessary to:
use one of the procedures discussed in "Measuring High
Velocities" to'Gomplete the measurement.

'

Some rivers have inhereritly stable channels. At

- these locations standard soundings obtained at stages when-

conditions are more idesl for sounding, can be used to
determine ' -the - required™ depths ‘during a = discharge

measuremernit:

TAGGING THE SOUNDING CABLE

Rather than using the method just described: for
correcting “observed ‘depths, the “sctual depth can be
determined by using indéx ‘Streamers #ttached “to the
sounding cable. Fit a series of short streamers to the cable
at convenient intervals above the current meter or the

 bottom-of the ‘weight: The streamers can-be colour coded
" for easy identification. They cair bé attached by tape or by

lifting two or three strands of the sounding cable enough to

"elamp-the sﬁ'éémer'ﬁéiweéﬁ' the strands. -

During sounding operations, after the weight

__touchés the stream bed, the assembly is raised intil the
‘“nearest streamer reaches the water surface. The distance

required to raise the tag to the surface is added to the

_knowr distanicé of the tag above the ‘meter: or bottom of
" the weight. “This method can also be used when positioning
the meter for velocity observations.
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lt can be seen Irom Teble 5 that zf the dlstanee
to the water surface isnot too great -and the.change in the
vertical angle of the cable is minor when the sounding line
is raised to determine the :distance to. the fu'st streamer,
the souudmg -error. mlLbe mmr

COMPU?ED DEFTH COHREGT ¥0N MEJ' HOD

The metemg enane ot eable ear mest be ﬁtted

with a protractor to determine-the anglea@dragmd hence,-i-,'. .

the correction required for- over-sounding. -The procedure
is as folalows and is ﬂlustrated with an exempler :

L
protractor to the water surface.
t Obtmnandrecordthesoundmg. R
3. Observe .and redord the vertical engle of the
suspension cable at the protractor when, the ..
metering assembly is submerged.
4. Obtain dry-lme eorrection, from “Table- 5, and
apply to scunded depth. . .
_ Dry-line. torrection - distance from protractor to... .
..-water surfaee versusr wertmal angie of soundmg&_,‘ :
linels . . : : .
5. ..--Read wet—lme correctnon from Table 8. and- apply
- to dry-line correeted depth. - :
6. Reise the. meter to 0.3 oi the vert:eal depth and )
record the velocity observation.
7. *‘Raxse the meter to the- u.z vertlcal depth pusmon:

and record the velocity. -

" The following. example xl.lustrates thls proeedure:’ff o

when epplied.to a discharge measurement: $ee. Figure 15. .

1.
the water surface is recorded at the top of the
note sheet.

The distance from the bridge érane (protractor) to

Measure and recocd the dlstance irom the .

R

The depth ‘sotifided at sectlon 40:is1L70 m and the -
observed vertical ahg'le of the soumding cable i

7189 “(Angle” is observed with the weight ‘at the
strea bed But fuﬂy supported by the’ cable.} '

The dry-lme cortection for 2134 m at an angle of :
+- 18°"is taken' from Teble 5 and’ appi:ed “to- the'
sounding; 1L70 - 0, 86 lﬂ 84. ) -

The correction for the wet-line depth of 10.84 m
is obtained from Table 6. The corrected depth is

now 10.84 0.14 10.70 m.

4.

5. The 0.2 and 0.8 observation depths are computed
from this figure. It may also be necessary to use
dry and wet-line corrections when positioning the

meter.
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Figure 14

',A_ngleofFlowCorrection

A correction must be applaed to the observed

' 'veloclty if the angle of the current is not perpendlcular to

the measuring section. The correction is the cosine of the
angle cbserved at’ the’ ‘metering point. Cosine- values for
varicus ngles ve been computed ‘and printed” along the -
top, bottém and’ nght ‘side of the Hydrometne Survey Note

requxred correctlm value. See followmg ulustratlon.

W practice,

“ meter¢an be*used to indicate the angle by positioning it at

22

or just below the water surface. The left edge of the note
page is held parallel to the tagline, cable car or bridge.

_ ) the ang}e ‘of flow is observed from"
the wake. of “the wading rod or'suspension cable. If it is
“difficult to’ see the waké from a bridge or cable car the



. Figure 16 —»
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Place one end of a peneil over the circied dot at the Teft

edge of the paper and move the other end until the pencil
is parallel with the indicated angle of flow. Read and
record the angle of flow cosine value as ﬂlustrated in
F:gure 16.

Cableways are usually located carefully so as to
avoid sections with angular flow. Since angular flow at
some metering sites varies with changes in water level, the
need to apply coefficients at some of the observation -

-~

_ Table'S

_vertieals will similarly vasy with the 5tdge;

] Angular “flows are frequently _"‘encountered at’
bridge measmsement etions sinee. bridge sites are
seleeted primasily for purposes ¢ other than stream gaugmg.
"1t is quxte oftén possible to determine and apply one cosine
~eorrection value tothe entire discharge rather than to:
apply individual cortections. “This should be verified over a
period of time and after a number of measurements have
~-been obtained. -

AIR~COARECTTION TABLE, GIVEM DIFFEREMCE IN METRES, BETMEEN VERTICAL LENGTH BN
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Measunng Hrgh Ve[ocmes‘

: When ‘megsuring: the é:sc'haz-ge of floodmg
streams or during periods of rapidly rising or falling stage,
it is often impossible to obtain accurate soundings and
hence accurate measurements. Only excessive depths or
velocities that are too great for thé 'size of weight
gvailable make it necessary to use one of the faliowmg two
methods durlng these condmons. : :
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0.2 DEFFH METHOD

Provided that the stream bed is stable and a
profile of the measuring section is available and
approximate ‘soundings ¢ah be :determined, the 9.2 depth
method can be used., Velocities at 0.2 depths are observed
at selected verticzls in the cross-section. The time

required for the measurement should be such that any
change:in-stage is niinimal. If:need be, & measurement can



be obtained in & 15 to 20 minute time period by obtaining B
approximately 15 observations and reducing .the time for

"each observation to between 20 and 30 seconds.

Make 4 complete. measurement .as soon as
possible after- obtaining a 0.2 measurement.  Use the

results to correet the apprommated ‘depths if standard’

soundings were not available for the partial messurement,

Next determine the relationship between the 0.2 ‘depth

veloeity and the mean veloeity at each location where
observations weté- made. ‘during the earlier measurement.
Use this relationship to convert the *0.2° depth veloeity

observations of the partial measurement to- mean velocity’

and compute the measurement m the normal manner.

Where it is not possible to.obtain & t‘ollow-—up-
measurement for the -techiique just déscribed, the’

discharge for the 0.2 depth method can be computed in

another manner. Previous measurements are recomputed.

using the 0.2 depth veloeity in place of the mean. velocity.
A relationship is then ‘plotted u$ing as eoordinatés the
recomputed 0.2depth discharges and the actual
discharges. From - the plot of these -results a curve of
relstionship can Be drawn which.is often .a straight line.
The actual discliarge for the partial measurement can be
determined from this plot.

This method Should'“be ﬁsed with caution whefe

there is & flow distribution change caused by backwater or_

rapid change in dxscharge.

SURFACE VELOCITY' METHOD

The flow of debris during floods will often
prevent observations from being made at the 0.2 and 0.8
depths at all sections in'the stream cross-seetwn. Surfaece
velocities should be obtamed ‘at as many of these otherwise
unmeasurable sections a5 possible. This method requires
that the meter be placed at least 0.5 m beneath the water

surface to avoid the possibility of the velocmes bemg.

affected by surface disturbances.

A complete discharge measurement must be

obtained as soon as the flow of debris. has subsided.

Surface velocities as well as those at the 0.2 and 0.8 depth
positions must be obtained for each section where, during
the previous measurement, only surface velocities were

observed. The depth values obtained are used as standard -
soundings and the computed coefficients are -applied to

that portion of the earlier measurement where only surface
velocities were measured. If there is little variation, only

one coefficient need be used. for the entire eross-section;

otherwise, a coefficient must be applied separately to the
values in each section.

Again it must be stressed that these techniques
have limitations. They cannot be applied where stream bed

instability is such that reliable soundings - ¢annot “be:

obtained.

DISCHARGE MEASUREMENT COMPUTATION - -~ .-

NOTE:

Over the years the term "section" has been used

in an impreeise manner. In some instances it is used to

. where:

A N

denote the metering seotion or entire cross-section, in
.. others it is used when referring to any one part of the
- cross-seetion: -

“Inthe - following discussion of discharge
measurement computations, the term section shall refer to
that small portion of the cross-section that is bounded by

imaginary verticals af one-half the distance to the
“preceding. and one-half, the distance to .the following
“verticals at which an observation of soundmg and veloeity
- are made (Figures 18 and 19).

Mean Sectmn Method

“Prior to’ October 1950 the computation of
discharge measurement notes was by the mean section

“method. - With this‘method the product of the mean of the

depths and the mean of the veloeities observed at adjacent
verticals is multlplled by the width between ‘the verticals
to determine the discharge for each section. The diseharge

i for & section is represented by:

T R TR

: 9 : 2 ‘ s 2 ® (2-1)

g = discharge for one section
- v = veloeity in the vertical
'd ="depth at the vertical
" b = width between two vertlcals

_This is.repeated. for each consecutive section

‘ _across the stréam‘and the total dxscharge for the stream is
‘then. obtained by adding together - all of the partial
‘discharges. A study in 1950 showed that “the resuits of
. discharge measurements obtained by this method are

stightly less accuraté and more -diffieult to compute than

- those obtamed by the mid-section method. Consequently,
""the m1d—sectlon method has been‘used by the Water Survey

smce that’ tlme.

7 Mid- Sectlon Method

. The mld-sectton method of computing discharge
measurements differs from the pre vious method in the

following ways

The. observed depth at the vertieal is considered
“to be the mean depth for the section.

2. ‘The éssumption is made that the mean velocity at
the observation vertical represents the mean
;- veloeity for the section.

3. The width for each section is computed as
one-half the distance from the preceding vertical
plus one-half the distance to the followmg
vertical.

Thus in the illustration Figure 17, the discharge
for the heavily outlined section at . dlstance bg-from the
initial pmnt is: computed ass, _ .

: ’-Vsds b'z 5

The ealculatnons for the firsi and‘last sections of
a discharge measurement are handled in much the same



manner as just described. The. main: differénce is.in the... - vert:cal o5 shewn in Flgure 19.. Here however, an area and
determination of ‘the widths.- Since -at ‘the beginning and- * discharge can- be computed. - Once agein; try: to arrange
the ‘'end of a measuring section there™is no preceding or ‘Soundings so that -edge seetions are made as small as
following vertical, the width becomes-one-hall the distance possible. Keep in mind that caution is to be exercised
froin the edge to the first vertieal or from the last vertical when observing depths and velocities close to piers and
to the edge. Figure 18 shows typtcal edge sections, As & abutments. At times, it may be necessary to estimate
result of the computatronai procedures, in’ 't;hese ms,tames ....,these values to .avoid the.possibility of the meter and
eight assembly being damaged against the pier or
abutment. In some instances, debris will have lodged on or
agr. -t the pier and this further complicates matters.
Where these Situations are encountered, it becomes
small in proportlon to :the: totﬂl ‘mensdreln 7" necessary to estimate the discharge for the panel adjacent
estimated discharge fof these sections mll iﬁtmduce very - 'te the pier by estimating the depth from the previous
little if any apprec:able error. . - . - yertical and the velocity which is expressed as a
percentage of that observed at the previous vertical

sections. Therefore " ‘When: rr.ekmg a dasehm'ge measuremem;
the first and last vemcals sheuld*be- t&kqn as closa 16 the

An edge seeuon will also oecur where .theye is a
vertical drop at the water's edge such ‘as at. a pier;-a brldge
abutment or a wingwall: Again, the. yndth c&lculatwn, is
one-half the distance from the prevxous of to the followm '

The techmque descmbed in  the previous
paragraph can also be applied where an abrupt and large
‘change in depth is encountered in a measuring section

INITIAL
PQINT

N WATERS' EDGE

"SECOND COMPUTED WIDTH,
- 1/2 DISTANCE ON.EITHER SIDE
© QF FIRST VERTICAL.. .
:FIRST-COMPUTED AREA
AND DISCHARGE

FIRST COMPUTED WIDTH,
1/2 DISTANCE FROM EDGE
TO FIRST VERTICAL -

: LAST SECTION FOR END SECTION
, . . WHICH AN AREA ESTIMATE AREA

0 : AND DISCHARGE  AND DISCHARGE
ARE COMPUTED
—"— v
7 L . 1 . 5 d P
b /é b WATER o
<& ! - SURFACE
Ly N i
' B
. 71-_— \- -f-ﬂ -
EDGE VERTICAL 42 T~ . __
‘0 DEPTH - J
FIRsT MEASURED' LAST ‘MEASURED EDGE
VERTICAL & VERTICAL . - VERTICAL
Figure 18
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[ EDGE OF PIER

EDGE PANEL AREA
AND, DISCHARGE
"N COMPUTED FROM'
ESTIMATED- DEPTH
AND ESTIMATED
‘| vewocity

T T -

' {
point b | ey S0 : point """‘ '

Figure 19

(Figure 20). The point at which the change oceurs is to the observation vertical is listed twice. Depth and

treated as though it is the edge of a pier and the distance . velocity observations are made .just before and just after

' . _ the point where the change takes place. By doing this the

W7 wa wa : - observations of depth and velocity from either side of the

: : : abrupt change are treated separstely, one set being appiied

to an effeetive width-of half the distance to the previous

vertical, the other to an effective width of half the
distance to the following vertical.

TREAT &S EDGE/

i
1
| . N Q|

Figure 20
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A DISCUSSION OF ERRORS AFFECTING THE ACCURACY -

OF STREAMFLOW MEASUREMENTS

atroduction _

Much ‘has been’ wrltten in an attempt to quantify
he various partlai aid combined errors that make up the .

tobable aceyracy. of 2 strearnﬂow measuremen ' Results_

rom various analyses generdjly show that aceuracies of
rithin 5% are achievable 95% of the tima, provnded that
he field data have been obtamed in accordaiice wtth an

eceptable standard.

Streamflow measurements by the conventional
urrent meter method require the measurement of widths,
epths and velocities. Inaceuracies can ocecur during the

1easurement of any of these parameters through errors.
rroduced by technique or equipment ‘used. .These can ‘be’
ategorized as human, systematzc ofF random errors. The.

urpose of this diseussion is to identify some of the more
ommon factors which léad to inaccuraeies when observing”

hese parameters.
fidth Measurement L

" Under most dlseharge measurement eondltmns,
rieasurements of the overall width and of distances

etween verticals can be made with' preczs:on and normally
in “'a discharge
Human errors ¢an and do arise when units’
f unconventional spacing are used on cableways, bridges’

o not contribute  to overall éfror
1easurement.

nd other measurement structures. Another source of
rror is encountered when spaeings on structures Fave been
hanged and the old markings have not been completely
radicated. Confusion ¢an be #vdided by clearly marking

1e spacing of the intervals ofi‘the ¢ableway, A-frames and

leasurement structures. It is-absolutely essential that all
£ this information be rec ‘on the statmn descrlptxon. _

Relatively small systematic  errors- can’ be"_
troduced if cableways with long ‘spans’ (250-300°'m “or

iore) are marked- with distances along the cable rather

1an with horizontal distances. The errors in spacing of

erticals will gradually become larger et either end of the
gble where the slope is greatest, and least in the centre
retion. - The overall effect on the discharge measurement
i depend on the flow chstnbut:on aeross the ‘stream. ' -

Errors- can also be introduced when posxtxomng-' :
>ats by using' “Sufvey -instruments such as sextants, *

reodolites end ‘electronic distance measuring - devices,

uman errors Jnay be’ made when reading ‘the instruments-

1d  systematic - ‘ertors ‘'mey - result -from °

alibration. Most ° s;gmf:cant ‘errors, - however, _wnll -be

instrument -

indom in nature and w:ll result from the mannier in wlnch :

1€ boat is actually posmoned. JIf the boat .

one, positioning errer will depend entirely on the ability

the boat operator. If the boat is anchored, positioning

ror will depend upon the type of anchorage used.

epth Measuremem

Depth observatmn may be made mmg soundmg .
wds, sounding cables and echo sounders.: Both systematie .

1d human . errors..can. oceur. when using .any of . these. -

is,
ee-positioned, that is, held in posmon by motor thrust'
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-Samples are mcorrect readmg of a graduated rod or failure

to take into aceount the distance between. the current
meter and the soundmg weight. Systematic errors will also
result from using an echo soundér with the. mstrument not
properly calibrated. Random errors, however, are the
major errors that can be expected.

1t s eften difficult to accurately define the
cross-sectmnal ares  of shallow streams strewn with
boulders. Inaccuracies arising from this can be reduced by
increasing the mumber of soundmgs The base of a sounding
rod may be allowed to sink into the soft stream bed when

T sounding silty. streams, thus ceusing oversounding. When

metering from ice cover, defining. the bottom of the ice
surface usually presents no problem but defining the slush.
honzon can at times be extremely difficult.

} Although problems of oversounding and
undersotmdmg can arise . when . using cable . suspended
systems, -the most significant errors are most often
introduced with the application of wet and dry line
corrections. These are based on gssumptions concerning
the drag forces on the sounding line, the meéter and the.
weight assembly. Wet and dry line corrections become
more significant as the distance to the water surface and
the drag forces on the sounding line and meter and weight
assembly become greater. However, as a general rule, the
overall efféct -of sounding errérs on @& discharge
measurement are greatest for streams mth shanow depths
and least on. deep streams. _

OthefErrors

‘Other sources of slgmﬁcant error-in a discharge -
meéasurement are those that relate to the measurement of
veloelty. Among the friore TFeadily apparent are those
associated with the ecalibration of current’ meters, the
direction of flow, the duration of observation time, and the
number of obsefvation verticals ds well as the number of
observition pomts in eaeh vertical.. -

CALIBRATION OF CURRENT METERS

' The Water Stzrvey of Cenada has maintained asa-
standard, -that - al} -current meters have individual
calibrations.~-These are obtained by towing the meters.
through & tank of still wster &t veloeities from 4.5 to.
300em/s and from this, individual calibration curves are
developed. Although it is generally accepted that this
procedure is equivalent to the stream gauging situation
where the meter-is beld:in flowing- water, . there is some
question -about: the validity of this assumption when using
the meter- (parueulariy eup type- meters) under: turbulent
flow conditions. Analysis of a. pumber of current. meter
calibrations show that-there is a standard error of less than
0.067 m/s. There. are, however, -other. factors that may
cause errors larger than this. -

_ It shouki be noted that the standerd- Price
current meters. used by the Water Survey of Canada have a
tendency to become less accurate when used for. measuring
low. velocities, those in the: order of 0.05m/s or less. This
is often due in part to poorly prepared or damaged: bearing
surfaees and. pivots; or to. binding in the penta gear
systems. In - other . cases, current meters are poorly -
meintained or have not been meluded in a: regular recall



and mspectlon pro "‘em. Current meters can be and

are specially prepared and rated for measurmg verj{ Tow
" this” is done’ ‘only” on’ ‘Fequest.” See
mpment and Equ:pment Assembhes, ’Prlce

velocltles, _bu
Instrumerits, Eq
No. 622 Type AA meter.

The current meter is sub]ect to both surface and
bottom effects in shallow streams. These effects generally.

become sxgmﬁcant when depths are less than 0.2’m. “Tn ~
where * the” eups are’ parhaﬂy -
over-reglster.; b
Under-—regxstratmn oceurs ‘when the meter ‘eups are placed
“The 'magnitude “of “these
effects depends upen ‘the’ channel mughness and the

very - shallo depths,
submerged, -’ ‘the - meter tends f0 -
too close 'to the stream “Bed, °

veloeity of the' water.

Methods of suspensnon other than the standard

recommended methods will also have a decided effect upon
the accuracy of the eurrent meéter: Metérs are cglibrated

using ‘¢able suspension &nid a 301b weight. “The results when ™
using other récommended suspensron' methods are within 1%~
of - the -calibration- valiies -and " will therefore produce an'__

error of Tittle or no 51gmf1cance.

DI RECT}ON OF FLOW

Dlscharge _measurement

usually, cbosen so.-that . the flow is perpendicular.to the

eross-section. Even though they are carefully selected, it .

is not always possible to avoid oblique flows at some of the

verticals. At these verticals the velcecities must be-

corrected by applying an appropriate cosine coefficient.
Random errors may. be introduced when observing the angle

of flow, or when it is assumed that the angle observed.at.or .
close to the water. surface cemains the same throughqut_

the entire depth.

Other sources of error can be mtroduced when..
using rod suspensions and in partienlar when winter rod.sets: .

are used in deep, fast flowing water. Although the current

meter can be misaligned bothiveértically “and~horizoftally” -

with the direction of flows, the most significant error wiil
result from. vertical misalignuient. The current: mieter will

underregister if: tilted above or below the horigental;.and -
the magnitude- of -the. error: will depend:upon.:both. the

veloclty of the water emd the angle of departure.

r’:

DURATION OF OBSERVATION TIME

’ Pulsatlons, ranﬂom in nature, arg e\ndent inall =
“flow eorditions -are’ essentially -
steady. Smce apulsatmns ‘are pandom i nature, the effeots”
of . pulsation® will* b eliminated when veloeitias - are
obsérved for a sufficient-length of tifte. -In actual practice
during a discharge mieaStremment; velodities -are obServed -
for relatively short pericds of time.-The ekpectation is’
that a sufficient number of observations will be made so

that -pulsation effects will"tendto ¢ancel each other during

the coirse of a measurement. -Studies have shown that at s
low velotities, pulsation effeets’ are “ustally greatest.—"'
Studies -Hdve “also Shown  that the optimim e’bservataon‘-

dupation ‘i¥ibetwéen 407 and 60 seconds‘anid that &¢ /

déoréases significantly if a‘duration of 1éss than 30 secsnds
‘is used, for:durations longer than’ Bl?seconds, the mcreese«f

in‘acciraey Ferlerally iSnegligible. & = 5%

" NUMBER OF OBSERYATIONS,

cross-sectmns .. are.

Number of Observation Verticals .

There are, two ways in;which the accuracy cf &
51 an be. mgmflcantly affected by
the umber & d d:strlbun ‘of observation verticals. First,
the observation verticals are used t6 define. the channel
cross—sec_tlonal ared. . Appreciable’ errors will be introduced
if “'the, nuinber’ of observations made to define the
eross-saction” are not ‘sufficient to do the job. This_
particular problem can be cvercome by obtaining additional
depth observations.

.. Secondly, 'the velocity observations in ‘the
verticals’ are “Osed to define the mean velocity in the
cross-gectiol ftlierefore, the vérticals should be spaced so
that 'the velotities observed, are more representative of
those in the prec‘ C mg ha].t? panel and the followmg half
panel. i

The spacing of observation verticals can be
accomplished on the basis of either the equsal flow method,.
the equal width method or a combination of both, With the
equal - flow method,  the width segment can change
. and, usmg the _mid-section method for
computetmns, the | horlzontal velocity profile tends to be
distorted. . That is, if" f.he width segments change
frequently, the observed veloctt:es wﬂl not oceur at the
mldpomt of’ the panels. .

A good compromise is to use - the equa}. width
method and ta. change the .spacing of verticals only a few
timies: during & - measurement to .sccommodate = any
mgmflcant changes in ﬂow dxstmbutmn. .

s Studles on me&surement accuracv have  shown
that accuracy tends to be low when fewer than 15 verticais
are . used but the improvement becomes negligible when
more than .35 verticals are used. All else being equal, the
use of 20 to 25 verticals would seem to be idesl.

.\’u_igbér o f'dbsknation Pointsina Vertical
The mean velomty in a verucal is normally

obtmr:e& by meesurmg 2t one ‘or two points in that
vertical. Comparison of ‘these observations with those

. obtained by. some. detailed. method (a mean of observations

. tenth of. the depth plus_half the yalue observed at
ace and half the value at the- bottom), indicate that
random_errors - do. oceur - when. determining the. mean
veloerty i any given verheal. Furthermore, the .one point
method.is usually not as accurate as. the two point method,
Nevertheiess, .. surface  and. bottom effects become
sagnificant as tﬁe stream depths decrease and when depths
are Iees tha.n ﬁ.75 m the one pomt method should be used. )

CONCLUSIONS

Errors in the measurement of width, depth and
velocity as well as the lack of care in choosing the number
of verticals and observations in a vertical, all' combine to
reduce the overall accuracy of a discharge measurement.
To & large extént, fiuman ertors #an beavoided by careful
atteritmn ‘to ‘detail-"aHid by adhermg to established and
préven’ ‘techniques #nid roiitines, Systematic errors can be



" reduced- significantly. by proper .- maintenance .
calibration of -instrument _r:gqugtament -and_by-adequate
training: of . field. officers.. . However, :random -errors; . will
always.-- oeeur s

A s;gm&cantareéuct:on in these €rrors Ccan:

and

be achieved if ;he field .officer .obtaining the measurement .

can recognize -the poiential :prablem- greas. and takes the:

appropriate precautionary measurss.to awc:d or. minimize
them, One possible indication of measurement accuracy
can. be.obtained - by, conducting - several.-consecutive or

simultgpeous. measurements..and by usmg different sets., cf :

eqmpmem and techmques i e L vs

INSTRUMENTS, EQUIPMENT AND-EQUIPMENT ASSEMBLIES

1.. i Current Itvietere
B Horlzontal Axxs Meters .
Vemcal Ax1s Meters
Prlce No. 622"[‘ype-AA . |
.S.C. Wmter Meter |
Pygmy Ccrren‘t Nieter ) T

Care ané Mamtenanee of Current Meters

2. l\admg Rcarir

4,

3. Winter Rod,Set CoL L e .
Sounding Reels o
i T‘ype A-55 ReeL
Type B-50: and B-5fr I'beelsr o
Type E—53 Reel
5. Hanc}hne ) . : .
6. .‘Aé:ight Hanéers,:' Connectors and Soundmgcab],e B
W-2 Hanger Bar
BC-1 Harger Bar =
Connecturs "
7. x'»ie_t_eﬁng'rra’mﬁés’f
g._' B

. Type "A‘Cr.r_e‘ne

L Current Méters .

- The most. commonly used current meters are of

two. general iypes, the cup. type with a. vertical. axis..of -
rotation and the screw or propeller type which rotates.
sbout a horizontal axis, With either, the veloeity of.the.
, placed js.

water at. the pomt where. the current meter. .is
determmed from the.rate. of :rotation of the: bucket wheel

" besemiption - .. ...
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or pi‘cpeller. “The. rel&tlunshxp between the:rate of rotation

and the velocity of the water.is established-in.a. towmg
tank for every current meter DI'IOI‘ to placmg 1t m service.

A Horlzontel A:ns Meters
: Asn'le from spee:a.l &ppllcatmns such a&s in the
Mcvmg Beat and ¥ADA (velocity-azimuth-depth-assembly)
diseharge - measurement - technigues, : the propelier type
current- meter is -used -to a:very limited extent by the
Survey. - -Among.: others, - some of  the :_disadvantages
epcounteredrwith this- type of ‘meter are: 1) -the effects of
slight damage to the rotor camn -seriously:alter the: rating
and the damage eannot readily be repaired in the fielg; 2)
the hori zontat bearmgs are extremely difficalt to keep free
from “silt " whiéh - witl. cause changes’ in “frietion and a
resultmg chang‘e‘ in the' rating of the metér;3) more than
one rotor “is” necéssary to sample the range of veloeities
éneouﬁfered durmg“ orie - dlscharge measurénment. A light
roter, ‘With' “vanes that - are- at an abrupt angle’ to the
eirrent, i requ:red‘ 'to serise accurately low" velocities,
while “oiie- with ‘vines et a- lesser-angle is necessary to
overcome thie" problem cf the rotor revolvmg tog fast in
hlg‘h veIecmes. ‘ -

Among ‘the’ advantages found™ w:th this type of
meter are: the lack of sensitivity to turbulence or vertical
movementth couid be encountered during” rneasurements
from a boat,':_'or £y cableway that is. subject to vertical
motiony component propeHers ‘are | aveilable ‘that "will
autom&tlcally "reg:ster the component velocity along the
axis of’ the ‘meter for currents that are obhque to it.

is" used almost
Nater Survey in _its . streamflow’
t Pro n.’  The namé is derived from
.Pnce, who was "sponmble for the orlglnal design of
thls meter Thé y' Co. the flrsf 10 manufacture it,

rice. current meter .

identifies the meter ‘as haviig - a deeply seated lower
bearing‘ i dpivot assembly. _

the upper-and lower: bearin 'surfaces'ere located in falrly

_deep inverted camtles"whlc“h trap . air when the meter is

placed in water. This effectwely exclydes water and silt
from ‘the bearmg surfaces, ehmmatlng undue wear and a
resultmg“ ehange in the meter retmg. .

Extensive research and  experimentation  has
shown this meter to be rugged, reliable and well ‘suited to
the wide variety of conditions it_is subjected to in the
fleld In_addition, only  one bucket wheel assembly is
requn‘ed for the entire range of .velocities encountered
dunng normal stream gauging. operations. The meter will
ately to veloeities that range from 4,5 - 300
y prov:dmg that it. is. properly maintained.

The main components of the me;ter are- the pwot
and bucket wheel assembly, ‘the:contact chamber and.the
yoke and tail assembly. The bucket wheel has six conical
shaped ‘eups-and is-125-:mm-in diameter: - The letter "T*
stamped.on:the: inner portion.of the:frame indirates the top



' "srde of the: bucket wheeh When in use, the bucket - wheel
rotates m &8 eounter-cloekmse d:reetlon.

The contact chamber is fltted mth a bearmg,

penta gear for indicating each five revolutions of the
bucket wheel and two insulated binding posts each havmg a
fine contact - wire. - ‘Twp:- types ~of © conteet. wire are
commonly used. One is a bronze multi-strand wire with:a
bead of-solder: at. the -contact ‘end, the other is a single
strand of ‘stainless steel -wire.. One :wire : makes contaet

during each.and every revelution of:the bucket wheel, the

other makes contact with: the penta- gear ‘and- mdleetes
every fwe revoiutwns of the bucket wheel. P

The top of the rot.or shaft is munded to provlde a.:

smooth surface where it eomes in. contact mth the hottom
of the chamber .eap,. Immedlateiy below the. munded end,
an eccentrie is cut in the shaft. This is the means by which.

the shaft makes contaot . mth uppep. eontaet .wire. once'
during ‘each revolution of rotor.. The next section of- the.
shaft fits into the .contact chamber bearing lug. A short

section of aeme “thread is eut intothe shaft below the

beanng secticp.. ‘This meshes: smoothly with the, penta gear.

fitted in the bottom of the contact chamber, The.penta
gear has two tabs, each of which brushes the lower contaet
wire once during. every five revolutions.of the rotor.

These are at tlmes reqmrements for :spec:flcally-

prepared meters for measuring’ very low veloc:tzes. The
Price meter can:be modifiéd by removing ‘the. penta, gear
from the bottom of the’ contaet chamber.. ..

meter should be spee:flcally rated for this condition.

An accessory for the Pﬂee ‘surrent theter is the

magnetic switch contact chamber. A 13 mm long
permanent magnet is embedded: in"the tdp portion. of the
rotor shaft whiech fits into the centre of a special contact
chamber. A magnetic reed switeh whlch ‘is"accessible from
the top of the dssémbly, is 1oeat
to ‘the rotor” ‘chamber.”
bushing ‘seal this chamber. Dufing each. revoluti
rotor shaft the magnet passes this chamber ‘wmehdeontams

a reed switeh. There is'a momentary biit positive elosure:
of the switeh. This system is used because the agnetxc;

reed switeh will produce a "clean™ Slgnal “for tr:ggermg an
automatie electric pulse counter, T_he wiping aetlon in the

contact wire style chamber’ produces ‘an erratie’ mgnel when.

the rotor revolves slowly. _Th;s ‘produces more” than one
signal "and’ theréfore " cattnot,

prevent sreing of the contacts. -

b) w. S C. Wmter Meter

-Exeept for the yoke desxgn, this eurrent meter Isﬁj

identicat in every respect to the Price No. 622 Méter, ‘Tt

was developed to perm:t easy ‘passage of the meter through"
holes drilled in the ice for’ winter discharge measurements.’

Since the distance from” the. front “of the bucket wheel to
the back of the yoke'is:152 mm, a hole’ ‘through“ the ice
cover with a minimum diameter of 200 mm is required to
permit -easy -passage of ‘the “meter. This:is' obtamed by
usmg the stamdand ice auger cntter heasd. E f_»f e

The meter isrused: pﬂmen}y wnth the- wmter md

set. The threaded boss on -the upper.limb-of the ‘yoke

This. permits a_
slight reduetion of friction in the rotor. movement. and the,

"in & chamber- adjgeant
‘The’ blndmg ‘post and “insulating.

used with an eIectrlc_'
counter. If ‘the réed relay system is used with a headset,’
care’ should be tdkeh to use the’ proper power supply to_

permite it"to '_b‘ef'a’ttac-hed'fte thé bottom rod of the set. -

~an automatic pulse counting device is used.

This is also: the means by whieh:it is"mounted in any of the’
winter weight ‘assembliés.” # small brass’ adapter thteaded
into the boss is required foF ifiounting the rmeteér in any ‘one
of the- threé winter weight assembly frames. Thé-assembly
caii then be suspendedby’handime or‘from‘a soundmg reel
moun‘ted on'a wmter mefermg‘ sled or freme. :

s

' : ‘I‘he magnetie reed’ switeh contact chamber and
electne pulse eountef aie¢ aecessones that are often used
with the W.S5.C. Winter Meter. :

), Current Metep:: " " -

A situation is often encountered- where depths
are insufficient for obtaining accurate - veloeity
observations with the larger Price meter. The Pygmy
meter is approximately two-fifths the size of. the. Price No.’
622 meter and was deszgned for rneasunng shal.low streams.

As for all other eurrent meters, individual
calibrations are maintaired for the Pygmy meters. The.
major difference is that the Pygmy meters are towed at
lower velocities, from 2.5 to 140.em/s.. :

Aside from size, :there--aré other significant
differences between the two meters. The Pygmy meter
contaet chamber and yoke are one. unit and the chamber
has only one contact wire that signals each revolution of
the bueket wheel shaft. The meter is meant to:be mounted
on a8 wading rod and sinee it is used in very shallow depths,
it is not provided with a tailpiece nor is there provision for
suspending it from a cable.

The bucket wheel is only 50.8 mm in diameter
and it revolves at a rate that is 2 1/4 times-as fast as the
larger Price meter. As a result of the bucket wheel
revolving so rapidly, the: use of -tlie meter is limited to
measuring velocities that are not in excess of 1 m/s unless
‘When not in
use, this meter must always be fitted with the brass pivot
provided. The bucket wheel is not equipped with a raising
mit and the pivot and bear:rg can be damaged 1f the steel
pivot is fof removed: -

C Care and Maintenance of Current Metérs
Price No. 622 'I‘ype AA

Reguler cleaning and ollmg of a current meter is
of the utmost importance. At the sameé time it should be

 carefully examined to make certain that all parts are in
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good working order. Normally, cleaning ‘and lubrication is
carried out at the end of each day. If, however, the meter
has been used in a stream that is ‘heavily -laden with
suspended sediment, it should be cleaned immediately after
the measurement. This will help prevent abrasive particles
from ceusing premature and unnecessary wear to the
bearing surfaces. The reliability' of the Price meter
depends, like any other good quality precision instrument,
upon the care and maintenance the instrument reeeives.

““When cleaning ‘a ‘meter; the contact chamber and
pivot must'be’ péioved Trom the yoke. This will permit the
bueket’ wheel assériibly to be tipped clear of the lower limb
and’ thé tingsten carbide pivot beanng ¢an then be cleaned’
arid ‘examinéd with relstive ease; "At the same time the
pivot can bé cleaned and siled. Partieular care should be



taken. to. inspect the point on.the pivot for signs of wear or
roughness. The bucket wheel shaft should be thoroughiy
cleaned making certain that.fine particles:of-prit haven't-
lodged in the acme threads. In the contaet. chamber, ‘the
penta gear teeth and the shaft bearing should be carefully
cleaned. Al parts must then. be well. lubricated with a

good quality instrument oil.

. During reassembly of the meter, take particular-
care to properly align:ali parts. The eontact shamber must
be. fully seated in the upper limb of the yoke, - Before
tightening the set serew, position the shaft“bearing in the
‘ehamber directly over the axis of yoke.: Tighten the set -
screw and replace and tighten the contact chamber eap.
Next, invert- the meter and ;insert. the pivot through the
hole in the lower limb of the yoke. -The tapered flat on the
pivot must face the set screw in the yoke. The set serew is:

then tightened.

There should be 0.008 inch (0.26 mm) end play
between the pivot and the pivot bearing when the meter is
eompletely assembled and in eorrect adjustment. To adjust

1 BUCKET -WHEEL HUB it o0 14 HANGER SCREW. 2
2 BUCKET-WHEEL HUB- NUT..:- .-
3 BUCKET~-WHEEL - .

4 BUCKET-WHEEL SHAFT - ..

5 RAISING NUT

6 PIVOT ..

7 SET SCREW '

8 PIVOT ADJUSTING NUT

9 ADJUSTING NUT SET SCREW
10 ACME THREAD "~~~ =~
1T CONTACT CHAMBER. .

12 CONTACT CHAMBER CAF
13 BINDING POSTS ™ ©

15 TAIL 'FIN--SET - SCREW
16 CURRENT METER- YOKE

the_pivot correetly, the following steps must be followed.

Loosen the set. serew in-the pivot nut and then the set
screw in the Iower limb of the yoke. With .the meter
inverted, back off the pivot adjusting nut and insert the
pivot so that there is no end play in the assembly, Now
tighten the pivot nut until it rests against the lower limb of
th .oke. Turn:the pivot nut an additionai one quarter turn
and loek it in position with the small set screw. “Tighten
the set serew in the yoke and the adjustment is completed,
*. . The most common causes of daniage to-a current
meter result from improper - hendling and from debris

striking the meter - during measurements.  Prevent
accidental damage to.either-the point of the pivot or. the

ivot bearing when the meter is not in use.. -The bueket
wheel assembly must.be kept raised.on the raising nut. To
use the raising “nut correetly, hold - the bucket wheel
stationary and turn the raising nut until shug. Any undue
force such as that capable of being exerted by holding the
raising nut and-turning the bucket wheel, can cause the
shaft to-be-bent-or if encugh pressure is exerted, the yoke
can-be.sprung. ‘The upper section of the shaft ean also be

51617 1321#5@_. B |



bent if an at»&empt is- made to remove o repl;nce the:
contaet chamber ¢ap when the bucket wheel hub assembly:-

is in the raised position.

The shaft, the bucket wheel frame, or both, can
also be bent by an accidental blow received during the
" course of a discharge measurement. To check the meter
for a bent shaft, damaged pivot or bent bucket wheel,
rotate the bucket wheel slowly. Observe the wheel frame
for trueness and at the same tlme i

very gradual stop. An abmpt stop*‘"f’wo
bearings or pivot point are in poor condltx
penta gear is binding. R

2. Wading Rod

The rod used for sounding and positioning™ the
current meter while making discharge measurements by
wading is called the: Dry-Hand Wading Rod. Thig rod is
about 1.3 m long and is so designed that the-positjion:

meter can be changed quickly and easily without remeying

the meter or rod from the water.

A T6 mm*dmmeter base is fitted to one end and
a calibrated .handle. to ‘the- othigr, The body of the rod is
graduated in 20 mm increménts f
meter support which slides alor
fastened to the end of a calibrated adjusting rog:. A
friction brake in the handle grips the,}@wstmgawd %by
releasing the brake, the meter can be"P&Sitioned quickly
and easily at any required depth.

The wading rod has a headphone plug located in
the top of the handle. The handle and adjustable rod are
insulated from the main body of the rod and the meter
support. One terminal of the plug is conneeted to the main
An insulated wire

body and the other to the handle.
conneets the bottom of the ac R
post on the meter comtact chamber. T
by way of the meteribody,. meter: sﬂpp@rt and the
rod. If a shoet cireuif should deve
quick and easy repair can be’ ‘made.

conductor wire is required with & plug fitted to one ﬁhﬁ'

One lead of the othersend:iaitached t6" the binding |
and the other to the body of the meter.

the body of the rod is

: In either case, make certa:n that the electrlcal_
wire leading to the-contact chamber is'secured in & manner
that prevents -it-from mterfenng with the bucket wheel
durmga measurement. o

R When determmmg depths, place the "rod
vertically in the water with the base resting on “the bed of-
the stream. The depth is observed on the greduated main
body. of the rod. To.set the meter at the 0.6 observation
position,, release the brake and move: the adjustable rod and
handle. The .depth in metres is: reprsented by the numbers
stnmped in .the: ad;ustable and the tenths by the
numbers stamped in tlae handle. Co

It is often deswable ‘to ‘use the 0.2 and 0.8
methad of observing - veloeities” while making 4 wading
measurement.: - The cerrespondmg meter positions can be
set on the rod as described in Discharge Measurements,
Measurements by Wadug.

3» Wmtet Bad Set

PSR

- 'I'he wmter rod set normally 1ncludes four
sections of vod-and a rod base. The rods are 20 mm in

wdiameter and: allibat the bottom-section to’ which the meter
ssisrattached, ‘are’I'm:long. The depth of water is read from

graduations marked on the body of ‘the rod. Grooves are
cut at each 20mm interval, but at 0.I' m and 8.5 m
intervals, two grooves and three grooves respectively, are
cut. .

The rod base protects the meter whgn soundmgs
are being made and the thickness of ice feasured. In
addition, it offers scme protectmnwtov‘ ‘meter while it is
being passed through slush ice. The bottom of the base is
100 mm lower than the 0.0 point of thé rod end the
horizontal protrusion from the tqpf is 100 mm above. When
using this base, add this val%%to*&ad deduct it from the
approprlate observat:ons. R

The rods must be ]omed together securely to
i from X : in _use. With

thresded rods, a simiple clsm

Jemt to- prevent t’he '

Whe ,y;g e rods are

lined up with the
it until the shoulders
on: the serew heads Toek i The rods are now

rlgidly locked together and re

The eleetrical cireuit is eornpleted using a length
eoprene or rubber-eoated, two-conductor eable that is
about a metre longer than the full rod set. The cable is

_securely clamped to the rod just above the base. If
" necessary, the cable can be taped to the rod st regular
JIntervals, One lead i
-gripped between the rod dnd

conneeted to the rod or can be
“the” clamp, the other is fitted

thh a wgre»and terminal to. perm%t easy connection to the

- Various devices have béen made for holding the
vinter rods in position while meastring velocities under ice

*Emever, A “Simple “Hélder Is tade from a short section of

discarded hockey stick. This is illustrated in Figure 22.
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Another method usés the two eonducter eable ltself,
long as the ceble 1s wel.l seeured to the bottom sectmn of
tfhe rod.

A
~
2l e‘ . -
1le
g
4. Sounding Reels .

Sounding reels are used to raise, lower - and
position the .current .meter..and ~weight- assembly when
making dxscharge measurements. ‘Reels.are equipped .with

a .depth indicator, electrical comnector and a-level wind

device to lay. the cable in. esmontl; and single-layer on the.
‘Three dlftereng sizes of reel are used.for  the,
different field conditions enc¢ountered. . They are the types.

drum.

A, B and E (Type D reels are seldomly used niow). All reels
have the same base bolt pattern .and as such can be used
interchangeably with cranes, mounting brackets on cable
ears, boat frames and wmter metermg sleds.

mA-ss Reel »& "o s

The 1:ght-eraght, compact, type MA-55 reel is a
general - purpose’ fe€l’ that' 'can be mounted on 'a ‘bridge
frame, type A crane, boat frame or on a ree} bracket fixed
to a cable car. The reel is normally tsed with wexghts of

75 pounds or leéss, but can, if necessary be use'd with

10 0—pound we:ghts.

Tbe reel is eqmpped ‘Uﬂ;tb a mtehet and pawl
.which must be dlselgaged to lower the - -meter and we:ght
assembly. The raising and lowering of " ‘equipment - is
controlled with thé ¢rank. - Up ‘to’ 25 -of 1/10-inch eable
ean be wound in oné layer on the ‘drusi, the c:reumfereme
of ‘which is such that, for “each’ revoluti ;
assembly ean be raised or lowered 0.3 m. - -

¥

S The type B~ solmdtng reels are requared for
weights' weiglung 100 pounds ‘and more. The drums will hold
approximately ‘45 m-of 1/10-ineh or 36 f of 1/8-inch cable.
The brake/clutch system is a desirable feature for sounding
great depths. This also makes it 1deally suited to metering
from high struetures ‘even- arhen us:rg the hg-hter 50 and
75-pound Welg'hts. S

‘ For bndge measurements, the reels cen be
maunt’ed on“a’ type A- erane, & specially manufactured
frame for use on'smell ‘cable #ars or on boat frames or on
deck-mounted cranes for boat measurements.

The B-56 is the more versatile of the two reels
since it c¢an be.either hand operated or motor driven
through a.double "V" pulley to a.jack shaft. The jack shaft.
and reel gears remein -engaged at -all tlmes thus enabling
eeanpment to be both raised and lowered. by motor,

Zm E-53 Reel

'l‘he E reel is. mtended pnmanly for power
oper.anon and is required. for the heaviest weights and
samplers used for discharge measurements. . The reel is
driven’ threugh a jack shaft which has a crank actuated
fnctlon bl'ake permanently attached 10 one end.

The ' posttlomng of metenng or samphng
equlpment is accomplished entxrely using. the power unit
and by manupulating the brake crank. A hand crank can be
fitted to the pulley end of the jack shaft for retnevmg
equipment in the event of fajlure of the power unit. - .

SR ¢ “bandime isa compact item of eqmpment that
can be used wi“th we:ghts of 50 pounds or less and provides
a simple means of suspending a eurrent. meter and weight
assembly. It egn be easily stored or carned to a metering
site and is particularly useful where it'is necessary to walk
long distances to reach 8 measurement sectlon. It 1s often
used for this reason at winter metering sites. -

dm: the eévent 'of faihire of regilar suspension
eqmpment, the handline:can: bie' used-as 8 substitute. The
only limiting factors: are exceestve depths, lugh veloeities-
and heavy. wenghm' S

6. We:ght ngrs and Connector
RS LR

‘Wei ht bangers fabne&ted from stamless steel
ate used to -attach” both-the current  metér ‘and sounding
weight to the connector at the end of & sounding. cable or-
handline. The two types commonily used are the m-2 and
BC+L.

M-2 M&Bar

’I‘hls hanger is12 5/8“ X 5/8" X 1/8" and is used for
weights ‘up “to’ and mcIudmg 100 pounds. A 5/16" hole is
provided at ‘one “end of ‘ the bar “for attaching it to the
connec¢tor; the' other ‘eid has'a hole drilled and threaded to
accept elther the short or the long 3/8" hanger pm. '

~ Two 1/4™nolés are drilled along the body of the
rod for attaching the current meter. These are located at
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180. mm and 260 mm above the wetght hanger pin:so as: to:.”

position the meter at 0.21 m and 0,22 i above the bottofi
of the 15- and 30-pound weights.. The:meter is positioned in
the upper hole when used with, t!;;e 50;-75- ‘and. iﬂﬂ-—pound
weights., This places the meter 0. 31, 0.32 and !

the respeetwe weights. . o T

The numbers 15 and 30 nre,.ﬂ:amped above the
lower hole to indicate the correct pOSItIDl) fer the. meter
when either the 15- or 30-pound weight-is used.  When used
with “the 50= 75~ or.100-pound . weight, the meter is
pos:twned in the upper. hole._M=-2, the model number.of the
hanger is stamped on the body of the hanger. JERTI

BCI Hanger Bar

' “ This hangér bar'is iarg‘er than the M=2 model’ ‘and’
is used for weights of 100 pounds and-greater. ‘The hanger
is 21 5/8" x 3/4" x 1/3" ‘with a; ‘8/8" hole at one end for
attaching to the connector and & 378" threaded hole &t thé'
other end for the weight hanger pin. " .

Two 7/32" holes for positioning the meter are
located at 10.3"™ and 185" above the wexght"
Mounted in the lower posmon, the eter is app"‘xirnately T
foot “above - the bottom of the’ lﬂﬂ-pound ‘weipght,  In-the'
upper pos:tlon, the “distance above the ‘bottom "of “the
-weight is appro:umately L8 feet.” A speeial ratmg for the

: 'Z Meten s Frames_

The purpose for a metermg frame is to prowde a
support for a sounding reel and a means by which to
suspend a meter and weight assembly from 2 bridge rsil, a
boat or a cable car. Various types are available and are
manufactured from both wood and metal. Bridge metering
frames are not normally used to support weights in excess
of 50 pounds although the models made from metal can and
have been used with weights of up to 100 pounds.

Some of the models are adjustable with provision
for extending the boom, mounting . the reel either in the
centre of the frame for use from a boat or at one end for
use from bridges. Others can be adjusted to fit across the
sides of a boat or from the centre of a boat to a position
over the bow.

Spec:al frames_have been manufactured for use

from a 'sit down cablé car to support large reels and heavy

,lhanger pin.

current meter must be obtained when using this hanger bar -

if the meter is to be used in the lower posxtlon. A metric
equrvale’nt for th;s hanger bar has’ not yet been prepared""

Connectors _'

Connectors are used to join the metenrg qable
to the hanger bar. The three most commonly used are
designed to grip the cable securely w1thout weakemng or
damaging’ either the duter layer or
]omt ‘between the meter lead and the | nwlated copper core

can’ be made both’ wate 'roof and .secure 1n the body'

cavities of these eonnecto

Soundigg Cable ) .

The--current meter.‘assembly: is suspended by a
single conductor electro-mechanical. (co-axial) cable: The.

electrical cireuit-:te -and . frem .the:-curréent. meter:is
conducted through the insulated inner copper core-and: the

double outer stainless steel layers ot’ cable.

Depending on the\s:ze of welght to be suspended,
either the 1/10" or-1/8" cable ‘ean be used.: Normally, the

larger cable is pequired-only where we:ghts in -exeess of 100

pounds are used ,regularly. CE i
CAUTION

Premature failure of this cable will result if it is
allowed to become kinked or if it is used with running

sheavés that are srnaller than those reeommended by the
manufacturer. . The instlated mner core . can eas:.ly be
damaged if the cable is left unprotected on the drum
sounding reel. A sharp blow from a hard, object can cause
the insulation to separate and result in an intermittent

short- clrcult between the ;centre, conductor and.the outer

cable.

'I‘he;

T

_transporting.

weights. These are normally stored: ‘at gauging station sites
so that they are readily. avm]ablewhen requzred.

8. Type A Crane

The Type A erane is intended to be used from
bridges with weights up to 150 pounds and has been
designed so that it can be . .easily dismantled for
The boom has a reach of approximately
0.75m from where it comes in eontact with the bridge
railing. o

The crane. can be mount'ed on & three wheel base
or a four wheel truek, depending on the size of weight to

. be suspended. When fitted ‘with the three wheel base,
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weights up to 100 pounds can be used. The crane is
positioned with the two wheels close to the bridge rail so
that when tilted to suspend equipment over the water, the
crane is supported with the boom on the. ‘Fail*and the two
wheels on the bndge deck.

e The bridge r&ll ishot” requxred for support whén
the erane is fitted to the four wheel trick, "A sunple
liffkage System betweern ‘thé erane and-truck “is used to
position the booin ‘over and tefrfeve it from thé railing,” A
riumber of counterwdights ‘are pleeed ‘on the- tmck frame to
of fset the wetght suspended from the- boom.
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