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INTERNATIONAL STANDARD

ISO 9196:1992(E)

Liquid flow measurement in open channels — Flow
measurements under ice conditions

1 Scope

This International Standard deals with water dis-
charge measurements in rivers and channels under
ice condftions and provides information additional to
that published in previous International Standards.

This Intgrnational Standard does not specify meas-
uring ingtruments and equipment, which are dealt
with in ofher International Standards.

2 Normative references

The follgwing standards contain provisions‘which,
through feference in this text, constitute (provisions
of this Iffternational Standard. At the time of publi-
cation, tte editions indicated were valid. All stan-
dards afe subject to revision-\ahd parties to
agreements based on this International Standard
are encduraged to investigate.the possibility of ap-
plying the most recent editions of the standards in-
dicated below. Members of IEC and ISO maintain
registers|of currently @alid International Standards.

ISO 555-1:1973, Liquid flow measurement in open
channels| — Dilution methods for measurement of
steady flowd - Part 1: Constant-rate injection
method.

ISO 1438-1:1980, Water_flow measurement in open

channels using weirs_and Venturi fll
Thin-plate weirs.

mes — Part 1:

ISO 3846:1989, ~Liquid flow measur¢gment in open

channels by/weirs and flumes — Rec
crested wéirs.

angular broad-

ISO 3847:1977, Liquid flow measur¢gment in open

chanpels by weirs and flumes — End

-depth method

foiestimation of flow in rectangular ¢hannels with a

free overfall.

ISO 4359:1983, Liquid flow measure
channels — Rectangular, trapezoida
flumes.

ISO 4360:1984, Liquid flow measure
channels by weirs and flumes — Tr
weirs.

1SO 4377:1990, Liquid flow measure
channels — Flat-V weirs.

1ISO 5168:1978, Measurement of flui
mation of uncertainty of a flow-rate m|

WMO (World Meteorological Organisa
Note No. 117 (WMO No. 280), Use of w
in stream gauging.

ment in open
and U-shaped

ment in open
angular profile

ment in open

) flow — Esti-
easurement.

tion) Technical
eirs and flumes

ISO 555-2:1987, Liquid flow measurement in open
channels — Dilution methods for the measurement
of steady flow — Part 2: Integration method.

ISO 748:1979, Liquid flow measurement in open
channels — Velocity-area methods.

ISO 772:1988, Liquid flow measurement in open
channels — Vocabulary and symbols.

ISO 1100-2:1982, Liquid flow measurement in open
channels — Part 2: Determination of the stage-
discharge relation.

3 Definitions

For the purposes of this Internationa
definitions given in ISO 772 apply.

4 Methods of water discharge

measurement under ice conditi

| Standard, the

ons

Discharges of water can be measured under ice
conditions using velocity-area methods, represen-
tative vertical methods, dilution gauging methods
and by means of notches, weirs and flumes.
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4.1 Velocity-area method

The principle of this method is described in ISO 748.
For channels in which a surface layer of ice exists,
the cross-sectional area of water flowing is taken as
the area bounded by the bed line (or wetted per-
imeter) and the lower edge of the ice cover or slush.
When flow is between layers of ice, the cross-
sectional area also includes the area bounded by
the lower ice layer and the lower surface of the ice
cover or slush.

water period, are unsuitable for the measurement
of discharge owing to the multiplicity of channels,
may be suitable under winter conditions since the
shallower channels may become blocked by slush
or ice, leaving the main channel unblocked and
flowing.

4.1.2 Frequency of water discharge measurements

The frequency of water discharge measurements
during the winter period shall be such as to ensure
a reliable estimation of the discharge. If conditions

411 Selection| of site

Discharge meagurements under ice conditions are
usually conducted at the same sites used for open
channel measufements. The site may be unsuitable
for observationg if

a) more than 2% % of the cross-section is filled with
slush, which is distributed unevenly over the
cross-section;

b) dead zones| occupy more than 10 % of the
cross-sectiop;

c) there are lafge areas with very low stream vel-
ocities (les$ than 0,3 m/s) which cannot be
measured uging current meters;

d) it is located|in the backwater zone downstream
of an ice gofge or ice jam;

e) there is a large open water area that remains
unfrozen thrpughout the winter (but see 4.1.7);

fy itis liable to|ice up owing to the freezing)of water
flowing throgigh cracks on the surface)of the ice
cover indicafing a possible breaktp)of the ice.

During the open water period, i@ 'the period when
there is no icp cover, sites additional to those
normally used for water disCharge measurements
should be selegted and marked on the banks. After
the ice cover| at thexriver reach selected for
measurements |has, stabilized, a preliminary survey
shall be made to/select a longitudinal profile with a

terpolation of winter flow may be used) However,
under difficult conditions (such as these) of {instable
ice cover and incomplete freezing). measufements
shall be taken as frequently as pdssible, sinde in this
case the discharge is computed by the interpolation
of the observed discharges™\The time at which the
daily discharge measuremgent shall be mafle shall
be determined from experimental data to| ensure
that a discharge measurement as close as possible
to the daily mean-value, in rivers with consjderable
daily variations/inndischarge, is obtained.

of stable ice cover exist, methods of hydqaulic in-

4.1.3 Measurements of ice cover thickness

The icercover thickness shall be measurdgd using
ice-measuring sticks which are lowered info holes
drifted by hand or using mechanical drills| A zero
reading may also be obtained.

4.1.4 Measurements of slush depth

For small depths of slush, measurements |may be
made using an ice-measuring stick. The slugh depth
is indicated by a change in the resistance fo clock-
wise and anticlockwise rotation of the stick drring its
rise, i.e. the resistance to rotation increases when
the slush layer is reached. For thicker d¢pths of
slush, measurements may be made in af similar
manner using a special rod with a stop plate or a
perforated disc attached to its end. In addition, cur-
rent meters are frequently used for slush depth
measurements. The current meter is lowered below
the slush layers and is then gradually lifteq until a
zero reading is obtained. It should be borne n mind,

Iength equal 1 veral widths and an npprnprinin

number of holes shall be drilled along the profile to
determine the occurence of slush and its distri-
bution. In channels in which slush is found to be
present, and when it is impossible to select another
measurement reach, the measurement site shall be
located at the centre of a uniform river reach.

Following the preliminary choice of the site, four or
five holes shall be drilled across the river at equal
distances to determine whether a regular velocity
distribution exists and to establish the slush and ice
thickness over the cross-section. Sites in which
slush divides the river into separate streams shall
be avoided. Braided channels which, in the open

however, that the actual slush depth may be some-
what smaller than that obtained by measurement,
because a zero reading will also be obtained when
the flow velocity decreases to 0,03 m/s to 0,04 m/s.

41.5 Determination of the effective depth

In an ice-covered channel, the effective depth is
computed by subtracting the distance between the
water surface and the bottom of the ice layer or
slush from the total depth. The total water depth in
the channel is measured using a rod or a cable-
suspended sounding weight which is lowered using
a winch; the latter method is similar to the depth


https://standardsiso.com/api/?name=ce944284ae6f1c51abe65e201e7c5002

measurements made from a boat under open chan-
nel conditions.

4.1.6 Flow velocity measurements

4.1.6.1 Use of current meters under winter
conditions

Flow velocity measurements are carried out using
current meters which are lowered into holes drilled
in the ice cover. Special equipment has been devel-

i 41\
oped {e.g. the arm=rotat="g installation, see ..w're 1)

to enable

hanala ~ lnlnl A atondard Arivean vt ~

nela
hole is Vahaun: a a'tallucuu current meter with a

red directly in a horizontal position. The
current meter can be lowered using a suspension
rod, a hand-operated cable (for small depths) or ca-
ble suspension equipment (for depths exceeding
3 m to 4 m). During velocity measurements, the de-
vice by which the current meter is held shall be lo-
cated ngar the upstream side of the hole and shall
be held figidly at the upper edge of the hole to avoid
the influgnce of vertical stage pulsation.

To prevgnt the current meter from freezing up when
it is carrjed between one measurement site and an-

other, if may be placed in a bucket containing
heated Wwater, or in a hot-air chamber. In measure-
ment sitps with shallow water depth, when the cur-

rent meler is lowered on a rod without a tailpiece,
care shdll be taken to ensure the correct position of
the currént meter with regard to directiomof*flow at
the site.|In measurement sites where slush is pres-
ent, vaneg current meters may be used\in preference
to cup-type meters which are ljable to become
blocked py slush ice.

Before the current meter isClewered, it is advisable
to clean|a passage in the‘shiSh by means of a steel
or woodgn pole with disgs or by using an elliptical
(round-shaped) weight*sUspended on a cable.

41.6.2 eE:Iection of verticals for velocity
measurements

The prirciples governing the location of velocity

ISO 9196:1992(E)

contain substantially equal proportions of the

total water discharge.

b) The location of the vertical shall be such as to
reflect the flow structure and the cross-section
of the river bottom in the best possible way.

c) The distance between each vertical shall exceed
the propelier diameter of the current meier;
therefore, in very small rivers (brooks) there may

be a small number of verticals.

gjng station shall
be determined and the location ofthl verticals shall
be selected prior to the formatiof/of jce cover. When
this is not feasible, approximately 2Q holes shall be
drilled along the cross-section at gqual distances.
(From hydrometric practiee it has heen found that
20 is the minimum number of holes|required to re-
produce the channejprofiie with sufficient accuracy.)

Additional holes shall then be drilleq
ficient accuracy of discharge mea;s
location of thé_edges of the channg

to ensure suf-
urements. The
| cross-section

shall be detéermined after all other necessary holes

have beén\drilled, since it is easy td

blunt the tip of

the drill during this procedure.

46.3 Velocity measurements on alvertical

Owing to roughness of the lower surface of the ice
sheet, the vertical velocity curve foil the winter pe-
riod differs from that under open-chahnel conditions.
At the lower surface of the ice cover, the velocity
distribution is very similar to that found in a pipe.
The degree of reduction in velocity |varies with the
roughness of the lower surface of th¢ ice.

If depth permits, the distance from thg current meter
axis to the river bed and that from thp current meter
axis to the lower ice surface should pe no less than
twice the diameter of the vane propdller.

Proceeding from the above criterion, the one-point
method can be applied where the effective depth is
about 0,30 m to 1,0 m; in this case, the current meter
is located at 0,5 times the effective depth. To com-
pute the mean velocity, a coefficienf of 0,88 to 0,90
shall be applied (see ISO 748).

When the effoctive Hnnfh is onnal to or exceeds

verticals under ice conditions are similar to those
governing the location of velocity verticals under
open channel conditions. These principles are as
follows.

a) The minimum number of velocity verticals shall
be 20, to ensure sufficient accuracy in velocity
interpolation with respect to the channel width.
Sections between successive verticals shall

1,0 m, the two-point method is preferable (at 0,2, 0,6
and 0,8 times the effective depth). For greater effec-
tive depths, velocities may be measured at three
points (at 0,15, 0,5 and 0,85 times the effective
depth). However, to ensure a high accuracy of water
discharge measurements, current velocities should
be measured at six points, i.e. at 0,2, 0,4, 0,6 and 0,8
times the effective depth, and at the lower surface
of the ice and the bottom of the river.
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4.1.6.4 Computation of mean velocity on a vertical

When the two-point or three-point method is used,
the mean velocity on a vertical shall be computed
as the arithmetic mean of the measured values. For
six-point measurements, the following equation (see
ISO 748) shall be used to compute the mean velocity
on a vertical:

V= 0,1(Voyrtace + 29,2 + 2V 4 + 2V + 2V g + Vpeq)

4.1.7 Discharge measurements under partial ice

The flow velocities above the ice shall be measured
using procedures similar to those for ice-free chan-
nel discharge measurements.

If the channel freezes to the bottom in winter and is
filled with ice and snow, it is advisable to make, be-
fore the start of the spring flood, a ditch in the snow
0,5 m to 1,0 m wide and no less than 20 m long to
contain the first stream of water.

4110 Safety practice for measurements from ice
cover

cover condition

If the water at the gauging station is not completely
frozen over, discharge measurements in ice-
covered sectionls can be carried out by using the
methods specified in 4.1.6. In an ice-free part of the
stream, open channel methods are applied using a
gauging footbridge, cableway or a boat. If current
meters cannot He used in the open water section of
the stream, velpcity measurements shall be made
using floats; splecial floats or floating ice can be
used to this enfl. During the period of ice drift on
large rivers, the airborne method of velocity

measurement i practically the only safe method to

use. When drifti

g ice is distributed evenly over the

river, the ice flpes may be photographed to deter-

mine the flow d
discharge mea

jscharge in the same way that flow
surements are made using floats.

Where there is gn uneven distribution of ice over the

river width, spe
aircraft into the
additional photo
the data.

Cial floats shall be dropped from an
open water part of the stream and
graphs shall be taken to supplement

4.1.8 Discharge measurements under multilayered

ice conditions

When there ar
measurement s

b two or more ce-“layers at the
te, this site shall-nhot be used and

another site shall be seleeted” for the discharge

measurements.
alternative site

The discharges determined at this
shall be‘\correlated with the water

levels at the pefmanent.gauging station.

As a general rule, to ensure the safety ofipdrsonnel
taking discharge measurements from ice’cojer, the
ice thickness shall not be less than!0;¥ m pnd the
air temperature shall be below 0 °C-

The strength of the ice cover(shall be tested using
an ice chisel before a river-is crossed. Th¢ speed
of a vehicle crossing the ice-Cover shall be |ow (es-
pecially near the rivercbanks) to prevent wave for-
mation which could ifitcrease the pressure|on the
ice. Stricter precautions shall be taken whene water
flows above theyice, or when new ice layers are
formed, sincexthe ice cover is likely to be thin.

Operators_ taking measurements of discharge from
the icexcaver may use crampons to prevent plipping
on the ice. In addition, a means of rescue ghall be
available.

4.1.11 Discharge computation

The computation of the discharge under ice cover
shall be made in accordance with the rules fpr open
channel discharge computations (see ISO 748), the
only difference being that the effective rather than
the total depth is used.

The cross-sectional area of flowing water |is thus
computed from the effective depths at the \erticals
and the distance between them. The total [area of
submerged ice and slush at the measuring points
and the distance between them. Duripng the
freezing-over period in rivers, when the tofal river
width differs considerably from the actual Width of
the cross-section of flow, two width valgyes are
needed: one width value is determined with [respect

419 Discharge-measturements—under-conditionsof———te-the—waterlevelin—the—ice—holes—and—the-other is

water flow above ice

If water flows over the ice surface as well as below,
the discharges above and below the ice cover shall
be obtained separately. The discharge below the ice
cover shall be determined before water appears
above the ice using the method described in 4.1.6.
The cross-sectional area of the water flowing below
the ice is determined using the data obtained in the
preliminary measurements. However, the distance
between the water surface and the upper surface of
the submerged ice shall be measured.

determined with respect to the cross-section of flow.
4.2 Representative vertical method

4.21 Principle of the method

There is a close relationship between the mean flow
velocity in the cross-section and the flow velocity at
a given vertical. The discharge Q may thus be ob-
tained from the values of flow velocity measured at
a representative vertical in a cross-section using the
following equation:
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0=Cv 4
where
A is the cross-sectional area at the given
water level,
v is the mean or unit velocity at the rep-
resentative vertical,
C is a correction coefficient.

4.2.2 Selection of the vertical and determination of

ISO 9196:1992(E)

mined. The dilution methods are dealt with in
ISO 555-1 and ISO 555-2.

Tracer mixing may be unsatisfactory in ice-covered
streams, owing to an increase in the area of low
velocity currents. Therefore a greater length of
measuring reach may be required. Before the
fluorometer tests are performed, all the samples of
cold river water shall be heated to the same tem-
perature to avoid temperature corrections. Heating
can also be helpful to prevent the accumulation on
the cuvette side walls of oxygen bubbles which pose
difficulties for fluorometric measurements, es-

the correctiontoefficient

As a rule, [for stable ice cover and in the absence of
slush and|other ice formations dividing the flow into
separate jpts, the correlation stated above, between
the mean |velocity of flow and the velocity at a rep-
resentative vertical, is valid.

To obtain sufficiently accurate results, the choice of
the verticqdl and the establishment of the relationship
which is ysually linear is made on the basis of 40
or 50 disgharge measurements obtained using a
multi-poin] or two-point method. Measurements
shall be ¢arried out under stable conditions and
shall covef uniformly the total range of levels.

The measyired discharge is plotted versus either the
product off the cross-sectional area and the mean
velocity off flow v, on the given vertical, or the prod-
uct of the pross-sectional area and the velocity flow
Voo at 0,2 pf the effective depth where the flow veél-
ocity, accgrding to the field data, is closest. to'the
mean flow velocity. For practical purposes; the
graph whigch gives the best curve shall be chosen.

The corregtion coefficient is obtained-as'the tangent
of the curye as it crosses the origin of'coordinates.

4.2.3 Limjts of application

The location of a representative vertical in the
cross-sectjon of a streaii-shall be stable throughout
the year vithin the~total range of stage. The mean
square dgviation.of“the relation between the dis-
charge obtained>on the basis of the representative
vertical mpthod and the discharges actually meas-
ured shalllnoet exceed 5 % to 10 % The method js

pecially where samples are taken fron| streams with
a high concentration of dissolved-oxygen.

4.4 Discharge measurements by notches,
weirs and flumes during-the winter period

4.41 Design and construction

Details on the sélection of the best pdssible type of

structure forSa given stream, and o
cations, calibration and operational pj
given in _ISO 1438-1, 1SO 3846, 1SO 34

h the specifi-
ocedures are
47, 180 4359,

ISO 4360; ISO 4377 and WMO Technica] Note No. 117

(WMO™No. 280).

4.4.2 Protection under ice conditions

Discharge measuring structures shall
enclosing the structure and the adjd
section in an insulated shelter and
various heating sources (e.g. electric
ers, oil stoves and propane radiant h
the hood of the shelter. Insulating shg
made on the basis of a number of desi
of the shelter may be made of thin
single or double pitched, which rest

be heated by
cent channel
by installing
radiant heat-
paters) inside
blters may be
jns. The hood
round timber,
s on the el-

ements of the discharge measuring sfructure or on

posts. The hood may be covered with
twigs, straw or reeds. When snow fall
may serve as an additional means of
side the shelter there shall be eno
accomodate heaters and to provide fi

spruce or fir
5 begin, snow
nsulation. In-
igh space to
ee access to

measuring devices. Either the roof or t
be equipped with one or two manhol
inmllqﬁng doors

he walls shall
es with heat-

not applicable for slush, intermittent backwater and
oblique current conditions.

4.2.4 Discharge measurement procedure
The usual procedure, as described in 4.1, shall be

followed for measuring the discharge by means of
the representative vertical method.

4.3 Dilution gauging method

To obtain the discharge using dilution methods, the
degree of trace mixing in the stream shall be deter-

When measuring discharges under ice conditions,
ice upstream of the discharge measuring device
shall be removed to a distance of about four times
the maximum head at the gauging section and ice
in the throat section of the measuring device shall
be removed during the discharge measurement.

To avoid large accumulations of slush (which may
block the intakes and stilling wells) upstream of the
measuring device, the slush should be pushed
through the cross-section of the flowmeter by hand
or special slush-directing booms upstream of the
flowmeter should be installed. These booms are
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floating structures consisting of one or two sets of
logs attached to a vertical wooden screen 0,5 to 0,6
of the depth in height, which is submerged in the
water. They are located at the entrance of the weir
or flume to form a funnel converging at the throat
section of the measuring device.

5

Stage measurement during the winter

period

5.1

recorders at 4§
servations andg
equipment by
accumulations]

e) As an

alternative toc d), an open-ended
waterproof cylinder, of diameter greater than that
of the float may be fixed vertically in the well and
filled partially with a non-volatile petroleum
distillate (see figure 2). At the beginning of the
warm season, petroleum from the cylinder can
be pumped out using a syphon. The cylinder
shall be of sufficient length to ensure that its
lower end is sufficiently below the minimum an-
ticipated water level during the freezing period.
Care shall be taken to ensure the free movement
of both the float and the counterweight in the

Discretew@—wmﬂs—wmmﬁmmyﬂ distillate
shall be removed before the spring freghet. If the

Holes shall be|drilied in the ice around staff gauges,
measuring pilg¢s and reference gauges of water level

gauging station, to ensure free ob-
to prevent damage to the measuring
ce cover rise or by its subsidence. Ice
on staff gauges shall be carefully

chipped off or| removed by hot air supplied from a

portable heateg

o

5.2 Stilling well

Stilling well a
that system
temperature i

d inlet pipes shall be constructed so
eration during long periods of low
ensured. To this end, the following

requirements $hall be met.

a)

b)

c)

The well shall be constructed of non-conductive

f

distillate escapes from the cylindér)errprs in the
stage record may occur owing-to the difference
between the specific gravities of Water and
distillate; the stage height./#,of water above the
gauge zero is less than the stage height 1, of
petroleum (this difference is taken int¢ account
by adjusting the gauge zero before obgervations
are begun).

A stilling well tan be heated by using gn electric
or propane<fuelled heater or an electric|light bulb
where line power is available. The helater may
be installed inside the float to preven{ freezing
ofsthe stilling well. Overheating which may cause
redundant steam formation shall be|avoided;
steam condensation in the form of hoarffrost may
cause damage to the recorder and clodk.

materials d
penetration

Where ned
pipe shall

may be ke

r it shall be insulated to prevent the
of cold air.

essary and feasible, the lower ‘inlet
either be wrapped with electxic® heat

t free from ice. A comniercial power

tape or co}ain electric heat tape so thatthe pipe

source or
the heat sq
sufficiently

portable generator may be used as
burce. A steamingcapparatus with a
long steam hose-may also be used to

thaw the injet pipe.

The lower
bottom of t
be located
ated on th

nlet pipe-shall be located below the
ne ice cover and the upper pipe shall
above,it. The recorder shall be oper-
e lower inlet during the freezing pe-

riod; howe

ver,) if the inlet becomes frozen the

Sometimes it is advisable to heat water
cording devices to ensure continuous opée
low temperatures. However, certain instrun
operate at — 45 °C since they use special
perature lubricants.

5.3 Pneumatic recorder

a) The orifice from which compressed g

level re-
bration at
hents can
low tem-

As exists

into the stream shall be mounted below the

lower surface of the ice cover usually
at the gauging station;

b) The orifice shall be located at a suffi
tance from place where bottom ice is

observed

Cient dis-
likely to

occur, e.g. above rapids, to prevent t

he orifice

upper inlet shall be used during the snowmelt or
freshet while the lower inlet is thawing out.

Stilling wells mounted far enough in the bank to
be below the frost line may be kept free from ice
by means of a removable insulated subfloor. It
shall be placed below the frost line but above the
maximum anticipated water level during the
freezing period. Provision shall be made for a
free passage of the float and counterweight
wires. The subfloor shall be removed before the
snowmelt or freshet begins or alternatively a
lightweight foam board that will float may be
used.

e)

becoming blocked.

If there is a risk of the orifice freezing over, the
gas pressure shall be reduced to a value less
than the full-scale pressure of the instrument.
This  will prevent any instrument damage
occuring if the orifice becomes blocked.

The approach pipe to the orifice shall be buried
at a depth sufficient to prevent damage due to
scour during the freshet.

Since the mercury used in particular instruments
solidifies at about — 40 °C, thus impeding the
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acquisition of water level data at low tempera-
tures, the instrumentation shall be heated to the
minimum operating temperatures stated by the
manufacturer if uninterrupted operation is re-
quired. Battery power supplies may be water-
proofed and placed in the stream to provide the
necessary power.

ISO 9196:1992(E)

6 Assessment of uncertainties in winter
discharge measurements and
computations

The assessment of errors in winter flow measure-
ments and the computations of daily discharges
shall be carried out in accordance with the rec-
ommendations given in SO 748, ISO 5168 and
ISO 1100-2.
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