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PREFACE

This report was prepared by Lawrence W. Gatto, Geologist, Geologi-
cal Sciences Branch, Research Division; Steven F. Daly, Research Hy-
draulic Engineer, and Kevin L. Carey, Research Hydraulic Engineer,
both of the Ice Engincering Research Branch, Experimental Engineering
Division, U.S. Army Cold Regions Research and Engineering Labora-
tory. The work was funded by the Office of the Chief of Engineers,
under the River Ice Management (RIM) Program, Work Units 32228,
Remote Ice Monitoring System, and 32227, Forecasting Ice Conditions
on Inland Rivers.

Northland Video Associates, Inc., of Lebanon, New Hampshire,
under contract to CRREL, acquired the aerial video tapes used for map-
ping ice conditions on the Monongahela, Allegheny and Ohio Rivers.
Video Production Group, Pekin, Illinois, acquired the tapes for the Illi-
nois and Kankakee Rivers. Photographic Interpretation Corporation
(PIC) of Lyme, New Hampshire, prepared the river ice maps under a
contract to the New England Division of the Corps of Engineers. Vernon
Anderson of PIC interpreted and mapped ice conditions from the video
tapes, and Roger Arend of PIC measured the areal extent of the ice types
and percentages of ice concentration. The authors thank Darryl Calkins
and Michael Ferrick for technical reviews of the manuscript, Eleanor
Huke for her assistance in planning and preparing the base maps, an¢!
Charles Clark and Richard Sterling for assisting in the collection of the
air and water temperature data.

The contents of this report are not to be used for advertising or promo-
tional purposes. Citation of brand names does not constitute an official
endorsement or approval of the use of such commercial products.
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* L/D—lock and dam.
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Ice Atlas, 1985-1986
Monongahela River, Allegheny River, Ohio River, Hllinois |

LAWRENCE W. GATTO, STEVEN F. DALY AND KEVIN

INTRODUCTION

Background

This atlas is the second in a series of atlases that will provide a perma-
nent record of the ice conditions over portions of the Monongahela, Al-
legheny, Ohio, lllinois and Kankakee Rivers (Fig. 1). This information is
required throughout the winter during CRREL’s River Ice Management
(RIM) Program as input data and “*ground truth” for developing a river
ice forecast model and for developing and evaluating various remote
sensing devices for real time monitoring of ice conditions. The atlas ser-
ies should also prove valuable to any future research. Additional discus-
sion of the purposes and objectives of RIM is given in Ice Atlas for the
Ohio, Allegheny and Monongahela Rivers, 1984-85.*

The purpose of this ice atlas is to document the areal extent and varia-
tion through time of river ice and open water in the area of study during
the 1985-86 winter. No detailed analyses of the ice conditions were done
in preparing this atlas beyond placing the observed ice into general cate-
gories. The Results section provides an overview of ice conditions, high-
lighting the ice categories and providing an introduction and guide to the
ice information contained in the maps themselves.

Figure 1. General location of rivers studied.

o k. "

documented on
Havana, Illino:
the Kankakee |
stream to the V
discussed in the
always possibl¢

There are 12
Ohio, one alon
tion channels ¢
There are four
Illinois River. .
navigation on t
along this reacl

Data on the
and water tem
and meteoroloy
lected. The dat
are representat
sheds.

Table 1.

Pool start 1

Pittsburgh Po
Dam 2 to rive

Pittsburgh Po
Dam 2 to Dar
Dam 3 to rive

Pittsburgh Pc
Emsworth to
Dashields to !
Montgomery
New Cumberl
Pike Island tc
Hannibal to Y

AL | I B



}_1986

liver, Illinois River, Kankakee River

ALY AND KEVIN L. CAREY

N ————

documented on the Illinois Waterway (Fig. 2b; Table 1) from mile 120, at

Havana, lllinois, to mile 273, at Dresden Island Lock and Dam, and on

the Kankakee River from its confluence with the Des Plaines River up-

stream to the Warner Bridge, approximately 21 river miles. However, as
discussed in the Results section, coverage of the entire study area was not
_ always possible on each flight date.

There are 12 dams and associated locks along the surveyed reach of the
Ohio, one along the Monongahela, and two on the Allegheny. Naviga-
tion channels of at least 9 tt deep are maintained along these reaches.
There are four dams and associated locks along the surveyed reach of the
- {llinois River. A 9-ft navigation channel is also maintained. There is no
' navigation on the Kankakee River but ice jam flooding occurs frequently
along this reach, and for this reason it was included in the surveys.

Data on the Ohio River and Illinois River discharges (Fig. 3) and air
and water temperatures (Fig. 4) are shown to display general hydraulic
and meteorologic conditions during the time the video imagery was col-
lected. The data are from specific locations as indicated; however, they
are representative of the general conditions experienced in the water-
sheds.

R

Table 1. River pools monitored with video tapes, 1985-86.

Pool
Length surface area
: Pool start to stop points (river miles) (mi) (x 10¢ m?)
! Monongahela River
L
I’ Pittsburgh Point (0) to Dam 2 (11.2) 11.2 4.73
Dam 2 to river mile 12 0.8 0.43
E Allegheny River
f Pittsburgh Point (0) to Dam 2 (6.7) 6.7 3.07
Dam 2 to Dam 3 (14.5) 7.8 4.02
Dam 3 to river mile 17 2.5 1.14
I
} Ohio River
b Pittsburgh Point (0) to Emsworth (6.2) 6.2 4.49
Emsworth to Dashields (13.3) 7.1 5.00
Dashields to Montgomery (31.7) 18.4 11.27
Montgomery to New Cumberland (54.4) 22.7 14.87
| New Cumberland to Pike Island (84.2) 29.8 18.92
Pike lsland to Hannibal (126.4) 42.2 22.46

Hannihal 1A Willaa Tddand (141 1€ PO § R B S U P U P
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TCC-TTIT contained in the' maps themselves.

Figure 1. General location of rivers studied.

Area of study

During the 1985-86 winter season, ice conditions were documented on
the Monongahela River (Fig. 2a, Table 1) from Pittsburgh Point (river
mile 0) to mile 12, just upstream of Lock and Dam 2; on the Alleghen*
from the Point (mile 0) to mile 17 between Lock and Dam 3 and Lock
and Dam 4; and on the Ohio from the Point (mile 0) to river mile 437,
just downstream of Meldahl Locks and Dam. Ice conditions were also

* Gatto, L., S.F. Daly and K. Carey (1986) Ice atlas, 1984-1985: Ohio River. Allegheny

River, Monongahela River. US Army Cold Regions Research and Engineering Laboratory,
Special Report 86-23.
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Table 1. River pools monitored with video tapes, 1985-86.

Pool
Length surface area
Pool start to stop points (river miles) {mi) {x 10 m¥
Monongahela River
Pittsburgh Point (0) to Dam 2 (11.2) 11.2 4.73
Dam 2 to river mile 12 0.8 0.43
Allegheny River
Pittsburgh Point (0) to Dam 2 (6.7) 6.7 3.07
Dam 2 to Dam 3 (14.5) 7.8 4.02
Dam 3 to river mile 17 2.5 1.14
Ohio River
Pittsburgh Point (0) to Emsworth (6.2) 6.2 4.49
Emsworth to Dashields (13.3) 7.1 5.00
Dashields to Montgomery (3i.7) 18.4 11.27
Montgomery to New Cumberland (54.4) 22.7 14.87
New Cumberland to Pike Island (84.2) 29.8 18.92
Pike Island to Hannibal (126.4) 42.2 22.46
Hannibal to Willow Island (161.7) 35.3 21.24
Willow Island to Belleville (203.9) 42.2 27.28
Belleville to Racine (237.5) 33.6 19.89
Racine to Gallipolis (279.2) 41.7 24.65
Gallipolis to Greenup (341.0) 61.8 41.19
Greenup to Meldahl (436.2) 95.2 73.77
Ilinois River
River mile 120 to Peoria (157.6) 37.6 11.71
Peoria to Starved Rock (231.1) 73.5 81.33
Starved Rock to Marseilles Lock (244.3) 13.2 10.19
Marseilles Lock to river mile 273 28.7 8.19
Kankakee River

Mouth to river mile 21 21 7.30
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APPROACH

Video tapes (V2-in. VHS) of the Ohio, Allegheny and Monongahela
Rivers were taken vertically through a covered port with a Panasonic 777
video camera with a 12:1 zoom lens from a Cessna 172 fixed-wing air-
craft, usually at an altitude between 2000 and 3500 ft above the ground.
Aircraft altitude varied, depending on cloud conditions. Occasionally,
the aircraft was not cleared to enter the controlled air space around Pitts-
burgh International Airport, and thus on those occasions tapes could not
be acquired of the Ohio River from Pittsburgh Point to the vicinity of
Ambridge, Pennsylvania (river mile 0 to 24).

For the Kankakee and Illinois Rivers, video tapes (¥2-in. VHS) were
taken vertically with a JVC KY 1900 video camera with a 10:1 zoom lens.
The video was taken from a Cessna 172 through an open port, usually at
an altitude between 2500 and 4500 ft. At Peoria Lake and the Starved
Rock Dam Pool, the Illinois River is quite wide, and the contractor
maintained the 4500-ft altitude over these sections. At Peoria Lake two
side-by-side passes were required.

The tapes were viewed on a TV monitor and the observed ice was visu-
ally interpreted and classified into five units (Table 2). The acquisition of
**‘ground truth’’ was not required, since the image interpretation was
limited to the classification of the ice conditions as seen on the video
tapes by an experienced ice interpreter-observer, and did not attempt to
infer characteristics that could only be measured on the ground (e.g.,
porosity, strength or thickness). Boundaries between the units were
transferred to 1:24,000 base maps by reference to Corps of Engineers
navigation charts and U.S. Geological Survey topographic maps. The
maps are organized according to the pools that exist between the dams. A
pool is named for the dam at its downstream end, as listed in the /ndex
and subsequently in this report.

The ice maps show the areal extent of the five ice types and open
water. These six units were selected because they are readily identifiable
on video imagery and they satisfactorily describe the range of ice that can
occur on inland waterways.

The area of each map unit in a pool was measured from the base maps
with a Los Angeles Scientific Instruments Co. digital compensating polar
planimeter. The accuracy of areas reported is influenced by the accuracy
of positioning the map unit boundaries on the maps while the imagery in-
terpreter viewed the video tapes on a monitor (in part a subjective and
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Table 2. Ice conditions as observed on video tapes.

Map unit Description

s ater River is ice-free; no ice apparent.

ce cover River is completely covered (100%) with ice;
no individual ice pans, blocks or chunks are
visible; ice may be snow-covered.

ce cover with River is partially covered with solid ice (as de-
ater areas scribed above) but has open (ice-free) areas.

ented ice cover  River is completely covered (100%) with ice

! that has distinct, variably sized, individual ice
; pans, blocks or chunks.
qented ice cover  River is partially covered with fragmented ice
Qren-water areas (as described above) but has open (ice-free)
L areas.

hes or frazil River is primarily open (ice-free) with floating
‘zm_d pans ice floes, slush or pans.
%

fental process), and by the planimeter measuring procedure. When
apes provided bank-1o-bank coverage of a river, the best referenc-
map unit boundaries to shoreline features was achieved. Arend
nderson* estimate that the area of each mapped unit is within 8 to
f the actual area. When the tapes did not provide bank-to-bank
ge, the areas of mapped units are estimated to be within 20 to 25%
ual. The planimeter measuring procedure is straightforward and
€s an estimated + 2% accuracy in areas reported.

map units comprising both ice and open water—Solid Ice with
Water Areas, Fragmented Ice with Open-Water Areas, and Ice
r Frazil Slush and Pans—the surface concentration of ice to total
ea was visually estimated with a probable accuracy of +5%.* The
e concentrations for the Solid Ice Cover and Fragmented Ice Cover
/ays 100% (Table 2). The measured areas and estimated concentra-
are listed in Appendix A.

$nal communication with R. Arend and V. Anderson, Photographic Interpretation
986.
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RESULTS

Video surveys were conducted on 29 dates during the 1985-86 winter
(Fig. 5). Portions of the Monongahela were covered 9 times, the Alle-
gheny 10 times, the Ohio 8 times, the Illinois 17 times and the Kankakee
16 times. Generally, cloud conditions did not interfere with video acqui-
sition on the Illinois and Kankakee Rivers to the degree that it did on the
Ohio, Allegheny and Monongahela Rivers. There were fewer flights
along the Ohio River in 1985-86 than in the 1984-85 season because there
was less observed ice in 1985-86 and poor weather and low ceilings were
more frequent. Generally, in the areas surveyed, the ice cover was not as
extensive and did not last as long in 1985-86 as in 1984-8S.

Monongahela River

Ice Floes or Frazil Slush and Pans was the only ice unit present when
ice was first observed on 28 December. Ice within this unit covered 16%
of the study area. This was also the maximum ice coverage. Ice was last
observed on 28 January when 1% of the reach was covered with floes
and frazil. Solid Ice Cover, Solid Cover with Open-Water Areas and
Fragmented Ice Cover with Open-Water Areas were not observed this
year.

Allegheny River

Ice was first observed on 28 December (Table 3). It was found primari-
ly within Fragmented Ice Cover with Open-Water Areas, and the ice
within this unit covered 21% of the study area. Ice within the other four
ice types covered 26% of the river. Maximum ice cover occurred on 8
January and covered 56% of the river; this ice was also primarily found
within Fragmented Ice Cover with Open-Water Areas. Ice was last ob-
served on 28 January when it covered 1% of the river, and was predomi-
nantly within /ce Floes or Frazil Slush and Pans. Very little Solid Ice
Cover or Solid Ice Cover with Open-Water Areas formed this year.

Ohio River
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Table 3. Summary of ice conditions, 1985-1986 (data in Append

Total ice (all ice tvpes) Predomin
Total
ice area
Date {x10* m*) Name

Monongahela River (5.16 x 10* m?)

First ice observed 28 Dec 852 0.80

Maximum ice extent 28 Dec 85 0.80
observed

L.ast ice observed 28 Jan 86 0.05

Ice floes or frazil slush

and pans

Ice floes or frazil slush

and pans

Ice floes or frazil slush

and pans

Allegheny River (8.2 x 10* m")

First ice observed 28 Dec 85 3.R7

Maximum ice extent 8 Jan 86 4.58

observed e e

Fragmented ice cover with

open-water arcas

Fragmented ice cover with
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Ohio River

Above Hannibal Lock and Dam, ice was first observed on 30 Decem-
ber; it covered 18% of this portion of the river, and was predominantly
in the Fragmented Ice Cover unit. Below Hannibal Lock and Dam, ice
was also first observed on 30 December. This ice was primarily within the
Ice Floes or Frazil Slush and Pans unit, and covered 1% of the area. This
was also the maximum ice coverage for the river area downstream of
Hannibal. Maximum ice coverage (19%) occurred on 16 January above
Hannibal, and the ice was primarily within Fragmented Ice Cover with
Open-Water Areas. The last ice observed above Hannibal was primarily
within /ce Floes or Frazil Slush and Pans, was observed on 23 January,
and covered 3% of the area. Downstream of Hannibal, the same ice type
was last observed on 16 January and covered so little of the area as to be
reported as 0%. Very little Solid Ice Cover and Solid Ice Cover with
Open-Water Areas formed during the 1985-86 winter, and what did
form was limited to the Ohio River above Willow Island Dam.

Hlinois River

When the first flight was made on 7 January, 28% of the area of study
was covered with Fragmented Ice Cover, while an additional 36% was
covered with ice in the other ice types. The ice cover was also at its maxi-
mum at this time. Ice Floes or Frazil Slush and Pans was the predomi-
nant ice type in the La Grange and Marseilles Pools, while Solid Ice
Cover, Fragmented Ice Cover and Fragmented Ice Cover with Open-
Water Areas were most common on the Peoria and Starved Rock pools.
The Peoria Pool was generally covered with solid ice that remained in
place throughout the winter. Sofid Ice Cover was the last ice type ob-
served on 5 March and covered 2% of the area. The extent of the ice area
on the lllinois River changed dramatically during the winter, primarily in
response to changing weather conditions rather than to significant
changes in river discharge (see Fig. 3 and 4).

s, 1985-1986 (data in Appendix A).
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2) Name (x10% m?) (%)
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Table 3. Summary of ice conditions, 1985-1986 (data

Totalice (all ice types)

Total Percent*
ice area of river
Date (x10° m?) (%) Nai

First ice observed

Maximum ice extent
observed
L.ast ice observed

First ice observed

Maximum ice extent
observed
Last ice observed

First ice observed

Maximum ice extent
observed

l.ast ice observed

First ice observed

Maximum ice extent
observed
Last ice observed

First ice observed

Maximum ice extent
observed

Last ice observed

First ice observed

Maximum ice extent
observed
Last ice observed

Monongahela River (5.16 x 10° m?)

28 Dec 852 0.80 16 Ice floes or fra
and pans

28 Dec 85 0.80 16 Ice floes or fra
and pans

28 Jan 86 0.08 1 Ice floes or fra
and pans
Allegheny River (8.23 x10* m?)

28 Dec 85 3.87 47 Fragmented ice

open-water ¢

8 Jan 86 4.58 56 Fragmented ice

open-water

28 Jan 86 0.08 1 Ice floes or fra
and pans

Ohio River above Hannibal Lock and Dam (77.

30 Dec 85¢ 13.78 18 Fragmented ic¢

16 Jan 859 14.62 19 Fragmented ice

open-water &

23 Jan 864 2.31 3 lce floes or fra
and pans

Ohio River below Hannibal Lock and Dam (208,

30 Dec 85F 1.07 I Ice floes or fra
and pans

30 Dec 85f 1.07 I Ice floes or fra
and pans

16 Jan 85° 0.40 0  Ice floes or fra
and pans
Illinois River (111.42 x 10° m?)

7 Jan 862-8 71.58 64 Fragmented ice

7 Jan 86b'h 71.58 64 Fragmented ice

5 Mar 863! 1.92 2 Solid ice cover
. Kankakee River (7.30 x 10* m?)

7 Jan 863! 5.46 75 Fragmented ice

. open-water ¢

15 Jan 8¢ 6.65 9] Fragmented ic¢

5 Mar 86b'k 0.41 6 Solid ice cover

* Rounded to nearest percent.

a-—First date of video coverage. g—No video coverage for 18.9
b~—Last date of video coverage. h—No video coverage for 27.3
¢—No video coverage for 52.85x 10* m*. i—No video coverage for 1.17
d—No video coverage for 10.57 x 10* m’. j—No video coverage for 0.12
e—No video coverage for 16.45x 10* m*. k—No video coverage for 0.13

f—No video coverage for 42.83 x 10* m*.
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Total ice (all ice types)

mary of ice conditions, 1985-1986 (data in Appendix A).

Predominant ice types

Total Percent* Total Percent*
ice area of river ice area of river
% tx10% m?) (%) Nume (x10° m?) (%)
Monongahela River (5.16 x 10*° m?)
sh 0.80 16 Ice floes or frazil slush 0.80 16
and pans
sh 0.80 16 Ice floes or frazil slush 0.80 16
and pans
<h 0.08 1 Ice floes or frazil slush 0.05 1
and pans
- Allegheny River (8.23 x10* m?)
w337 47 Fragmented ice cover with 1.75 21
open-water arcas
rw 4.58 56 Fragmented ice cover with 2.958 6
A open-water areas
M{ 0.08 1 Ice tloes or frazil slush 0.05 1
kN and pans
0 Jwr above Hannibal Lock and Dam (77.01 x 10° m?)
T 13.78 18 Fragmented ice cover 8.57 11
HEA 14.62 19 Fragmented ice cover with 5.50 7
open-water areas
ash 2.3 3 Ice floes or frazil slush 1.98 3
3 and pans
10* ger below Hannibal Lock and Dam (208.02 x 10° m?)
ush? 1.07 1 Ice floes or frazil slush 1.07 ]
and pans
ush § 1.07 1 Ice floes or frazil slush 1.07 1
and pans
ush 0.40 0 Ice floes or frazil slush 0.26 0
jk and pans
Illinois River (111.42 x 10* m?)
°F 71.58 64 Fragmented ice cover 31.33 28
s 71.58 64 Fragmented ice cover 31.33 28
1.92 2 Solid ice cover 1.91 2
Kankakee River (7.30 x 10° m*)
ar wi 5.46 75 Fragmented ice cover with 2.65 36
open-water areas
or 6.65 91 Fragmented ice cover 3.18 44
A
1 0.4l 6 Solid ice cover 0.39 5
fmy g—No video coverage for 18.92 x 10* m".
* m h—No video coverage for 27.35x 10* m’.
m:. i—No video coverage for 1.17 x 10* m?.
m’. ] j—No video coverage for 0.12x 10* m’.
m’. k—No video coverage for 0.13 x 10* m’.
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Kankakee River

On 7 January, 75% of the area of study was ice-covered, primarily
classified within Fragmented Ice Cover with Open-Water Areas. On 15
January, ice was at its maximum, with 44% of the area covered with
Fragmented Ice Cover, while 47% was covered with Solid Ice Cover and
ice within Fragmented Ice Cover with Open-Water Areas. By mid-Febru-
ary Solid Ice Cover and the ice portion of Solid Ice Cover with Open-
Water Areas covered about 74%; these units were more common than
the fragmented ice types (Appendix A). Solid Ice Cover covered $% of
the area on 5 March and persisted in the backwater pool created by the
Dresden Island Dam later than § March, when the last flight was made.
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CONCLUSIONS

Ice conditions on the rivers change rapidly, often daily. Generally, the
ice cover was less extensive and did not last as long during 1985-86 as
during 1984-85. Poor flying weather with low ceilings occurred more fre-
quently during 1985-86 and restricted the opportunities for getting more
frequent video coverage, and sometimes caused large gaps between dates
of video acquisition. In spite of these problems, videography is an eco-
nomical, effective and accurate way to document the rapidly changing
ice conditions. Videographic techniques also provide near-real-time data
during periods of extreme ice conditions. Various options are being ex-
plored to get more frequent coverage in the future.
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MAPS OF ICE CONDITIONS ON THE MONONGAHELA,
ALLEGHENY AND OHIO RIVERS
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