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Ice Observations on the Allegheny and Monongahela Rivers 

MICHAEL A. BILELLO, LAWRENCE W. GATTO, STEVEN F. DALY AND JOHN J. GAGNON 

INTRODUCTION 
/ 

Detailed information on daily ice conditions 
along entire lengths of navigable rivers is often 
nonexistent or difficult to recover from data ar­
chives. In this report ground observations of ice 
conditions recorded at a series of U.S. Army 
Corps of Engineers Lock and Dam sites along the 
Allegheny River in Pennsylvania and the Monon­
gahela River in Pennsylvania and West Virginia 
were compiled from archives, graphed, 
analyzed and compared to ice data ob-
tained from aerial videotapes and Land-
sat images. 

The objectives of this study were 1) to 
determine the annual variability in river 
ice conditions for selected winters as ob­
served from the ground, 2) to compare 
ice data acquired from the ground, vid­
eotapes and Landsat images, and 3) to 
develop a computer program to gr~phi- . 
cally portray the ground data so that 
these data, when collected in the future, 
could be quickly displayed and dissemi­
nated as an aid for navigation during 
the winter. This study was a part of the 
CRREL River Ice Management (RIM) 
program, a program that examined 
several rivers in the United States where 
ice causes winter navigation problems. 

DATA SOURCES, COMPILATION 
AND ANALYSIS 

Ground observations 

River. These Corps and NWS sites cover the 
rivers from Pittsburgh to West Hickory, Pennsyl­
vania, about 158 miles upstream on the Al­
legheny River, and from Pittsburgh to Opekiska, 
West Virginia, about 115 miles upstream on the 
Monongahela River (Fig. 1). 

The Corps ground observers use a five-ele­
ment alphanumeric code (Table 1) to describe ice 
conditions each day and send the codes to Corps 
and NWS central offices located around Pitts-

Allegheny R. 

~ Rimerton 
<B> Mosgrove 
(l) Kittanning 
<i> Clinton 
® Freeport 
® Natrona 
~ Acmetonia 
® Sh'arpsburg 

PEN N. --r----·--
W EST 

VIR GIN 1 A 

40 0 40mi 
L-I -,----,---,---,-I ___ -'I 

Monongahela R. 

Braddock (?) 
Elizabeth Q) 
Monessen ® 

Greensboro (l) 
Pt. Marion <B> 

Ground observations of river ice con­
ditions were routinely obtained from 
eight U.S. Army Corps of Engineers 'Lock 
and Dam (L&D) sites on the Allegheny 
River and nine L&D sites on the Monon­
gahelaRiver, and occasionally from three 
National Weather Service (NWS) sites 
located above L&D 9 on the Allegheny 

Figure 1. Location map (circled numbers are L&D 
numbers). 



Table 1. Corps of Engineers alphanumeric ice code. 

Amount 
(coverage) Type Thickness Structure Extent 

O-None 
l-Scattered 
2-2 tenths 
3--3 tenths 
44 tenths 
5-5 tenths 
6-6 tenths 
7-7 tenths 
8-8 tenths 
9-9 tenths 
10--10 tenths, 

R-Running (floating) 
A-Stationary 
P-Stopped 
J~ammed 

In inches B-Breaking 
H-Honeycombed 
T-Rotten 
L-Layered 
C-Clear 

In miles 
upstream 

F -Formed locally 
S-Shore 

Examples: 

full 

1 S 112 T X means scattered shore ice, 112 in. thick, rotten and extending an-un­
known distance upstream; unknown data in any category are shown as "X"; 3 R 2 H 4 
means 3 tenths of the river is covered by running ice, 2 in. thick, honeycombed, and 
extending 4 miles upstream. 

Table 2. Partial record of ice conditions on the Monongahela River, January 1985. 

Date Braddock Elizabeth Monessen Maxwell Greensboro Pt. Marion Morgantown Hildebrand Opekisa 

19 
20 
21 9A1I2 ex 2F 1/2 CX lOA 1 CX 10A2 ex 
22 10A1 CX 6R1 ex 10A2 CX lOA 3 CX 
23 10A1 ex 5R2ex lOA 2112 CX lOA 3112 
24 lOA 1 ex 5R 2 C10 10A3 C18 lOA 3112 ex 
25 9A2 C5 6R 3 C10 lOR 3 L18 lOA 3 C22 
26 9A2 C5 6R 2 C10 lOR 3 L18 lOA 1 C22 
27 9A2 C4 2R 2 C10 lOA 3 L18 lOA 3 L22 
28 8A2B2 2R 2 C10 lOP 4 L18 lOA 3 L22 
29 no ice 5R 2 B10 10P4 L18 lOA 3 L22 

burgh. The data are then issued to users by 
computer modem and are archived at Corps and 
NWS offices as chronological listings of the ice 
observations at each of the sites (e.g., Table 2; 
Appendix A). The data, however, have two major 
omissions. The ice observers at some sites often 
did not collect data on weekends, and they fre­
quently could not determine how far upstream a 
particular ice type existed. We hope that these 
data gaps can be reduced in the future. Although 
these ground observations are available begin­
ning with the 1961-62 winter, the records for the 
seven consecutive winters from 1979-80 to 
1985-86 are most complete and are used in this 
study. 

Since it is difficult for a user to visualize and 
understand the. distribution of ice conditions 
from tables, we developed a way to graph the 
data. Graphs of ice observations for the Allegheny 
(Fig. 2a) and Monpngahela (Fig. 2b) Rivers dur­
ing the 1985-86 winter that employ our method 

7F 112 ex 
1F 118 CX 1F 1/4 ex 9A1 ex 

10F 1 ex 10F1 CX 10F 2 CK 10F 2 CX 10A2 CX 
10F 1 ex 10F4 CX 10F 4 CX 10F 4 CX lOA 3 CX 
10RBX 10F 5 ex 10F 5 CX 10F 4 CX 10A3 CX 
1R1 C2 10F 5 Cll 10F 4 C6 10F 3 C7 lOA 4 C14 
1R1 B5 10F 5 C10 10F 4 C6 10F 3 G7 10A3CX 
lOA 1 C1 10F 5 B10 10F 5 B6 10F 3 C7 lOA 4 C14 
5A1 B2 10F 5 C10 10F 5 C6 10F 4 C8 lOA 5 C14 
8R2B3 10F 5 C10 10F 4112 C6 10F 4 C8 lOA 7 C14 
lOA 2 L5 10F 4 C10 10F 4 C6 10F 4 C8 lOA 6 C14 
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are shown here. Other methods have been used 
in the past to graph river-ice conditions (Bates et 
al. 1968, Michel 1971, Starosolszky 1985, Cana­
dian Coast Guard 1986). 

Our review of the Corps' ice code (Table 1) 
indicated that most of the information given can 
be displayed graphically, although in preparing 
the hand-drawn graphs (Fig. 2a and b), it was 
necessary to drop the ice structure element of the 
code, and to reduce the number of amount and 
type categories for the sake of readability. Amount 
was reduced from eleven categories to four: 0 
(area clear of ice), 1 through 5 tenths (10-50%), 
6 through 9 tenths (60-90%), and 10 tenths 
(100%). Type was reduced from six to three: 
running or floating ice; stationary, stopped, 
jammed or formed locally (anyone of the four); 
and shore ice. We also included discharge and'air 
temperature data to show the relationships be­
tween temperature, discharge and ice conditions. 



;' 

Aerial videotapes 
Videotapes (1/2-in. VHS) of the rivers were 

taken vertically with a Panasonic 777 video 
camera fitted with a 12:1 zoom lens. A Cessna 
172 fixed-wing aircraft, flying at an altitude 
between 2000 and 3506 ft above the river, de­
pending on cloud conditions and the width of the 
river, carried the camera. An experienced ice 
interpreter viewed the tapes on a TV monitor and 
visually classified ice conditions into six units 
(Table 3) that were readily identifiable, that 
satisfactorily described the range of ice that 
usually occurs on these rivers, and that did not 
require ground truth data for verification. The 
interpreter did not attempt to infer characteris­
tics from the tapes that could only be measured 
on the ground (e.g., porosity, strength or ice 
thickness). 

Boundaries between the units were mapped 
and the area of each unit was measured. For 
units comprising both ice and open water-solid 
ice cover with open-water areas, fragmented ice 
with open-water areas and ice floes or frazil slush 
and pans-the surface concentration of ice was 
also visually estimated. 

Table 3. Ice conditions as observed on'vide­
otapes (from Gatto et al. 1986). 

Map unit Description 

River is ice-free, no ice apparent. 

River is completely covered (100%) 
with ice; no individual ice pans, 
blocks or chunks are visible; ice 

, may be snow-covered. 

River is partially covered with 
solid ice (as described above) but 
has open (ice-free) areas. 

River is completely covered (100%) 
, with ice that has distinct, variably 

sized, individual ice pans, blocks 
or chunks. 

River is partially covered with 
fragmented ice (as described 
above) but has open (ice-free) 
areas. 

River is p~arily open (ice-free) 
with floating ice floes, slush or 
pans. 
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Landsat images 
Five Landsat satellites have provided images 

of the rivers since 1972. Each Landsat has two 
imaging sensors: either a Multispectral Scanner 
(MSS) with an Instantaneous Field of View (IFOV) 
of approximately 260 by 260 ft and a Return 
Beam Vidicon (RBV) with an IFOV of either 262 
by 262 ft or 131 by 131 ft, or a MSS (same IFOV) 
and a Thematic Mapper (TM), with an IFOV of 98 
by 98 ft. Gray tones and patterns in river ice are 
most visible to the eye on images from the 0.6- to 
0.7-Jlm MSS, 0.580- to 0.680-Jlm RBV (Landsat 1 
and 2), 0.505- to 0.750-Jlm RBV (Landsat 3), and 
0.63- to 0.69-Jlm TM (Landsat 4 and 5). 

Images of the same location were taken every 
18 days by Landsat 1,2 and 3. When more than 
one was operating simultaneously, images of the 
same location were taken about every 9 days. 
During simultaneous Landsat 4 and 5 opera­
tions, images of the same location were taken 
every 8 days; images were taken every 16 days 
when one satellite was operating. 

We analyzed black and white -Landsat film 
positives (9 by 9 in.) using traditional photo­
graphic interpretation techniques. No special 
computer enhancements or analytical techniques 
were used (Gatto 1985). Reaches of the rivers 
appeared as black, gray or white with textures 
and patterns within these tones sometimes ap­
parent, but the subtleties that differentiate the 
six ice conditions that are visible on videotapes 
were not apparent on Landsat images. To deter­
mine which types of river ice usually produced 
these tones, textures and patterns, we compared 
ice conditions shown on aerial photographs (Gatto 
and Daly 1986) and videotapes taken on dates as 
close as possible to those for which Landsat images 
were available. 

These comparisons show that when the river 
appeared black on an image and had no discern­
ible textures and pa~rns, the river was open (ice 
free). It is possible, however, that thin, transpar­
ent ice, which appears black from above and 
cannot be distinguished from open water in 
Landsat images, covered part or all of particular 
river reaches in some instances. Ice conditions 
that appear gray on Landsat images can vary 
from fragmented ice (usually thin) with large, 
interspersed open areas to ice floes, pans or slush 
mixed with open areas. The gray tone usually had 
a patchy or mottled appearance, or showed tex-

, tures or patterns. / 
When the river appeared white (or nearly 

white), ice conditions could va~ from solid to 
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Figure 2. Daily ice conditions observed during the 1985-86 winter with air'temperatures (U.S.Department of Commerce 
1985 qnd 1986) and river discharges (U.S. Department of the Interior 1985 and 1986). I , 
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fragmented ice (usually thicker than gray ice). A 
white tone could include scattered open water 
areas that are smaller than the Landsat sensor 
IFOV s, or fewer open water areas than occur 
where a gray tone is observed. A white tone could 
also mean that the ice was snow-covered. For 
example, thin ice in a Landsat scene may be 
transparent, appear black and be classified as 
open water. This same ice cover viewed after a 
light snowfall would appear white. 

RESULTS 

Ice conditions from 
ground observations 

The Corps and NWS ice observations for the 
winters from 1979--80 through 1985-86 (Appen­
dix A) were examined to determine the dates of 
initial ice formation and final clearance of ice on 
the Allegheny and Monongahela Rivers. First ice 
occurred as early as 19 December and as late as 
20 January on the Allegheny, and as early as 21 
December and as late as 3 February on the 
Monongahela. Final ice was observed as early as 
8 February and as late as 20 Mar.ch on the 
Allegheny, and as early as 20 January and as late 
as 4 March on the Monongahela. 

Although ice formed on the rivers during all 
seven winters, the severity of the ice conditions 
varied each season. Both rivers had the least ice 
cover in the 1982-83 winter, and the most in 
1983--84. During four of the winters, ice formed 
on the Allegheny River earlier than on the 
Monongahela, and during all seven winters, ice 
remained on the Allegheny from 1 to 20 days 
longer than on the Monongahela. An inspection 
of the total number of days that ice was observed 
at each of the L&D sites revealed that approxi­
mately the lower 20 miles of the Monongahela 
and the lower 10 miles of the Allegheny River 
have the fewest number of days with ice. 

The type and structure of ice given in the ice 
code (Table 1) made it pos.sible to note the times 
and locations of ice jams and the frequency of 
running or stationary ice throughout the winter. 
Also, we could statistically summarize the per­
cent of ice coverage on the rivers. 

Ice jams were recorded on the Allegheny at the 
following locations (Fig. 1): above Rimerton in 
January 1981, above Mosgrove in March 1982, at 
Parker iIl' January 1985, and near Natrona in 
February 1985. An ice jam was observed on the 
Monongahela in January 1984 at Maxwell. 
, Ice on both rivers is generally in motion; there 
are frequently changing intervals of either solid 
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or partial ice cover with occasional occurrences of 
open water throughout the winter. A comparison 
between complete and partial ice covers indi­
cates that, on the Allegheny River above Rimer­
ton, a complete ice cover occurs approximately 
during 75% of the total days when ice is reported. 
In contrast, below Acmetonia, a complete, ice 
cover is observed during only about 27% of the 
total days. On the Monongahela River near Ope­
kiska, a complete'ice cover occurs during about 
70% of the days when ice is reported, and near 
Elizabeth and Braddock, about 21 %. 

Comparisons of 
river ice observations 

It is clear that information on ice type (includ­
ing movement), thickness and structure (Table 
1) can only be obtained by ground observations, 
although inferences regarding some of these 
characteristics could be made from aerial vide­
otapes by an experienced interpreter. Because of 
the dynamic nature of river ice and the limited 
view upstream of a ground observer, the ground 
observations apply only for the location near the 
observation site and only as far upstream as is 
visible, although the ice conditions as seen near 
the dams were usually assumed to persist up­
stream. Sometimes other upstream observers 
reported ice conditions beyond the view of the 
observer at the locks and dams. 

The aerial videotapes give more accurate in­
formation on the areal coverage and extent of 
different ice types than do the ground observa­
tion~. Landsat images also show the areal distri­
butions ofice as do the videotapes, but with much 
less detail and frequency. We have compared 
data from these three data sets collected during 
1984-85 and 1985-86 to illustrate their advan­
tages and disadvantages. 

Winter of 1984-85 
Ground observers reported ice on the Allegheny 

River for 49 days from 10 January to 25 February 
(Fig. A6) and on the Monongahela River for 37 
days from 14 January to 20 February (Fig. Al3). 
Ice was observed on videotapes taken of the lower 
7 miles of the Allegheny River on 11 days from 23 
January to 24 February. A 28 February tape 
showed no ice. Ice was apparent on videotapes of 
the lower 66 miles of the Monongahela River 
taken on five days from 28 Janu'ary to 24 Febru­
ary. A 16 January Landsat image was the only 
one taken this entire winter when ice was pres­
ent. There were no days this winter when ground· 
observations, videotapes and Landsat images 
were acquired on the same day. 



Ground Observations 
LAD 2: IORICX 
LAO 3: 9R1CX 
LAO 4: IORI.CX 
LAO 5: 2RlCX 
LAO 6: IOP4LX 
LAO 7: IOP3LX 
LID 8: No Observation 
LID 9: 8RICX 

Allegheny R"I: 
1984-85 

5 
I 

o 
I I 

miles 

5 
I 

Figure 3. Ice conditions on the Allegheny Riveron 16 January 1985 
as observed by ground observers and on a Landsat image (dashed 
line is gray ice, solid line is white ice). 

The 16 January Landsat image showed that 
70% of the Allegheny River below L&D 6 was 
covered with gray ice and 30% was open (Fig. 3). 
White ice and gray ice covered 88% of the river 
upstream ofL&D 6 to river mile 72, while 12% of 
this section was open. Ground observations made 
on 16 January at the four L&D sites below L&D 
6 showed l-in.-thick, clear, running ice covering 
20-100% (average coverage 80%) of the river 
some unknown distance upstream from each 
site. Between L&D 6 and L&D 8 was 3- to 4-in.­
thick, layered, stopped ice covering all of the 
river and extending upstream an unknown dis-=' 
tance. Above L&D 9 (some unknown distance) 
was l-in.-thick, clear, running ice covering 80% 
of the river. 

7 

The gray ice apparent on the Landsat image 
was composed of this thin, clear, moving ice, 
while the white ice consisted of the thicker, 
layered ice that was stopped. When used to­
gether, Landsat and ground observations pro­
vide details of the ice and its extent upstream not 
available from either source alone. 

The 16 January Landsat image showed only 6 
miles of gray ice on the Monongahela River above 
Opekiska L&D. The ground observation at Ope­
kiska L&D showed shore ice, 1/2 in. thick and 
clear, covering 70% of the river some unknown 
distance upstream. Ground observers also re­
ported 1/8_ to 1/4-in.-thick, clear, locally formed 
ice-and shore ice covering 10% of the river for un­
known distances upstream ofL&D 7, L&D 8 and 

\ 



Maxwell Pool :111 

./ 
/ 

Ground Observation 
lOA3L22 

Survey date: 

o 
January 28. 1985 

river covered with stationary ice, 
3 in. thick and layered, and ex­
tending 22 miles upstream (Fig. 
4a). The 4 February tape shows 
27% of this reach covered with 
solid ice, 62% covered with frag­
mented ice with interspersed 
open areas and 11 % being open 
water (Fig. 4b). A Maxwell ground 
observer reported on 4 February 
that 100% of the river was cov­
ered with stopped ice that was 4 
in. thick and layered, extending 
22 miles upstream. 

Video Tape 2 1 mi 

~ 
1 km 

a. 28 January 1985. 

Maxwell Pool :111 

/ 
/ 

Ground Observation 
lOP4L22 

, 

For the first 5 miles upstream 
of Maxwell L&D, the tapes and 
ground observations showed, 
nearly complete ice cover on both 
dates, with the ground observer 
reporting stationary ice on 28 
January and stopped ice on 4 
February. This suggests that the 
ice was moving between 28 J anu­
aryand4February, which would 
explain why the 4 February tape 
(Fig. 4b) showed more frag-

Survey date: 
o 

February 4-;- 1985 

Video Tape 4 1 mi 

. men ted ice than the 28 January 
tape (Fig. 4a). As with Landsat 
and ground observations, the 
videotapes and ground observa­
tions are also complementary and 
provide a more detailed view of 
ice conditions than either one 
alone. 

~ 
, 

I 
1 km 

Winter of 1985-86 
Ground observers reported ice 

b. 4 February 1985. on the Allegheny River for 63 

Figure 4. Ice conditions on the lower 5 miles of Maxwell Dam pool, 
Monongahela River, as observed on videotapes and by ground 
observers (see Table 3 for definitions of ice symbols). 

days from 19 December to 19 
February (Fig. 2a, A 7) and on the 
Monongahela River for 39 days 
from 26 December to 1 February 
(Fig. 2b, A14). Videotapes were 

Morgantown L&D. No other ground observa­
tions were made. It is not surprising that this 
thin, clear ice below Opekiska L&D was not 
apparent on-the Landsat image. 

Ice conditions 5 miles upstream of Maxwell 
L&D on the Monongahela River as observed from 
videotape and the ground were compared for 28 
January and 4 February.'The videotape from 28 
January shows 69% of this reach covered with 
solid ice, 28% with fragmented ice with inter­
spersed open areas and 3% open water. The 
grotmd observer at Maxwell reported 100% of the 

8 

taken of the lower 1 7 miles of the Allegheny River 
and of the lower 13 miles of the Monongahela 
River on 9 days when ice was apparent from 28 
December to 28 January. Landsat images taken 
on 3 and 19 January and 4 and 20 February were 
not useful because the ground was cloud-cov­
ered. The only Landsat image that showed ice 
was taken on 8 March 1986, after the last vide­
otape was taken and the last ground observation 
was made. 

The 8 March Landsat image showed gray ice 
on 92% of the Allegheny River above L&D 8, on 



Lock and Dam #3 Pool- Allegheny River: 111 

Ground Observation 
'PIC9 

o 

F I 
lkm 

1 ml 
Survay dale: December 28, 1985 

" Video Tape 4 

a. 28 December 1985. 

Lock and Dam'3 Pool - Allegheny River: 111 

Twelvemile lsi 

Ground Observation 
9AICX 

Survey date: January 8, 1986 
Video Tape 8 

b. 8 January 1986 .. 

Lock and Dam #3 Pool - Alleghany River: 111 

Twelvemile lsi 
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c. 22 January 1986. 

Figure 5. Ice conditions on the lower 2.5 miles ofL&D 3 pool, Allegheny River, 
as observed on videotapes and by ground observers (see Table 3 for defini­
tions of ice symbols). 
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32% of the Allegheny at L&D 4 pool, and on 11 % 
of the Monongahela River at L&D 2 pool. Since 
no ground observations or videotapes were taken 
on this day, we cannot compare them to the 
Landsat-derived data. However, we can compare 
data from videotapes and ground observations 
from other days. 

Ground observers at the Allegheny River L&D 
3 would have a visual range of at least 2.5 miles 
upstream of the dam, which is the extent of the 
videotape coverage for this pool. On 28 December 
1985, the videotape showed 82% of this reach 
covered by solid ice with interspersed open areas, 
4% covered by ice floes, slush and pans, and 14% 
open water (Fig. 5a). The ground observer re­
ported 90% of the river covered witp l-in.-thick, 
clear ice that was stopped, and that extended 
upstream 9 miles. On 8 January, the videotape 
showed 4% solid ice, 33% fragmented ice, 37% 
fragmented ice with interspersed open areas, 
and 26% open water (Fig. 5b). The ground ob­
server reported a 90% cover of stationary, l-in.­
thick, clear ice that extended an unknown dis-

Cl:Ul ww 
~~ 
Cl:l: 

tt 120 
~'~f ' , , 

OPEKISKA 

W L&D , , , 

> HILDEBRAND 
L&D Ii d,-L, 

MORGANTOWN 
H 100 L&D 

~ II -, , -, 
PT. MARION 

, 

tance upstream. On 22 January (Fig. 5c), video 
s~owed 39% covered with ice floes, slush and 
pans, and 61 % open water. The ground observer 
reported 30% coverage with running ice that was 
6 in. thick and breaking, and that extended 9 
miles upstream. 

Computer-generated graphs 
It became obvious during preparation of Fig­

ure 2 that because of the extensive hand-drafting 
required, use of the future ground observations 
would be limited. To expedite preparation of 
graphs of future data, a computer graphics pro­
gram was developed to use the same ice codes as 
were used to prepare the hand-drawn graphs. In 
the computer/generated graphs (Fig. 6; Appen­
dix A), the order of the L&D locations is reversed 
(see Fig. 1), the ice code symbols are slightly 
different (see Fig. 2), and ice thicknesses were 
not included because of space limitations. The 
use of a multi-colored diagram will allow thick­
ness to be added (Bilello et al. 1988). 

LEGEND 

C Openwaler 

L&Dt8 
IS!s ~ ~ ~UI til GREENSBORO 

Distance upstream unknown 

[i] 1-5 tenths. SlationaIy Ice 
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80 iJ 6-9 tenths. S1atiOIllllY Ice 

---' 

W , , , Iil 10 tenths. SIaIIonary Ice 

I MAXWELL 
60 L&D ~ 1-5 tenthl. Running Ice 

[[ ~ 6-9 tenths. Running Ice 

Cj ~ , , , 

Z MONESSEN ~~ ~~ 

40 L&D+4 
~ 

r 
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0 ~ ~lp ~ ~ ~ 
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~ ~ ~ ~ 

I ~'l 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
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~ , , ,~ ~~ ~ ~q~ BRADDOCK ~ c 

L8.C*2 

PITT. PRo 

Figure 6. Part of the computer-generated diagram of daily ice 
conditions, Mononga~la River, January 1985. 
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SUMMARY AND CONCLUSIONS 

The river ice conditions on the Allegheny and 
Monongahela Rivers were highly variable, as 
shown by the graphs of the ground observations. 
The observed ice was largely in motion, although 
there was' much stationary ice and major periods 
of open water. The graphs provide a convenient 
way of showing these wide variations, in space 
and time. 

Each method of observation-ground, aerial 
video and Landsat-has certain advantages and 
disadvantages (Table 4). Ground observations 
have the advantage that data on thickness, 
movement and structure can be frequently ob­
tained, and, generally, ground observations are 
not affected by the weather. The major limitation 
of ground observation is tpe line-of-sight of the 
observer, which is often no more than several 
miles. Given the wide variability of ice condi­
tions, this limitation can be critical. 

Aerial video observation has the advantages 
of providing detailed views oflarge river reaches, 
at frequentintervals, and at reasonable cost. The 
video image is relatively easy to interpret, but 
training or experience is essential. The disad­
vantages are the lack of ice thickness and the 
adverse effect of bad weather, especially low 
cloud ceilings. Given these restrictions, aerial 
video is perhaps the best means of closely observ­
ing ice conditions on large rivers and, when 

combined with ground observations, the two 
methods provide an excellent means of recording 
and analyzing river ice. 

Landsat imagery has the advantage ofprovid­
ing images of large reaches of a river that can be 
easily interpreted. There is a good data base of 
usable images starting in 1972. Disadvantages 
are the infrequent coverage, the obscuration by 
clouds and poor resolution of the images, which 
limit the level of detailed information. Thin, clear 
ice, for example, is often undetected. Ice condi­
tions determined from Landsat are recorded as 
either white or gray in tone so that ice details 
that are obtained by either ground observers or 
aerial videos are not apparent from Landsat 
images. 

Despite differences in the detail obtainable 
from the three methods, they generally agree on 
the overall extent of ice coverage. For example, 
the total percentage of selected pools covered by 
ice as determined on selected dates is shown in 
Figure 7 . It can be seen that, except for 16 
January 1985 on the Monongahela River, the 
methods are within 15% of each other. The 
Landsat observation on 16 January 1985 (Fig. 
7b) indicates much more ice than the ground 
observation. 

This study has illustrated the importance of 
three observation techniques for monitoring river­
ice conditions. Each method provides useful data 
and, when analyzed together, they give a more 

Table 4. Advantages and disadvantages of the three data 
sets. 

Landsat 

Video 

Ground 

Advantages 

Synoptic view of large 
reaches of the river 
Good data base of images 
since 1972 

Easy to interpret images 

View of large reaches of 
the river 
Good IFOV gives as much 
detail as is required 
Easy.to interpret, but 
experienced interpreter 
is required 
Frequent acquisition 

Detailed ice data 
Frequent observations 

Not weather-dependent 

If 

Disadvantages 

Poor IFOV gives limited, 
not detailed information 

. Infrequent acquisition 
Cloud cover can obscure 
river 
Snow cover obscures ice 

Cannot provide ice 
thickness 
Cannot acquire tapes 
if cloud ceiling is too low 
Snow cover obscures ice 

Limited horizontal view 
Data quality depends on 
observer 
Data must be graphed to 
be useful 
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Figure 7. Percent of river ice cover as observed on the ground, from videotapes 
and from Landsat images. 

complete understanding of a dynamic river-ice 
regime than would be possible with one method 
alone. 

With the computer-graphics capability devel­
oped for this study, there may be increased use of 
the ground observations if they are quickly 
graphed and available for rapid dissemination 
where navigation on ice-prone rivers throughout 
the winter is required. This potential for ex­
panded use of these data may result in the receipt 
of better and more complete information from 
the ice observers. 
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APPENDIX A: ICE CODE RECORDS AND 
COMPUTER-GENERATED GRAPHS OF DATA 

LEGEND 

C Open water 

? Distance upstream unknown 

[i] 1-5 tenths, Stationaty Ice 

[j 6-9 tenths, Stationary Ice 

~ 10· tenths, Stationaty ice 

~ 1-5 tenths, Running ice 

~ 6-9 tenths, Running Ice 

~ 10 tenths, Running Ice 
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10PBlS IOP6C1 
I OJI OL 1 IOP6C1 

IOP6C1 
IOJI011 IOPSC7 

I DP8X9 IOP1C3 I D12XX 
IOPBl.9 ID,fBlX IOJ2XX 
10PBX9 IDJ8lX IOJ2XX 
IOP8C8 10JBlX IOJ2XX 
IOP9X9 10jBLX 
'IOP9)!9 
IOP9B9 
IOP9BS. 
IOP9CS 
IOP9C8 
IOPIOX8 

1018lX 
IOJBLX 
IOP8C3 
IOJIOl)! 
IOJIOlX 
IOJIOl)! 

I OPI OX1 IOJIOlX 

IOJ2XX 

IOR2XX 

lo,.r14X6 IOPBC3 IOP2XX 
IOR7l6 IORBI6 8RSI9 IORSI1 IOJHl6 IORI2l)! 
3R1l~ 1R3T6 lRBTX IRBT1 911112 IOP3CX IOJ2XX 
IR1C6. IR216. Ism IOJIH6 IRIOlX B52~X 

10PZ)!)! 

IOlZXX 

IOJ2X)! 

IOJ2)!X 
IOJ2X)! 
IOJZ)!X 

DIITf SHRPSBR6 11011011111 HftTROHR fR££P!!RT CU~TOH KITlANNS I10S6ROUf W'fRIOH PARm fRRHKLlM U. HIcr 

211 
215 
2/6 
211 

IR1lX 
IR1X8 

2/8 IR1CX 
ZI9 
2110 
2/11 
2/12 
ZlI3 
2111 
ZlIS 
2/16 
ZI17 
2118 
Z/19 
2120 
ZlZI 

ZI22 

1m 
ZI21 
Z125 
ZIZ6 

2121 
ZIZB 
3/1 
31Z 
3/3 
3/1 
3/S 

3/6 
317 
3/8 
3/9 
3/10 
3/11 
3/1Z 
3/13 
3/11 -
3/15 
3/16 
3/11 
3/18 
3/19 
3120 
3121 
3122 

IR1lX 
IR6X9 

mC9 

IR6l6 
mI6. 

1R6I6. 
IRZlX 
IR2lX 
SRICX 
8R2LX 
BRZlX 
6RZlX 

1R2lX 

ZS2~6. 

3R2JX 

5RlCl( 
zmx 
7RICX 
9RICX 
SRICX 

IS6TX 
IS6TX 
Ism 

IS6TX 
IS61X 
IS61X 
IS6TX 
9RICX 

Z5BTX IfBT1 
IR8XIO 15m 
IRBXX 

1RICX 

zmx 

SR1CX 
1RICX 
7RICX 
7RlCX 
BRlex 

1581X 
15BIX 
ISBTX 

811m IRBlK 
811m IRICK IOP1XX 
IOJIH6 IRlex IOJ1XX 
9JI1I6 
IOJHT6 9RZCX 
10111T6 BRICX 
10110T6 10RICX IOJZXX IOJl)!X 
IOJHT6 9R2lX 
1011116 9R2lX 

IOP11l9 
IOPI1l9 151 ZlX 
IOPI1l9 151ZlX 
IOP11l9 I SI2lX 
IOPI1l9 ISI2lX 
IOP11l9 ISI2lX 
IOPHl9 ISlllX 
IOP11l9 I SlllX 
IOPHl9 ISlllX 

10JIOXX 
IOJIOXX 

lOP11l9 ISlllX IOJIOXX 10JIOXX 
SRI CX IOP11l9 9RI ex 
I ORI CX IOPI1l9 9RI C)! 

SRICX 

9RICX 

9RICX 

IRSTX 

IOP11l9 1512lX 
IOP11l9 ISI2LX 
IOPI1l6 IOJI1XX 
IOP11l6 
IOPI1l6 
IOPI1l6 
10P11l6 I OJI ZXX 
IOP11l6 
IOP11l6 
IOPI1l6 
IOP11l6 IOJI1XX 
I0P11l6 IOJI1XX 
IOP11l6 IOJI2X)! 
IOR11l6 
9RI1l6 
SRI1l6 
6R11X6 
S511X6 
1511X6 
3S11X6 
lSH)!S. 
I 511X6 

IOlllXX 
10111XX 
IOJI2XX 
IOJI1)!X 

IOJS8X 

9RSTX 
9RSTX IOJSXX 

IOJSXX 

9RSTX 
9RSTX 
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DRTE SMRPSBR~ ROHOHIR HRTRDHR fREEPORT ClIHTOH (ITTRHH6 MDSGRDUE RIMERTOH PRRKER fRRHXlIH U. MICK 

J/J6 
J/J7 
I/J8 IDRICH ISIXX IRIXX 
1/19 7RICX IORICX 1SIXX 351XX 
IIZD IDRICX IDRICX IDRIC6 IDRICX ---- 7RICX IOPIC9 IDPICX BRIXX 1SIXX 7RIXX 
IIZI 6RICX IDPIC6 IORIc9 IDRICX IDPI[9 IDPI[X iSIXX 7flXX 
1m BRICX IDPI[9 351 XX 
1m BRI[X IDPI[9 
1m 10P1T9 lDPICX 
I/ZS 10P1fX 
1/16 10PITX 
1m IDPITX 
1m 10PITX 7S1XX 
1m 
1/3D 
1/31 IDPITX 
1/1 IDPlTX 
2/2 ISlJX 
ZI3 
m 
ZlS 
216 
1/7 
2/8 
219 
2110 
2m 
2/11 
1/13 IURICX IDRICX 
1111 lDRI[X lDRICX lDR1CX 1Rl[X 9f1[X 10R1CX IDP1CX 1f1XX 
ZlIS 10RI[X 10RICX 10RICX BS1CX 10PI[X 2SIXX ISIXX 
2/16 10PlJX 
ZlI7 IDPlTX 
2/IS 
2M 

23 
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DATf SHRP5SR6 ROITOMIR MRTROH!! fRfEPORT ClIMTOM KITJRHM6 "056RDUf RmfRTOM PARKfR fRAHKLIM U. HICK 

WZ3 
WZ1 
WZS 6R1CX 
lZ126 9Rlel! 
WZ7 SRZCl! 
WZ8 Z51Cl! 
12/29 3S1ex 
12/30 SRSel! 
12/31 7Rsex 
1/1 ZRSCl! 
liZ 

1/3 
1/1 
1/5 
1/6 

1/7 
1/8 
1/9 
1/10 

1 RSe)! 

ZR3CX 

lJlJ 3S3lX 
1/12 
1/13 7Rlex 
1/11 

6Rl ex 7Rlex 
10PZel! 8mx 
10Pzex SRI ex 
7PZCl! 1R1CX 
7RSCl! 
7RSCX 
7RSlX 
3R3ex 
lRlex 

lS3ex 
1 RSel! 

ZS3lX 

lR2e)! 
7R2ex 
3R2el! 
lRlex 
lRlel! 

10R2ex 

6A2ex 10AZCX 1 OP8l S 10P1ll! 
10AZEX 10P8lS lDP1lX 

10R3TX 10Azex lOP8lS 9P1lX 
10Alex 10P8lH 9P1lX 

10ASlX 10PSlS SP18X 
10RSt1 lDPBlS 351SX 

10R3ex 10RSli 10PBlS 10Ha7 Z5ZlX 
10R3ex 10RSlS 10P8lX 3J187 2SZlX 

1 RZ.rX 7Rl el! 10R3el! 10RStS 10P8es 101 IB7 Iml! 
ZRZTl!3R2TX 10R3el! 10RSli 10P8lS 101m IfllX 
1 ORI ex SRI ex 10R3e)! 1 ORSl 1 10PBlS 10118S BPllX 
10R3ex 10RZCX 10R3CX 10R5lS 10P8lS 101189 1 OPI ex 
10R3C)! 3Rlex 10R3ex 10R5lB lDP8lS 101189 10P1CX 
10R3ex 

1/1 S 1 0~1 ex 10R3el! 10A'lCS 
1/16 1 OPl el! I DP1ex 10R1C5 10P3ex lDRSl8 1 ORl e3, lDJ1C9 10m)! 
1117 SPlex 10P1ex lDPles lOP3ex 10RSll! 10Rle3 1011CS 10P3ex 
1/18 10ms 10P1CS IOP3CX lOAStX 1 ORI C3 10Piex 

IRl)!X 

1/19 spzex 10PSe)! 10ms 10P3CX 
1/20 lopzex 10PSel! 10P1CS 10Plel! 

10RSl8 8Rm 
10R6l8 

10ASlX 551 xx 
lmx 

1/21 10P3ex IOP6ex lDPSCS 
I/ZZ 10Plex 10P7ex 10P6es 
1/23 10P1ex 10P7CX 10P7CS 10P1CX IOR6l8 10RS83 I01Bl9 

IQJBL9 
IDJ7l9 

lDRlIlX 
1 IZ1 10P1ex 10P7ex 10P7C6 10P1CX IOf6L8 IORSC3 10RlIlX 10PIX)! 
1/25 351lX 1 DP7ex IOP7CX IOR3CX 10fSl8 10RSU 10RIIlX 
1/26 

1m 
llZB 3R1ex 
1m lRsex 
1/30 
1/31 
2/1 
2/2 
2/3 
ZI1 
215 
Zl6 IR1CX 
1/7 SR1CX 
218 mex 
1/9 JR1C)! 
2110 
2JlJ 
2112 
2113 
2/11 3RIC)! 
2(15 6RHX 
Zl16 
2/17 

IOP7ex IOP7e6 10A3CX 10fSlB ' I DA5B3 I O1Sl 7 I ORl IlX 
IOP7CX 10P7C6 10A1CX IOfSl7 10RSP3 101Sl7 10AlllX 
6RSel! 
BR7C,X 
75}eX 
l5}Cl! 
35,7CX 
lS7CX 
357ex 

IRIC)! 
7P1CX 
6RSCX 
355CX 

SRHX 
lR6TX 

I DP7C6 351 xx 
10P7CS, 

10P7CS 10MC)! lonu SPIOlS 1019lJ 10AIIlX 
I DP7C~ 10RieX lonl3 SPIOlS I01Sl7 10Rl1LX 
10P7C6, 10R1CX IOf313 I OPI OlS I01Sl,7 I ORI 1 lX 
IOP7C6 10R1C6 IQfIU SPIOl~ 101917 lOAl1LX 
7R7CX 

7R7CX 
BRlex 
BR1CX 
BRlex 

IRlTX 
lRITX 
IR1TX 

10,R1C6 10f1U SP10lS lo.iBl7 10RIllX 

10R3C6 351lX 
lDAm 3mx 
I DA3CS 351lX 
6R3ex 351lX 
6RZJ6, 3S1l~ 

IR3TX 
I ill)! 
8mx 

35,1lX 
711StX 
li6TX 

IPIIJ).S 100Bt? IDAlIlX ' 
IP10l,s 10J8.L7 IORIllX 
IPIOt,S I01Sl7 1 DAl1lX 

IORSl.? lDRIZlX 
IPllH 100Sl.7 l0A1ZLX 

IP10l~, 3R1l9, 
SilOll! 6P9lX 
2RSTX lRST)! 

25 

10R10LX 
JRITX 
JRZTX 

3PIXX 

3Pl)!)! 

2S1XX 

251)!X 

ZSIX)! 

Z~IXX 

lOR1XX 

SRll!l! 

85IXX 
lOPIXX 
1011XX 

10l1XX 
IOP1XX 

IOP1XX 

10P1XX 

lOJ1XX 

lOPIXX 

IOP1X)! 
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DIITE SHRPSBR6 AOITOHIII NATRONA fREEPORT CUNTOH KITTANH6 1I0S6ROUE RIIIfRTOH PARKER fRANKLIN U. HICK 

lIB 

1/9 

1/10 

I III 
1/12 

1/13 

1m 
IllS 
1/16 
1/17 
1/18 

1/19 
IIZO 
1m 
1122 
1/23 
1m 

1125 
1/26 

7RI CX I ORI CX 
JiICX Bill CX 
I ORI CX 9RI CX 
SAICX SAICX 
6PI[X 9AI CX 
6PI CX 9PICX 

9P2CX 9P2CX 
9P3CX 9P2CX 
lopm IOP3C9 
IOP1C6 IOP3C9 
IOP1C6 8mB 
IOP1C6 IOP1C9 
IOP1C6 IOP1C9 

BRICX 
10RlCX 
9RICX 
10RICX 
8RICX 

IOP2CX 
IOP2CX 
IOP2CX 
IOP3CX 
IOP3C6 
IOf1C6 
IOf1C6 
IOHC6 
IOP1C6 

I m IOP1C6 IOP1C9 IOP6C6 

10AICX 

SRJ[X 

2RICX 
2RICX 
IOP2CX 
IOP2CX 

IOPICX 
IOP2lX 
10m)! 
10P1lX 
lom8 

101l3CX IOPSl9 
IOA3C6. IOP6l9 
10A3[6 IOP7l9 
IOA3C6 IOP7l9 
lOAm IOP719 

8R1CX 

BRICX 
IOR3LX 
10PICX 
IOPIC1 

10PSC7 
IOPSL7 
IOPSl7 
IOPSl7 
IOPSL7 

I J28 IOP1C6 IOP1C9 IOP6C6 10A1[6 IOP7lB IOPSl7 
1129 IOP1C6 IOP1C9 I OP6C6 IOA1C6 10P7lB 10PSL6 

IOP1C6 
IOPiC6 
8PiC6 
6P1CS 
10P1CS 

IOP1C9 
IOPiC9 
IOP1C9 
IOPSl9 
IOPSC1 

IOP6C6 
IOP6C6 
IOPSC6 
IOPSC6 
10PSCS 

10A5C6 
IORSC6 
IOASC6 

IOP7lB 
10P6L6 
IOP6l6 

IOPSL6 
10f1[3 
10f1[3 

1/30 
1/31 

211 
2/2 
2J3 
Z!1 
2/5 
Z/6 
217 
ZlB 
219 
2110 
21ll 

2112 

10P1CS BP6C9 IOP6C6 IOASC6 SPSlS 10AZCS 
10A2(7 
8Rm 
8Am 
7RZC1 

IOPSC6 8P6C9 IOP6C6 IOASC6 6PSlS 
8PSCS BP6C9 9P6C6 
BPSCi BP6C9 9P6C6 
2SSC6 IOPSC9 9P6CS 
3SSCS. IOP6C9 9PSCS 
9RI C6 IOPSC9 9P7C6 
I OPI CS 8ASC9 BP7CS 

2113 
2/11 
2115 
2116 BIIIC6 
2/17 BAlC6 
2/1B BRlC6. 
2119 
2/Z0 3m6 
2121 3113B6 
2m 311~6 

zm 311386 
2111 

BR6[9 8P7C6 
8A6C9 BP7C6. 
BA7C9 Bncs 
BA7C9 BP7CS 

BP7C3 
Bnc] 
BP6U 
IS1C3 
8.RIC6 

IR1T6 
2Rm 
mT6 

IOASC6 6PSl6 
10llSC6 6PSt6 
IOASC6 6PSl6 

101lSC6. SP6lS 
IOAS86 6PSl6 
IORSC6 6P1tS 
IOASC6 10RilS 
IOASC6 10PilS 

7AZC1 
SAm 
1AZC3 
IOR1C7 
IOR1C7 

IORSC.6 lom1 ISIC3 
10A5C6 IOP1l3 151 C] 
IORSC6 IOP1l2 TRI C7 
ZRST6 10P1LZ 

2125 SRBI6 

~R7l~ 

Bfl7C9 
~7C9 

BII7C9 
1R8B1 
1ABB1 
1A881 
IRBH 
lR6T9 

ml9 I ORBI6. 3RST 6 3RST9 JiSB7 
212S 
Z/27 

27 

BRlJX 

lOA1[X 

SR2BX 
SRI TX 

6R1CX 
BR1CX 
BRICX 
SRICX 
SRICX 

IRIXX 

2RIXX 

IRICX 

9PIXX 

10PIXX 

8RIXX 

SRIXX 

ZSIXX 

10PIXX 

6SIXX 

IOJIXX 2SIXX 

~ S51XX 

1011 XX 351 XX 

IRIXX 

5RIXX 

10P1.~X 

10PIXX 
10PIXX 
IOPIXX 

IOPI~X 

ISIXX 10PIXX 

1 OPI XX 2SIXX 

351XX 

I OJI XX 251 XX 2SIXX 

IOJIXX 151XX 
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DAT[ SHRPSSR6 AOHDHIA HATROHA fR[[PORT CLIHTON KIllAHHG MOS6ROU£ RIM[RTOH PARK£R fRAHKLIH U. HICK 

12/17 
WIS 
12/19 
12lZ0 6R10! 
12/Z1 6Rl CX 
12m SRZCX 
12m 6RZlX 
12m lmx 
1212S lSlCX 
1 Z/Z6. SP2Cl! 
12m SP2CX 
12/28 SP2CX 
lZ/29 SPICX 
11/30 SPICX 
12131 smx 
1/1 15SlX 
1/2 
1/3 
1/1 
1/5 

1/6 

SRSlX 

117 9R1CX 
1/8 9A1CX 
1/9 9A1CX 
1/10 _ 
1111 

1/11 
1/13 
1/11 9R1CX 
1/15 9RICX 
1/16 9RICX 
1/17 
1/1S 
1/19 
112D 
1/21 9R6TX 
1/22 5R6~X 

1123. mIX 
1m lR6TX 
1125 lR6TX 
llZ~ 

l/Z7 
l/ZS 
1129 5R10! 
1/3D 6RlfS 
1/31 SRZT6 
1/1 SR2~6 

2IZ. 
2/3 
214 
2IS 
2/6 
217 
2/B 

Zl9 
1I1D 
2111 

2112 
1113 
Zll1 

)/15 
2116 
1117 

IllB zm7 
2119 
ZllD 
2111 

6RIC6 
SR1C6 
6R3l6 
SR3l6 
153L6 
SPICl! 

9A1C6 SR1CX 
9R1CX 
9RICX 
6RZll! 
!RllX 
151lX 
951C9 
9P1C9 

9P2C6 9AI C6 
IOP2C6 9A2C6 

9Pl C9 10P2C6 
1 OPI C9 10PIC6 
9Pl C9 9P2C6 

9RICX 

9P2lX 
9f2l6 

9f2(6 
9PllS 

7R1C7 

Z53ls 
151L3 

9f2C6 
9f3C7 

9AICX 

6RZCX 

9A3CX 
9ASCX 

2flXX 
6f1XX 

2R1XX 

IOllXX 

3R1XX 

9Pl C9 9PZC6 9AZC6 Bf3C6 9R6C9 - lOJ1X¥. 151XX 
6RZC9 1RZB6 
lRZC9 

BRIO! 
9A1CX 
9AICH 
9AIO! 

9AICX 
9RZCX 
9AZCX 
1RZll! 

9R6T9 
3R689 
IR6T9 
IR6T9 
mr9 

5RIC9 
7RZT9 
7RZT9 
~1fS 

3RSlX 

3RICX 
sml! 
3RI19 

7P3C1 - 9AZC6 
SR3C1 9AZC6 
151C6 
15ZC6 
ISlCX 
9RI C6 lOA1C6 
I DRI C6 9RI C6 
I DR1 C6 6RI C6 
6RIC6 lSlC6 

9PZl6 
9P2l6 

9PlL6 

ZfZli 

9RICX 
I DPlL7 9RIC6 
I DPZlS 9RI C7 
lOP2lS 9RZC7 
lOPll8 9RZB7 

7ASCX 
153CX 

35ZCX 
lOA3CX 
9AiCl! IOPZCl! 
lORsCX IOPIlX 
lORiCX I DP3lX 

IOP3lX 

1011XX 
lOJIXX 
lOJIXX 

351 XX 

IOJIXX 

9R1CX 
9RIC6. 
9RICX 

IOAIB6 lOPIC7 9RIC7 IOP3CX lOP1ll! 1 OJ 1 XX 

BRZTX 
ZR3lX 
IR3LX 
ZR3.l6 
lR3L6 
lR3T6. 

1RIC6. 
BR3T6 
SR3T6. 
?Rlf6 

7R3T6 

SR3CX 
5R3T6 
mT6 
lRlf6 

9RI C6 9PI CS 9R1C7 9P3C9 9PslX 
9RI C6 9PZCB 9RI C7 9P1C9 9P6lX 
Z51 C6 9PZCS 153B7 9P1C9 9P6lX 1 OJI XX 

9R10T6 9R16BS 9RI6B7 9RI~9 Bmx 
ZRZB6 

meG 
IR3T6 
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I/IZ 
1/13 
I/H ssm 

1/15 
1/16 151CX ISICX IflCX 7SICX 

1/17 IflCX 7f1CX BflCX 

I/IS SfJCX 

1/19 7f1CX 

1120 IflCX IflCX 9AICX 

liZI 9AICX 2fJCX 10AICX 10AZCX 10fICX 10fICX 10f2CX 10flCX IORZCX 

1/12 IORICX 6RICX 10RZCX IOA3CX IOfICX lomx 10fiCX IOfiCX IOR3CX 

1123 IORICX sR1CX IOA3CX 10AiCX 9RIBX IOf5CX IOf5[X 10fiCM 10R3CX 

1/2i IOAICS 5R2CIO IOA3[].8 IOR3CZZ IRIC2 IOf5[1 I IOfiC6 lom7 10AiCH 

I/ZS 9AZ[S 6R3CIO 9R311B 10RICZZ IRIBS 10fS[10 IOfiC6 IOn[7 IOR3[X 

1126 9AZCS 6RZCIO 9R3L1B 10RICZ2 10RICI I OfSBI 0 IOf5B6 IOf3C7 10.AiCH 
I/Z7 9AZC1 2R2CIO IOR311S IOA3LZ2 SRIBZ I Of SCI 0 IOf5C6 I oms 10RsCH 
I/ZB SA282 ZRZCIO 10PillB IOR3lZ2 BR2B3 10fsCIO IOfS[6 10fi[S IOR7C1i 
I/Z9 sR2BIO IOPiLlS IOR3lZZ 10RZls 10fiCIO IOfiC6 loms IOR6C11 
IJ30 SRiBIO 10PillS IOR3lZZ IRZTS 10fsCIO IOfiB6 10fiCS IOR6[11 
IJ31 6RiBI7 IOP1lI6 IOR3LZZ IRIBS 10PillO 9RiC6 10fiCS 10RSC11 
ZJI 6R4BI7 10RillO I OR311 1 9R1Ts 10P'lTs 10fiCS IOR3m 
ZIZ SRiBI7 9R1BI9 9R3BIO ZRIlI IOP1TZ 10R1Ti Sfm 10Rm'l 
ZJ3 'lR3B7 7R'lBIS 9R1BII 9R1B3 ZR3TS IOR1l.! IOR111 9fsTS 10A'lCH 
ZJi SR3B7 9R4BIs IOP1B9 IOP1lZZ sR3T'l 10PI[IO 10PICs IOf5TS I ORsLI 1 
2/5 3Rsl7 iR1BIZ IOP111i .lom12 SR3T4 10PZ[10 10PZ[S 10PSH IOR111i 
Zi6 3RsS7 3R1BIZ I OP'lll I 10PZlZZ ZRm 7RZTlO SRZT5 10P'lTi IOR1l11 
2/7 IR3S1 mBIO IOPilL IOPZm IRZTs 3RZBs IOPZlS lopm IOR3L11 
ZJS IR3Bs 3RiBIO IOP1l7 10PZlZZ 3RZBs IOP3L10 loms 10f3ls IOR3L11 
2/9 ZR3Bs 3R4BIO IOPil7 IOP3l22 mBS. 10fmo IOf1ls 10f3lS I ORSlI 1 
Z/IO IR3ls 9RiBIs 10PslIS IOA3l1Z ZR3BS IOf1B9 I Of'll 5 10f3lS I OAiLl 1 
2111 IR3Bs 3R1SI0 I~PslIS IOP3822 2RlTs 10fiBB 10f1ls 10f3ls IOA5l]1 
1m I OP5Bl 0 IOP3B7 IRITS 3RZBl Bf3lS 10f3lS IOf5lX 
2/13 IOP5B7 IOP3BB IRITS 7f3lS IOf3lS IOf1BX 
2111 IOfSB6 IOP3~1 IRITS 10fJB~ IOf3Ls IOB311 10fSBX 
Z/IS sR1Bs ZR1SID IOPS86 IOP3Bl0 IR2B1 6m2 Bf3l1 IOP311 IOf1BB 
2116 IR1BS 2RiBl0 IOPSB6 IOP3810 6fJB1 IOfIC1 IOf31.3 IOP3tJ IOf18B 
2117 2R1810 IOPSB6 IOP3BIO IRZB1 10PIBl IOf3l2. 10P3l.! . IOf1BS 
ZlIB IOPs81 IOP3810 IRm IOPIBl 10f3LZ IOP3TZ 91138B 
ZJI9 IOP1S3 IOP3B3 9RZTI IOP3TI 6R386 
2m IOP382 IRZTI 
2/21 
2m 
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Izm 

IZIZS 
IZJZ6 Sr1CX 9r1HI 
12!Z7 3R1l1 
WZB 

IZ/29 Ism ZRIBIS 9f1CX '\ 
12!3D 9f1CX 
IlI31 IRI8S IflCX 
III 
lIZ 

1/3 

IIi 

I/S 
1/6 

117 

lIB IAIES 7flES 7f1CZ BflCZ 9SIES 
1/9 111185 BAllIS BRIBZD 1AIES 9fICID 9f1CS 9f1C1 9RICI 
1/10 9AIEID BRIBZD 4AIES BfZC7 7flCi BflCl 9RIEI 
I1II SAIBID lRIBZD IRIES BfZCX SflCl 8fITi 9RICl 
I/IZ 9AZSI BRIB1 3RIBX 7RITI 6r1T1 9RIBI 
1/13 1R2BI 3RIBX . I fIT I SRIBX 
1/11 SRIBIS BRI8X 6r1BX 2f181 9flTI IOflCI 
IllS 9AIBIB 9AIBX 7111Es Bf1BX 7r1E3 9f1CI 9r1BI 
1/16 9111BX 9AZBI B SRZSX SAlES 9flCX 9flCs 9fICi 9fZEI 
1/17 W8X IDRIEIB 9PIBX 9RlES 9f1CZ 9f1(1 9flTi 9fZEI 
I/IB IOPI Cl8 IOPIBX 9r1T1 8f1T1 8flTi 9rZ[J 
1/19 9PIEX 9PI81 SflTJ sfI TI 6f1HI 
llZO 6fIHi 
lIZ! IR3T1 
IIZZ 
1m 

I/Z1 
IlZs 
1126 
1m 
IIZS Ifl81 IslSX 
1m 9111BI IOPICI IOPI81 IRIH5 mEl afm 
1/30 9RIBI 10PIl1 IDPIBI SfICI 
1/31 911185 IP1L9 IPICS 6f1C2 7fICI 7sIEI Bf1D 
211 IPI110 SPIlZ. 3RIII5 7fJEI BflCl 751EI BrlCl 
liZ 
213 
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