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ABSTRACT 

‘ A cooperative field study of frazil and anchor ice and their 
hydraulic effects on the flow was conducted by National Water Research 
Institute (NWRI) and Hydro-Quebec at the Lachine 'Rapids of. the 
St. Lawrence River near Montreal during the winter of 1984/85, This 
study was initiated in support of the feasibility study of the Archipel 
Project of Hydroequébec; the construction of a low head power station at 
the rapids.

_ 

During the field study, meteorological, hydraulic; thermal as 
well as ice data were collected. The final report of the field study 
will attempt to relate these parameters. 

This preliminary report reports only the measurement, 
analysis and discussion of frazil. Such information was needed by 
Hydro-Quebec before March 15, 1985, for operational application. Only 
typical data were analyzed and reported because of the time constraint. 

u 

.The study showed that frazil possesses a wide range of 
characteristics according to its different .stage of maturity. Most 
frazil was in the surface layer of the flow. For the study site on the 
north bank of the rapids, at a distance of 2 m from the shore, there was 
little frazil at depths greater than 60 cm. The gradient of concentra- 
tion reduction in the frazil-laden surface layer was also steep. The 
average frazil concentration at the surface was about three percent. 
The peak concentration of frazil in a pack, however, could be as high as 
20 percent.

1
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RESUME 

Au cours de l'hiver de 1984-1985, l'Institut national de 
recherche sur les eaux (INRE) et_ l'Hydr0-Quebec ontl mené, en 
collaboration, une etude sur le terrain dans les rapides de Lachine, le 
long du fleuve Saint-Laurent, pres de Montreal. Il s'agissait d'étudier 
le frazil et les glaces de fond de meme que l'influence hydraulique 
qu'ils exercaient sur l‘écoulement. Cette étude a été effectuée-dans le 
cadre de l'étude de faisabilité du projet Archipel de l'Hydro-Québec 
ayant pour but la construction dlune centrale hydroélectrique de faible 
puissance au niveau des rapides. - 

L'étude sur le terrain a permis de recueillir des données 
météorologiques, hydrauliques et thermiques ainsi que des données sur 
les glaces. On tentera de mettre en lumiére les rapports entre ces 
divers parametres dans le rapport final. - 

Le rapport préliminaire est consacré exclusivement aux 
mesures, 3 l'analyse et 3 la discussion des résultats ayant trait au 
frazil. L'Hydro-Quebec désirait obtenir ces renseignements avant le 15 
mars 1985 pour des fins opérationnelles. Etant donné l'échéance 
rapprochée, seules les données typiques sont présentées et analysées 
dans ce rapport. '

A 

L'étude a démontré que les caractéristiques du frazil varient 
énormément selonl la" maturité des cristaux. Le frazil se trouvait 
surtout au niveau de la couche supérficielle de l'écoulement. Sur le 
site d'étude, 3 deux metres de la rive, du coté nord des rapides, il y 
avait peu de frazil a -plus de 60 cm de profondeur. On a également 
constaté que le gradient de concentration de frazil dans les eaux de 
surface pouvait étre abrupt. La concentration moyenne de frazil en 
surface était de trois pour cent, tandis qu'elle pouvait atteindre vingt 
pour cent dans les zones de glaces flottantes. “

ii



MANAGEMENT PERSPECTIVE 

This field measurement at the Lachine Rapids demonstrated that 
the Tsang Frazil Ice Instrument has great potential for future studies 
where frazil ice is a factor. 

Results at this site were restricted to the nearshore area 
because of political unrest regarding the proposed ARCHLPEL project. 
Nevertheless, the data is extremely useful for engineering assessments 
of the behaviour of frazil ice and the development of ground ice in 
rivers. 

“ 
~
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Very useful collaboration and support was provided ,by 
Hydro-Québec. , l

' 

T. Mme Dick .
I 

Chief
‘ 

Hydraulics Division 
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PERSPECTIVEFGESTION 

Les résultats de 1'étude sur 1e terrain dans 1es rapides de 
Lachine laissent 3 penser que 1'instrument de mesure du frazil Tsang 
pourrae etre d'une _grande _uti]ité dans des études uitérieures devant 
tenir compte des concentrations de frazil. . 

Les mesures prises aux "fins de la présente étude se sont 
limitées 3 1'écou1ement prés de la rive pour ne pas attiser 1'opposition 
manifestée 3 1'encontre du project Archipel. Les données seront 
toutefois extrément utiles pour évaluer les probiémes d'ingénierie posés 
par 1e frazii et 1a formation de.g1ace de fond dans_1es cours d'eau. 

Le coliaboration et 1e soutien de 1'Hydro-Quebec ont été 
grandement appréciés. 

_

' 

Le chef, 
T. Milne-Dick 4 

Division de 1'hydrau1ique

iv
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1.0 INTRODUCTION 

A cooperative field research project was conducted in the 
winter of 1984-85 between the National Water Research Institute (NWRI) 
and Hydro-Quebec to study the formation of frazil and anchor ice in the 
Lachine Rapids and their hydraulic effects on the flow. This field 
project was intitiated in response to the request from Hydro-Quebec in 
support of their feasibility study of the Archipel Project -_ the 

. . 

construction of a low-head power hydro power station, at the Lachine 
Rapids. a 

w .

A 

The field project lasted from the beginning of December, 1984, 
to February 15, 1985. To facilitate field measurements, a field station 
on the north bank at the midway of the rapids in the City of LaSalle was 
established and was known as the LaSalle Station. This station was a 
fenced-in compound constructed by Hydro-Quebec with electrical power 
brought to the site. A trailer from NHRI served as the field office 
from where the various tasks of the field survey were conducted.

_ 

The parameters measured included those of meteorology, 
thermodynamics, hydraulics and ice. Only the information concerning 
frazil will be reported in this preliminary report which was needed by 
Hydro-Quebec. for operational /planning by March 15, 1985. A draft 
version of this report has been submitted to Hydro-Quebec by that day to 
meet" the operational requirement. In the 'final report of the field 
study, all aspects of the study, including that. of frazil, will be 
shown. ‘ 

This report reports the measurement of frazil concentrations 
at the LaSalle site, the instrument used, the different characteristics 
of frazil at its different. stages of maturity. The analysis of an 
example of frazil concentration recording and the final conclusions 
drawn.‘
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2.0 INSTRUMENT FOR FRAZIL CONCENTRATION MEASUREMENT AND ITS 
CALIBRATION . 

2.1 Instrument 

l The frazil instrument developed at NWRI* was used to measure 
the concentration of frazil in the flow in the Lachine Rapids. T 

The NWRI frazil instrument is built on the physical principle 
of comparative electrical resistance measurement. It has two identical 
probes, the reference probe for which frazil is excluded and the sensor 
probe through which the frazil-laden water can. flow. Each probe 
consists of a pair of electrodes embedded in plastic shells. The 
electrodes have a diameter of 5 cm and are 4 cm apart. The reference 
probe, therefore, measures the electrical resistance of a cylindrical 
water column of 78.5 cm3 and the sensor probe measures the resistance of 
a similar sample‘ volume _of frazil-water mixture. According to‘ ice 

physics, frazil is electrically non-conductive, the concentration of 
frazil in water thus can be evaluated by comparing the above two 
resistances.

_ 

Figure 1 is the photograph of a NWRI frazil instrument 
constructed for laboratory use. The box on the left contains all the 
electronics. At the middle are the two probes and on the right is the 
wann oil reservoir which circulates wann oil to the probes to prevent 
frazil from adhering to the probes and their supports. 

- 
' For the Lachine Study, a field instrument which eliminated the 

inter-connecting tubings by placing a snail hot oil reservoir directly 
above each probe and hence permitted the probes to be lowered to any 
depth has been constructed through external contracts. However, because 
of the tight schedule of the field work, it was unable to test the field 
instrument before its actual deployment. when deployed in the field, 
leaks and short circuits developed and the instrument became 
inoperational. Remedial actions under the constraint of the field work 

* See "A Instrument for Measuring Frazil Concentration", by G. Tsang, 
'Cold Regions Science and Technology, in press.
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failed to rectify the problems and it was decided to use the laboratory 
instrument for the field measurement. The laboratory instrument 
performed satisfactorily for the field work. The limited length of the 
probe support of the laboratory iinstrument,_ however, meant that the 
measurements were confined to the surface layer of the flow. 

When used in the field, the isolation of the reference probe 
from frazil was achieved by attaching a shield to the support“ which 
surrounded the probe. The shield was made of a section of plastic pipe 
with a sealed bottom. A top plate with openings was fitted to the top 
of the shield. while the exchange of water between the main flow and 
the interior of the shield through the openings ensured that the water 
in the reference probe was representative of the main flow, the buoyancy 
of the frazil discouraged it from going down into the shield. A small 
hole drilled on the wall of the shield near the bottom served as a vent 
for the trapped air to escape.

_ 

2.2 Calibration 
K; 

, The instrument reported in the paper quoted in the foot note 
of the preceeding page was a~ laboratory instrument. This same 
instrument was used in the Lachine study. At the time of writing that 
paper, the instrument was calibrated and the calibration showed that at 
flow velocities greater than 21.4 cm/s, the frazil slushes would flow 
through the sensor probe smoothly and under such a condition, a 1.12 
volt» instrument ouput would represent a frazil concentration of one 
percent by volume. _This calibration factor was provided to Hydro-Québec 
at the/time of the field survey for temporary, indicative use., 

The instrument should be recalibrated for the Lachine Rapids 
work because of the following two reasons: 

1. Following the publication of the quoted paper, numerous 
modifications have been made to the probes to make them more rugged
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and the" electrodes truly parallel and centre to centre.‘ The 
separation of the electrodes was also reduced from 5 cm to 4 cm.

g 

2. The water used in the initial calibration of the instrument at NWRI 
_ was the tap water from Burlington, Ontario. This water is more 
conductive than the water in the Lachine Rapids. At 0°C; when a 
probe of the instrument was immersed in the Burlington water, a 
voltage drop of ’1.5 volts across‘ the electrodes was registered, 
compared to a voltage drop of 7.3 volts when the probe was immersed 
in the Lachine Rapids water. The large difiference in conductivity 
might affect the calibration factor. - i . 

‘

/ 

The laboratory frazil instrument was recalibrated immediately 
following the field survey. The same experimental setup and procedure 
used in the earlier calibration were used in the recalibration. The 
calibration water was prepared by mixing distilled water with Burlington 
tap water until the immersed probe showed a voltage drop of 6.6 volts 
across its electrodes at 0°C. Although this prepared water sample was 
still about 10 percent more conductive than the Lachine Rapids water, it 
was considered acceptable for the present recalibration purpose in view 
of the length of time needed for preparing a more representative water 
sample and the pressed time constraint. 

The averages frazil concentration and the average instrument 
voltage output obtained from the recalibration were plotted as shown in 
Fig. 2. It is seen from Fig. 2 that the relationship between the above 
two parameters was approximately linear. ’The straightline fitted by eye 
and given by the equation V 

ci = 0.41 vsig (1) 

where Ci is the concentration of frazil by volume in percentage and 
vsig is the signal output of the instrument in volts, seems to give a
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reasonably good fit to the data. ’With the above relationship, a 2.44 
volt output of the instrument represents a frazil concentration of one 
percent. * 

A ; 

' It may be mentioned that the recalibration was conducted at a 
flow velocity of 26.5 cm/s. At this velocity, the frazil slushes flow 
smoothly through the sensor probe. _ 

- 

V

T 

3.0 
U 

FRAZIL CONCENTRATON MEASUREMENT AND METHODOLOGY'
' 

The original plan of the field study called for measurement of 
fraiil concentrations along chosen verticals “at different selected 
crossings of the Lachine Rapids with the use of a jet boat. Unforeseen 
developments, mostly political, however, prevented the realization of 
the original plan and the measurement' of frazil was limited to one 
location at the LaSalle site from the shore. -

' 

g 
Frazil data were taken from 23rd to 31st of January, 1985. At 

the time of frazil measurement, a border ice 3 m wide was formed at the 
site. This border ice was cut back daily to a width of 2'm and this 
strip _of border ice served as a working platform for frazil data 
gathering. The thickness of the border ice was about 70 cm at the bank, 
tapering to about 30 cm at the water edge, where the water depth was 3.4 
m (11 ft). The local flow pattern was‘ such that the current flowed 
towards the shore at an angle of 20 degrees with the bank. The 
concentration -of frazil in the flow, therefore, would not. have been 
affected by the bank before it was measured. The average velocity at 
the site was about 0.4 m/s while the average velocity of the main flow 
was about 2 m/s. - T

. 

The electronics box andl the oil reservoir of the- frazil 
instrument was housed in a heated and insulated box outside by the bank. 
A slot 1 m long and 20 cm wide was out in the border ice to accommodate 
the reference probe and its plastic shield to avoid possible ice 
abrasion. The sensor probe was held by hand and immersed in the open

\ 

flow. The operator sat on a chair while taking the data. The
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relatively comfortable sitting position ensured that the desired depth 
of sampling could be maintained. 

A

T 

~The output signal from the frazil instrument was carried to 
the trailer by cable, where it was recorded both on chart and on tape. 

A total of 18 measurements were made as summarized in Table 1. 

For each measurement, frazil concentration was measured along a vertical 
at different depths. ~Because the length of the probe support was only 
1.2 m, the maximum sampling depth was limited to 76 cm. (2_'-6"). 

4.0 CONCENTRATION OF FRAZIL UNDER DIFFERENT MATURITYiCONDIT1ONS 

From the taped information, frazil concentration under 
different conditions could be reproduced and discussed as shown below. 

4.1 Mature Frazil Slushes 

-Fig. 3 shows frazil concentration recordings at the mature 
stage. It is seen fron Fig. 3-A that at the surface, frazil crystals 
have agglomerated into well-defined patches and agglomerations. Between 
the patches and agglomerations, the concentrations of frazil was low and 
the baseline shows little variation._ Within each patch or agglomera-

\ 

tion, there was identifiable peak or peaks whose concentration would be 
higher than the maximum output of the frazil instrument of about '5 

percent. The front part of individual agglomerations was more compact 
than the trailing part, as can be seen from the fast increase in frazil 
concentration for the front part of the peaks in the recordings and the 
more gradual decrease in frazil concentration following the peak. This 
pattern of concentration distribution is typical of diffusion of matter 
in a turbulent flow. The recording also shows that frazil in Lachine 
Rapids came in waves of high and low conoentrations._ ’ 

At 10 cm (4") below the surface, the well defined patches and 
agglomerations were still easily recognizeable as can be seen from Fig. 
3-B. The discharge of frazil in waves is also seen. Many of the peaks

~ J
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still had concentrations greater than the instrument maximum output of 
about 5 percent. The less varied baseline in Fig. 3-B indicates that 
most of the small agglomerations stayed at the surface. Only the large 
agglomerations would extend their lower pant to the 10 cm depth. 

The decrease of frazil presence from 10 cm to 20 cm (8") was 
remarkable as can be seen from comparing Fig. 3-B and Fig. 3-C. The 
ripples shown in Fig. 3-C- are narrow and have low ‘peak values, 
indicating that they were mostly small frazil clusters carried by the 
small eddies of the turbulence eddy spectrum to the 20 cm depth. 
Occasionally, large eddies of the turbulence also carried comparatively 
large frazil agglomerations to the lower depth, as evidenced by the 3 or 
4 high peaks in Fig. 3-C. . 

' ‘ 

1 

. Further down to 30 cm (1'-0"). depth, the reduced effect of the 
small scale eddies in bringing the small frazil clusters to the lower 
levels was noted as can be seen from the comparatively smooth baseline 
in Fig. 3-D. iThe role played by the large eddies in bringing the larger 
frazil agglomerations to the lower level, however, seemed less abated as 
can be seen from the few large peaks interposed on the smooth baseline. 
‘ The cutting off of the output signal of the instrument was 
mentioned earlier. This cutting off of signal was because the final 
amplifier of the instrument had a voltage output limit of about 12.5 
"volts. Any signal output greater than this voltage limit therefore 
would not be seen. ' 

' 

,

‘ 

The baseline of the instrument was not necessarily at 0 volts. 
There was a potentiometer in the instrument thatlpermitted the adjuste 
ment of the baseline. In hindsight it might have been better if the 
baseline was adjusted to as negative a voltage as possible because this 
would increase the maximmn frazil concentration cutoff point. This, 
however, was not done because of the difficulty in adjusting the instrue 
ment in cold weather and the long time (30 to 60 minutes) needed for the 
baseline to reach the equilibrium state following each readjustment. 

Figs. 3-A to 3-D show the frazil concentration recordings of 
Measurement 1. Two to three hours after Measurement 1, Measurement 2

I
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was made and the frazil concentrations recordings are shown in Figs. 4-A 

to 4-D. From comparing Figs. 4#A and 3—A, one sees that after three 
hours the frazil yslushes in the river showed a greater degree of 
consolidation. The frazil packs and patches became larger and stood out 
better by themselves. The larger frazil packs were also seen at the 
lower levels as can be seen from Fig. 4-C. 

Other than showing a higher degree of maturity, meaning 
larger, more compact and better standing out frazil packs, the frazil 
recordings in Figs. 3 and 4 are quite similar, indicating that in the 2 

to 3 hours in the afternoon, the influences of the hydro-meteorological 
parameters have not substantially changed the behaviour of frazil in the 
Lachine Rapids. " 

Ideally, the baseline of the frazil signal should' be at. a 

constant voltage when there was no frazil in the flow. This, however, 
was not the case for the present field work as can be seen from Figs. 3 

and 4.“ Some small variations of the baseline such as those shown in 
Fig. 3-C were to be expected.because the salinity and temperature of the 
water in the Lachine Rapids were by no means uniform so their effect on 

‘

. 

the conductivity of the water should be shown by the small variations of 
the.baseline. The large variations of the baseline, such as those shown 
in Figs. 3-A, 4-C and 4-D, however, was puzzling at first. This puzzle- 
ment was later explained because at about 1.3 km upstream from the field 
station was the snow dumping site for the City of Lachine. Street snow 
was trucked and dumped at this site to be pushed into the river by 
bulldozers. This snow ice was highly saline because of the street salt 
and once in water the salt in the snow packs would leach out into the 
water. It was found and verified many times that each time a snow ice 
pack, which could be recognized by its dirty appearance, passed by the 
sensor probe (the snow ice did not have to flow through the sensor), the 
frazil instrument would produce a negative signal as if a frazil pack 
was passing through the reference probe. This happened because the 
frazil instrument basically is an instrument comparing the resistances 
of the sensor probe and the reference probe. Under normal operational
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conditions, when a frazil pack passed through the sensor probe, because 
frazil is not conductive, a higher resistance than that of the reference 
probe was registered by the sensor probe and this resulted in a positive 
signal output by the instrument. In the snow dumping case, when the 
highly conductive water surrounding the snow ice pack passed through the 
sensor probe, a lower resistance than that of the reference probe was 
registered by the sensor probe and this led to a negative output by the 
instrument, or an imaginary frazil passage through the reference probe. 
During analysing the data, the snow dumping effect should be corrected, 
or avoided altogether if at all possible. - 

4.2 Early Frazil 

Fig. 5 was from Measurement 6 and shows frazil not long after 
its formation which was easily recognizable from the appearance of the 
frazil slushes and could also be determined from the temperature 
recording of the water. It is seen from this signal recording that at 
the early stage frazil was mostly in the form of small clusters and 
loose agglomerations as shown by the continuous chains of small 
ripples. The tendency of the small clusters in agglomerating into 
larger packs or patches could also be detected. Although the recording 
shows waves of high and low frazil discharges bearing the thermal 
history of the. parent water, the high concentration _patches and 
agglomerations did not stand out clearly but ran into each other. 

It is interesting to note from Fig. 5 that the/early frazil 
stayed mainly at the surface. Even at a depth of 10 cm, which was 
actually only 6 cm below the surface measurement, there were only traces 
of frazil presence. -

. 

4.3 Frazil Slushes with §urface Crust 

when mature frazil slushes are exposed to the cold air, thin 
ice crusts will form on the top. These thin ice sheets thicken as a
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result of continued heat loss to the air by conduction.» The grinding of 
the surface crust sheets produces round ice panes with upturned edges 
known 65 Pancake ice. Fig. 6 from Measurement 7 shows the concentration 
of frazil in the Lachine Rapids at a time of early pancake ice 
formation.

“ 

Because of the presence of ice panes at the surface, surface 
frazil concentration could not be measured. The highest point of frazil 
measurement was at 15 cm (6") below the water surface and this 
measurement is shown by Fig. 6-A. » 

_ 
.- 

It is seen from Fig. 6-A that under the pancake ice condition, 
the concentration of frazil at 15 cm depth was high. A comparison of 
Fig. 6-A with Fig. 3-A shows that more frazil was seen in the former 
case at a depth of 15 cm than in the latter case at the surface when the 
frazil slushes were mature. but surface crusts had not formed. The 
longer time for consolidation for the former case also led to better 
defined frazil packs with high concentrations. The largest pack shown 
in Fig. 6-A took about 70 seconds to pass the sensed point. At a flow 
velocity of 0.4 m/s, this time would translate into a frazil pack 28 m 
long. 

The well-defined frazil packs‘were also seen at 30 cm (1'-0") 
depth. It was most likely the extended part of the frazil packs at the 
higher levels that was sensed at this point. The small ripples on the 
baseline represent the frazil clusters that were brought to this level 
by turbulence. \

, 

The sharp reduction of frazil from 30 cm depth to 46 cm 
(1‘-6") depths was again remarkable. It would be safe to conclude that 
most of the frazil in mature slushes and in pancaked slushes should be 
in the first ifew tens of ‘centimetres land the reduction of frazil 
concentration with depth should be steep. '

A 

Regardless of the above, small frazil clusters were still seen 
at 76 cm from the surface and the amount of frazil at this depth did not 
differ much fron that at the depth of 46 cm (see Figs. 6-C and 6-D). 
Thus, if anchor ice was formed by frazil adhesion to the river bottom,
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it would_be these small frazil clusters that served as the main building 
blocks for the anchor ice, and not the large frazil packs. 

4.4 Tr-a_.nsition From Y0un_g_Frazi]. to Mature Slu's.h..e.s - 

While Figs. 3 and 4 show concentration of frazil at the mature 
slushes stage and Fig. 5 shows the concentration of young frazil, Fig. 7 

frun Measurement 14 shows the concentration of frazil when it was at the 
transitional stage from young frazil to mature slushes. 

It is seen from Fig. 7-A that at this stage, although the 
agglomerations at the surface showed high concentration of frazil, they 
have still not developed into well-defined packs and patches. The 
pattern of high concentration patches interposed with intervals of low 
concentrations has not yet established and the highly concentrated 
agglomerations still ran into each other. The same lack of definition 
of the frazil packs was also seen at the 15 cm depth. Fran comparing 
recordings A to F in Fig. 7, one sees that the reduction of frazil 
presence with depth was less steep in this case and the existence of 
small frazil clusters at the lower levels was evident. 

Fig. 8 fron Measurement 15 shows the concentration of frazil 
under similar conditions to that of Fig. 7, but slightly towards the 
mature side. One sees from the concentration recordings that they are 
similar to those of Fig. 7 except that the low concentration intervals 
among high concentation agglomerations were beginning to develop. . 

' while the recordings in Fig. 7 were taken near midnight, the 
recordings of Fig. 8 were taken in the afternoon. The similarity of 
these two sets of recordings thus shows that the condition of fraiil in 
the Lachine Rapids was not a function of the day, but determined by the 
general weather patern over the area.
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5.0 - galfirific Measurement of Concentration of Frazil in Frazil 
ac ' ' ’

. 

To remedy the inadequacy of the frazil instrument in its 
inability to record frazil concentrations greater than the cutoff value, 
a calorific method was devised to measure peak concentration of frazil 
in a pack. 

This method involved partially filling a pail with warm water 
of volume V1 and temperature T1. A sample of volume V2 taken from the 
top of the frazil pack was then poured into the pail. ' After well 
stirring the water in the pail and after all (frazil has melted, the 
final temperature of the mixture T2 was taken. 

' 

From the above 
parameters, the concentration of frazil in the frazil pack sample could 
be calculated as shown below: 

If the concentration of frazil by volume in the sample was C, 
then the mass of frazil in the sample, in S.I. units, would be 0.92 x 
106CV2 and the latent heat of fusion to melt this ice would be 

-oi = (41ss.s X so) X (0.92 X l06CV2) (2) 

where (4186.8 x 80) is the latent heat of fusion in joules per kg of 
ice. " 

The mass of the pack would be 

m2 -= (1-c)x1o“v2 + 0.92x1o6cv2 = (1 - 0.oac)x106v2 _ (3) 

and the heat needed to bring the temperature of this sample from 0°C, 
after all the ice has melted, to T2 would be 

Q2 = 4186.8 X (1 -_o.osc) X 10“ VZTZ (4)



0 

_ 13 _ 

. 
. . l 

where 4186.8 is the specific heat of water in joules per kg. The total 
heat absorbed by the sample thus would be Q1 + Q2 and this heat would 
have to be supplied by the warm water " 

Q1 = 4.186.8V1(T1 - T2) X 10° (5) 

From equating Q1 to Qi+Q2, the following equation could be obtained 

V /V T - T - T 
C = (.1 2)( 1 ,;).. 2 

x 100 percent (6) 
" 73.6 - 0.08T2 ,

, 

which gave the concentration of frazil in the sample. Because V1 and V2 
appear as a ratio, their unit becomes immaterial. The .unit of 
temperature, however, has to rmain S.I.. 

The_ frazil- pack sample was taken with_ a glass measuring 
cylinder of 5_cm diameter and 1000 ml capacity. The sample was taken by 
skimming off the top of the frazil pack.- In the case when a surface 
crust has developed over the pack, the sample was skimmed off just below 
the ice crust, Care was taken not to disturb the frazil pack while 
taking the sample. This was done by taking the sample while walking 
along the border ice at' the same speed as the frazil pack and the 
skimming action was made gently in the upstrean to downstrean direction. 
it was valso made sure that the sampled pack was the thickest pack 
available at the time. The temperature of the water was measured with a 

mercury thermometer accurate to 0.l°C.
_ 

The calorific method was a fast undertaking. .Frmn obtaining 
the sample, taking the sample back into the trailer, mixing it with the 
wann water in the pail and measuring the final temperature in the pail, 
the elapsed time was from 20 to 30 seconds. In this short time period, 
all the other heat gains and losses could be ignored. 

A total of 17 frazil concentration measurements ‘were made 
using the calorific method as summarized in Table 2.
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It is seen from Table 2 that the peak concentration of frazil 
in the frazil packs varied form 9.0 percent to 19.1 percent. The exact 
error range fo frazil concentration measured with the calorific method 
was difficult to quantify. However, it was believed that the error 
should not be greater than 5 percent. Based on the measured values 
shown in Table 2, one can see that frazil slushes that still remained in 

an unconsolidated, extractable form in the Lachine Rapids near the site 
would be unlikely to have a concentration greater than 20 percent and 
for all practical purposes, this concentration may be considered as the 
upper limit of frazil still remained in this particular physical state. 
The part of the frazil packs that had a concentration greater than the 
above value were likely to have been incorporated into the pancake ice 
structure. 

6.0 ANALYSIS OF FRAZIL RECORDINGS
A 

6.1 gg%ermination of Position of Baseline and Estimate of Cutoff, 
a a " “ 

As mentioned earlier, the non-uniformity of water properties 
and the dumping of snow in the Lachine Rapids produced varied baselines 
for the concentration recordings. Although the average position of the 
baseline could be subjectively estimated, especially by an experienced 
operator, the method shown below gave a more objective evaluation: 

After the instrument output signal V519 hi5 been tape 
recorded, it could be played back together with -a_ reference voltage 
vref to an electronic integrator which could perform 

It (Vsig ' Vref) dt (7) 

for 

(Vsig ' Vref)iZ-0 

where 1 is the time of integration.
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It is seen from Fig. 9 that the above integration represents 
the area between the frazil concentration signal curve and the reference 
voltage line. .For a given time period, the value of the integration 
would increase as the reference voltage was lowered. After the 
reference voltage line fallen below the baseline, the integrated area 
would increase linearly with the decrease of the reference voltage. 

According to _the above, if one plots two sections of the 

jT(VSig - Vref)dt versus Vref curve, one with’ the Vref values 
geater than the baseline voltage and the other with the Vref Values 

less than the baseline voltage, then the latter will be a straight line 
and the extension of the two curves will meet at the point of baseline 
voltage. 

A 

~

I 

This way of determining the average position of the baseline 
is more practicable than plotting the integration versus» Vréf Curve 

over the full Vref range and then seeing where the curve will change 
from a curve to a straight line because the latter case involves the 
determination of the point of transitions which is far more subjective 
than the determination of the point of intersection. From the 
concentration recording, the approximate position of the baseline can be 
easily determined so that the plotting of two sections of the 
integration >vergu5i'vref curve with Vref values respectively greater 
and less than the baseline value will not be difficult. . 

The above method of.determining the average position of the 
baseline is not affected by dividing the integration with the-time t. 
Denoting this quantity as AV5ig, OP 

, 

_ 1 g 

A 
Avsig ' ¥'fr (Vsig ' Vref)dt (8) 

one Sees from Fig. 9 that Avsig represents the height of the rectangle 
whose area is equal to the area of integration (Eq. 6).~ The plotting of 
AV5ig versus Vref should show that for Vref values less than the 
baseline voltage, the curve has a slope of -1.
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The recording in Fig. 7-A ‘was used as an example~-to 
demonstrate the determination of the average position of the baseline. 
It is seen from Fig. 7-A that the average baseline voltage should be 
around -1 volts. The sampling time that produced the recording was 
about 10 minutes and this time was used as the integration time.

' 

From the output of the integrator, the value of Zvsig WQS 
calculated for different vref values as shown below: 

_ 

approximate
g 

‘ position of V 
r 

< baseline 
. - ref 

Vref > baseline voltage baseline 
gm g _yQ1tQge 

Vref 12.0 10.0 8.0 6.0 4.0 2.0 0.0 -2.0 -4.0 -6.0 

AVSig 0.17 0.80 1.58 2.49 3.61 4.88 5.93 7.76 9.76- 11.76 

The unit of Vref and AVSig is in volts. 
According to the above values, two sections of the Avsig VS- 

Vref curve were plotted as shown in Fig. 10. The extension of these 
two curve sections intersects at Vref = -I-25 vOltS which is the 
average position- of the baseline. The drawing of this baseline on 
Fig. 7-A-would show that it fits well the recording curve; 

"'Because of the cutting off of the signal output, all frazil 
signals greater than the instrument's maximum signal output VC Were 
missing from the recorded data although they too should have contributed 
to the integrated area. As it was, the integration in Eq. 6 would give 
5 Zey-Q value fQ|"- Vref V81U8S greater than Vc. 

- Should there be no cutoff to the signal output, then as Vref 
is gradually lowered from»a high value to the maximum frazil concentra- 
tion signal Vmax, the integration in Eq. 6 would change from zero to'a 
positive value. This integration value would continue to increase as 

vref is further lowered. Because of the bell-shaped distribution of 
frazil in the frazil packs, the slope of the integration - Vref curve 
should be zero at Vref = Vmax and the change of slope should be 
gradual. The part of the curve for which Vref is less than Vc
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should also be of the same shape as the integration - Vref curve with 
instrument signal cutoff because they both represent the integrated area 
contributed by the signal recording for Vref;§ VG- 

Understanding the above, the integrated area of Eq. 6 or the 
vaiue of Avsig in Eq. 7 that should otherwise contributed by the miss- 

ing part of the recording curve, can be estimated by extending the 
integration - vref or the Avsig - Vref curve in the increasing 

e _ 

Vref direction until a zero slope is obtained as shown in Fig. 10, It 

is Seen from Fig_ 10 that the Avsig - Vref curve becomes horizontal 
at approximately Vref = 14 volts and the value of Avsig at this 
point is -0.1 volts. This means that should there be no instrument 
upper cutoff, the maximum frazil concentration signal would be about 14 
volts and the missing part of the signal recording would have contri- 
buted 0.1 volt to AV51g- ~ '

v 
‘ Following the above discussion, one sees that if the vertical 
axis in Fig. 10 is shifted to the left by 1.25 volts and the horizontal 
axis is lowered by 0.1 volts, then the Avsig - Vref curve would be 
the curve with a zero baseline voltage and the contribution to Avstg 
by the missing part of the signal would have been accounted for. Of 
course the intersection of these two new axis should be the new origin 
and assume the (0.0) value- _ 

6.2 Contribution of Slushes of Different Concentrations to Total 
Frazil Ulscharge 

After the axes have been readjusted according to discussions 
in the last section, Fig. 10 could be replotted in the form of A61 
versus Cref where * 

l 

'

~ 

ACi = AVSig/2.44 (9) 

and ' 

Cref = Vref/2'44 (10)
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as shown in Fig. 11. From the fact that 2.44 volts of the instrument's 
output would represent a frazil concentration of 1 percent, one sees 
from the above equations that Afii gives the contribution to the total 
time-averaged concentration by slushes whose concentration is greater 
than cref. Thus, from Fig. 11, one sees that at the surface during 
Measurement 14, the total time-averaged concentration of frazil in the 
water was about 2.9 percent and to this, 2 percent was contributed by 
slushes with concentrations greater than 1.24 percent, and slushes with 
concentrations greater than 2 percent accounted for 1.55 percent out of 
this 2.9 percent, etc.. -

. 

6.3 
_ 

Average Concentration of Frazil as a Function of Depth_ 
. 

Y \ I 

Similar to integrating the signal curve above the baseline for 
the surface concentration recording, integration could also be done to 
measurements obtained from other depths. From these integrated areas 
and the integrations times, the average concentration at the different 
depths could also be calculated. Fig. 12 shows an example for the 
variation of frazil concentration as a function of depth and was 
obtained for Measurement 14. 

_

- 

It is seen from_ Fig. 12 that the decrease of frazil 
concentration with depth near the surface was steep. The rate of 
deerease of Ei with depth h was much flatter after 40 cm. More 
information, could be obtained from plottings like Fig. 12. At this 
point, more investigation on such Ci - h Curves will "Qt be made 
because of the time constraint. The integration of C1 with depth 
should give the total discharge of frazil at the site. 

To obtain the total discharge of frazil in the Lachine Rapids, 
similar measurements and similar treatment of the recorded data obtained 
along chosen verticals of a selected crossing of the river are necessary 
especially in view of the large velocity difference between the main 
stream and the flow near the shore and in view of the fact that the 
water in the Lachine Rapids -comes from two sources, namely the
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St. Lawrence River to the south and the Ottawa River to the north. The 
K . 

thermal history of these two water sources is different and the mixing 
of the waters in Lake St. Louis upstremn of the rapids is insufficient 
to bring uniformity to the water in the Lachine Rapids; It was indeed 
observed at one occasion during the field study that while there was 
little ice at the study site at the north bank, the southern half of the 
river was highly infested with surface ice. 

7.0 . CONCLUSIONS 

A field ice study at the Lachine Rapids was conducted during 
the winter of 1984/85. Meteorological, hydrological and ice data were 
obtained during the field study. V

_ 

The measurement, interpretation and some analysis of frazil in 

the river are reported in this preliminary report. More detailed study 
of the field data will be made later when writing the project report. 

The field study was a ‘cooperative research project between 
National Water Research Institute and Hydro-Quebec. The satisfactory 
completion of thisl project is the fruit of labour of the involved 
personnel from the two organizations. '

\
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