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Xn this study, field surveys were carried out for a large hanging

ice dam in the St. Lawrence River near Sparrowhawk Point, during the

winter of 1981-82. Cross section profiles of the dam and the channel,

the headloss characteristics, and velocity profiles underneath the da11

were monitored during the season. Based on the field data, hydraulic

resistance characteristics of the dam are analyzed. The effect of

channel geometry and flow pattern on the formation and shape of the ic

dam are discussed.
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Chapter I

INTRODUCTION

The existence of hanging dams in rivers with an ice cover

has been known to hydraulic engineers for many years. The

presence of hanging dams in a river constricts the flow cross

section and, in many cases, could cause large head losses in

addition to the loss caused by a normal sheet ice cover. A

number of field studies have been reported in the literature

�,6,8,9,13,26! on the formation and characteristics of hanging

dams. In this report, a field study on the hydraulic character-

istics of a hanging dam located in the St. Lawrence River near

Sparrowhawk Point during the winter of l981-82 is presented.

Formation of Han in Dams

Although all hanging dams are massive accumulations of ice

particles on the underside of an ice cover, the formation

processes of these hanging dams may be significantly different.

According to their formation processes, hanging dams may be

classified into two categories. The first type of hanging dams,

which will be referred to as fragment ice hanging dams, are

accumulations of large ice plates or frazil ice pans. These dams

are formed near the leading edge of an ice cover during its up-

stream progression. This process can occur either at the

beginning of the winter during the formation of the new ice cover

or during the spring break-up period when ice floes, which are

released from an upstream reach of a river, reaches a stationary

downstream obstacle or ice cover. Fragment ice dams are formed

either by the submergence, transport, and arrest of ice floes



underneath an ice cover or through the internal collapse and

subsequent thickening of floating ensembles of large ice

particles caused by the action of external forces. The second

type of hanging dams, which will be referred to as frazil ice

hanging dams, are formed by the deposition of suspended frazil

ice particles which are produced in open water areas upstream of

a stable ice cover during periods of supercooling of the river

surface. The deposition of frazil suspensions could occur when

suspended ice particles reach the undersurface of the ice cover.

Near the leading edge of the ice cover, when frazil ice particles

are active, particles that reach the ice-water interface are

deposited. Further downstream, when ice particles become

inactive they will deposit only in low flow velocity regions.

For a fragment ice dam, which is located near the leading edge

of an ice cover, and is formed at the beginning of the ice

covered. season, a relatively soft outer layer of frazil slush

could form on the surface of the fragment ice dam due to the

accumulation of active frazil ice particles produced in the open

water area during the winter. Xn the St. Lawrence River both

the fragment ice hanging dams and the frazil ice hanging dams,

and the combination of both could form.

The St. Lawrence River Ice Cover

The Upper St. Lawrence River is being utilized for hydro-

power production and serves as the only navigation passage for

shipping between the Atlantic Ocean and the Great Lakes. The

existence of hanging ice dams in the river has been an important

consideration in the planning and management of the river flow



during the winter. The flow of the river is regulated by the

Noses-Saunders Power Dam located near Nassena. This dam is part

of the St. Lawrence Project, which was completed. in 1959 as a

joint venture of the United States and Canada. The planning for

the flow regulation is closely related to the ice conditions in

the river which affect the length of the navigation season and

the amount of power that can be generated.

With the present regulation plan, ice covers are initiated

at artificial obstacles such as dams and booms at the beginning

of each winter  l8!. stable ice covers are formed. between Lake

Ontario and Cardinal with the installation of Ogdensburg-Prescott

ice booms in the Galop Island area. Ice cover conditions in the

International Rapids Section  see Appendix C! between Cardinal

and. Nassena, however, are more complicated. Early in the winter,

when the water temperature is supercooled, frazil ice forms

in the river. This frazil ice develops into large ice floes and

fragmented ice sheets which flow into Lake St. Lawrence. Be-

ginning initially at the face of the Power Dam, these ice floes

pack against each other to form a solid cover. The ice front

formed by the edge of the ice floes then progresses upstream as

more ice floes arrive. Due to the low flow velocity, the

progression of the ice cover from the Power Darn to Norrisburg

can be completed with no flow regulation. When the leading edge

of the ice cover reaches Noxrisbuxg, the progression of the ice

cover still further upstream is accomplished by a short period

of flow reduction which is created when favorable cold. weather

developes. With the flow reduction, the ice cover will progress



upstream towards the region of high velocity flow near Pinetree

Point. At this stage the incoming ice floes which pass through

Iroquois Dam will become entrained by the flow and are transported

under the ice cover. When these floes come to rest under the ice

cover they form a hanging darn. The size of this hanging dam will

increase either due to the arrest of additional ice floes under-

neath the hanging dam or due to the thickening caused by the

collapse of the accumulated floating ice mass. The collapse of

the ice mass occurs when the hydrodynamic drag and streamwise

gravity force acting on the ice mass surpasses the strength of

the fragmented ice cover. The lowering of the gates at the

Iroquois Control Dam can control the size of the hanging darn at

Pinetree Point by preventing the inflow of additional ice floes.

The lowering of these gates also initiates the progression of an

ice sheet upstream from Iroquois Dam towards sparrowhawk Point

and Cardinal. The ice cover upstream of Iroquois Dam can only

progress to the vicinity of Sparrowhawk Point because of high

flow velocities in the Galop Island Region. Another hanging dam

will then fOrm near SparrawhaWk Point.

Due to the high flow velocity, open water reaches always

remain downstream of the Galop Booms and Iroquois Dam, throughout

the winter. These open water areas can produce large amounts of

frazil ice. Because of the relatively short reaches in these

open water areas, the frazil ice generated in t.hese areas is

entrained in the flow in the form of buoyant suspensions. The

suspended frazil ice particles will gradually accumulate under

the ice cover and lead to the growth of existing hanging dams



and form additional hanging dams further downstream �,4,21!.

Field measurements in the St. Lawrence River indicated that

major fragment ice hanging dams axe formed each winter in the

vicinity of Sparrowhawk Point and Pinetree Point. Frazil ice

hanging dams have also been observed in the Ogden Island region

�,4!. During the winter of l981-82 a major hanging dam located

near the Sparrowhawk Point was monitored and studied for its

hydraulic characteristics. The result of this field study will

be presented in the following chapters.



Chapter II

FIELD MEASUREMENTS

During the winter of 1981-82, ice covers in the International

Rapids Section of the St. Lawrence River wexe formed during the

period between Jan. 11 and Jan. 18, 1982 �8!. Preliminary

surveys made by Ontario Hydro in late January showed that a large

hanging dam existed near Sparrowhawk Point and a smaller one

existed near Pinetree Point. Considering the time and resources

available, the larger hanging dam near Sparrowhawk Point was

selected for detailed study. A reconnaissance survey was then

made on Jan. 28, 1982 to determine the exact location of the dam.

This survey indicated that the hanging dam had a length of about

2,000 ft with a maximum thickness of more than 20 ft. Since a

full three-dimensional mapping of the hanging dam is not feasible,

a grid system, which includes a longitudinal control line and

three transverse control lines, at the site of the dam was

established with grid points marked on the ice surface to serve

as a reference for locating measuring stations later. The

location of the hanging dam and. control lines for the grid system

are presented in Figs. 1 and 2. Coordinates of grid points along

control lines are summarized in Fig. 3. Based on the grid system

defined, the hanging dam was monitored on a weekly basis during

the whole period. The data measured include i! longitudinal and

transverse profiles of the dam, the corresponding channel bottom

profiles, ii! drop in the water surface level along the hanging

dam, and iii! velocity distribution underneath the hanging dam.

These measurements are discussed in detail in the following
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sections.

Hangin Dam Profiles and the Channel Geometr

The field measurement procedures adopted in this study to

obtain ice thickness and channel cross sectional geometries were

the same as those reported in previous surveys conducted during

the winters of 1977-78 and 1978-79 on flow and ice conditions in

the Upper St. Lawrence River �,4!. When measurements were to be

made, holes were first drilled through the ice sheet at a selected

grid point. The thickness of the ice sheet was then measured

with an L-shaped metal rod which was hooked onto the underside af

the ice sheet. The location of the undersurface of the hanging

dam and the depth to the channel bottom were measured using a

Lowrance Fish Lo-K-Tor Sonic Meter. The measurement procedure

consisted of first lowering the depth sensing portion of the meter

through the ice mass with a scaled metal pipe. When the sensor

was no longer inside the hanging dam, the meter would indicate

the depth from the sensor to the xiver bottom. The thickness of

the hanging dam and the flow depth could then be determined.

Geomet of channel cross sections � The elevation of the

channel bottom along all four control lines was determined based

on the average of flow depth readings obtained by the sonic meter

during ice thickness measurements. Additional information obtained

from the detailed hydrographic charts prepared by the U.S. Army

Corps of Engineers in 1960 are also used. The channel bottom

profiles given by the hydrographic charts compared very well with

the sonic meter data. This shows that relatively little change

in channel bottom profiles has occurred since 1960. All channel



bottom elevation data were adjusted to measure from the 1955 IGLD.

Han in dam rofiles � Hanging dam thickness profiles along

control lines were measured. Since the thickness of the hanging

darn along both transverse lines 1-1 and 12-12 at the upstream and

the downstream ends were small, only the longitudinal profile and

the transverse profile along line 6-6 were monitored periodically.

All measured profiles are presented in Appendix A. A summary of

these results are presented in Figs. 4, 5, 6, and 7. These

figures show that the hanging dam has a three-dimensional form.

The shape of the dam is affected by the channel geometry, the

amount of ice supply from the upstream, and the flow pattern in

the vicinity and upstream of the site of the hanging dam. Both

the length along the longitudinal control line and the width along

the transverse control line 6-6 of the hanging dam decreased as

winter progressed. The thickness of the dam along these two

control lines, however, both increased and decreased duxing this

period. The variation of thickness during the winter was closely

related to the variation qf the air temperature.

Water Levels

The resistance characteristics of a hanging dam is an

important parameter in ice hydraulics. For this purpose, water

levels at both the upstream and downstream ends of the hanging

dam; i.e., at stations L-1 and L-12; were measured using a

surveyOr's level. The water surface Slope along the hanging dam

could then be determined. Table 1 summarizes measured water

surface slopes.
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Table 1. Water Surface Slopes Along the Hanging Dam
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Velocit Profiles

Velocity profiles underneath the hanging dam were measured

using a Marsh-McBirney electromagnetic current meter �,4! and a

gimbal-mounted, vane-type photoelectric current meter �2!. Both

meters were attached to a winch-cable assembly with a standard

75-lb USGS lead weight attached at the lower end of the cable to

maintain the vertical position of the meters  Figs. 8 and 9!.

Even with the successive pounding of the 75-lb lead weight,, it

was often difficult to send the meter assembly through the inner

portion of the hanging dam which consisted of hardened fragment

ice pieces. Only a few measured velocity profiles were obtained

along the longitudinal control line. These profiles are presented

in Figs. 10-15. Most of these profiles have the shape of

composite logarithmic profiles commonly observed in rivers with

sheet ice cover  ll}. Velocity px'ofiles at stations L3 and L5,

however, are rather irregular. A velocity defect at the upper

portion of the velocity pxofile at station L3 can be observed.

This velocity defect is similar to that commonly observed in

convergent pipe flows when the adverse pressure gradient exists

�0!. In the present case, although the flow axea remains fairly

uniform in the vicinity of station L3, an adverse pressure

gradient may exist. due to the change in pressure at the ice-water

interface caused by the streamwise vaxiation of ice thickness.

At station L5, large fluctuations in velocity readings were

experienced during the measurement. The mean velocity profile

is extremely irregular. This is believed to be caused by the

cross currents and Large eddies which existed in this region where



Figure 8. The Assembly for Velocity Neters



Figure 9. Velocity Measurement in the Field
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the flow is distinctly three-dimensional.

Other Flow and Ice Condition Data

Since flow and ice cover conditions can provide useful

information for interpreting the field survey results related to

the hanging ice dam, additional data obtained by various agencies

are presented in the Appendices. These data include: l! water

levels along the river and discharge at the Power Dam; 2! ice

cover thickness measured near the Power Dam, Waddington, Pinetzee

Point, and Cardinal; and 3! ice cover condition maps.
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Chaptex III

ANALYSIS AND DISCUSSIONS

The importance of effects of hanging ice dams on winter flow

conditions of a river have often been discussed in the literature

on ice hydraulics. The present understanding on the formation

process and hydraulic effect of hanging dams is, however, still

rather qualitative. This is due partly to the complex nature of

the evolution process, and partly to the difficulty involved in

carrying out comprehensive field studies. In this chapter, the

field data presented in Chapter II will be analyzed and interpreted.

Formation and Geometr of the Han in Dam

In order 5o better interpret the field data, a brief descrip-

tion of the formation process of a typical fragment hanging ice

dam will be given. This description is based. on the understanding

accumulated from previously reported analytical, laboratory, and

field studies. Most of these studies are limited to idealized

uniform rectangulax' channels. As winter begins, large quantities

of ice floes will form in the river. These floes are carried

downstream until they reach an artificial obstacle or form an

ice bridge. With any additional supply of ice floes from upstream,

the front of the ice cover will progress upstream against the

river flow. In river reaches with low velocity, a relatively

thin initial ice sheet can be formed and progress smoothly in

the upstream direction. This upstream progression will be impeded

when the leading edge of the cover enters a fast flowing reach

where the Froude numbex exceeds a critical value �,9,10,16,17,

27,29!. At this time additional incoming ice floes will be
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carried under the ice cover to form a hanging dam. The Local
thickening of an ice cover can also be induced by internal
collapse of the ice cover when the total force acting on the
cover exceeds its strength �6,3.7,28!. During the build up of
the hanging dam the surface slope of the river will change. This
change will alter the Froude number upstream of the leading edge,
the strength of the cover, and magnitude of forces acting on the
cover. ALL of these changes could again allow the cover to
progress in the upstream direction, The thickness of the hanging
dam is limited by the available supply of ice floes, and the
stability of the ice floes within the accumulation. This
stability criteria may be expressed in terms of a critical Froude
number, a critical velocity, or a critical shear stress �,7,9,
10,14,25,29!.

In the reach of the St. Lawrence River between Cardinal and
Iroqouis Dam, a hanging ice dam usually forms in the vicinity of
Sparrowhawk Point. No effort has been made in the past to
determine the location of the hanging dam. The only hanging dam
location surveyed other than that reported in Chapter II is the
hanging dam of the winter of 1978-79 �!. The location and
typical cross sectional geometry of both the 1978-79 hanging dam
and the 1981-82 hanging dam are presented in Fig. 16 along with
mayor currents estimated from stream-tube analysis �2!. The dam of
l978-79 was formed between Jan. 16, 1979 and Jan. 18, 1979 when

the discharqe was 219,000 cfs. The dam of 1981-82 was formed

between Jan. 15, 1982 and Jan. 18, 1982 when the discharge was

210,000 cfs �8}. The larger discharge in 1979 is believed to
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have caused the hanging dam of that season to form approximately

3,000 ft downstream from the 1981-82 hanging dam. The leading

edge of the ice covers of both winters are located approximately

two thousand feet upstream from the mid-section of the hanging

dams. The cross sectional profiles of the hanging dam also

indicate that these hanging dams have irregular three-dimensional

shapes' The shapes of these hanging dams are governed by the

flow pattern upstream as well as in the region where the hanging

dams are formed. A comparison of Fig. 16 with the channel bottom

topography, shown in Fig. 17, indicates further that when a

hanging dam is formed in a xiver reach which has nearly constant

width and total river channel cross sectional area, the dam tends

to form at a cross section where there exists a large variation

in depth across the rivex' s width. This phenomena can be explained

by noticing that the transverse distribution of the depth-averaged

velocity at a given cross section can be approximately described

by Eq. l.

V z!  d z! ~ 2/3
U

in which, z = transverse distance from a bank; V z! = depth-

averaged flow velocity at z; d z! = depth of flow at z; U = cross

sectional average velocity, Q/A; and D = average flow depth of

the flow cross section. Eq. 1, which can be obtained from the

Manning Zquation by neglecting interfacial shear stresses �2!,

indicates that the local depth-averaged flow velocity increases

with the local flow depth. Thus, at a cross section where a
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large transverse variation in depth exists, there will usually
be areas of high velocity which may cause the underturning of
ice floes. The underturning of ice floes will prevent further
progression of the ice cover until the formation of a hanging
dam changes the flow condition.

In order to obtain quantitative estimates of the critical

Froude number for leading edge progression and the critical

velocity of ice deposition, depth-averaged velocity distributions
at all four cross sections shown in Fig. 16 are determined for

both the free surface condition and the condition with hanging
dams. Flow distributions for free sux'face conditions at times
of ice cover initiation axe presented in Appendix A. These

figures indicate that the critical Froude number for the

progression of the leading edge of the ice cover is approximately
equal to 0.06 for the 1978-79 ice cover and is 0.052 for the 1981-
82 ice cover. Flow distributions at channel cross sections under-
neath the hanging dam are presented in Appendix A. To determine
the critical velocity of deposition from these figures the
criteria used are: a} at each cxoss section, only the velocity at
the location where the ice thickness is a maximum will be considered;
b! when the hanging dam was decaying, the velocity distribution was
not used to determine critical velocities; c! during cold periods,
active frazil ice produced in the upstream open water area may
remain active when the ice particles x'each the upstream end of

the hanging dam. The attachment of active frazil ice particles
to the existing hanging dam is not then limited by the critical
velocity of deposition. Based on these considerations, velocity
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distributions presented in Appendix A are examined along with the

air temperature data given in Fig. l8. The depth-averaged.

velocity distributions underneath the maximum thickness of the

ice cover at each cross section are summarized in Table 2. Based

on this information it is estimated that the critical velocity

of deposition for inactive frazil ice particles is approximately

equal to 3 fps, which is in agreement with the observation of

Michel and Drouin �3! in the La Grande River.

Hydraulic Resistance of the Han in Dam

The hydraulic resistance of a hanging ice darn can have an

important effect on the flow conditions in an ice covered river.

Data presented in Chapter XX will be used to obtain some

quantitative information on the hydraulic resistance of the

hanging dam.

Local rou hness coefficients � The local roughness of the

undersurface of the ice cover and the channel bottom are

calculated from information obtained from the measured velocity

profiles. These roughnesses, expressed in terms of Manning's

coefficient, are determined using the information developed by

Larsen  ll!. As summarized in Table 3, ice surface roughness

coefficients at the upstream side of the dam are lower than

those at, the downstream side. The average ice cover roughness

coefficient is 0.03, which is slightly lower than the value

reported by Beltaos and Dean �} for a, Smoky River hanging dam.

The average value of bed roughness coefficients at the hanging

dam site is 0.047, which is much higher than the gross bed

roughness coefficient value of 0.026 for the reach between
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Table 2. Depth-Averaged Velocity Underneath
the Maximum Ice Thickness

Cross

Section
Velocity Remarks

Date

Accumulation of active
frazil

3.7 fpsPeb. 11, 1982Line 1

Line 6
3.1 fps* Cold weather.

2. 9 fps*

2.3 fpsPeb. 16, 1982

2. 3 fpsFeb. 23, 1982

Mar. 2, 1982 -3. 0

Dam size decreased
continuously.

Mar. 12-19,
1982

Line 2 Peb. 11, 1982 3. 0 fps» Very cold weather.

*Estimated critical velocity for the deposition of inactive
frazil ice particles.

Peb. 3, 1982

Peb. 9, 1982
Hanging dam size
increased from Feb. 3,
1982.

Hanging darn size
decreased slightly from
Feb. 9, l982.

Hanging dam size
decreased from Peb. 16,
1982.

Very cold weather. Dam
size increased. Measured
dam cross section was
not complete.



Table 3. Local Roughness Coefficients Calculated
from Measured Velocity Profiles
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Cardinal and the Iroquois Dam reported by Potok �9!.

Rou hness coefficient of the ice cover - The gross Manning

roughness coefficients of the ice cover in the reach between

Cardinal and Iroquois Dam, n. , are calculated for the entireCI

i

ends of the hanging dam, n., are also determined from theD

i

measured water surface slopes given in Table 1. The Manning

Equation and Belokon-Sabaneev �5! formula are used in the

calculation.

49 A R2/3 1/2 �!

nD = n [2   n! 3/2 1~2/3
i b nb

�!

Both n. and n. are computed using nb = 0.026 and the channelCI D

i 3.

geometries given by Potok Q9!, as shown in Table 4. The

calculated gross roughness coefficients of the ice cover are

presented in Pig. 18 along with the discharge at the 1roquois Dam

and the air temperature at Nassena.

As shown in Figs. 4 and 6 the size of the hanging dam

varies with time even though the general shape of the hanging

dam changes very little before the break up period. It is,

therefore, reasonable to assume that the form loss of the hanging

dam remains nearly constant. The variation in the gross hydraulic

winter using the scheme developed by Shen and Ruggles �4! .

Water levels at Cardinal and Iroquois headwater, and the discharge

at the Iroquois Dam are used in the calculation. Gross Manning's

coefficients of the ice cover between upstream and downstream
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resistance of the hanging dam will be mainly due to the variation

in surface roughness of the dam. Fig. l8 shows that the

resistance coefficient of the ice cover at the hanging darn

section, n., remains relatively constant during a major portionD

of the winter. The range of the variation of the magnitude of

n. is about the same as that of n. . A comparison between n.D CI D
l. i j

D
and the air temperature also indicates that the variation in n.3.

is affected by the air temperature. This appears to be reasonable

since the air temperature governs the production of frazil in

the open water area upstream and hence influence the surface

roughness of the ice cover.
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Table 4. Cross-Sectional Geometry at the
Reference Water Level  l9!

*Water surface levels are measured from the
International Great Lakes Datum  l955!.
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Chapter XV

SUMMARY AND CONCLUSIONS

In this report, results are presented and analyzed of a

field survey on a large hanging ice dam in the St. Lawrence

River near Sparrowhawk Point during the winter of 1981-82. The

major conclusions obtained are: a! the channel bottom topography

may be used to provide a convenient guide for determining the

location where a hanging dam will form beneath the ice cover in

the study reach; b! the shape of a hanging dam is affected by

the pattern of currents immediately upstream; c! the critical

Froude number for the progression of the ice cover and the

critical velocity of deposit of ice particles underneath the dam

in the reach between Cardinal and Iroquois Dam are approximately

0.06 and 3 fps, respectively; d! the ice surface roughness at

the upstream side of the hanging dam is smaller than that of the

downstream side; e! the gross roughness coefficient of the hanging

dam remains relatively constant during the winter even though it

is slightly affected by the air tempexature. These conclusions

provide useful insights to the formation process and resistance

characteristics of hanging dams in the Upper St, Lawrence River.

The information obtained will lead to the further development

of simulation models for the dynamics of ice cover formation and

its hydraulic effects in the Upper St. Lawrence River. It would

be desirable to conduct additional field surveys of hanging ice

dams in subsequent winters in order to substantiate and extend

these conclusions.
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APPENDZX 8

Water Levels and Discharge
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APPENDIX C

Ice Cover Thickness at
Selected Cross Sections*

*Data provided by Ontario Hydro. Cross
section locations are given in Ref. 23.
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Location Ice Thickness Remarks

0+00

1+5 0

3+00

4+50

6+00

7+50

9+00

1 0+50

12+00

13+50

15+00

16+50

18+00

19+50

21+00

22+50

24+00

26+50

28+00

29+50

CROSS SECTION A Power Dam!, Feb. 22, 1982

Barnhart Island

16" Solid Ice

17" Solid Ice

19" Solid Ice

17" Solid Ice

15" Solid Ice

18" Solid Ice

18$" Solid Ice

25" Solid Ice

21" Solid Ice

21" Solid Ice

18" Solid Ice

21" Solid Ice

16" Solid Ice

21" Solid Ice

26" Solid Ice

20" Solid Ice

18" Solid Ice

21" Solid Ice

Canadian Shore
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CROSS SECTION' Bl  Waddington!, Feb. 22, 1982

Location Ice Thickness and Remarks

U.S. Nainland0+00

1+50 No Slush

3+00 No Slush

4+50 No Slush

6+00 No Slush

7+50 No Slush

9+00 No Slush

No S lush

No Slush

13+50 No Slush

15+00 Ogden Island

10+50

12+00

21" Consolidated

Broken Pack

16 " Consol ida ted
Broken Pack

19" Consolidated

Broken Pack

18" Consolidated
Broken Pack

18" Consolidated
Broken Pack

18" Consolidated

Broken Pack

18" Consolidated
Broken Pack

20" Consolidated
Broken Pack

21" Consolidated

Broken Pack



CROSS SECTION C  Pinetree Pt. !, Feb. 23, 1982

Location Ice Thickness and Remarks

1+50

3+00

4+50

18" Consolidated
Broken Pack

6+00

7+50

9+00

10+50

12+00

13+50

15+00

16+50

18+00

19+50

21+00

22+50

23+25

23" Solid Ice No Slush

17" Solid Ice No Slush

20" Consolidated No Slush
Broken Pack

Waferlike ice crystals
evident in hole

18" Consolidated Waferlike ice crystals
Broken Pack evident in hole

22" Consolidated No Slush
Broken Pack

17" Consolidated No Slush

Broken Pack

22" Consolidated No Slush
Broken Pack

Underside of cover rough

30" Broken pack and slush � silt evident

19" Consolidated No Slush

Broken Pack

18" Consolidated No Slush
Broken Pack

17" Consolidated No Slush
Broken Pack

26" Broken pack and slush � silt evident

21" Consolidated ~Waferlike ice crystals
Broken Pack evident in hole

23" Solid Ice No Slush

United States Mainland
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CROSS SECTION D  Cardinal!, Feb. 24, 1982

Ice Thickness and RemarksLocation

174" Solid Ice No Slush

No Slush

1+50

13" Consolidated,
Broken Pack

3+00

15" Consolidated

Broken Pack
4+50 No Slush

16" Consolidated
Broken Pack

No Slush6+00

17" Consolidated
Broken Pack

Nd Slush7+50

20" Consolidated

Broken Pack
No Slush9+00

204" Consolidated
Broken Pack

No Slush10+50

10$" Consolidated
Broken Pack

2l' Heavy Slush12+00

194" Consolidated
Broken Pack

22'4" Heavy Slush13+50

20" Consolidated
Broken Pack

18'4" Heavy Slush15+00

21" Consolidated

Broken Pack

ll'3" Heavy Slush16+50

21" Consolidated
Broken Pack

6'4" Medium Slush18+00

19+50

21+ 00

22+5 0

24+00

25+50

27+00

27+50

5'8" Broken Pack

5'1" Broken Pack

18" Solid Ice

15" Solid Ice

16" Solid. Ice

20" Solid Ice

American Shore

Light Slush

Light Slush

18" Light Slush

No Slush

No Slush

12" Light Dirty Slush
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APPENDXX D

Xce Cover Condition Maps*

*Based on aerial photographs by the St,
Lawrence Seaway Development Corporation.
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