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I. Introduction 

The entire Chocolay River basin experienced record flooding in April 

1985 as did many areas in Michigan's upper peninsula and northern Wisconsin. 

This regional flooding followed a 30-day period that brought record snow

storms, rainstorms, and high temperatures to the area. All of these factors 

contributed significantly to the severity of the flood. 

The Chocolay River has a total drainage area of approximately 159 

square miles at its outlet to Lake Superior (Figure 1). This drainage 

area covers most of Chocolay Township and includes parts of Skandia, Sands,·· 

Westbranch, and Forsyth Townships. The Chocolay River watershed is mostly 

wooded with a small number of farms and population generally centered near 

Lake Superior. 
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The purpose of this study is to evaluate the climatologic data con

cerning this flood and to estimate how often a flood of similar magnitude 

should occur. The results of this analysis will be used to evaluate the 

flood profiles being considered for the Chocolay Township Flood Insurance 

Study (FIS). This analysis also simulates the breach which occurred at Lake 

LeVasseur Dam on April 20th and evaluates its impact on downstream flooding. 

II. Climatic Conditions 

Meteorological data collected from the National Weather Service (NWS) 

station observers and K. I. Sawyer Air Force Base were used to determine 

conditions during and prior to the flood. 

Snowstorms at the beginning of April left over two feet of heavy, wet 

snow on the ground by April 10th. This was followed by a rapid melt, 

especially in the upper portions of the watershed. Then record amounts of 

rain fell on April 19th which culminated the sequence of events leading to 

the flood. 

The 10-day period beginning on April 10th started a sequence of 

climatic events which favored the development of the heavy thunderstorms on 

April 19th. As the polar jet stream started moving north, warm, moist air 

began flowing into the region. Much of the energy in the warm air was 

absorbed by the snowpack starting the snowmelt. Significantly, the southern 

portion of the watershed (upstream area) lost nearly all of its snowpack by 

Apr;1 1S~h ~h;lP thP nnrthPrn pnrt;nnA (rlown~trPam RrP~) retRinPrl ahnnr a 

foot of snowcover. The lack of snowpack in the south allowed a second surge 

of warm air to flow relatively unhindered nearly to Lake Superior before 

being absorbed by, and melting, the remaining snowpack in the area. The now 

unstable air over the region was the final ingredient needed for the 

formation of the April 19th thunderstorms. 

Just prior to the rains of Friday, April 19th, most of the water 

running off was concentrated in the lower watershed. The snowmelt from the 

upper watershed had traveled downstream and filled most rivers and streams 

throughout the basin. The now rapidly melting snowpack in the lower 

watershed saturated the natural, low retention areas and created a drainage 

area which could very efficiently carry surface runoff to the river system. 
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When the rains struck, the heavier amounts fell over the lower water

shed, melting the rest of the snowpack. The rainfall and the liquid water 

from the melted snowpack caused a flood peak to pass through the lower 

Chocolay River on Saturday afternoon and evening. Later on Sunday, after 

the initial peak began receding, a second peak of similar magnitude 

occurred. The data indicates that this was the runoff from the upper 

portion of the watershed. This peak was delayed because of a lower rainfall 

amount in the upper watershed, which also had begun drying out to some 

degree from the snowmelt 5 days previous. This would allow for some more 

infiltration of the rainfali and wouid increase its travel time to the 

river. An additional delay is due to the time it physically takes water to, 

flow from the upper portions of the basin to the lower. 

III. Modeling of the April Flood 

The flood is simulated by collecting all available data and then using 

various computer programs to generate the observed flood profile. Much of 

the data was collected during a one-week field trip to the area in early 

June. Observed high water marks were inspected and surveyed at a number of 

points in the watershed. These points are shown in Figure 2. 

Computer program DAMBRK, developed by the National Weather Service, 

was used to model the flood profile. This program also has the capability 

of simulating a dam breach. The complete model extends from Lake LeVassuer 

Dam downstream to Lake Superior. The hydrograph from the watershed upstream 

of the dam is input as the inflow to Lake LeVasseur. The flow from the 

upper Chocolay watershed was input based on data observed at Green Garden 

Road (Site 9, Figure 2). Cross-section data from the pending FIS were used 

for the lower 5 miles of the river. Cross-section information from Lake 

LeVasseur to the outlet of Lake Kawbawgam were obtained from construction 

plans for the dam and direct measurement during the field trip. Additional 

cross-sections were obtained from topographic maps for the area. 

High water marks at M-28 and further upstream were used to compute a 

peak discharge of approximately 5400 cfs. This was used in DAMBRK and 

adjusted slightly until the computed and observed elevations reasonably 

matched at the locations shown in Figure 2. We also checked to make sure 
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that the elevations not only matched the observed but also occurred at the 

appropriate time, as deduced from questioning residents along the river, 

This included matching the time of rise on Lake Kawbawgam and the 

approximate time to peak in the vicinity of Candace Estates Subdivision 

upstream from the M-28 bridge. Peak time information was also available at 

the Harvey Pump Station near the mouth of the Chocolay River and was used in 

the calibration. A comparison of observed and computed elevations for the 

calibrated model is shown in Table 1. The localized discrepancy at the pump 

station and Green Bay Street resulted from a complex hydraulic contraction 

at the DSS&A Railroad immediately downstream of the pump station. This 

localized phenomena does not impact the results at M-28 or further upstream_. 

Table 1.-- Observed vs. Computed Elevations on Lake Kawbawgam 

Site Location Observed <'l"\Tn'l"\nt-orl 
VULI..LpU~>-U 

1. DSS&A Railroad 605.3 606.9 

2. Bay Street 607.0 608.0 

3. M-28 613.5 613.5 

4. Candace Estates 614.6 614.4 

5. Lake Kawbawgam 623.8 623.7 

6. l(;:u.1h.:=it.ro ::im T.::ikP Rd, 624.3 624.6 ·~- .. ~- .. o-··· --·~-

IV. Flood Frequency 

Assigning a frequency to this event is a difficult task. The compli

cation is the fact that a primary cause of the flood was a rapidly melting 

snowpack. Snowmelt is one of the more complex phenomena to analyze since it 

depends on the condition of the snowpack, the amount of equivalent liquid 

water in the snowpack, the temperature sequence during the melt period, the 

condition of the ground (frozen/unfrozen) under the snowpack, and the amount 

of rain falling on the melting snow. Necessarily then, any conclusions 

about the frequency involve an objective analysis of the available data and 

a somewhat subjective inference about the individual factors occurring in 

combination with the others. 



Daily precipitation, snowpack, snowfall and temperature data from 1901 

to 1980 at the NWS Chatham Station were evaluated to determine the frequency 

of this flood. The precipitation and snowpack data were analyzed by a 

computer program, CALMET, which is co-written by the authors. This program 

computes annual maximum data from a given set of daily records. Any number 

of consecutive days in a year can be grouped together. One-day, 10-day and 

30-day intervals were analyzed for precipitation data. Precipitation 

amounts for a range of recurrence intervals were then computed using 

standard statistical methods. 

CALMET was modified to analyze the Chatham data over a portion of 

the year. Winter data (December 1 - April 30) was analyzed to determine if 

the snowpack and precipitation were excessively unusual for the winter 

season. Data for only the month of April was then analyzed to evaluate its 

frequency this late in the winter season. 

Tables 2-5 show the amount of rainfall and snowpack for a range of 

recurrence intervals based on our CALMET analyses of the Chatham data. The 

observed data for the Chocolay basin this past April is listed in 

parentheses in the title of each table. In these tables, April refers to an 

analysis of the Chatham data for only the month of April. Winter refers to 

the December 1 - April 30 data and Annual values are from an analysis of the 

entire daily records at Chatham. Asterisks are used to illustrate where the 

1985 values are located among the values in the tables. 

Table 2.-- Maximum 1-day Precipitation (April 19 2.6 inches) 

Recurrence Interval (yr.) Annual Winter April 

2 1.8 

5 2.5 
* 

10 3.0 

20 3.5 2.0 

* 50 4.2 2.9 

100 4.8 3.4 1.9 

200 2.1 

500 2.2 
* 
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Table 3.-- Maximum 10-day Precipitation (April 10-19 3.4 inches) 

Recurrence Interval (yr.) 

2 

5 

10 

20 

50 
,n~ 
J.UU 

200 

500 

Annual 

* 3.7 

4.8 

5.5 

6.3 

7.5 
C ' 0.4 

9.3 

10. 7 

Winter 

2.0 

2.6 

3.0 

3.4 * 
4.0 
' ,_ 

"·" 

Table 4.-- Maximum 30-day Precipitation (March 26-April 24 7,5 inches) 

Recurrence Interval (yr.) 

2 

5 

10 

20 

50 

100 

Annual 

7.1 * 
8.2 

Q l 
✓ •• 

10.3 

11. 2 

12.0 

Winter 

5.1 

5.4 

6.3 

6.8 

200 7.3 * 
500 7.9 

Table 5.-- Maximum 1-day Snowpack (April 9 28 inches) 

Recurrence Interval (yr.) 

2 

5 

10 

20 

Winter 

31 

38 

41 

44 

* 

April 

16 

24 

28 * 
31 



During April, the Marquette NWS measured 6.56 inches of precipitation 

(snow & rain). Over 6 inches of this fell prior to April 20th. This was 

the second highest April value since record-keeping started in 1871. Table 

6 shows how April 1985 ranks with the other large April values for both 

Marquette and Chatham. 

Table 6.-- Maximum April Precipitation 

Marquette Chatham 

Rank Year Precipitation (inches) Year Precipitation (inches) 

l 1914 6.80 1960 5.08 

2 1985 6.56 1913 4.65 

3 1960 5.73 1954 4.40 

4 1947 5.28 1985 4.19 

5 1888 5.07 1953 3.97 

The severity of the flood was caused primarily by the 10-day sequence 

of climatic conditions discussed in Section II and the snowpack existing at 

the start of this period. The 10-day precipitation during this time is a 

20-year event (Table 3). The snowpack at the start of this 10-day period is 

a 10-year event (Table 5). Since these two factors are meteorologically 

independent events, we are allowed to multiply the recurrence intervals to 

obtain a frequency of both factors occurring simultaneously. This results 

in a 200-year recurrence interval for this snowmelt/rainfall flood. 

Another measure of the frequency of this event can be obtained by 

looking at the 30-day precipitation preceeding the flood. This is shown to 

have a frequency of between 200 and 500 years (Table 4). The 1-day rainfall 

on April 19th is shown to be an excessively rare event for April (Table 2) 

without even considering the snowmelt preceeding it. Even though 

statistically the 1-day rainfall is excessively rare, it would not be 

sufficient, by itself, to cause the April flood. 

Although the Chocolay River does not have a stream gaging station, 

other rivers in the area do. Among those with more than 20 years of record, 

the Middle Branch Escanaba River near Humboldt and the East Branch Escanaba 

River near Gwinn show the 1985 flood as a 200-year event. The Black River 
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. . ' near Republic and the Peshekee River near Champion show this event with a 

recurrence interval of greater than 500 years. 

Taking all the statistics in perspective, the meteorological frequency 

discussed above and data from the river gages in the area strongly suggest 

that the recurrence interval for this flood is greater than 200 years and 

perhaps as large as 500 years. 

V. Failure of Lake Levasseur Dam 

The dam appears to have failed around noon on Saturday, April 20. 

Interviews with residents on Lake Kawbawgam downstream from the dam indicate 

that the lake levels were already causing flood damage to dwellings during 

Saturday morning preceding the dam failure. In the early afternoon after 

the failure, the lake rose about one and a half feet when the flood wave 

moved through, 

From available evidence, it appears that the dam embankment was very 

nearly overtopped prior to the failure. Sloughed sod on the south embank

ment indicates that the pre-failure impoundment elevation was approximately 

6 inches below the top. There were large amounts of wooded debris jammed in 

the spillway which decreased the efficiency of the outlet. 

The failure of the north embankment was assumed to take place over a 

half hour period. No direct observation of the failure is available so this 

assumption is based on the characteristics of other sand-fill embankment 

failures. From our hydrologic analysis, it appears that the inflow 

hydrograph peak on Lake Levasseur arrived about 4 hours after the breach 

formed. Our analysis also shows that if the dam had not failed, the 

elevation on Lake Kawbawgam would have still risen to the same level due to 

the flow from the watershed above Lake LeVasseur. The only discernible 

effect of the dam breach was to cause the lake to reach its flood stage 

sooner and then recede at a somewhat slower rate. Figure 3 illustrates the 

flood elevations on Lake Kawbawgam, 

9 
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VI. Conclusions 

The flooding experienced in the Chocolay River watershed in April 1985 

resulted from a severe combination of frozen ground, record snowfall, rapid 

snowmelt, and record rainfall. A statistical analysis of 80 years of daily 

climatological data at Chatham indicates that the recurrence interval for 

this event is between 200 and 500 years. 

The breach of Lake LeVasseur Dam did not affect the peak flood stages 

on Lake Kawbawgam or areas farther downstream. The breach did cause a 

quicker rise and slower receding of stages on Lake Kawbawgam but the peak 

stage resulted from the natural runoff from the watershed above the dam. 

The observed high water data fit in well with the 500-year profile 

being considered for the Chocolay Township FIS. Discharges used in our 

analysis are reasonably close to those used in the FIS. It appears, 

therefore, that the FIS profiles adequately represent flood stages in 

Chocolay Township. 
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I. Introduction 

The entire Chocolay River basin experienced record flooding in April 

1985 as did many areas in Michigan's upper peninsula and northern Wisconsin. 

This regional flooding followed a 30-day period that brought record snow

storms, rainstorms, and high temperatures to the area. All of these factors 

contributed significantly to the severity of the flood. 

The Chocolay River has a total drainage area of approximately 159 

square miles at its outlet to Lake Superior (Figure 1). This drainage 

area covers most of Chocolay Township and includes parts of Skandia, Sands,'• 

Westbranch, and Forsyth Townships. The Chocolay River watershed is mostly 

wooded with a small number of farms and population generally centered near 

Lake Superior. 
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The purpose of this study is to evaluate the climatologic data con

cerning this flood and to estimate how often a flood of similar magnitude 

should occur. The results of this analysis will be used to evaluate the 

flood profiles being considered for the Chocolay Township Flood Insurance 

Study (FIS). This analysis also simulates the breach which occurred at Lake 

Levasseur Dam on April 20th and evaluates its impact on downstream flooding. 

II. Climatic Conditions 

Meteorological data collected from the National Weather Service (NWS) 

station observers and K. I. Sawyer Air Force Base were used to determine 

conditions during and prior to the flood. 

Snowstorms at the beginning of April left over two feet of heavy, wet 

snow on the ground by April 10th. This was followed by a rapid melt, 

especially in the upper portions of the watershed. Then record amounts of 

rain fell on April 19th which culminated the sequence of events leading to 

the flood. 

The 10-day period beginning on April 10th started a sequence of 

climatic events which favored the development of the heavy thunderstorms on 

April 19th. As the polar jet stream started moving north, warm, moist air 

began flowing into the region. Much of the energy in the warm air was 

absorbed by the snowpack starting the snowmelt. Significantly, the southern 

portion of the watershed (upstream area) lost nearly all of its snowpack by 

April 15th while the northern portions (downstream area) retained about a 

foot of snowcover. The lack of snowpack in the south allowed a second surge 

of warm air to flow relatively unhindered nearly to Lake Superior before 

being absorbed by, and melting, the remaining snowpack in the area. The now 

unstable air over the region was the final ingredient needed for the 

formation of the April 19th thunderstorms. 

Just prior to the rains of Friday, April 19th, most of the water 

running off was concentrated in the lower watershed. The snowmelt from the 

upper watershed had traveled downstream and filled most rivers and streams 

throughout the basin. The now rapidly melting snowpack in the lower 

watershed saturated the natural, low retention areas and created a drainage 

area which could very efficiently carry surface runoff to the river system. 
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When the rains struck, the heavier amounts fell over the lower water

shed, melting the rest of the snowpack. The rainfall and the liquid water 

from the melted snowpack caused a flood peak to pass through the lower 

Chocolay River on Saturday afternoon and evening. Later on Sunday, after 

the initial peak began receding, a second peak of similar magnitude 

occurred. The data indicates that this was the runoff from the upper 

portion of the watershed. This peak was delayed because of a lower rainfall 

amount in the upper watershed, which also had begun drying out to some 

degree from the snowmelt 5 days previous. This would allow for some more 

infiltration of the rainfall and would increase its travel time to the 

river. An additional delay is due to the time it physically takes water to, 

flow from the upper portions of the basin to the lower. 

III. Modeling of the April Flood 

The flood is simulated by collecting all available data and then using 

various computer programs to generate the observed flood profile. Much of 

the data was collected during a one-week field trip to the area in early 

June. Observed high water marks were inspected and surveyed at a number of 

points in the watershed. These points are shown in Figure 2. 

Computer program DAMBRK, developed by the National Weather Service, 

was used to model the flood profile, This program also has the capability 

of simulating a dam breach. The complete model extends from Lake LeVassuer 

Dam downstream to Lake Superior. The hydrograph from the watershed upstream 

of the dam is input as the inflow to Lake Levasseur. The flow from the 

upper Chocolay watershed was input based on data observed at Green Garden 

Road (Site 9, Figure 2). Cross-section data from the pending FIS were used 

for the lower 5 miles of the river. Cross-section information from Lake 

LeVasseur to the outlet of Lake Kawbawgam were obtained from construction 

plans for the dam and direct measurement during the field trip. Additional 

cross-sections were obtained from topographic maps for the area. 

High water marks at M-28 and further upstream were used to compute a 

peak discharge of approximately 5400 cfs. This was used in DAMBRK and 

.:uij11.c;t:el1 .c;li.ghrly until the r.omputed and ohi:.erved elevations reasonably 

matched at the locations shown in Figure 2. We also checked to make sure 
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that the elevations not only matched the observed but also occurred at the 

appropriate time, as deduced from questioning residents along the river, 

This included matching the time of rise on Lake Kawbawgam and the 

approximate time to peak in the vicinity of Candace Estates Subdivision 

upstream from the M-28 bridge. Peak time information was also available at 

the Harvey Pump Station near the mouth of the Chocolay River and was used in 

the calibration. A comparison of observed and computed elevations for the 

calibrated model is shown in Table 1. The localized discrepancy at the pump 

station and Green Bay Street resulted from a complex hydraulic contraction 

at the DSS&A Railroad immediately downstream of the pump station. This 

localized phenomena does not impact the results at M-28 or further upstream. 

Table 1.-- Observed vs. Computed Elevations on Lake Kawbawgam 

Site Location Observed Computed 

1. DSS&A Railroad 605.3 606.9 

2. Bay Street 607.0 608.0 

3. M-28 613.5 613.5 

4. Candace Estates 614.6 614.4 

5. Lake Kawbawgam 623.8 623.7 

6. Kawbawgam Lake Rd. 624.3 624.6 

IV. Flood Frequency 

Assigning a frequency to this event is a difficult task. The compli-

cation is the fact that a primary cause of the flood was a rapidly melting 

snowpack. Snowmelt is one of the more complex phenomena to analyze since it 

water in the snowpack, the temperature sequence during the melt period, the 

condition of the ground (frozen/unfrozen) under the snowpack, and the amount 

of rain falling on the melting snow. Necessarily then, any conclusions 

about the frequency involve an objective analysis of the available data and 

a somewhat subjective inference about the individual factors occurring in 

combination with the others. 
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Daily precipitation, snowpack, snowfall and temperature data from 1901 

to 1980 at the NWS Chatham Station were evaluated to determine the frequency 

of this flood. The precipitation and snowpack data were analyzed by.a 

computer program, CALMET, which is co-written by the authors. This program 

cumpuL~~ annual maximum data from a given set of daily records. A.uy uuillb~L 

of consecutive days in a year can be grouped together. One-day, 10-day and 

30-day intervals were analyzed for precipitation data. Precipitation 

amounts for a range of recurrence intervals were then computed using 

standard statistical methods. 

CALMET was modified to analyze the Chatham data over a portion of 

the year. Winter data (December 1 - April 30) was analyzed to determine if 

the snowpack and precipitation were excessively unusual for the winter 

season. Data for only the month of April was then analyzed to evaluate its 

frequency this late in the winter season. 

Tables 2-5 show the amount of rainfall and snowpack for a range of 

recurrence intervals based on our CALMET analyses of the Chatham data. The 

observed data for the Chocolay basin this past April is listed in 

parentheses in the title of each table. In these tables, April refers to an 

analysis of the Chatham data for only the month of April. Winter refers to 

the December 1 - April 30 data and Annual values are from an analysis of the 

entire daily records at Chatham. Asterisks are used to illustrate where the 

1985 values are located among the values in the tables. 

Table 2.-~ Maximum l=day Precipitation (April 19 2.6 inches) 

Recurrence Interval (yr.) Annual Winter April 

2 1.8 

5 2.5 
* 

10 3.0 

20 3.5 2.0 

* 50 4.2 2.9 

100 4.8 3.4 1.9 

200 2.1 

500 2.2 
* 
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Table 3.-- Maximum 10-day Precipitation (April 10-19 3.4 inches) 

Recurrence Interval (yr.) 

2 

5 

"' .LV 

20 

50 

100 

zoo 
500 

Annual 

* 3.7 

4.8 

• • J • J 

6.3 

7.5 

8.4 

9.3 

10.7 

Winter 

2.0 

2.6 
o n 
JoV 

3.4 * 
4.0 

4.4 

Table 4.-- Maximum 30-day Precipitation (March 26-April 24 7,5 inches) 

Recurrence Interval (yr.) 

2 

5 

10 

20 

50 

100 

200 

500 

Annual 

7.1 * 
8.2 

9.1 

10.3 

11. 2 

12.0 

Winter 

5. 1 

5.4 

6.3 

6.8 

7.3 
* 

7.9 

Table 5.-- Maximum 1-day Snowpack (April 9 28 inches) 

Recurrence Interval (yr.) 

2 

5 

10 

20 

7 

Winter 

31 

38 

41 

44 

* 

April 

16 

24 

28 * 
31 



During April, the Marquette NWS measured 6.56 inches of precipitation 

(snow & rain). Over 6 inches of this fell prior to April 20th. This was 

the second highest April value since record-keeping started in 1871. Table 

6 shows how April 1985 ranks with the other large April values for both 

Marquette and Chatham. 

Table 6.-- Maximum April Precipitation 

Marquette Chatham 

Rank Year Precipitation (inches) Year Precipitation (inches) 

l 1914 6.80 1960 5.08 

2 1985 6.56 1913 4.65 

3 1960 5.73 1954 4.40 

4 1947 5,28 1985 4.19 

5 1888 5,07 1953 3,97 

The severity of the flood was caused primarily by the 10-day sequence 

of climatic conditions discussed in Section II and the snowpack existing at 

the start of this period. The 10-day precipitation during this time is a 

20-year event (Table 3). The snowpack at the start of this 10-day period is 

a 10-year event (Table 5). Since these two factors are meteorologically 

independent events, we are allowed to multiply the recurrence intervals to 

obtain a frequency of both factors occurring simultaneously. This results 

in a 200-year recurrence interval foi this snowwelt/rainfall flood. 

Another measure of the frequency of this event can be obtained by 

looking at the 30-day precipitation preceeding the flood. This is shown to 

have a frequency of between 200 and 500 years (Table 4). The 1-day rainfall 

on April 19th is shown to be an excessively rare event for April (Table 2) 

without even considering the snowmelt preceeding it. Even though 

statistically the 1-day rainfall is excessively rare, it would not be 

sufficient, by itself, to cause the April flood. 

Although the Chocolay River does not have a stream gaging station, 

other rivers in the area do. Among those with more than 20 years of record, 

the Middle Branch Escanaba River near Humboldt and the East Branch Escanaba 

River near Gwinn show the 1985 flood as a 200-year event. The Black River 
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. . ' near Republic and the Peshekee River near Champion show this event with a 

recurrence interval of greater than 500 years. 

Taking all the statistics in perspective, the meteorological frequency 

discussed above and data from the river gages in the area strongly suggest 

that the recurrence interval for this flood is greater than 200 years and 

perhaps as large as 500 years. 

V. Failure of Lake Levasseur Dam 

The dam appears to have failed around noon on Saturday, April 20. 

Interviews with residents on Lake Kawbawgam downstream from the dam indicate 

that the lake levels were already causing flood damage to dwellings during 

Saturday morning preceding the dam failure. In the early afternoon after 

the failure, the lake rose about one and a half feet when the flood wave 

moved through. 

From available evidence, it appears that the dam embankment was very 

nearly overtopped prior to the failure. Sloughed sod on.the south embank

ment indicates that the pre-failure impoundment elevation was approximately 

6 inches below the top. There were large amounts of wooded debris jammed in 

the spillway which decreased the efficiency of the outlet. 

The failure of the north embankment was assumed to take place over a 

half hour period. No direct observation of the failure is available so this 

assumption is based on the characteristics of other sand-fill embankment 

failures. From our hydrologic analysis, it appears that the inflow 

hydrograph peak on Lake LeVasseur arrived about 4 hours after the breach 

formed. Our analysis also shows that if the dam had not failed, the 

elevation on Lake Kawbawgam would have still risen to the same level due to 

the flow from the watershed above Lake LeVasseur. The only discernible 

effect of the dam breach was to cause the lake to reach its flood stage 

sooner and then recede at a somewhat slower rate. Figure 3 illustrates the 

flood elevations on Lake Kawbawgam. 
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Figure 3.-- Graph of Lake- Kawbawgam Elevations 

VI. Conclusions 

The flooding experienced in the Chocolay River watershed in April 1985 

resulted from a severe combination of frozen ground, record snowfall, rapid 

snowmelt, and record rainfall. A statistical analysis of 80 years of daily 

climatological data at Chatham indicates that the recurrence interval for 

this event is between 200 and 500 years. 

The breach of Lake LeVasseur Dam did not affect the peak flood stages 

quicker rise and slower receding of stages on Lake Kawbawgam but the peak 

stage resulted from the natural runoff from the watershed above the dam. 

The observed high water data fit in well with the 500-year profile 

being considered for the Chocolay Township FIS. Discharges used in our 

analysis are reasonably close to those used in the FIS. It appears, 

therefore, that the FIS profiles adequately represent flood stages in 

Chocolay Township. 
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STS Consultants Ltd. \''~TEil ~,AN.\GE1ffNT 
Consulting Engineers 

3340 Ranger Road 
Lensing, Michigan 48906 

(517) 321-4964 

January 7, 1985 

Mr. Steve Miller 
Michigan Department of Natural Resources 
Water Management Division 
P.O. Box 30028 
Lansing, Michigan 48909 

RE: Chocolay Township Flood Insurance Study 
Hydraulic Analysis Report 

Dear Mr. Miller: 

Enclosed is the hydraulic analysis report for the Chocolay 
Township Flood Insurance Study (FIS). Chocolay Township is 
located in northern Marquette County, Michigan. This report is 
in partial fulfillment of the Chocolay Township FIS which is 
being developea oy STS Consuitants, Ltd. under contract with 
the Federal Emergency Management Agency (FEMA) as part of the 
National Flood Insurance Program (Contract No. EMW-83-C-1169). 

The enclosed report summarizes the technical analyses which 
were performed to develop flood plain elevations and limits for 
the Chocolay River, Silver Creek, and the Lake Superior coast. 
Flood events which were investigated included the 10-, 50-, 
100- and 500-year frequency events. 

- Your review of this report is requested. Upon receipt of the 
approval of this report from your office, STS will proceed with 
finalizing the FIS for Chocolay Township. In the meantime, if 
you have any questions regarding the report, please feel free 
to call at (517) 321-4964. 

Sincerely, 

__ 8s ~s~s,_,....,:L..r--Jd 

Bernard B. Sheff, 
Assistant Project 

Enclosure 

cc: Don Glondys, FEMA w/enclosure 

STS Job No. 1057F 

L.....) u/._Q_<-c:v,-y--, ..:::T. '-' '\ e o I / 0 "-/ LP 

William J. Weaver, P.E. 
Project Manager 
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1.0 INTRODUCTION 

This hydraulic analysis report has been developed as part of 

the Chocolay Township Flood Insurance Study ( FIS) which STS 

Consultants, Ltd. is performing as part of their contract with 

the Federal Emergency Management Agency (FEMAi. The objective 

of this study is to develop flood plain limits and elevations, 

define floodway areas which are sensitive to development, and 

estimate the relative risk of flooding for the Chocolay River, 

Silver Creek, and coastal areas of Lake Superior. The purpose 

of this report is to summarize the technical analyses which 

were performed in the development of the flood elevations and 

delineations. 

The scope of this study includes the analysis of the 10-, 50-, 

100- and 500-year frequency flood events for the following: 

a. Chocolay River - beginning at the mouth of the river at 

Lake Superior, and ending approximately 4.5 miles 

upstream. 

b. Silver Creek - beginning at its confluence with the 

Chocolay River and ending at the upstream township 

boundary, a distance of about 1.7 miles • 
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c. Coastal Areas of Lake Superior - the entire Lake Superior 

shoreline within Chocolay Township, a distance of 

approximately 13.5 miles. 

A vicinity map showing the areas being studied is presented in 

Figure 1. The Chocolay River has a total drainage area of 

approximately 159 square miles and is tributary to Lake 

Superior. This drainage area covers most of Chocolay Township 

and includes parts of Skandia, Sands, West Branch, and Forsyth 

Townships. The Chocolay River watershed is mostly wooded with 

a small number of farms and population generally centered near 

Lake Superior. 

Silver Creek is tributary to the Chocolay River. The 

confluence of these streams is located approximately 1.5 miles 

above Lake Superior. Silver Creek has a drainage area of 

approximately 10 square miles. 

-2-
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2.0 HYDRAULIC ANALYSIS 

2.1 General 

Hydraulic analyses of the Chocolay River, Silver Creek, and 

Lake Superior were performed to develop 10-, 50-, 100-, and 

500-year flood elevations and delineations. In addition, a 

floodway was developed to identify areas of the flood plain 

which are sensitive to development. Finally, flood hazard 

analyses were performed to determine the relative degree of 

risk at different locations along the river, creek, and lake 

systems which are under study. The portion of the Chocolay 

River being studied by detailed methods begins at the mouth of 

the river at Lake Superior and ends approximately 4 .5 miles 

upstream. The portion of Silver Creek being studied begins at 

its confluence with the Chocolay River and ends at the upstream 

township boundary, a distance of about 1.7 miles. The Lake 

Superior shoreline was studied for its entire length within the 

township boundaries. 

2.2 Methodology 

2.2.1 General 

For the Chocolay River and Silver Creek, the Army Corps of 

Engineers HEC-2 computer model (Reference 1) was utilized 

to simulate the 10-, 50-, 100-, and 500-year floods and to 
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estimate water surface elevations for the areas being 

studied by detailed methods. This program calculates 

water surface profiles for steady gradually varied flow in 

natural or manmade channels based upon the solution of the 

one-dimension al energy equation. Energy losses due to 

friction are evaluated using Manning's equation. The 

program has the capability to assess the impacts of 

various obstructions to flow including bridges, culverts, 

and weirs. The computational procedure utilized by the 

program is generally known as the standard step method. 

Parameters which were inut to the HEC-2 computer model 

included: stl'."eam, bridge, and dam cross section 

dimensions and elevations; roughness coefficients 

associated with stream bed and overbank areas; expansion 

and contraction loss coefficients; and the distance 

between cross sections and structures. 

Stream and bridge cross section data utilized in the 

backwater analysis of the Chocolay River and Silver Creek 

were obtained as follows: 

1. A land survey was performed in November 1983 by STS 

to obtain below water channel elevations and detailed 

dimensions and elevations of all river crossings. 

-5-
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2. An aerial survey map and USGS quad rang le maps were 

utilized to obtain elevations in overbank areas 

(References 2 and 3). Results of the land and aerial 

surveys were spliced to form composite river valley 

cross sections. Plots of each cross section are 

presented in Appendix C. Table 1 presents a cross 

reference between cross section designations for the 

HEC-2 model, the land survey, and mapping in the FIS. 

Cross section locations are illustrated on Plate 1. 

Distances between cross sections and structures for both 

the channel and overbank areas were obtained from the work 

map which was generated from enlargements of the U.S.G.S. 

quadrangles for Gwinn and Skandia, Michigan (Reference 3). 

2.2.2 Chocolay River 

Starting conditions for the backwater analysis of the 

Chocolay River were established based upon the mean annual 

elevation of Lake Superior. This elevation was 

extrapolated from flood elevation/frequency data developed 

by the U.S. Army Corps of Engineers (Reference 4i, and 

presented in the Chocolay Hydrologic Analysis Report 

( Reference c; I 
JI • A s1.umnary of the flood elevations 

developed for Lake Superior is presented in Section 2,2.4. 

-6-
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HEC-2 
Desi2nation 

1.00 

2.25 

3.00 

4.00 

5.50 

6.00 

7.00 

8.00 

9.00 

10.00 

11.00 

12.50 

TABLE 1 

CHOCOLAY TOWNSHIP FLOOD INSURANCE STUDY 

CROSS SECTION - CROSS REFERENCE TABLE 
CHOCOLAY RIVER 

Land Survey FIS Map 
Cross Section Designation Descrietion 

1.0 A 
P/D' 
~ U/S of Lake 

Superior 

2.0 B 
Ojl/01 

~, eoo • U/S of Lake 
Superior (U/S 
Face R.R. Bridge) 

3.0 C 1,370' U/S of Lake 
Superior 

4.0 D 2,360' U/S of Lake 
Superior 

5.0 E U/S Face of Green 
Bay Street Bridge 

6.0 F 2,0,0· U/S of Green 
Bay Street Bridge 

7.0 G 3,500' U/S of Green 
Bay Street Bridge 

8.0 H 5,440' U/S of Green 
Bay Street Bridge 

9.0 I 
~ J12.fati:,OO 
.J.EiOf}' D/S of M-28 , 

10.0 J 
~· ,mo 
1 , 91A' D/S of M-28 

11.0 K 580' D/S of M-28 

12.0 L U/S Face of M-28 
Bridge 
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HEC-2 
Des i2na t ion 

13.00 

14.00 

15.00 

16.00 

17.00 

18.00 

19.00 

20.00 

21.00· 

22.00 

23.00 

24.00 

25.00 

TABLE l (Continued) 

Land Survey FIS Map 
Cross Section Desi2nation 

13.0 M 

14.0 N 

15.0 0 

16.0 p 

17.0 Q 

18.0 R 

19.0 s 

20.0 T 

21.0 u 

22.0 V 

23.0 w 

24.0 X 

25.0 y 
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DescriEtion 
t "100 

-l,830' U/S of M-28 
?, '2,'{0 
3 )79' U/S of M-28 

tlr; r1no ,_,._ ........ ':::, .... 

f;ifo· U/S of M-28 
51'.,D 

U/S of M-28 5 8 66" I 

1,1.-f3a. U/S of M-28 

.siWa• U/S of M-28 
,, . ..,,... 
i'He' I U/S of M-28 

4.3, ml U/S of M-28 
Bridge 

"2. - i"l 
,L23 mi U/S of M-28 
1.-3~ 
~.42 mi U/S of M-28 
"L _t,."\ 
~mi U/S of M-28 

Bridge 

~ o·t. 
·. 66 mi 1.1/S of M-28 

~- "l.'i 
3. 12 mi U/S of M-28 

Bridge 
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Manning's roughness coefficients (Reference 6) utilized in 

the backwater analysis ranged from 0.035 to 0.045 for the 

stream channel and from 0.06 to 0.15 in the stream 

overbank areas. Contraction and expansion coefficients 

( Reference 1) were established as .1 and • 3 for smooth 

transitions and • 3 and .5 for abrupt transitions, 

respectively. Selection of these parameters were based 

upon extensive field investigations. Bridges which cross 

the Chocolay River were modeled with the HEC-2 normal 

bridge routine. 

2.2.3 Silver Creek 

Starting conditions for the backwater analysis of Silver 

Creek were established based upon the mean annual flood 

elevation of the Chocolay River. This elevation was 

obtained from a stage-frequency curve developed for the 

Chocolay River. This curve and computations which were 

performed in its development are presented in Appendix E. 

Table 2 presents a cross reference between cross section 

designations 

mapping in 

for 

the 

the 

FIS 

HEC-2 model, the 

for Silver Creek. 

locations are illustrated on Plate 1. 
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HEC-2 
Designation 

1.1 

1.2 

1.5 

2.0 

3.5 

4.0 

5.0 

6,0 

_ 7. 0 

II 11 vov 

9.2 

9.3 

TABLE 2 

CHOCOLAY TOWNSHIP FLOOD TN<;TTRJ>.NrF. <;Trmv 

CROSS SECTION - CROSS REFERENCE TABLE 
SILVER CREEK 

Land Survey FIS Map 
Cross Section Designation Description 

A Confluence of 
Silver Creek and 
Chocolay River 

B D/S Face of Foot 
Bridge 

1.0 C U/S Face of Foot 
Bridge -. -

2.0 D ~· U/S of 
Chocolay River 

3,0 E U/S Face of LS&I 
R.R. ..,. __ .! -" --

1:>r1ag,:, 

4.0 F j~. U/S of LS&I 
R.R. Bridge 

11-00 
I 

5.0 G 1,570' U/S of LS&I 
R.R. Bridge 

6,0 H t 1tre, U/S of LS&I 
R.R. Bridge 

7.0 I 
33bo 

3,656' U/S of LS&I 
R.R. Bridge 

8.0 J ~'?,~~AOA' TT /0::: of LS&I ~,-..,.., ~, -
R.R. Bridge 

K D/S Face of U.S. 41 
Bridge 

9,0 L U/S Face of u.s. 41 
Bridge 
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HEC-2 
Designation 

10.5 

11. 5 

12.2 

12.3 

13.1 

13.2 

14.0 

TABLE 2 (Continued) 

Land Survey FIS Map 
Cross Section Designation Description 

10.0 M U/S Face of Dual 
Culverts, 550' 
U/S of U.S. 41 
Bridge 

11.0 N U/S Face of Trailer 
Park Foot Bridge 

0 D/S Face of Trailer 
Park Road Bridge 

12.0 p U/S Face of Trailer 
Park Road Bridge 

Q D/S Face of Willow 
Road Crossing 

13.0 R U/S Face of Willow 
Road Crossing 

14.0 s I at 
11,> ~,Legal Township 

Boundary Line 

-11-



1-., 
I 
I 
I 
I 

-I 

I 
I 

-:-I 

~ 1-

•
I-
I 
I 

-1 
I 
I 
I 

Distances between cross sections and structures for both 

the channel and overbank areas were obtained from 

enlargements of u.s.G.s. quadrangle maps for Gwinn and 

Skandia, Michigan (Reference 8). The Lake Superior and 

Ishpeming Railroad Bridge and two foot bridges were 

modeled with the HEC-2 Normal Bridge Routine. The 

remaining three structures, a box culvert, a dual arch 

culvert, and a trailer park bridge were modeled with the 

HEC-2 Special- Bridge Routine. 

Manning's roughness coefficients (Reference 6) utilized in 

the backwater analysis computer model ranged between 0.035 

and 0.06 for the stream channel, and between 0.06 and 0.12 

in the stream overbank areas. Contraction and expansion 

coefficients (Reference 1) were established as .1 and .3 

for smooth transitions and • 3 and • 5 for abrupt 

transitions, respectively. Selection of these parameters 

were based upon extensive field investigations. 

2.2.4 Lake Superior 

Flood elevations for Lake Superior were developed by the 

U.S. Army Corps of Engineers (Reference 4). A detailed 

discussion of the development of these elevations is 

-12-
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presented in the Chocolay Township Hydrologic Analysis 

Report (Reference 5). 

flood elevations: 

Following is a summary of these 

Recurrence Interval (year) 

2.33 (Mean Annual) 

10 

50 

100 

500 

Lake Superior 
Elevation (feet) 

603.1 

603.7 

604.1 

604.3 

604.6 

These elevations were utilized for the flood hazard area 

delineation for the Lake Superior shoreline within the 

Chocolay Township boundaries. 

Floodway Development 

Development of floodways for the Chocolay River and Silver 

Creek was performed with the HEC-2 model. Stream encroachment 

method number four was utilized for this analysis. This 

modeling option utilizes the equal conveyance reduction method 

to compute the floodway limits. As required by the Michigan 

Department of Natural Resources, an allowable rise in flood 

stage of 0.1 ,feet after encroachment was utilized. 

-13-
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Plate 1, presented in Appendix A, illustrates the resultant 

floodway limits for the Chocolay River and Silver Creek. 

2.4 Hydraulic Analysis Results 

Results of the hydraulic analysis include an estimation of 10-, 

SO-, 100-, and SOO-year flood elevations for the Chocolay 

River, Silver Creek, and Lake Superior. In addition, the 

limits of the 100- and SOO-year flood plain were assessed. 

Finally, floodway limits were established to estimate the area 

of the 100-year flood plain which should be reserved as open 

space to maintain existing flood conveyance capacities of these 

rivers without adversely impacting flood elevations. Table 

Nos. 3 and 4 present a summary of 10-, SO-, 100-, and SOO-year 

flood elevations at selected locations along the Chocolay River 

and Silver Creek, respectively. Flood profiles which 

illustrate estimated flood elevations at all locations along 

the study reach for each waterway are presented in Appendix B. 

Note that the flood profiles do not reflect the results of the 

HEC-2 backwater analyses near the confluence of the Chocolay 

River with Lake Superior, and the Silver creek with the 

Chocolay River. In these areas, the higher flood elevations of 

the system to which each river is contributing flow was 

superimposed upon the flood profile to reflect backwater 

conditions from the larger system. Plate No. 1, which 

illustrates the limits of the floodway and the 100- and 

SOO-year flood plain limits, is presented in Appendix A. 

-14-
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3.0 SUMMARY 

Hydraulic studies were performed to develop flood elevations, 

floodway limits and flood plain delineations for the Chocolay 

River, Silver Creek and Lake Superior for the Chocolay Township 

FIS. This study included the following tasks: reconnaissance, 

data collection and field surveys; computer aided hydraulic 

analyses; and development of flood profiles, flood plain 

delineations, and floodway limits. 

Flood discharges which were utilized in the hydraulic analysis 

were obtained from a hydrologic analysis report (Reference 5) 

which was developed for the Chocolay FIS. Tables 3 and 4 

present a hydrologic/hydraulic analysis summary including 

estimated flows and elevations at selected locations for the 

10-, SO-, 100-, and 500-year flood events. 

The flood plain delineation map was developed based upon the 

results of the backwater analyses and is illustrated on Plate 

1. This map, presented in Appendix A, shows the estimated 

boundaries of the 100- and 500-year floods, and the floodway. 

At locations where the 500-year and 100-year boundaries 

coincide, only the 100-year boundary is shown. Furthermore, 

only the floodway line is shown when the delineation coincides 

with those of the 100- and 500-year boundaries. 

-15-
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Cross Section 
Designation 
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TABLE 3 

CHOCOLAY TOWNSHIP FLOOD INSURANCE STUDY 
HYDROLOGIC/HYDRAULIC ANALYSIS SUMMARY 

CHOCOLAY RIVER 

Location 10-Year 

rYT C"r"UJ\ or,r:;, I r, r:;, ,-, \ ~ nnn 
U.J. ~::J\ ... 1.lr\..C\.\JCJ \ \,,...['.:,} ~,~uu 

'IO< ~· U/S of Lake Superior 603.l 
'1 y-o 

1,000 1 U/S of Lake Superior ( U/S Face 
R.R. Bridge} 605.4 

rt Jc, Face -" Green Bay St. Bridge 606.5 U/ .;, UJ. 

~81.,90 
5,440" U/S of Green Bay st. Bridge 609.4 

U/S Face of M-28 Bridge 610.3 
"3 2.'t(:, 
3.37-0' U/S of M-28 Bridge 610.9 
7Z.oo 
7,330' U/S of M-28 612.0 

DISCHARGE (CFS) 2,100 
I,'!:!, 

Bridge r;-0.. mi. U/S of M-28 613,6 
.l .<.,'f 
~ mi. U/S of M-28 Bridge 614.7 

3-Z'f 
.3--4-2 Mi. U/S of M-28 Bridge 615.4 

*Referenced to National Geodetic vertical Datum 

l' 

11 - I 
I - -1-

Flood Elevation (ft)* 
SO-Year 100-Year 

4,100 4,600 

603.1 603.4 

606.6 607.0 

607.9 608.4 

611.0 611.5 

611.8 612.3 

612.5 613.0 

613.5 614.0 

3,800 4,300 

614.7 615.1 

615.8 616.2 

616.3 616.7 

- -

500-Year 

5,900 

603.6 

608.0 

609.6 

612. 8 

613.6 

614.4 

615.2 

5,500 

616. 2 

617.l 

617.6 
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Cross Section 
Designation 

A 

B 

E 

H 

I 

K 

L 

M 

N 

p 

TABLE 4 

CHOCOLAY TOWNSHIP FLOOD INSURANCE STUDY 
HYDROLOGIC/HYDRAULIC ANALYSIS SUMMARY 

SILVER CREEK 

Location 

DISCHARGE (cfs) 

Confluence of Silver Creek and Chocolay 
River 

130' U/S of Chocolay River (Foot Bridge) 

U/S Face L,S. & I, Railroad Bridge 
'"I.lb<> 
2,348' U/S of L.S. & ,I Railroad Bridge 
~3bo 
3,656' U/S of L,S. & I, Railroad Bridge 

D/S Face of u.s. 41 Bridge 

U/S Face of u.s 41 Bridge 

U/S Face of Dual Culverts 550' u;s· of 
U.S. 41 Bridge (Farm Lane Crossing) 

U/S Face of Trailer Park Foot Bridge 

5?~&• U/S of u.s. 41 Bridge (Trailer 
Park Bridge) 

10-Year 

200.0 

607,5 

607.5 

611.5 

616.4 

628.2 

932.3 

635.0 

636. 7 

641.1 

R 

s 

U/S Face of Willow Road Bridge 

/t/o/;1,egal Township Boundary Line 

642,9 

650.1 

650.3 

*Based upon National Geodetic Vertical Datum 

' ' ' - _,. - - -· 

Flood Elevation (ft)* 
50-Year 100-Year 

410. 0 

607.5 

607.7 

612.5 

617.4 

629,l 

932.7 

638.5 

638.6 

641.8 

644.5 

650.7 

651.0 

510.0 

607.5 

607,8 

613.0 

617.9 

629.4 

932.9 

638.8 

638.9 

642.1 

644.7 

650.9 

651.3 

500-Year 

780.0 

607.5 

608.4 

614.1 

618.9 

630.2 

933.4 

639.2 

639,4 

642.6 

645.1 

651.3 

651.9 
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Water surface profiles which illustrate the estimated 

elevations of the 10-, 50-, 100- and 500-year flood events for 

the Chocolay River and Silver Creek are presented in Appendix 

B. Plots of cross sections which were used for the backwater 

analysis are enclosed in Appendix C. Computation sheets for 

the development of parameters which were input to the backwater 

analyses are presented in Appendices D and E for the Chocolay 

River and Silver Creek, respectively. Bridge survey notes are 

presented in Appendix F. Finally, all HEC-2 computer printouts 

for the backwater analyses which were performed are presented 

in Appendix Gunder separate cover. 
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0,31 3,26 0,44 0,-100 0,03,5 0,100 0,000 612,lO 496. 7.5 
260+ 260, 260. 2 0 0 o.oo 113,S:! 610,27 

5.,$()3 ---~~ - --~-~-- ~- --- - ~----
)( 

$,51) '3,47 41, .. 02 0,00 o.oo 6!6,04 o.o~ 0,42 0,01 ,!,;1'4,80 
200. 18, 92, 90. 51. - -'50+ - 256. 7. - 6. ~,14,80 
0, 3;3 0,35 1,135 o.35 0 .. 100 o.o~~~ 0,100 0,000 ~1,.~~ 4~;3,99 

0,00049:2 480, 480, 470, 3 0 0 0,00 ;2',l8+24 752.:!2 -~ .. .,, -~-..,.,.,,.-~---~---- -- " --- - - - --- -- -~-- -

1M 
01 

lb • 
• 
• 
1 

• 
l'\l: • 

"' "' , 

• 
, :j() 

• 
• 
0 

-

• 

·*SECNQ 4,000 
SURVEY SECTION t6 ----·---.... ------ -- - -- --- ------ --------------------------1·• ~~ 6,00 3,59 616,39 0,00 0,00 

30+ 95. 75. 36+ 
:--__;a;,;,:..;a~~l?~--o~,l:Pl"-----z-.-,r:r----o.tiI-- -o ;roo· 

520, ·480, 450, 2 

6l6,44 
39+ 

· --o • o·:•,o 
0 .__,,_________________ ,._,_,. ___ ._,.,., -·· -

0,05 
1'23 • 

0, j 00 
0 

0,39 
10. 

(i, 000 
0,00 

0,01 A14,SO 
8, 614,70 • 61?, 8() , 4il6~.-.~1----------------

l l.>8, 16 6,,4, ?7 

-- ·--------------------------------------1 
~c 
• 

1~c .. ----------------------·---·-----· ____ , _ _,_ ·----------·--------------~--------------!] 
' " 

'..._,._pl<:;,, ,:l:C 
~~!': ~~ ' ' ' -~ .-~-..-- t :,¾' -

~
il!i.'., t,>-, : - :.!!,_ r.:(?:.,.t ,- , J......_,.;·i'.• -,;" , • , I - , -, , ¥.~-, 

:\ ....... '"~ ..• ~J},, - '1 .., < ,' ;,;. .... , ' ' I: - ,, " " ~ '~ ~ ,, ~ .,t,~- . : 
~f!' ,, .• ,,,~,""-,-..:..:::~ ..,_,t' ' i J" • ·•-t~'-• 1 ~.;,;~-'' ' ~ • '":1 • ~" ,,.- "1"' ~ ... '•,"'- -,\. ·~.... , } ,./4 11- .... 

~ --=----·- ·---"'-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- . -- -- -- -- . -- •!'. ., • - ! , - r .. -- '•:>"'::< "~• -- -- -- -- -- -- -- -:>r,--.- -- -- -- -- -- ... ~* "'t"~ __ 

~-



- - ,,;i_ ,,-·&;--<•4r#;.-r<t ~~.-:.~»'!:'C•1~: ~~~",~. f~r.~,. ,."'":.~:....1~•.-.,.,.-, .... _-,_-:~:t. .. :·-,.:·--;::::;::. •if~- .: .. ,.·1~ ... ~->:.-~il;.i~•·:1,--::..;-.... _·:...,,,.,,..\:~;:'.~- ,"'r,t""-: ,_ ... -·: ..,,i;.,.· . "_ _· ... ':' -~·~~c· 
~ ~-- 1:s•m--ss -· i'b301~?r.: ..'. ..... t ... :.,:;!l'.1·':•·•"~'-. -- .,. · - ·. - · · - -· PAa,· 1s · · . .... 
O SECMO DEPTH CW:SEI. CRIW!, WSELI\ EG HV HL OLOSS BA,NK ELEV C 

Q r.U,OB QCI~ Qli:QB AI..OB . ACW ---·- AROll .. ---4.l.~U - -----l--WA- l E:FT.tlUlilf 8 

:' · tit11i '\fl.OJI \lCllf: VftOI XNL . XNClft XNR t.lTN Et.NIIN SSfA , ~ 
. 11,,0,•E l(l.0,t. ".l(IJ:ff' Xl.Ofjlt . l'fR!Al. ttlC !CONT tORAR TOPW1!1 INDST ·, , 

-~ --··· -- ------- ---------------------------------------------------------~· 
-. 

c-c-------""-----------------------c--------
. ,.10 2,40 ,,4tr.•1#. .-,1,.,u 0,00 6f7 ,.05 0 .4~; 0,'49 o.ur 6HS,90 

, . -· too. ·3. . · ~l • · 1,,. 3, ~,1. 21, 11 , l~ • 615. 9(1• 
· · 0,43 Q,!1 ·~l,62t Q,d!'1 _(),104 .a....cl5..0 ........ -..o~.10..0, __ .... O.tll.o.<L.... 1.1 •. :•o 45!:I. i I 

0,014986 ~30, l. 30, t 30·, 4 11 0 0,00 R3,()0 574,19 

,6,ZOO 
)( 

. ~ 

A...W. 

.,, 

~ 
7. 

0+92 
J..ll,. 

h..1.B,20 · ll. no 
148, 45, 
4,34 0.92 
1:30, UQ. 

j).JUL.-6J..B ... A2... __ -- 0 . ..22 ·-·-· ,.1,35 a.o~ 
8. 34, 48. l 1 , 9'. 

0•,100 0+050 0,100 0,000 1,\~.60 
;3 ....Q _ __ . . • ___ Q. ·--- _ .. Q.LO.Q..._ 109, 5,6 

_\ \, ,• .. 
,,:tateso •I• 3QO - - ------- __ _ 

X 

617,00 
4116,49 

, ::i'Ui dl.i, 

6,30 2,40 619,50 619,38 0,00 619,94 0,44 1,4~ 0,07 6)8,70 

. ' ' 

__ ,oi1, 4, 12~, 20,. .J.L _______ 2.Q. _____ 11. £, ¢1ta,zo ., .»£1 
<>,~is o.,, s ... e o.,c, 0.100 o,oi\'io 0.100 0,000 ,01.10 4'10,39 

-o.cusu!3 14(> • 1,40. 1.-0.. - ,. u · o o.<>o 715.41 $•,s;_et 
.........., _______ _ ----- --·---. -·- ~ 

6,,400 

~ __,,,__._ -,·- - ~~ -- ~ - - --
4.,4.0 2,6? 421 .. 11 O,OCi ,1).00 t,;;,i_. ,,1, 0,29 1,5() (). 0!?. 6!::'0,10 

< '' .·!O(I,. 6, 11,•• 29,, 7, lli, ;32, 11 , 9. df-0·.10 
' - ·- o,.,:s A,,zs ~i 0,100 ....!L.OJi.Q:._ 0,1()0 0,000 618.5•) •lt'Z.,.a· --· 

130, 1'!0. 130. 2 0 0 0,00 86,Fl,~ '573,97 ·-o 
!tC_MO 4,500 

----,~--~- ~, -~- ,-- ~- ---- -~ -~ -~---, --- ,-~-~-

-~ . -• .· :-• ... o 
ft 7.hS:Z 1122,AZ o,oo ibQQ 622.~- ,_ . ()..,3~_ .. l . .t. :iz. ____ 9.,.fill 621....9 

6, 1 7':?. 22+ 6, 3 :2( • 22+ 11 , 10 ,, 621,50 
1 , 01 5,30 1. O:> 0, 100 0. O~iO 0,100 (),000 619,9() 4fi:B,28 
130, U, o_._ _1_30_.______ 2 __________ o _____ 0 ___ Q_. 00 ___ 71,9;1 560,20 

0 
----- ---·- --- ----- - - ---~----- 1e11 

6,60 :2. 59 623,99 0,00 o.oo 0,,4+29 0,31 1 , 41 0,01 t-. :,:; + 90 0 
200. 6, 174, 20+ 7. 37+ 

,, ,., --· 12 ~ 1 0, 6:~2.9() ----- --- -- - ---- -

•' 
Q.,47 0,92 4, 76, 0.92 0,100 o.o~o 0.100 0,000 -~21 ,40 487,34 

.. .0 Ot/17<> :t 140 • l40. 140, 1 0 0 0,00 67,44 554,78 

----~--~- ----- ~--- ----

--------------------------~ ----- ·- -

(i"oi'§"> ----~--~ -----

._._____ _____ ,,.,_ --------------------~~.,___,..__..,.._ ___ .__, ______ ,_ --o--•-- --•--•-------------•-----•----

,:l• -; ~ ~· 

/ -)~ -..;i1'C10 ': 
. "'I ,,.~..... ?f:-___ __.. ':. , .... ,, - . 



~ 
• • 

0 

0 

13-FEB-8~ ·1113014$ PA8F 16 

SECNO DEPTH CWSEL r;1nws WSELK EB HV HL OLOSS BANI\. El EV 
GGtl Q80B M Oil ~CM .... i\J.WJL -- - . _\I.QL . _____ UIA 8 

!JLQI vea YftGt XJU. . XHtH 
Xl.08L l<t:..CN XLOJR lTfUAt inc 

XHR WTN ELNIH 
!CONT C'ORAR TOPWlfl 

$$1'A 
ENtlST ' • .. ' - ·- - .----.. --- ·- • 

6,700 

41$.64 0,41 1,3:> 0.03 .6~4.30 
34. 12.-.. 12, 10. 624.30 
.2~JL ____ Q, 1Q9 _ . - () • Q Q_() _ - ..k.22...f!O 

0 0 

"""'===""""7'"::"::"'.:----_,,,,~,,,,...-,..~----~---------· --··-·- --
' ~ ' ' 

7,00 
200, 
0,50 

, ·.Oi.OO'Nti 

6. 
0,98 
130. 

'!, ,' ~-
i ,,.. ' ~ .u, .. 72 

184, 
5, 17 
130. 

SECTION t7 
2,46 628, 16 

35, 134, 
1.a 4.oo 
140><.' 14(). 

10, 
0,98 
130, 

o.oo 
31, 

1,21 
14-0, 

o.oo '·- f,27, 11 ··-·· 0,:0:A ___ 
6, 36, 10, 

o. 100 0,050 0,100 
2 0 0 

------ -----· 
o.oo 6?8,33 0 • 17 

2 9 • ··-- __ 3 3_, .. o·:Too o ,o:'>o 
___ ':!§+ __ _ 
0,100 

1 0 0 
..:.;. ___ _,_ ______ __;: ________ ~·----- ., --·--- -· ., . 

*SECNO 8,000 • 

432,0 

0*00 , 0,00 ~~9,77 -0,03 
60. 42, 110. 28. 67, 

0,60 o,89 2.10 0,63 0.100 o.o~o 0.100 
0,001932 420, 430. 430, 5 0 0 ,,.._;;..;..;;.,,;.;;..;_;:;.;;;;..~------..;..;;.,_;;_;_ __ .,_.;c.;;;_;..;._, ___ __:c ____ ~ ·-• - -- .... 

o.oo 52. i4 541.45 

1 ... 1.6 0,00 -0 
1:? '" 10, 625,70 

0,0()() !,?4,20 4fl8,07 
o.oo .0.:'lfl ___ :;35,45 

- - - ·-- --

·--- __________ .__ _______________ -I: 

1.20 0,0? !,77,10 

12, --~1~0~•---.,.~6~2~7~•~1~0'-----------------------,..:,1~ o. ooo-· ";:,s. ,o •1>s. 411 
o.oo 75.~4 543,49 

1, 4? 
14. 11 , 6?8,40 

0.000 6:•7.30 4~2.00 
o.oo 150,00 582,00 _________ ::;.,_..=::..:.;c.;....___,~---,---------------.,.,JJ 

:'ts«QNO 8,500 '"-='~~~~~-==:-=.,;=:::c-:===c:-----------·-------- ··--·· ·--· --~--~-~~-------------------"""""-----.tr:r 7185 HINIHUH SPECIFIC ENERGY 
CRITICAL DEPTH ASSUMED 

.. ' ~---rn,c.,-·~--·-1 -l'Ak"B'°FT""=-:::-~-.1•1"0,-,""""0,..0------------------------.. -,.-:IJ 
0.10 629.90 0 ' ·••$0 2.1e ~a~.48 ~10.•a. o,oo 630.aJ 

--~· _.,2,.,oc.:o,...;-·--_,.-2...,a:.. ___ 1_,s::..4.;,..;' ut. ·'24. 29 • 
0.61 1.1s 5,36 1.00 0.100 o.o~o 

o.014aso 200. ::ioo. ;:,,,o. 4 t:? 

~-------------·----

0,35 
113. 

0~1,io· 
0 

0,84 
14, 12, 6'2~. 70 o~ooo-·· ·6"8~.~30~-..,4~5~3~ • ..;o,.:;0,-::...------------------------l: 

o.oo 11u.oo 7.63,00 

0 

·- ··•-··--------,-------------------------



SECNO DEPTH CWSEL CRIWS WSELK FR HV HL 
,_.,, ____ .-w,.....,. __ ..... .,,,._ __ __.~~-----.....,--_..,..,,..__ __ ---- l'H'!OB __ -UO,L __ 

1/Cfi · 
XLCff 

VlOB XHL XNCH XNR 
ltLOB'R fTRIAI. tDC I CONT 

WTN 
CORAR 

------------------------------- - ------------

- ~- ~- ---~ 
f • -£HCROAc+IM£NT STATIONS• 4?7.o Sl?,O TYPF= 1 TAkflFT= . ·•••o 2,.69 631,4t o.oo o.oo 631,72 0,23 0,88 

~-- ~- __ 20_,_ -- _____ 14-~ 
1,05 4,31 1, 04 0, 100 0, 04:'i 0,100 0,000 
100, 100, 100. 3 0 0 o.oo 

OLORR 
TW1111 
ELION-
lOPliHD 

60,000 
(h01 ,., 

6?8,80 
60,00 

,-..-------~---'------------- ---------- - -------- ----- -- - ·-· ---

Q. l',70il 
..,.;..___;•s;.· ... -~ .. =-·------------------------------------- ~-- --

3470 ENCROACHMENT STATIONS= 485.0 5:!5.0 TYPE.::: 1 iAt{6ET:i: 40 ;()\)0 

2,64 631.74 o.oo 0,00 632,19 0,46 0,40 0,07 
__ ,.,,,,,,..,,.,..;_,,,.-~---"----'....,,. .. "'-__ ~--~..._. __ __j,_,_ ___ _;u, -

1.00 5.62 l,lS 0,100 t,045 
1~~ -

6?9,10 
-- 7, -- ____ _L4 .___ 

0,100 O,OQO 
so. so. so. 2 0 0 o.oo, 40,00 

o. 14, 12, 

flANK ELEV 
I EIEl 1 ~•:t!i~l 

SSTA. 

' 
EHl)ST 

. 
430.so 

-' 1A •A 

477,00 
5,17, 00 

631,20 
. ..-:r,_nr\ 

485,00 
!'\:-(5.00 

-

. 

0 
e 

t 
• 
• ,110 
" . ' 
' :o 
'" 
' 

' ,',} '"O '" '-~ lo 

' !fl\, :o ,,. 
;,,. !ill . ,- :o ❖ ~-tt. ,, 

_QdlOJL ____ Q.,J>fil ___ __.._,:,,_,9<-L'4""---"-LL.Ul':X..---------------------~-,__-u 

XI<. 
o.oo 

' 

XKOR 
2.20 

COFQ 
3,00 

RDLEN 
o.oo 

BWC 
6.20 

BWf' 
0,00 

0 0,0() 1?,00 :"o09, 00 .o 

--____ -_ ------------'"-'>:~.:o 
BARE A SS ELCHU ELCHD 
~4,80 o.oo 629,40 6?9,40 

------------~ -- -- - -- - - - ~- - ------------~------1~ 
0 

""""'-------------- ------------ ------- ------- - - - -- --------------------------------------,--[] 

...._...__ ________ ~-----·--------·~------------- --- ----------------------------~-~---~-~-'""-~~ 

------------------------~-- ------ - --- --------- - ---------,-----------------------,--,,., 

' . -



0 

"~ •' . • .. - -·-•--· ------~ , ----,-·---- -~------·--------' ' .. .. 
13-FEB-85f 11: 30 I 45 

. ."' 

SECNO DEPTH CWSEL CRIWS 

. ;. ~ ' 

WSEI.K 

, XHL 
ITRI flt 

EG 

XHCff 
Il'IC 

HV 
A6'0B 
XNR 
!CONT 

HL 
VOi 
WTN 
CORAR 

OLOSS 

ELNIN 
Tflf.'Wlfl 

BANK ELEV 

!$TA 
ENDST 

PAGE JS C 
•• -c 

8 

, '' 
' • 

f'.....i..."'------------------------------~-------------------------------------------1• • 

0.000 633,400 6J2,277 

--~---------~---------------------------------"---'! 
CRITICAL DEPTH ASSUMED BEi.OW ELL.C OF 1,:13, 400 F.:GL C: i,::14,410 EGr= 6::19,001 WSEL= 638.706 

200,000 

AREA ASSUMED NON-EFFECTIVE,~LLEA= 637,60 ELRf.A= 637,60 

4,0 1 · 6~ CONCRETE BOX CULVERT 
634,96, 632.55 0,00 635,97 

oo,• o." • 25. 
0,63 0,00 8,06 o.oo 0,000 0,045 

0,045973 109, 109'. 109. 5 20 

.,.....,.._~_ ,,..,_-,,,.....,.--------------------- -·-· ,. 
"' , , 

:' .JU:QNO 9 , 400 
~'I:· ' ' ' ,"<' 

3301 HV CHANGED MORE THAN HVINS 

UIS OF 4+0' X 6 -, ' ... CONCRETE BOX CULVERT 
6.45 634,45 0,00 0, 00-636; 47 
49. Sl, 61!1. 149, so. 

0,33 1,47 0,33 0,100 0,035 ·------
200. 200. 180, 4 0 

' , 
lffliNT STATIONS• 310,0 

'-'--"'--"=-"'=""=""~~F~A~,~~~E~O~F-'-'.::3~6~'=::T~W~I~N.,....,C~U~L~VERTS -
64!S ,0 _ TYPE= __ _ 

4,10 636,60 0,00 0,00 636,6::l 
87. 46, 159, 46, 

-. .., 1 .s "'~• ---1=,--.,,o-,"""i""'ob - o. 035 
340, 40(). 3 0 

---------· ---------------- -·----------

-r----------------- -- ---·-··--- --- -- ,,_,, ,, 

____ .. __ --·- - - - -- -

1.01 2,80 0+12 434,00 
_ ... O, .. ___ ..,1'-'5~, ___ .... 1.,,,2.,,, __ ..,4=.:4"-''-'0"'0"------------------------' 

0,000 0.000 629,40 495,00 
0 -56.94 17,00 512,00 

_, --•- __ _, .. ,-·-·-------------,-----------------,,,..,.,..,£L 

- , ,,_, - ----·-··-------------'------------------..;.....'l'.l 

- o;o, 0,2:f -0,30-- 6.J4,00 
204, 15, 13, 634.00 

0,100 0,00{) 629,1:10 384,17 -- - -------- - - ------
0 0,00 280 + :>~) 665,13 

.,.-

-- ----.. ···----·------------------------••rJ. 
1 • TAf<OET= 335,000 

o. o::i 
11 6. 

o:co{l · 
0 

0.1~ 0,00 f.:'16 .oo -
18, 15, 636,00 , ,f 

- o·. ooo &::12. 5() --~3:.;.:,,1r:4r------------------------,,a '""'7· 
o.oo 307,84 645+00 0 

-- -- -------- ·---~----------
.o 

,,_ --·------------------------IJ 

,,0 
_,, ---------------------------------,..,,...-[] 

.. ,',•' 01 
~--~---........:....:;:.......i.........;.._ ___ __.__~~- ,;:,~ 

.··a 
,- ~ j . ~-



_:.Ii,-:✓ '::\-!', .... ::' ~ _~,.,::~~¥-•;·:. ~-- ~ .t-l'?_,,, ..;~:· r(~.~~; :. ·'.~ - :: ;-:::;:E" .... r~t;~ -~ ,:,-~~ - .·- -i:.';.~ ; I:'!.,- • • 't ;,.; . ~ -·r_ - .t ~, .:.• -~~~--~ .• . :·~-:~-,, -~. -r ~., ,. :."";;, j ~~ - t' ":.'l°'.,..•= ... :'t t;::1,~f• H~--:'~!•!/0:,.~ 
· .. I _ . ' · PAGE. 19 . 

,HL OLOSS BANK ELEV Ql 
.,...,.u,... ___ --JIJ,L..l,hl,!.----,'l.g;t,.....--...U,~J:1---.,A.1,~~-___,~i,i_--.~~J.l'----'J.U-1-------A!,A,..-~i,ii.~li\+~.+--~-----------------:---"7"1r.'la 

SECNO DEPTH CWSEL CRIIJS WSEI.K EG HV 

Vt.Oil 
XLOBI. 

10,300 

m.. YROll 
l(t,QBR 

XIU. 
fTIUitl 

XHJ::H 
IDC 

XNR 
ICflHT 

WiN 
CORAR 

"-"'-----------...:";__----------------••••--H• 
3470 ENCROACHMENT STATIONS= 110.a 645,0 TYPE= t TARGET= 

INSI_DE OF D/S FAC:E OF 36' TIJIN CIILVFRTS 

Et.NIN 
1 OPWJtl 

315,000 

·ssr• 
ENDST 

,,,,__,,.bl<:....U/...~--=-....... ,,;,">_.,.,,i;~~~~-~.,µ,!lL..--...>J,,ul.lJ.-~i>-w.0......6.:3..- ___ Q....O.L.... .... ..&.~'-----l,._..,,.,1J.__1>4<;4,¥,1,1~----.,...-~--------------..,,,,,..,,,i ,s. 41. , -44. 1ss. 23, 115. 1s, :t5,, •a•;oo 
0.110 -1.1, o.St. 0.100 •<h-0?.5 o,too 0,000 632,50 :Jil7,t7 

iLJl..JIW.~IL...---1....___.,______lL..... ___ i_._ ___ _.1_ ___ ..J! _____ ---~---=-2A...52_...11u..,..1:t.i _ _il>l!l.:L..W.L---------------'-----..w.s.~ 

~~~lQ.Q.-~--~-----"'-:-,------- ---·-·· . --··--·--·---~----,---------,.,,...--------0 
'i'!; ~ ❖~ '.i ' 

i)lftt1At. · HttJK,tU~ll• 16 111W ll.1'RI>• 

ENCROACHMENT STATIONS= 310,0 1,45. 0 TYPE~ 1 TARGET= 3.35,000 
II L s___ __ ···- ----- ---··. 

11:u,. "' 0,00 o.oo ~36,66 0 .01 0,03 0,0.() ' 
41. 64, 164, 24, 119, 18, 15, 

l,:Z;t o,s~ 0,109 0.0?.5_ _.0.,.1..4..9 .. -- _l)J.M_(L _ _il2_J:; ' . 
21. 21. 0 0 0 -?4.57 ~09.20 t,45,00 

.. - -- . -----
• 

' '\ ' 

64?h0 TYJ>f' .. _ ·_ l TARGET• ___ · ..,;3!.il3c"15'.!.,ji0y0.!l0_~------------------------
U/S FACE OF 36' Tl.JIN CULVERTS 

10.:rn 4. 15 636,65 o.oo o.oo 6'1-1--,67 o.oo o.oo t,36,00 
-----'4"'6,...,, __ . ·-200, 72. 78. 49. 166. 

0.44 (),1-00 
636,00 

<, ' 

1.8 •.. ·--·- .....±1.>:!5'.!• __ ,.g,,a!.E.~~-----------------------J:1 

() 

C> 
0,78 1+6? 0,41 

, . 0.®"01 r. l • 1. 
r, '\ , 

0 
0.040' 

0 

o .o::i 
__ ).~1-~_ 
0,10() 

0 
0,000 632,50 

0,00 309,60 
3lth40 
645.00 ' .. o 

36' TWIN CULVERTS 
6J?.12 636,.7 0,00 637.6? 

189, . 5. 10, 32, 
0,62 5,8o 0,62 .. 0, 1 00 -·. ... 0. 040 
330, 3 7 0 , 370, 4 11 

--- - - - - --- ---- -- - --

• 

. -·- ----=-----------~------------'--!: 

0,:50 0,71 
a. 

0.100 
0 

20. 
0 • 000 
o.oo 

0,24 4:,4,4() 
17, 636+60 

,, 0 
6.34. b0"._._4::!;A~3e'!...+...~oo~----------------------n 

84.0R 547.0R ~ 

0 
. -- ---•---··-·------------------

--- - ----------------------------,0 

.;m::.:.:_ _______________________________ --- - -----~--~-- _______ _._ ______ ..:,_ _____________ _,, _ _..,;;;",.!;,lll.W,t. '• 

. ~:~J:).~~;·o , ____________________________________________ ,_~:·~-I' 



OLOSS 
---· ---r1,IA 

ElHIN 
TOF'WJ(I 

---

MAX Ell Ca; - 6.4(4-0..0 _____ _ --

:...,.:.__;;.:.i:~1:1:t..-"--...t..J!U:........-lls.!t..L.£.lil.L...---l.Z.Ull!..-...:..__.:st....illl__;;-LL..Jl~- ___ 0., _Q?,_ 

82. 30. 14~. 
0,65 0.100 0,0?~ 0,100 

_ .;,,.,~~~,_,,_...._---c'."'""-"."~-~..,....."'...,.~-;"'~-------"'------_Q ----- - 0 -
• . . 

-...-. ,"'/ 

U/S FACE OF FOOTBRIDGE - DOWNSTREAM LIMIT 0~ TRAJLER PAR~ 

_o ... o 
21 

0,00 
-: '!.9 ,_O 

0 --- __ OJ). r, 

• 19, 
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lftl 
OI 

01 OB OCH QROR Al OB ACH .JRQa _ __; ___ J./JlL _ ._ IWA I ffIIRIGHJ 8 

--··- Vl.Oll VCM _ l,l~Qi . XNL · XNCH XNR WTN ELMIN SSTA 
XLOBL XLCH Xt.lltfl iTCUAl IT.IC !CONT rflRAR lflf'Wlb £Ntl$T 

*SECNO 6,700 

•· 6,70 
~ 41,0,. 

.2 

•;Jpt;MO ~• • $00 
--:,,·, )C' 

L,· 

3,29 
28. 

L!U 
130, 

0,50 1,53 
0,011340 130, 

. 
.,, .__fil)Q 

616,,0'f,' 
3)13, 
It,~ 
1:30, 

1"'" - r 

421-.61 
3'22. 
6,59 
130, 

SURVEY SECTION t7 
7,00 3,40 629,10 

o,oci 
6?,; 

1..tj§~t 
130" 

.2.,_0() 
56. 

1. s:~ 
130, 

0,00 
410, Q/l. !.QJ, 219, .•. 

o.oo 
19, 

Q,J.QQ 
:? 

j),00 
21. 

0,100 
2 

0,00 
63, 

~~--- ---
6?6,6::> 0, 5::1 

4 7, 45, 
o,o:rn ____ oLtoo 

0 0 

----------- ---

l,?,8,:14 ______ 0,54_ 
4 '9, 36, 

o. o:~o 0.100 
0 0 

--- ----
1, 41 0,03 t-?4,30 
24. 13, 624,30 

__ O _ _._ QQO _ .. k22 . .J:.IJL__il 
o.oo !'!6,6'5 565.75 

...... l_._1;i2____ 0, 00 62:5 70 "I 
~,:?5, 7() 

4/'7,77 
24. 

0,000 
0,00 

14, 
"~!4.?() 
_75._3~_~;3.12 ,• 

- . --- -- -•-~ ~- .. - - -- -~~--------

6?9,2',1 O,::!O 1.U o.o::i 6:••7,10 

····---48, 56. :!4. 14. 627,10 -~- --- ·--------
,.,, •-' .:· 0 • !11 l'."t·••,. ,,, / vione;,2 

l ,o:l 0,100 0, 01:50 0,10,0 0,000 625,70 4~;<9 ,06 
140, 2 0 0 o.oo 92,:\~ 5!il • 41 

1.,0 •~41 
140, 140, 

,< 

10 

*SECNO El, 000 

1" 

t;RQACffK£NT !!TAT IONS= 
' IUIW£Y SEC1rJON t8 
•W · ;5.os 430.ls 

410, 191, 77, 
0,62 

0,001382 
0,92 
420, 

2.10 
430, 

40~,0 

0,();0 
143, 
0, 7:9 
430, 

, 62<>. <)- TYPE,; 

f.29;74 6:40,38 
208. 36, 

0, 100 o.o~o 
5 0 
~~- - -- -- ·- --

' ,. , 

t ISECNO It. 500 ______ . 

3470 ENCROACHMENT STATIONS= 420,0 590,0 TYPE• 
8,50 2,48 6-i0,78 0,00 630,4H 6A1,17 

¼< •lib~ 104, 222. " 84, i:r,--····73:- ·-
,, 0,,63 1,70 6,,67 1,61 0.1-00 0,050 
,., o.~1s9:s2 2'~o. 200. 200, 3 o 

-- ------·-- ---·· ----. 

--~----

...,---,-------------------·---- - ... -- . ·-···· .. 
" 

1 TAkAFY,;, -- . :i15;000~--

0.02 1,07 0,02 o:Mll, 90 
183, . 27. 15. ,,?.8,40 

0.100 o·. ooo t,:•7,,1(1 4(15. 00 
0 o.oo ?1:'-,0() t,:·!o, 00 

-r, - - -•.- ~- •=-

. ------ , :I 
1 TAFWFT= 
0,39 0,69 

5;:>, 29, 
0.100 0,000 

0 0,00 

170,000 
o. 11 6::!9, 90 

16, 1~2,.nv 
6?.8. :rn 4:20. oo 
170,00 ~·90,00 

- -- ~-~-. 

0 

0 
------~-------i;',JMt 

0 
--- ----------;"I 

0 
----·- --~- -------------------4::J 

11,C 



SECNO DEPTH. CWSEL CRIWS WSELK EA HV HL OLO88 RANI<. El.EV Ol 
tlCl:I B 

111,.09 tJCH Yl:Ol 'l(NL, XMtH XffR WTH -ELNIK $$11\ 

~-
XLO!ll. lLCH XLOIR ITRIAt:. IDC ICOHf CORAR TOPWlD ?MDST 

--~~---

*SECNO 8,600 

70 ·£8CROACllNENT STAT OI•. 420.0 I $$!\,O TYPE,. 1 TARAFT= 165,000 
a.13 m· . .t• - O,f>O /,,31,41' 432, 10 0,17 0,91 0,02 630.50 0 

43 ·-. _____ BJ,__L ______ _22_._ _ r 1. 19 0, 10() 0,04~ 0,10() 0,0()0 6?8,80 420,00 
0+005310 iOOt 100. 100. 2 0 0 o.oo ]65.00 ~fi5.00 

--- - ----- ------

$,100 
------- ~ - ---" ~----··---------

ENCRnACHMENT STATIONS= 440,0 595,0 TYPf= 
3,09 632.19 0,00 6,11, 14 632,48 ., 
1.24 -S,67 t,46 0.100 0,045 

- 50, · S(h ,50, ' 2 0 

ENCROACHMENT STATIONS= 400,0 600,0 TYPf= 
D/S FACE OF 4,0' X 6,2' CONCRETE BOX CULVERT 

3,32 632,72 632,7:> 632.2R __ (i_;,3__. OJ 
2!?. 
6,4;! 
so: 

2, 20 3, 00 

!'1, 
1,48 

67, 34, 
() ,080 0~045 

8 8 

--'-'----'-----------~----------------·- -- - - -

=~-------------------------

---- -- ------

1 TAFIGFT= 15~.ooo 
0 .. 29 0,34 0,04 

- ___ _85_. -------~-
0,100 0.000 6?.9,l0 

0 0,00 Hill, 00 

1 TARGfT= 200,0()0 ~-----.-----,,"~ 
~~---'-------,--:;t 

_o. 3!'- - _ 0, 5() ----- 0, o:, -- f.:n. 50 
60; 29i 17..- J.'ll t - ••U't .,._.,,.._ ... 

o.oao 0.000 619,40 400,00 
_________ o o.oo 200.00 600,00 

__ BARE"_~ 
~4.80 

.. ~~. :,----6-~-;-:-~-~---6~-< ;-c-. ~-~----------------_-,-·-~ 

----- -------~~~~!~ 
--_----~~-~---------~--__ _____,i; 
--- -- -------------------_----i,J~ 

< _:;:··· j.· - • 

-----------------
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13-FEB-B~ 11:30:45 PAClF 34 
'l•,>c' ,, \~ .. 

.. 
p SEC NO DEF'TH CWSEL CRtWS WSEI K EG HV HL OLOSS BANI\ ELEV -•· OJ 

Vt..011 
XLO\'IL 

QJ;l;I. 
VCH 
Xt.:CK 

080B A.LOB 
, vr;ios XNL 

·. 11:.0llR · lTRlAl 

ACH .•.. ... ARD.fl 
XNCH XNR 
IDC ICONT 

--~---- ---- --

_ VOL _____ .. illA __ 
WTN ELKIN 
r.ORAR TOf>WJfl 

- -~ --- --·- -

SSTA 
ENDST , 

8 

• 
• 

,m,,'--:1:'."~ EGLWC _ H3 • flWEIR __ QPR _______ RAREA_ TRAF'E_ZOID ELLC E~TRD .j,' 
" . . ARfA 

635.02 - .0,00 
' 

88, 323, 25, 25. 633,40 63?,60 

3470 ENCROACHMENT STATIONS• 400,0 600,0 TYPE= 1 TARGET= 200,000' 
-: -- UIS' FACI£ OF' .. 4;,(\ .. •, -lt4,?~J:(UtCRETE BOX CULVERT ------ ------------ ~~ · · • · 

·'.·,. ,.:t,30 9,J)l;l ;_4,l,h.;4Et _ 0,00 nl4,96 638,50 0,0? 5,4:? 0,00 b34,00. 
0, 87·, . 200. 113, 202. 1tq_L_, _ 2-4.9~. -- ----~(!_,_ t 7, 63A,00 • ·t1 
-- 0,43 1,54 0,51 0,0RO . 0,045 O,OHO 0,000 c',:'9,40 4(,5,21 -

109, 109, 109, 1 0 6 (),0() 194,10 599,31 

--- ------- ----

is,etto ;;,40!) 
•• ¢ ,_. •• • • • 200' .. 

·' 
/S"OF" 4,-0'' X 6,2'-CONCRETE BOl( Clll.VFRT ____________________ , - ...... , 
8,72 638,52 0,00 636,45 6~8,53 0,01 0,02 0,00 634,00 
137, 91, 182, 458, 75, 59?, 34, 19, 634,00 

--·. 0,30 · 1,22 0,31 0,100 0,035 0,100 0,000 6,9.80 315,94 
,, -- ,. ·"o"'"t' 200.. • ·200.--· ··uto, · · 2 o o o.oo _ •1a. 13 1:{4,0& .. -

-------·- -- - -- ---- -- ~-----------
*SECNO 10,200 

11/S FACE OF 36' TWIN CUIVFRTS 
6,06 638,56 0,00 636,60 6,18,5/, 0,00 0,0;1 0,00 1,:~6, 00 

?4, , t-73, ' 534. .. ·77, ... 
593-; . - 43~- 22, 636,00 

' 
o.t, ().29' 0,100 0,03S 0,100 0,000 63:;l,5(! $00,00· 
340, 400, - () 0 I\ > l\_:nf\ .4,;;,:n - d't ,.,It.Au G->f __________ ""'." _______ "!_~~-- ~..,v ••,11~ ,- ~.,,, 111,y.-, f.:I 

*SEC'NO 10,300 
<='" ' ' -.,, ' '" ,.,... -

- ~~- ~ 

-'$370 .. NQRMAJ,. f1R_tl)~lE:,.t1tD•. ii> !UN £LTRfJ.. 635,40 MAX El.LC• 636,00 . . -·,:lC 
1' INSIDE-OF' D/S FACE-OF 36' TWIN CUI VFRTS ---- --------------· - -- - ---

10,30 6,06 638,56 0,00 636,1,? 6;18,51, o.oo 0,0() 0,00 

- 410, 1 73, 49, 188, 532, 5 4, ~90, 43 ·~~~,::;.n:.--....-x..;,.:;.;......:....----~..:....-----------~-~,-..,,..,o 
~,,~: _, ... -1.-00 0,33 0.90 - o.:s2 o.nm~-··o.1r?1,-· o·aoo o·~oo<J •. . • . 1 C 

0.00012s 1. 1, 1, o o o -74,57 4~0.bo ,no.st. '. ' ' ' 
----------------------------------- ---- " - -

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

-- - -- -- - --

--- ---- ~~ _, __ _ 

/;,, 

,{,,. -~.:,,,!.,,&,..t,,.~%1t,,,'.,,.,, 

--·--- -- - ----- -~-------~~--------1:Jft 
C 

[6,,c 
--- -- ------------------------------1J 

j71lc 
-- ---- -------- ---------,--.-------~-----1:J 

' 
'" ¼ 

: --~,},JC 
'<' ---,,.,,..'!f1J 

'-~ 

'"ll~/,.,~-,,i;•---- ~ · --•f-- - - -- - -°';'., .. - • , - - . · ----- ·. - .. ·:t 
'!:._,,_,,,_ --- ~-t:I<~•"' j,1/ili:-;_ • '! ,t,. '~,_,~ .I ,l '~ ,~ ' r ,•~ I -, ;-~• " '-•,~•"'-~,,.t-'•*-f'4~_c,'•'f"f-.~( 
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SECNO DEPTH CWSEL C~JWS WSFL~ fr, HV HL OLOSS BAN~ EIEV OJ 
-.,...J,l,....----Y.L-1.111.-----UQJ;C,j:jt;li.,.,, __ ....ijQl!il~~Ql,Jili>---..JAbLl.~01-118....._-..J~>J;C~Hh-, -· _--Aft0.13.. ___ -----1/.0I. -·-··-· -!lil.A--1,1..l:-~-Th<''-.1°~· •1-,1~,u":i.; '' ~.,._ _____________________ -r..e 

\II.QB 
XLOBL 

vea · vtto• xttL xNcH xwR wrw eunN saT11 ',O 
XLCtl XLOIJR. ITRIAI. . IDC ICONT r,oRAR TOPWl.t/ EHDST , 

10,400 

_______ ., ___ ------·-~-------1' •~; ... 

. . -------------------------- -----------------------------------. 
BRIDGE•Mab• 16 JUN iLt•n- • 15-,'40, ·KAX £I LC• c,Jl>.00 , 

"~-~--~--- - ~---~-- F 10,40 
410, 

10,500 

6,06 '638,56 
173, 49, 

LI/S FACE' OF 36" 

0,00 
188. 

21 • 

636,65 638,57 
532, 54. 

Q 0 

, ..... ~ ... r,, ..,. .... 

.,,,,,.-~~~-:---Sil../~..__-"1~~~-~~~"--=~..;:L ___ ..Q_.,:~ ... CLt....J:Lt _ 
178, 533, , 77, · 
0~30 0,100 0,040 

0,00 o.oo o.oo c<,;l6, 00 .....,.,,.,, ______________________ ,..,_ ,F 
A AA A AA A -AA--,.-,,-A-A--------------; 

~9~~ - "4~~ -·--"-;~': 636,00 ~ 

590. 43, :! 2 • 616,00 
... OJOO. 0., 00.(L. . ..h..i;>, "iQ ...:5nr, r,r, 

0 -?4.57 450.RO ,so.av 

.._ ...... ~~~---~L-----'"-"---~ ....... ___ __,.,.__ ____ j)_ ":'°~ ·~'.~~~-:~:~~ ~:::: 't_ 

',. '! <' ,,,, 

--~il!J ...... _.J..l!Lll.,c__.,_,;...,;·,L~Ll .. L,1~N~CU_l_:~:u~.~.,.~s-___JLl!_UU ___ , __ ---· , . ,, - --- ·------ -- ------ ----i __ " ... ! ... ~ .... u.~ ... :o..._ _____ .....:-____________ ·;. ...... ~.~. 
0,77 369,75 ~ 1 f\L {\ ., ., "I. - ., r, .l.. vu 

6.37,12 6.i8,73 0, 1? 0,11 0,06 
14-0, _____ _56..__ -· .11'2,_ .. -

__A_'t_._:___ ____ __25, 

0 • 100 0.040 0.100 0 • 000 &..-S4.60 Vt F F ~. , oJ 

0,00:2070 330, 370, 370. 0 0 

---------:-------.,----··-- --
< ' 

Y,n' 
0.100 CEH.V• 0.100 

1 t. 'll\ll 

X 
11.10 3,74 639,64 0,00 639,:27 6~9.97 

34. 280. 96 41, ,. _____ so_. ____ 
1.os o~e• 5.58 

0 ~ 00-1'ld!'I 310, 380, .,,,. ..,. ..,,,,,.-~ - ..... -
1~03 0,100 0,040 
400, 4 0 

0 o.oo :260,50 
630,25 ' 

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

----- ---

0.3~ 1. 1 B 0,07 
- __ 'jJ_, .... ____ , 5_1 • _ ------ ?7 • 
0, 100 0,000 635,90 

0 o.oo 192,79 

l>:i8,30 
t/38,30 

. . , 

- -- ~"--~----~ • r , 

0 
. 4:19, 15 
631,9A · 0 

"'"---------'-------------------------~ --•- ... - --- . ~ ----

--------------r ll<SErNO 11,150 
SURVEY SECTION 11A 

11,15 4,12 641,32 - 641---:--64 -
.. ~- .... -~--- - --- - -----~--~ 

o.oo 64(),40 0,33 1,67 0,00. c-:l'r,1!10 
410, 17, 272, · 
1 1,07 5,58 

0,005~46 27(•, 300, 

_.,;.._ ______________________________ ---

~
u 
0 

------------------~-----------i 

-----------------!~~ 

121, lb, 49, 1 l 3, 53, 28. t,38,90 
1,06 o·.100 __ 0.040 _Q_, l 00 ____ 0, O_Q__O _ c<,37. 20 4fl2, 1 
320, c 0 (, 0,00 l"i6,94 619,54 

------------------------------- -------- - -------------------------------,, 
,_ 

''=' 

----=~--- ____ ....., _____ ~ -~- ---- ---~---- -· - --- ·-·-------- ------·---~ 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV HL 
,,, ,Q, CIL OB QCl;I Clli:QB . .:ILOB -.AC.li-----·---ARU---·-· -UOL. .. 

TINE 
It.OP' 

VLOB 
XLOBL 

· YCH 
XLCH 

VROll 
XlQBR 

XNl XNCH XNR WTN 
ITR!Al I»C !CONT ~ORAR 

flLOSS BANK ELEV 
----~ I ~FTtli;lGl:IT 

EUHN SSTA 
Tnrwrn ENJ)ST 

- -;:-:;;:r-r 
PAGE 36 0 

IH 
01 

B 
~ 

' :b 
• F--_;;._____________________________ -------· ·--------------------------------------l 
• 

o.soo 
:u:i:aio' 11. '.?00 -- -- -- --- . _ --------------------------------1 " - - . -- -- .. - - • l Bf!t( ENDED 9 STA 430 FOR CONTR - Fl @:-!00•64J., 2 

:p 
• 

0~00 641,04 641,82 0,04 0,09 0,09 639.50 
i" · .,no, YY, us&, 1:i:s, 141, -1>.0.L 

0,70 
so. 

2.59 
so. 

0,64 
50. 

0,100 0,040 
2 0 

____ ,24.1., _. 
0.100 

0 

_.::;3., _____ ;,a. 63a. 10 I 
0.000 637,40 430,00 

0,00 2~6.21 666,21 

!:\i ,. ' . - ------ --- ---- -------- - -- --------

, ~fftll;HO .11 , JOO 
i(v,, < -----·--- --- ------ - -- -

3370 NOhMAL BRIDGE,NRD= 7 HIN ELTRD= ~39,60 HAX EILr= ~40,00 

. tl,10 
: 410. 

OF FOOTf!RID,!.lE 
0,00 641,01 641,83 
101+ 132, 41, 

v, ·1,11; 0.86 · 2.31 0.83 0.100_, ___ Jh.0.23 .. 
0,001485 1 • 1 • 1, 1 0 

UJCN(I l l, 400 

0 ,03 
242, 

0, 10()_ 
() 

', .. 3370 HllRMAL ·BrfIDG;E •MRI);"' 1 HIN ELTRD"' 639,60 11~..X..filJ..C.." JS40 .J><>. 
1 ' 

11. 40 
INSIDE OF 

4,4Q. 
U/S FACE 
t,.<\ 1 , 80 

915. 
.' 2.29 

OF FOOTBRIDGE. 
o.oo f>41_,07. 641,8il .... O,OJ 
ioi. 133, 42, 2.44. 
0,83 0,100 0,023 0, 100 

-- --- -----------------------------------------------------r• 

o:oo o.oo 6:~9.50 
53, 28, 638.70 

.0 •. 00-0 --4~7~4-0 .. 4;:S;0.00 •t• 
-?9,03 216.~3 666,53 

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

I_ o· 
' ~ftft ,0 

• 

- - - - -•-----
·§o 

_o,oo _____ o.oo i',39,50 
53, 28. 638, 70' 

0,000 637,40 430,00 ·o 
410, 
-1,ltc 

.4 

113, 
0+85 

.2.. • 2, 'Q. ··-- 0 -···-- - ___ o ___ -:?9,03 ___ 736,83 666.S:1 

~o 

.d 11.500 
,, U/!il FACE OF FOOTBftliillt .; bifWlfSTP:EAH llHlT or TRAILER PARK 
:·,-u •• so ·•••o 641,ao ·o.oo 44.1.01 1.+1.84 0.04 

{ ' < ~ 

;,, , 410, 99. 155, 156, 14;}, . ·-- 61, _____ ,245,. 
1,11 

0,000870 
0,70 2,55 0,64 0.100 0,040 0.100 

1 • 1. 1. 0 0 0 

490 ffH CARD USED 
·,\;J_$£CNO 11 • <!.00 

too· U/S OF FOOTBRIDGE. 
11,60 3,B4 641,84 0,00 

410, 49. 261. 101. 
; 1.12 1,78·---5~44 1,04 
,O,OOS!i:98 100, 100, 1•0, 

---- -
f-.41+0R 64'.2.1~ 

27. 48. 
0,060 0,040 

2 , 0 

--------------

,,-~:-1:'~-~:/_,' . ,, 

0,30 
97, 

o .ioo 
0 

'------- --- --- -

--- -- ---•TI••~-

0,00 0,01 639,,50 
:".'~ .... - - 28, 638,70 

,j,1 0 
: 

-
0,000 617. 4<) 430,00 
0,00 ::>i16,Fl9 6<',6,89 

---- --- .. .. ·o 
- -- - - - ------ -

i.1 + 1 R 0, 13 640.00 
54+ ,, 9 • 640,00 

0.000 638,00 469,45 
0,00 171,91, 641,41 

--- --- -- -

ljo 
-- ~----· 

_;, _' ~0-
, -~ ' 

f '' - ,, 

, k~-: ~~~-~.f..--:--~ .. -· ,:•-.,,,,, , , -,;.1 •rJ. ~ , .1 ... , ,· , • , • ,.. ~ 
0

_ , , , ,, : , :-' , "i . .,,_. 't .. 
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Ill 
0 SECNO DEPTH CWSEL f,R [ WS WSELK EG HV HL OLOSS BANI\ ELEV Q 

--~,I-A----.+--li-fi"!"+l~~-------------------.-------,718 AL.Oil ACH -ARO.fl -·---~-- , Tl.IA I--,- ,r.-r-••-
' -XNL Vl,.OB 

XLO&t. 
YCH 
XLCH 

\IROB 
XI.OJR 

XHCH XN/;' 
ITIHAL IJ)C ICONT :o WTN ELHIN SSTA 

f;ORAR TflPWJI) £MDST 
---------------------------------;• 

--•-•--••-----~------..,._-----:f!Ai 
- ---~------• 

-¥'-"""'"'-,.,.;.....,;.u.u----------~-------- ' . . ' . " 
;:~ 11 

----------------------------- - -------- --- -- ------------------------------------![! 
XII" 
o.oo 

XI\OR 
1,86 

COFC1 
3,00 

ROLEN 
',15, 00 

BWC 
6,00 

,:---,-, ..... ---,---,---------------------· - - --- - -
ellO 1!,3~b 
q\lR£ AN~ WIIR FLOW 

BIJP 
o.oo 

BARFA 
17,00 

---------=--'------------------------ -- ,. - .-
EGPRS EGLWC HJ t:lWE!R 

, 0,00 276, 

BARF .. ~ 

37, 

TRArF7flJD 
A.REJ'l __ 

31, 

::i.."---'_.;;:.-------'-----------------''"------- - . --- -- ---- ------
3470 ENCROACHMENT STATIONS= 

u s FAC OF BRIDGE 
'.' 12.10 '5,26 

t - . .,. - -- 4to. . 38, 
--

0,001354 1 9, 

!---'----~1os._,~4~0L.... __ 3,65 
410, 
1 t 1 ~. 

39, 
1 , 14 

44-1,46 
lalif!S, 

19, 

644,SS 
331. 
7,08 

@ 

0,009960 220, 220. --'-'..::.c:..:..;.;::..::.. __ ....=.c... ________ -- -

460,0 555,0 TYF'E" 
TE;AILER PARK =~- --- -- -

Q.oo 642,93 644, 61 
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