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SUMMARY 

The river ice conditions observed through the winter of 1980-1981 

on the Susitna River are summarized in this report to provide 

description and data needed in further stl~Idies of the feasibility of 
·~ 

hydropower development on the river. Emphasis in the ice studies 
"" was placed on the river reach frtom Talkeetna to Portage Creek 

since it was felt th'rs reach would be most affected by proposed 
project development. 

Climate condit!r,;,ns in the Susitna Basin varied significantly from 

. normal during the study period, influencing the processes of ice 

cover formation and breakup on the river. In early December
1 

as 

the ice cover was forming on the Susitna, air temperatures were 

well below normal. This was followed by unusuaHy warm air~ 

temperatures in January after the ice cover had formed over the 

length of the river. During these early winter months, precipita-
" tion was low. Snow survey data showed that the snowpack in the 

Susitna Basin was 3n-SO% below normal through January." The 

cornbination of these factors resulted ;·n an average ice thickness of 

2.5 feet on the Susitna River at Gold Creek in January, close to 

the historical average at that site. 

Beginning of the freezeup process on the Susitna River could be 

g~v.~n as Octobet 11 & 12 when frazil ice was first observed flow

ing in the river and water temperatures dropped to 32°F. 

However, formation of an ice cover did not begin until mid 

November.. At that time an ice cover was forming on the river 
~ 

upstream frcm the confluence= of Watana Creek. On November" 11, 

the ice cover extended approximately 6 miles above Watana Creek. 

In the river downstream of Devil Canyon, an ice cover did not 

begin to develop . until early December. On November 29, an ice 

bridge was observed in the Susitna River at Talkeetna, but the 

river upstream to Portage Creek had not begun forming an ice 
cover. 
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However, on December 1, the Susitna - Chulitna confluence was 

bridged and an ice cover extended approximately six miles up

stream ·on the Susitna. Over the next two weeks, ice cover 

growth progressed at an average rate of 2. 7 n1!ies per day in the 

river between the confluence and Portage Creek~ The ice cover 
" 

formation process raised the water level 2 to 4 feet through this 
reach. 

By December 151 the river was ice covered from the confluence 

upstream into Devil Canyon. Open \vater persisted in several 

turbulent reaches from Devil Canyon up to Devil Creek through 

the month of December. Throughout the length of the river, 

several open leads persisted through the winter. Some of these 

were velocity leads- in the main channel thalweg., others seemed 

related to groundwater inflow into the river. 

The cover began to deteriorate in March due to unusually warm alir 

temperatures. There was no .significant precipitation during early 

spring to increase runoff in the watershed, Therefor~, riVEtr 

discharge did not increase sufficiently to create strong forces on 

the ice cover and initiate breakup. Instead 1 the ice began to 

disintegrate in place with long open leads developing through the 

length of the river. An early breakup was predicted for the 

Susitna River. A return to near normal air temperatures in April 

and May slowed the breakup processes occurring in the basin. 

By May 1, there were obvious signs that the ice had undergone 

first movement. Over the next week, condition of the lee cover 

deteriorated. Ice jams formed at several locations betweer'l 

Talkeetna and Portage Creek as the ice cover broke and began 

moving downstream. However.~ breakup was relatively mild due tt) 

the minimal to nonexistent snowpack left in the basin by the end 

of April and the deteriorating· condition of the river ice.. TherE~ 

were no major changes in the river channel configuration on1 
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significant scouring of the river banks due to ice movement. 

Scarring of trees by ice movement was noticed in a few locations, 

most dramatically in the vicinity of Cross Section 7, after release 
of the ice jam at the confluence. 

~ 

By May 9, the main channel from Talkeetna upstream was ice free, 

but remnant ice was stranded on shore or· packed into side 

channels. Over the following weeks, risin,g water levels flushed 

out the remaining ice or it melted .in place. 

Overall, the timing of breakup on the· Susitna was near normal 

based on limited historical records. 
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1 - INTRODUCTION 
~~~ 

This report provides a summary of freezeup, winter and breakup 

ice observations carried out by R&M Consultants, J nc. during the 

winter of 1980-81 on the Susitna River and a review of limited .... 
historic:~l r·ecords on river ice conditivrts. 

1.1 - Field Study 

The field program was designed to provide description and data 

needed in analyses and assessment of hydroelectric development in 

the Upper Susitna River on ice cover and water level regime 

downstream of the proposed project site. Emphasis in field studies 

was placed on the river downstream from Devi I Canyon to 

Talkeetna, since it was felt that this reach W:Juld be most affected 
by project development. 

Observations and measurements made in the field basicaHy included 
the following: 

0 

0 

0 

0 

0 

susi/a 

nature and timing of ice cover development 

fi21d documentation and interpretation of freeze-up 
processes 

measurement of various hydraulic parana.aters at critical 
sections 

documentation of winter ice cover conditions 

Fieid documentat::on and interpretation of ice cover 

deterioration during the spring 1 including location and 
n~ture of ice jams 

1-1 
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Supporting data on water temperatures, climate records from 

Talkeetna, snow pack throughout the Susitna Basin and streamfJow 

at (.3old Creek during key times of the year are also included. 

'!:< 

1.2 - Review of Available .Information 

Very limited records are available for the Susitna River basin 

relating to river ice regime. However, several agencies were very 

helpful in gathering the available data, especiafly the Afaska 

Railroad, National Weather Service River Forecast Center and the 

U.S. Geological Survey \Vater Resources Division. 

The data provided are presented in various tables and appendices 

within the report and pr.ovide comparison of the nature of freezeup 

and breakup on the Susitn~ River in the past with events 

observed during the winter of 1980-8·1. 
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2 - CLIMATE CONDITI.ONS DURING THE WINTER OF 1980-81 FOR 

SOUTHCENTRAL ALASKA 

Climate conditions in Southcentral Alaska during the winter of 

1980-81 varied dramatically from normal, · influencing rates of ice 

cover de'Veiopment during free~eup and the nature of breakup on 
,, 

the Susitna River. 

2.1 - Air Temperatures 

Figure 2.1 shows the average rJ1onthly. air temperatures at 

Talkeetna for October 1980 to May 1981 versus the historical 

averages at Ta~keetna. The data for this table were taken from 

NOAA reports which are included as Appendix A. 

Freezeup: The most notable deviations in air temperatures 

occurred during December and January •. During the key period of 

ice cover formation on the Susitna River in early December average. 

air temperatures were more than 13 degrees below normal at 

Talkeetna. This would tend to accelerate the formation of :=t~ ~ce 

cover on the Susitna River. Daily readings of maximum and 

minimum air temperatures at Talkeetna are included in Appendix A. 

The below-normal' December temper·atures were followed by 

unusually warm air temperatures during January which reduced the 

lower elevation snowpack to a minimum in most of the. southcentral 

region. Above average streamflow at Gold Creek also reflects the 

warmer air temperatures and runoff from melting of the early 

winter snowpack. 

More dstailed discussion of the influence of air temperatures on the 

freezaup process and winter cor tditions is included in following 

sections. 
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Breakup_: In the spring, warmer-than-normal air temperatures 
0 

during March with no substantial precipitation resulted in a 

gradual decrease 1n the already low snowpack for the Lower 
< • 

Susitna Valley, reducing the potential for a severe breakup on the 

Susitna River. During late March, the NWS predicted breakup or:1e 
to three weeks earlier than usual. 

Air temperatures returned to nearly normal for Aprif and May 

resulting in a. return to near normal timing for breakup on the 
Susitna River. 

2.2 - Precipitation 

Early winter was unusually dry in the Susitna Valley area. 

Precipitation records at Talkeetna from the National Weather 

Service show precipitation at 85% of normal for October, 60% of 

normal for November and approximately 33% of normal for 
December. 

Snow survey data 'from the Soil Conservation Service (SCS) shows 

a continuation of this trend through January. Many snow courses 

in the Southcentral area showed a new minimum snow depth. 

Precipitatfc"Jn was 20-40% below normal in the region and unusually 

warm air temperatures during the month reduced snowpack at 

lower elevations to 50% below normal. High elevation sites in the 

Susitna Basin were closer to normal 1 with overall snowpack In the 

Upper Susitna about 30% below normal. 

Snowfall during February and March was normal based on SCS 

reccJrds. However, snowpack in the Lower Susitna Basin and 

valley bottoms of the Upper Susitna Basin remained well below 

ave'rage. _ · The snow pack approached normal with increased 

susi7/c 2-2 .. 
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elevation. UnusuaBy warm air temperatures during March further 

r·educed the snowpack. VaHey floors and lower elevation sites 

showed very lean to nonexistent snow cover by the end of March. 

South of the Alaska Range, precJpitiation during April was 

one-fourth to one-half the normal amount. By the end of April, 

the snowpack below 3, 000 feet was gone or rapidly melting. 

Over·all, snowpack at tJ.,...q lower elevation sites and on the valley 

floors i"n the upper basin was 40-70% of normal~ Portions of the 

Talkeetna and Alaska Ranges were near average, but the rest
1 

especially the western portion of the Talkeetna Mountains, were 
well below average for the year. 
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3 - ICE THICKNESS 

Ice thickness measurements were carried out through the winter at 

numerous sites from Chase to Vee Canyon often in connection with 

wunter discharge measurements · or river channel cross section 
" surveying. 

Table 3.1 lists results from field measurements made by R&M 

Consultants, Inc. during the winter of 1980-81. At each site, 

average ice thickness was calculated from field notes and maximum 

and minimum thicknesses were listed to indicate the range of 

values observed~ Where availabl-e, comments on the characteristics 
of the ice were included. 

Ice thicknesses at Gold Creek since 1950, as reported by Bilello 

(1980) are shown in Table 3.2. Records at this site are most 

complete and allow best comparison of historical ice thicknesses . 
with observed values for 1981. January and Fabruary 

measurements of maximum and minimum thicknesses for 1981 appeal~ 

to be below the historical average for that time of year. Unusually 

warm January temperatures slowed the ice growth at Gold Creek. 

An additional table extracted from Bilello (1980), Table 3.3, shows 

ice thickness through the winter months on the Susitna Rivf~r at 

Talkeetna and Trapper Creek from 1961 to 1972. Though we have 

no comparative ice thicknesses for the winter of 1980-81 at 

Talkeetr1a, dates for first ice, freeze over of the channel or 

breakup of the ice cover can be used along with climatic and 

streamflow data to make comparisons with timing of similar events 

for the winter of 1980-81.~ and expected rates of ice cover 

thickening and deterioration. 
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River 
Site Location Date Width 

Vee Canyon 1-13-81 353 

Deadman Creek 2"'"27-81 327 
CSR (URX 101) 4-4-81 366 

410 

URX 102 3-4-81 313 

URX 103 3-4-81 1370 

URX 104 3-5-81 616 
~ 

URX '105 3-5-81 417 

URX 106 {3-26-81) 
3-6-81 431 

Watana Dam 2-27-81 165 
CSR 
URX 107 3-6-81 290 

Watana Damsite 2-27-81 160 
URX-107A 3-£~81 423 

-
TABLE 3 .. 1 

SUSITNA RIVER lCE THICKNESS 

Snow 
Cover 

Ice Thickness (ft.) Number of on Jce 
Average Maximum Minimum Observations (ft.) 

·'· 

6.3 * 10,.0 3.1 11 

6.1 6.3 6.0 3 0.7 
1. 6 2.6 0.8 4 
4.1 4.4 3.8 6 

2.3 3.1 1.8 6 

2.5 4.6 1.0 16 

4.1 5.8 2.0 10 

2.9 4.6 0 .. 2 9 

2.5 5.8 1.4 9 

4.5 5.4 3.5 6 0.5 

4.7 5.6 . 
2.3 8 

4.4 5.0 4.3 3 0.5 
4.0 4.8 1.4 _cc 10 

* Assumed ice thickness of 10.0 feet for three center holes in channel to calculate average. 

' t 

c 

Comments 

3, ho!es drilled with ice 10 feet 
thick 1 auger not long '3nough to 
penetrate ice cover... Several 
overflow layers. 

Right channel 
Right channel 
Left channel 

Significant dip in lc.e at center 
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5 ite Location 

URX-108 

URX-108A 

W.Q. Monitor 

URX-109 

URX-110 

Watana 
Stream gage 
(URX-111) 

URX-112 

URX-113 

URX-114 

Date 

3-7-81 

3-7-81 

2-24-81 

3-7-81 

3-8-81 

3-8-81 

3-8-81 
3-8-81 

4-1-81 

3-8-81 

3-9-81 

3-9-81 
3-9-81 

3-10-81 

TABLE 3.1 (Continued) 
1/1 

River Jce Thickness (ft.) 
Width ~ verage Maximum Minimum 

382 

435 

460 

605 

168 

340 

238 

400 

260 

464 

336 
512 

502 

3.8 

3.8 

4.4 

3.8 

2.9 

2.8 

2.6 
2.7f 

3.0 

1.8 

4.3 

2.9 
3.7 

4.0 

5.5 

4.5 

5.2 

4.8 

4.7 

4.0 

4.1 

4.2 

3.5 

5.2 

Lf.O 
4.7 

4.7 

1 ~2 

2.5 

3 .. 6 

2.5 

0.3 

0.4 

0.4 

2.1 

0 

3.3 

0.4 
2.5 

2.5 

Snow 
Cover 

Number of on Ice 
Observations (ft.) 

9 

10 

4 

10 

4 

8 

6 

~,6 

7 

10 

7 
9 

10 

0.6 

Comments; 

Ice predominantly black ice 
(80%, 90%) 

Left channel, fro~en to the bed r 

all black ice 
Center channel stron.g flow 
underpressure along left side · 
Right channei 
Overa~ I averrage ice thi'ckness 

Open lead 80' from RIB 1 201 wide 

Left chanr1el, low flow 
Right channel = Main channel 
Two small side channels run on 
far sides of floodplain 

Average t>nowice = 0.8•, rest 
black ice, flow under pressure 
along L/E~ 
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Site Location 

URX-116 

URX-117 

URX-118 

URX-119 

URX-120 

Near Devil 
Creek 
URX-121 

Upper D.C .. 
OCSR 

Devil Canyon 

Portage Creek 

Gold Creek 

. .. 

- - -

River 
Date Width 

3-11-81 408 

3-11-81 638 

3-11-81 464 

3-11-81 173 

3-12-81 507 

3 .. 12-81 513 

3-13-81 351 

3-5-81 202 

4-13 14.6: 

3-5-81 166 

12-12-80 350 

1-14-81 340 

2-27-81 311 

... , - - - -· - -
TABLE 3.1 (Continued) 

Snow 
Cover 

Ice. Thickness (ft.) Number ·of on Ice 
Average Maximum Minimum Observations (ft.) Comments 

4.3 6.8 1.3 9 

2.2 4~ 1 0.3 14 Gravel bar in mid-channel, thick 
ice along steep R/B 

3.3 5.0 0.4 10 Main channel, aver-age snow 
ice = 0.5' 

1.2 1.8 0.2 3 

3.~ 5.1 2.0 10 Maximum thickness ~long 
R/B 

steep 

2.4 4.2 0.3 10 Average snow ice = fJ..5' 

1.8 3 .. 9 0.2 6 

3.1 3.2 3.0 3 0.3 

23.0 Ice shelf-not ice cover 
thickness, see R&M p.reliminary 
study 

3.0 3.7 2 .• 4 7 1.0 

. " lee covet' formed th.rough this 
reach 

2.5 3.1 ?.1 13 

2.9 3.2 2.3 6 1.1 lee very soft, open water ·at:'ld 
slush along L/B· 
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TABLE 3.1 (Continued) 

Snow 
Cover 

River Ice Thickness (ft.) Number of on Ice 
Site Location Date Width Average Maximum Minimum Observations (ft.) Comments 

Sherman CSR 3"5-81 525 2.4 2.7 2.1 3 2.9 Holes drilled 1200t 0 /S from 
ct•est gage 

Curry CSR 
LRX-24 2-27-81 400 2.7 3.7 1.8 7 1.8 

Chase CSR 
LRX-9 3-5-81 460 3.7 4.4 2.5 3 2.5 

• l 
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Site Location 

Go1d Cr .. eek 

' jr 
--

. . . .. 
·.< .; .. · _-.. -. ; ' -.·.. .· -. -·_: -~.' ... -~-~- -1 ... i · . .-_-·:. ·. ·_: ._· .. ~- :· ~-

-

Date 

3-18-50 

12-28-50 

2-21-51 

4-1 .... 52 

3-18-53 

12-~19-53 

2-11~54 

3-30-54 

4-24-55 

1-5-56 

4-17-56 

3-15-61 

1-4-63 

2-20-63 

4-5-63 

12-23-63 

- - - ·-- -
TABLE 3.2 

ICE THiCKNESS 

- ~ -- -
- HISTORIC RECORD- AT GOLD CREEK AND CANTWELL 

p Snow 
Cover 

River Ice~ Thickness (ft.) Number of on Ice 
Width Average: Maximum Minimum Observations (ft.) 

210 3.9 2.1 

80 3.2 1.3 

95 4.2 2.1 

360 4.2 1.9 

332 3.9 1.1 

299 3.4 0.4* 

472 4u6 2 .. 0 

424 4.8 3.4 

360 4.3 1.6 

155 4.6 1 .. 9 

130 4. 1 1.5 

310 4.0 1.5 

3.1 2.3 

4.6 3.0 

220 5.7* 3.4 

3.4 1.5 

* Historj:cal ma:Aimum and minimum ice thicknesses 

- - - - -

Comments 

- . . . -. .. .. . -'. ~ _,.. 
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TABLE 3.2 (Continued) . 

Snow 
Cover 

River Ice Thickness (ft.) Number of on Ice 
Site Location Date Width Average .Maximum Minimum Observations (ft.) Comments -- ---

2-19-64 270 3.7 1 .. 8 

1-12-65 170 3.8 1.6 

1-19-67 130. 2.8 2.3 

4-8-67 155 3.9 2.7 

4-15-69 582 4.2 1.6 

4-1-70 290 3~8 2.5 

G 1-14-81 340 2.5 3 .. 1 2.1 13 

2-27-81 311 2.9 3.2 2.3 6 1.1 
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TABLE 3.2 (Continued) 

River width determination not explained in table or text 
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4 - CHRONOLOGY OF FREEZEUP AND BREAKUP EVENTS ON THE· 

SUSITNA RIVER 

4.1 - Freezeup 

9 

(a) Review of Historical Data 

Limited infor"mation has been found on the nature and timing 

of freezeup .processes for the Susitna River. Based on 

conversations ~vith personnel from the Alaska Railroad, over 

the past 20 years there has been no serious flooding or ice 

jamming related to i.ce cover development on the Susitna 

River. As a resuft 1 they have kept no records of first 

occurrence of fra~il ice in the river or dates for ice covet' 

formation at key locations. However, the USGS - Water 

Resources Division has provided freezeup dates for selected 

sites in the Susitna Basin based on field observations over . 
the past few years. These ara listed in Table 4.1. The 

range of dates note only the_ first occurrence of ice at gaging 

stations and may not truly reflect the ice regime within a 
particular river reach. 

TABLE 4.1 . 
OCCURRENCE OF ICE AT SELECTED 

SUSITNA RIVER SITES, 
DATES PROVIDED BY THE USGS 

Site 

Denali 
Vee Canyor) 
GoJd Creek 
Talkeetna 
Yentna Confluence 

Dates 

October 1-27 
October 22-31 
October 15-28 
October 7-23 
October 20 

Table 3.3 showing ice thickness measurements from the 
-

Susitna River at Talkeetna and Trapper Creek gives further 

definition to the timing of certain fraezup events. 

suslS/s 4-1 
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No other information pertaining directly to freezeup processes 

for the Susitna River has been found. 

(b) 1980 Freezeup 
~ 

In conjunction with ongoing river channel surveys during the 

Fan of 1980, reco-rds were kept on changes in water 

temperature for the Talkeetna and Susitna Rivers, growth of 

shore ice, occurrence of anchor ice and first appearance of 

frazil ice in the river ~elow Devil Canyon. 

On October 11, frazil ice was first observed in the Susitna 

River. By early afternoon, the leading edge of frazil ice 

reached as far as River Mile 112. Areal coverage was 5-10% 

overaH, with concentration of frazil ·flowing in the main 

channel thalweg. The small slush floes were of relatively low 

density 1 lacking any cohesive strength. 

Farther upstream, in the vicinity of Gold Creek, aret:ll 

coverage of frazil ice in the main channel was estimated to be 

40%, again with ice concentrated in the main channel thalweg. 

In this reach 1 ice accumulated into larger floes up to 5 feet 

long, which appeared to be more buoyant due to thickening of 

the sluch floes. It appeared that frazil was being g~nerated 

primarily through Devil Canyon and transported downstream 

in the main channel. 

Table 4.2 shows water temperatures measured along the 

Susitna and Talkeetna Rivers during the early stages of 

freezeup. Note, that on October 11th water .. temperatures of 

34°F were recorded in the Susitna River at Talkeetna and 

near LRX-16 (RM 112.3) where frazil was ·observed in the 

afternoon. 
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The following morning, October 12, the frazil ice front on the 

Susitna had reached Talkeetna, where water temperatures now 
measured 32° F. 

At this time, there were no signs of fraziJ or shore ice ... 
developing in the Chulitna or Talkeetna Rivers. Both 

appeared .totally ice free. 

By late afternoon on October 12th, the leading front of frazil 

ice was approximateJy 5 miles above the Kashwitna River 

confluence (approximately RM 66). Frazil ice was ffowing in 

the Yentna River, but no ice. was observed in the Desh ka 

(Kroto Creek). 

Frazil ice coverage in the main channel of the Susitna 
averaged 30% . 

the river above Talkeetna. Floes were 1n 

bag inning to accumulate at natural constrictions and in low . 
velocity areas. Shore ice was also beginning to form In the 
quiet-water areas, but there was no significant constriction cf 

the main channel due to shore .ice growth. 

The fol1owi ng day 1 October 13th 1 first frazil ice was observed 

in the Talkeetna River, but there was still no sign of frazH 

ice flowing in the Chulitna River. Ice floes 1n the Susitna 

River above the Chulitna-Susitna ·confluence were more 

concentrated, with coverage in the main channel estimated at 

80%. Size of the floes varied from 2-5 feet in diameter 

through more turbulent reaches to 50-100 feet .long in the 

constrictions below Curry and Portage Creek confluence~ 

Shore ice growth was beginning to constrict the main channel 

in !ow velocity areas and to block the entrances of some side 

channels ~hereby restricting flow. Thin ice cover had formed 

on some quiet-water sloughs and side channels. Tributaries 

upstream from the Susitna-Chulitna confluence showed no 
signs of flowing frazil ice. 
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For the rest of October, climatic conditions in the Susitna 

Valley caused daily variations in the concentration and 

£trength of ice floes in the Susitna River. Shore· ice growth 

continued to restrict flow in the tnain channel and block the 

entrance and exit to many side channels,. These side 
'\"!! 

channels were also beginning to form an ice cover. 

On October 31st, anchor ice was first observed in the river 

near Sherman. The ice accumuJated in masses 3-4 inches 

thick over 50% of the cobble bed in the near-shore area. 

Anchor ice was s~iH present in water depths of 4 feet up to 

30 feet from shore in the main channel. On contact, the ice 

masses broke into small platy pieces, very unlike the frazil 
11discoids 11 found flowing at or near the surface. It should 

also be noted here that during a check of water temperatures 

near shore, the velocity along the bottom w~s zero o~ very 

close to zero, but 6 inches off the bed water velocity picked 

up noticeably~ The water temperatures near shore in 2 feet 

of water were uniform throughout at., 32eF. Ice on the river 
<;) 

bed may have been initiated by ice ffoes scraping over tha 

bed leaving fraziJ particles adhering to the. cobbles or 
turbulance put frazil particules into suspension allowing them 

to contact the supercooled cobbles. 

At the same time anchor ice was observed in the· river 

between Talkeetna· and Portage Creek,· ice bridges were 

observed through Devil Canyon and upstream tc:> Devil Creek. 

Plates 5-7 show the locations for these ice bridges as of 

October 31 - November 1st. 

By mid-November, anchor ice could be clearly seen along the 

·length· of the river from Talkeetna to Portage Creek. In the 

main channel., ice appeared to be concentrated in the deeper · 

parts of the channel, but shallow, high velocity areas also 
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had anchor ice formed over 50-70% of the bed. Spring-fed 

side channels showed no signs of anchor ice formation. 

The ice bridges between )evil Canyon and Devil Creek were 

still in place and several new bridges had formed near . 
.... 

Tsusena and Watana Creeks. The most significant new bridge 

developed just above Watana Creek confluence.. The ice cover 

formation progressed approximately 6 miles upstream by 

November 13th. FrazH was accumulating at the upstream edge 

of the ice cover, not being carried under the ice. 

Therefore, the Froude number at the upstream edge was 

assumed to be less than 0. 08. 

No ice bridges existed below Portage Creek by mid-November 

but through constricted reaches slush floes were compressed 

and completely covered the river surface. Apparent lack of 

cohesion in the ice prevented formation of ice bridges. The 

most noticeable channel constrictions occurred· just upstream 

of Curry between cross-sections 24 & 25, at cross-section 29l 

at the bedrock outcrop below cross-section 31, just upstream 

of Sherman and at the rock point near LRX -43. 

On November 11th, at the channel constriction below the Gold 

Creek bridge (near LRX-43), frazil ice was observed being 

carried underneath the shore ice and reappearing down

stream. Moving ice ·floes covered approximately 6<'% of the 

open channel upstream of the bridge, with average thickness 

of 0.5 foot, Under these conditions the Froude number was 

assumed to be greater than 0.12. 

Plates · 1-4 give more description of river ice conditions fo~ 

the river between Talkeetna and Portage Creek during 

October and the first part of November. Air temperature and 
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precipitation data corresponding- to this time period -3re in
cluded in Appendices A & B. 

During reconnaissance of the river downstream from Talkeetna 

on November 13th, periodic bridging and open water were 
'\' 

observed. This discontinuous ice cover development was most 

obvious in the more braided reaches, such as through the 

Delta Islands. At single channel reaches in the lower river 

frazH slush accumulated to 100% coverage 1 but the slush 

blanket did not consolidate and for·m ice bridges.. Most of the 

tributaries be tow Talkeetna had formed ice covers near the 

confluence by mid-November. 

The next detailed reconnaissance of ice conditions on the 

Susitna River was -car~--ied out on November 29th. Plates 8-14 

document observations made as the ice cover formation pro'"" 

gressed upstream from November 29th through December. 

In the lower• river, the leading edge of the ice cover was 

observed approximately 8.4 miles below the Parks High\vay 

Bridge at river mile 75.5. Upstream from the bridge to 

Talkeetna, flow was confined to a the main channel which 

meandered between the east and west sides of the floodplain .. 

Other channels were either ice covered or dry. 

At Talkeetna an ice bridge was observed across the main 

channeJ (see Plate 8) on November 29. No c;igns of staging 

were evident ups·tream of the ice bridge b~~cause the far west 

channel provided flow and frazil ice relief. 

FraziJ ice coverage in the Talkeetna River was 40-50%, with 

mcst flow through the north channel. There was no sign of 

an ice cover forming in the. Chulitna River- near Talkeetna, 

with approximately 40% frazil ice coverage.. The Susitna River 
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at the confluence with the Chulitna showed 80-90% coverage of 

frazil slush ice, but the channel was still open. 

On December 1, an ice bridge was observed across the 

Susitna River at the Susitna-Chulitna confluence, but the 

Chulitna River was still open. Evidence of a rise in water 

{evel of 3 to 4 feet occu\ .... red between November 29 and the 

morning of December 1 upstream of the ice bridge .. 

On December 3, ground and aerial inspection suggested that 

the following process occurred at the confluence. The ice 

cover progressed upstream Jn the main channel to where the 

Chulitna and Susitna waters meet. For the ice cover to enter 

the Susitna, thickening of the blanket raised the water leveJ 

until hydraulics allowed upstream progression. After the 

cover stabilized in the Susitna, some unknown mechanism 

failed the cover leaving a relatively neat straight line where 

· the Chulitna . and Susitna waters meet, and the Chulitna 

carried the ice downstream. Following the failure, a drop in 

water level deposited ice floes on gravel bars and banks 

downstream from the confluence and the western channel 

remained open. At LRX -3, a 3-foot drop in water level was 

field measured, with a maximum freeze up water elevation of 

345.4 feet. Considerable frazil pancake ice and shore ice 

were pushed up and deposited on the bank. Upstream fr"om 

this point, the ice cover progressed by .a process of 

juxtaposition. 

On December 1st, no other ice bridges closed the channel 

between the leading edge of the ice cover at river mile 104.3 

and Portage Creek. At several channel constrictions, the 

frazil blanket covered 100% of the river, but fices were not 

stationary. 
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Over the next two weeks the progression of the ice cover 

between the confluences and Gold Creek was monitored to 

determine the rate of ice cover growth upstream. Figure 4.1 

gives a graphical picture of ice cover advance during early 

December. Table 4.3 lists dates, times and observed 
,• 

loc~tions of the leading edge of the ice cover· used to create 

Figure 4.1. The average rate of ice cover growth was 2. 7 

miles per day. Overall, there was little observed variation 

from this rate. It is important to note here that during ice 

cover formation climate data from Talkeetna showed air 

temperatures to be far below normal which would tend to 

accelerate the rate of ice cover growth. Streamflow records 

from Gold Creek are not available for this same time frame. 

However, average monthly flow for November and January 

listed in Appendix 8, were above normal. 

December 2, 1981. - On December 2 and 3, field observations 

and measurements were made at the ice cover leading edge 

near Chase. Figure 4. 2 is a plot of .~water surface profiles at 

Chase during ice cover formation and Table 4. 4 tabulates the 
field measurements. 

On December 2nd, the leading edge of the ice cover was 

below LRX-12. Downstream from the leading edge there were 

a few open leads where water was flowing over ice frozen fast 

to the bed. It appeared tttat the shore ice had been lifted 

up as t.he water level rose dur~,ng ice cover formation and was 

repositioned and deposited as the water level decreased. 

Average ice thickness in the center of the channel was 

estimated to be 2 or 3 feet consisting of a slush blanket 

matrix filled with water .and solid ice. 
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Upstream from the leading edge, the water level was 

obviously rising and velocity of the oncoming frazil ice floes 

slowed to zero as new ice was added to the leading edge near 
LRX-12. 

At LRX-13, width of open water was 100 to 125 feet and the 

edge of shore ice was approximately 80 feet from the toe of 

the right bank. The shore ice was heavily buttered in this 

constricted reach. Elevation_ difference from the top of 

buttered ice to the water surface was up to 1.5 feet~ Depth 

of water at the edge of shore ice was 5. 4 feet. The open 

water channel was. filled with nearly 100% coverage of frazil 

ice moving at a velocity of approximately 2 feet per second. 

The thickness of the frazil ice blanket varied, but was ap

proximately one foot thick near the shore where it was being 

compressed and thickened. Observing open voids away from 

the edge, the frazil blartket appeareq to have an average 

thickness of 6 inches. 

December 3, 1981 - The following day water surface elevations 

were again taken at LRX-12 and 13 after the lee cover had 

solidified through this reach. Table 4. 4 shows that the water 

leveJ r·ose 3 .. 3 feet in approximately 24 hours at LRX-13 as 

the ice cover formed, with no signs of dramatic staging or 

disruption of shore ice . 

The new leading edge at 10:30 a.m. on December 3rd was at 

LRX-17, the upstream tip of the island at approximately river 

mile 112.7 4 Upstream 1 ice movement was only \ to ~foot per 

second. As ice floes were being added to the leading edge, 

they exerted sufficient force ·on the sluF.h blanket to form 

pressure ridges which thickened the blanket. Though 

variable, an average . o·f 4 to 6 inches of slush ice showed 

above the water surface. 
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Downstream. 100 feet from the LRX-17 there wa~ no movement 

in the frazil slush blanket. A little further downstream, in 

the area of LRX-16., the ice was also stationary.. Here the 

slush blanket was buoyed up so that 4 to 6 inches of ice 

showed above the water surface. Along shore, ice hc1d been 

lifted up and pushed down the shoreline, forming pl"essure 
ridges. 

By 11:00 am, the leading edge had advanced to river 

mile 112.9 just below LRX-18. At this cross section.~ ice was 

moving at less than % foot per second, wedging itself into the 

channel, compressing and thickening the sfush blanket. The 

water level. was rising noticeably at this time. . As staging 

occurred, water began spilling into the right (west) channel 

downstream at the island, which had previously been dry. 

Frazil ice being carried under the ice cover also began 

flowing into the right channel as the water ievel in this 

channel rose. Floes accumulated downstream where the split 

channels rejoined. Ice cover at the downstream end of the 

island in the main channel nad thickened so that new ice floes 

were not carried underneath the existing ice cover. Instead! 

an ice cover in the right channei gradually thickened and 

extended upstream around the island until it formed a con

tinuous ice cover through the reach of divided flow below 

Cross-section 18. This seemed to be the normal process for 

ice cover for·mation through dlvided flow re::ii:hes. The lee 

cover formed in the main channel blocking the entrance and 

exit to side channels. As the water level rose . during .ice 

cover devlopment, water and frazil ice began flowing into the 

previously dry side channels. Upstream growth of the ice 

cover in the main channel was slowed until fraziJ Ice floes 

accumulated and thickened into an ice cover through the side 

channel~ .. ·Once an ice cover nat'L . .formed and thickened in aU 
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the major channels, frazil ice floes began accumulating at the 

leading edge of the ice cover instead of being . carried 

underneath and the ice cover growth began again upstream 
through the main channel. 

Continuing upstream from the leading edge of the ice cover 

there appeared to be little change in the ice conditions along 

the river thr·ough Devil Canyon. However, from Tsusena 

Creek upstream, the channel was severely constricted by 

shore and anchor ice growth. At Watana Creek, an ice cover 

had formed which extended upstream to approximately 3 mHes 

above the Kosina Creek confluence by the afternoon of 

December 3rd. At a few sites there was water spilling into 

side channels, indicating a rise in· water level.. However, the 

exact change in water level during ice cover foi,.mation 
through this reach was unknown~ 

On the morning of December 3rd, a continuous lee cover had 

advanced in the lower river as far as river mile 86, just 

above the Parks Highway Bridge. There was no evidence of 

unusuai staging as the ice cover advanced through this 

reach Q However, the water Jevel had risen enough. to flood 

some of the shallow gravel bars, especially ~n the north side 

of the bridge. In open leads downstream of the leading edge 

no frazH was emerging. Upstream of the leading edge, ·an ice 

bt'idge was forming through a reach sev~~rely constricted by 

shore ice. Plate 8 shows the location of the leading edge of 

the ice cover and the position of the new ice bridge up

stream. 

From the ice bridge upstream to Talkeetna, a s.ingh: open 

channel meandered between the east and west sides of the 

floodplain. This reach of the river remained relatively un

changed over the next few days. Shallow, high-velocity 

areas caused larger floes to be broken up and hindered 

formation of an ice cover on the river. 
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December 4 & 5, 1981 - In the river above the Chulitna

Susitna .confluence, the ice cover continued to grow upstream 

at a rate of approximately 2. 7 miles per day. The leading 

edge of ice was observed at river mile 115~9 on the·'morning 

. of December 4th and at river. mile 118.8 the foH~wing day. 

No ~water surface measurements were taken, but it appeared 

the water level had risen' during ice cover formation. Pooled 

water was observed on top of the ice below the leading edge .. 

At several sites upstream.~ frazil slush floes covered ·tOO% of 

the open channel. These sites were generally locations where 
• 

natural constrictions such as bedrock outcrops or extensive 

shore ice hindered flow and caused ice floes to accumulate. 

Plate 10 · shows locations of potential ice bridges due to 

channel constriction and frazil ice accumulation 1 as observed 

on December 4th and 5th. All of these places had the 

potential to bridge over under proper conditions, but no 

bridges formed as the ice cover progressed · upstream from 
Talkeetna to Portage Creek. 

Upstream of Portage Creek, two small ice bridges had formed 

between the upstream edge of an older 1 larger ice bridge and 

Devil Cre.ek. Other than these new bridges, there appeared, 

to be little change in ice conditions for the upper river. 

December 8, 1981 The next reconnaissartce trip for ice 

observations was carried out on December 8th. By this time, . 

the ice cover in the river below Talkeetna had progressed as 

far as river mile 93.5.. Above this, there was still a single 

open channel flowing to the Chulitna River. 

In the middle r·iver 1 above the Susitna-ChuJitna confluence, 

the leading edge of the ice cover was observed at river 

mile 126.35. Downstream of the leading edge, at LRX-29 
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where the channel was constricted, frazil slush filled the 

channeL Shear Jines or buttering were strongly developed 

along the left bank at the contact between shore ice .and 

frazil slush. At the time of the survey, the water level was 

obviously rising through the reach. Water was beginning to 
"' 

spill into side channels farther downstream. Also, after the 

initial water. surface measurement was taken at LRX-29, ice 
along shore began shifting, being buoyed up by the risi.ng 

water level. The drag force from flowing water and ice 

pressure. Initiated movement of ice floes in the channel. 

Movement continued for ten minutes, with ice floe velocities of 

approximately 2 feet per second. After movement stopped, 

the water level was slightly lower than it had been prior to 

movement at the cross section. However, the side channels 

farther downstream appeared to be flowing more strongly than 

prior to ice movement. Also, at LRX-28, water wa? flowing 

over 20-30% of the ice surface in the channel. 

When a final check at 12:45 pm was made of the water 

surface elevation at LRX-29, the water level had risen 

eight-tenths of a foot from the initial reading at 10:00 am and 

appeared to still be rising. 
0 

Field measurements of water surface elevations made= on 

December 8th upstream and downstream of the leading edge 

were plotted with the water surface profile measured in early 

November to show the effects of ice cover formation on water 

lev-els through that reach. Figure 4. 3 and Table 4-.5 

summarize the measurements which were made. 

.December 12,. 1981 The final reconnaissance trip for 

freezeup observations was conducted on December 12th.. The 

ice cover extended as far upstream as Gold· Creek. Within 

three hours 1 from 11:00 a.m. ta. 2":00 p.m., the ice ·cover 
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advanced from river mile 136.4 to 136.9, with no sign of 

dramatic change in water level upstream or downstream of the 
bridge. 

As ice flees neared. the leading edge of the ice cover their 

velocity visibly decreased. At 11:45 a.m., the surface 

velocity of the frazil slush in the channel at the bridge 

appeared to be zero. Water levels were slowJy rising at this 

site. Farther upstrea':Jl, at cross-section 47 r velocity .of ice 

floes were measured at 2. 8 feet per second. Velocit3es at 

LRX-48 were 4.3 feet per second. 

Over a two-hour. period 1 the water level at cross-section 45 

rose 0.8 foot. However, ice along shore was broken and 

tilted at sharp angles, indicating a greater rise in water level 

sometime prior to ice cover advance through this reach. 

Estimated maximum water surface elevations associated with 

the breakup of shore ice at LRX-45 and LRX-44 were 687.01 

and 684.20 feet (MSL) respective1y, These can be compared 

with water surface profiles shown · in Figure 4,.4 to give 

maximum apparent change in water levels in the vicinity of 

GoJd Creek duri.ng ice cover formation. 

Upstream of Gold Creek, there were no ice bridges in the 

channel until just below Portage Creek where a small bridge 

had formed on ·the upstream side of a constricted bend in the 

channel. 

On December 15th, the ice cover extended upstream past 

Portage Creek and into Devil Canyon. On December 30th 1 

the ice cover extended ifltermittantly through Devil Canyon 

upstream to 4 miles above Devil Creek. Open water persisted 

in several turbulent flow reaches. Further upstream there 

was a continuous ice cover with several open leads. Plate 12 
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shows the approximate extent of ice bridges and open water 

leads through this reach. Plates 15-18 'show th~ location of 

open leads that persisted through the winter after formation 

of the ice cover. Most of these are velocity leads in the main · 
channel thalweg. 

4.2 - Breakup 

(a) Review of Available Historical Records 

Year 

1975 

1976 

The best information .on the nature and timing of breakup of 

the ice cover on the. Susitna River was obtained through the 

National Weather Service River Forecast Center and the 
Alaska Railroad. 

Data from the Alaska Railroad 

The table below lists breakup dates on the Susitna. River from 

1975 to 1980 based on observations by personnel from the 

Alaska Railroad. It also describes the nature of breakup and 

identifies specific problem sites. 

Dates 

May 12-15 

May 5··17 

'Descrjption 

Ice out by the 15th.. Some minor flooding 1 
no damage to track. 

Washouts on the 5th on tracks in the 
vicinity of Curry from river mUes 119.8 to 
122. Washouts related to large jam extend
ing from river mile 118.4 to 123 during the 
same time. Short stretch of track also lost 
downstream of LRX-30 at river miles 127 .. 0 
to 127 .2. Heavy flooding of track.s in 
vicinity of LRX ... 18 and just ·upstream. 
Significant bank scouring and Ice pushed 
up on tracks from LRX-13 (R.M. 110.4) to 
LRX-18 (R.M. 113.0). Ice out on the 17th .. 
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Year Dates 

1977 May 16th 

1978 May 8-9 

1979 .May 8 

---.......... -

Description 

lee out, some bank scouring, but no 
significant damage. 

Some j.:·Jms and flooding, minor damage. Ice 
on tracks at curve approximately river mile 
109 .. 6, below LRX-13. 

Gentle breakup 1 no flooding or damage to 
tracks. 

1980 May 12-13 No flooding, ice and rocks pushed up on 
tracks at a few spots, no serious damage. 

'ti 
Overall, the Railroad has nevet" had ice problems with the 

track from Sherman upstream to Go!d Creek. The track is 

farther from the main channel of the Susitna and is higher 

above the· river through that reach. However, flooding and· 

damage to the tracks occur consistently in som'? reaches below 

Sher·man. The track in the vicinity of LRX-30, where the 

ri'\/er channel bends to the west, has been damac,ed often .. 

Rock rip-rap has·· been dumped to retard active bank erosion 

during breakup aJong the far left bank. 

Another section that appears vulnerable during breakup is 

that area below Curry from LRX-23 to below LRX-21. Ice . 
jams of varying magnitude form through this . reach nearly 

every year, causing flooding of the tracks or other damage. 

Farther downstream, active bank erosion is threatening: the 

tracks in the vicinity of LRX -20. Rip-rap has been dumped 

to prevent further erosion. 

Rip-rap ha.s also been dumped through the entire reach from 

LRX-18 to below LRX-13 along the left bank. Thls reach 

suffers nearly ev~ry year from flooding, ice on the tracks 
and scouring of the banks. 
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The sharp bend in the river channel between LRX 9 and 10 has 

also been the site of ice jams several times in the past. Wat~r 

flooded the tracks and ice was pushed up on top of the banks
1 • 

with some scouring occurring. 

Data from National Weather Services (NWS) Records 

Records from NWS observers are included in the following pages, 

showing breakup dates for the Susitna River at Talkeetna and 

Curryr and the Talkeetna River at Talkeetna. The records are 

not continuous 1 but help document the. pattern of ice cover decay 

and breakup over the past twenty years. 

The average dates listed on the Tab I.e 4. 6 are based on an 

assumed key date of February 28. This date is used as a zero 

point. For each category on the table the difference in days 

between the key date and the observed date is added to the 

r·ecord total -and divided by the number of years of record to 

fi'gure the av~rage date. For example, on Table 4.6, the date of 

last ice on the Susitna River at Talkeetna in 1971-72 was observed 

to be May 27th. This means last ice was observed 88 days past 

the key date of February 28th. To figure the average date, 

88 days must be added to the running total which was 1,427 days 

in 1970-71. This gives a new total of 1,515 days up to and 

including '1971-72 which can be divided by the period of record 

(22 years) giving an average date 69 days past the key date of ,. 
February 28, or an average date for last ice of May 8. 

Based on these National Weather Service records, last ice in the 

Susitna River at Talkeetna for 1980/1981 matched the average date 
of May 8th. 
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(b) 1981 Breakue 

.• 

The breakup process on any river begins in the spring as 

solar radiation and increasing air temperatures beg~n to melt 

the snowpack and cause river discharge to increase. 

The rising water level puts pressure on the ice, causing 

fractures to develop in the ice cover. In addition, the solar 

radiation reduces the insulating snow cover on the ice and 

thermally degrades crystal bonds in the ice sheet (candling). 

Gradual reduction of the low elevation snowpack in the 

Susitna Basin began earHer than usual in the spring of 1981 

due to warmer than normal early spring air temperatures and 

cloud free davs . .. 

Breakup on the Susitna was predicted by the NWS to be one 

to two weeks early, based on these early climatic conditions. 

There was no significant precipitation during early spring to 

increase runoff in the watershed.. Therefore, river discharge 

did not increase sufficiently to create strong forces on the ice 

cover and initiate break.up. Instead, the ice began to slowly 

disintegrate in place with long open leads developl~g through 

the length of the river. 

A return to normal temperatures by April slowed the breakup 

processes occurring in the Susitna Basin, and 19 predictions of 

timing for breakup returned to near normal. Also, breakup 

was expected to be very mild due to the minimal to non· 

existent snowpack left in the basin by the end of Aprft and 

the deter.iorating condition of t~ae river ice .. 
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Pre~breakup conditions observed during a reconnaissance trip 

on April 23-rd are referenced on Plates 15 through 22. At 

that time, open leads were growing by ice calving off the fead 

perimeter. Ice floes would accumulate at the downstream end. 

No floes wer·e observed being carried underneath the ice 
-., 

cover. There was 'also little evidence of rising water level 

increasing _pressure on the ice cover. 

By May 1st there were clear signs that the ice cover had 

undergone first movement. Ice accumulations were developing 

in several locations. 

For the next few days changes in the character of ice accu

mulations and water levels along the river were monitored, 

especially at Gold Creek. Increased overflow on top of the 

ice and fracturing of the ice cover indicated that the water 

level was steadily rising during the first week of May. Open 
leads continued to grow and connect. 

By May 3, the rise in water level and ice movemen·t created 

ice jams upstream of the Parks Highway Bridge, above Curry 

where. the channel bends sharply and begins to constrict, at 

LRX-29, above Sherman, downstream from the Gold Creek 

bridge near LRX -43, above the Indian River in the vicinity of 

LRX-51 and LRX-52, and upstream at a constrict~on in the 

channel through LRX-56 and LRX-57. 

Plates 15 through 22 show the locations of these ice jams and 

trace their development during early May. Table 4. 7 shows 

water surface elevations in the vicinity of these jams during 

the same period of time. 

On the morning of May 4th, it was observed that most of the 

previous days ice jams had released and new jams reformed at 

several different sites .. 
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The· jam through the reach at LRX-56 and LRX-57 released 

sometime overnight, adding more ice and increasing pressure 

on the ice jam upstream from the Indian River.. A sharp 

bedrock outcrop along the left valley wall at LRX-51 appeared 

to be. the principal factor holding the lee. The far~ right 
"" channel was acting as an overflow channel, conveying flow 

around the ice and relieving pressure on the jam. Flow in 

this channel increased noticeably with the addition of ice from 

~ upstream. It also appeared that the center of the ice jam had 

sagged due to a change in water level~ Parallel shear lines 

could be traced through the ice jam along the boundaries of 

the main chann«al on May 4th. This apparent drop in water 

level may have been related to increased flow spilling into the 

far right channel or the release of the ice jam below Gold 

Creek. 

Append~x 8 shows the USGS streamflow . chart from Gold 

Creek during early May. Timing and maximum water surface 

elevations resulting from the jam which keyed ·at the rock 

point near LRX -43 can be easily read from the chartc On the 

morning of May 4th remnant ice W.::Js stacked up to 6 feet high 

along both shores upstream and downstream of the bridge. 

Average thickness of the ice chunks was three feet1 but much 

of it was candled and easily broken apart. 

From Gold Creek downstream, the main channel was free of 

ice accumulations until just below Sherman. Sometime during 

the night of May 3, the ice jam above Sherman released .. Ice 

from that jam combined with upstream ice packed into the 

main channel through the reach just below Sherman. The ice 

jam key was located above a reach of shallow, turbulent flow 

near. LRX-32, where the channel bed was extrem~ly irregular. 

These features apparently instigated jamming. In this reach 

of divided flow, the left channel provided overflow relief, 
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carrying flow around the ice so there was JittJe effect on 

water levels upstream. This jam held in place until sometime 

during the night of May 7th, as the channel was clear of ice 

on the morning of May 8th. 

""' The ice jam downstream of Curry released during the early 

morning hours of May 4th. The ice· sheet that previously 

existed at Curry broke up and accumulated in the reach at 

LRX-21 and LRX-22. 

Over the next few days water t~vels through_ the jam were 

measured along with water velocities and are shown on 

Table 4. 7. Figure 4.5 graphically shows the water surface 

profiles based on field measJ.Jrements. Water levels above the 

key of the jam dropped approximately 7 fee~ after the ice jam 

released. Prior to release of the jam, ice floes were forced 

up along the left bank during jam consolidation. ~res sure . 
ridges also developed as the floes continued to be 

compressed. Strong streamflow through and around the jam 

in side channels persisted throughout the period the jam was 

in place.. Approaching water velocities did not appear to 

decrease. 

Another ice jam keyed near LRX -17 and extended upstream to 

the confluence with Lane Creek. On May 4th, there ·was a 

noticeable incr~ease in overflow on the upstream ice indicating 

a rise in water levef. t=low had also spilled into the right 

channel below LRX.,.17. The ;ce jam held until the early 

morning of May 6th, wh~n the jam released. Ice floes packed 

Into the channel extending from approximately LRX-3 up to 

river MHe 101.81 above LRX~7. On the morning of May 8th 

the jam Wc~s still in place. Examination of streamgaging 

chal"ts from Sunshi~~ indicate the jam released sometime later 

on the 8th or early· on the 9th causing the peak recorded on 

the Sunshine gage chart. ... 
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The similarities of the peaks from the two charts at Gold 

Creek and Sunshine on May 8th and 9th suggest that the last 

of the ice jams released sometime during this two day period. 

The large lee jam above the indian River appears to have 

released , late on May 8th., It is possible that the ice floes 
"' were again stopped in the viCinity .of the bridge causing the 

peak on the Gold Creek chart. During the night, water 

levels dropped :--s the ice compressed through that reach 

and/or water began spilling into the overbank area and 

flowing around the jam. Water levels rose again and 

sufficient forces built up to initiate movement of the jam. 

New ice floes adding to the upstream edge of the jam at the 

confluence and the flood wave associated with release of the 

jam at Gold Creek aggravated conditions at the confluence. 

Water levels were already high through this reach 1 with water 
and ice well up into the vegetation on both sides of thr~ 

floodplain. The accumulating ice floes and rising water level 
---

created on unstable situation and the jam released on the 

morning of May 9th. 

From the USGS streamflow chart it appears that the same 

process occurred. at the Parks Highway Bridg~; that was 

hypothesized for Gold Creek. Ice jammed through that reach 

raisir:tg the water level at the gage. Compression .of ice floes 

or increased flow in the overbank temporarily reduced water 

levelsr but late on May 9th water levels had built to a point 

where the jam became unstable and released. 

Review of Appendix C, a summary of breakup observatiqns on 

the Lower Susitna River, shows that water levels peaked in 

the early morning hours of May 10th, presumably associated 

with rel~ase of the ice jam upstream at the bridge .• 

susiS/s 

.. 



I 
I 
I 
•• 
I 

") 

I 
I 
I 
I 
I 
I' 
'I . . 

I 
I 
I 
I 
1: 
I 
I 

Ice cov,::r in the lower river had broken up and been washed 

out several- days before the ice moved do~wn from above 

Talkeetna. First movement of the ice cover· ~n the Deshka 

River and the lower Susitna River at thf~ confluence was 

reported on the morning of May 2nd .. 
"' continued throughout the day in this area. 

Sporadic movement 

By early evening 
ice movement was also ·reported downstream at Susitna 
Station. 

For the next few days observers re:ported continued ice 

movement in the Susitna, rising water levels and breakup of 

the ice cover. On May 3rd, the Deshka was 95% ice-free, but 

a jam had developed at the confluence with the Susitna. The 

Yentna River was al~o ice-free except for a jam at the con

fluence with the Susitna River. 

By mid-day on May 5th 1 the r·iver at Susitna Station was 
. 

reported free of ice and the jams at the Deshka-Susitna and 

Yentna-Susitna confluences had released .. 

Through the · length of the river channel, remnant ice was 

stranded on shore or packed into side channels with little or 

no flow. Over the following weeks rising water levels flushed 

out the rest of the ice or it melted in pJace. 

Overall, breakup during 1981. on the Susitna River was mild .. 

Ice scarring of trees from the release of ice jams was noticed 

in a few iocations 1 most dramatically in the vicinity of LRX-7 :t 

on the vegetated islands in the channel. However, no major 

changes in channel configurat1on or significant scouring of 

river ban'ks due to ice were observed during- the breakup 

process. 
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WATER TEMPERATURES DURING. FREl!ZE-UP ( 1980 ) 

BeLOW 
1.SUSITNA 

CHULITNA ABOV£ TLK. 
DATE' :::.·coNi:.··.~ .• CONF. R/VE.R TIME 

a .. a s3· .... 
A . . 

8-19 SO a .. 
c. -

~-Z7 -4-:30 'I;< 7iqt:!AM 
9-28 42" 2--30PI-.1 

9·29 400 ~:oo~tM 
. 

9-2~ 42° J:3SP.14 
. 

9-30 4-:30 7--:30AM. 

9-30 43° IZ:45PM 

I0-1 43° 1:30PM 

/0-8 aa·o JJ:BOAM 

/0-..3 3~" II·-.30Al¥1 

10-4 42D 

/0-7 39° 2:ooPM 

10-SI 39° lfo:stJAM 

10-9 .SSe 4-'00PM -
10": II 34'0 ·/1:3oAM 

10-1/ ...3/D 2:15PM 

/0-/1 34"' 2·:30,~M 
~~· 

' 
10-11 84" 6·'00PM 

'-''1/·~ ·--
"' 10-/Z .32 .. 7:00AM 

10-/2 31~ Z:IG" ~.;1 

/0-13 32D 7·'00Aiv1 

10-13 32g 7-·30AM 

10-}4 .:52. 2:..!30 PM 

·-!-'-·--·· 

* FIRST FRAZIL IC~ !AI SUSt/11/,.,q 
ABOVE CHUL. CONFL.USNC!ii' 

OWN. .P.A. 
......__ ..... ,,_. ------

CKO. L .. G. R&M CONSULTANTS .. INC. 
DATE. 7·115-81 ENGINEER& OSO&.OGI&T.S nLANNCIIIS iiiUIIIVCVORC 

·. fl/0 

&>ESCRIPT!ON 
-

L.RX ··4-5 GOI..O CR. - R; M W.G- TICIP 

LRX-4S GOLO l:J?.-·osas W.Q;. TICIP . 
LRX-1-L/B OF EAS7' CH ~ TLK.MtJTE:L 

1-RX-4 ALONG L/B oF It/lAIN CIIAN. 
If.> TLI<. St::J'C.TI.ANDING, li/.S OF' liif'..R~ S~IDG 

@ TLK. BOAT LANOING'J l.I/S OF R..R~ SRIL:>G 

L,RX-1 ALON8 L/B • MOTEL-

LRX-/3 ALONG o/B 

i.R;<-4,4 ALO}./G L/B 

IN SI-IERMAN CREEK 

Ll<X-35 ALONtS L/B 

L.RX-4 ALONG FAR L£FT BANK -
LRX-46 GOLD CR. -l.JSGS t-1/.Q. TRIP 

L.RX-13ALONB ~/B 

1-RX-1 ALONG L/B - -
P/.!5 OF l .. RX-16 AT TIP o;:::- I.SL..;tl/v'&> 
Al..t::JNG L/B ol=" RT. C!H..tfN,VGL, 

'rAK~IV / 11.3£1-0U/.Sl/RFACE 1/VMAIN C# . 
OF" ~5VStrNA viJSTABOVE" Tl:..":K CoN;::: 

-~~ ~~""'-

t.IUSI .0/S oF Tt..K. R-fi>. SRI~E 
'""" 

t..RX-1 AL.OfJG L/B 
__ ....... if?'_ 

L~-1 ~ON(; L./S 

LRX-3 - TAKEN I' BELCJW.SlJRN4CE IN 
MAlA! CHAN/VEL <::JUST ABOVE CONJ:"'• 

LRX-1 ALONG L./B 

TLK. BOAT LANDIN(;. (1=1/?ST F.I('AZIL ) 

LRX-4S GOLP CR. -AVERA6EAc. 
CH41VNEL DVR//VG W.Q.SAMP.L./NG 

~B. -
GRtO. 

PRO-J.NO. OSZ306 

SCALE. .ScALE: DWG.NQ 
'. ~======================~ --~--------------------· 
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Date 

Dec~ 1 

Dec. 2 

Dec. 3 

Dec. 4 

Dec. 5 

Dec. 8 

Dec. 12 

TABLE 4.3 

ICE COVER PROGRESSION ON 

THE SUSITNA RIVER ABOVE TALKEETNA 

FIELD OBSERVATIONS 

Time Location of Leading Edge 

2:30 pm RM 104.3 below LRX-10 

12:30 pm 107~8 below LRX-12 
1:40 pm 108.15 II n n 

11:00 am 112 .. 9 below LRX-18 

10:00 am 115.9 below LRX-19 

10:00 am 118.8 below LRX-21 

10:00 am 126.35 above L RX -29 
1:00 pm 126.5 u Jl II 

11:00 am 136.4 below LRX -45 
1 ;00 pm 136.8 above LRX-45 
2:00 pm 136.9 n n u 

Average Rate of Jce Cover Formation = 2. 7 Miles/Day 
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Cross 
Section 

LRX-9 

10 

11 

12 

13 

16 

17 

18 

TABLE 4.4 
FIELD MEASUREMENTS OF THE WATER 
SURFACE PROFILES ON THE SUSITNA 

RIVER IN THE VICINITY OF CHASE 

Water Surface Elevations 
River October 7 

Mile Survey Dec. 2 (Time) 

103.32 378.01 381.50 (2:05 pm) 

104.75 391.88 

106.68 407.66 409.37 (1 :35 pm) 

108 .. 41 421.73 421,.47 (1 :10 pm) 

110". 36 436.41 434.23 (12: 45 pm) 
(10/9) 

112.34 455.13 
(10/10) 

. 112.69 458.41 
(10/10) 

113.02 460.67 
(10/10) 

Oec. 3 (Time) -

423.14 (12:30 pm) 

437.58 (11 :55 am) 

457 .. 84 (10:50 am) 

460.88 (10:30 am) 

450.80 (10:15 am) 
462.05 (11 :15 am) 

0 Leading edge on Dec. 2 at RM 107.8 at 12:30 pm and at RM 108.15 
at 1:40 pm · 

0 Leading edge on Dec 3 at RM 112.9 at 11:00 am just D/S from LRX-18 
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Cross 
Section 

LRX-27 

28 

29 

30 

31 

TABLE 4'"5 
FIELD MEASUREMENT OF WATER SURFACE PROFILES 

ON THE SUSITNA RIVER 
NEAR LRX~29 

Water Surface E!evatlons 

River Nov. 6 & 7 
Mile S;Ji''Vey Dec. 8 (Time) -· 

123.3 542.89 546 .. 80 (11 ;00 am) 

124.4 553.86 556.99 (10:45 "'am) 

126.1 568.37 572.74 (10:00 am)* 

127.5 578 .. 18 581 .. 97 (11 :50 am) 

128.7 594a06 594 .. 13 (1?~ 15 pm) 

* By 12:45 pm water level had risen to 573.56 

Leading edge of the ice cover was at river mile 126 .. 5 by 1 pm .. 
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Prior to 1949, data in unsafe for man 
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Prior t_o 1949, data in unsafe for man 
column was considered as break-:up and 
opening n~vigation date. 
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Prior to 1949, ·data in unsafe for man 
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APPENDIX A 

CLIMATOLOGICAL DATA FOR TALKEETNA~ ·ALASKA 

PJ;lOVIDED BY THE NATIONAL WEATHER SEHVICE
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OCTOBER '1f~80 - MAY 1981~WITH ANNUAL SUMMAF4Y 
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OC TDBEEl r '190 

TAlKEETNA, AlASKA Local. Clim<ttological Data 
NATIONAL ~£ATHER SERVl~E OFC 
TALK~ETNA AIRPORT 

L~tiTUOe b2 '18 'N LONG ITUO£ 150 ~ l:l6 1 It 

.... .... 
c 
Q 

TEHPERATURE 'F 
iltGRE:E .!JMS 

VASE t;~ 

MONTHLY SUMt1ARY 

EttYUlCII IGROUIIOI 

11£ATHC:Il lYP.ES 
011 OAT£$ 01' 
OCCI!llR~E 

I 1'011 
2 Jl£4n roc 
l tlii/!IC£~STORII 
f ICE PELLETS 
s; 11~11. 
$ CUlE 
7 OllSTSTO~ft 
I SliOK£, ~lE 
9 8LlllU IIC SliOII 

SIIOW, 
ICi 

'll.\tlt 
4~ 

ICE Gil 
tllO!illo 

At 
O$AI1 

34$ rr. StAifDAI!O fl'lf; USED: AI.ASKAN UII~H 12h!)28 

1 2 3 4 s s· n '19. s 9 10 n 12 13 14 15 rs r7 te 19 20 21 22 

. 

.,.~1. t 58• 38 48a 8 40 17 0 0 0 v 2'),20 01 t,& &.& 10 15 f. 1 t 
c: 4E. 31 39 0 3') 2E. 0 1 0 .24 0 2'3.31. 12 3,5 $,£. 14 If. 'l 7 · ~ 

4'l 20 •o 1 35 25 o o .01 o 2').05 o£. 3.4 r..s 10 18 r. ~> 3 
51 30 41 3 34 211 0 0 T C· 2'l. H> .02 £..2 £..5 12 3& 8 8 4 

s 4t 31 J& · -2 35 2'l o ., o ,45 o 28,72 o5 '·" 2.<J & u to 10 5 
.. 51 35 43 & 39 22 0 0 .01 0 28.1>7 01 4 .s 5,3 9 31 .. 
1 4& 3e. 41 • 24 o 1 a ,48 o s t8 10 1 
8 3& 32 34 -2 32 31 0 t t .22 1. 7 2'!'.27 11 s.o SC.G t3 t? 10 10 8 
' 35 29 32 -4 2a Jl o t o o 2'l~4• 35 r...o "·3 14 35 a ·'i 'l 

10 34 29 32 -3 29' 33 0 l T T 29,3.3 17 1.7 4.2 7 15 10 tO 10 
t1 37 24 31 -4 '25 34' C l T T 2'l.27 01 2.£. 3,0 8 3e 'l ? lt 
12 JS 24 30 -4 20 ss a r o o 2'.1.52 ot J.'l •.'! <; 03 8 '1 1-2 
13 3& 18 27 -7 22 38 0 l 0 0 2'.1.41> llt 8.7 9,2 IS 02 • 13 
14 41 32 37 4 28 0 l .24 0 I 14 02 10 14 
15 44 3& 40 7 34 25 0 I T .2~ 0 29.04. JS 'l.4 10.8 18 17 '.1 7 15 
H> 40 2'.1 35 3 2£. 30 0 0 0 0 2').2£> ill 5. ~ 7.5 13 03 'l 9 • 1t. 
11 r.t 30 3£. 4 2e. 29 o o o o 28.87 02 1 .a a.:l 14 05 10 ·~ n 
ta 4E. 35 41 10 31 :t4 o o r o 2s.% o1 a.t ").t 14 :u.. 10 10. 18 
19 47 33 40 '1 3~ 25 0 0 .OS 0 2'3.20 02 7.7 ~.2 ~3 Q3 10 1r 19 
20 45 2'3 37 7 32 28 0 0 .08 0 2'1 • .20 OS .2.3 5.2 9 14 .20 
21 43 30 37 7 28 0 0 0 0 21 OJ 'l 2t 
22 47 3£. -42 13 27 23 0 0 0 0 29.33 35 &.2 r..'l 13 3!. 10 g 22 
2:1 45 32 3'.1 tt JO 2o o o o o 2'l.07 3& ... , s.8 t3 J& 10 to 23 
24 51 31 41 13 31 24 0 0 0 0 28.~') 01 3.8 4,'.1 10 03 7 7 24 
25 4E. 28 37 10 30 29 0 0 0 0 2'l.37 Jr. t.a. 4.3 B 13 5 5 25 
2£> 41 23 32 5 2£. 3~- 0 0 0 0 2'3.38 02 . 3.0 3. 5 7 02 5 7 2& 
27 <lS 25 35 'l 24 30 0 0 0 0 2'3,03 03 5.0 5.3 15 03 9 9 27 
28 34 21> 30 4 ~5 0 1 T .01 1,1 & 20 10 29 
29 33 28 31 & 30 34 0 I I .03 1.5 2'3.74 35 1.7 2.0 5 02 tO tO 29 
30 Jf. 20 . 28 3 2£. 37 0 2 i l 2'.1.£.~ 01 4.9 5 • .2 'l 02 0 ~ 30 

=3~,,_~3~e~~~9~·,_~2~4~·~~o~~tr.~~~·~1~~~o,_ __ -~~~~~2~~~o4J~~o~29~-~1~1~oB2~r.j_E3(ja~.~a~~t4~~o~3:tEliM:f:~:·~·~~·cp~oLf3~t~ Sl.l SUH - TO~lL JOUL r--~ - TOTAL ICITlt FOR TilE' !'.OlfT!I: TOTAL l SUI! SUI'! 
' ~~~3~l8~T-8~'l~~~+-~~~~~~~8~9~9~~~0~-=Nu~~~-~~~O~F~O~A~l~S---+-=2~·~1~4+-~4~-~3+----4--~--+-·--~2~t~tl~073-r~~Lf.OR~,F~1-~·i t-,a":y~!'"'t-'"'::;'V#!-G-';;-t-:;Ao,;Y'-",GH_,O~EP~-tl::..:Y;.,;G.:~..t-cO-"'£P~rl---"""0EP"';rl I'RECIPITAT!Oll OEP -- - DlT£; 21 Hntll£ ~WI .\VG lYG, 

~..2. 29.0 35.8 3.7 -121 0 > 01 lNCII 12 -0.41) ~ ---:t ·I· 

a UlRtllt: ~~~ THE IIONT!I ~ tA'if OCCORPElitE IF 
tiOR£ lW 4 ON£. . 

T lRAt£ I IOUIIT 
+ ~1.$1'·":.4 ~N EARLIE!! GATE. Gil OATES. 
1-!EAYY FOOt - YlStBIUTY 11• l!ll£ OR tESS, 
FtGUllES FOR llllo!O OHiECUONS All£ tEllS 01' .DE
GREES ClOC~Ill~£ TROll TRUE IIORlll, 00 = tAtll. 
O~TA 111 COLS, S A!IO 12-15·. ARC BASED ON 1 OR 

t!OR£ OBSE,IlYAJlOIIS PER OAt AT 3·110Uit lHTEAYALS, 
F.\Sf£ST IItlE IIINO SPCEOS ARE F'A$f£Sr OBSERYEO 
0N£·tiiNUiE VALUES lill£11 OIRECTUJiiS l~E ill 1£1iS 
Or tlttREES, Til£ I IIITH THE DI~ECTib!f III01t11ES 
I'[Ait CUST SPEED. 
Alit tRRORS. tlEJECT£0 WILt BE CORI!.tCT£0 AHO 
CHANGES IIi S1Jllt!AR1 OAT~ lilll B£ M!~OJATEO til 
flit ANIIUAL Slll!IIART 

RECORDS OF' ~EATHER iYP£5, FASTESt 09Sf;11Vtll 1-fitNUT£ ~tHO SPEEDS, 

& VARiOUS OTHER OATA t1AY 8E lNCOHPLET( OUE; tO VAR.A8LE SCi'EOULE 
P~R1 TIME OPERATION. 

02 8 ~,.22 34 32 2~ 84 
OS 8 2,.2f 33 31 ?: 85 
oe e 2'.21 33 32 2e 03 
1 i e '"-<t J~ 3e. ~~ 73 u e 2,.20 4~ 3e :12 10 
17 8 ~,.,, 38 35 31' 78 
20 1 2,.2~ 35 3;J 30 92 
23 9 2,.20 35 33 2, 92 
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" 33 41 30 ., 35 0 2 T r T 2'3,00 n •• 2.2 s 21 '1 8 (, 
7 J2 27 30 '3 JS 0 1 l .OJ .2 28.'17 351 2.') 3,3 10 32 , , ~ a. 31 17 24 3 41 \') T 0 G 2'3-;28 34 7.8 7. '3 11} 3<1 0 1t 9 
'l 2i. 7 17 -3 48 (,\ 1 0 C 2'L51 01 5.3 5.a ' 04 0 '0 , 

10 2'! 11 20 0 13 45' 0 1 0 0 ;:'3.J'J Of \1,7 12,1 HI Ol 10 s \Q 
1 1 34 27 :3'1 12 )4 0 0 0 0 ,.. Ol 10 H 12 lt. 24 30 11 19 .35 0 l 0 0 28.'34 01 

'· t 
'1,5 ,. 01 10 '1 12 

13 34 18 2£. 8 :!r. l'J 0 1 T .'28 4,') 29.35 tlt 7.1 7.(, Ho 01 10 '.1 13 14 2r. a \1 
_, 

'IS 48 0 5 0 0 2':1.5'3 01 5.2 s.r. 12 34 1 .. u 
15 41.- 17 2'1 12 21 lit 0 5 0 D 2'!.03 J(, '·' 10.4 ta 35 , , IS tr. 39 2'1 34 17 2'1 31 0 1 4 .23 3.0 28.60 ,., ,( 3.3 u '" \0. tO '" l7 31 24 29 ,, 23 37 0 t 8 .10 1.4 28.'19 02 «.,. b.S IT OJ ' \1 18 31 18 25 'J 40 0 , . 0 0 "! JS. 10 \& t'J 31 30 34 '\9 23 31 0 a 0 Q 2'3.05 01 .,,i! \0.4 17 02 ,0 t'.t 
20 33 27 30 14 28 35 0 t 7 .20 3.2 JI!.'U JJ 1.7 ... o 7 ,, Hl 2C 21 JO 25 28 13 23 37 0 'J T l 2'3.17 35 E-.2 (,.8 1::1 33 tO . '10 :n 22 39 18 28 13 21 .37 0 , 0 0 28. '3& 01 5.5 5.'5 ~3 35 10 ., ~2 23 32 1.'3 2!. 12 20 J'l 0 '3 T i 2'3.05 03 "·'· 7 .(, 18 02 '! " ;.>) 
24 :J<j 22 31 17 2!. 34 0 7 T T 28 .E.7 04 3.8 7.8 18 u. '! 2.C 25 31 1(. 24 10 .. , 0 1 7 .20 2.7 12 02 10 25 :u. 39 17 28 15 24 37 0 , 10 0 ·o 2e.~:l 02 5.a ~. .... , l2 03 9 :s. 27 28 23 2f> 1:11 23 3'3 0 1 10 T T 29~1.• 27 .1.4 2.0 7 25 10 27 28 u u 20 :t 18 45 0 tO T .t :!9.52 02 ·" t.~ ·~ 05 10 10 ::a 2'J 14 -2 1-:o 
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0 S'J 0 10 0 Q 2'3.% 04 3.'3 •.o e 01 \ t 2'! 30 2• -3t 11 ~t 2 '54 0 10 0 0 30."02 04 4.0 4.8 10 JE. " .3 30 
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5UII SUI! - l(JHl- TO TAt. lOlll TOll\.. .roR Til[ t!Cllll!.~ TOTAL . Slll'l 'Sill'! . '!llo 5!.4 ~ "1'\72 0 IIUt<.BEI! OF" ll~ TS 1.t.s lS.S I .I I 181 1(, >Oll 23 .. 

l'rll ~ AVG lYG tl'lP. AYG, •l)EP DFP. PREt:PHlTIGii OEP ·I .c.un ;:!4•· I'«SIIU ~·l'lo ""~ ~ :I.Yl:O ( ""'' 18.a 25,7 8.2 -253 0 ).OJ l!ICII a ·0.7t 
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Normals, Means, And Extremes 

tr,;I>".:.Ls • 9~~ed 1111 recorc! t'Jr the. 1!'141·1970 pe.rtod. 
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Ot(llrt~nce. 
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Aver~ge Monthly Stre~mflow for the Susitna River at Gold Creek 

based on USGS measurements: 

September October November December Januarv F_ebruary .. March ' 
\/;; 

13280 9057 2~l80 2000 2200 1680 
(cfs) 

No streamffow data is available for the month of December, 1980. 

Streamflow records are based on periodic discharge measurements 

taken at Gold Creek during the w~nter ·months: 

Dates of measurement 
1980 

October' 1 {USGS) 
October 14 ( R&M) 
Novernb•~r (USGS) 

Measured 
Dischar·g!L 

9057 
7290 
2980 

From USGS historical streamflow records, the average mor(thly flow 

over the period of rE.~cord (1949 - Present) is as follows: 

seetember October Nc.lvember December January February March 
' 11900 5600 2500 1700 1450 1200 1400 

(cfs) 

0 

susiS/s 4-41 . 
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APPENDIX C 

SUMMARY OF BREAKUP OBSERVATIONS 

ON THE LOWER SUSITNA RIVER AT THE 

OESHKA-SUSITNA CONFLUENCE 

4•42 
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Date 

Ap.ril 18 

April 19 

April 20 

April 21 

April 22 

April 23 

SUMMARY OF BREAKUP OSSERVATIONS ON 
THE LOWER SUSJTNA RIVER AT THE 

DESHKA-SUSITNA CONCLUENCE * 

Time 

3:00 a.m. 
3:00 p.m. 

3:00 a.m. 
7:30 a.m. 

. 3:00 p.m. 

2:00 a.m. 
7:30 a .. m. 
12 noon 

7:00 p.m. 

7:00 a.m. 

8:00 p.m. 

1:00 a .. m. 
3:00 a .. m. 

7':00 p.m., 

susi7/a 

Observations 

Deshka River: 4611 from top of ice to 
. river bed, 3211 ice thickness, lower 2/3 
of ice is clear and hard 311 from top of 
ice to water level in auger hole 

Deshka River: drilled new hole 2011 

east Of preViOUS hole 1 53n frOffi tOp Of 
ice to river bed/ 2611 ice thickness, 
warm day 1 melt water on top of ice, 
overflow ice getting .soft 

.sunny morning, rain clouds ahd showers 
in p.,m,., raining in 'Talkeetna Mts .. and 
north 

Susitna River: drilled hole 85 feet off . 
Oeshka-Susitna shelf into Susitna 10 .. 3' 
from top of ice to river bed (rocks), 2811 . 

-ice thickness, 2 .. su from top of ice to 
water surface in auger hole, top 9ll of ice 
opaque and grainey 1 bottom ice clear· and 
hard (splinters off auger), water clear 

water and ice in Dashka and Susitna have risen 
111

, water flowing out of auger holes in 
Deshka, water 2.511 below top of ice in 
Susitna auger holef ice thickness 
same 1 ice audibly cracking, water and 
ice have risen another 1 u 

sunny day 
.. water and ice raised 211 overnight in 
both· Deshka and Susitna1 water flowing 
out of auger hate in Oesh ka but not 
Susitna (water stilt -211 below top of ice) 
water and ice reached zn above starting 
reference point in both Deshka and Susitna 

Susitna: 
point 
Deshka: 
point 
(.! •t· ~USI na: 
point 
Deshka: 
point 

4 ... 43. 

Water and tee 1_11 above reference 

water and ice 911 above reference -
water and ice 11u above reference -
water and ice 1211 above reference -
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Date 

April 24 

April 25 

April 26 

April 27 

April 28 

April 29 

April 30 

May 1 

May 2 

SUMMARY OF BREAKUP OBSERVATIONS ON 
THE LOWER SUSITNA RIVER AT THE 

DESHKA .. SUSITNA. CONCLUENC-E * 
(CONTINUED) 

Time 

2:30 a.m. 
7:00 & .. m. 

7:00 a.m. 

7:00 p.m-: 

7:00 a.m,. 

7:00 p.m. 

7:00 a.m. 

7:00 p;m. 

7:00 a.m. 

7:00 p.m. 

7:oo a.m. 
7:00 p.m. 

a.m. 
p.m. 

7:00 a.m. 
5:00 p.m. 

9:30 p.m. 

a.m. 
10:40 a.m. 

susi7/a 

58° 

Observations 

sunny, high thin cloudiness 
Susitna: 1211 above reference point 
ice = 2611 iiiick 
l)esh ka: 1411 C}bove reference point 
ice = 2511 thick 

Susitna: 
·oeshka: 
Susitna: 
Deshka: 

Susitna: 
Deshka: 
Susitna: 
Dishka: 

2211 above reference 
2311 2bove reference 
1711 above reference 
l811 above reference 

1811 above reference 
1411 above reference 
staff dislodged 

2011 above reference 

Dish ka: 21u above reference 
local ice broke loose from sides 
Deshha: 2211 above reference 

· Deshka: 2211 above reference 
Susitna: Tee has floated up 1 water 
flowing out on top of ice 
Desh ka: 23u above· reference lower 
sand bars flooding 

Deshka: 2411 above reference 
Deshka: 24.5" above reference 

frosted last night 
daily high temperature 
Desh ka: 2511 above reference 

not 

level 

Desh ka: 2611 above reference more water 
on ice edges in both Susitna and Oesh ka 

raining early 
Desh ka: 2811 above reference 
Susitna: ice jam u/s at cutbank breaking 
up, beginning to move downstream 
Deshka: 35n above reference 

Deshka: 3611 above reference point 
Susitna: lee broke at curve and moved 
Deshka: ice broke at island," movement 

~ stopped, estimated movement = 1000', no. 
rise in. water level lee pieces grounded on 

4-44 
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Date 

May 3 

May 4 

SUMMARY OF BREAKUP OBSERVATIONS ON 
THE LOWER SUSITNA RIVER AT THE 

DESHKA-SUSITNA CONCLUENCE * 
(CONTINUED) 

Time 

6:05 p.m. 

10:30 a.m. 
11:10 a.m. 

12:30 a.m. 

2:30 p.m. 

3:55 p.m. 

2:45-3:45 

9:30 p.m. 

10:15 p.m. 

2:30 a.m. 

3:30 a.m. 

10:.45 a.m. 

susi7/a 

Air T C~F) Observations 

shallow -bar at bend in Susitna • 
Deshka: moved sporadicaJJy throughout 
the afternoon, 1:40/2:20/3:00 p.m. Trapper 
Creek reported movement and jarn at 
4:00p.m .. , large, thick ice In jam, water 
level rise. of 8-10 ft ... 
ice movement reproted at Susitna Station 

Deshka: fast and powerful move 
Susitna: ice moved at first bend, all 
open but still solid ice cover u/s from 
1st bend 
Deshka: 95% ice fr-ee~ intense movement 
and grinding of ice Into smal!er pieces 
(4 to 10 ft. square), then cleared out, 
water velocity estimated to be 10-12 MPH 
velocity slowed by early afternoon 

Susitna: water level rising, channel stHl 
jammed d/s. from confluence of Deshka 
Deshka: water level 91 11 below TBM (naH 
in stump) 
Susitna: ice released between first bend 
and slough ( Kroto slough) 
On flight to Susitna Station noticed Yenta 
River almost ice free except at confluence 
with Sisitna, in the Susitna noticeable ice 
movement, ice floes moving in 11bu.nches" 
Deshka: rejammed again 1 ice tightly 
packed 
Deshka and Susitna jam released~' ice at 
second bend in Susitna broke and moved 
d/s (rainy and cool an day) 

ice jamming and moving in both Desh ka 
and Susitna, water level appears unchanged. 
from previous day (too dark to see well) -
water level dropped drastically 1 ice pieces 
stranded along shore, anchor ice exposed 
along banks where previously under water 
water level 160u below TBM, water level 
appears to still be dropping, more sand bar 
exposed off point1 (estimated highest wate·r 
level to be 411 above yest£:~days reading at 
2:30) 1 still have anchor ice :along shore, 
banJ<s stifl frozen cannot put in staff gages 
yet 

·4-45 
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Date-

May 5 

May 6 

May 7 

May 8 

May.9 

May 10 

May 11 

May 12 

SUMMARY OF BREAKUP OBSERVATIONS ON 
THE LOWER SUSITNA RIVER AT THE 
OESHKA-SUS~TNA CONCLUENCE * 

(CONTINUED) 

Time 

9:00 a.m .. 
1:30 p.m. 
2:00 p.m. 

7:00 p.m. 

9~30 a.m. 

-2:00 p.m.-
5:00 p.m. 
4:00 p.m. 
8:30 p.m. 

8:00 a.m. 

1:15 p.m. 
3~00 p.m. 
4:00 p.m. 
7:30 p.m. 

9:45 a.m. 
7:00 p.m. 

7:00 a.m. 

2:00 a.m. 

10:30 a.m. 
10:00 p.m. 

9:00 a.m. 
8:00 p.m. 

8:00 a.m. 

Observations 

Deshka: water level 155i• below TBM 
Susitna Station reports river free of ice, 
water leve1 rising, dislodging ice from 
banks on first bend 1 ice floes moving 
throughthis reach of the Susitna aU morning 
form u/s · 
Deshka:. water level 14911 below TBM 
Susitna: increased ice floes in Susitna 
channel 

Deshka: water level 15011 below TBM, wate·r 
velocity slower -
Susitna: water velocity appears the same, 
sti II flowing ice and debris 
Susitna: channel f.illded bank to bank 
with flowing ice 
snad bar off point just underwater~ 
Deshka: water fevef 127n below TBM 
Susitna: amount of ice-moving in channel 
has decreased by 9:00 p.m. 

Deshka: 
Susitna: 
'susitna: 
Susitna: 

Dishka: 

water level 138n below TBM 
no ice flowing in channel · 
heavy ice flowing ~n channel 
amount of ice flowing decreased 

water level 13211 below TBM 

Oeshka: 12411 below TBM 
115.. below TBM 

Deshka: 111 11 below TBM, most shore 
ice has melted or froated away 

Oeshka: 8511 below TBM - water level 
peaked and receded 
Deshka: 95n below TBM 

100 below TBM 

Deshka: '10211 below TBM 
10611 below TBM 

Deshka: 10811 bet ow TBM 

___,_....._ ___ ~,!"-, ---

* Sumroary ;based on obse-rvations and me~asurements ·made by Leon Dick 

' ) 

susi7/a 4-46 

. . ,. ' 

'I • • • • 

\ /.. " 
. . ~ 



l .•. : J 
'! 
j 

··;· •. - ' 

' 

•• 
I 

I 
I 
I 

•• 
I 
I' 
I 
I 
I 
I 
I' 
1: 
I 
I 

I) 

REFERENCES 

Bilello, Michael A. 1980. A Winter Environmental Data Survey of 

the Drainage Basin of the Upper Susitna River, Alaska; 

Special Report 80-19, · U.S. Army Corps of Engineers, ... 
Hanover, New Hampshire, April 1980., 

Bishop, t)aniel, M. 1975. A Hydrologic Reconnaissance of the 

Susitna below Devil Canyon; · Environaid, Juneau 1 Alaska, 

October 1975. 

Michael, Bernard. 1971. Winter Regime of Rivers and Lakes i 

U.S. Army Corps of Engineers, Hanover, New Hamsphire, 
.April 1971 . 

R&M Consultants, lnc. 19'81. Prelimina-ry Channel Geometry, 

Velocity & Water Level Dat..-=1 for the Susitna River at Devil 

Canyon, April 1981. 

susi4/L 

... 



~· 

II 
PLATE 

I 

I l 
l 

I 
I / 0 

lJY LRrE EfiEN.tNfi~ ;::-~~~Jt. .tt!£ 0dSEJrVE'6 .tN r#E SUs.;TA14 JiUVEJil RT 

I ocr. 
t ~~ 

t 

i 

'r'J:U,.KEerAI..Y. JiJiU:'~I. C.e>t/e~Btj E t.S"" .to ~o,. C!ONC&"I'VTli'flTEJ.:> nv THE GRSr t:N.!9N"J!fit'~~ 

hr TRL K.E"ErNJY. 
NO ;t!J: .t:~04J.J'Nt:; /A.f 'TJ!VC T.lflJ'.kE"k'nvfl Ok <:~n:.u.n-N.q ~.tVE~. 

I ~---------+------------------------------···----------------~-------------------------------------------------------------~----------l ____ ......... ____ _,~~-,.~---·----·~·~--------------~~-·-----~------------1 

• 

I 
I 
I 
I 

I 
I 

'OC.~ 

J2. 

0C1': 31-

NdV.; 

Hoi(. 

3 

NOV. 
il 

ND~ 
13 

<By <.-9:r£" ~Fr..S:C;,too~ · 4£-9tt:.INy ~'="~oNr o.r:- F;reoe.r.r.. 

;~:.e 19r RH "'"· o., J:iP.P.rlox. s-M£J..E.S u;:.sr/ec.t9!41 
o,:- .A::~SN'"-J;rN,t;i Rni'~JI: t!ON.K:'4~ENCE. 

F-~CR;t.tJ.. nu: ~~o~»u•,•t; .tN rHe :YGNrNI9 R;VE~. 

NO -FRRZU. 08SEA!Vc~ .tN T'HE L:IES#k~. 

-SO% .F~Rz.u. lf!E CoVII"RRt;£ RT rHE 8R.tbyG. 

Z"C/f .CLOGS .:STII9T/ON.9R.Y rU • ..JNf:i ?"'HI: .liUr;Nr 

s~bE' lJ ur .Oo Ncr Atk.PEH}t rc::> H~YE 
J 

FJe.OZ~A/ n.,ro r/N ICE' c~ L'6"'R. 

h:!.J!' I!ONO .tT70NS Rr THE .8/e"I:J ',;E' 

SHOLc.J ~17TL.E CHRNt:;E. 

.Z'N HO~£" r'U~iJU~ENr SEt!r~ONS ..c'~OE.S , 
A~F 4(3Ji!o~IEN ..t.Nro :!t_,..ti9J'./.., .,t:"~t!94':..t4 

.P~Iflr,n::•.t.G.s I'N.t:ucH r;t~.Nt; c:..o~ ST'k£Nt;;rH 

rc rHG F.t.o~s. 

.1/1.1, l='lfUiZU. ~CG; I='LO~A><~Nt:; #N Ch'A.IVAI'£t..S ON 'rNG ... ~;Y:ST" J!N.bE" 0 ,r:- T#E Si::.tsrr.il'li'9 ·} 

~IVE'R .,:"J'.OObPJ'-19/A/ RT" r_.&lJ'.Kc~TA/-9, ~~EflL COV6""oNA ~G' ZO% o~ .££ss. 

;::-..;~$;" .C.I?RZ~~ tl'tl£' OBSC'RVGl::J ti'N T.tlf',E T"'1J'.K£ET.;v.&} .e'.tV£'~. .t911tEi/9(. C.t:HtE.el'9t:;G "'";.'oiaO~ 

JN 'rNE' SGIS.tTN,I9 .~.tVER .tj') T<I/1LKE£THI'f.~.F.!r~Z./i.. .ICC' CaVERi9yE" 'YO~·. :&T''"- .i!VO Si't;,~ 

oG' ICE" ot:~o~u..tt; .tN rH.: ~JV~lr'N.q ~"'V~~-
.n,aol/.£ TH.£' C4tt.Jt. ..-TAIJ/1 .. $U:f',TN4 'GONF'"' UGNC£".. /CG .t"LOf!!!"S ;Fifi!£ ,._,Die£" 

c.cu.JCGNT7::R rEb. Tollf!E MRti'N C-¥~-4nG~ HA:f .....,. So" ;:'kRil:.U. U:£ cc VCR'Rc;;'£: 

c>F J: LOW. 
Ciii.ILiTN.R Jli:>'VE.!:.• _,c ... ~O% ~Rz.u.:. CoVERR~Ii', '"7?7..E .s'Ht:J/i!c ICE <fkC~I>T /.tV 

. <319tU.ct.A.SAT£'Jie' )fA!~RS 
Sc./Sl1"".N;J RBO&I£ nk' .• 4"¢.-/DO% P~RZ..t4 Co VEJII:.tU;Ii".., t.I'P 7b c90% """' CCuvsr.RICTE4 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

i 
t 

t 
• I 

I 
t 
! 
I 
t 

r--· 
' 

\ 
\., 
I 
\ 

\ 

\ 
\ 

l 

' 

'" I 

. ,, 
i'' ~.) 
tc-

~ 
I 

MAP SCALE I! 6'3 ,360 

• 

: 
t 

\\ 
\ 

'\ 

.... /980 ._:__......;-::::..··.:..::·-=-:::·-:..::::==============================================================::=:=~~==:==:=::=====::;::;:===:::=::::::=::7====:!::::=====================2======1 ..,. ___ ,_ ~. ~·-,--

1 F/;'i!3r FR,/:1Z:i£ N!e i9PPCBRE.b 

ocr: 

/I 

""" TH~ R~TE~NOON. SH~L.l.. 
R ~ c u~ tiL H T/t:uvs C:JF F.lii!R ~ /L 
p,aJI?Tif!:t. e.s Cc VE~ -... s % OjC" 

T"H'E MIUN CNQNN.E~ 
.,._,._-(--·--..- -. ~ -·----·-·--lo<'............,..w...........---.--_ -~- ~···""--·-- .,..,... .. .,_, .-+hooO/ • .., __ -<"·• w• ______ ._..., ___ ,. __ .,.. ____ - ~· •----·--- ---_- ..,.. ... .__- ~ .,.. ... -. . ..,.-~:~<.·"'~---··-·· 

!nPPROJOH~re.LY 3o 0.4 c.ovE~RqE o;:- ..rcE ;:~oEso 

! P'LDES ?'E"'l:. 7'0. nacuMULi97"E. /AI LOK/ 

l VE~OC/TY #'9 KE"H.S. /N J:'~RCE"~ /CE .rs 

I 8c~Lil.t,.t ~ our r.JtaoM .:sHo~·e •. 

I 
., 

.... ~ ______ . ..,_,..._ _,__ --·-· .... ,.,.. __ -~------- ,.,.,. -- ~~--,. _.._ . ................ -----J 

l 
......--~--l .. ,A/ C~;::"/~E.() c~ CcuVS7~J C'TEIO ~Efi CNES:, 

___ ..,.._..,...._ ____________________ ._ ·-·--·· - ·--- -~·--.~·----

~ ! 
~- _., ____ - -·- -· - t' ----- 1 

~~ON.(j TH~ M.R/N CN~.I'I/JV£"£ .,l'i'/.ff TH<i"~e" .. , t 

l .RREBt. CoVE~~Qlf" o;::- ..c"Je.f}Z/L iCE /.S So'%. 

.&"H..9Z.N • .._ ,f9.PPE~~S TO BE MO;N,Y ON THE .SUK;::"./9CE; 

1 

r'-.· oES.-. ··.···· .f9~E. S. . .....,~~'.. (Jp 710 .. · · ... /0 FEET .;-.;v ~"fiM¢;r..~~. 

~----- . --· -·~---···-- ------~-----·-".. -.--·--·· ---· ·-·-· ______ , __ _ 
oc.~ 

.3~-

·NOV. I 

, 70 .... 80 % . .e"J'?RZ/4 /CE C()VE~.;9yt!? Th'~out; H 7N/S ~E"~<:>H., 

...VO /C£ BA/!.!I:J(jES .c:'OA:"HE~ T#O~y N S#O~c /Ce ./.S 

;!SE y;•,/.</.N9Ny TO CoNS;~/CT' ?"'NE CH~NN'E"~ /A/ 

S.EVS~FU .. LO~H7/0NS'. v 
r-------+----~~---~---------~-----------------------· -~~-----'---~---- ·- ·- - --·· ----,~·"!··--·- -----"""""'--~---

Nov. 
.3 

ocroBER a. ; . 

,4_.eE ~.'1t;Ns o.t=' SHEJ9J'Ji! 4-..ti'VES' i&U7TEi'e.IN~J) 1 
F!O:f!/"-1~/l.ly ;::..;;:oM R ("C!u.,.._, t.u .. ..qr,.aN or . . i 
A..R.I92/.I.. SL t.J.S/7' E K7"E'.tVb..,:Nt,? .a- TO .,s- A='T-" 

FROM S#CORE. 

;------+--------- --'-----~-----------~--------------------- -·~·- .. ·-----·---~---~---.;,......., ------

1. i l I No~ • 

..TN C.H.Q.NAIE'l CcN.s•rK".Ic?".tO.A(.$ TH~OU~H 'TH!I'S leE;:}<!~ /Ce Is: 8E~AI9 t!t:':>~PNC?"€.b ;.;v:ro /oo:::., c~::H ..... E:~ht;;E. 
HDWEVE~ F~Ri!/1' .tCe ,.Y;>Pl!!f.19R$ ~ !l'....-9<.-A:: Co HES.rVE .sr-"i>E.A/9'?-N T'O F"O.h~ ;-c,e .l3;?.t.0 ~.E.S: 
WRTER L.E"VE'L.. h'P~Efi~S' .TO· . .&.E' b.Ro.PP/IV9'., . EV..-.DC:Nt:"E"'<fl .dY ./,YC~iS"fi.s:/;Nt;; Nu.Mae~ OJ="" EJ1.,;.:;;o;se.l> 
I!!JovLJ:JE/'C.S JN ;-htE t!N.rii'..,..,NE~ RN.i:> .t)E C~E"/Y.SE.il ~.C.OM/ hV S/.0£ CH~<N'A.I"E'LS,. I •. n l 

I 
NeV. 

13 

I . I 

I 
I 



I 
I 
1\ 
I 
I 
I 
I 
I. 
I, 

I 

I 
I 
I 

I 

ocr. 

// 

Oc.t: 

,/2. 

Oc.r. 
13 

OCT. 
3,t-

N.OV.. I 

NOV:. 
3 

Nov. 
/I 

-.·· ... 3 PLATE-···-.-· 

~ 

PIJe:tToS ~ JG /lt. (11/4f) 

.,p 17 ( 11/J;) 

PA"'/1Zt1~ t~t!£ J!!JEt;'J'NN/~~ 76 J'9PPE~~ /Al ;wE 49F7ERNOt:UV THkoCJ~N TNJS RERC'IY. 

t;R4.."ri9:TE"ST CCN'CENr.q a77oN OF .;t:;?'~Z./' PH.Rr#'<:'~t!f/'S' #'AI' T"NS ~..9""-.I'V' CrT'.I9.;V~c~ 7HR'- WE~. 
(!(>N'CEN?":if';97i~ON ;9.1\/:.i:l $'/'Z:.E 0.,&\'' 4rl="/?.t9'fl!./L FLOE"S ..,..1\/C~E"RSES ~Psrfi!!E",/9~ 

l 
7oW~9Jie.~ yO~~ ~IeEE~ .. 

.::ru.sr BELoW c::ouA"~~ t~CE .,e:-~e>ES ;:-oe~.~.rv~ ..rNro 
SNEET.S .flPP/f!OK- 120 FeEr IA .. UL)E .1'9A/IJ UP ~· 
/00 FEET' Lt::JAitj. /t!E' S.N£'E7:S .15J~E Cf~CJA::"E"N 
t.JP H.S THEY' J'<IOV£ 7/JIROU'(j.;o/' TU~/!TVLE'A/r A!E.;9CH.eS'. 

FRRZ.IL /C£ ~ CCU,..,Q4.~r/N~ MOle£ /N CoNS7~t~aTE.t;J ~~E~t::tNES' 

OR ~JeEFJS OF SLOW Wi9TE~. 

\ 
\ 

\ RM/50( 

CNRAINE.t. nB cV4' 
8Et~A/t; C(';NS~tl 

/CIS t}/[!OW rN. 

\ 

MAP SCALE I• 63,360 

/".f.llN "S' 
b 8 Y .:SNORE 

W119TEAf VEt:.O C. .IT~ 'A'N/8-'T.S ;::-ono~Rr"OA/ 

o;:: F/e . Z./L /C.G .;C'OES". 

:SNok-E /Cc C.ON.7/A/t.J/.1Vy 7""0 .i3Vt~.t..O atrr CON~T.R/C7""t~N'? T.NE CN,q.,V'N'Et! c.S,,c;-(...,,.;9<U. V U.P.sr~efi"'f OP C.U'.R~ J."" 
~ ~ 

J9r .t.R.X--Z9 .:Tu.sr l!JE't..OW Lle.X- 3/ .i9Nll fiJ:roVE. SHEJE?,._,:I=JN. 
i 

SHORE ICE C.ONST.fliC7'"..~Nt; CN~NAIE£ Rr CURRY. 

SHO~E /CE . .fli>PGI'9·12S 7l:) 8E t:!.t:>r-tPOSEb o;:
$,1./&N /CE F'-OES 8v77Ek'/Aitj 7HE F.RO~EAI' 
ill:! E h:S Wt.I..L ~S C.t...FI9R /Ce t;~o w7N .. , 

FNF/1/!IL ICE THlt:'kA/ES'S' boWA/~T"REd9.M 

ro t!U~RV /S BE'"TVVE'~A/ o . .:r 'VNb 

r-oo· - /="'LO$ VE~ OC/TV .rs ./ .. o r ~. 

RA~oa;;eox. 2 F&&r PeN s Et.•o/V.b 

,:ou~?:)~ OF .:TUL.Y C.REE:K f$ F.leo·z. E/'../ . OVEr~. $0ME .9Ur~4"1S' ,-,s 

l:u:VEL.O:;,tCII/Nf:i ON T'HC: C~EE:k. S'Ht::JRE" /CE' ,;t:;r :SN.!;if!>~.IY'JJ /;> 

'7$" FEET' W./'.J:u~: ONb. 7":0 2 FE'"ET T#-'C'k. ;¥/14/t;;E' C.Ai?BCik$ 
~t::vreM.tiVt} NV '?"#E SH /CE ~t.0/1/t; T#E .J'?J~N~S .-9::;- W.,i97"-E'R 

..t..EVEL. £tJWEIIi!s.. :SLl).S AI .ICE o.s "rHt~CK o~t 4E.SS bEN ... ..,~rY 



I 
I· 
I 
I 
I· 
I 
I 
I 
I oer:. 

~/ 

I 
ocr: 

I /2 

I OC.7: 

/3 

I I 

I ocr. 3/-
l 

I l NC~' 

I 
NCV. 

.3 

I NoV. 
II 

I 
I' 

_.....-.._. ·.}. .... ~ 
' ! 

r 

' \ 
i 

.. \ 

/# TN~ H<UUIIIV'i_ ~RN'l:U; ICE C<>VE~E"I.l VD 'Y. .. 
c,: THE' SU.fti=""''CE t!e>NCENr~HTEb ~N T#E' 7'*#H.i. Wiry. 

" SJ~£ OJ: ~~BJ:n. ;t:.t.OE.S: 3-fl, '-~. T#ICK_. "~o"2 ~ &.ulbE_. -.-s- cLcN9. flHtuuvr cu::· ~~t9Z~'t. -'c.e .,NCA?e-.19::r.:c:;, 
oh ' 

ICG .t91!'CbHIX:J9T;N~ nBoVE SH.t9H.t0 ~HfHT" NHN..O ~EN2J 
FJ.i.ON~ 'r#E ;tt'-/~#r <3~NK ~T' LRK- .Y~· f'Y7. FN'~zn: .. 
/CE ccvE..e;9~4?' ¥o~ OVERRL~. 
Z'Ni!:uFJN R/ VER' ,$ ICE PH'EE#. FZ.OE.S .;.N THE Sto'So'7A';9 ~. 

THE C#tJNP".LtJGNCE FJRE F~RCE.O Tot.-'1/JJ:RLJ STEEP LEFr 8BNk. 

;:'RHZU: .. ;C.E .COVE'I?R<;E 70-SO o/o 
TH~oo~# "THE SH/L> t;G. SHO~E .I C.£ 

ON£ y .1"9· J:'£W FE.ET W;..OE 
NO Slt}NJ.t:"-'Cti9NT /t:!G ,;:,OH/#"AI't'j P;i!O'""i 

r..v 
>( * HRR'KS . S <~TE WNEHE T~E C l'·h9NNE'-' 
/$ 8EJiVt; SEVE~.t..Y COIV$'Tfi!LCTE".0 ~ Y 
SJ,io.t!E o'C& t;~C W'.nY ON THE 4E'FT .;5;9NAt.., 
fiN.b ;:".£DE'S .Hi'e·c .;9 'C!<!UHVL,9pNt; ;9.DoVE 

THE ~eu:>k ?lu#T DN 'r#E .IP/t;Hr D-'9-Aik. 

SHCJHE ;t!E CONST'1eo'CT/Ntj TNG t::"NAN#£4 - , 
8:Ur FR,_,'Ln. .tlE/A/t; C/1R~/E ~ 4N.OE,R HG/9TH 
~Ail:J kE'~PJ?C,QR-.iNtj. I'CE F-'Oe COVEH/Jt; c '. 
Or frHE' J:lR/Jl§E" :;:: t;:.:O% • 7HIC'J\l.ti/E$S . ....,. o • .r: 
kJ/.b.7'H O;t:" S HCJ!E o'CE .197"" ~oLA t:'leEe~ : 30 ;e"r. r. 

7.::>-80% FRFJZIL ~Ce C4VEkAt;E TNJeOUt;# 
Mosr OF THE Jii!E;9C.,I.I. -·- /Ce F'LQ$S -"i~RE 
/9 t:'C LJ ,_, L1 LR r/.A/ t; .I'.N t;:J th'£ :r .-9 R EI9S .,Y AI" .0 

Ar aH;9NAIE~ c~::vv.s77e_, c;-/0;/V'.S. 

SHoRE: .. JC.:f!: .. ./:o.,ll>...qE,() -8 Y 7"'.kBP.r~/.-v'9' 

..19N~ Sol.;.b"~' C;9T/c.uV t:>,. S4~S.;y · 

J'C c ,:-<., 0 E S. 

.. , 
i 

MAP SCALE l~. 63,360 
) 

.Z'CE FLOES ,PUS#E.O 7Ci<V:.9N.D L4:.t::r 8..RNk hir 
rJrE' ?aRTJII'J'iiE CREEN Co..VP"- IIE~t:'£. .S.tz.E C,F' 

;r::-J,e/iZ.O .. .JCE .C.£OES y £;./E~.R~~ Y L.J9.R~#!i'~ 

;).HHOUy~ :n'~-'S ~EBC~. 

.... .~:.~~z . .r.L ,rce J:".r.OE$ VRR.Y F'li!Crt R #EW' ~EE:r'.N/til/.1 

HC'TER To Zo FE'E'T IIV/AE RNL> So F.t:er 
.C.Oi;Vt; .7 pO So't;.,Y/.-t:"/~RNT' /CE F...t..o"""'""NtJ 
;::-i~OtM' .PoR TH t; E C~EE'-I+t:'. 

2't:'c! ;t:~OES' lil.JFl.oiA/ Pt::JR7;9t;G C~EE,k 

CC.W'FLUENC'e" /TJec S;-;19~L riN'.b ~E<.i9r..,ve:-LF 
.s~,9;ece (oA1£Y' 3o% covcRI9yc). 



I 
I 

I 

0C.7'; 

~" 

OC7: 

J'~ 

OCT. 

.13 

OC£: 
3c~-

Zt:E .,:"LOG$ Co;.,C£NTRH'TEb 

I'.N THE 'TH;f/C:. Wit; -ISG'LOW 

4EVu.. CRN'VoN. .C:~R Z.fL 

C6V.EH49<1c Go% 

.tl:''ti9ZU. .J/!JEI'.;t;f y.EN-&~i9T£b #HRoiN.; g 

TNE :CANYoN'. 71#~8~LENCG <a~ERKS 

uP . .LRI?~E~ FLOES FoJtU"I.S6 

UI":Sr~ERH 

..rc£ GHGRt;,ANi ;!ROM rNE C.RNYCN I'S' C04-L6' cr.nvt; 
#'AI SLOIVG~ VE,OCirY HieS~$ ~P:STR£.;9,._, OF PoRT~t;c 
CREE~. CtMIS-'bERt48.C.E :SHrt:U~E l't:G"' ,~ ;::o)ft.~I'K'j 
ON 8t:/T# Sl'b,£'"$ O.lf:' THG C/;~NN£~ 8EC.t>W ~"'iP.fb:S. 

OIJt; THE t:ANYDN rHJfRG .,::up£ .Jili .F'£'W SHC>Jfl:T 

bE£P£1f, 4;/:J/i~fGR L4~GS I'N THIS RRE~ 

.#6VeNO #!G COV.£'~. S/"f~LL£~ 

&NJ:I,LO W'GR ..L.~KE:S <IVRyG ll9 THHtt 

.OI's~~r,NUO d.S n:!E COVE~. 

" 

PHOTO 4'..?8 {;t>/.31). 
~ 

MAP SCALE J: 0 

.r~E FLOES Nt:'COMl.iLAri'N"t; ~T CO.NS'TJtUCT/0#-S 01\" Rlt..O.Nf'i 

THE ours~.bE', l>OwN.:;TRE8M S#'i;)i!: OF C.Nd!9«N'EL <i£-N.O,S~ 

~l!JO VIS bE #l".u.. C .leEEk, FH.qZI'L I'C£ Co V~~J9(1E 30- ~0 " .. 

:/:t!£ 8R~bt:;4' Ft!l~HGb r~~¢ut;;N 

THT.S /e$'J'IC~ i!rtNL.OhVy 1.1~37~c"i~ 
Tc:u,HR.Il T"JVE Mo4.t~ a~ .0EtN.t., 

' 
lVOV. ,/ 1 ........... ------~~--· _......_. _________ ,. __________ _;_ ________________________________________________ ......... __ z-._-c_s_· -a-~-'i.-:0-. ~-. -<-----~--------r---~----·------------------------1 

t!leEGK. r 

NOV .. 3 

I NOV:// 

I 
NDY.I3 

:rt!E .S~Tbt;G ~~$ E.kTEN:4E'"ll UP:sTRE'"'iM 

Rh'6 il:JO""Ntlq'"RE~,_, S#Vt!G' NOVcHBE~ /. 

Z:C£ FLOES MNTN $QFFU:!.tE.IVT ;::,ENS;TY flJe.E 

CRNR..rEo tl#.ilE~NG"~T# itt!G B:)fti'C, ~ $'::; 

TNJl<:nJt;H ~EV.u. CJIINYON.., CRRC;t:S 
PI'YJ!lRL.t.£~ ~ ./JR.IVN.S /.N~'C;tiTC" TN$ I'C£" 
COVE"" H~:S .S4'#~G.!> RS* IN'RTE.Ii! LEYI!FL <l)Ji!o;D,..O,E.il)~ 

EY;6 . .ENt!$ CF .Sr.!Jt;~';,/9 TNROc.J~ HO~r r'HE 

LOW'JT.il'i! ~RNYI:.u~. rEJttlefiCG ¥-EV8"4.S CB:!IE~Veb 

H$ Wii9TE~ 4{!:fi'E4.. .OJtOPP~':',Jl 4UE 71::> ~.19#'1/.~A:E 

0/:" .'I:•CE ,J';/M.S LloW-'V.S:T_.eEd9H. 
s 

OY~ER n:E 8R-'bt;E.S S-Now .t.nT.t..£ 

.:UiVt:G NOI"£J¥lte;lii! ..,. 

E:<T'ENO£b I.I~.:Sr~.e'RH 
$T.R£~,._,. r>A!t!fSS:lJ'.!iG RNO 
.sn;NS 01=' NEAPf".uVt; ~N T',N.E' CEIVTG~ 

oF :THE n::E COVER' 4'9RE" R~;o~kENT; 

~_,,.,1;t.;:J~ Pl'lot:Gs.sES' OCC~~;"Ntf 6$ NoTEb 

~AT'ER; LtEVE.t. NRS AiUS.EN THRO u~ +V ?"WE 

,_IV T"#E' 4:..6WER P~RT tt:IF O.Jfit''W .. C~NYON"~, 

.::rQ.:sr >bo<AJ.N.:SI'"'REAM oF .oe..-;, e~c'!r'~-1::". 



. 
·.li. i ' l 
I, 1 

I 
! 

II 
I 

I 
ll 
I 
I 
I 
I 
I 
I 
I 

I. 

PLATE .._..-b=· -----

... 

,• 

' 

I ; 
~ { 

I 
I 

f 
I 

i 
I' 

{ 
i 

;' 

r. 

I 
\ 

I 
I 
I 

• i 

\ / . I 
'< 

.. 

\ 
\\ . 
1L;J 

. \ . , 

'· 

I , 
I' 

\.Z' 

A 
~ 

.~.. ... 

' ~ . 
\, 

' ' 

l . 
l 

J 

' .. 
/ 

., 
\ 

•,"" 
\ 
! ., 

J 
; 

I 

\ - ,;• 

I 

' 

t-----,........,+------:...---------.---.----.--------------·~------··-··----------- ···---·-, - --· --····~--~ ·--~· 

) oer.·aJ-• 
' 

NOV. I 

NOV'. 

~;e.qzu .. ~C£ c.oVG~~~~E O#,y ~0-ZO% 
i 

-J':N S'C:£ OV.EA' 'r#E PA:!IiT WEG~. 

! 
I ! .. 
\ \ MAP SCALE t: 6 360 

.·~ 

.. 

., ...... 



l 

lj 
II 

l-
·1· ··'.'· ;# 'l 

• . I 
' - . ~ 

l 

It 
f 

I 

I 
I 

ocr. a1-

PLATE 

~ . ,, 
' 

~--· 
•. ·, ..... -

.... 
\ 

r -
\ 

\;:>, 
. i 

{ 
' ' .( 

' i 
\ f 
\ r 

MAP SCALE t: 63 0 

r 
i 

-r----------,..,.....--------··-· ·----"' 

ZNblt!:/9'TE& WHEA!G NEW ;t!E CH;JN'NEL SEVE~EL Y C!ON.$'7~'~TEb 8V i 
8JUbfE .COR""f.l!~. t;{PsT;!;tG/f~ ,.:RO"'f .:SHORE /C£ t;JtOW7"'# HJit::uJAI4l T'#~r' $£VERAJ.. HR.s9S f 4-UI'r..V /OO% ..C~fl~-'J.. /C£ eoV~.tjo""Jt;G 

Not'. 1 .n::£ ./.JifUib~E' n:t kourH OF 'T'Sd$1!:.NR MOuTH D;:- ilE;J4ME:~H CREEk. '-''O ~C£ Bur j'C£ #RS .N~r <C.ON'SO~o!.ORTG'.b 7"0 ~0-*i:H 8R.fbg<E:,s. II r'--·-------t--c~.~E· ~E.~~~~~~H~R~G~~J9~··!R~E.~.~~~· _GU_,_·~_w __ .,_a __ o_~_~ _______________________ ~-~-·~~~~~~~~~E.~~~~~·~~R~~~··~~··.·~bJ_. __ ~_~ __ J9_z_,, ___ '~ ___ £~~-·_~_o __ ~_s __________________________________________ ~l~;-----------~------------~------------~~----~ 
~MR~.e. .n:Ut 8dU.bt;E ,/::'t::J~H£/J vU&T· 

NOY. 
3 

NIJ~ .. 
II 

I 

:&CE <!J~Ifbt;G #04..0tt'Aft; 4'N ..0~.-9~ 
~EN'iTN - ZOo ;r:'clf'Gr 

() 
.4.n'T.t..E CN./iNt;.& SJNCE 

A/CVE~fl-1/!JE~ .3., 

F.tUIZ.'L <1t!li!; COVEJC'i9t;E ON4 )I 5-"0 %. ... 
IMFITRN~ $7RE~M ~lifE f,!N.9-'i'r S'.V:e>ws 

~A!>~b KIISE tRN.¢ Fil9tU, ·,;.,~ "-1.19~~ 

~:.EirN!i4 ibv,.,"iif9 r.NE .bnJI! 

J:::IOIAJN !S r~~./91'-f OF bG.ti9b Mi9N C~.e-c:-k. 

...VO OT#G~ d'Ci!t 8~11'6 t}<ES F.O.IeHEhJ 

cur ;t:"}lt,Az.tL COVE'A-419<; E 9C -.;'1¢0% ;,.11,1 .Al.-'ICE$. 
: - ' . :II 

HRXJ'HUM P"~RZU. 8CCU/-IU4JI:ITJON .YO% .IN 

t'!oHSTifUI!!r.to.N.S. ;i:~.Jfi!~'~ A~AE""Jxts VE~ V S'O~ 

;;9NCHI, ~ llt!E .tf:ORk'#~ 8ur N.O?* 

C.oiVr.INCJOl.J$ 

f . 

51"-JA.t.J. 4J.1iUbt;E MOUTH oJt:" ~~THN~ C~4U?~ ~~.194!::-'.t. .It!£· 
F.t..C~iiN<j LIN/lE~I'riTJ~A'~~ <'<!E .SR'C~G: 

-Rl'lofiE ~RTRNR 'EA: T'HE CH'il'iflii'#EL .l;:t B~.l.b9G.O,. rn::e c:"a~ 
Ek"Tc!YV~ e/P:!;r~ERM e..J,TH S-oMe oAEA/ ~r<t;;::, <t..E"Ga& 

NO .c:'JiUi11:.N,. Jt:J:..tH,,.uNt; .fl:t:leOH I.JNb&'~ rH.E .ICE C!Ov~.\l 6#i.(.OtQ Ui>:IT-#VN.t::r 

t:!JeEE~. Fif!;;JZn.. .It!£ h~CL.i~t..U .. /i?"tt'JIV(i .q r T•YC uP.s-:rAi>E'-"1~ £~ s;E ~· 
THE .tC£ Ct:>VER U Rl!tOV£ WA"r<9NR c.q&ek'. W#IIT.Eil' 

VE/~Ot!t~TY .RPPENA-S .:S4o.w ro bkAt; "'"'.C.OE'$" dA/.bE.;If> .rN.~;:> 
.r,c E I:""· •li"•l=-.a 

t * • .._. 

. . · .. -- ... , 



I 
I 
I 
I 
I 
I 
I 

I 
I 

I 
I 

PRoTO # 2. (JI /2.'1) 

\ 
' 

"'3 (la/.a) 

bEC. 

iJEC 

3 

.(.S'HI:U#y .J'~ fli' o,t:> /C£ t!t:JVG~ - 8.4!/ HILES 

iJG;l.DW 7"'#£ ./f/R.Ib JiG' @ A/>1 1'$. ·'V @ ,/ P.l¥. 
PofRZII. .ICS ·t!.OVE'Ri~Jt;G' 70 .. .SO ~; uJ>ST.f:cAH. 
.$HOllE .ICE t; JtOW T;J C OAI:$7J<?IC T.IN<; HI"'NV C.NRNAIIU •• 

$'b£ t:!NANN'Gt,..$' AA!¥ C~ 'e£ t!o VEA! E'.tl. 

(2) ,.,.,b,C"'TE$' .t.E'~b.ttNt; E6t;E OF fl!c 
COVG~ ~· 9 J11H., #O ,:ug.Ns d#' UNUSJI'R.t. 

sr;;t;NV9 4trr C4h9Te'Jt 4.G41'4"'- .t.s RJ.S/Nt;. 
.v::t p~RZ:U, N:£ €M~At;~Kt; iN o,PG'AI 

t.di/1 ri!!'R 1..41£J:UJ:r .0 0 rA.JNS TRE';f~. 

____ ......... _._ ___ o;;·,------ .. _<t____,.~ .... --· -- -.·· -· 

(3) :Z:N.O~l!Hr$S Lt:H!!RT/ON OF ./CE 
8R.Ib<j£ &'OA!.MI'Nt; @ 9 NH TH/eOut;#' 
THE i:!eN+J~T.l-;<:rG.b Jl£N<!N ;N TNG' 

V',ftUN_,'TY Oi=' H,N!"~ H# .. E ipt:J.O 

~------~-r--------------------------------~------~--------~--------------~----~------·--------~~~-----

J),fic.. 
, . .Q 
""'"""",'" 

(9} .,!NbiCRrES' 1..&~)1/J,!A/fi .Sb9£ ~F THE ICE <:.oVG~ 

BEI..Ot.r:l T~4~EETAh9 19T ' 4~. 

r;;. ... ··. ·.\·····.· 
·~ 

/ . _.....__ 

CHl-1<-:tT.VR- ;.:rvst"rN~ ecN'.t:-~u~A!c£ 8R~bf#El>., ;c£ cove~ 
$ilt''rENb3i U~STA!I!'RM -.. " ~UJ.Ii:'S,. 

EWibENt!E 0~ $T.f/t;.IN(j @ CHUI.J77V<f9 .. .$US#'N19 .Zt:!E C19HES: 4..,/f".;::r' 3'-i' ~IE'~ ~9ao:~ 
Pll:ESEAIT ~NTEift ~EVEJ.. No ~~19/Ut. ~MI9tt;"'N'i •=A:.:~P/ ""N.il&R :n¥"4l" .teE c:.ove.-?. ...,......, ,.,..J!V'~ 
.:s'US.trNA Jtltf/F~ A8aVG THE t!~;tf:'.t.Q4"AI'~G~ . i:NUe.ri"#VR Ji''VER HAt$ 019N 0~./iFN C~V'f~.-<L F~~Nt; 
RT ~-'HE' t:t:JNF''-UGNt:E'~ $N/~.1Nt; 7'0 r'NE ~4f:S1[' $:.1!4G O.c' ;-""HE F~C04.AI.R-'N .AI-r T~4'<G.tF~R. 

Jt!E t:OV£~ FOIPHE.b .OAf TN~ ?t.ll~;t:61/F'N~ R;"VE,..,.. OPE.Af e.E'H.t:.S Hli'<.9J~t $a:s"FTNH t:!~~i!.(.~i!:, 

TN~~£ ~./Vif~S c.oN~~tiENCE HRGR .SNOMU f"T.7.L&"' CNHNt;e $iN<:G. b4Ce'~cti:Al ,z., 
oPIN CNflNNG.t. $q;F'7::r P~o,.., WEsr ~ )'Ehsr .::ubES OfF' 'rN£' .:SOGI':srr.N"J9 

F~OObL·IiMAl 8L:;LC~ 7"'.19~E£r.NJ9 1 

~ - . .. -
t!oltlt~:",i.JE'I'I/CJ!!l ~R.I;R HP.PE'HRs UA-t<!HRNt;G~. I t:Nui.'7WA .Rn/IFJif Njf$ <Vc-So"" .F'~~~-"'C. ..-t:'E 

C.o vE'RRt;G' I'AI Oil>GN t!.IYRNN811!. TN.t~Ec}-N'R ~'VEh .N'h.:r l='cJt!N.E"-4 lfi.w "t:ttr eov.:e" A" ., 
Sl(S,T'N"'' R;'VER H.J:.SO ,n:e COVE~&'"'~ .JI="RO,..f, T#E CN~.U!..In\1~ I.!OI+J'~.t.i.JE'Nt:"~ U,b$?'Alt!i.19H. 

-----·--·------~-------- ... -~-·,·---- -- -"·'1---~---·---·--------------

. -- . - . -- I 
o$.,.,.C.t RN OPEN C#~N.AIAf< .,c::""()W.-J\1'9 ...c'RO#'fV THE C,y~.u .. ,rN~ R<'V&"'A"; 

~ . . 
4.oNt; CPIN t.MR'r/Fift te.E'H.b IF<I(T'GN.O$ u);4rR$81"'1 4i9.t.oNt; 7"N./i" <..!1!#7' ./!l""iii'.IV'H 

:St.~::ur;tVh ,;i';>V$'A Hl.lt:JVJ$* F'NE .:$'1Ar;r.IVA j -l:'#4,J<I),.r:T"'.IVH CON't!S'"tl. U4NCE.· 

f 

~,--------~--------------------~-----------------------------------------------~-------------------~--------~--~·---------~------~------------._--~-----·----------------------------~·---------·--~----~----------~ 

b$t,!., 

;a· 
C#i/9NN~"- trrL;t.L O.PE.N ili'N 7"'H;fi" C#t.J.L.Irfl!9 Jlri;.,•~4fit. 



r-· 
ll 
. ! 

l 

li 
i -

I 
I 

l 

II 
·~ 

l 

I l 

i . 
I 

I 
I 
i 
I 
l 

I 
, 

1 /'180 

I N01{. 

29 

' (l) 

r--
1 

\ 
~ 

' 

~R~t:;E' ~~G J:-LOE"S 8RER~ '""'TC FRRZ'IL 
S'IJ$N 'rHJeout;H H/~N VGLOt!/?'Y -~~GAt!/t.E:f, 
8e.;T ~GF~H Nv $4.-0WE~ VELOt!/TY' .,t::J,ei;';J.,;r 

So-9o % .!='~Rz."' eoVGA:H<;.E nr LR.x ... 9 

' ' ' 

I . 
~ 

/~ 
--~ , 

/ 

\. 
r l.~) 

•• 

\ 
\. 

MAP SCALE 1:63,560 

\ 
I 

\ 
\ 
\ 

_ __,_ __ ·---·-.~_.. ----------~--......... -------~ ,~_, .. _._.,.,__ __ ..,_ - ... ..--~'.~!' --· -· ---·-· ------· ·-···~--~----

I 
I 
I 
I 
I 
I 

I. 

bEC. 
I 

(.1) hVt:U'"~TE'S LEil'iL:YN(j Eb(#o <JJ:" 

"c.& CotlER Ar z.:3o l"'l£1 
NEHVY FRR'Z./4 H~tnJ/"fU~,/flr#JN .IN 

S.INt;I>G t:NHNN£4. 196DVS LG_hiJ/NI# Eo~~ 

/oo% FRHZIL ~t!CuHUi.i1r/ON' .1Ar $,£VN~IU. c..oc,q~·r>c..v-s 

4/UT NO #'CE :SR/~t;E.S ~OR~E'I:.. 

't-"-------t-------------~-----------......... --------.~~-----------------··- ~. - -

bE C. 

2. 

.,_......_..-_.....;,.-._ 

bEC.. 

3 

bEC. 
l ·"' 

SEVER~L V£ LCN!ITY . 1-El9M 

JN TNE /C£ C~VE~ 

( R"'f /0 7.8) 
(~H /DlJ • ./'S") 

(Z-R) LE,til:uNt; Gbt;l!* ~r 1'2. :.ao P"'t 

(i! -B) ## • ., RT ,_. S'O· J:IH 

FRRZ.I4 _,eE Nor CARR~E'b UNQE~ ~E.R.l:uNt; Ebc;a: 

So-~oo% F'lt,I:JUI. COVER;Jt;G UP.:SneE~/41 ------- '*"___ ... -.. _._ ----·-- ---.....,-· __ ...,.......,..,,.,~O;l-~----
o,_EN t.4VI'Tit~ LS/Ib:S I'N rNJS lrU!'RCN 

~1/0W ~"7T.I..E ,/t:RHl!N.. ;::'.t.6W.iA/4 ;N rNEP-t. 

l 
.EKTeN.siV.£ -'YNCH~ .lt!E V/S;BLE ;<.N THE M.,:.-..w C;lrN9A1Nll!!'..t.. 

------------.-:.... 

-- _,.,"\< ____ ,,.._....__._._.. -1~·------

~'il·~ Z.EHLJ/N~ £./:Jt;£ ~r LOR,_, (RM #'.:5:..9) \f.. 7 
l 

r------'4---...._-------~-----------~·-----~----~~-------------------. _..., ___ .. ~,--. --. ..,... _____ ." __ "" ... -"""~-~--""-------~----L ------- .. _ .. ______________ ...._ ___ ~---~ 
l 

bt:C.., 

12 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

bEC. 
~ 

R.1~NT $~4!)/!' C'#NNAI'IL 8&'4;-<U.t.:) CU,I!JilY 

CoHPLeTE.t. V 8LOCkEil o;:;:- ,a- Y 

.SH~£· .U!I: tj2eoeNTH., 

/oo" ;.::'JeRzn. HCCI.IMU4'.Hr-'DN 
'TH/et:iot;N CON ST"A!'J'CTE.O ~ENDH 

HT' cv~JeY .. 

.. 
"\ 

\ 
\ 
l / 

J' 

\ 

I 
PLATE /() 

\ 

\....... 
c~~

PNoro '*2.1 (11/Zll) \ 

\ 
' 

\ i 
t 

I 

\ 
l 

I 

' 
\ 

' \ 

MAP SCALE J: 63,360 

----------------· t-----------------__:.., ______ _ 
f.-

~-~-r------------------~~-------------··-------------..:,__ __________ __,_, _______ ... _....__:. __ -+-j ------· ·------~-----------1 
r 

bJEC.. 

s 

bEC.. 

8 

'e>o % t:oVE't<Rt;G QF FRJ'Iz,~ 
ON rHE u~.sr~G~M S'-'.01!' OP" 

THE CNflAPVG'l. BENb RY" Cc.J~Je.V 

NO t!#RN(jE' ~N PM,rLON 0~ LGRb,#y 

Eb t; G .97". c .:dt./$" P/+1 

OVI!h~~0443 RNb SlfN.$ OF .Je;s,£ /N .t.v~TI:/ft 

L&VIfl. ~N r..VE Sl"bE C.NANNE.t.S 

BELOW e.p;,tR,y., 

Hl'!cRS OF ~E'RV,ES'T .!=~19V' i9!!."t"QHU4:.Hr.NJN' 

~Nblt!Rr"J!!'b lr Y R -~RCU.~~o:3 O...V rN€ .HR~ R:.lloVE •. 

Coti£RRt;G oP ,F:'~Jfi~U. u:• 

hPJ:>ER:Jil&. NN CNRN~Eb 

(S-A) 
(8-8) 

LG/1/>t!Aitt; Gbti'J/! ltl'r "Ct.9H (RM -,zt.. tiS') 
•• . •• • -L /OM ·(RM ,J2/.t. si 

.b.tsi'JNt:::r .$NE'R;e ,.,,.,E.s At.C~Nt; .LEFT <BRNI<. 

WRT'~Jift ~ .. Gl.t'Gil. R~.$,JVtt; ~N <:NRNh~~~ t.r~.s.rAGA'/1'>1 •. 

9S en oJ: 7"#'£ .c,e~FR#G.t H-R.'S n ·t:i oob -'CE eo VE'Jt 
' - '. 

'THERE' ~G ~,o~~ ;t;UAJT~ 4EH~):I. 

~RT-.!.!"Jt 

c,;;e s 

#RAZ"L t: 
Oil=" ICG' 

r 
; 



I 
It 

t 

lj 
i 1-

' .l:.t 
! 

' 1 

1.~. 
! 

Nov. 
2/1 

So % #'JtRZ.Il. CJ:JV£RRt;E ~N ·rNF 

t!HNNAIG.t. /i'r t;OL.b CRGGK. 

bet:. So% FJeRZ.ll. C4VG.N#1t;ii' 

.rtvoti9N R'tiE~ 

:sru.4 .r=-t..ou.uN' V. 

I 

PLATE // 

\ 
\ 

' " 
' 

\ 

,..., .. __ , "'"''----·--------
HcDVY ANt!HO~ ~e& THROu~N 

THE 8ENb HT L~X-Sh RNb $"1. 
{1) ~N-b~ATES ~Ot:!AT'ON O.c* .-t:tli 

~ieA~IL t:!dV/F .. JUiE 9'0" 8E40~ 
.Pc~rA9'E CJZEE~. 

. ._! 

:::::~ 
_ ~~-~p-· _o_~_r._· ~-· _·.:;_E __ c_.e_.,._E-..... ~_ .. _. ~s_r_~_ .... .,_, __ ;c:_:.c._.o_·"'-'_ .. ~~-· ·fi ..... ' ..... · -----.. 

I TN~CU(jN TN4' ~ G/:IC.tl. 

I :~· -------+-----------------------------------------------------------~-~------------------------·------+-------------------------...,....--......... -----~ '? -1 

ll bE C. 
2 

t 

1! bEC 

i 3 

I 
I 
I 

bEe 

I ~ 

1: .bE C.. 

s 

J!"~RZJL IC.E COJIE/ilF/t; E ~o .. 70 !% PROM' 

t:j04.,. CR&EN 7'10 ZN.bi~N' ~OIER. 

lt!S FLOE VE~Ot!ITY - 3 FliT' P~Jt .lfU!"t:DNJb 

RVJ!'NR(JE FLoE TH.ft!II(NES'.S a: · ¥' ;N~Nlf$ 

Zt!IE P4.t::I£S t!(>NSOu~;rr8J:J .97" THE 

86N'J/J BElL~ ?"'HE ZJ~;u!)t;E AT 

L~Jt- "'',I 

tf:JPAZ.i>.L ~t:C Ct;;¥ERAt;.tt; ...., Sc %. ot:4.0E VEI.Ot:t~r, <¥ ,1!:.£4'r .10~;1@ -$$<!oNA~ 
r . • 

AEP:rl'/ o.,: tAJ#97ER J'lr"rHE E.¢1f#G OP' ,U/:E .IP.SoVe J:lloh7;Jfil!!' <!At..tre"~ 
,. ;z., 7 J::'Ecr. TNif:A: evE~.c"~ ;c~ it!Ju,,b,Nt; ~r rHE j:tto,~rRt;E 
(!A:E~K COAIFL4JENC!f; •. tPOJtn9t;E' ~R.EGA: ~£ifC~£"./:j A8<W'G' No.ll~R~ 

• 
r 

So"'-· .e~.I:I'Z.i'l.. ,-cE CflV~RR~E" 8E<;.c:U.J.J MouTH oP Ji:'oA:r,q~e- CJ!tEE« ... 

NO (!'qRN(}E /.N IC.,. tifi~JI'bt;E ~~OV4' rHE Ct::UVII:'~~A:I'~4:' ~RFtlA:.E"J:i, 

ON Not"EHBE"R 2Ci!-sU.. 

t 
~ 

I 
so-•c ~ .,:.~r,q;~,~.. t.:oVEJf;J(j£ 

~~--------~---~r~~~~w~ .. ~e~~=8~R~~=~~~~·~~"-·~------------------~--------~----~------------------------------,.~----~-------------------------------------------------r--------------------~--~------------------------4 
... ~b£C.. 

I a 

~\EC. 
(~) .1..£ R<bl.il'!t!t; C.i>~E 

(.t.) ;, , 
!2. (S) ~~ ·'• 

.Hr IIHH 

Rr ,/.PM 

RT ZP.M 

(!eM ,,"·"*') 
(J!!M llh. S) 
(RM /$!, .. ?) 

t,·· 

Al£'.u ,;;~-4!! 8R:t.O~~ ;t:~R.HE~ I::>O~N$7"~1!"AI"i GJ?!OH MeuTH 
l 

bF Pt::ART/Ii t;E' tiiiEJ!-'1<. 
t 
' k ~ 



I. 
I 
I 
I 
I 

PLATE /C. 

.,_ ____ so----......., 

"\_ 
\.... 

\ 

~' 
l.r ==~====r===================================================~==========================================================M==·=p=s=C=A=L=E===J:=S=3=3=6=0====================================d 

APP£A.Q$ ,."$J.MILRR ~o NOV:.~~ T./ft.IJO 5TR9-'ivti 

I 
I 

NOV. 

.29 

(I] ~,:,o~~RTE& J.O~~TION O.t:' JC£ 8R.Itlt;E 

NJE J:'t.o£s cU:;Nt; t:IUUU~b UNOE"RNE.ttir# 
.. 

NRS Nor l'tllo V£.0. up THieOlJi#~ TN£ HE-'ii:'J 

oiC' T-HE .NHP~I:J.:S~ 

(~) Hd#'IJ n:E 8RI'bt;£ rH~OO~H T'HI'S ~ERCU. 

/:JEt!. .Po$.,1"i!O,., RNJ:l ISXTE'AlT O.r:> OT'HE'Jfl i!!/R"~t;es 

~~ r---~'-----1------------------------------~----------------~----~----------------------------------------------~---a-P~P-~-·~_.•~_.s_· __ ~_~_. -~-~-~~-~-JV_'_~_E_b ___ s_~_~ __ e_.£ ___ ~_·_o_v_._e~>-f----------------------------------------------~ 

II 
I ·lJEC.. 

3 

ZC£ C.t::~AIIJI.TicNS .:SHOW Lfff4E t!NRHt:;C<, <:.oltll::urlt:>NS" VNC'HRI'II't;~J> TNJfO~CJ~ .'TN.-.:;- Ji:~.f:.~~N 
Ho:sr ..c"Ril'IZ..(L ,t:!E tl:l 8Euv~ 7~./'iii'PE.O S"AitJE. .bEl!, /. HBoVIZ J:u;vu. CRSSk, ~R:ii#~J<.. 

,AJ bEIN4.. C!I9NYQN. <!t'VER.Fit:jE ~t> .$o '%. U!£ .,r:,oe VEt.Ot!.l'rY -

II r-----r-------~-------~-------------------,--------·-------J 
TWc SMRU. 811.1'/~t;ES PCRI'1Eb aE?WEGN 

bEVIi. i:!~££K 49N~ THE ~P.li'TRt::RM 
Ebt;E 0 ,: 4.49Jli:.4#i"R BR.ItO'r;G' ,;y,o,cl9n!UJ I 

I 
8 Y (<f) o/V .OE'C.. / TRIP. 

($) :NEW n:.G 8R.I.Ofi£ ABoVE . TN£' l'"fCUTN 

e,: b.$V#., CREE*!, 

,I r----......... --t--'"--~-------------.------------------------·------------------------------------------------...,....--~c""'· =r.~H ... _E._. _:R_·_b::· __ e._.·~a __ ._R_·~_:e..:..,·_Y.._E._'S_._u. __ w_c_N.;..,~.,· =N""'·=~.,.c_~_. ___ -.,...-___ ... _· __________________ _J 

bE C. 

;z-- Bo 

olFX'rENT" OJ:" .1t!£ ~DV'E.e ;:,s OF bEC.. iflo 'f-l.. ~i>/:l:ucAT"E&> 
,By· THE SYMBoL If 30 _,.,. 



I' I 
i 

li 
t 11 

II 
It 
I I 

' 

I 
I 

{ 
? I. Nov. 

29 

I 
bEe 

I I 

I I bee • 

i .2 
l 

I· 

I 

I 

I 

PLATE _-:./...;;..g ____ 

.! 

I 
I 
# 
' 

( 
l 

t)('rENS/VE /I.N'tJHOR /C.£ TH;i/!OI.Jt:'jlll 

T'ANS R£RCN. 

I 

I 
! . 
' 

i I 

\ / 
'" 1 

hO% RVE~Rtj£ FR/9~~' ICc COVERRt;£' '?"'#Root;~ THJS REne~. 

SHORE /C!E ~ N.O H#CNCJe 'CIS' l'JROWTW C~STR/CT/Nt; 

THE CHA;WV£1~ 

70"" 80 ~ JI!'IU1ZJL ..It!£ t:!tWE~-R~c rH/tOtlt#H 

J'1resr o,r- THE t:.NI9NN£l.. NO 'e.£ 
Be.1b{#GS FoRHcb. 

/ 
( 
\ 

N£"RVV FIAICHOR ;t!E 

R~C~HUL4T.ION "'"""' T'H£ t:!~81VNI!!~ 
.l).t:JltltNt/ Srli!ERI'If. t:>F. THE s ,t#JR P 

Jft.I~Hr-#./:/Hii BEND 

(S) HGAVt' F~A:!.'l;, HC4U~UL~TIOIIY.' 

~N!E 84elbt;£ I=CR:HI.A/9 ~S GiiUI'l!n. 

MOV£:MENT ?'HieOU(#JV 'T'Nt!S ~ERCH 

ST<:JI>S. 



t 

'1 It 
I 
I 
I 

I -, 

I 

NoV. 
Z9 

b£C 

I 

(I) Zt!E 8~~bt;E FORHEb# 

NO STR (#Uv~ RPPRRENT 

( 

,i 
I 

/ 

1"1/1,.._ ____ (-1) ------

CCHIJIHRT7ou OF SHo.eE F ~IVCMDJil (2) n!c liR#lf:;~ 1="10/?M~b. 
• 

N! e R£.STRII:~_,Nt; ..c"'CLl1.,. ~~IJSNt~~ WRTE';t ~ .. EV.£4. .lfiS/Ailf 

I:RRZ.I~ ~C£ C!OV&:.~R(j~ 

S'O• t.O" 

.. : ~ ... . .} ...... ' ·: . . ~. ~. . 

MAP SCALE J: 63 3$0 

(.2) MRI:K$ l>ow.NS7"R.£AH Exr..E'Nt" 0~ #CE 

t:!oVG4 EKTEN~IN4:j UP:SrAEDH ~0 

~S'LR.ttlb 8G4CW ~~lJTH OF 1<0~-'AI'R 

~~.U~~GIISE~ TU~JIV~ ... NC£~ UP$TR.£'AJ41 

I '----t--~--~-____,...--------~--:----~-----.,...-------~---------~--~-------------~........._J 
I· 

bE C. 

3 

t!.dRNN£~ :SEVE/e4~V CtJN:rrJtucrEA St' sNoJtE 

J9r.Jb flAII!HO~ -'CG. 

HEAVY R~t~eNOif' ICE ·Jfi~ b 

SHoRE ~£ C':.OA/STRICTni,/tf 

CJIRNNEL liPSTRGA"' Cl=" 

bE'fi:>HRI>/ c.-eE~~:. 

s· 
I~----~-------------------~--·----~-~----~------------~------------~-----~· 

(4) /NbiCATE'S' GkTE'N7" OF U!E 

I 
I 
I 
~I 

I 

b£t!. 

.s-

(tr) NIIRJtts . lfK7ENT" OF' ~t.!E covE~. 

SEVEilRi. S"MRLt.£k. BR~llC:,E.S <;REW 

ToqEr#E'Jil T¢. }f:'CRM TN/.:f 

. ~I!E 131Ubt;tr 

t:!6JIE~ TJV.eoo~ #I 71·NS ~el;t!N. 

~ERb#Jt; iFo(j G NRS JlbVRAif:£b 

#9~.P/i!OX'. ZO YA~M :Sn.JCG YEsY.E~l)R)f 

n!G C!cVcfR RPJ-ERRS UA't:--'IRAJ<;Eb. 

-I="RR2U .. .IC!G 08$/!FJI:.VE.tl F<,f.::HA~'.U;.,<; 

our .F'RCH UNDER rHE jc£ c:!O vE..e;:. 

boWN.:tTRE'EIM Eb~£ Clf::' /C& t!ov£~ 1:s: ,.,., 

TH£ SR~E t.Ot! ~TioN. /C.£ C.~VER NOW' 

G;r7ENbS EJPPRoK. 3 i'-IIL~ /U3oVE 

KO:SNVA t!R.4'~.1f: CQNFL UENCe 

~---·~-------------~------------------------------------~----------~--------~--------~--~--_j· 

f "-.-~ 

L£)UuAI~ .lfil:>(ic o;:- /C~ CoVEJil N~W 9 M".I~·ES 
RBIJVE T-HiS H0t;;7'N OF ~osuv~ t:!REE.kt.,. 



I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 

I 
i 
l 

?NtJl'/"'0 ~3f> 

(4'/S). 

·- .. -· 
• 

, 
t 
''\ 
.) 

.... .._:7 

-~.... PH.:.rl> 4> 3 8 ('f /23) 
~.at (.slz) 
#"f<>(S/'1) 

" 
; 

~~· ='~9~a=I=T·======================~=========================================================.:=. ======~~:~•· ·,===============================:=· ·~:.' 
i FS'W OPE.V .t..E/flb.$ THJitOUt'jH oPEN L&Rb:l .1'1 r~.C TRLk£1ErNR ~~VEJe Gltrti'NAINt; SEVC./ft.q.t., .1· .... 

RPRJI- T.IIIS JifGROH. Stt;N.S dP' HU .. ES U*"'S?.I'RH 
Jf1~,..JOR N!£ MOV~HENr;, ,Net .Sir;N./S 0/fe' ,.;c 

1 
MCV&HENT .IN 'rHE' .SU.<r~rN~ A:'V£'11'1: ~r T . .t:U.Ilt!c~ 

Z3 sru.4. P'Art!HJI sNow ON o~ .1'4'*1 r~:JE' c l: uc.,ri!VJ:I Ri'VER. 

_ liCE., yR~VE4.. ANb '-A.Itlh. --·---···-~---~~-·~··-~-·~·-~--~·~----·--··-·· ---·- -- -····~--·------.. --.·~··-- ··-~- ._ __ .. t;o~D IC.E C.tJVE.~ _ ~:THE S~.:~NR- t!Ht.U •. 'TNR__~<W~l.(JE'':'Cc. ----~--;: 
I 

APRtt... j 
Z? 

·-·~---------

rc, 
----,~~----"""""~·<"----· _ .. ,... ---·--·-+-- _..__.~.-· .. Y:m ~--~'"'~""' • ___________ _....._... ....... ---..~ 

I 

11!& C.oVEil HI1S t/N.b£Jl<jONE ~#;!:sr 

HoVE:I"/ENT q.osrRER#tt OJ=" rH£ BR/b~E. 
WRTER i-~ltiEL I :r ~ tiS1Wt;~ .:CNC.A:E'HS E'L) 
OVE.q.~LO W ANb Q.P£N 4Gd9bS. SHIU .. t. 

OPCN l..I!F<Iil:> ~AI r;NG CNUI..1rN#l RlfiiR 4r FNG t:Jo#P'LO_.~ CRN :EiiSF 

T'J.f'ott~T" $/.,/:fiTNR l W,~t~7$'A: .I$ HIX!H ff!tl..GAI!En 7N-9N CNiJ<&.FrJ~~.q W~ 
j 

IC¥'CI:.ut~£~ SilO"* L.ii'T~4" C8RM';$'. OPEN l.£'111/J:$' ~~csW~Ni. ,, 

' U!£ ~t!t!tJHI.)LHnoN ABt::.VE T'NE 8Rn~qt;. 
~-------+-:--------------------------------·--------------------------------------------'=""-''---------:------------..-.....------~"''--··-----------4 } 

~RY 

3 

lt!E .:T'HH BIU!~EIJ liP TNROot;H THE 

. I·· 8R1bt;E •. ~EY .I'Nb.lt!.47El). oN -r.-"'E ~nP Ad6vE. 
I='I..OCb AU!L.i€G THJt.<HJgN ./.6',1:7" oVE~8i9NK 

.qREh 8Gu:JW' rNE 8Rt1b~E. 

t!NDNNCL:S' ALONfi G/1$T ~Nb INDT OF T.:Y£ 

,:LO;>bPl..R.tN C#/A!R)!'.I~Ci 7''NG MA::rr'P't,rl' 

<:JJ: ~LOW • 

WRrE.R LEVEl;, "'.I:!N<I'Vt;. NVCII!tt!''*S'Eb OVER/fi!'LoW • 

Slt;NS OF "~G 1?-IOV£'1"/GNT ./H r.NE S'U:S.rri'•U'I lflr 

'TME t!NU.t..t:i'f;N'i:l• SJ.IS~Ti'f/A C!C/i/Jr't.UENCE'., ~ 

.tCE ..;T.¥U'-( ./lt:JI.J>.,W~ "" rHE ~~Yd CN~.:!:i"4. 4.1'/~9/F SEt!T.I~ OF' ,fC£ <~'!IV 'r#G S'U$,frNJ:I RtiVG~ nA'!£ 
j, 

0V$1Cif!:'L¢111l T'vYGl.ODt;H SIJ:u:'-:" CNRNNE<4.S <!J.£"4-0W 8/eGA«'~ flJ.U;'fY R.Nb MoWN(} -'N7<:J TN$"' CJ'PEN L...t!FRC. ;.,_., 

7'No£ /3RI~q,JF. TNG t:!~IJL.IT~. WRTER L/;lf<".lf!"L ~¥S-'Nt}. N'..:> "<U!' RtU!O,..,..c.~LRr'.lt:::rN.:J!; 
i 419. R. "'-. E /C.£ $.N~ET ST:l.I<!X ~T THe .SE'Nb t "' Rlifov,:~ rHli' (!~NFI. u.-tVCE TO '-Iii: II' ... 7. 
' .:ru.:sr hBoVG E<E'Yo~.::r;q_.,.,_··-·----- ----~-----·------------ ------~-··-~· -----· ····-·~---· .. ·~··~'"·---*·------ --~---------------------------------

I 

J 

-------~.--J 
C.DJJ.;r>I.U~Nt:E 3T.t4~ -f:JLOCI•tU!l>, 4ur .IC4 CC1Vc;f UPSTilGI/1111 .t~£T6/f.tQII'#C"..iN.'til'li• 
./N~ItGM£.0 .tt:£ /ri~V6HGN7"" 'N .t.lt;,t;!.Jl:s. WRr4'A! 4-.EvEt. J'.ru .• L. R~-$ .. 

----------------~-----------------------------------...;.._------~---~-
,it:.£ .:T'4',_, ./ir THlt S~'.¢4~ ~GLERSI:l:>. 

HRY I NEliJ :r'R""' .CORHE~ o. 74" 1'-fu.l/ ~o~N.Srlti!l~f. 
s I UJG ~ov£~ BELOW THI! .TA 1'-t sru .. 1. '"'*' I l>UOC&. 

I!NANNEl. ~HRoj,,r;N rHG 8H..ii:lyG 
Mrl y ~ .1$ CI..£'H~. lt:G ..r't!IM HOL¢:i;t1Ntj 

~ . ~ , bOWNS'r~CAH. . . . . .· . . . 

L__ .l~;_4~~~1!:t~;~~:-~,;o ': .... R...,,-Y .... 
8 
______ _ 

CJII:J;4J.VGr.# CP$'#. Nb HRtrCJ/: 'J!/MS 

OR RCt!t.#M:.tt.ATit:UVS' 

·---------*" .,.~ -,.,:;~~-~,--·------:----------_........_. ....... ......., __ . ---'""~-,,-~----------------------w--------.. --1 
.R~'ilt .:/:rhl"f: bEV'EtOP~b ;="Rt:JM St/$.1TNR""CNIJ4;r.NR <!ON#.&.dii!$'#CG' 

uPsTRG'J'IH Tb 7 1/i:r· nze ..T,qM.s ~P.:trRGAttl Rlfr'1-EA~'S'64 ov~ ... 
U:li 1/.P ;N7"e VE;;R 'rtf~ TIC"" li'.(;oN.; 7W,C qANA:.:i', 

Jllt!t.H¥' iiiNb LltJII:'r DV$1'i'4ANif<. :rAM H<u .. h.tNlfi ·~ 

.!!.>:.~-~!!-'9 <'.!,/!: .~~'!~-'..... ' 



I. l 

! 
t 

I 

11 
f 

--II 

I 
I FiPJell .. 

2.3 
• 

I t 
• 
. APRIL 

29 ' I l 
I 

• 
1 . 

I l ~IRY 

I 

.. 

~WDW ON ill!/!' • .!1 ;:"EW OVER.ri.OW 

~e~E:r:s a (tr' ,,.r,r~E EINib ENCE 
oJr ,..t;~ PU:SE .r~·. W-j7"4'~ LE'II$4. 
.re~ CJII&.V.rAit; OG~ ,s;~.£S' 0~ OREN 
L6Rb R N4 ;t::'(.C.ti'IT'J'A/9 To ~ER~ 0#' L..£'~1::>. 

SJt:;NS OJ: .,:.-.l'l~CTV~G:' H~¥b .J'CG Moii£HSNT. 

;NC1f.ER3"Eb OVG~~&CW ON -A!£· cot/E.rc • 

</~Ol> i!CE <!OV£'1: AT C~RS£. 

HISTORICRLLY THE .L.I9sr JECTilt:U\1 
.; 

0#' r;t£ J:.tv£~ To aRERktiP. 
(2.3) o.PEAI LERl:i PERSii.SrEb 

Hl..l.. ~IAITG,R 
* ------·· ----------- ------~--·-·--· 

FRIIZ.lL uur 1=&-o;. •. ul\lt; Pit~ 

UNb£~ rHIE' ilt!/E l!.OIIE!e 

~N o.PEN u.J'ITZit LIU~b$ 
HI.ONI$ THE .Le.r:r /iUiNJ:. • 

\ 
\ 

MAPSCALE t:63 60 

--------,----·--~-------__.___..~--- - -· --·--------------- ~--.--- ~-i-----------~-~--~-----·-------4. 
iiNCREHSEb OVER.F'LOW ·ON iiCS,. 

S~RLI. l..E.t:ib$ 0/0EN;Ait;. .r.N 

THE ilt!£ coVEAt. 

1e£ R<!f!I.#M'IU./9r.1Nt; :n.I$T 

~sevE .t.JOtx-n~ v.JnER£ 
11!$ C.OVE~ ~· BREAI<''..V't 
uP. 

IC.E i;ll!t!IJMVI.RTJ0/11 
,:cR'rfl/l(j APPRc~r. 
!/#1 ~14E RSoVE 
;e,..;IJS: 

t 

I 
i--- -+-~~------~---------------·--------------·-- . ---·- -----""-- -~~..--. ...... ----·-'-'------------------------·-·----l 

• • 

I 
I 
I 

I 

HRY 
z 

f .IC.£ ~ETG~'oJe.QTiNt; Fl~o.nltj S/IOREs. 

'I CANDt.£b ~c& cA~c-s 8RERI<Int'i 
' /=R.OH $J:>t;iE'S e;'G .t...c.!~bS. 

l 

-----------------------------------------------~~~----------------~----------------~ 

-~--------------------------------~,-------------------------------------------------~-----------------------~------T~------------------------~------~--~ 

MAJI 
h 

i 

HINOA!t ~t:!£ .tilet:!IJ"f f.U .. ~ TICAl 

UP;snt.ERM ;C"RCh 'R.X-9. 
t-'.I;JT£-R 4.,/E.V'EL. Je;s;Nt;. 

iNCR£'/iSEAO S.ft;NS 0,::0 MOV.E.'HENr 
AT L31LK-IJ. NC~VY OV~F'l.OW 
R1.<:11Vti .iftt;lTH S~~G.s 8.£-4-CIA.I 

&~X·7 

.:TI9Jl1 bli'IIEJ.O.P£1:;. r:"(ROt.U;# Tdi.S RGIU!H. 

WRTE~ .t..J:II$1.. aP ""'"'TO ti'E-i!J.I9'/"Rrn:JN .CN 
,l,.frJ:!"T"I;U1NN • .OT LR.~-~-. .. . ti'Ce Jf:'Loi!'S 8E.uv~ 
Rbbl!:b hr.rHE u/>.S,.~E-9~ Ed.b OF" T#4' 

.t'R.M,., It:!/!: CoVE.Jt J:u~Vif_NSTJi!GR/'4 .. Tii.,L .ri'IIP.f.HC£. 

IC.E Jli!ELE'Ht!Uf..O .. HRIN CHI'IAIA/4'4.. 

O,.b£N 6t:JIAIN ro .1./el(- ? 

.,HJII4l. lt!G Rt:eUJoiiJI./fiTICIII 

I=O~MCb ~ NE.eE 
C.JUi#t.INEI.S .:l'b<~AI 

1e£ PiEt:G.S NT J..RX-18 

H~VE <!6A/St:u.U::u9THb • 
NO S'fid .IN RISE C.t:" 
Wi9rE.tt .t..GfiGI.. li.SC I/!' CoKK""'3 

u:E RCCIJH ut. .t:ITJ t>N HAS 

dii\ICIUt'IIJSJE.b '"' Sit. E. 
HE'RVII CVGR#LOW 
~PSTRE'AM. ~CE G4.0E.s 
SHOW ~U ... N$ 01=" 
e.o 

T~Uif S'I1M Poi?HEb. kEY RT 
.:.JtX-1";. HN:E FLOES .li~b,Hifi 

Tc rH,fi .TI9H. UPST .. Eh"' 
SNb c¥! .:rAM Rr MCUTH i>F' 
I..J:Utic $k£EK. WRT.t;;J( .LEvEl. 

MR.tA/ C.HRA!AIEL ~PEN. 'C.£ .OACAUE'J> 
/N'TO ~IDa CJIRAIA/£LS 04l s•ngC.kGA . 

ON Sl:it>R.E. 

$1:& 0~ I(!G hf!I!UHIJLJ:/T16.N . 

RE:LEASE 4;:- S#-lii'ILL .tee .::nt:J"1 
If b"RIAI'i TN£ NI'~~T. wR?il'jlt 

TO PLOW ti'N C N,:MINiEL /1E?1.41jfl;.u 

~.fiTQ.:~C R»~Ve ~M liS:. 

,ce ~EL£11S'£b """ r.Ne c;::,R,_ y RPrG._.Noo~V... 
/4£ F.t.<>Es ,r:u::u:~r4 1"""c:) ?HE..:;-,,.,. Ar t!.~Jt'; 7 ;.~e. 

: 
" 

lt:C PM/$11t1Fb U..P Cill? rnn~N:r u.U'ff.e-R£. 

<NRN#.E'I.e ~'ftitt'ilb~ #f~OVG ~..-.:..zo .. 



1981 

HRY 

I 

OPEN ~GRb S.l.:t.OI/IJ C:U""'RY. 

'<!£ Moy£;t~E.Nr~N rAtf!: 4.¥RA 

AI\Ua GVii:IE'NC£ OJ(:" N!E P'oiE.:r 

MOVI'A/t; UNbE'Itl rNE ,.<:£ d:!OVE~ 

l 
\ 

\ 
--.\ 

--

i 

' _..,.... _ ___..,. 

PH~~ _,. S"o( S/~). 

\ 

"T""""> . : 

\ 

;--·' 
.. / 
l 

·. 

JC£ Ct:t'IIER JllPPER~S STJIUU.if!. 

I 

· puoro4i.SI ' .,.!- #T ' J 

, (s/'1) ( 
' 

ScM G nJI~ P4.01i H"t)VE"Me;vr ~N 

OPE# t..£Ab.S R4.0N't; TN/!' Jlttt;Nr 
. lJRNit! IIGT~EEN 4RX·Z7 f 3. c. 

----·--·--· ~-~-------- ----~------· 

• • • ' f? 
- 'J • 

·: -· .: :_ . . ·_._,: .- ' '.· ·. . 
•• M 0 0 ' 

'l •• • • ... "'- ~- . • 

c...t:::z 

" .,\ ' ' \ ... /\_ = 
'-f; 
.i\ 

' \PHoTo 4's"f.: 
·,, (s/~) -\ 

\ 

0/>l:H i.~ At.i:Jiv'(f. ~l'(j.f./.r l!JANI< 
FJ-r SH£'~H$rl, RNb .1'"'-'V <.E49" 
CHRNN~t.«J.auNS'~EI91¥. 

' N<J .="LoCo.) #'N ~CUJJfTN 01=' ~4 Y 
~REEK~ 

' 
l 

j 
\ 

MAP SCALE L: 63:r360 

<!0#11$44£~1'18€-E ;-C.E J"'O,~~~~ 
IN <.£JibS 'TH~<:U~.f$4tf TNJ'/.f!ti' .iei~I!N1 

e..J~~ LGV8.1.. .i1!.t'~Af'i., 

1 L4'119b. <a£t..OW CU~;/fj' HA$ 

f;lt0i4!N
1 
WRrG~ <..GV~L 

~ISUV~. 

Co,.,ti:i.LT.If!NZ .!t/St../971V~LY t.IN.._:ff'J!U+I'.t;GL So'NCE ~JIIIIIU#- Z~ 
' 

~ 

It!.£ ..:r;;,_, T.JEVili:.O~WV(# :ru.sr RBoV£ CU~Il:Y. ~£.9/JS HRIIG c;:>ENEb uP. .:SHP14l. ,CE ,CCUMUt:.RT"<'ONS 

No OPEN L£R&S TN~d~N CeN.zr;cu:.'TEil :SMALL JC:E .9CCUHt.U.RT'I'ON ~~sr RBtJV/:; S'N9,.,19N '""*' 'r##i 

Je.GA"t!H Ar cu.eAJY. ~NC~G-!IS':.tE"-6 OVa..e~<.Ow'. l.l£6/E'LOPIN(# 19Lt:uVt;. T#E II#!ER 13/FT&J.Ee.AI LR.K 3f. A.III.O 37. 
.n:e ,l'IPPE.ta~ .:rt:~ 8& r_,,NN-'.v'y, &s..o.:c,nl:.4Y R;t;Nr .SANk .118ovE 4-RX·Z? ~ERVV oll~:if.A;-40Q) ,., /f.lt;Nr ovi:RS19NK. 

~------f--..!~~!L~~~~~~~.:_ ____________ ~-----~...:_-------------~-~--------...:.....--~·----- sr.r&' .ve:r P'~IA) ~,., ¥1'4 oF .:n.ILY I':;Jt£-E.tc. 
~---------------------+,~ ------------~------------------~ 

HRY 
3 

H;N'r:'l1' .TRM J:!"C~HEA t.IPsrRGRI'I o~ Ct.tR.eY. 

3E .. ER4c ~~HeLL JC.G HtU!~U4.Ar"oNs 

~;liVE FoiiU'#Gll bou.1NSTAU!; .. -l1M O.c" t:!.Oif!;f! Y. , 

WAT~ LE"Ve-4 /!VS'-'.N<$ • NVCRE19Sifi"4 

CVERJ(:'LO~;Q TNJ2C'J:J~#OU7 TN'S ieEAe.H., 

.U!..E .:T'HH ~BOV& t!tM:RY H"'S' 

J Ci! RC'I!.,PM u.;,.FJ"nCAI /..TRH. HAS 

I"--OVE~ JJOWN 7"0 CCNSTAUCTEJ,~ 
ieERO.N Rr LRK•Z'i. sn;N.s o~· 
RtSIAh~ e..JJ9TEJt .C.EVE.L •. "'-'J9r~.i~ 
FI:.O&..uJV4 >'.IV JJ:"J:l/lf RUiHr C!.NRNWE~ • 

u:~ .qct!t. .M u~nt:u.,s Rl!o :>'c s,•U'J!~;;..;,""" 
NIIIV£ CoN'.s'+4,4.q7a!!"h .~N.!) 
T"#.ICNENE'1• 

R~'~bHlJl.t9TION3 :S 7#'<.<. -'# 

"-Gve.c.. iJP NOT~CI!I".t:JliLY., 
;:>vs,YG.ll uJ'.» oN .c..c;t::T 

C ,t(l$HS~Nt; 
t!ONS 04-' 4)"'l T£' ~. 

r-------~---------------------------------------------~--------------~----~-~~-·~~------------·----~----------~~~~~~----------------------------------~~---~--

H~Y 
h 

.ICE .TA"'f ;:JI!JOVE <!U~,qy RE'I.C<I9~E"~ 

OVG~NN;Hr., ,q,, /C.£' .::r.?1MMGil .!N' 

THE R£'.4C!~ 8E'?'t..V£CN 4..S!K-;..' . .:.f 

J'iAib LRX- 4!.~ • 

It!£ ,;r.qH NOUUAI'f#:. Jf:I.PlESEe./~£ k/~~ES' 
Fc~k,....t<; 8E~EG# ..t4oe.s • srA:euvt; 
~=LoW T.V~o~t;.d R.Nb HJ/it:IUN4 'rNE 
.:rAlllrf. NO RPPAA!ENr- AU&IJ" N•l wPTK;tt 

.:rRM bEYIFLOPE'JO '771/llCUfiH TJ/I.S 

J!GRCH. KtY MBilJ<Eb ON Jltf"~' ~8DYE. 
""'£'AVY OVE.t' Ft.~ /AI &,;II;)G CM'IIIMI£'LS 

~f!E" ;:-4.o"4:s ..qbJ:u.vt; uJi.:sr~eflll4, 

:rR,., ft/OdUN~, N'O :SifiN$ OJ:" 

Slf"N#'<~CRNr CNRN~£ 

:r19H H'~~ fl~Ot...JI\,I UP::JTRE'AM, 

0/3VLowr ~~SG ~.tV WiRT~N 4$fiEL. 
;n.,wr !9BPV~ 4./tk•$10 w.lll~k LGVG'L 

if· I. J:G6F .SELQW R.~. ?1f'-9eA:s • 
fi. 

i 

,-,y ~RiN C..VAI'N.VG'<. 
1""b .:iii:• F4.0ob !tG&IEF' 
.C.£'.;::"7'" C'N.q.MN'E.(. • . 

,_, ¥~ o.l= .:niL. Y t!HEGK. 

Nb CNRN'~-E1 htl <!O#~n>t::;;V.$' -'9r 
' tiur .T;JM ~ <.~P.s-.rRGA~ 
f 
) 

f· 

r 
l ': 

:TAM /eE'J.~db. J~CM~T-'I't'l'lf 
·-~av (b AINb 



I 
I· 

I 
I 

I 
I 
I 
I 
I 
I 
I 

I 

P11oro '*' .rs ( i /tl3) 
~ S7 ('1/2'1) 
•se (sit) 
~~.;I '-1 (S/1) 

PI/oro J#1' St (s/1) 
4' l:to (~/2) 
#'~.~ {S/3) 

-PHo'Z) ...,.,/ 

(s/<) 

o;:.414 
"'- <€1'11> 

' \ 
\ 

~HO'Tb 4J!# 4tS' 
(.S/f) 

\ 
; 
l 

\ 
J._ 

{/ "'-· 
i \ 

r "-
~' \ 

~""'~ ' ' . 
,.~ ·-·--"' , . 

\ 

;. ' ., 
MAP SCALE l: 63,360 

OPEN wRT£1f!l .t..E'Jib ;t9LOAit; 'rNE 4EI=r l.JHNK 
J1T r~£ SJtAe!lt;E. -'If:£ coVE .If .llrrAe#<?b t:JJV 

R;~~r #IPNAt hP~EAJe.:J. ~ aE ~J.0/!1-r.-.N't}. 
~RN ~<lf',i!IJit /e.G ;::"4:,()~ J(.fOVM/y qN.f);~ J 

MIIY 
to 

OPE'# {.IN4S <"9<t.euvt; l.E'J1:'7 hiVb R;t';N.r 

4.11Nks. ;ce Rt:"t'u~u~hr~CN 
bEV£.t..o~;.;V<; uPsrA!'£'-9M 01:' THE 

BI!Ub t:; E'. 

#:£..TAM' b£/I'E.t..OP-'Nq 49r a .. eub 
;AJ CNI9N#~·~ 8J!l.O&U 'TNE b,/f;/Qt:;£ 

U!£ ..TRH #OLbuVq bOWN~£19,., 

o~ THE lii.R/4gE. KEY o~.:r~M 49r 
;eoa;.:-- Pt:UN7 ON ..e'tl't;N7 8Ji9Nif: 
Rr .C.A!!K- ¥~ 

. 

SI~N- OJ: i'NC.tei;R:&Eb <!.O,.,PJeiE$~'ON "' 
"T,#ROU<'/1# T;JE; .:1'".!'1""1. WATI!'/it .t.G'V.ttL 
IU.:r,N't;. N.E'i9VY OVE;t,:o~CI.A.l ·~ 4.1;~ 

,cJVER8flNif( 8~4CW rH£ LJJ~;b t;G. 

ICE.:rl:u~ ;,:E.tE'HSISb OV£'RA{.nJHT; 
..Hifi,N CH'IN'.IV~t.. /CG·~Ree. 

P;E<:ES OF ;'CE .s-rHCk 4'> .,r:"lf:.£"r H/t;# 

AL.oN't:; THE SJ'i'~R.ft 

~-------------- ------------~--- --·-·-· !--·-----~--------------------------; 

:SHIU.4 ICE RCt!U...,UL'IT'I'ON 8./.FTl.ll.ll!fEN' :SP4..t'T 

t CH.,'9NNE:_U .9r TNG H6Ur8 t»:' .rNb.fliN IIUti'Sit'. 
' O!IE/t/C'LC~ ON ;.Nb;.r:J# ~~II'~;. $MR44. N!£ 

j JA#i Ar 4A¥·S'a· ;N r~JE HRNI! CNRNAtfG'-• 
} F/NO 7?'1~ /1 I!Cu ~ IU.RTA:IN' ;:ru.zr 

t3"RI1 t;JfllOIAIINfj 4TL~·SZ.,. olfe.!'.c"4C"" -'"f' 

Rr.J~fF' t:UIRNN£L. ;CE ACCUM~if'r'4d 
RSotl€ 41/tX•S3 RIJIPQFIR$ U.Vt:~RNgEb. 

O~GN WATER ,,., TN£ .:Z"N41s;~ ~.IV~.-e. 

.IJTTLC CN.,t;N(j£ 'AI' T'N;s 

RE/IIUI S,NC~ ~A~"Z.. 

N!E .t.V "tRIN ~N<4MV£'.t. 'lr 4-R.Jt"'-.:f'Z. 

.liiPPI.!"RRs .:,rn Nt:/V£' SJJt;'t;Eb# 
Pt;SS,-.S.t.,Y bu4E' ~· l:JROA .-u I.A.J19rEA 
4..i!fY£4. nPFEe 3~~ ;Jr fic;Lli eREEJIC 
.Jt£ &..Ei'lS/8 ~ .. 

No N£1A.) itt!£ .JI'If2t:lJHU&H'J"'YCJNS o~ 
SIIJ#',;tt:'~CANr ~N4N(}£" iiN l:il.t..,)';!"'~ 

LIEVGJ.. T"NA! oU9-~ 7"NIS /f!ERCI'f. 

~<:.£ .TIIIM H"Lt>,N~ ·<:Mf 7"<1J'£ 

HoRA/i#fJ CG' H.t~P tiN.. tiSfiS 
.S'rJl'e8MFLOW t!NR/iff"' 47"' ~L.b 
c.R:E'E« S'Uyt;:E.Sr,s. .:rRM 

rHAT 

Jc.P :r.q;., l:>.EYili"t.OP.tl'llt; JCJto~-t 

l.J~Vt-S"s- 1"0/S'7 CRU~<tNf1 OVGA',c"'LOt..J 

/~YO .S.-~£ t!.NAAI'N4S, 

J_. .- ..0 .,__.....;,. .DAA.AA ~ ~L!!A ;;T:JI/41 ~ .• ,... ...... ..:-7y _,.. __ _ 

F.ttO.E$ NO.r ..lil,li'AAJ'9 C:A .. Itl4"b IJAUU!'tf 

rMG" 1/,)~$"/"JPG,_, cNb 01=" :P"f6 .:T~H • 
.VCJ SI9.N 0~" SW;,.Nl.«"lt:Adr C#.qM t; F 
""" U~I9T&Jf!! 4. .... - .... .r!". 

.r~£ .:T'AH REUFR$E'.b CJVERNI9H7. 
Hlii'N t!NHNN'E4 'l!lfi•#'R~IF • 

J. EJII:7''• S'~J:/14' 4H;'/NNe'.LS PA~ ~&"<) 

SFJtRNI>Gb .nUF. 


	0001-0001
	0001-0002
	0001-0003
	0001-0004
	0001-0005
	0001-0006
	0001-0007
	0001-0008
	0001-0009
	0001-0010
	0001-0011
	0001-0012
	0001-0013
	0001-0014
	0001-0015
	0001-0016
	0001-0017
	0001-0018
	0001-0019
	0001-0020
	0001-0021
	0001-0022
	0001-0023
	0001-0024
	0001-0025
	0001-0026
	0001-0027
	0001-0028
	0001-0029
	0001-0030
	0001-0031
	0001-0032
	0001-0033
	0001-0034
	0001-0035
	0001-0036
	0001-0037
	0001-0038
	0001-0039
	0001-0040
	0001-0041
	0001-0042
	0001-0043
	0001-0044
	0001-0045
	0001-0046
	0001-0047
	0001-0048
	0001-0049
	0001-0050
	0001-0051
	0001-0052
	0001-0053
	0001-0054
	0001-0055
	0001-0056
	0001-0057
	0001-0058
	0001-0059
	0001-0060
	0001-0061
	0001-0062
	0002-0001
	0002-0002
	0002-0003
	0002-0004
	0002-0005
	0002-0006
	0002-0007
	0002-0008
	0002-0009
	0002-0010
	0002-0011
	0002-0012
	0002-0013
	0002-0014
	0002-0015
	0002-0016
	0002-0017
	0002-0018
	0002-0019
	0002-0020
	0002-0021
	0002-0022
	0002-0023
	0002-0024
	0002-0025
	0002-0026
	0002-0027
	0002-0028
	0002-0029
	0002-0030
	0002-0031
	0002-0032
	0002-0033
	0002-0034
	0002-0035
	0002-0036
	0002-0037
	0002-0038
	0002-0039
	0002-0040
	0002-0041
	0002-0042
	0002-0043
	0002-0044
	0002-0045
	0002-0046
	0002-0047
	0002-0048
	0003-0001
	0003-0002
	0003-0003

