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SUMMARY

This report describes a procedure for identifying ice jam locations based on hydraulic con-
ditions in the Connecticut River. The hydraulic analysis consisted of establishing water sur-
face profiles using Computer Program HEC-2, developed by the Hydrologic Enginecring Cen-
ter, Corps of Engincers, Davis, California. Continuity of surface ice discharge was assumed
in the river reach studies, and this allowed computation of the ice concentration at various
sections to determine the clogging potential of the ice flocs.

Once conditions for clogging are identified at critical sections, a Froude number criterion
is evaluated to determine ice block stability, and the type of ice jam can be identified. When
clogging of ice fiocs at a particular section is identified, depending on the valuc of the critical
Froude number F., and the flow Froude number Fy, a jam forms by juxtaposition of the ice
(Fe, > Fy) or by underturning and stacking of the ice (F_, < Fo).

The number of potential ice jam locations for fragmented ice floes decreases as the river
flow increases. This identification is quite important, as it implies that there are more po-
tential ice jam sites at low flows because of surface and subsurface constrictions that are
quite evident at low water levels. As the water level rises, these obstructions are reduced,
allowing greater surface conveyance of ice.

The designs of manmade channels and river modifications are changing to reflect the con-
ditions in which the natural channels are formed. Channels with manmade bends are being
designed to accommodate fish habitats as well as to reduce potentially high sediment trans-
port. Reaches with trapezoidal sections to replace oxbow sections are being discouraged
and conformity with more existing natural conditions, such as keeping the oxbows but im-
proving the conveyance capacity and stabilizing the banks, is being stressed. For design of
such channels in cold regions, an ice jam location check such as the one described in the
report would ensure that unfavorable conditions conducive to ice jamming are avoided.
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ANALYSIS OF POTENTIAL ICE JAM SITES ON THE
CONNECTICUT RIVER, AT WINDSOR, VERMONT

by

D.J. Calkins, M.S. Hutton and T.L. Marlar

INTRODUCTION

The location of ice jams along a river system and the prediction of their occurrences have previ-
ously been studied through review of historical records. The systematic analysis of the hydraulic
conditions and river ice characteristics that initiate ice jams has been used only rarely. Often the
destructive end-products of ice jams have been overstressed, whereas the conditions initiating them
have been overlooked, perhaps because of the spectacular results of massive ice piling.

A joint project, therefore, was begun by the New England Division, Corps of Engineers, and the
U.S. Army Cold Regions Research and Engineering Laboratory to study the formation and breakup
of ice on the Connecticut River between White River Junction and Windsor, Vermont, during the
1974-1975 season (Fig. 1). Past records indicated that frequent ice jams occurred in this reach of
the river,

After initial review, it became evident that the river reach selected was too large for complete
analysis; therefore, a shorter section, from the railroad bridge in Windsor upstream to Sumner Falls,
was chosen for investigation. The total length of this shorter reach was approximately 36,000 ft as
measured from U.S, Geological Survey topographic maps. Low-altitude aerial photography was
used to delineate stream patterns, rock outcrops and manmade structures, which are often associ-
ated with the initiation or formation of ice jams. Aerial photography was also used to document
ice conditions in the study reach.

TEST SITE

In August 1974, an aerial photographic mission (altitude 2000 ft, scale 1:3250) was accomplished
over the proposed area, and from the photography obtained, a smaller region of the river was selected
for detailed analysis (Fig. 1). This consisted of a 6.5-mile stretch of the Connecticut River from Sum-
ner Falls in North Hartland, Vermont, to the southern tip of Chase Island in Windsor, Vermont.

A flood control reservoir exists upriver from the test site on the Ottauquechee River in North
Hartland. The outflow from the North Hartland Dam is regulated only during high flows or antici-
pated extreme rainfall events, so the inflow to the Connecticut River is generally uncontrolled. The
Wilder Dam on the Connecticut River in Lebanon, New Hampshire, releases water on a predeter-
mined schedule set by the New England Power Company. This release normaliy occurs every morn-
ing, Monday through Friday, to generate hydroelectric power, and as a consequence, the water level
in the test area rises up to 5 ft in late morning to early afternoon depending on the discharge.
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Figure 2. Typical discharge hydrograph for
the Connecticut River at White River Junc-
tion, 22 October 1974,
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A typical discharge hydrograph obtained at White River Junction gaging station is shown in Fig-
ure 2 for 22 October 1974. The duration and rise in the hydrograph are generally determined by
the anticipated peak power demand and water release schedules set for the entire Connecticut
River Basin. Wechend hydropower generation is not usually required at the Wilder Dam or for the
other upstream power dams unless unexpected peak clectrical demands are reached.

The other significant tributaries of the Connecticut River in the study area are the Mascoma and
White Rivers, entering at West Lebanon, New Hampshire, and White River Junction, Vermont, re-
spectively, with the White River Basin being the larger of the two. The river gaging station for the
Connecticut River at White River Junction includes the flow from the White River. The Mascoma
River is the only river with a potentially significant ungaged winter flow.

The flood control structure at North Hartland and the many upstream mill ponds retain all the
ice produced in the Ottauquechee River. The ice supply from the Mascoma River is also limited
because of several small control structures between West Lebanon and Lebanon which retain the
ice. The significant ice discharge to the study reach is that generated in the White River and in the
Connecticut River up to Wilder Dam. The Wilder Dam retains all the ice generated in the Connec-
ticut River and its tributaries up to Barnet, Vermont. L

AERIAL PHOTOGRAPHY

Photography obtained for the study of ice jams in the Connecticut River consisted of 9-in. by
9-in. vertical photographs from a Zeiss RMK 15/23 mapping camera with a 6-in. lens, 70-m’n verti-
cal photographs from a Hasselblad S00EL camera with a 100-mm planar lens, and 70-mm oblique
photographs from a Hasselblad SOOEL camera with 80-mm and 100-mm lenses. Films used were
Kodak Plus-X aerographic (type 2462), Kodak Tri-X professional panchromatic, and Kodak
Ektacolor professional film (type S). The 9-in. by 9-in. photographs were used to prepare a photo-
mosaic of the test arca. The 70-mm photographs were used to document the ice buildup and re-
lated ice features throughout the winter.

Stereographic photography was obtained at an altitude of 2000 ft above mean sea level and this
resulted ir a variable scale of photography because of changes in terrain elevation along the river.
A mean- level altitude was chosen because it provided a basis for scale correction and because it
was not p....ible to maintain a constant distance above ground level due to rapid terrain elevation
changes. The scale corrections necessary for the river portion of the photographs were minimal
because the elevation drop of the water surface between the upstream section and the downstream
section was less than 15.0 ft.

To reduce the cost of acquiring aerial photography, a small format camera system was designed
by Thomas Marlar and constructed at USA CRREL. This utilized the docr of a Cessna T-41 air-
craft and various off-the-shelf camera components (Fig. 3). An additional door was purchased and
modified so that it could accept the camera system and still remain easily interchangeable with the
standard aircraft door. This system is usable on all Cessna T41 /172 model aircraft and can be
readily adapted to other high-wing aircraft. A few of the ice jam surveillance flights were flown
using this system to obtain vertical photographs and excellent results were achieved.

CHANNEL MORPHOLOGY — INTERPRETATION OF AERIAL PHOTOGRAPHS
An uncontrolled mosaic of the Connecticut River from Sumner Falls to Chase Island was as-
sembled. The scale of the working photographic prints was approximately 1:3250, Strcam fea-

tures such as alluvial fans, rock outcrops, log debris, channel sinuosity, bank characteristics and
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Figure 3. Views of the surveillance cameras mounted in the door of a Cessna T-41 aircraft.




others could be readily identified from low-altitude black and white photographs. The vertical
photographs that arc presented in this report (Fig. 4) have been reduced from these original 9-in.
by 9-in. prints.

Figures 4a-g show photographs taken with the mapping camera during the month of August at
low river flow conditions (Q =~ 1000 ft®/sec). The locations of the cross sections, islands, and
tributaries along the test reach are presented in the Appendix.

Areas in a stream channel where ice jams generally form are: 1) constrictions; 2) rock outcrops
and manmade structures (bridge piers); 3) long, siow-velocity, deep water pools; and 4) shallow sec-
tions across portions of the channel where grounding of ice floes could be initiated. There were
three identifiable surface constrictions in the study reach, two occurring as a result of bridge piers
and the third at Section 12, Section 12 occurs at a sharp bend (~ 70°) which has riprap on the
outside bank to protect the Boston and Maine Railroad bed (Fig. 4d). All visible rock outcrops
were identified and they were located between Sections 7 and 8 (Fig. 4e).

The other potential ice jam sites occur between Sections 18 and 19 and Sections 5 and 7, where
significant widening of the channel has occurred with deposition zones having been formed into
sandbars, visible at low flows (Fig. 4b and c). The material in these areas was classificd as a silty sand,
while the bed material found in the main sections of the river was classified as a poorly graded gravel.

GROUND SURVEYS

During October 1974, cross sections were surveyed in the study reach. The sections were located
after examination of black and white aerial photographs. Two additional cross sections were added
when the actual surveying was being conducted. The survey was initiated at the crest of Sumner
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a. Sumner Falls. 1) Ledge outcrops, vertical drop roughly 15 ft through
2) Alluvial fan.
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Figure 4. Aerial photographs of studly area.




WAMTERES

v o \ .
. e A e e .
o -y 2 By T A Y
.

b. Slow-velocity reach just above Secticn 18. 1) River has widened with a deposition
zone; exposed bed material and debris can be seen. 2) Ripple section begins at the end
of this long pool.
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¢. Another slow-velocity section near Station 6, opposite Windsor. 1 ) Main channel
meander. 2) Deposition zones with the bottom detail easily shown as light gray.

Figure 4 (cont'd). Aerial photographs of study area.
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d. River bend at Section 12. Note the surface constriction as flow reaches the bend.

1) A small surface slick of some type with deterioration caused by the turbulence. 2)
Accretion of material o the inside bank.
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e. 1) Blow-me-down Brook enters from the New Hampshire side, 2) Main channel

nearly in the center of the river. 3) Large rock outcrops visible at low flow (Sections
7-8).

Figure 4 (cont'd),






