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1.0 INTRODUCTION 

TECHNICAL LETTER REPORT ON 
BALDWIN TOWNSHIP, MICHIGAN 

1.1 Purpose of Study 

This report describes t-hei :=.ppl i r'!::1t-_ inn n-f t_h~ proc~dures 

developed in the 1989 "Great Lakes Wave Runup Methodology study" 

to flood levels on Saginaw Bay, specifically in Baldwin Township, 

Michigan. The flood levels applicable to Baldwin Township were 

developed in the September 1989 "Flood Levels Report for Saginaw 

Bay". 

1.2 Authority and Acknowledgments 

The "Great Lakes wave Runup Methodology study" was prepared 

in 1989 by the U.S. Army Corps of Engineers (COE) for the Federal 

Emergency Management Agency (FEMA), for application to future 

coastal Flood Insurance studies (FIS) and/or restudies of 

communities bordering the Great Lakes. The work was conducted 

under Inter-Agency Work Agreement, EMW-89-E-3218, Project order 

No. 1, between the COE and FEMA. The 100-year and 500-year flood 

levels from the September 1989 report referenced above, were used 

to compute the maximum wave runup elevations required for 

updating the previous study in Baldwin Township on Lake Huron and 

Tawas Bay. TABLE 1 lists profile locations, and the 100-year and 

500-year "base" flood levels at nine locations along the Baldwin 

Township shoreline. The nine profiles were plotted from data 

obtained from a June 1990 survey • 
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1. Baldwin-1 
2. Baldwin-2 
3. Baldwin-3 
4. Baldwin-4 
5. Baldwin-5 
6. Baldwin-6 
7. Baldwin-? 
8. Baldwin-a 
9. Baldwin-9 

• 
SHORELINE PROFILES 

BALDWIN TOWNSHIP, MICHIGAN 

✓ 
100-year 

Profile Flood 
Location Level • 

(Tawas Beach Road) 584.0 
(Iosco Beach Club Drive) 584.0 
(Winona Street) 584.0 
(Pontiac Street) 584.0 
(Ottawas Lane) 584.0 
(Forest Street) 584.0 
(Media Drive) 584.0 
(Iris Drive) 584.0 
(AuSable Dunes Assoc.) 584.0 

~r 

500-year 
Flood 
Level • 

585.0 
585.0 
585.0 
585.0 
585.0 
585.0 
585.0 
585.0 
585.0 

• NuTE: Aii eievations in FT, NGVD from the September i 989 
"Flood Levels Report for Saginaw Bay• 

• 

TABLE 1 
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1.3 Coordination 

The "Flood Levels Report For Saginaw Bay", along with 

examples of the application of the methodology from the 1989 

"Great Lakes Wave Runup Methodology Study", were presented to 

FEMA on March 1, 1990. The procedures outlined in the above 

references were approved at this meeting for application to all 

Saginaw Bay FIS sites, including Baldwin Township. 

2.0 AREA STUDIED 

2.1 community Description 

Baldwin Township, Michigan, shown on FIGURE 1, is located in 

Iosco County along 13 miles of shoreline on Lake Huron and Tawas 

Bay. There are no major populated communities located along the 

Baldwin Township shoreline. The developed shoreline consists of 

small seasonal and year-round residential homes, having a 

population of 1393. 

Bathymetry in Lake Huron and Tawas Bay varies from 30-50 

foot a~pth~ nff~hnr~ to less than five feet deep near shore. The 

Tawas Bay portion of the Baldwin Township shoreline is protected, 

to some extent, from northeasterly and easterly storms by Tawas 

Point. 

The majority of the Baldwin Township shoreline on Lake Huron 

is exposed from the northeast to a fetch of about 180 miles. 

Ordinary fluctuations of water levels along this shoreline are of 

the same magnitude and frequency as apply generally to harbors on 

Lake Huron • The lowest seasonal lake stages usually prevail 

during the winter months and the highest during the summer 

3 
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months. In the past 100 years, fluctuations of water levels on 

Lake Huron, as measured by monthly means, have ranged from a 

minimum of 575.35 feet to a maximum of 581.62 feet (IGLD, 1955). 

2.2 Principal Flood Problems 

Short-term Lake Huron water level fluctuations are most 

· often due to variations in wind and barometric pressure. 

Occasionally, a surge of considerable proportions takes place 

within a few hours, due to strong and persistent northerly or 

southerly winds. 

When lake levels are high and storms occur from the 

northeast to southwest, Baldwin Township shoreline communities 

are usually subjected to extreme conditions. Along the Baldwin 

Township shoreline, substantial flooding has occurred because of 

the flat topography along the reaches on Lake Huron and Tawas 

Bay. 

3.0 ENGINEERING METHODS 

The flood levels established in the U.S. Army Corps of 

Engineer's September 1989 "Flood Levels Report for Saginaw Bay" 

and the procedures developed in the 1989 "Great Lakes Wave Runup 

Methodology study" were used to analyze the flooding potential at 

the nine Baldwin Township FIS sites shown on FIGURE 1. The 

hydraulic analyses presented herein involved the determination of 

the wave runup components and maximum wave runup elevations for 

selected sites. 

Input data used for flood calculations include site specific 

design wave, water depth at the toe of the structure, and wave 

5 
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period. Additional data such as nearshore profiles, high water 

marks, and existing conditions, bathymetry and topography, were 

also an;:1ly?.Ad tn dAt-.ArminA ~.hA m;:tYimnm w;:1v~ runnp ~,~vation at 

each site. This technical letter report presents the wave runup 

application procedures for each of the nine FIS sites located in 

Baldwin Township. Representative profiles for each site are 

included in APPENDIX A. 

4.0 A-Zone and V-Zone Delineations 

Reaches of the Baldwin Township shoreline in the surf zone 

which are subject to significant wave attack are referred to by 

FEMA as Coastal High Hazard Zones or velocity ("V") Zones. A "V" 

Zone is the flood insurance rate zone that corresponds to the 

• 100-year coastal floodplain that has additional hazards 

associated with storm waves. The "V" Zone is defined in FEMA's. 

• 

"Guidelines For Great Lakes wave Runup Computation And Mapping" 

as the maximum elevation reached by the wave runup associated 

with the 100-year flood level. This portion of the sho~eline 

and/or structure is critical in terms of causing significant 

structural damage. An "A" Zone is the flood insurance rate zone 

that corresponds to the 100-year flood level that is determined 

in the FIS using the detailed method. It is further defined as 

that area that is inundated by the 100-year flood and shoreward 

of the "V" Zone. 

Three different A and V-Zone flood conditions as defined by 

FEMA, most closely represent the FIS sites in Baldwin Township • 

The first type of~-~condition involves the flooding or breaching 

6 
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of an existing beach/dune by the 100-year flood. In this case, 

the V/A-zone demarcation line is located where the largest 

100-year water depth for the flooded area on the landward side of 

the beach/dune heel point is less than 4 feet. The v-zone is 

lakeward of this line, while the A-zone is landward. This 

mapping is considered appropriate for profile Baldwin-1, and is 

shown on FIGURE 2. 

The second flood condition existing along the Baldwin 

Township shoreline involves a beach/bluff system where wave runup 

does not overtop the existing beach/bluff. The V/A demarcation 

line is fixed at the point where the 100-year storm water depth 

is equal to 4 feet on the lakeward side of the bluff. The A/X 

• demarcation line is fixed at the point where the wave runup 

intersects the calculated post-storm profile. The v-zone is the 

maximum elevation reached by wave runup associated with the 

100-year flood level. This type of flooding condition is 

representative of profiles Baldwin-2 thru Baldwin-8 and is shown 

on FIGURES 3-9. The higher 100-year and 500-year wave runup 

elevations for the Baldwin-5 and Baldwin-6 profiles shown on 

TABLE 2 are the result of deeper water depths at the toe of the 

existing structures and steeper slopes of the existing 

embankments. 

In the last configuration, the beach/bluff is flooded. The 

largest water depth on the landward side of the beach/bluff crest 

is equal to or greater than 4 feet. The V/A demarcation line is 

• fixed at the most landward point where the 100-year storm water 

7 
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level is equal to 4 feet. FIGURE 10 depicts this condition, 

which is representative of Baldwin-9. 

The ;;A;; and nv;; Zones for these sites have been delineated 

according to FEMA' s Guidelines for Great Lakes Wave Runup 

Computation and Mapping and are shown on the attached work maps. 

The formal submittal of the Baldwin Township study will 

include original mylar copies showing sufficient detail for 

submittal to FEMA's technical review contractor. 

5.0 CONCLUSIONS 

For each of the Baldwin Township sites where the 100-year 

and 500-year flood levels inundate shoreline property, the 

inundated area will experience a minimal water depth shoreward of 

the shoreline protection. This water depth will generate a 

negligible wave across the property. Therefore, the 100-year and 

500-year flood levels will be used to delineate the flood 

profiles at each site. 

Accordingly, where structures protect against flooding, the 

100-year and 500-year "A" and "V" Zones, based on wave runup 

elevations, will be delineated on the work maps in the final FIS 

for the site. TABLE 2 lists the 100-year and 500-year wave runup 

elevations for the nine sites. 

In conclusion, it is recommended that the delineated 

100-year and 500-year flood profiles for the nine Baldwin 

Township sites included herein be used by FEMA for updating the 

Baldwin Township FIS • 

17 



• 

• 

• 

TECHNICAL LETTER REPORT ON 
BALDWIN TOWNSHIP, MICHIGAN 

TABLE 2 

WAVE RUNUP ELEVATIONS 

Baldwin 100-year wave 500-year 
Township Computed wave Runup Wave Runup 
FIS Wave Elevation Elevation 
Sites Runup (ft.) (ft •• NGVD) ( ft •• NGVDl 

1. Baldwin-1 o.o * 584.0 585.0 

2. Baldwin-2 0.4 584.4 585.4 

3. Baldwin-3 3.0 587.0 588.0 

4. Baldwin-4 3.0 587.0 588.0 

5. Baldwin-5 10.0 594.0 595.0 

6. Baldwin-6 9.0 593.0 594.0 

7. Baldwin-7 2.0 586.0 587.0 

8. Baldwin-a 2.0 586.0 587.0 

9. Baldwin-9 2.0 586.0 587.0 

* NOTE: No wave runup computed since shoreline is completely 
inundated by-the ioo- and 500-year flood levels obtained 
from the September 1989 "Flood Levels Report for Saginaw 
Bay" 

18 
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6.0 GLOSSARY 

Annual Maximum Instantan·eous Water Level: 
level that was recorded during a year by a 
frequency of an hour or less. 

The highest water 
gage with a sampling 

A-Zone: The Flood Insurance Rate Zone that corresponds to the 
100-year floodplain that is determined in the Flood Insurance 
study by detailed methods. 

AO-Zone: The Flood Insurance Rate Zone that corresponds to the 
inland termination point of water overtopping a beach and/or dune 
condition. 

Beach: The zone of sedimentary material that extends landward 
from the low water line to the place where there is a marked 
change in material or form, or to the line of permanent 
vegetation. 

Bluff: A high, steep bank composed of erodible materials. 

• Floodplain: The area adjoining a river, stream, watercourse, 
ocean, lake or other body of standing water that has been or may 
be covered by floodwater. 

• 

International Great Lakes Datum (IGLDl: Common reference datum 
for the Great Lakes area established in 1955 based on mean water 
level in the st. Lawrence River at Father Point, Quebec (near 
Atlantic Ocean) • 

Runup: The rush of water up a beach or structure from the 
breaking of a wave. Also, the vertical height of uprush above 
the still-water level. 

Still-water level: The elevation that the water surface would 
assume if all wave action were absent. 

Storm-water level: The rise above the normal water level on the 
open-coast, due to wind stress on the water surface. 

v-zone: The maximum elevation reached by the wave runup 
=-.e.c,,,-,.,...; 2+- ....... M 1:.T.; +-'k t-'k ..... , nn_._,..,..,,..,._ .,:-1 ......... .:. , .......... , -~~--~----ft~~&&~&&~ 4Vv-z~aL L~UU~ ~~V~~• 

Wave height: The vertical distance between the wave crest and 
the preceding trough • 

Wave setup: The superelevation of the water surface over normal 
surge elevation due to the onshore mass transport of the water by 
wave action alone. · 

19 
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Wind setup: The vertical rise in the still-water level on the 
leeward side of a body of water caused by wind stresses on the 
surface of the water. 

X-Zone: The Flood Insurance Rate Zone that corresponds to the 
landward side of a dune heel point • 

20 
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SYNOPSIS 

Appendix A outlines the procedures utilized to calculate the 
wave runup component and the maximum wave runup elevation 
associated with the 100-year flood level for the Baldwin Township 
shoreline. The following list shows the nine Baldwin Township 
sites and the 100-year wave runup flood profiles. Computations 
of these elevations are included in this Appendix. 

Baldwin 
Township 
FIS 
Sites 

1. Baldwin-1 

2, Balrlwin-~ 

3. Baldwin-3 

4. Baldwin-4 

5. Baldwin-5 

6. Baldwin-6 

7. Baldwin-7 

B. Baldwin-a 

9. Baldwin-9 

Computed 
Wave 
Runup {ft.) 

o.o 

0,4 

2.5 

2.5 

10.0 

7.7 

. ~ 

.I. • I 

1.7 

o.o 

A-i 

8 

100-year Wave 
Wave Runup 
Elevation 
(ft •• NGVDl 

584.0 

584,4 

586.5 

586.5 

594.0 

591.7 

585.7 

585.7 

584.0 
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Baldwin 
Township 
FIS 
sites 

1. Baldwin-1 

2. Baldwin-2 

3. Baldwin-3 

4. Baldwin-4 

5. Baldwin-5 

6. Baldwin-6 

7. Baldwin-? 

s. Baldwin-a 

9. Baldwin-9 

TABLE 2 

WAVE RUNUP ELEVATIONS 

Computed 
Wave 
Runup 1ft.) 

o.o 

0.4 

2.5 

2.5 

10.0 

7.7 

1.7 

1.7 

n n uou 

4 

100-year Wave 
wave Runup 
Elevation 
(ft.I NGVD) 

584.0 

584.4 

586.5 

586.5 

594.0 

591.7 

585. 7 

585.7 

584.0 



RUNUP COMPUTATION 
WAVE RUNUP AT BALDWIN TOWNSHIP, BALDWIN-2 • runup on: beach 

100-year flood: 584.0 feet 
water depth at toe: 26.0 feet 

100-year wave period T: 11.5 

above IGLD, optional 

T': 5.7 
L: 332.48 

1st: significant wave computation 
(enter per Ref. 3) 

100-yr deep water wave H: 24.9 feet (enter per Ref. 3) 
K: 2.0 

alpha: O. 0110 
Hmo: 11.1 

d bar: 0.0061 

(enter per Ref. 4, Figure 10) 
(significant wave) 

(tan 30H:1V = 0.03333) 
2nd: wave runup computation 

epsilon: 0.0083 
Hs/Hmo: 1. 015 

Hs in deep water: 11.3 
beach slope: 0.00430 

beach zeta: 0.033 
beach runup: 0.4 

runup elevation: 584.4 feet above IGLD 

A:\>NOTE: ALL ELEVATIONS ARE IN FEET ABOVE NGVD 

• 

• 



RUNUP COMPUTATION 
WAVE RUNUP AT BALDWIN TOWNSHIP, BALDWIN-3 • runup on: beach 

100-year flood: 584.0 feet 
water depth at toe: 26.0 feet 

100-year wave period T: 11.5 
T': 5. 7 

L: 332.48 

above IGLD, optional 
1st: significant 

(enter per Ref. 3) 

100-yr deep water wave H: 24.9 feet (enter per Ref. 3) 
K: 2.0 

alpha: 0.0110 
Hmo: 11.1 

d bar: 0.0061 

wave computation 

epsilon: o.0083 
Hs/Hmo: 1.015 

Hs in deep water: 11.3 
beach slope: 0.03000 

beach zeta: 0.232 
beach runup: 2.5 

(enter per Ref. 4, Figure 10) 
(significant wave) 

(tan 30H:1V = 0.03333) 
2nd: wave runup computation 

runup elevation: 586.5 feet above IGLD 

A:\>NOTE: ALL ELEVATIONS ARE IN FEET ABOVE NGVD 

• 

• 



RUNUP COMPUTATION 
WAVE RUNUP AT BALDWIN TOWNSHIP, BALDWIN-4 

• runup on: beach 
100-year flood: 584.0 feet 

water depth at toe: 26.0 feet 
100-year wave period T: 11.5 

T': 5. 7 
L: 332.48 

above IGLD, optional 
1st: significant wave computation 

(enter per Ref. 3) 

100-yr deep water wave H: 24.9 feet (enter per Ref. 3) 
K: 2.0 

alpha: 
Hmo: 

d bar: 
epsilon: 

Hs/Hmo: 
Hs in deep water: 

beach slope: 
beach zeta: 

beach runup: 
runup elevation: 

0.0110 
11.1 
0.0061 
0.0083 
1.015 

11.3 
0.03000 
0.232 
2.5 

586.5 feet 

(enter per Ref. 4, Figure 10) 
(significant wave) 

(tan 30H:1V = 0.03333) 
2nd: wave runup computation 

above IGLD 

A:\>NOTE: ALL ELEVATIONS ABOVE ARE IN FEET ABOVE NGVD 

• 

• 
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RUNUP COMPUTATION 
WAVE RUNUP AT BALDWIN TOWNSHIP, BALDWIN-6 • runup on: beach 

100-year flood: 584.0 feet 
water depth at toe: 26.0 feet 

100-year wave period T: 11.5 

above IGLD, optional 

T': 5.7 
L: 332.48 

1st: significant 
(enter per Ref. 3) 

100-yr deep water wave H: 24.9 feet (enter per Ref. 3) 
K: 2.0 

alpha: 0.0110 
Hmo: 11.1 

d bar: 0.0061 

wave computation 

epsilon: 0.0083 
Hs/Hmo: 1.015 

Hs in deep water: 11.3 
beach slope: 0.09100 
beach zeta: 0.704 

beach runup: 7.7 

(enter per Ref. 4, Figure 10) 
(significant wave) 

(tan 30H:1V = 0.03333) 
2nd: wave runup computation 

runup elevation: 591.7 feet above IGLD 

A:\>NOTE: ALL ELEVATIONS ABOVE ARE IN FEET ABOVE NGVD 

• 

• 
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RUNUP COMPUTATION 

• WAVE RUNUP AT BALDWIN TOWNSHIP, BALDWIN-? 
runup on: beach 

100-year flood: 584.0 feet 
water depth at toe: 26.0 feet 

100-year wave period T: 11.5 

above IGLD, optional 

T': 5. 7 
L: 332.48 

1st: significant 
(enter per Ref. 3) 

100-yr deep water wave H: 24.9 feet (enter per Ref. 3} 
K: 2.0 

alpha: 0.0110 
Hmo: 11.1 

d bar: 0.0061 

wave computation 

epsilon: 0.0083 
Hs/Hmo: 1. 015 

Hs in deep water: 11.3 
beach slope: 0.02000 
beach zeta: 0.155 

beach runup: 1.7 

(enter per Ref. 4, Figure 10) 
(significant wave} 

(tan 30H:1V = 0.03333) 
2nd: wave runup computation 

runup elevation: 585.7 feet above IGLD 

A:\>NOTE: ALL ELEVATIONS ABOVE ARE IN FEET ABOVE NGVD 

• 

• 



,; 

RUNUP COMPUTATION 

• WAVE RUNUP AT BALDWIN TOWNSHIP, BALDWIN-a 
runup on: beach 

100-year flood: 584.0 feet 
water depth at toe: 26.0 feet 

100-year wave period T: 11.5 
T': 5. 7 

L: 332.48 

above IGLD, optional 
1st: significant wave computation 

(enter per Ref. 3) 

100-yr deep water wave H: 24.9 feet (enter per Ref. 3) 

alpha: 
Hmo: 

d bar: 
epsilon: 

Hs/Hmo: 
Hs in deep water: 

beach slope: 
beach zeta: 

beach runup: 
runup elevation: 

0.0110 
11.1 

0.0061 
0.0083 
1.015 

11.3 
0.02000 
0.155 
1.7 

585.7 feet 

(enter per Ref. 4, Figure 10) 
(significant wave) 

(tan 30H:1V = 0.03333) 
2nd: wave runup computation 

above IGLD 

A:\>NOTE: ALL ELEVATIONS ABOVE ARE IN FEET ABOVE NGVD 

• 

• 
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NarICE TO 
FLOOD INSURANCE STUDY U3ERS 

Communities participating in the National Flood Insurance Program have 
established repositories of flood hazard data for floodplain management and 
flood insurance purposes. This Flood Insurance Study may not contain all 
data available within the repository. It is advisable to contact the 
community repository for any additional data. 
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1.0 INrnCDOCTirn 

1.1 Purpose of Study 

'IDWNSHIP OF BAI.lMIN, 
IOOOJ COUNl'Y, 

MIOlIGAN 

This Flood Insurance Study revises and supersedes a previous 
Flood Insurance Rate Map far the 'lbwnship of Baldwin, Iosco 
County, Michigan (Referen::e 1). This infOllllcltion will l:e used by 
the camumity to update existing floodplain regulations as part 
of t-JiA nagular phase of the National Flocxi Insuranc,e Program. 
The infoIJ11ation will also 1:e used by local and :regional planners 
to further pmrote sound land use and floodplain developrent. 
Minimum floodplain managarent :cequiranents for participation in 
the National Flood Insurance Program are set forth in the Code of 
Federal Regulations at 44 CTR, 60.3. 

In sare states or camnmities, floodplain managarent criteria or 
regulations may exist that are 110re restrictive or canprehensive 
than the min.iroum Federal :cequiranents. In such cases, the 110re 
restrictive criteria take precedence, and the State (or other 
jurisdictional agency) will be able to explain them. 

1.2 Authority and Acknowledgments 

The smm:es of authority for this Flood Insurance Study are the 
National Flood Insurance Act of 1968 and the Flood Disaster 
Protection Act of 1973. 

The eydrologic and hydraulic analyses far this study were 
perfcmned by the U.S. ADny Corp;; of Engineers (OJE), Detroit 
District ( the Study Contractor) , far the Federal.,.,.,ncEmergency,n· 
Managarent Aqarcy ( FEMA) under Interagency Ag.teatent No. 
EMW-90-E-3263, Project Older tb. 2. This StUd'.f ';.~ canpleted L"l 
Februacy 1991. 

1. 3 Coordination 

On Septanber 25, 1989, an initial coordination maeting was held 
with representatives of FEMA, the Michigan Deparbrent of Natural 
Resources (Mi::tlR), the Township of Baldwin, and the Study 
Contractor. The technical results of this study were reviewed 
and ~ by the MOOR, the State coordinating agency, and 
FEMA. 

On , the results of this Flood Insuran::e 
Study were reviewed and accepted at a final coordination maeting 
attended by Lep::esentatives of the Study Contractor, FEMA, and 
the camnmity. 



2 • 0 AREA S'ruflTfill 

2.1 Scope of Study 

'l'his Flood Insurance Study covers the incorporated areas of the 
Township of Baldwin, Iosco Cowrt:y, Michigan. The az:ea of study 
is shown on the Vicinity Map (Figure 1). 

A detailed coastal flooding analysis was perfo:cned on the entire 
coastline of the Township of Baldwin, where the flooding sources 
are Lake Huron, Tawas Bay, and Saginaw Bay. 

Areas having low developtent potential = minimal flood hazards 
were pnNiously studied using ai,:p:oximate analyses. The results 
were shown on the Flood Insurance Rate Map for the Township of 
Baldwin (Reference l), and are ~:rated into this Flood 
Insurance Study. 

The areas studied were selected with pri=ity given to all known 
flood hazard areas and areas of projected developrent = proposed 
construction through February 1996. The scope and net.hods of 
study wei.~ prop-,sed to c11-d agreed i&l• ,n b"j FEMA a,-£1 t."-.e Ci:iiuiw'd.ty. 

2.2 carmunity Description 

The Township of Baldwin is located in the east-central portion of 
Iosco County, in the north-central part of Michigan's lower 
peninsula. The total land area contained within the township 
limits is 26. 0 square miles. The camumity is bonlered on the 
north by the Townships of Wilber and Au Sable, Michigan; on the 
west by the Township of Tawas, Michigan; on the southwest by the 
City of Tawas, Michigan; and on the east by Lake Huron. The 1980 
population of the Township of Baldwin was reported to l::e 1,393 
(Reference 2). 

The climate of the Township of Baldwin is m:x:lified satlE!idlat by 
lake Huron. The lake provides a cooling effect during the sumer 
nonths and a wanning influence during the winter nonths. July is 
nonra.lly t.~ ~'al:lieSt rr...,1&t..11, wit.11 a meB.&91 ront.~.ly t::.,~at'..L..-e of 
69 .1 cltaj...ees Fahrenheit (°F); wheteas January is the coldest 
nonth, with a nean nonthly tanperatw:e of 20.B°F. The mean 
annual ~ture fran 1951 to 1975 was 45.6°F. The reco:cd high 
f= this period at the Township of Baldwin was 102°F on 
August 21, 1955; the record low was -37°F on January 30, 1951. 
PJ:ecipitation is distributed fairly equally through:iut the year. 
The average annual precipitation is about 34.15 in::hes. August, 
with an average of 12.80 inches, is the wettest nonth, while 
February, with a 3.34-inch average, is the driest uonth 
(Reference 3). 

2 



::!! 
IC" ,c: 
::a 
Ir"" .... 

c/ 

<CS.~ 

FEDERAL EMERIGENCY MANAGEMENT AGENCY 

TOWNSHIIP OF BALDWIN, IMI 
(IOSCO CO.) 

~~ 
·~ 
( 

OSCODA 'iALCO~~A 

co co ·i 
rosco r ~j~r .. ~~,TOWNSHIP OF BALDWIN 

•·DETROIT 

VICINITY MAP 

1ir 



Soil material in the Township of Baldwin varies greatly and 
ranges fl:an clay to very coarse sand. Most of the soils of the 
camumity are poorly drained (Reference 4). 

Bathylletcy in lake Huron and Tawas Bay varied fl:an 30- to SO-foot 
depths offshore to less than 5 feet deep close to shore. In the 
Township of Baldwin, the Tawas Bay shoreline is protected to sane 
extent fl:an northeasterly and easterly stcmns by Tawas Point. 

The majority of the shoreline of the township is exposed on the 
northeast to a fetch of arout 180 miles. OJ:dinarv fluctuations 
of water levels along this shoreline are of the sarre magnitude 
and frequency as generally a:i;ply to harlx)rs on lake Huron. The 
lowest lake stages usually prevail during the winter rronths and 
the highest during the sumrer rronths. Since 1900, the rronthly 
nean water levels on lake Huron have ranged nan a minimum of 
576.55 feet National Geodetic Vertical Datum of 1929 (tCVDl to a 
maximum of 582.82 feet N:iVD. · · 

Developnent in the floodplains of both Lake Huron and Tawas Bay 
has been relatively minor. 

2. 3 Prin::ipal Flood ProblaTS 

The shoreline of the Township of Baldwin is subject to severe 
wind and wave conditions during a large percentage of the time. 
When lake levels are high and stonns occur nan the northeast to 
southwest, shoreline camumities located in the Township of 
Baldwin are usually subjected to extrane conditions. 

DJe to the relatively flat topography of the township along the 
shoreline of lake Huron and Tawas Bay, substantial flooding has 
occun:ed, and will continue to occur, in this area. during high 
bay stages. 

Levels on Lake Huron are affected by three types of fluctuations: 
long-teim, seasonal, and short-teim. I.ong-teIJn fluctuations are 
prin::ipally caused by persistent high or 1(7,,1 water-supply 
conditions within the Great Lakes basin. Flocxiing can occur 
along the sh:lreli.ne as a result of several consecutive years of 
above-average pre::ipitation. This study is primarily concerned 
with long-tel:ln fluctuations canbined with seasonal and short-teim 
variations of the lake levels. Seasonal fluctuations are 
reflected. by the occurrence of high lake levels in the spring, 
when runoff in:::i:eases due to snowmalt, and k:e::aufl"l of 1(7,,1 rates 
of evaporation nan the lake and evapotranspiration :Eran the land 
surface. li:lwever, because of the sluggish hydrologic respoose of 
tbe ldl.~ b--:..Jiies of w-ater il,volv-ed, paak seasc:u.al levels usually 
do not occur until July. Short-teIJn fluctuations in lake levels 
can be caused by strong winds and by shillp differences in 
baJ:anetric pressure. The winds drive surface water in great 
volllll8S towaro. the shore, thus raising the water level at one 
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side of the lake while lowering the water level at the other 
side. This phenanenOn is temed a "seiche." 

As a result of recoro high levels on Lake Huron in 1985-86, 
canbined with periodic strong winds, portions of the shoreline of 
the Township of Baldwin frequently incurred flooding during this 
period. Additionally, the low-lying, floodprone areas along the 
shoreline, both on Lake Huron and Tawas Bay, were often 
inuooata:1. 

2 . 4 Flood Protection Measu:ces 

Shoreline protection structures exist in saie areas along the 
sho:celine of Lake Huron and Tawas Bay that provide the cannunity 
with Sate degl:ee of protection against flooding. K:Jwever, it has 
been ascertained that these structures will not protect the 
carmunity nan ra:ce events such as the 100-year flood. 
Structu:ces that do not protect against the 100-year flood a:ce not 
considered in the hydraulic analysis of the 100-year floodplain. 

3. 0 ENJIJ:IBIIBIITT :imm;:s 

For the flooding sources studied in detail in the carmunity, standaro 
hydrologic and hydraulic study uethods were used to detennine the flood 
hazaro data required for this study. Flood events of a n-agnitude that 
is expected to be equaled or exceeded once on the average during any 
10-, 50-, 100-, or 500-year period (recur:cence interval) have been 
selecta:i as having special significarce for floodplain uanagaient and 
for flood insurance rates. These events, catm:>nly temed the 10-, 50-, 
100-, and 500-year floods, have a 10-, 2-, 1-, and 0.2-percent chance, 
:respectively, of being equaled or exceeded during any year. Although 
the recur:cence interval :represents the long-term average period between 
floods of a specific magnitude, ra:ce floods could occur at short 
intervals or even within the sane year. The risk of experiencing a 
ra:ce flood in::reases when periods greater than one year a:ce conside:ced. 
For exarrple, the risk of having a flood that equals or exceeds the 
100-year flood (one-percent charr::e of anrrual exceedence) in any SO-year 
period is ai;proximately 40 percent ( 4 in 10), and, for any 90-year 
period, the risk in::i:eases to awrc,ximately 60 percent (6 in 10). The 
analyses :reported herein :reflect flooding p:>tentials based on 
coooitions existing in the camunity at the tine of canpletion of this 
study. Maps and flood elevations will be auended periodical! y to 
:reflect future changes. 

3. 1 Hydmlogic Analyses 

Hydmlogic analyses were carried out to establish the peak 
elevation-f:cequency :celationshifs for each flooding source 
studied in detail affecting the canmmity. 

The stillwater elevations for the 10-, 50-, 100-, and 500-year 
floods have been determined for the Saginaw Bay shoreline of the 
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Ta<mship of Baldwin fI:crn the CXlE flood levels report for Saginaw 
Bay (Reference 5) , and are shown in Table 1, Sull1nary of 
Stillwater Elevations • 

The analyses reported in this study reflect the stillwater 
elevations due to wind-setup effects and include the 
contr:ib.itions fI:crn wave action. The effects of wave action were 
also consideJ:ed in the detennination of flood hazard areas. 
Coastal structures located al:ove stillwater flood elevations can 
still be severely danaged by wave runup, wave-induced erosion, 
and wave-borne debris. The extent of wave runup al:ove still water 
levels depends g:ceatly on the wave conditions, slope of the beach 
or structure, and local topography. 

Wave heights and wave period can be found in the report entitled 
"Dasign Wave InfoD!lB.tion for the Great Lakes" (Reference 6) , and 
canp.1ted fran procedures descril:led in "The 'IMA Shallow-Water 
Spectrum Description and AWlications" (Reference 7) • The wave
runup cani;onent was detennined using the procedures developed in 
a Great Lakes wave-rwrup meth:xlology study (Reference 8). 

3.2 Hydraulic Analyses 

Analyses of the hydraUJ.l.C characteristics of flooding fran the 
sources studied were carried out to provide estimates of the 
elevations of floods of the selected recurrence intervals. 

Hydraulic analyses for areas along the shoreline of Lake Huron 
and Tawas Bay were studied to estimate the wave-nmup elevations 
associated with the 100-year flood level. 

The wave-runup CCl11pOil9Ilts and maximml wave-rwrup elevations for 
individual sites located on Tawas Bay and Lake Huron were 
detennined using methcck:,logies established in the technical 
letter report for the Ta<mship of Baldwin, Michigan 
(Ref~ 9). 

Wave heights were carp.1ted along transects ( cross-section lines) 
that were located along the coastal areas, as illustrated in 
Figw:e 2, Transect ux:ation Map. The transects were located with 
consideration given to the physical and cultural characteristics 
of the lcm1 s0 that they would cloaely ~1t c"OfiditiOnS in 
their locality. Transects were spaced close together in areas of 
caiplex topography and dense develO?ll9Ilt. In areas having rore 
unifODII characteristics, they were spaced at large intervals. It 
was also necessary to locate transects in areas where unique 
flooding existed and in areas where CCITplted wave heights varied 
_.;_...; • .:,.. ...... ~,.,. "-+,..~ .... ~--1 ... ~~ ~-5 .... _ _......_ 
.:>L'J'LL.L..L\,,CU,1.i-.z uc:;\.,~, c».&JCD,,,,CI,"\., '-'-ua.~\,,G • 

Each transect was taken perpendicular to the shoreline and 
extended inland to a point where wave action ceased. Along each 
transect, wave heights and elevations were CCl!plted considering 
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II 

.... ,.. 
all r-.., -

FLOODING SOURCE FLOOD INSURANCE STILLWATER ELEVATION (FEET NGVD) BASE FLOOD 

AND TRANSECT RATE MAP PANEL ZONE ELEVATION' 
10-YEAR 50-YEAR 100-YEAR 500-YEAR (FEET NGVD) 

LAKE HURON/SAGINAW BAY/ 
TAWAS BAY 

1 0016 582.5 583.6 584.0 585 0 VE 584 
AE 584 

2 0016 582.5 583.6 584.0 585.0 VE 584' 
AE 584 

3 0008 582.5 583.6 584.0 585.0 VE 587' 

4 0008 582.5 583.6 584.0 585.0 VE 587' 

5 0008 582.5 583.6 584.0 585.0 \IC ~QQ2 ·~ oJU;;I 

6 0007 582.5 583.6 584.0 585.0 VE 589' 

7 0007 582.5 583.6 584.0 585 0 VE 586' 

8 0007 582.5 583.6 584.0 585 0 VE 586' 

9 0007 582.5 583.6 584.0 585.0 VE 584 
AE 584 

'ROUNDED TO THE NEAREST FOOT AND MAY INCLUDE EFFECT OF WAVE ACTION 
BASE FLOOD ELEVATIONS SHOWN ON MAP MAY REPRESENT AVERAGE ELEVATIONS 

'INCLUDES EFFECT OF WAVE RUNUP 

FEDERAL EMERGENCY MANAGEMENT AGENCY 
SUMMARY OF STILLWATER ELEVATIONS 

IDWNSHIP OF BALDWIN, Ml 
(IOSCO CO.) LAKE HURON/SAGINAW BAY/TAWAS BAY 
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the canbined effects of changes in ground elevation, vegetation, 
and physical feat:uxes, The stillwater elevations for the 
100-year flood were used as the starting elevations for these 
canputations. Wave heights were calculated to the nearest 
0.1 foot, and wave elevations were deteimined at whole-foot 
irx:ranents along the transects. The location of the three-foot 
breaking wave for detez:mining the tennirrus of the V zone ( area 
with velocity wave action) was canputed at each transect. The 
inland extent of the V-zone designation awlies to ail areas 
lakeward of a beach, dune, or bluff based on the limits of the 
runup elevation, or the four-foot stillwater depth when wave 
runup is not canputed. Table 2 provides a listing of the 
transect locations and Stillwater starting elevations, as well as 
initial wave-runup elevations. 

TABLE 2 - 'mANSEX:T r..o.::ATIOIS, STILLWATER STARTim 
ELEVATIOIS, AND WAVE RilNUP ELEVATIOIS 

ELEVATIOIS (FEET J:.GVD) 
'mANSEX:T u:;x;ATlOO 100-YEAR STILLWATER WAVE RUNUP 

1 Fran Tawas Bay sho:celine, 
about 2,000 feet southeast 
of intersection of Baldwin 
Resort Road and Tawas Beach 
Road, extending northeast 584.0 N/A 

2 Fran Lake Huron shoreline, 
abJut 4,600 feet east of 
intersection of Baldwin 
Resort Road and Tawas Beach 
Road, extending west 584.0 584.4 

3 Fran Lake Huron sho:celine, 
about 5,750 feet south of 
intersection of Baldwin Resort 
Road and U.S. 23, extending 
west 584.0 586.5 

4 Fran Lake Huron shoreline, 
about 3,100 feet south of 
intersection of Baldwin Resort 
Road and U.S. 23, extending 
west 5!!4.0 586.5 

5 FnIII Lake Hlllon shoreline, 
about 700 feet southwest of 
intersection of Scott Road 
and Fo:cest Street, extending 
northwest 584.0 588.9 
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TABLE 2 - 'IRANS0:T I.OCATICRi, STILLWATER S'l'ARTnu 
ELEVATICRi, AND WAVE RUNUP ELEVATICRi (Continued) 

ELEVATICNS (FEET NMl) 
'IBN:§FIT Ia'.ATICN 100-YEAR S'J'IIJ:wATER WAVE RUNUP 

6 Fl:an Lake Huron shoreline 
about 1,000 feet northeast 
of intersection of Scott 
Road and Forest Street, 
exterx:ting northwest 584.0 588.9 

7 Fl:an Lake Huron shoreline, 
about 300 feet southwest of 
intersection of U.S. 23 and 
Birc:hcrest Drive, exterx:ting 
northwest 584.0 585.7 

8 Fl:an Lake Huron shoreline, 
about 3,550 feet northeast 
of intersection of Birc:h::rest 
Drive and U.S. 23, exterx:ting 
northwest 584.0 585.7 

9 Fl:an Lake Huron shoreline, 
about 1,400 feet south of 
southem shoreline of Speocer 
Lake, exterx:ting north 584.0 N/A 

Figure 3 represents a sample transect that illustrates the 
relationship between the stillwater elevation, the wave crest 
elevation, the grou:rxi elevation profile, and the location of the 
A/v zone boundary. 

V ZONE A ZONE 
WAVE HEIGHT GREATER THAN 3 FT WAVE HEIGHT LESS THAN 3 FT 

BASE •LOOO ELEV• TIOl>I 
l,OCLIJOING W,1.\IE EFFECTS 

100 - VE.AA 
ST!LLW.t.TUI 

MU,fll 
SEA lEVEL 

I • 
SHORELINE 

I • 
S_.,1>10 DUJIE 

I • 
WOODED A(GIOJI 

I 
• 

01/EIH.AHD 
WIND FETCH 

FIGURE 3 - Transect Schematic 
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After analyzing wave heights along each transect, wave elevations 
were inteqx:ilated tetMeen transects. Various sow:ce data were 
used in the inteJ:p:>lation, in::luding topographic maps 
(References 10-12), aerial photographs (Reference 13), and 
engineering judgllent. Controlling features affecting the 
elevations were identifie:i and considered in relation to their 
p:isitions at a particular transect and their variation bet\leen 
transects. 

All elevations are refez:enced to the ?,l;VD. Elevation referet¥::e 
marks used in this study are shown on the maps. 

4 • 0 flm:iPIAf]l ~ APPLICATICJ§ 

The National Flood Insurance P.rogram en::ourages State and local 
governirents to adopt 50Ulld floodplain managaient programs. Therefore, 
each Flood Insurance Study provides 100-:year flcxxi elevations and 
delineations of the 100- and 500-:year floodplain boundaries and 
100-:year floodwa:y to assist camunities in developing flocdplain 
maria.geuent measures . 

4. l Flood Boundaries 

To provide a national standard witoout regional discrimination, 
the one-percent annual charce ( 100-year) flood has been adopted 
by FEl-lA as the base flcxxi for flocdplain managaient pu:z:p::>SeS. 
The 0.2-percent annual chance (500-:year) flood is anpl.oyed to 
in:iicate additional areas of flcxxi risk in the camami.ty. For 
each flooding source studie:i in detail, the 100- and 500-year 
flocdplain boundaries have been delineated using the flood 
elevations deteonined at each transect cross section. BE:ltween 
transects, the boundaries were intel:p:>lated using topographic 
maps at a scale of 1:24000 with a contour interval of 10 feet and 
topJgraphic maps at a scale of 1:24000 with a contour inter.al of 
2 feet (References 10-12). 

Flocdplain boundaries are indicated on the Flood Insurarce Rate 
Map. On this map, the 100-:year flocdplain boumary corresponds to 
the boumary of the areas of special flood hazards (Zones A, AE, 
AH, AD, A99, V, VE, and m.lli:Jered A and V zones), and the 500-year 
flocdplain boumary corresfon.m to the boumary of areas of 
mderate flood hazaI.'ds ( Zone B and Zone X) , In cases where the 
100- and 500-year flocdplain boundaries are close together, only 
the 100-year floodplain boun:lary has been shown. Small areas 
within the flocdplain boundaries may lie al:ove the flood 
elevations but can.rot be shown due to limitations of the map 
scale and/or lack of detailed topJgraph.ic data. 

For streams studied by approximate methods, only the 100-year 
flocdplain boundaries are shown on the Flood Insurance Rate Map, 
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4. 2 Floodways 

The floodway is the channel of a stream plus any adjacent 
floodplain areas that must be kept free of erx:roadment so that 
the 100-year flcxxi can be carried without substantial inc:ceases 
in flcxxi heights. 

Floodways have not been shown or canp.ited for this cannunity. 
Along streams wham floodways have not been canp.ited, the 
ccmnunity must ensure that the cumulative effect of developnent 
in the floodplain will not cause an increase in the base flcxxi 
elevations greater than the state's allowable surcharge at any 
point within the cannunity. 

5. 0 INSlilWCE APPLICATIOO 

For flcxxi insurance rating purposes, flcxxi insurance zone designations 
are assigned to a cannunity based on the :cesults of the engineering 
analyses. Previously, the detailed data included the deteimination of 
reaches and Flcxxi Hazard Factors (FHF) and numbered flcxxi insurance 
zone designations. To the extent pi:esented in this revised Flcxxi 
Insurance Study, the reach cletenninations and FHFs are no longer 
applicable and zones are redesignated. These zones are as follows: 

Zone A 

Zone A is the flcxxi insurance rate zone that coiiespouJs to the 
100-year floodplains that are deteLinined in the Flcxxi Insurance Study 
by approximate methods. Because detailed hydraulic analyses are not 
perfo.oned for such areas, no base flcxxi elevations or depths are shown 
within this zone. 

Zone AE 

Zone AE is the flcxxi insurance rate zone that coiiesponds to the 
100-year floodplains that are deteLmined in the Flcxxi Insurance Study 
by detailed methods. Whole-foot base flcxxi elevations derived fI:an the 
detailed hydraulic analyses are shown at selected intervals within this 
zone. 

Zone AO 

Zone AO is the flcxxi insurance rate zone that con:espands to the areas 
of 100-year shallcr., flooding (usually sheet flcr., on sloping terrain) 
wham average depths are between one foot and thLee feet. Average 
whole-foot depths derived fI:an the detailed hydraulic analyses are 
shown within this zone. 

Zone VE 

Zone VE is the flcxxi insurance rate zone that coaespo .. Js to the 
100-year coastal floodplains that have additional hazards associated 
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with stonn waves. Whole-foot base flocxi elevations derived fran the 
detailed hydraulic analyses are sh::lwn at selected intervals within this 
zone. 

Zone X 

Zone X is the flocxi insurance rate zone that corresponds to areas 
outside the 100-year floodplain, areas of 100-year flooding where 
average depths are less than one foot, areas of 100-year flooding where 
the contributing drainage area is less than one square mile, and areas 
protected fran the 100-year flocxi by levees. N:> base flocxi elevations 
or depths are sh::lwn within this zone. 

6. 0 FI.COD INSURAOCE RATE MAP 

The Flocxi Insurance Rate Map is designed for flocxi insurance and 
floodplain managarent applications. 

For flocxi insurance applications, the map designates flood insurance 
rate zones as described in Section 5. 0 and, for 100-year floodplains 
studied by detailed nethods, shows selected whole-foot base flood 
elevations or average depths. Insurance agents use the zones and base 
flood elevations in conjunction with infonnation on structures and 
their contents to assign premium rates for flood insurance policies. 

For floodplain managarent applications, the map shows by tints, 
screens, and symbols the 100- and 500-year flcxxlplains, the floodways, 
and the locations of selected cross sections used in the hydraulic 
analyses and floodway carrputations. 

7. O omER SWDI&S 

8.0 

The Flood Insurance Studies µiblished for the City of East Tawas, 
Michigan, and the Township of Au Sable, Michigan (References 14 
and 15), agree with this study. 

A :r:evision i.11 prog:cess to the µiblished Flood Insurance Study for the 
City of Tawas City, Michigan (Reference 16), agrees with this study. 

This Flocxi Insurance Study supersedes the previously printed Flocxi 
Insurance Rate Map for the Township of Baldwin, Michigan (Reference 1). 

ICCATICN OF DATA 

Infonnation concerning the pertinent data used in the preparation of 
this study can be obtained by contacting the Natural and Technological 
Hazaros Division, FEMA, 175 West Jackson Ebulevard, 4th Floor, Chicago, 
Illinois 60604-2698. 

Future :r:evisions may be IIElde that do not result in the republishing of 
the Flood Insurance Study report. 'lb ensure that any user is aware of 
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all revJ.Bl.OllS, it is advisable to contact the map :rep:,sitmy of flcxxi 
hazani data located in the ccmmmity. 

l. Federal :EEergency Managatent >qarcy, Flcxxi Insura=e Rate Map. 
Township of Baldwin, Iosco County, Michigan, Februal:y 1988. 

2. U.S. Deparbnent of camerce, Em:eau of the Census, 1980 Census of 
Porolation and Housing. Michigan, Washington, D.C., Septartier 
1982. 

3. National Q::eanic and Atmospheric Administration, Climates of the 
States, Voluire 1, 1980. 

4. Federal :EEergency Managarent Agarq, Flcxxi Insurance Stuqy. 
Township of l\labast-er, Iosco County, Michigan, Februal:y 1987. 

5. U.S. Anny Corps of Engineers, Detmit District, Flcxxi Levels 
Reoort - Saginaw Bay. Septaitier 1989. 
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Vincent, Vicksburg, Mississii;pi, Septaitier 1977. 
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Tawas, Michigan, Septaitier 1977. 
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1.0 INTRODUCTION 

1.1 PUrpose of Study 

This report describes the application of the procedures 

developed in the 1989 "Great Lakes Wave Runup Methodology Study" 

to flood levels on Saginaw Bay, specifically in Baldwin Township, 

Michigan. The flood levels applicable to Baldwin Township were 

developed in the September 1989 "Flood Levels Report for Saginaw 

. Bay". 

1.2 Authority and Acknowledgments 

The "Great Lakes Wave Runup Methodology study" was prepared 

in 1989 by the U.S. Army Corps of Engineers (COE) for the Federal 

Emergency Management Agency (FEMA), for application to future 

coastal Flood Insurance studies (FIS) and/or restudies of 

communities bordering the Great Lakes. The work was conducted 

under Inter-Agency Work Agreement, EMW-89-E-3218, Project Order 

No. 1, between the COE and FEMA. The 100-year and 500-year flood 

levels from the September 1989 report referenced above, were used 

to compute the maximum wave runup elevations required for 

updating the previous study in Baldwin Township on Lake Huron and 

Tawas Bay. TABLE 1 lists profile locations, and the 100-year and 

500-year "base" flood levels at nine locations along the Baldwin 

Township shoreline. The nine profiles were plotted from data 

obtained from a June 1990 survey • 
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1. Baldwin-1 
2. B"aldwin- 2 
3. Baldwin-3 
4. Baldwin-4 
5. Baldwin-5 
6. Baldwin-6 
7. Baldwin-7 
8. Baldwin-a 
9. Baldwin-9 

• 
SHORELINE PROFILES 

BALDWIN TOWNSHIP, MICHIGAN 

✓ 
100-year 

Profile Flood 
Location Level • 

(Tawas Beach Road) 584.0 
(Iosco Beach Club Drive) 584.0 
(Winona Street) 584.0 
(Pontiac Street) 584.0 
(Ottawas Lane) 584.0 
(Forest Street) 584.0 
(Media Drive) 584.0 
(Iris Drive) 584.0 
(Au Sable Dunes Assoc.) 584.0 

~/ 

500-year 
Flood 
Level • 
585.0 
585.0 
585.0 
585.0 
585.0 
585.0 
585.0 
585.0 
585.0 

• NOTE: All elevations in FT, NGVD from the September 1989 
"Flood Levels Report for Saginaw Bay• 

• 

TABLE 1 

:-, .. 
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1.3 Coordination 

The "Flood Levels Report For Saginaw Bay", along with 

examples of the application of the methodology from the 1989 

"Great Lakes Wave Runup Methodology study", were presented to 

FEMA on March 1, 1990. The procedures outlined in the above 

references were approved at this meeting for application to all 

Saginaw Bay FIS sites, including Baldwin Township. 

2.0 AREA STUDIED 

2.1 community Description 

Baldwin Township, Michigan, shown on FIGURE i, is located in 

Iosco County along 13 miles of shoreline on Lake Huron and Tawas 

Bay. There are no major populated conu~unities located along the 

Baldwin Township shoreline. The developed shoreline consists of 

small seasonal and year-round residential homes, having a 

population of 1393. 

Bathymetry in Lake Huron and Tawas Bay varies from 30-50 

foot depths offshore to less than five feet deep near shore. The 

Tawas Bay portion of the Baldwin Township shoreline is protected, 

to some extent, from northeasterly and easterly storms by Tawas 

Point. 

The majority of the Baldwin Township shoreline on Lake Huron 

is exposed from the northeast to a fetch of about 18 O miles. 

Ordinary fluctuations of water levels along this shoreline are of 

the same magnitude and frequency as apply generally to harbors on 

Lake Huron • The lowest seasonal lake stages usually prevail 

during the winter months and the highest during the summer 

3 
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months. In the past 100 years, fluctuations of water levels on 

Lake Huron, as measured by monthly means, have ranged from a 

minimum of 575.35 feet to a maximum of 581.62 feet (IGLD, 1955). 

2.2 Principal Flood Problems 

Short-term Lake Huron water level fluctuations are most 

· often due to variations in wind and barometric pressure. 

Occasionally, a surge of considerable proportions takes place 

within a few hours, due to strong and persistent northerly or 

southerly winds. 

When lake levels are high and storms occur from the 

northeast to southwest, Baldwin Township shoreline communities 

are usually subjected to extreme conditions. Along the Baldwin 

• Township shoreline, substantial flooding has occurred because of 

the flat topography along the reaches on Lake Huron and Tawas 

Bay. 

• 

3.0 ENGINEERING METHODS 

The flood levels established in the U.S. Army Corps of 

Engineer's September 1989 "Flood Levels Report for Saginaw Bay" 

and the procedures developed in the 1989 "Great Lakes wave Runup 

Methodology study" were used to analyze the flooding potential at 

the nine Baldwin Township FIS sites shown on FIGURE 1. The 

hydraulic analyses presented herein involved the determination of 

the wave runup components and maximum wave runup elevations for 

selected. sites .. 

Input data used for flood calculations include site specific 

design wave, water depth at the toe of the structure, and wave 
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period. Additional data such as nearshore profiles, high water 

marks, and existing conditions, bathymetry and topography, were 

also analyzed to determine the maximum wave runup elevation at 

each site. This technical letter report presents the wave runup 

application procedures for each of the nine FIS sites located in 

Baldwin Township. Representative profiles for each site are 

included in APPENDIX A. 

4.0 A-Zone and V-Zone Delineations 

Reaches of the Baldwin Township shoreline in the surf zone 

which are subject to significant wave attack are referred to by 

FEMA as Coastal High Hazard Zones or velocity ("V") Zones. A "V" 

Zone is the flood insurance rate zone that corresponds to the 

100-year coastal floodplain that has additional hazards 

associated with storm waves. The "V" Zone is defined in FEMA's 

"Guidelines For Great Lakes Wave Runup Computation And Mapping" 

as the maximum elevation reached by the wave runup associated 

with the 100-year flood level. 

and/or structure is critical in terms of causing significant 

structural damage. An "A" Zone is the flood insurance rate zone 

that corresponds to the 100-year flood level that is determined 

in the FIS using the detailed method. It is further defined as 

that area that is inundated by the 100-year flood and shoreward 

of the "V" Zone. 

Three different A and V=Zone 

FEMA, most closely represent the FIS sites in Baldwin Township • 

The first type ofC--~condition involves the flooding or breaching 

6 
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of an existing beach/dune by the 100-year flood. In this case, 

the V/A-zone demarcation line is located where the largest 

100-year water depth for the flooded area on the landward side of 

the beach/dune heel point is less than 4 feet. The v-zone is 

lakeward of this line, while the A-zone is landward. This 

mapping is considered appropriate for profile Baldwin-1, and is 

shown on FIGURE 2. 

The second flood condition existing along the Baldwin 

Township shoreline involves a beach/bluff system where wave runup 

does not overtop the existing beach/bluff. The V/A demarcation 

line is fixed at the point where the 100-year storm water depth 

is equal to 4 feet on the lakeward side of the bluff. The A/X 

• demarcation line is fixed at the point where the wave runup 

intersects the calculated post-storm profile. The v-zone is the 

maximum elevation reached by wave runup associated with the 

100-year flood level. This type of flooding condition is 

representative of profiles Baldwin-2 thru Baldwin-8 and is shown 

on FIGURES 3-9. The higher 100-year and 500-year wave runup 

elevations for the Baldwin-5 and Baldwin-6 profiles shown on 

TABLE 2 are the result of deeper water depths at the toe of the 

existing structures and steeper slopes of the existing 

embankments. 

In the last configuration, the beach/bluff is flooded. The 

largest water depth on the landward side of the beach/bluff crest 

is equal to or greater than 4 feet. The V/A demarcation line is 

• fixed at the most landward point where the 100-year storm water 

7 
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TECHNICAL LETTER REPORT ON 
BALDWIN TOWNSHIP, MICHIGAN 

level is equal to 4 feet. FIGURE 10 depicts this condition, 

which is representative of Baldwin-9. 

The "A" and "V" Zones for these sites have been delineated 

according to FEMA's Guidelines for Great Lakes Wave Runup 

Computation and Mapping and are shown on the attached work maps. 

The formal submittal of the Baldwin Township study will 

include original mylar copies showing sufficient detail for 

submittal to FEMA's technical review contractor. 

5.0 CONCLUSIONS 

For each of the Baldwin Township sites where the 100-year 

and 500-year flood levels inundate shoreline property, the 

inundated area will experience a minimal water depth shoreward of 

the shoreline protection. This water depth will generate a 

negligible wave across the property. Therefore, the 100-year and 

500-year flood levels will be used to delineate the flood 

profiles at each site. 

Accordingly, where structures protect against flooding, the 

100-year and soo-year "A" and "V" Zones, based on wave runup 

elevations, will be delineated on the work maps in the final FIS 

for the site. TABLE 2 lists the 100-year and 500-year wave runup 

elevations for the nine sites. 

In conclusion, it is recommended that the delineated 

100-year and 500-year flood profiles for the nine Baldwin 

Township sites included herein be used by FEMA for updating the 

Baldwin Township FIS • 
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TABLE 2 

WAVE RUNUP ELEVATIONS 

Baldwin 100-year Wave 500-year 
Township Computed wave Runup Wave Runup 
FIS wave Elevation Elevation 
Sites Runup (ft.) (ft •• NGVD} (ft •• NGVD) 

1. Baldwin-I o.o * 584.0 585.0 

2. Baldwin-2 0.4 584.4 585.4 

3. Baldwin-3 3.0 587.0 588.0 

4. Baldwin-4 3.0 587.0 588.0 

5. Baldwin-5 10.0 594.0 595.0 

6. Baldwin-6 9.0 593.0 594.0 

7 • Baldwin-7 2.0 586. 0 587.0 

8. Baldwin-a 2.0 586.0 587.0 

9. Baldwin-9 2.0 586.0 587.0 

* NOTE: No wave runup computed since shoreline is completely 
inundated by the 100- and 500-year flood levels obtained 
from the September 1989 "Flood Levels Report for Saginaw 
Bay" 

18 
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Annual Maximum Instantaneous Water Level: The highest water 
level that was recorded during a year by a gage with a sampling 
frequency of an hour or less. 

A-Zone: The Flood Insurance Rate Zone that corresponds to the 
100-year floodplain that is determined in the Flood Insurance 
study by detailed methods. 

AO-Zone: The Flood Insurance Rate zone that corresponds to the 
inland termination point of water overtopping a beach and/or dune 
condition. 

Beach: The zone of sedimentary material that extends landward 
from the low water line to the place where there is a marked 
change in inaterial or form, or to the line of permanent 
vegetation. 

Bluff: A high, steep bank composed of erodible materials . 

Floodplain: The area adjoining a river, stream, watercourse, 
ocean, lake or other body of standing water that has been or may 
be covered by floodwater. 

International Great Lakes Datum (IGLD): Common reference datum 
for the Great Lakes area established in 1955 based on mean water 
level in the st. Lawrence River at Father Point, Quebec (near 
Atlantic Ocean). 

Runup: The rush of water up a beach or structure from the 
breaking of a wave. Also, the vertical height of uprush above 
the still-water level. 

Still-water level: The elevation that the water surface would 
assume if all wave action were absent. 

Storm-water level: The rise above the normal water level on the 
open-coast, due to wind stress on the water surface. 

v-zone: The maximum elevation reached by the wave runup 
associated with the 100-year flood level. 

Wave height: The vertical distance between the wave crest and 
the preceding trough • 

Wave setup: The superelevation of the water surface over normal 
surge elevation due to the onshore mass transport of the water by 
wave action alone. 

19 
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Wind setup: The vertical rise in the still-water level on the 
leeward side of a body of water caused by wind stresses on the 
surface of the water. 

X-Zone: The Flood Insurance Rate Zone that corresponds to the 
landward side of a dune heel point • 

20 
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SYNOPSIS 

Appendix A outlines -cne procedures utilized to l"!~ll"!nlate the 
wave runup component and the maximum wave runup elevation 
associated with the 100-year flood level for the Baldwin Township 
shoreline. The following list shows the nine Baldwin Township 
sites and the 100-year wave runup flood profiles. Computations 
of these elevations are included in this Appendix. 

Baldwin 
Township 
FIS 
Sites 

1. Baldwin-1 

2. Baldwin-2 

3. Baldwin-3 

4. Baldwin-4 

5. Baldwin-5 

6. Baldwin-6 

7. Baldwin-? 

8. Baldwin-a 

9. Baldwin-9 

Computed 
wave 
Runup 

o.o 
n A v•~ 

2.5 

2.5 

10.0 

7.7 

1.7 

1.7 

o.o 

(ft.) 

A-i 

8 

100-vear Wave - - - ... - ---

Wave Runup 
Elevation 
(ft. ( NGVD) 

584.0 

584.4 

586.5 

586.5 

594.0 

591.7 

585.7 

585.7 

584.0 



• TABLE 2 

WAVE RUNUP ELEVATIONS 

Baldwin 100-year Wave 

Township r"l"\mr\11+-on Wave Runup _.._,.U.l,t,' ____ 

FIS wave Elevation 

sites Runup (ft.) 'ft. , NGVD) 

1. Baldwin-1 o.o 584.0 

2. Baldwin-2 0.4 584.4 

3. Baldwin-3 2.5 586.5 

4. Baldwin-4 2.5 586.5 

5. Baldwin-5 10.0 594.0 

" Baldwin-6 7.7 591.7 
u. 

7. Baldwin-7 1.7 585.7 

8. Baldwin-a 1.7 585.7 

• 9 . Baldwin-9 o.o 584.0 

• 4 



RUNUP COMPUTATION 
WAVE RUNUP AT BALDWIN TOWNSHIP, BALDWIN-2 • runup on: beach 

100-year flood: 584.0 feet 
water depth at toe: 26.0 feet 

100-year wave period T: 11.5 
. T': 5.7 

L: 332.48 

above IGLD, optional 
1st: significant wave computation 

(enter per Ref, 3) 

100-yr deep water wave H: 24.9 feet (enter per Ref. 3) 
K: .2. 0 

alpha: 
Hmo: 

d bar: 
epsilon: 

Hs/Hmo: 
Hs in deep water: 

beach slope: 
beach zeta: 

beach runup: 
runup elevation: 

0.0110 
11.1 

0.0061 
0.0083 
1.015 

11.3 
0.00430 
0.033 
0.4 

{enter per Ref. 4, Figure 10) 
(significant wave) 

(tan 30H:1V = 0.03333) 
2nd: wave runup computation 

584.4 feet above IGLD 

A:\>NOTE: ALL ELEVATIONS ARE IN FEET ABOVE NGVD 

• 

• 



RUNUP COMPUTATION 
WAVE RUNUP AT BALDWIN TOWNSHIP, BALDWIN-3 • runup on: 

100-year flood: 
water depth at toe: 

100-year wave period T: 
T': 

L: 
100-yr deep water wave H: 

K: 
alpha: 

Hmo: 
d bar: 

epsilon: 
Hs/Hmo: 

Hs in deep water: 
beach slope: 

beach zeta: 
beach runup: 

runup elevation: 

beach 
584.0 feet 
26.0 feet 
11.5 

5.7 
332.48 

24.9 feet 
2.0 
0.0110 

11.1 
0.0061 
0.0083 
1.015 

11.3 
0.03000 
0.232 
2.5 

586.5 feet 

above IGLD, optional 
1st: significant wave computation 

(enter per Ref. 3) 

{enter per Ref. 3) 

(enter per Ref. 4, Fig,~re 10) 
(significant wave) 

(tan 30H:1V = 0.03333) 
2nd: wave runup computation 

above IGLD 

A:\>NOTE: ALL ELEVATIONS ARE IN FEET ABOVE NGVD 

• 
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RUNUP COMPUTATION 
WAVE RUNUP AT BALDWIN TOWNSHIP, BALDWIN-4 

• runup on: beach 
100-year flood: 584.0 feet 

water depth at toe: 26.0 feet 
100-year wave period T: 11.5 

T': 5.7 
L: 332.48 

above IGLD, optional 
1st: significant wave computation 

(enter per Ref. 3) 

100-yr deep water wave H: 24.9 feet (enter per Ref. 3) 
K: 2.0 

alpha: O. 0110 
Hmo: 11.1 

d bar: 0.0061 
epsilon: 0.0083 

Hs/Hmo: 1.015 
Hs in deep water: 11.3 

beach slope: 0.03000 
beach zeta: 0.232 

2.5 

(enter per Ref. 4, Figure 10) 
(significant wave) 

(tan 30H:1V = 0.03333) 
2nd: wave runup computation 

ho::a r."l•"I ,...,,n,1T"\ • __ ...,.., .... ·-··-I!'. 
runup elevation: 586.5 feet above IGLD 

A:\>NOTE: ALL ELEVATIONS ABOVE ARE IN FEET ABOVE NGVD 

• 
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RUNUP COMPUTATION 
WAVE RUNUP AT BALDWIN TOWNSHIP, BALDWIN-6 • runup on: beach 

100-year flood: 584.0 feet 
water depth at toe: 26.0 feet 

100-year wave period T: 11.5 
T': 5.7 

L: 332.48 

above IGLD, optional 
1st: significant wave computation 

(enter per Ref. 3) 

100-yr deep water wave H: 24.9 feet (enter per Ref. 3) 
K: 2.0 

alpha: o. 0110 
Hmo: 11.l 

d bar: 0.0061 
epsilon: 0.0083 

Hs/Hmo: 1.015 
Hs in deep water: 11.3 

beach slope: 0.09100 
beach zeta: 0.704 

(enter per Ref. 4, Figure 10) 
(significant wave) 

(tan 30H:1V = 0.03333) 
2nd: wave runup computation 

beach runup: 7.7 
runup elevation: 591.7 feet above IGLD 

A:\>NOTE: ALL ELEVATIONS ABOVE ARE IN FEET ABOVE NGVD 

• 
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RUNUP COMPUTATION 
WAVE RUNUP AT BALDWIN TOWNSHIP, BALDWIN-? 

runup on: beach 
100-year flood: 584.0 feet 

water depth at toe: 26.0 feet 
100-year wave period T: 11.5 

T': 5.7 

• 
L: 332.48 

above IGLD, optional 
1st: significant wave computation 

(enter per Ref. 3) 

100-yr deep water wave H: 24.9 feet (enter per Ref. 3) 
K: 2.0 

alpha: 0.0110 
Hmo: 11.1 

d bar: 0.0061 
epsilon: 0.0083 

Hs/Hmo: 1. 015 
Hs in deep water: 11.3 

beach slope: 0.02000 
beach zeta: 0.155 

(enter per Ref. 4, Figure 10) 
(significant wave} 

(tan 30H:1V = 0.03333} 
2nd: wave runup computation 

beach runup: 1.7 
runup elevation: 585.7 feet above IGLD 

A:\>NOTE: ALL ELEVATIONS ABOVE ARE IN FEET ABOVE NGVD 

• 

• 



RUNUP COMPUTATION 

• WAVE RUNUP AT BALDWIN TOWNSHIP, BALDWIN-8 
runup on: beach 

100-year flood: 584.0 feet 
water depth at toe: 26.0 feet 

100-year wave period T: 11.5 
T': 5, 7 

L: 332.48 

above IGLD, optional 
1st: significant wave computation 

(enter per Ref. 3) 

100-yr deep water wave H: 24.9 feet (enter per Ref. 3) 
ic: 2.0 

alpha: 0.0110 
Hmo: 11.1 

d bar: 0.0061 

(enter per Ref. 4, Figure 10) 
(significant wave) 

(tan 30H:1V = 0.03333) 
2nd: wave runup computation 

epsilon: 0.0083 
Hs/Hmo: 1. o 15 

Hs in deep water: 11.3 
beach slope: 0.02000 

beach zeta: 0.155 
beach runup: 1.7 

runup elevation: 585.7 feet above IGLD 

A:\>NOTE: ALL ELEVATIONS ABOVE ARE IN FEET ABOVE NGVD 

• 
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NarICE TO 
FLOOD INSURANCE STUDY U3ERS 

Communities participating in the National Flood Insurance Program have 
established repositories of flood hazard data for floodplain management and 
flood insurance purposes. This Flood Insurance Study may not contain all 
data available within the repository. It is advisable to contact the 
community repository for any additional data. 
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1.0 INrnroOCTICN 

1.1 Purpose of Study 

'IDWNSHIP OF BAIDflN, 
IC60J COUNl'Y, 

MIOlIGAN 

This Flcx:xi Insurance Study revises and supersedes a previous 
Flcx:xi Insurance Rate Map f= the 'ltlwnship of Baldwin, Iosco 
County, Michigan (Referen::e 1) • This infOllllation will be used by 
the ccmnunity to update existing flocxlplain regulations as part 
of the regular phase of the National Flcx:xi Insurarx:e Program. 
The infoIJ11ation will also be used by local and :regional planners 
to further pmrote sound land use and floodplain developrent. 
Minimum flocxlplain managerent :cequiranents for participation in 
the National Flcx:xi Insurance Program are set forth in the Code of 
Federal Regulations at 44 CTR, 60.3. 

In sare states = carmunities, floodplain managarent criteria = 
regulations may exist that are nore restrictive or a::uiprehensive 
than the min.iroum Federal :cequiranents. In such cases, the nore 
restrictive criteria take precedence, and the State (= other 
jurisdictional agency) will be able to explain them. 

1.2 Authority and Acknowledgments 

The smm:es of authority for this Flcx:xi Insurance Study are the 
National Flcx:xi Insurance Act of 1968 and the Flcx:xi Disaster 
Protection Act of 1973. 

The eydrologic and hydraulic analyses f= this study were 
perfcmned by the U.S. ADny Corp. of Engineers (OJE), Detroit 
District (the Study Contractor), f= the Federal~Emergency-· 
Managarent Aqarcy (FEMA) under Interagency Ag.teaient. It>. 
EMW-90-E-3263, Project Order It>. 2. This study was canpleted in 
Fei:>ruacy 1991. 

1.3 Coordination 

On Septanber 25, 1989, an initial coordination maeting was held 
with representatives of FEMA, the Michigan Deparbrent of Natural 
Resources (Mi::tlR), the 'ltlwnship of Baldwin, and the Study 
Contractor. The technical results of this study were reviewed 
and ~ by the Mi::tlR, the State coordinating agency, and 
FEMA, 

On , the results of this Flcx:xi Insurarce 
Study were reviewed and accepted at a final coordination maeting 
attended by Lept sentatives of the Study Contractor, FEMA, and 
the carmunity. 



2 • 0 AREA S'IUflIBP · 

2.1 Scope of Study 

This Flood Insurance Study covers the incorporated areas of the 
Township of Baldwin, Iosco Cowrt:y, Michigan. The acea of study 
is shown on the Vicinity Map (Figure 1). 

A detailed coastal flooding analysis was perfo:cmed on the entire 
coastline of the T'CM'lship of Baldwin, where the flrcding SOULt..:eS 

are Lake Huron, Tawas Bay, and Saginaw Bay. 

AreaS having lO'w' developnent potential = minimal flood hazards 
were previously studied using aw=ximate analyses. The results 
were shown on the Flood Insurarce Rate Map for the Township of 
Baldwin (Reference l), and are incorporated into this Flood 
Instirarce Study. 

The areas studied were selected with pri=ity given to all known 
flood hazard areas and areas of projected developnent = proposed 
construction through February 1996. The scope and net.hods of 
study were pz:qx,sed to and agreed up:,n by FEMA and the camumity. 

The Township of Baldwin is locate:! in the east-central portion of 
Iosco County, .in the north-central part of Michigan's lower 
peninsula. The total land area contained within the township 
limits is 26. 0 square miles. The camumity is l:onlered on the 
north by the 'lbWnships of Wilber and All sable, Michigan; on the 
west by the TcMnship of Taw-as, Mich.i(:fCUI; on tt-ie souu'Twest by the 
City of Tawas, Michigan; and on the east by Lake Huron. The 1980 
population of the Township of Baldwin was reported to te 1,393 
(Reference 2). 

The climate of the Township of Baldwin is mxlified sane.mat by 
Lake Huron. The lake provides a cooling effect during the smmier 
l!Ollths and a waDlling influence during the winter l!Ollths. July is 
nollllally the waniest l!Ollth, with a irean l!Ollthly tanperature of 
69 .1 clegl:ees Fahrenheit (°F); wheieas January is the coldest 
l!Ollth, with a irean l!Ollthly tanperatw:e of 20. SoF. The mean 
annual tanperatw:e fran 1951 to 1975 was 45.6°F. The record high 
for this pericxi at the 'fuwnship of Baldwin was 102°F on 
August 21, 1955; the record lO'w' was -37°F on January 30, 1951. 
Precipit.ati011 is distributed fairly equally throughout the y-ear. 
The average annual precipitation is about 34.15 in::hes. August, 
with an average of 12. BO inches, is the wettest l!Ollth, while 
February, with a 3.34-in::h average, is the driest uonth 
(Reference 3). 
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Soil ll'aterial in the Township of Baldwin varies greatly and 
ranges fran clay to very coarse sand. M::>st of the soils of the 
Ci:iiuuJriit"y ai.--e p-.,rly <l.Lcilned. (Refe.1..-e..~e 4) . 

Bathynetry in Lake Huron and Tawas Bay varied fran 30- to SO-foot 
depths offshore to less than 5 feet deep close to shore. In the 
Township of Baldwin, the Tawas Bay shoreline is protected to sore 
extent fran northeasterly and easterly stoII!ls by Tawas Point. 

Ttie majorit-'f cf tJ1e shorelL.a of t..116 t.o\;,T.sf'J.p is expJSed on tJ1e 
northeast to a fetch of ab:Jut 180 miles. OJX!inacy fluctuations 
of water levels along this shoreline are of the sarre ll'agnitude 
and frequency as generally a:i;ply to hal:bors on Lake Huron. The 
lowest lake stages usually prevail during the winter m:inths and 
the highest during the surmer m:inths. Since 1900, the m:inthly 
uean water levels on 1ake Huron have ranged fran a minimum of 
576.55 feet National Geodetic Ve.i.-tiral Datum of 1929 (lev'Dj to a 
maximum of 582.82 feet K;VD. 

Developnent in the floodplains of both Lake Huron and Tawas Bay 
has been relatively minor. 

2, 3 Pr~ipal Flood Problans 

The shoreline of the Township of Baldwin is subject to severe 
wind and wave conditions during a large percentage of the time. 
When lake levels are high and stoDIIS occur fran the northeast to 
southwest, shoreline camumities located in the Township of 
Baldwin are usually subjected to extreme conditions. 

we to the relativ-ely flat top:>yi.-api"ry of tJ·.e towTJSh.ip along the 
shoreline of 1ake Huron and Tawas Bay, substantial flooding has 
occun:ed, and will continue to occur, in this area during high 
bay stages. 

Levels on Lake Huron are affected by three types of fluctuations: 
long-tenn, seasonal, and soort-teilll. I.ong-teilll fluctuations are 
pr~ipally cause:i by persistent high or lCM water-supply 
cormtions within the Great Lakes basin. Flooding can occur 
along the shoreline as a result of several consecutive years of 
above-average precipitation. This study is prill'arily concerned 
with long-teim fluctuations cam:iined with seasonal and short-teim 
variations of the lake levels. Seasonal fluctuations are 
reflected by the occurren:e of high lake levels in the spring, 
when rw'L>ff ilcreases due to srCM11elt., and re:-.ause of low re1t.es 
of evaporation fran the lake and evapotranspiration :fran the land 
surface. li:lWever, because of the sluggish hydrologic response of 
the large lx:dies of water involved, peak seasonal levels usually 
do not occur until July. Short-teim fluctuations in lake levels 
can be caused by strong will:ls and by shazp differen::es in 
bal:anetric pieSsure, The will:ls drive surface water in great 
volumes toward the shore, thus raising the w--ater leve;;l at one 
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side of the lake while lowering the water level at the other 
side. This phenanenOn is temed a "seiche," 

As a result of recoro high levels on Lake Huron in 1985-86, 
canbined with periodic strong win:ls, portions of the sh:Jreline of 
the Township of Baldwin frequently in:urred flooding during this 
period. Additionally, the lo.,-lying, floodprone areas along the 
shm:eline, both on Lake Huron and Tawas Bay, were often 
i.rum:lata:l.. 

2. 4 Flood Protection Measures 

Sooreline protection structures exist in sate areas along the 
shoreline of Lake Huron and Tawas Bay that provide the c:cmm.mity 
with sare degree of protection against flooding. H:Jwever, it has 
been ascertained that these structures will not protect the 
CUI111Uidt-y £ran r&.-e e-v-ents 0ueh as t..'ia 100-yaar flocd. 
St=tures that do not protect against the 100-year flood are not 
considered in the hydraulic analysis of the 100-year floodplain. 

3. o ENJINEERilG MfilKD3 

For the flooding sources studied in detail in the carmunity, standard 
hydrologic and h-ych.-aulic stuct.1 iiet.a;cds W9.&.-S USed to detenr..L1e t.a"la flcx:d. 
hazaro data required for this study. Flood events of a magnitude that 
is expected to be equaled or exceeded once on the average during any 
10-, 50-, 100-, or 500-year period (recun:erx::e interval) have been 
selected as having special significarce for floodplain managaient and 
for flood insurance rates. These events, camonly tellled the 10-, 50-, 
100-, and 500-year floods, have a 10-, 2-, 1-, and 0.2-pei:cent chance, 
:respectively, of teing equaled or exceeded during any year. Although 
the rec:un:ence interval represents the long-term average period between 
floods of a specific magnitude, ram floods could occur at short 
intervals or even within the sane year. The risk of experiencing a 
rare flood in'.::reases when periods greater than one year are considered. 
For exarrple, the risk of having a flood that equals or exceeds the 
100-year flood ( one-per:cent chance of anrrual exi::eeden:=e) in any SO-year 
--.... ..?-...1 .!- _____ .: __ .,_, __ An ___ .., 1A .:- 1n\ ... -.-1 .&--- .,._,.. on_ .. _..,_ 
~.L.LA.l .u, aw,LUA.Ulll:U..t::.Ly "'IV }:'C,L'-'"CllL.. \... .Lil ..LV J, cuo..&, .LY,L. U.Ll.J .;,u-.1~ 

period, the risk in::J:eases to awroximately 60 percent (6 in 10). The 
analyses :ceported herein :reflect flooding p:>tentials based on 
coooi.tions existing in the camunity at the time of canpletion of this 
study. Maps and flood elevations will te amended periodically to 
:reflect future changes. 

3. l Hydmlogic Analyses 

Hydl:ologic analyses were carried out to establish the peak 
elevation-fl:equency :relationsh4:s for each flooding source 
studied in detail affecting the carmunity. 

The stillwater elevations for the 10-, 50-, 100-, and 500-year 
flocds have been aetenni.ned for the Sagina-w Bay st.:,reli.ne of t..1...ie 
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Ta,,mship of Baldwin fJ:an the CXlE flood levels J:eEX)rt for Saginaw 
Bay (Reference S), and are shown in Table 1, Su!rmary of 
Stillwater Elevations. 

'l'1e analyses reported in this study reflect the stillwater 
elevations due to wind-setup effects and include the 
contril::utions fran wave action. The effects of wave action were 
also considered in the detennination of flood hazaxd areas. 
Coastal structures located al:ove stillwater flood elevations can 
still be seve.i.-ely daa.Taged b-f wave rw,up, wav~.ir,inred ei.usion, 
and wave-borne debris. 'l'1e extent of wave runup al:ove stillwater 
levels depends greatly on the wave conditions, slope of the beach 
or structure, and local top:,graphy. 

wave heights and wave period can t:e found in the report entitled 
"Dasign Wave InfoDllB.tion for the Great Lakes" (Reference 6 J , and 
C'Uup.lted. fi.-an pi...-:e:1nres r1es~ribed Li "Tr.a 'IMA 5.i1....a110w-Water 
Spectrum Description and Afplications" (Reference 7) • 'l'1e wave
runup canponent was detennined using the procedures developed in 
a Great Lakes wave-runup neth:xlology study (Reference 8). 

3.2 Hydraulic Analyses 

Analysas of t 1·1e hydraulic cr'A.-acteristics of fl~~iJ'"J L.-an t"le 
sources studied were carried out to provide estimates of the 
elevations of flo:x!s of the selected recurrerx:e intervals. 

Hydraulic analyses for areas along the s!Dreline of Lake Huron 
and Tawas Bay were studied to estimate the wave-runup elevations 
associated with the 100-year flood level. 

'l'1e wave-runup canponents and maxinvJm wave-runup elevations for 
individual sites located on Tawas Bay and Lake Huron were 
detennined using nethcck:,logies established in the technical 
letter report for · the 'lbwnship of Baldwin, Michigan 
(Referen::e 9) • . 

wave heights were COlplted along transects (cross-section lines) 
that were located along the coastal areas, as illustrated in 
Figure 2, Transect u:x:ation Map. 'l'1e transects were located with 
consideration given to the physical and cultural characteristics 
of the. land so that they would closely repxesent conditions in 
their locality. Transects were spaced close together in ai:eas of 
caiplex topography and dense developnent. In areas having uore 
unifo:an ctJGL-a.""Teristics, U,_-=i' lleL---e 0~ at lai.yc L1t.er'"v--als. It 
was also necessary to locate transects in areas where unique 
flooding existed and in areas where carpited wave heights varied 
significantly t:etween adjacent transects. 

Each transect was taken perpendicular to the s!Dreline and 
extended inland to a p::>int where wave action ceased. Along each 
transect, wave heights ard elevatioos were Ccllpited. CilTJSideririg 

6 



FLOODING SOURCE FLOOD INSURANCE STILLWATER ELEVATION (FEET NGVD) 
AND TRANSECT RATE MAP PANEL 

10-YEAR 

LAKE HURON/SAGINAW BAY/ 
TAWAS BAY 

1 0016 582.5 

2 0016 5B2.5 

3 0008 582.5 

A nnno i:;,Q') i:;. .. vvvv ... ...,-.... 
5 0008 582.5 

6 0007 582.5 

7 0007 582.5 

8 0007 582.5 

9 0007 582.5 

'ROUNDED TO THE NEAREST FOOT AND MAY INCLUDE EFFECT OF WAVE ACTION 
BASE FLOOD ELEVATIONS SHOWN ON MAP MAY REPRESENT AVERAGE ELEVATIONS 

'INCLUDES EFFECT OF WAVE RUNUP 

SO-YEAR 100-YEAR 500-YEAR 

583.6 584.0 585.0 

5B3_6 5B4.0 5B5.0 

583.6 584.0 585.0 

i:;.R:-:a: A. ... ........... 584.0 585.0 

583.6 584.0 585.0 

583.6 584.0 585.0 

583.6 584.0 585.0 

583.6 584.0 585.0 

583.6 584.0 585.0 

BASE FLOOD 
ZONE ELEVATION· 1 

(FEET NGVDI 

VE ~n• 
00'+ 

AE 584 

VE 584' 
AC 0::DA 
~~ ~u~ 

VE 5872 

VE 5872 

VE 589' 

VE 589' 

VE 586' 

VE 586' 

VE 584 
AE 584 

I•. ~----:-------~~-----t 
FEDERAL EMERGENCY MANAGEMENT AGENCY ,.., •• ,.. ... u nr ,-711 •• ataTrft r • r • , • ..,,,,..,,. 
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• , .~_ I ;)UM111111n ur ;)I ILLn111 c.n tLtv1111un;) 

:.. TOWNSHIP OF BALDWIN, Ml 
_ oosco co.1 L4KE HURON/SAGINAW BAY/TAWAS BAY 
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2 

3 

the canbined effects of changes in ground elevation, vegetation, 
and physical feat:uxes. '!be stillwater elevations for the 
100-year flood were used as the starting elevations for these 
canputations. Wave heights were calculated to the nearest 
0.1 foot, and wave elevations were deteIInined at whole-foot 
if'k'.!tA1a;::mt..c; alOl"!g tM tra~. l'J1hP- l~at:inn nf 1-.M t:.hrm-fnnt-_ 
breaking wave for cletennining the tei:minus of the V zone (area 
with vel=ity wave action) was canputed at each transect. The 
inland extent of the V-zone designation awlies to all areas 
lakeward of a beach, dune, or bluff based on the limits of the 
runup elevation, or the four-foot stillwater depth when wave 
runup is not canputed. Table 2 provides a listing of the 
transect locations and stillwater starting elevations, as well as 
initial wave-runup elevations. 

TABLE 2 -~ I.OCATICHS, S'T"".1..1.Lwki~ ~.ui; 
ELEVATICNS, AND WAVE RIJNUP ELEVATICNS 

ELEVATICNS (FEET J:.GVD) 
100-YEAR STILLWATER WAVE RUNUP 

Fran Tawas Bay shoreline, 
abJut 2,000 feat sout...~t 
of intersection of Baldwin 
Resort Road and Tawas Beach 
Road, extending northeast 

Fran Lake Huron shoreline, 
about 4,600 feet east of 
intersection of Baldwin 
Resort Road and Tawas Beach 
Road, extending west 

Fran Lake Huron shoreline, 
about 5,750 feet south of 
intersection of Baldwin Resort 
Road and U.S. 23, extending 
west 

584.0 

584.0 

584.0 

N/A 

584.4 

586.5 

4 Fran Lake Huron shoreline, 
about 3,100 feet south of 
intersection of Baldwin Resort 
Road and U.S. 23, extending 

5 Fran Lake Huron shoreline, 
about 700 feet southwest of 
intersection of SCott Road 
and Forest Street, extending 
northwest 

9 

i:-:.CA n -'-"' .... 586.5 

584.0 588.9 



TABLE 2 - 'IRANS0:T I.OCATICRi, STILLWATER S'l'AR'l'IlU 
ELEVATICN:i, AND WAVE RUNUP ELEVATICN:i (Continued) 

ELEVATICNS (FEET N:;Vp) 

'IRANSECT 

6 

100-YEAR STILI».TER WAVE RUNUP 

7 

8 

9 

Fran lake Huron shoreline 
about 1,000 feet northeast 
of intersection of Scott 
Road and Forest Street, 
extending northwest 

Fran lake Huron shoreline, 
about 300 feet southwest of 
intersection of u.s. 23 and 
Birchcrest Drive, extending 
northwest 

Fran lake Huron shoreline, 
about 3,550 feet northeast 
of intersection of Birch::rest 
Drive and U.S. 23, extending 
northwest 

Fran lake Huron shoreline, 
about 1,400 feet south of 
southern shoreline of Speocer 
lake I extending north 

584.0 588.9 

584.0 585.7 

584.0 585.7 

584.0 

Figure 3 :represents a sample transect that illustrates the 
relationship between the stillwater elevation, the wave crest 
elevation, the grou:rxi elevation profile, and the location of the 
A/v zone boundary. 

V ZONE I A ZONE 
WAVE HEIGHT GREATER THAN 3 FT. I WAVE HEIGHT LESS THAN 3 FT. 

BASE •LOOO ELEV• TIOl>I 
l,OCLUOING W,l\lE EFFECTS I 

\ 
~~L;,!~:: -,, 

MEAN 
SEA lEVEL 

Ir"" 

! ! • • 
SHORELINE S_.,1>10 DUJIE 

(!) 
C. • 

l I!,'' ,J~'-J1) I I I 11 .. 11 

I ! l • • 
WOODED AEGIOJI 01/EIH.AMD BUILD .... GS 

W .. D FETCH 

FIGURE 3 - Transect Schematic 
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After analyzing wave heights along each transect, wave elevations 
were intei:polated beblSell transects. Various soun:e data were 
used in the interi;olation, including topographic maps 
(References 10-12), aerial pootographs (Referen::e 13), and 
engineering judgment. Controlling features affecting the 
elevations were identified. and e0nsidered in relation to their 
positions at a particular transect and their variation bet,,.een 
transects. 

All elevations are referenced to the 1'GVD. Elevation reference 
marks used in this study are shown on the maps. 

The National Flocxl. Insurance Program encourages State and local 
governrrents to adopt sound floodplain managarent programs. 'lllerefore, 
each Flocxl. Insurance Study provides 100-year flocxl. elevations and 
delineations of the 100- and 500-year floodplain boundaries and 
100-year floodway to assist carmmities in developing floodplain 
managenent measures. 

4.1 Flocxl. Boundaries 

'lb provide a national standard without regional discrimination, 
the one-percent annual chance ( 100-year) flocxl. has been adopted 
by FEMA as the base flocxl. for floodplain managarent purposes. 
'I'h<a 0.2-p=c,:mt annual chance ('iOO-~) flood is ""1plnytan t-r, 
iro.icate additional areas of flocxl. risk in the camunity. For 
each flocxl.ing source studied in detail, the 100- and 500-year 
floodplain boundaries have been delineated using the flocxl. 
elevations deteDnined at each transect cross section. Between 
transects, the boundaries were interi;r>lated using topographic 
maps at a scale of 1: 24000 with a contour interval of 10 feet and 
topQQraphic maps at a scale of 1:24000 with a contour interval of 
2 feet (References 10..:.12,. 

Floodplain boundaries are indicated on the Flocxl. Insurance Rate 
Map. On this map, the 100-year floodplain boundary cvrrespouds to 
the boundary of the areas of special flocxl. hazards (Zones A, AE, 
AH, NJ, A99, v, VE, and mnnbered A and V zones), and the 500-year 
floodplain boundary corresponds to the boundary of areas of 
JOOderate flocxl. hazards (Zone B and Zone X). In cases where the 
100- and 500-year floodplain boundaries are close together, only 
the 100-year floodplain boundary has been shown. Small areas 
within the floodplain boundaries may lie aix,ve the flocxl. 
elevations but canoot l:e shown due to limitations of the map 
scale and/or lack of detailed topographic data. 

For streams studied by ai;:p:oximate methods, only the 100-year 
floodplain boundaries are shown on the Flocxl. Insurance Rate Map. 

11 



4.2 Floodways 

The floodway is the channel of a stream plus any adjacent 
floodplain areas that must be kept free of erx:roadment so that 
the 100-year flcxxi can be carried without substantial inc:ceases 
in flcxxi heights. 

Floodways have not been shown or canp.ited for this cannunity. 
Alona streams wham flocxiwavs have not been cancuted. the 
ccmnunity must ensure that the cumulative effect of develop!Ent 
in the floodplain will not cause an increase in the base flcxxi 
elevations greater than the state's allowable surcharge at any 
point within the camrunity. 

5. 0 INSlilWCE APPLICATIOO 

For flcxxi insurance rating purposes, flood insurance zone designations 
are assigned to a c:annunity based on the :cesults of the engineering 
analyses. Previously, the detailed data included the deteimination of 
reaches and Flcxxi Hazard Factors (FHF') and numbered flcxxi insurance 
zone designations. To the extent pi:esented in this revised Flcxxi 
Insurance Study, the reach cletenninations and FHF's are no longer 
applicable and zones are redesignated. These zones are as follows: 

Zone A 

Zone A is the flcxxi insurance rate zone that c..uiiespouJs to the 
100-year floodplains that are deteLinined in the Flcxxi Insurance Study 
by approximate methods. Because detailed hydraulic analyses are not 
perfcmned for such areas, no base flcxxi elevations or depths are shown 
within this zone. 

Zone AE 

Zone AE is the flcxxi insurance rate zone that 1..viiesponds to the 
100-year floodplains that are deteLmined in the Flcxxi Insurance Study 
by detailed methods. Whole-foot base flcxxi elevations derived fI:an the 
detailed hydraulic analyses are shown at selected inteLvals within this 
zone. 

Zone l\O 

Zone l\D is the flcxxi insurance rate zone that con:espands to the areas 
of 100-year shallcr.t flooding (usually sheet flcr., on sloping terrain) 
'ir'he.....--e average dept"aS ~-e bct:"il2en one foot &'"ld t'"".&I:82 foot. Average 
whole-foot depths derived fI:an the detailed hydraulic analyses are 
shown within this zone. 

Zone VE 

Zone VE is the flcxxi insurance rate zone that coaespou.ls to the 
100-year coast-;11 flnodplR;n~ t-_hRT'_ hAvr=i Atinit-_inru=il hiil7'ATrlR rlR~iatM 
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with stonn waves. Whole-foot base flcxxi elevations derived fran the 
detailed hydraulic analyses are shown at selected intervals within this 
zone. 

Zone X 

zone X is the flcxxi insurance rate zone that. corresponds to areas 
outside the 100-year floodplain, areas of 100-year flooding where 
average depths are less than one foot, areas of 100-year flooding where 
the contributing drainage area is less than one square mile, and areas 
protected fran the 100-year flcxxi by levees. It> base flcxxi elevations 
or depths are shown within this zone. 

6. 0 FI.COD INSURAOCE RATE MAP 

The Flcxxi Insurance Rate Map is designed for flcxxi insurance and 
floodplain managarent applications. 

For flcxxi insurance applications, the map designates flcxxi insurance 
rate zones as described in Section 5. 0 and, for 100-year floodplains 
studied by detailed nethods, shows selected whole-foot base flcxxi 
elevations or average depths. Insurance agents use the zones and base 
flcxxi elevations in conjunction with infoD11ation on structures and 
their contents to assign premium rates for flcxxi insurance policies. 

For floodplain managarent applications, the map shows by tints, 
screens, and S}'lllbols the 100- and 500-year floodplains, the floodways, 
and the locations of selected cross sections used in the hydraulic 
analyses and floodway carrputations. 

7. O omER SWDI&S 

8.0 

The Flcxxi Insurance Studies µiblished for the City of East Tawas, 
Michigan, and the Township of Au Sable, Michigan (References 14 
and 15), agree with this study. 

A .revision in prog:i:ess to the µiblished Flcxxi Insurance Study for the 
City of Tawas City, Michigan (Reference 16), agrees with this study. 

This Flcxxi Insurance Study supersedes the previously printed Flcxxi 
Insurance Rate Map for the Township of Baldwin, Michigan (Reference 1). 

ICCATICN OF DATA 

InfoD11ation con::erning the pertinent data used in the preparation of 
this study can be obtained by contacting the Natural and Technological 
Hazaros Division, FEMA, 175 West Jackson Ebulevard, 4th Floor, Chicago, 
Illinois 60604-2698. 

Future .revisions may be IIElde that do not result in the republishing of 
the Flcxxi Insurance Study report. 'lb ensure that any user is aware of 
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all :cev:un.ons, it is advisable to contact the map reposito:cy of flood 
hazai:d data located in the camnmi.ty. 
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EIL'Vation reierencc mar~, are d,.,s,:ribed in 1he Flor'.ld ln1111,mrf' Study Report. 

Corporate limits 1ho·wn Me curren1 a> ol the dJtc of 1hi1 m.,p ThP t1<Pr should 
c011t.1c1 .1pp,or>riMc cummuni1y ofiici,11~ l<.. de1e,miw ii rnrµurJII.' linnts h.<w 
ch;,np_dl <uh~P'lurm to 1h<' i,,~afllt, uf this 11,c,p. 

Fu, ,1d10:ning pJnd,, ,..._, ,cp.ir.11clv prinit'd M,ip l111le, 

,\-lAP REPOSIIDRY 

INITIAL IDENTIFICATION: 

JU~JE 29, 197 3 

FLOOD H,'-,Z.ARD BOUN0t\RY ,1.,1,·\P REVISION: 

APRIL 12. 7974 
JULY 9. 1976 

FLOOD INSURANCE RATE MAP EFFECTIVE: 

FEBRUARY 1, 7988 

FLOOD INSURANCE RATE MAI' REYISIONS: 
Map revi5ed 
tu chanse ~pcd,11 ilood hal,1rcl JreJs, base flood elevations and zonr 
designations. 

To dete1rnine ii rlood imur.mce 1~ .1•·.1il,1lole, ~onldl-1 an insurance agent or c.111 
lhe" Nali~11dl flmJU l,1,ucarKe P10)!ran1 ~11800) C,JO-l,(,J,]_ 

APPROl,;IMATE SCALE \N FEET 

0 soo 

NATIONAL FLOOD INSURANCE PROGRAM 

FIRM 
FLOOD INSUR1~NCE RATE MAP 

1DWNSHIP OF 

BALDWIN, 
MICHIGAN 
IOSCO COUNll"Y 

PANEL 8 OF 16 

I 

COMMUNITY-PANEL NUMBER: 

260099 0008 D 

MAP REVISED: 

IFOLO 

REVISED 
PRELIMINARY 

Federal Emergency Management. Agency 

GREENHORNE & O'MARA E FRAME 88/12 STI\NDARD MIP 

TRIM 

I 

' ' • 

; --, 
I r 



TRIM 

0 
J 
0 
~ 

1 

3 

4 

s 

6 

( l 

l 

\ 

\ 
I 

\ 
I 

\ 

i FOLD 

A B 

'· 

ZONE X 

\ 

I 
!' 
[' 

l __ 
CORPORATE LIMITS 

\ 

\ 
L---

' ' 

0 

---.·.• 

j FOLCJ 

--· 

l 

fOLD 

C 

' ,. , ·r., 
•,:,. 

':1-,. 

!FOLD 

ZONE X 

___ F_,!!,_D ___ _ 

FOLD 

'\ 
' 

'! 

ii ,, 
l e ,. 

!~ 
' 

I 

I 
1----

\' 

\! 

I 

l 
I 

I 

FOLD 

D 

CORPORATE 

-. 

ZONE X 

CORPORATE LIMITS 

FOLD 

so ·O 
iFOLD 

E 

LIMITS 

! 

--:-==-- ---·--=---- Ji 
. ·1 

' 

~,I~~-. ,-._/,,,C's". 
\i ,·,,.__c 

1, 
,1 

\'i! 
l\~ 
,, 
,' 

i 
II 
I',_ 
1--

i 
I
,, 
~ 
D 

: 

' 

n
' 
,:: 
' ' 

' 

·:~ -

F 

GO.UGrl 

20NEX 

ZONE X 

-----=---~ti 

. . ;; I ~9.N. ~ :~ J/; :·""'-''·',c, 

i: 
,I 
I. 

I' ,, ,. 

\'j 
\I r 

1: 

-7 

I 

-:i,.:'1 10, ,. _.,,,,. 

ZONEX 

L_ 

,--

/ 

/1 
I: 
I' 
,' 

i 

·~·· 

IF• LD I FOLD 

G 

----.'lo,:.o ___ _ 

l'"OL lJ i FOLD 

H 

' . 

I 

I 

I 

L 

Q 
jFOLD 

.{.:2=3/.-i::};:t? 

J 

-_7•:.c· "·' ·::L:1'' 
,,., 

'i"t:1; ; ,~;~c:,·3'-;20~ 

ZONE X 

IFOLD 

. - . ~ 

' ' ' . . - . . . . - ..: 

._. _ _;;,:>:: 

ZONE X 

' 

if11 
~Ji 

g ----,0 
w 
w 
z ,, 
w 

" ; 

" 

!FOLD 

W✓,J 
D 

0 

LEGEND 
SPECIAL FLOOD H1\ZAIW AREAS INUNDA1;::~:, 
BY 100-YEAR FLOOD 

ZONE A No bJse flood elL.,,111or,o; derermmc-d 

ZONE AE Bosr 11000 ,,1,_.,_,nam de1.,rmir.~d. 
ZONE AH Flood c:!cpths oi I ro J iecl lusuallv ,:m,a, oT 
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zor~E :-: -\rt".J!o of 5-00-,-e-dr rloxl; arN, of 100----,.ear 17rn.-l 

"nh .wnr.1gr drr>:h, 01 1,,.,, Th.in 1 lum m "1th 
d,~;n<l~" arNS !e,;tl:.in 1 '[jU.lfC m,I.-; .:md area• 
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NOTES 
Th.s m,,p" Tc1r ,,,,_, Ill a!im1rnot1:r,ng the '-J;il1onal f"luod ln,u1Jnc~ Pm~rJrn; ,t 
<l0<.-,, mK n<:n•,<,anh 1<!enl1f<• ,all pla,..u,wtnc it•,ltwc,outs1de 5pec,~I flc,,:xl Ha,ard 
Area oc .,.,I M<'J' ~Uhll'CI to tloorl1n~, f1,1111C<l IM\~ 1mm lnc,11 dr,un.,e,_' SDUffl'~ 
n, small si,r 

Are.is <01 >11E•11,1I Flood H.,.-.m: Cl00-w.ir l1uvll 11,d"d,.- "'""'· A • .\.(. AI-AJ(J, 
AH AO, Mq, \', VE ,mcl \/1-1/30 

Ce<T,'<ll ''"'•"not m Sr<·n.11 Fl<K~I t-t.u,l<CI . .\,.,..,, rn.v 1_...- ;,,":,·, 1,~1 h tl,,~d nrn1tul 
,nu,1u,~.., 

Rtmmfari,.,, <JI :h,· ;:uwlw<l\' .,,.,,_, urn1aultd .ii nr,-, ,,., t,on, ,md lnl<'rpol,11<=<1 
b~t"l''-'" c 111,, ,,.~linns T~n 1lrnlr.•.,,11, '"'"' h,,,«I u11 l11dr.wla wm1dc•rJt1<m; 
,•.ith 11=~,,rd to W(lUorem,•nt; oi tne tedt'r.11 Eme:~,•ncy Man~gcn,en: .'\.~en{) 

fluudw,,y , •. ,,dill,"' some area, tnJ\' b .. 100 n~""" 1<> '"''" 10 ,cal<'. Rt•icr to 
Ho,xha•, D,1t,1 f.lhl,;- ,, h~r,• 110,xh,a~ "id1'1 ts 1h,,.,n a: L':'O ,nd, 

lD,1,l,11 l~,s,• tlrn,d .-f,..,Jlfllll' ,1:1p:r onll' land,,Jrd of the 1hm,•lint•. 
T/l!< lfl.Jjl ln[!llf>!)r~I[', ,lf!fHU•irn,1ll' IJL/Ufld,ir ,..,, , I , .,.,,1,,t J,,,:,ic•,, ,,,t.i!,1,,lwd 
undPr the Coa,1.11 Bc1111er ~e.nL1tu•, ,\J:J 11'1 '•;"-1-4111 

CorporJlc• Imm, ,h,~,ri ,n1• ,urwrit ,>< m •Ile• d.1:t•,>t th,, mJp Th,. u,,., ,h,uld 
cunt,ict ,,ppwpr,.,tc• , r,r1n,umlv ,,rf,nal, '" rl dem,m•· ,1 , ,.,,p,i,,,r,. l,rn,t, h,l\,• 
ch,rn~c-rl •Lill'l'qu,·n! tn th,• 1••uJ1H ,, or this rn,,p 

for ,1d1ouurn:; p.m,·!- ,,·L' ,q,,11,rn•I, :mria~I \\,111 lrnl.•, 

,\\·\f' l\fl'll'il re lf.:.I 

lt\:ITl.-\1 HJ~~llHC::ATIOI\': 
JUN!. :rn, 1973 

rLOOD rt'\ZARO BOUNDARY ,\1,\1' P.EVl)IUN: 
APRIi. 1~. 197,t 

JUL'r' 9, 1976 

HOC)[) JN~URANlf RAlE ,'.',AP EFfECTIVE: 

FEBRU<\RY 1, 1988 

FLOOD 11':~Uf.:-\NCE RATE MAI' RE\'1510~S: 

Map a.-vised 
to change 1pec:ial flood hazard are,1~. b~ol' flood c>levJt1on, .111J 
zone de~ign,1liu11~. 

Tu tlL•l,•rrrnm• 11 tlrn,d rn,ur.1nct• ,, .l\,1d,1l,h•, LDlllu,t ,u, .,,,urJrll'' J!(l•Oll or ,.,I: 
th,• r,,.,1uir1J! lh,od ln,ur,u1<,• l'cc,u,.,m 01 '.8U<J) hrn-1,,,:u. 

APPR:O\l\1·\T£ 5CAt E 1-..; FFFT 

1000 -~ a 1000 
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COASTI\L BASE FLOOD ELCVA TIONS APPLY ONLY LA~DWAAD OF THE 
SHORELINE SHO\l,'N ON THIS MAP 

ELEVATION REFERENCE MARKS 

ELEVATION 
{FEET NGVD) 

584.30 

586.10 

589.57 
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596,94 

DESCRIPTION OF LOCATION 

Top ol southwest corner or decl.; or footbridg'!, about 24 leet west 
of tap of bank anct about 1.270 feet south of sou11iern shoreline 
of Spencer L.;i.e. 

Set spike on northwest side of power pole. aboul 270 feet west 
af tap af bani;:, .ibout 3,500 kct northeast of intersection of 
Birchcrest Drive and U.S. 23, about 370 feet r101thwest al lake 
Hurorl shoreline. 

Ser spike on north side of power pole. EJbout 210 leet west of to;, 
of bartk and approximately 300 feel sou1hwes1 ol Slrchcre:.l Drive. 

Set spike on norLl1 side of Le!uph(\'le pole. ;;ibout 127 fee[ west o1 
mp of bank. atmut 1,000 fc~t north ... asl of i111ersection oi Scon Road 
and Forest Street, and approximately 14 feet east of Forest Street. 

Railroad spike on 11orthwest side of power pale at easmrn side or 
lochmoor Sueet, and Otrnw.is Lacie, abou1 133 feel west of bank, 
about 700 reel sauth"Nest ol intersection of Scott Road an:::I Forest: 
Sue et. 
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SPECIAL FLOOD HAZARD AREAS I NUN DATE{; ~ 
BY 100-YEAR FLOOD 

ZONE A 
ZONE AE 
ZONE AH 

ZONE AO 

Nob""" nood .,.,..,...,;on, Ce!ermined. 

B,mi iluud ~lc-,; .. tiun~ dt,te,-1nined. 

Flood deplhs of t to 3 feet (u1uallr a><'a; of 
~.Jin~; base flood ele,.cil1ocos Jerenrnned. 

Flood rkp1h; of 1 m l iffl' (usi:ally shee'. ilcw 
OJI 5loping ti::rr.iin); a.1.-rage depths determined. 
for are~; ofafluvial fan ilooding. \e[od11es Jiso 
delermin~,;:I. 

ZONE A99 To De pro1rnOO from 100-wJ• llou,J by n,de,-.al 
flood protl'ction 5Y,lem unCPrrnnmunion; no 
b.i§.e elevalion5 dete11ninL>d, 

ZONE V Co.istal flood wi1h -..elc::ny h.:iza:d :"""'· ;ic:,onJ; 
no bJse nood e!ev.:i1ian, de:ermined. 

ZONE VE Coastal ~ood v,.11h ....,;o,:it;· h.ii:a·d l"a.e action); 
b.ise ilood e:e,,.ation5 delerm,~,:d. 

WJ,a ·FLOODWAY AREAS IN Z.ONE AE 

1. . I OTHER HOO• AREAS 
~----' ZOrlE X ,',reasof500-;e,url,..-,,l;arrn~ofl00-ye.:ir1lood 

"i1h .;\\!1a~e deplhs of le!;s than l fool rn ,~1th 
drainageanca; bsthln 1 ,,:iu;iJ'('mne; and areas 
pm:ec1cd by levee,; l:om 100-year Hood. 

CJ OTHER AREAS 
ZONE X Area, <k1ennine-d 10 be outside 500-)'!'Jr fiood 

;,lain. 

ZONE D Areas in which rfood :,aurds are undetermined. 

l?:\2l ~ "-.. '-.__ W-lDEVELOPED COASTAL BARRIERS 

llood [Jo~ndary 

--- ------ f!vmhv.av Boondar/ 

Zone O Bot,~d.ar,, 

llnundar,· Oa•i.Jing Special rlood Haz.ird 
Zones, ;ind 60J.JnJJ'} Ot,·idmg Area, 01 
Different Co~=I B~,c, Flood C:lc-'il1,ons Within 
Special Flood Hazard Zone. 

Elil>e flood [lc-vat,01 t.,n.-; £le1.:;n;on in leet• 

@-------<(A) Crm; 5eclion Line 

!El JS) 

RM\: 

M3.0• 

Ba,e Flnorl EJ,..,,11,.-rn in FN·r Whr-rr un,form 
\\',thin Zone" 

lle\-at,un l<eference Mu,~ 

NOTES 
Tf,1:s. map;~ /or u,e in .1rl,ninistPring 1he r-;a11onal Flood /n~urJntl' Prugr,m,; ir 
dot"> nut ne"<.~111\i 1dent1fy all pl;n,m,:t,11; iearure. outside 5f"'Clill Flnnd Hil7~rd 
Awa • r all JreJ<. >llbJect 10 Jloodmg. p,1rtil:ulJrly (,u·n loc~I drainage ;ources 
uf 5m,1II 1;,.,, 

·\rrJ~ of Spcc1,1l Flund HaiJr,J (100-}"'Jr lluo,:J1 includ"' wnes, '\, A[, Al-1\30. 
AH, ,\0, A99. \', 1/E ,1nd Vl--VlO 

CenJin arrJ> nul in Sp,_-cial flood Hi!zard rm."~>rnay be p·otecte<1 b,·flood co,;itrol 
,t,ucture,. 

Boum!ane, oi the tlDGdwi!y,; ,wr~ compu1ed ~t cm5s 5ection• and in1erpo:Jted 
lw!"""" cm% s{'cT'on<,, The flood·,,·a1•s ""''"' h.i,e<J orl h·,d1Jul1c cum,der.at1on1 
wilh ,.,,..,n:l 10 1equiremcn1; n1 Ihc Fcder.1] Em~rgem:y M•rn~~ement Al!~n~v. 

FlOflrlv,:a,• width~ in some ,HL'JI may be luv r,Jnuw lu ,ho,,..· to sc.11'-". Reier lo 
flood,, . ..,. Oat.a Table "here flr,n,lw~y widrh is_,no...n ar 1120 in(h. 

CoJ,IJI b,1Se flood o,l1.·,,.a1ion, ilpply only land"ard of 1he ;horeline 

Thi5 map incorpor,11e-; a11prO\imJte bo•Jmfaril~ ur cu~sl,11 LJrru:r.. e,labhshed 
umfrr II"' Coa~tal Barrier Rewuf(e5 Ad (PL 97-J-161. 

ElevJ!ion reierence mJrh ,m,, dc1-cribro i11 lh@ f!ooc· lmurJ11ce·s1udr Rtpo:FI. 
Corpc:,rale l,m,1s <Jio.w, ,1,e currcnr a~ ol,h;_, dare Df thi, mJp. The ui~r 11iuuhJ 
conl..l(l Jppropn,11e (U1111T1unlly utiici;i!~ to dc·1erm1m• ii corporate lnn,11 ha·,,, 
rh~n&-d stJh•equc>nt to 1he i~su.:mce of thi• mJµ 

For ddJU"'"'lt pdn,_,I,. ,.-,., •,•p,ir.iwly pnn1c-d M,,r, ln1c•~. 

MAr REf>OSITORY 

IN1T1AL IDENTIFICATION: 

JtJNic 29. 1973 

FLOOD HAZARD BOUNDARY MAF' REVISIQr-;: 
APRIL 12. 1974 
JULY 9. 1916 

f.LOOD INSUR.~NCE RAH: r,.v-.p EFFECTIVE: 

• FEllflUAAY 1. 1988 

Fi.ODD INSURANCE RAH t>\.-1,r REVISIONS: 
Map re.ised 
to change special tlood hazard .w~as, base flood el('Valiuns and 
zone designations. 

Tn r!(1Nmine if floocl ins.u,,1ncc •~ J1.ml,1hlr, (nnt.lcl an imu1.1nu- ag+.>m ar lall 
che Nal.0n,1I FlooJ Insurance Pmgr;;m at 18001 (,J.£l-G62G 
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1.0 INTRODUCTION 

TECHNICAL LETl'ER REPORT ON 
TIIE CITY OF EAST TAWAS, MICHIGAN 

1.1 Purpose of Study 

This report describes the appiication of the procedures developed in the 
1989 "Great Lakes Wave Runup Methodology Study" to flood levels on Saginsw Bay 
in conjunction with the Limited Kap Maintenance Program (UIMP), for the City 
of East Tawas, Michigan. The flood levels applicable to the City of East Tawas 
were developed in the September 1989 "Flood Levels Report for Saginaw Bay" 
report prepared by the U.S. Army Corps of Engineers, Detroit District (COE). 

1.2 Coordination 

The September 1989 "Flood Levels Report For Saginaw Bay" report, along 
with examples of the application of the methodology from the 1989 "Great Lakes 
Wave Runup Methodology Study", were presented to FEMA on 1 March 1990. The 
procedures outlined in the above references were approved at this meeting for 
application to all Saginaw Bay FIS and U!MP sites, including the City of East 
Tawas. 

1.3 Authority and Acknowledgments 

,ne ODJective of the UIBP is to provide funding for flood map updates. 
In the City of East Tawas, the LMMP will be used to revise the existing 
hydraulic analyses to include the wave runup component. The work was conducted 
under Inter-Agency York Agreement, EMW-90-E-3286, Project Order No. 3A, 
between the COE and the Federal Emergency Management Agency (FEMA). 

The "Great Lakes Wave Runup Methodology Study" was accomplished in 1989 
by the COE for FEMA, for application to future coastal Flood Insurance Studies 
(FIS), and/or restudies of communities bordering the Great Lakes. The 
100-year flood level from the September 1989 report referenced above was used 
to compute the maximum wave runup elevations required for updating the LMMP 
sites in the City of East Tawas on Saginaw Bay. Table 1 lists the profiles, 
and the 100-year and 500-year "base" flood levels at the two locations along 
the City of East Tawas shoreline. The two profiles were developed from data 
obtained from a June 1990 survey. 

2.0 AREA STUDIED 

2.1 Community Description 

The City of East Tawas, Michigan, shown on Figure 1, is located in Iosco 
County along 2 miles of shoreline on Saginaw Bay. The city has a population 
of about 2,600. Its major industry is year-round tourism, based on the city's 
location on Saginaw Bay. The shoreline consists of a developed park area 
(East Tawas State Park), the Waterways Commission Dock, and small seasonal and 
year-round residential homes. 

The City of East Tawas shoreline on Saginaw Bay is protected, to some 
extent, from northeasterly and easterly storms by Tawas Point. Bathymetry in 
Saginaw Bay along City of East Tawas shoreline varies from 30-foot depths 
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offshore to less than five feet deep near shore. The lowest seasonal lake 
stages usually prevail during the winter months and the highest during the 
summer months. During the past 13 years, fluctuations of monthly mean water 
levels on Saginaw Bay, as measured at the Essexville, Michigan water level 
gage, have ranged from a minimum of 578.14 feet NGVD to a maximum of 581.9 
feet NGVD. 

2.2 Principal Flood Problems 

Short-term Saginaw Bay water level fluctuations are most often due to 
variations in wind and barometric pressure. Occasionally, a surge of 
considerable proportions takes place within a few hours, due to strong and 
persistent northerly or southerly winds. 

When lake levels are high and storms occur from the south and east, the 
City of East Tawas shoreline is usually subjected to extreme conditions. Along 
this shoreline, substantial flooding has occurred because of the flat 
topography along Saginaw Bay. 

3.0 ENGINEERING METHODS 

The flood levels established in the U.S. Army Corps of Engineer's 
September 1989 "Flood Levels Report for Saginaw Bay" and the procedures 
developed in the 1989 "Great Lakes Wave Runup Methodology Study" were used to 
analyze the flooding potential at the two City of East Tawas LMMP sites shown 
on Figure 1. The hydraulic analyses presented herein involved the 
determination of the wave runup components and maximum wave runup elevations 
for selected sites . 

Input data used for flood calculations include site specific design wave, 
water depth at the toe of the structure, and wave period. Additional data 
such as nearshore profiles, high water marks, existing conditions, and 
bathymetry and topography, were also analyzed to determine the maximum wave 
runup elevation at each site. This technical l~tter report presents the wave 
runup application procedures for each of the two LMMP sites located in the 
City of East Tawas. Representative profiles and the wave runup computations 
for each site are included in Appendix A. 

4.0 VE AND X-ZONE DELINEATIONS 

Reaches of the City of East Tawas shoreline in the surf zone which are 
subject to significant wave attack are referred to by FEMA as Coastal High 
Hazard Zones or velocity ("VE") Zones. The VE-Zone (shown as the V-Zone on 
Figures 2 & 3) is the flood insurance rate zone that corresponds to the 
100-year coastal flood plains that have additional hazards associated with 
storm waves. An X-Zone is the flood insurance rate zone that corresponds to 
the areas outside the 500-year flood plain, areas within the 500-year flood 
plain, areas of 100-year flooding where average depths are less than 1 foot, 
areas of 100-year flooding where the contributing drainage area is less than 1 
square mile, and areas protected from the 100-year flood by levees. 

Two different flood conditions, as defined by FEMA, most closely 
represent the LMMP sites in the City of East Tawas. The first type of 
condition involves a beach/bluff system where wave runup does not overtop the 
existing beach/bluff and there are no obstructions on the lakeward side of the 
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beach/bluff. The VE/X•Zone demarcation llne was established as the point of 
maximum wave runup. According to FEMA guidelines, the VE/X·Zone demarcation 
llne ls fixed at the point where the wave runup intersects the calculated 
post-storm profile (wave runup interseccion point). Sinee the study assumed 
no bluff erosion, the VE/X•Zone demarcation line as determined from the point 
of maximum wave runup and the VEJX-Zone demarcation line as determined as the 
wave runup point are identical. This mapping is considered appropriate for 
profile East Tawas-1, and is shown on Figure 2. 

The second type of condition involves a beach/bluff system where the 
structure is not flooded, damaged or overtopped by wave runup. ln this case, 
the VE/X•Zone demarcation line is fixed at the most landward edge of the 
exposed portion of the structure. The landward side of the V-Zone is mapped 
as a X-Zone. This type of flooding condition is representative of profile 
East Tawas-2, and is shown on Figure 3. 

The VE and X-Zones for these sites have been delineated according to 
FEMA's 1990 "Guidelines for Great Lakes '11ave Runup Computation and Mapping" 
and are shown on the attached work maps. 

The formal submittal of the City of East Tawas LMMP study will include 
original mylar copies showing sufficient detail for submittal to FEMA' s 
technical review contractor. 

5.0 CONCLUSIONS 

For each of the City of East Tawas sites where the 100-year flood level 
inundates the shoreline property, the inundated area will experience a minimal 
water depth shoreward of the shoreline protection. This water depth will 
generate a negligible wave across the property. Therefore, the 100-year flood 
level will be used to delineate the flood profiles at each site. 

Accordingly, where structures protect against flooding, the 100-year VE 
and X-Zones, based on wave runup elevations, will be delineated on the work 
maps in the final LMMP for the site. Table 2 lists the 100-year computed wave 
runup components and the associated wave runup elevations for the two sites. 

In conclusion, it is recommended that the delineated 100-year flood 
profiles for the two City of East Tawas sites included herein be used by 
FEMA for updating the LMMP sites . 



... 

• ~-
CIT'V' OF E:AST "fAWAS, V & X zo~~E DELINEAflON~; 

ON A B:EACH SYST'EM 

.. _ --V ZONE: ---•----• .. •-t-1 ••- :it ZONE --------
RUNUP WATER. 

10O-YEAR WA1'.ER LEVEL 

-& 

A• __,~ 

BLUFF CRIEST 

l~AVE RUNlllP 
INTERSECTION POINT 

Eaat Tawaa• 1 

Fl(~URE 2 

••• • • • I 



..., 

• 

• • 
CITY OF EAST TAWAS V & X ZONE DELINEATIONS 

ON A STRUCTURE SYSTEM 

-
JOO-YEAR WATER LEVEL 

= 

V-ZONE 

WAVE RUNUP 

X-ZOHE ..- .-

HOST LANDWARD EDGE 
OF EXPOSED PORTION 
OF STRUCTURE 

Eeel Tewee-2 

FIGURE 3 

-- I 

;·· 



Table 2 

• Wave Runup Elevations 

East 100-year 100-year 
Tawas Computed '!lave Runup 
FIS '!lave Elevation 
Sites Runup(ft,} Cft,, NGVD} 

1. East Tawas-1 0.6 584.6 

2. East Tawas-2 4.8 588.8 
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6.0 GLOSSARY 

Annual Maximum Instantaneous Yater Level: The highest water level that was 
recorded during a year by a gage with a sampling frequency of an hour or less. 

Beach: The zone of sedimentary material that extends landward from the low 
water line to the place where there is a marked change in material or form, or 
to the line of permanent vegetation. 

Bluff: A high, steep bank composed of erodible materials. 

Floodplain: The area adjoining a river, stream, watercourse, ocean, lake or 
other body of standing water that has been or may be covered by floodwater. 

National Geodetic Vertical Datum of 1929 (NGVD): The nationwide reference 
datum for land elevations throughout the United States. It was established by 
the National Geodetic Survey in 1929. 

Runup: The rush of water up a beach or structure from the breaking of a wave. 
Also, the vertical height of uprush above the still-water level. 

Still-water level: The elevation that the water surface would assume if all 
wave action were absent. 

Storm-water level: The rise above the normal water level on the open-coast, 
due to wind stress on the water surface . 

VE-Zone: The flood insurance rate zone that corresponds to the areas of 
100-year coastal flood plains where average depths are more than 4 feet and 
have additional hazards associated with storm waves. 

Yave height: The vertical distance between the wave crest and the preceding 
trough. 

Yave setup: The superelevation of the water surface over normal surge 
elevation due to the onshore mass transport of the water by wave action alone. 

Yind setup: The vertical rise in the still-water level on the leeward side of 
a body of water caused by wind stresses on the surface of the water. 

X-Zone: The flood insurance rate zone that corresponds to the areas outside 
the 500-year flood plain, areas within the 500-year flood plain, areas of 
100-year flooding where average depths are less than 1 foot, areas of 100-year 
flooding where the contributing drainage area is less than 1 square mile, and 
areas protected from the 100-year flood by levees . 

9 
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TECHNICAL LETTER REPORT ON 
THE CITY OF EAST TAWAS, MICHIGAN 

SYNOPSIS 

Appendix A outlines the procedures necessary to calculate the wave runup 
component and the maximum wave runup elevation associated with the 100-year 
flood level. These data, with the information provided from the profile 
surveys will enable the user to delineate the 100-year VE and X-Zones 
according to FEMA' s 1990 "Guidelines for Great Lakes Wave Runup Computation 
and Mapping". The following list shows the two city of East Tawas sites and 
the 100-year wave runup flood profiles. Samples of these computations are 
included in Appendix A. 

East 
Tawas 
FIS 
Sites 

1. East Tawas-1 

2. East Tawas-2 

100-year 
Computed 
Wave 
Runup(ft.) 

0.6 

4.8 

100-year 
Wave Runup 
Elevation 
(ft,, 

584.5 

586.8 

A-i 

12 

NGVD) 



RUNUP COMPUTATION 

• WAVE RUNUP FOR EAST TAWAS, MICHIGAN EAST TAWAS l 
runup on: beach 

100-year flood: 584.0 feet 
water depth at toe: 26.0 feet 

100-year wave period T: 11.4 
T': 5. 7 

L: 329.59 

above IGLD, optional 
1st: significant wave computation 

(enter per Ref. 3) 

100-yr deep water wave H: 24.9 feet (enter per Ref. 3) 
K: 2.0 

alpha: o. 0110 
Hmo: 11.0 

d bar: o. 0062 
epsilon: 0.0083 

Hs/Hmo: 1.018 
Hs in deep water: 11.2 

beach slope: 0.00600 
beach (Greek ltr) xi: 0.046 

beach runup: 0.5 

(enter per Ref. 4, Figure 10) 
(significant wave) 

(tan 30H:lV = 0.03333) 
2nd: wave runup computation 

runup elevation: 584.5 feet above IGLD 

A:\>NOTE: ALL ELEVATIONS ABOVE ARE IN FEET ABOVE NGVD 

• 

• 



RUNUP COMPUTATION 

• WAVE RUNUP FOR EAST TAWAS, MICHIGAN EAST TAWAS 2 
runup on: revetment 

100-year flood: 584.0 feet 
water depth at toe: 2.3 feet 

100-year wave period T: 11.4 
T': 1. 7 

L: 98.03 

above IGLD, optional 
1st: significant 

(enter per Ref. 3) 

100-yr deep water wave H: 24.9 feet (enter per Ref. 3) 
K: 6.8 

alpha: 0.0200 
Hmo: 1. 4 

d bar: 0.0006 

wave computation 

epsilon: 0.0036 
Hs/Hmo: 1.000 

Hat structure: 1.4 
tan(theta): 0.60000 

revetment (Greek ltr) xi: 13.l 
revetment runup: 2.8 

(enter per Ref. 4, Figure 10) 
(significant wave) 

(tan 2H:1V = 0.50000 tan 3H:1V = 0.33333) 
2nd: wave runup computation 

runup elevation: 586.8 feet above IGLD 

A:\>NOTE: ALL ELEVATIONS ABOVE ARE IN FEET ABOVE NGVD 

• 

• 
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city of East Tawas, Michigan 
Limited Map Maintenance Program 
Hydraulic Background Information 

This study covers the entire East Tawas City shoreline on Saginaw 
Bay (about 2 miles). The stud/ was performed to revise only the 
hydraulic analysis for East Tawas by incorporating the wave runup 
elevations associated with the 100-year flood level. since 
completion of the city of East Tawas FIS in 1977, the "Flood 
Levels Report for Saginaw Bay" was prepared by the U.S. Army 
Corps of Engineers, Detroit District in September 1989. The 
stillwater elevations for the 100- and 500-year floods have been 
determined for the Saginaw Bay shoreline of East Tawas from this 
report and are shown in the table below. Table 1 also shows the 
wave runup elevation associated with the 100-year flood 
elevation. 

TRANSECT H 

1 

2 

1saginaw Bay 

TABLE 1 
CITY OF EAST TAWAS, MICHIGAN 

RECOMMENDED FLOOD LEVELS 

STILLWATER1 WAVE RUNUP STILLWATER1 

100-YEAR 100-YEAR 500-YEAR 
(FT. NGVD} (FT. NGVD} (FT. NGVD} 

584.0 584 .,i 5 585.0 
b 

584.0 5813,.8 585.0 

As part of this study, a field survey was made in September 1990. 
The survey included two transects, one ~Qcated about 80 feet east 
of Church Road and another located about JO feet west of Adams 
Road. Transects were located perpendicular to the shoreline and 
with consideration _given·.to the physical and cultural 
characteristics of the l~nd· so that they would closely represent 
conditions in their locality. 

Along each transect; the maximum wave runup elevations were 
computed considering the combined effects of changes in ground 
elevation, vegetation, and physical futures. The wave runup 
components were determined using the procedures developed in the 
.June 1989 "Great Lakes Wave Runup Methodology Study" prepared by 
the u.s. Army Corps of Engineers, Detroit District. The 100-year 
flood level from the September 1989 report referenced above, was 
used to compute the maximum wave runup elevations required for 
updating the previous study for the city of East Tawas on Saginaw 
Bay . 
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1.0 INTRODUCTION 

TECHNICAL LETl'ER REPORT ON 
THE CITY OF EAST TAWAS, MICHIGAN 

1.1 Purpose of Study 

This report describes the application of the procedures developed in the 
1989 •Great Lakes Wave Runup Methodology Study" to flood levels on Saginaw Bay 
in conjunction with the Limited Kap Maintenance Program (UIMP), for the City 
of East Tawas, Michigan. The flood levels applicable to the City of East Tawas 

· were developed in the September 1989 "Flood Levels Report for Saginaw Bay" 
report prepared by the U.S. Army Corps of Engineers, Detroit District (COE). 

1.2 Coordination 

The September 1989 "Flood Levels Report For Saginaw Bay• report, along 
with examples of the application of the methodology from the 1989 "Great Lakes 
Wave Runup Methodology Study", were presented to FEMA on 1 Karch 1990. The 
procedures outlined in the above references were approved at this meeting for 
application to all Saginaw Bay FIS and LKKP sites, including the City of East 
Tawas. 

1.3 Authority and Acknowledgments 

The objective of the LMMP is to provide funding for flood map updates. 
In the City of East Tawas, t:he LMMP will be used to revise t:he existing 
hydraulic analyses t:o include the wave runup component:. The work was conducted 
under Inter-Agency York Agreement:, EMIJ-90-E-3286, Project: Order No. 3A, 
between the COE and the Federal Emergen~y Management Agen~y (FEMA). 

The "Great Lakes Wave Runup Methodology Study" was accomplished in 1989 
by the COE for FEMA, for application t:o future coastal Flood Insurance Studies 
(FIS), and/or restudies of communities bordering the Great: Lakes. The 
100-year flood level from the September 1989 report: referenced above was used 
t:o compute t:he maximum wave runup elevations required for updating the LMMP 
sites in the City of East Tawas on Saginaw Bay. Table 1 lists the profiles, 
and the 100-year and 500-year "base" flood levels at the two locations along 
the City of East Tawas shoreline. The two profiles were developed from data 
obtained from a June 1990 survey. 

2.0 AREA STUDIED 

2.l Community Des~ription 

The City of East Tawas, Michigan, shown on Figure 1, is located in Iosco 
County along 2 miles of shoreline on Saginaw Bay. The city has a population 
of about: 2,600. lt:s major industry is year-round tourism, based on t:he city's 
location on Saginaw Bay. The shoreline consists of a developed park area 
(East: Tawas State Park), the Waterways Commission Dock, and small seasonal and 
year-round residential homes, 

The City of East Tawas shoreline on Saginaw Bay is protected, to some 
extent, from northeasterly and easterly storms by Tawas Point. Bathymetry in 
Saginaw Bay along City of East Tawas shoreline varies from 30-foot depths 

1 
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Proflle 
Locauon 

1. Eaat Tawaa • 1 

2. Eaat Tawaa-2 

• NOTE: 

TABLE 1 

• 
SHORELINE PROFILES 

CITY OF EAST TAWAS, MICHIGAN 

100-year 
Flood 
Level • 

684.0 

684 .• 0 

All elavatlona are In FT, NGVD and ware 
obtained from the September 1989 °Flood 
Lavala Report for Saginaw Bay• 

600-year 
Flood 
Level • 

686.0 

686.0 

• r •, 
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offshore to less than five feet deep near shore. The lowest seasonal lake 
stages usually prevail during the winter months and the highest during the 
summer months. During the past 13 years, fluctuations of monthly mean water 
levels on Saginaw Bay, as measured at the Essexville, Michigan water level 
gage, have ranged from a minimum of 578.14 feet NGVD to a maximum of 581.9 
feet NGVD. 

2.2 Principal Flood Problems 

Short-term Saginaw Bay water level fluctuations are most often due to 
variations in wind and barometric pressure. Occasionally, a surge of 
considerable proportions takes place within a few hours, due to strong and 
persistent northerly or southerly winds. 

When lake levels are high and storms occur from the south and east, the 
City of East Tawas shoreline is usually subjected to extreme conditions. Along 
this shoreline, substantial flooding has occurred because of the fiat 
topography along Saginaw Bay. 

3.0 ENGINEERING METHODS 

The flood levels established in the U.S. Army Corps of Engineer's 
September 1989 "Flood Levels Report for Saginaw Bay" and the· procedures 
developed in the 1989 "Great Lakes Wave Runup Methodology Study" were used t.o 
analyze the flooding potential at the two City of East Tawas LMMP sites shown 
on Figure 1. The hydraulic analyses presented herein involved the 
determination of the wave runup components and maximum wave runup elevations 
for selected sites . 

Input data used for flood calculations include site specific design wave, 
water depth at the toe of the structure, and wave period. Additional data 
such as near shore profiles, high water marks, existing conditions, and 
bathymetry and topography, were also analyzed to determine the maximum wave 
runup elevation at each site. This technical l~tter report presents the wave 
runup application procedures for each of the two LMMP sites located in the 
City of East Tawas. Representative profiles and the wave runup computations 
for each site are included in Appendix A. 

4.0 VE AND X-ZONE DELINEATIONS 

Reaches of the City of East Tawas shoreline in the surf zone which are 
subject to significant wave attack are referred to by FEMA as Coastal High 
Hazard Zones or velocity ("VE") Zones. The VE-Zone (shown as the V-Zone on 
Figures 2 & 3) 1s the flood insurance rate zone that corresponds to the 
100-year _coastal flood plains that have additional hazards associated with 
storm waves. An X-Zone is the flood insurance rate zone that corresponds to 
the areas outside the 500-year flood plain, areas within the 500-year flood 
plain, areas of 100-year flooding where average depths are less than 1 foot, 
areas of 100-year flooding where the contributing drainage area is less than 1 
square mile, and areas protected from the 100-year flood by levees. 

Two different flood conditions, as defined by FEMA, most closely 
represent the LMMP sites in the City of East Tawas. The first type of 
condition involves a beach/bluff system where wave runup does not overtop the 
existing beachfbluff and there are no obstructions on the lakeward side of the 
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beach/bluff. The VE/X•Zone demarcation line was established as the point of 
maximum wave runup. According to FEMA guidelines, the VE/X·Zone demarcation 
line is fixed at the point where the wave runup intersects the calculated 
post-storm profile {wave runup intersection point). Since the study assumed 
no bluff erosion, the VE/X•Zone demarcation line as determined from the point 
of ms.ximwu wave runup and the VE/X-Zone demarcation line as determined as the 
wave runup point are identical. This mapping is considered appropriate for 
profile East Tawas-1, and is shown on Figure 2. 

The second type of condition involves a beach/bluff system where the 
structure is not flooded, damaged or overtopped by wave runup. In this case, 
the VE/X•Zone demarcation line is fixed at the most landward edge of the 
exposed portion of the structure. The landward side of the V-Zone is mapped 
as a X-Zone. This type of flooding condition is representative of profile 
East Tawas-2, and is shown on Figure 3. 

The VE and X-Zones for these sites have been delineated according to 
FEMA's 1990 •Guidelines for Great Lakes Wave Runup Computation and Mapping" 
and are shown on the attached work maps. 

The formal submittal of the City of East Tawas LMMP study will include 
original mylar copies showing sufficient detail for submittal to FEMA' s 
technical review contractor. 

5.0 CONCLUSIONS 

t·or each of the G1ty of East Tawas sites where the 100-year fiood ievei 
inundates the shoreline property, the inundated area will experience a minimal 
water depth shoreward of the shoreline protection. This water depth will 
generate a negligible wave across the property. Therefore, the 100-year flood 
level will be used to delineate the flood profiles at each site. 

Accordingly, where structures protect against flooding, the 100-year VE 
and X-Zones, based on wave runup eievations, wiil be deiineated on the work 
maps in the final LMMP for the site. Table 2 lists the 100-year computed wave 
runup components and the associated wave runup elevations for the two sites. 

In conclusion, it is recommended that the delineated 100-year flood 
profiles for the two City of East Tawas sites included herein be used by 
FEMA for updating the LMMP sites . 

5 
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Table 2 

• Wave Runup Elevations 

East 100-year 100-year 
Tawas Computed '!lave Runup 
FIS '!lave Elevation 
Sites Runup(ft,} Cft,, NGVD} 

1. East Tawas-1 0.6 584.6 

2. East Tawas-2 4.8 588.8 

• 

• 
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6.0 GLOSSARY 

Annual Maximum Instantaneous Yater Level: The highest water level that was 
recorded during a year by a gage with a sampling frequency of an hour or less. 

Beach: The zone of sedimentary material that extends landward from the low 
water line to the place where there is a marked change in material or form, or 
to the line of permanent vegetation. 

Bluff: A high, steep bank composed of erodible materials. 

Floodplain: The area adjoining a river, ·stream, watercourse, ocean, lake or 
other body of standing water that has been or may be covered by floodwater. 

National Geodetic Vertical Datum of 1929 {NGVD): The 
datum for land elevations throughout the United States. 
the National Geodetic Survey in 1929. 

nationwide reference 
It was established by 

Runup: The rush of water up a beach or structure from the breaking of a wave. 
Also, the vertical height of uprush above the still-water level. 

Still-water level: The elevation that the water surface would assume if all 
wave action were absent. 

Storm-water level: The rise above the normal water level on the open-coast, 
due to wind stress on the water surface . 

VE-Zone: The flood insurance rate zone that corresponds to the areas of 
100-year coastal flood plains where average depths are more than 4 feet and 
have additional hazards associated with storm waves. 

Yave height: The vertical distance between the wave crest and the preceding 
trough. 

Yave setup: The superelevation of the water surface over normal surge 
elevation due to the onshore mass transport of the water by wave action alone. 

Yind setup: The vertical rise in the still-water level on the leeward side of 
a body of water caused by wind stresses on the surface of the water. 

X-Zone: The flood insurance rate zone that corresponds to the areas outside 
the 500-year flood plain, areas within the 500-year flood plain, areas of 
100-year flooding where average depths are less than l foot, areas of 100-year 
flooding where the contributing drainage area is less than 1 square mile, and 
areas protected from the 100-year flood by levees . 

9 
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TECHNICAL LETTER REPORT ON 
THE CITY OF EAST TAWAS, MICHIGAN 

SYNOPSIS 

Appendix A outlines the procedures necessary to calculate the wave runup 
component and the maximum wave runup elevation associated with the 100-year 
flood level. These data, with the information provided from the profile 
surveys will enable the user to delineate the 100-year VE and X-Zones 
according to FEMA's 1990 "Guidelines for Great Lakes Wave Runup Computation 
and Mapping". The following list shows the two city of East Tawas sites and 
the 100-year wave runup flood profiles. Samples of these computations are 
included in Appendix A. 

East 
Tawas 
FIS 
Sites 

1. East Tawas-1 

2. East Tawas-2 

100-year 
Computed 
Wave 
Runup(ft.) 

0.6 

4.8 

100-year 
Wave Runup 
Elevation 
(ft,. 

584.5 

586.8 

A-i 

12 

NGVD) 



RUNUP COMPUTATION 
WAVE RUNUP FOR EAST TAWAS, MICHIGAN EAST TAWAS l • runup on: beach 

100-year flood: 584.0 feet 
water depth at toe: 26.0 feet 

100-year wave period T: 11.4 
T': 5.7 

L: 329.59 

above IGLD, optional 
1st: significant wave computation 

(enter per Ref. 3) 

100-yr deep water wave H: 24.9 feet (enter per Ref. 3) 
K: 2.0 

alpha: 0.0110 
Hmo: ll.O 

d bar: 0.0062 
epsilon: 0.0083 

Hs/Hmo: l.018 
Hs in deep water: 11.2 

beach slope: 0.00600 
beach (Greek ltr) xi: 0.046 

~---~ -••-••-• n s:::: 

(enter per Ref. 4, Figure 10) 
(significant wave) 

(tan 30H:lV = 0.03333) 
2nd: wave runup computation 

JJC::::CU • .;11 .L U.JJU.~ • V • ..I 

runup elevation: 584.5 feet above IGLD 

A:\>NOTE: ALL ELEVATIONS ABOVE ARE IN FEET ABOVE NGVD 

• 

• 
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RUNUP COMPUTATION 
WAVE RUNUP FOR EAST TAWAS, MICHIGAN EAST TAWAS 2 • runup on: revetment 

100-year flood: 584.o feet 
water depth at toe: 2.3 feet 

100-year wave period T: 11.4 
T': 1;;7 

L: 98.03 

above IGLD, optional 
1st: significant wave computation 

(enter per Ref. 3) 

100-yr deep water wave H: 24.9 feet (enter per Ref. 3) 
K: 6.8 

alpha: 0.0200 
Hmo: 1.4 

d bar: 0.0006 
epsilon: 0.0036 

Ue /l-1m,....• 1 nnn 
A&~/ &&Mol .... e 4 e VVU- (enter per Ref. 4, Figure 10) 

(significant wave) 
(tan 2H:1V = o.50000 tan 3H:1V = 0.33333) 

2nd: wave runup computation 

Hat structure: 1.4 
tan(theta): 0.60000 

revetment (Greek ltr) xi: 13.1 
revetment runup: 2.8 
runup elevation: 586.8 feet above IGLD 

A:\>NOTE: ALL ELEVATIONS ABOVE ARE IN FEET ABOVE NGVD 

• 

• 
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City nF ~~~r T~w~~; Michigan 
Limited Map Maintenance Program 
Hydraulic Background Information 

This study covers the entire East Tawas City shoreline on Saginaw 
Bay (about 2 miles). The study was performed to revise only the 
hydraulic analysis for East Tawas by incorporating the wave runup 
elevations associated with the 100-year flood level. Since 
completion of the.City of East Tawas FIS in 1977, the "Flood 
Levels Report for Saginaw Bay" was prepared by the U.S. Army· 
Corps of Engineers, Detroit District in September 1989. The 
stillwater elevations for the 100- and 500-year floods have been 
determined for the Saginaw Bay shoreline of East Tawas from this 
.report and are shown in the· table below·.. Table 1 also shows ·the 
wave runup elevation associated with the 100-year flood 
elevation. 

TRANSECT l 

1 

2 

1Saginaw Bay 

TABLE 1 
CITY OF EAST TAWAS, MICHIGAN 

RECOMMENDED FLOOD LEVELS 

STILLWATER1 WAVE RUNUP STILLWATER1 

100-YEAR 100-YEAR 500-YEAR 
(FT. NGVDl (FT. NGVD) (FT. NGVD) 

584.0 584 • .,i 5" 585.0 
b 

584.0 58~. 8 · 585. 0 

As part of this study, a· field survey was made in September 1990. 
The survey· included two transects, one ~qcated about 80 feet east 
of Church Road .and another located about.JO feet west of Adams 
Road. Transects were located perpendicular to the shoreline and 
with consideration _given::.to the physical and cultural 
characteristics of the land·so that they would closely represent 
conditions in their locality. 

Along each transect;'_th~'maximum_ wave runup elevations were 
computed.considering the combined effects of changes in ground 
elevation, vegetati,on, and physical futures. The wave runup 
components were d~termined using the procedures developed in the 
.June 1989 "Great Lakes Wave Runup Methodology Study" prepared by 
the U.S. Army Corps of Engineers, Detroit District. The lOO~year 
flood level from the September 1989 report referenced above, was 
used to compute the maximum wave runup elevations required for 
.updating the previous study for the city of East Tawas on Saginaw 
Bay . 
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FIS PROFILE 
EAST TAWAS-2 

ELEVATION FT, NGVD 
600~----------------------~ 
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FIGURE ET-2 
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LEFT/RIGHT , 
l,-l-"tE: ·1=-IJ- -K<,Jb---1'.Nl-. ------X-"IG-H- --XNR W·T·i\/ EcM·I·N SS·T·A ;, 

;~::~-==--------==~:===--- :I !'JI 
• ' ' 

SLOPE XLO@L XLCI-< XLOt3R I TRIAi 

3 -
• 

' ' • NORMAL 
' 

BPIDGE,NRD=38 MIN ELTRD= 587.40 MAX E 

•• ' • <t-1 14.49 581.09 o.no o.oc a 
6570. 0. 6570. 0. 0. 

~/ 'J ' ,, {, 

• 
' ,-l--&-----{}.-0 o 4,50 o.oo • -Ctl i 10 

.000641 56. 56. 56. ~ 
'" 
" ....,.,...._... __ .. , ...... 

• " .41 14.51 581.11 o.oo o.oc 
' " 6570. 0. 6570. o. 0. 

s .+a o-.-o o -. 38 o.o o-----.o-5-t: 

• " .000622 
" 

1. 1 • 1 • 1 

" 
" • '° 34 7 0 ENCROACHMENT STATIONS::: 1521.0 17 
" 

roe I CONT CORAH TOP.IO END ST 1:1 • 

- :. ------ - -

LLC= 601.30 
-·--------

591.40 .31 .04 .oo ,;,04.80 "I• 
1460._ --- o. 100. 9. 60<t.90 :; 

---. 0-::10· • u-20---- -,0·35-5·66--;-61)-l"Sc·1-;s-o ,, 
0 1 o.oo 170,28 1701.78 :'.I• 

" ------------------- - - - -- ,,I 
5Al.41 ,30 ,00 ,01 604.BO 

1502. o. l(JO. 9. 604,90 ---··-·~~=-==-_______ ______:·•. 
" ilhl --. og5-- --.-oso • o-35----·566,;-f;o-i-sc·1-,5-o- -

0 1 o.oo 174.34 1701,84 

,0 TYPE= 1 Tt;RGET= 202.000 

, 

----------~'·· ,, 
2!, 

::1• 
'i '' / I 

- - - ------------ - ·--- - -- ------------- -------------------- ------------~" 

I~• • "' REPEP,T OF SECTIO~I A 
" 

• 
• 

" .-42 :-4-,-6 9--5 8-h-2 9 ~-.-0--0 ----0-. ,, 
6570, o. 6570. 0.' 

" ,18 o.oo 3,23 o.oo • 0 
" '---,-0-0-0-2-8- . ---i.--5-. l:5. 15, ,-. 
" ,. 

b:1 
C 1315FT·. u.s. FRO!~ THE b,i 

33: 
,-66 H-.-3-5--58-1-.-7-5- --0--.-00-- ----0-. 0 0 

J" 657(). o. 6570. o. o. 
" 3.16, .OFlO 
" 

.29 o.oo 0.09_. 
--,-0-0-0.4.32 1--3-0,0-. l~O-o-.~•E3 0 0-, ·2 

" 

5f:ll;45-- -- ·;·16--- -- ,01 ----·-,0'4100000;00 ·------ ---------- - ----
2032. o. 101. 9. 100000.00 

.o3s .oeo ,o35 566,60 1521.00 
r·----o---- -----1---0 oil 0--2-0-z-.oo-1-n:3-.o·o·-- ---·- -----

• "'I' 
( I.I : 

• 

----------··-------- ------
US-23 BRIDGE 

- ---sfl-1---.90-- ·---- .--i-s---.45------.00--s·a-3·;0-o 
2080. O. 162. 17. 582,'tO 

.035 .090 .035 570.40 B0~.08 
-- -- -o- -------1-- ---- o·.00-----303-,-66· -1-1os,-1-4-----· 

_______ ,, 
'1 

:; . 
----~"· ,·.)'l],:I 

" 
t~n -__________ _,, 
,, 
" /o!e 

"I ,, 

::1 • 
-- -- -- _, -- _________________ .........__..1431 

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

4ti 

• " "·• 1,, 

" ---
" ST~TIONS= 1150 3470 ENCROACHMENT 955.5 
" 
" - Hl·O F--l'-,--€>.5-.-F RE)-M-M·T: 1::L-~ 

431 ! I 
~": 1. O 5 16.57 582.57 0,00 o.oo 

• .o TYPE= 

___________;___ ____ ,, 
,.,.:,,1 :., 
s JI, 1\1 

1,: • 
,... ........ r·~! 

15/I 1
sllf 

1 TARGET= 194.500 

S·Tf'l-E·FF---!YR·I·DGE~-- ---------- ---------------------------------
.25 .87 .o5 583,00 • 

,J !/ ; l 
.,I 

6-5-7-o-. \J-.--6 5-7-~-- - --- -(r.-
582. 82 

'l·fr3:3. 
,035 

0 

; --- 25'1. ---21-.-- i-o·o-o-cro·;"o·n----- ::~I· . ,, 
.44 o.oo 4,02 

" 2075. 2075. .. ,000406 • 
" so ~. . 

-3 4--7-0-E-N€-R 0A G-H•'IE·N·T-S-T·A-T-I-0 NS-"' . 
• 

o.oo .050 
207,5. 2 ,----

H,O 0-;-0·----1'1·50 

.090 .035 
1 o.oo 

566. o o 1000.06 
149,50 1149,56 ----------______________ ____._. __ _._ ........... ~ ___ ... 

.-o--· r-YPE=--- --1-·---r-in~·GET=~-----rso-;o·o·o-· 

" 

70
'L IV •,I 

"' REPEAT OF SECTIO•Y D ..I, 

---.----- -----·· ________ :~. 
~- --- ---- ---------- -- ------- i::l ----- -~-. '7'. 

----- . -----· ---1"' -·· ----- . s,i'I I ,le 
."I • 

• 'I' M •. 1, \'l~ •• 
" ,, 
,',~ ' 

,1, 0 7 1 
', 65 70. 

--.. 4-4 • • 
• 0 0 0 4,0 1 a's. · 

' I " ' 

, .. 

--
582.61 

6570. 
-4-.-n-1 

]. 
0 

5~2.86 ,25 .04 '.oo 583.00 
1638. Q. 254, 28. 100000.00 

---~~,0:35-----+. o·9 o-- -----· .. .-o::is· .. --5 66-;-o 0--.. :-,1-0•0·0-;-o 5--------------
il'B. , 88 • 0· o 1 u.o~ 149~53 1149,58 ,, . • 



• 
-• 
• 
1.1 

• [. 
• 
• nr 
'' ' 

• 
• 
• 

' ' 
' 
' 
• 

OVERRANK AREA ASSUMED NON-EFFECTIVE,ELLEA= · 5'12.40 ELREA= 592.4(1 

1.07 
6570. 

.--4 
,000401 

13.71 
0. 

0·,·00 
11 • 

582,61 
6570. 

o.oo 
o. 

'· ,·O 0- ------0·.·0·0 
11. 11. 

o.oo 
0. 

5'32.86 
16•<-l. 

• 05·0·--· -,-0-:35 - ----. 
0 0 

.. 

.25 ,llO 
0. 255. 

0-90-··--.0-35-· 
l 0,00 

.oo 592.40 
?.8. 592.40 

·56e-.-90--·-300-.·o-o·· -- -·---------
1'<-4, 50 444.50 

• 

• r ,11 ,I 

• 
:1• 

' 3265 DI VIDEO FLOW :1 • 
' ---- ~-------- - ......--....... -- _...,._ - - --- --

HL OLOSS 
VO L~_----,,HJ A. 

---·-vJTN - E 01TN 
CORAR TOPl11ID 

BAl~K ELEI/ '"I• 
"I LEFT/RIGHT ''I 

------es:;TA "I ),I' 
ENDST ::·· 

• SECNO DEt>TH C vlSEL CRivJS \~SELK. EG HV 
' (l QLOB QROB ALOB ARO QCH ACH 
' ~ I-ME Vl:-f.)8 VG-H ' R0,+----X-Nt---·X-NC:, XN!s 
,0 

SLOPE 
" 

XLOBL XLCh XLOBR !TRIAL roe ICO NT 

B 

--------- ·---.----- " --- -·-------· -----------,i ------------· ---- ....., __ " 
" 
''NORMAL BRIDGE,NRD=i4 MIN ELTRO= 583.80 MAX ELLC= 590.60 :d• 
" 
" 
" 
'" 
" 
,0 

' 
" 
" 
" 
" 
" 
" 

.. ·- " 
OVERBANK AREA ASSUMED NON-EFFECTIVE,ELLEA= = 592.40 :i• 

----- " 
592.40 ELRC:I\ 

... 

' E MILL STREET BRIDGE NO BRIDGE SKE~ 
.. ·----- - -~-......... -- - -- -

1.07 13.70 582.60 o.oo o.oo 582.87 
6570. 0. 6570, o. 0. 1573. 

.-4 ti n-.-0 o s .·18 0 ,-00-- -·.O?O·- ---.0-30 · ··- - • 
,000487 l • l • l • 0 0 

.27 .oo .01 592.40 
o. 255, 28. '592,40 

o 2 o-- - - --~-o 35·--568. 90---30 o. o o·- · ·-- -
1 o.oo 139.50 444,50 

..... ·- ------------------ll!: ··1,1 l' 
3Q ,, f I 

" . 
-- ------- ------------{" 

" ' :::,. 
-- ------------------,", • 

;I J: ,I,. ·-·-· ----------------------- S'l1 

::1 • • '°3265 DIVIDED FLOW ,, 
' • 'NORMA.L BRIDGE,NRD:14 MIN ELTRO= 583,AO MAK ELLC= 590.60 
' - ------- --· _ .. ·- --·-- ------- --
" • •ovERBANK AREA ASSUMED NON-EFFECTIVE,ELLEA= 5:12,40 ELREI 
" . ·------ ,.....,._ __ __. ___ 

•i, 
1.08 13.72 582.62 o.oo o.oo 5132.89 

" 6570. o. 6570. a. (l. 1575. 
~' , • 

~ 11\ .L, .--4-5 
,000485 

o.o-o 
40. 

• 1-1---0--.0 o-- • 0 20-------.- 03-0-- --, 
40. 40. 0 0 • 

• 
• 
• ,I :l '~ 

• 

" 
" --- --- ---
" 
·ovERBANK AREi\ ASSUMED NON-EFFECTIVE,ELLEA= 592.40 EL'lEI ,, ----
" 1.08 13.75 582. 65' o.oo o.oo 582.90 •• 6570. o. f,570. 0. 0 • 1647. 
" ,-4-5 o.o-o----;.,.-9 9----o-..o o----.·os o· • 0:3 5------; 
" 
0 

• 000396 1 • 1 • 1. 2 0 

' -- .-...-- ' ····- -----·- ----··-------- --
' ' " 

' . 115(1.0 T'rPE= 3470·ENCROACHM~NT STATIONS= 1000.0 . - ,·---- ~...,__ ___ _.._ ·--- ------ -
" ~EPE~T OF SECTION D 
" 
" , .. n.R:..:,-1--'l-,-7-4--5 82-,,-6 4-·•·-·0· • ..£·01---·0 s·O O··--~·S-2-;:9-1-· --- --

l) al p. 

.,I -------··-· ------ ----·--------------1:;I 

j~1• ·------ ---·---·------- --- .. -· - ............ -------

= 592.40 ----------- -- ______ .._ ______ _ 
"1n ·J 
::: . 

__ ..... - ·--·-· -- --·- :·I 
·7 ' I .2 .02 .oo 592,40 "I• 

o-~o---::~-~5----5,,,-~~o---:,~~~o-6~-- --·· - _________ ., _______ __: __ ·---- -·-·-------·::: 
1 . o.oo 139,50 444.50 ::1. 

----·-·- -· ------·--- -- --·· ----- ---- --~--__._ ____ -- .. ----~-------...-----~ ~ ----- ------------•"' 
,0 

= 5g2.4(l ::1e 
---- . -- ----

.25 .oo .01 592,40 
0. 256. 28. 592. 40 

"\:J \I ,\I a; ; 

,,, . 
" o 9-0---- -·-,;-035~--·56 a-;-90---·30 o-;o·rc-----

1 o.oo 144.50 444.50 ''1 
:;1 • 
·,, ---- ..,. ------- ___ .. ___________ ...,...._..., __ - __ ....., .... ·-·- --~-·-- -~ ... -- -

TARGET= n,o.ooo 

',r,i' 
1,1 

l-1• 
..............J" 

I
., 
.. , 
.,\ . 

-:-·c:1~--- ---·-· , - ;:·o·o 1 .. • ---·~-.... ~.~ 0~1-~·a·3-;-0 10......j-,..-·-- - .,,...........,,_ .......... ..___..~....._"' ..... __,_ ... _..... ..... ___ . ____ ..........,_,...... - .. -

o. 256, , 2B.· 100000,00 
• 
I.:. 6!:i70. 

,45. 
0004',? ... 

0 •. 

0 .'O O · 
' ' 

6570 •. 
,. 4.~· 16: 

1, 
. 0. 0 0, I • 050 

1 

1579. 
' .-035 · ,090 .035 · 56S.90 .1000.05 ,, .. 

1,: 

U II ii 

•• -; ,, 1 n 1111 140 C:F, 114'l F,0 I 



• 1· I" ',• I -• 3470 ENCROACHMENT STATIONS= • 0 675.0 

I 

TYPE= 1 TI\RGET= 674,999 • 0 • r ~ ,;1,,;;HJ.r-1-a-U·a~, 
' 

·ROIVl---M·H:-l:;----5-T·RE·E-T -8 R+D GE- ---eRO S S-S EC·T-I·ON- -----· ------ ·7 

• 
• 

:• 
l I' 

• 
• 
• 
• 

' 
' 
• 
' 
' 
' 
' 
• [,, 

" 
" ,, 
" 
,s 

" 
" 
" 
" 
,0 

1,52 9,86 
:'..5-1-(h ' V 0 

,66 o.oo 
.000374 2400. 

SECNO DEPT!-i 
,.__Q QL:-OB 

TIME VLOl:l 
SLOPE XLOBL 

:-!'18<+0-A-G H E-B-1 :-N--R·H,H-T-0-VEf<B·A ,-,K~T-0-R·A· I-SE ----w A T·ER-s l:J RF A·C E:-tES s-· 

"H M,,-.-1-F--T-. 

583,76 o.oo 
61-,9 9 • ....·-1-.-

3.03 ,41 
2330. 1700. 

C l•ISEL CRHIS 
cie:, llR0B-
VCl-l VROR 
XLCH XLOBR 

_________ ... __ 
o.oo 5d3,91 ,14 .95 ,O 

-----41 , 2-1-44-,-- --1·7 3-,- -----3 5 9. 4-'4 
,090 

2 
,035 ,070 .035 573,9 

0 1 0,00 491,7 

WSELK EG ___ HV HL __ OLOSS 
--------/1 l:i'JB--· -A CH A-R 013-------·v 01.: ·- T NJ\-

XN L XNCrl XNR WTN ELM IN 
I TRIAL IDC I CONT CORAR TOPWJ 

4 583,80 

• 5-1,2-;·4=0 
0 165,09 
9 656,88 
- ---- -.- --- ---

BANK ELEV 
-cEFT'/RTGflT 

SSTA 
D ENDST -

---

---

----· 

-

a1 

• 
" I,, c"-34-7-ll-EtlfGRO A-GHME·N-T-$-T-1\-T-I--ON S - 950-.C ,-----· -1-?.·l·B. o---T-Y-PE=----1:-T·A·RGE·T=--- --2oa-;·o 0 ~---

" G SOFT. o.s. FRC M WEST RIVER ROAD BRIDGE ,. 
_,..._ ---------------- ----~- --

• " 1.90 11.24 584.44= o.oo 
" 6570. o. 6567. 3. 

o.oo 584,59 ,14 ,68 .o 
o. 2179. 7. 463. 62 

0 584.20 
582,20 • 

• 
" .-8-5 e .-0-0 3 .~O-! • 49-
" ,000310 1'300. 2000. 2200. 
" 

---.-o q O • 0-35----.0-9-0 - --;;--o-35---5-7·:r.2 
2 0 1 o.oo 268.0 

0--<J S-ll-;-0 0 . - --~--
0 1218,00 

tao \-------------------------- - ----- - -

•1: OVERBANK 

J1IIJ,. 1,91 .JS 6570. 

AREA ASSUMED NON-EFFECTIVE,ELLEA= 590,60 ELREA= 592,00 
----------------- -----~-.--.· ----- -----~---- --- ---~------ ----

11. 1 S 584.45 o.oo o.oo 58<t,61 .16 .02 • 0 1 590,60 
0. 6570, 0. o. 2023. 0. 465, 62, 592,00 

·: . 

" 

Lil ~ • 
• 
• " ' 

I" 

" 
" ,., 
" " ' 
• ni , ' 

,I 

" , 
' nl 

" 
" 
" "I 
" 
" 
" 
" 
" 
" 

"I .,, 

• 
• 
• 
• 'n :J 

• 
-
_________ ":. ,. 

, .. 
:,,.,1 

"f----.-S-5--~ 
" 000351 

·,-0-{ 3-,-2-ci--- o-.-o o • o 90·----- -.-o-a-s---- • -. o 9o - ----. o-:i5- -5·7 3 .-3 o-· - -s3s-.,-o a--- --- --- · ---- · ------- --- -----·---~---:'• 

-
-~--:'.[ •

I • 

'" 
49. 49. 49, 1 0 1 o.oo 240.87 1075.95 

IJ9I =:-_____ :__ 
•1]3265 DIVIDED FLO\~ --·· - ............ __ _.__ _____________ _ 

4~1: 
• "NORMAL BRIDGE,NRD=41 MIN EL TRD= 

"' 
587.60 MAK ELLC= 589,bO 

J'[I' ,_ _______ _ 
t.'I J 46 

----------~ - - -
. --- ---_ _. ______ _ 

•1::f-1o_v_E_R_B_A_N __ K_A_R_E_A_A_s_s_u_M_E_D_N_o_N_-_E_F_F_E_c_T_I_v __ E_,_E_L_L_E_A= _______________________ _ 590,60 ELREA= ------ ---· _____ ......... ,.., ........ _______ _ 592.00 

.. 
• ~o H NEST RIVER ROAD BRIDGE - BRIDGE' AND BRIDGE ?IERS ARE 

::1e 
,! 
:·\~ l 1 ____ ____:J. 

1,.1 
", 
;e' ". ____ ,, 
',,1 
"I 

- --- '1• . --~~1~~ 
,:;t• ----- •;•--------- - .,. _......,._ .......... -~ _.., .. ------ ...... , .... _, _________ . _______ ,......, -- -----.---- ..... - ..,_ __ , __ ~,-· ,, 
;,,r'iJ j ,: 

.f,- SKEWED: Hl•Jl-1 583.49,t, 0 RIL,1976; H11'M 583,32, dlJLY 1, 1976 
1 .. ~------------------------------------------- -- - . --· . ··• ... ---·· - . --------. -··-- ·- ---· -- - - . ·- --· --- - - -

ei" INTENSITY OF STORM-lOY·~. ,, 
11i~j rl .......... ..,............ ... ..-..... --....... ........ ...... , .. _ 4

: ............................. ~-·----· ·-•--......,. ......... -· • ·-- • ·-··· ...... -.-· ... • ·-----·--·--•·•--<--~ 1-·---··--· 

1.91 11.14 584.4- o.oo o.oo $84 0 62 .1a .uo .01 s~o.6n 
• 6'570:. 0,' . 6570. , O,,,• O., '193!). o. , -b5. 62. 592,00 

' ' ' '' ' \ ' ' A'i n n·n '' , ,q n nn n;,n n,n n::>n- 11,., <;7, ,n ;,.,"' 1 n I 
I I 

,~t ' ,. 
------- ... ~---·-··~ ,:,, 

'I, I. 

,., 
I. 
114' 

, .• 
b, 

·• 



• .000478 1. 1. 1. 1 0 1 -.26 233.40 1075.93 • 
-• 3265 DIVIDED FLOW 

1 'l ii .• • 
•f1NORMAL 8RIDGE,NRD=41 MIN ELTRD= 587.60 MA~ ELLC= 589.60 

----

i:1• ---··- ---~-j:I ,' 1! ~j4 

•I: ovERBANK AREA ASSUMED NON-EFFEcTJVE,ELLEA= 5~~_EL~~~-=- __ _ 592._oo__________ ----------------~-------------------,l\• 
•I• 0.00 fl.(lfl 584.64 .11:! .02 .oo 590.60 'i• 

o.•-----c:- o. 1941. o. 467. 62. 592.00 _______ :.; 
11.16 584.46 - - .. - - - - -o. 6570. o • 

• oo 3.3-6-
35. 35. 

-o .u o • o-~ • o 3 o---·· ---; 020--- -;-o 3-s--s,3-;-3 u--a-:rs-;-o-& - l'l:L1! ,I 
35. (I O 1 -.33 233.46 1075.96 "1 • . " ,, 

l::1---------------------------------- ----- ------- --- ~ -- ----------------- I] 
·1 ·'1::: OVERBANK AREA ASSUMED NON-EFFECTIVE,ELLEA= 59,).60 EL:_::_~---·-·· 592.oo ___________________ _,1:j:• 

•j V .::1· 1,92 11.18 5!:l<t.48 o.oo o.oo 584,64 ,16 .oo .oo 590,60 '. 
". 6570. O. 6570. O. 0, 2026., ___ O. 467 0 62. 592.0U --------------------,1" 
1----~,-><85----f).(}O 3. 24---1)-.-00 • ~-o • 03-S • 09-o----. o-:35--573-;-:lO--S3::,. o- , 

" .000349 i'. 1. 1. 1 o___ 1 o.uo 240.94 1015,98 _______________________ ____,lj• 
" ' ~Jjj 

" .,,, 
SECNO DEPTH C~ISEL CRI 1~S WSELK EG H\I rlL · OLOSS BANK ELEV ,, • 
Q QLOB ACH QROB 4LOB ACH AROB VOL TWA LEFT/RIGHT ________ -----;'• 

. -'f.-I-ME Vtfli3 VCH VROa-·---)(N+----xr-1CFf•- - XNR___ ··wTN- ----EDWIN'··--- -SSrA-. -- ---- - . --- -- .. ,,J 
•1" ,.1 

~ I 

•
f,i SLOPE )(LOBL XLCH >iL08R ITPIAL JDC !CONT CORAR TOPiHD ENDST i''j• (i , 

Al, .,.rtl --------- --------- ----- ---- -- --------- --------------.::1 
'•1.3470 ENCROACHMENT STATIOMS= 950.0 1224.0 fYPE= 1 TARGET= ____ 274.000 ____________ !~· 
•1 ",: REPE.1\T OF SECTJO\J G J. 

" --- --- ·---------------~" 1-------1.-9 2--·+-1.2 2---5-B 4-. 5 r---o-.-o o- --- o-;;--o o---s!J-4~ 5 · -----. 1·ti- • o,i-----. ·0-1---s-s-4-;2 o ---- ------ · - --- - ,. •,
1 
'I' 1 •:1" 6570. o. 6561. 9. o. 2197. 19. 468, 62. 582.20 :, .... 

" .86 o.oo 2.99 .47 .080 .035 .090 ,035 573,30 950,00 '•'; 
" --- --- -------------;"I , --.-ooo-30-1---1-5-. -- • 1 • 2--- ----t1 "-------1--- -o-.oo-·-z14-,-oo--·-1--z24.-o·o-------- -~--·- - ,, 
"' I 

'~l1·~,rn rnrnoACSME" sm,o,s, --;:;;;;:; sso.o ~~;;~ --1---:;~RGET: 

....... --------+----5·1-5F+.-u.s-.-FROM-WE-S·T-Pl r-VER-ROJl:O"tlRWGE ________ _ 
;431 

•!r:"1 

2.02 11.46 581.,66 o.oo o.oo 584.81 

• /:, s:~;- o. ~~ ~~~---- -b:g·~---~g;·· - z-~·i;~ 
. .uoo·301 soo. 51)0. soo. 1 o 
'" : ' ·",_ • ...,.,.. •• '"i' 

:111 

• i" 
ii i()t;l•326 5 - ·0·I-V·I•DE0 · F t:0W .~,, 

.is 
-·---- 7,). ----

.090 
l 

,15 
-- 492~ 

.035 
o.oo 

256.000 

.ol Si:39.40 
·os•.-·-rooooo~oo---------- -

573.20 414.32 
240,02 654.33 

sol 

----~1 .. ·• ,,f 

"' 1:1• 
------1"; 

" 1:• ., 
.---,,,_ '} 'i ;1 ------ ------ - 1:·1• -- - ,~ 

-
_'t •·• r ·-1 . .. i:1• 

Is, ~r i;J---l-8 OFr-.~ih-S-.--F·ROM-T-HE'--MOtJ-T·rl-OF-V·11:N· -E.·T-TEN"•Ci<EE:-K ··-·------. ·- -------·- I'.] 
.• ' i,,. 

1 ' ' ' jt,-
' -'-------~------tH·Gtff-Bll·E-R8-ANK-ENe-R0;!\CtlE·D-'f·O-Et--I·M-I-t<l•A"f·E··0-1v·roEo··n::o1,-·------·----------··--~------ 'l'J·' 

hJ 

• l ' 
' ,; 

("L.-."'IT Uf-!f:-

' , h 

• Ti,l ,Jl\1'!::'P t:'itOr.:'/'lf'I:"' I 1:"'Ct:;: ' TI.JAt-.1 1 i:"T 
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• •••• 7000 SCOPE 2.1 LVL 221 02/05/77 12.00.12 02/18/77 77049 

_., SYS DEVICES 819/ 4/PF FLS=200K FLL=764K MX5=160K MKL=457K MX8=4579 

6 HJ4.W.1,-S-S-G+'-lJ-SE-GOND-G~cI-G-I-•N------------- ---- -·- -----·-· ·· 
' 13.57.20.MFA. :: 2DPPU CB~73 e+~ LYN ECS-2CP0S R.D 08.12 

-~--- --- --- --- ---- - --- ---- 0 

•• i: ; j 

1• 
" . I, I • '13.57',41 00000.012 "'1FZ. -OSCJ048,Tl.0,CP70. T,~P OF OSCOllA 

.J !II'. 1-3-,-5'1'-.-4-l.-O-O O O-O-.O-l--3--,;rA • G-rl·A·R 6E.B 1 (I - 0 0-3·7 -4·5-'7-B-5 548 , ~j A l~DA·, o·o 1-,-0-, -;:JI\ ND·J,-; -·- -- --- -- · - -· · -- ... -

.I 13,5El,13 00000,055 JOB, -ATTACH(HEC:2,HEC2PROD.JD=MULLAI-Jl 
---- ---- 1:1 

'13,58,16 00000.060 MFZ, PF254 - CYCLE 1 ATTACHED FROM SN=SYSTEM 
-3,SE~d-t.-0000-0-.0-f,-l-j::-OD, IIE-e-2-(-Pl:-=99999·>-. ---- ----- · · - ·-------··-·--- - ------

•

· 1: 13,5€1,23 00000.474 MFZ, LD61I) - FLS REl-)U!REO TO LOAD - 0025222 OU .. COG 
13,5€1,23 00000,485 MFZ, LD603 - EXECUTION INITIATED OS.EXP 

' l-3.-5-€1-.2-3-0 0-0--0·0.4·85-l:J SR • F O R·T·R·m\J-t~I-SR1l;RY-2-i-1=M O o·rF IE 0--0-311 6·/7 s--· -----.--

1
" 14.12!,20 00001,411 USR. STOP 

----
,1. 

- - :I 
" 

------~-;;1• 
I": \I j.~ 
l~i 

• "14,12!,20 00001,411 US'l, .925 CP SECONDS EXECUTION TIME 
"l-4-,-l-2!-.-2-o-ooo-0+.-4··1·4~MF-. RWf-7-0-----M·A·X·JMUM-ACT-J"VE-F·ILES-·-·- -----·- ·---- ·3 ··---- --·-- --- - ·---
,, 14,12!,20 00001.414 MFZ, RM771 - OPEN/CLOSE CALLS 16 

---~---··----- - I" I. --------- ···" 
' ,.. 

•I" 14,12!,20 00001.414 MFZ. RM772 - DATA TRANSFER CALLS 2,472 
•: 1:i,'' l-4-,-H:!-,-2-0-0·00-0-l,4··1:4-MF-Z. M-1-7-3----c~)N-T-ROl::/POS·r T·IONING ·cAL.:L·s--- ------ - ··12··--· --- -----·----. 
· .. '/" 14,12,20 00001,415 MFZ, RM774 - FJ"'1 DATA TRAl~SFER CALLS 316 

••I• 
---'·1 

" 
• "14, 12!,20 00001,415 MFZ, RM775 - FJM CONTROi./POSI [IONING CALLS 53 

" 4-.-l-,!-.2--0--0-0 0·0-1.-4·1·5-MF . , -R M·7-7·6---·@t-JEt/ E-MAN A·GE-R-c·A tc-s--- - ---7-----
" 14,1,!,20 00001,415 MFZ. RM777 - RECALL CALLS 49 

•I" 14.1,!,20 00001.415 MFZ, B\,Jl4SG - NUMBER OF Tl,PES ~,OUNTED 
"1-4.-li!-.2-0-0000·l.4·1·6-MF-7, -sRu-------- - ---i--,675 --sRt:J··--·- --- -- - ----··· ---·-- -----

·I
n 14,12!,20 00001,4-16 l~FZ. SCM 54,281 KWS 
"14,12!,20 00001 0 416 MFZ, I/0 0,0:?2 MW 
'" 14-.+2.-20--000-0-l-.4·1-7-MF-Z. MS--------------·-·0--;-023· ·M"v1s- - --- -- -- --- - -·- - - - ···· -· · 

• 
"14, 12!,20 00001,417 MFZ. USER O, 731 SEC 
"14,12!,20 00001.417 MFZ, JOB l,'+-19 SEC 

i ·j J:: 1-4-.-1-21-.-20-0 o-oo-1.-41·-7-MF-'Z.---------se-os o-- o-o o 020--s c-11.·c - s1•1 At"s -----
•,. 14,12!,20 00001,417 MF?, OSCJOll OSCdOll 

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

• t; 
i------ -- - - ----- --- -- . - - . -- . 

H 

• 1::: - - _____ , __ , _______ ...., ____ ~---- -- ..__ -- _._ --- - ---- ---
'3'1 

;il.1 I • 

:, 

-- - -- --------
_______ •• I• 

.:~Si 1A 1,I 

_______ __ji:~1• 

--- ----- -

J' 

,'.;! 1• 
b,1 -- -------- 1:ill. 
1,,I 
". 
'.'1• .. _______ - ,,.•,1·1 I 

!:.1 • 
__,_., -~---- "' ~1r 

"'' s1:l• . '"\ --- ____ .............._ _____ _ 
,.1 ---------------------------'.)~::.or ------.. -~-- --·-••-. ··-- --- ---•-.--,-,------... ------·--,.--------- .----------------1~~1i 
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• I" 
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• • '11 I 

t~ 1 a:' * ** *-lt--1!- *-I~ W ~****-II- -II-** ,i:. * -1} •::- ·U· i} -.1' -l!-•:}'-1:•-il--r'r * -II- -I}-::• -l!--11- -;;- -1:--1:- -::- -1:- -:1- -::• -11-

• HEC2' VERSION UPDATED ,JAN 1976 

" ' 

~.·•ERROR CORRECTIONS Ol,02,03,04,0S,06,07,08,09 
, stOfttF'·tc7rT-J"ONS-5"2"f5 3~-4,55,so,'5"7,S-O'--,---------------

' ' ' '.' 

'. 

• 8, 

• a,** Q ,Q -t2',U.i1-.U.*-11--ll--11'-* 'W'-.'1 ** -I} -II-* i} w -,:.;~ * ·1'·-11- i:•*il- ~- *'11- .'._ .. ii- -II- ~-:--11- -If.;:- -1:--11- .;:. 
I ' ' 

I' ,. 
1----------------------· 

•· ---------.--· ···---
O~CODA TOWNSHIP J&A FILE NO. 5555-4A-l RD~ALD KOWALSKI,PROJECT MNGR, 

~O YEAR FLOOD 
' ,, .• 

~--itt,SM3cr-Rrv=----------- ·--------------------------1::j 
" 

[CHECK INQ NINV !DIR STRT METRIC HI/INS 
, ..• 

__ o:.._ ___ __;:_W::,SE::::Lc:.._ __ _:..F..:::Q:_._ ________ __;. _________ --1'.'.I 
,· ... -o. 2, -o. -o. -0.000000 -o.oo -0,0 -o, 580,600 -0,000 ·• r hs 

1-jz-NPl'<O IPtOT PHFVs----x-sEcV )(S1:clf FN -- lt[LDY-" 
----::c;c-;:----- -------------------~" IBW CHN"fi.1'' !TRACE "i,Jj,. 

I • ' . " -0,000 -0.000 -1.000 -0,000 -0,000 -0.000 -0.000 ___ -_o_.~o_o_o ___ -_o~._o_o_o ___ -~.ooo •• " 
" ."'J3 1,000 10.000 11.000 12,000 1.,..000 
,, NC ,070 ,060 ,035 ,300 .500 

lili k , ITT"" __ _,4. 0-0-0-5 0-1·0-;o Oll--6-i-o o·.-01:ro•·-~5sTo-:o·cr1Y·- ··1711r;;-o·oo--

:, 
s.ooo 4.000 -0.000 -0.000 -0.000 , ... 

- o • o o o __ -""o'°'":..,o""o~o:-___ -...;o:..:•:..:o:..:o~o=-____ _:-~-.Q.. o~o~ ----=-~o_..~o~o~o,___ _________ ----<,,, 
-0.000-- -0.000 ·-0.000 -0.000 -0.000 "' 

"' .a •• ,Xl ,001 21,000 0,000 lQ0.000 0,000 0,000 0,000 -0.000 -0.000 -0.000 m 
" 11<-s-a 6-;-2 o o o-;-oil 0,-...--5-7·4-;;-20-n-- -- -o-. o·O'o-- -- - S7 4 ·;q:-o o -- -·- ··-ro :o-ull - · -- 5 12·:s·o·o-·- ·-2-0- :·o-o o ·• - - -- $-6 1 .--6;..o.;...o:...----3;..o:..;.:....o'-o'-o,-.-------------,, 

I,. 
• ,.GR 566. 100 40,000 566,500 so.ooo 566,500 60,noo 566,4-00 10.000 566.800 80.ooo • 

nGR 566,900 90,000 566.BOO 100,000 566,600 110,000 566,600 120,000 567,000 130,000 ; 
,. 'R 56-7-;-30 0~1-4-070-0 o 5613-;-ro o 1 :,o-;-o1J7 55-g-~7-·o-u-·----r60-;o·uo·---5·7o,;s-o-o 11-0:-0 o o-·-""'510. 800 180. o o o ,,11 I 'I 

• ,.GR 586,100 190,000 -0.000 -0.000 -0.000 -0.000 -0,000 -0.000 ; -0,000 -0,000 :::. 

"' --------~------------"I 
.,,GR 586.400 0,000 578,30J 20,000 577,100 30,000 571,100 40,000 566,600 50 0 000 "• 

,, x 1 • 20s 1-.,i-;-0-0· -o-;-oo-n----9·0-;1nro--r'r01i-.-o·oll- --1Tu-o·;-n•ou-. -Ti ·lro·. o-o·r----"'o-. ooo - --o. oo o -o. o oo •~· 

,,GR 566.500 -~ 60.000_ --~565.800 10.000 566,400 --~ao.ooo 566,800 90.000 566.~•~1~0~0'-_-~1~0~0~·~0~0~0'----------~:. 
r, ff~ GR----566.60 o- 1-1-0-;-o-oo- 560-;s-o-o---i-2•o·;u·oo---sHo.2·011- :-3,r;-nllll st,o.7·0-0~-- r-.o-;; oo o 567. -.o o 150. ooo , 
•~••GR 570,500 160,000 573.700 170,000 574,500 180.000 586,200 190.000 · -0.000 -0,000 :1. 

-----------------~•.•1 ,,-x- ,388 51";·0-0·0--1-5-u·o-;-o-o-o r751·;000·-------950-;;o·oo· ----950·;00·0- ---,;so~o·oo --·--•---=-0.0-00-··---- -o:Ooo -0.000 , 
• I,. X 3 - 0. 0 0 0 - 0 , 0 0 0 - 0. 0 0 0 15 2 0 , 0 0 0 - O • 0 0 O 172 0. O O O - 0. 0 0 0 - 0. o O O -0. O O O - o • O o O '' .• 

~GR 586,900 0,000 586.800 100,000, ___ 587,100 200,000 584,600 300.000 585,000 400 0 000 ~ "[GR 5 8'4---;2 o-n-:--s-o'0-;0-0 0 5 s·q:-;;-11ro·---6lJ 0-;'(Jl)ll '58-S:-Z,if( 0 0 , 00 o-···-sa9 • 8 0 0 _,..;7;.;5;.;9;.;.~0::..:0;.0;:...... __ 5;.9~0 .!... :;..o ,:.0 -'!.0--~s-=-o~o ..... -=-o"'o-=-o-------------," n [ 
... GR 585.100 836,000 58 1h400 900.000 584,600 1000.000 586.100 1100,000 587,100 1200,000 ~i• 

.,
1
GR 586,400 1300,000 586,600 1400.000 585. 700 1500,000 :581. 100 1505,000 579,500 1520,000 ", 

.. ~5-1-1.:,0·0--1-s-t+·o-;o·o o 51s-;;-.; o o 155u-;;iru o 5 1 :r.s·o·o------i-Stl-0-:-00-tl------;;-61-;soo·-- ·150 a. o o o - s11. 1 o o - 160 o. o o a ,, 
• .,/GR 571,800 U;,20,000 570.5u0 1640, 000 567 .500 1660. 000 565,900 1680. 000 565,900 1700,000 !:: • 

JGR 572,500 1710,000 578.800 1720,000 581,.400 1740,000 586.400 1751,000 586,.~7~0.::.0 __ 1800,0Q_~O-----------~ 
111: I "'GR--5-95--;-9 o·o-r9·ocr.o-o-o :,as-;su o ·0-01>-;o o o sa~·-;soo -2roo.1io o =>837000.. 220 o. o a o 583. o o o 230 o. o oo "' 
• .,GR 563,600 2400,000 586.700 24-50,000 586.soo 2-.1'.:!.ooo 582,300 2500.000 583.ooo 2600.000 J:'.e 

.GR 583,300 2700.000 583,700 2800,000 583,500 ~900.000 583,600 3000,000 584.000 3100.000 '• 

., ,R--5-a-4-;-7o 0-120 o-;-~rou - -;-a-era -o~·o-o·o -o. o·o-u- --- ·--·u-;1ro·o~-----o: ·o-o--o .::·o·;cfcio- -o. o oo -o. oo a:-· -,·--, . 
• .,Ne ,050 .050 ,035 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0 0 000 ::. _______ ,, 

l
':'.n,1, ,. " "x---.. ----. 39 62·;-cro o--i-s·ou·.;O'olT- --173·0--;o o o- -----·s-9. o·o o - - - - '3'9-; o·(ni ·-

• 
GR 587,600 0,000 587,600 100,000 587,700 200,000 

.GR 587,400 500.000 587,500 600.000 588.lOU 700,000 

-·sg,lfoo· - --"-o;ooo ·----o.o·oo--·--0.000 
587,600 300.000 587.400 400,000 
589,000 800.000 590.700 900,000 

"GR 5-q-2-;-10·0--1-00070·0·0---5-gs-;-s-ov---1 ro·•-.-,rno·---s·gir;;-1 ov -· ·· 12·0·0-: ooo 

• 
l,.GR 604.800 1500.000 605,400 lS00,000 59'8,200 1500.000 

· ---6 iro •--s-o·o· -··TJcftr. aero--· · ·· - 6 02·. eo a 140 o. a o o -------,f~ 
·" 

1.,,GR 590,800 1527,SOO 579.600 1527,500 579,50i.J 1530.000 
I'. I, I: ~~5-1-2-.Boo--1·5-7 2·.;-s·o·o-····- 5·T2-;-so11--rsr <~-so o -· 5 1 2-;-To·o- · · · -15'74. s ff<f 

GR 568,900 1610,000 566,600 1630,000 569,20U 1650.000• 
- , .... ~, · · , ~ c-, t: "n c:,i::o Qnn , ~~7 c:nn C:7n Rflfl 1 f,70 nnn' 

59.s.100 1:So6.oaa s9a.aaa 1522.500 
1
::e 

576,300 1550.000 573,000 1570,000 , 
-s1,t~·3·cro•--· -1 :51-,,-: s·oo·-- s'1o;.-1 oo 1 s--·9--'o:...:.=--o=-o;;_o.:...,_ __________ JY 

569.600. 1655.500 569.600 1655.500 
575 400 1680.000 579.300 1690.000 • 



"r _.,~,1..,_uu J. I '.J l.. • _., U 'u ..,., ~• '.I D '\,) IJ '- l.lUl..•-•l.ll/ 
' • GR 605•.'400 : 1730~'000 604'.900 17~• 0.000 

GR 595 1, 700 2100,'ooo 
,, 

393,100 2200.000 
GR 588.000 2600.000 587.800 2700,000 

-• GR 587 ,500• 3100,000 587.'500 3200.000 
NC ,020 • 02 0 • 031) -0.000 

6 

_,, : '',j • ':;.\ u u ..LI \JI • .., ,.HJ I ->;-:•~,e.LUU .lf'-''telJUU ...J';: Oe'-U'U, J.f_,oUeUUU 

6,0,3. 20 0 ·1eoo. odo. 601.100 · 1900.000' 598.400 , 2000.000 ', 
591,100 2300. o·oo ,. 589.600 2400,000 588.500 2500.000 
587.60·0 2euo.ooo 587,600 2900.000 587,400 3000.000 

-u.ooo -o. o·oo , -0.000 -0 .• 000 -0.000 -0.000 
-0.000 -o.ouo -0.000 -0.000 -0.000 -0.000 

•I. 

,. , 

8 

• ~Ii\,: 
I • __,.. ................ 

I' • , Xl .400 62,000 1500,000 1730.000 1,000 1.000 1 1.000 -0.000 -0 0 000 -0.000 
:, BT 38.000 0.000 587,bOO 0 0 000 100.000 587.600 0,000 200 0 000 587 0 700 , 0 0 000 

'i- \. Ll. B'r~-3 o o·; o o·o--5·sT-;-6·0·0----·o-;1ro~--4-u·o·:cro 0---5 BT; 4'o·o · - ·- -·--- ·o-: cro·o·-- ·-50·0--;·o·oo--·-s·137 ;-,;-,y,r·---- ... o. 000 ______ 6 o o. o o o --·---· 

• , BT 587.500 0.000 700,000 588.100 0,000 300.000 589.000 0.000 900.000 590.700 '·• 
, BT 0.000 1000.000 592.100 __ ., 0.000 1100.0:00 595.500 0,000 1200.000 590,100 ·o.ooo -------;i 
, s-r--1-3 o o·;-oo o~-ffo ir.s-o·o o-;-01ro · ,;co-n-:o-u-o o0-7.'ffo·o-· • ·"·-o: ·,foo·-·-rsoo. o o o 6 04. ITTro o. o o~· 1:, o o. oo"'o"-------- ,, 

" • , 8 T 6 0 5. 4 0 0 6 0 0 , 6 0 0 13 7 2. 5 0 0 6 O 6, 1 O O 6 0 1 , 3 O O 15 7 4. 5 0 O 6 0 6. 1 0 0 6 0 1 • 3 O O 16 5 5. 5 0 O 6 0 6. 1 0 0 1::' • 
• , BT . 601,300 1657.500 606.100 601.300 1730,000 605.400 600.600 1730.000 604,900 0.000 a 

" a , nriro-;-0·0·0---60'3-;-z 01J ;-o·o-0-----c,:i-o,r:·00·6- ~crr:ToT- - - o. o o o 2 o o o. o o o 59 0. 4 o o o. o o o 21 o o. o o o " '. ·! [. 
H ' • 

.,,BT 595,700 0,000 2200.000 593.100 0.000 2300,000 591,100 0,000 2400,000 589,600 .,. 
,,BT 0,000 2500.000 588.500 0,000 2600.000 588,000 0,000 2700,000 587.800 0,000 ---·--------<" 

" I
,, .-2-so·o-;-o·o o~sa-1-;·6011 o. all o z-9·0·0-:-0 oo se 7. oo o · o :-0·00--30 oo. o o o 58 7. 4 o o o. o o o 31 o o. o o o 

• ,.,BT 587.500 0.000 3200.000 587,500 0.000 -0,000 -0,000 -0.000 -0,000 -0.000 ' • 
• \,GR ~01.600 o.ooo ___ 5B7,6oo 100.000 5&1.100 200.000 se1.600 300.000 587.400 ___ 4~·0~0~•~0~0~0----------~:, 

l;[i'f" GR 5 8 r;-4'01)-·5·0·070·0"1J 5BT.'5'ITTi 6·00, 0 0 0 :i 88"-:-i 00 7 0 0 ~000 589: 0 0 0 80 0. O O O 590. ·foo 90 0. O O O " 
.,,GR 592,700 1000,000 595.500 1100,000 598.100 1200,000 600.500 1300.000 602.800 1400.000 : • 

,,GR 604,800 1500.000 605.400 1500.000 59d,200 1500.000 598.100 1506.000 590.800 1522,500 • 
,, fl 59·0-;-B1ro-----rS2r.-51lo s /9--;EolJ f5?T. soo 579. so o 1530. o o o 576. 3o o 1550. o oo ~- 573·. o oo 1510. o o o 

• ,,,GR 572,600 1572.500 601,300 1572,500 601,300 1574.500 572.300 1574.Soo 570.100 1590.000 :~. 
" 

,, GR 568.900 1610.000 566,600 1630.000 569,200 1s,o.ooo 569.600 lb55.5oo ___ 601.300. __ 1..Q.5~._s_o_o _________ ----a" 
,, .., su-1--;Toll---r55-r:soo-:r69-:·ao o 11>s·1·:so o 5··1o-:-~ 1610. o o o---- 575. 4o o 1600. o o o 519. 30 o 1690. o oo '" \ -.. 1 

• ,GR 
,GR 

130 ' ~· i.. 

581.200 1702,500 590.800 1702.500 590.800 1707,500 598.100 1724.000 598.200 1730.000 ... 
605.400 1730.000 604,900 1730,000 603,200 1800,0UO bOl.100 1900.000 598.400_., __ 2000.00Q __ " 

,.s-..,~--s-9s;,o O 2TO'U-;-Q-Oll 593. ro O - ~200. O O O --- - ~91, 1 o O ·- -2300. O O O - - 589. 60 O -240 0. O 00 - 588. 5 O O 250 0. O O O 
• wGR 588,000 2600.000 587.&00 2700,000 S87.600 2800.()00 587.600 2900.000 587.400 3000.000 ~:. 

,, GR 587. 5o o 31 o o. o o o 587. 500 3200. ooo -o. o o o ____ -Q !. oo o -o. o oo -o. o o o -o .• _o_oo -0 .• ..Q,o_o, ___________ 1,., 
lil~,. 
• ,, Xl 

30 X2 
, C 

,411 
-0.000 

• 5·0 

-0.000 -0.000 -0.000 56,000 
-0,000 -0.000 -0,000 -0.000 

• su--------:-ITT~s----~o~o oo - - u • o o o 

56.000 
-0.000 
-0.000 

56.000 
1,000 

-:.o.ooo 

-0.000 
__ -..c.o • o o o 

-0.000 

-0.000 -0.000 
-~o~·~o~o~o ____ -~o.ooo 
-0.000 -0.000 

" 
" ". " 

• ~Xl .412 62.000 1500.000 1730,000 1.000 1.000 1.000 -0.000 -0.000 -0.000 ::,• 
,. GR sa-1-;-s-0-0 o-;-o-1Jo 5B7:-61J o·--·-roo-:-00~--sar:10 o 20 o. o oo 581. 60 o 3o o. o o o - 587. 40"'0'----·4-o--'o"--.... o"-o"'o"-------------,,, 11 :: 

• ,.GR 587.400 500,000 587.500 600.000 588.100 700,000 589,000 800.UOO 590.700 900.000 ''• 
,.GR 592,700 1000,000 595,500 1100.000 599.lDO 1200,000 600.500 1300.000 602,800 1400.000 : 
,;GR 6,r4--;-e,ro--1-s-o·o-;-o-oll 605. 40 o r5ll·o-.'1ro·o-- -59a·.--,to·o- ··-·-Ts·01f.c1·uo·--·-;·9a:·1cio---1 so6. o oo-·-'s9o. 00_0 ___ 1s22. 5o o 

• ,.GR 590.800 1527,500 579,600 1527.500 579,500 1530,000 576.300 1550.000 573.000 1570.000 ::\. 
,.GR 572.600 1572.500 572.600 1572,500 572,300 1574.500 572.300 1574.500 570.100 1590.000 I 

H'/1., GR ssa-;-9·0·0--r6To-:-cro·r·~oo.6lr!l---ro'.3·o--;-oorf So 9. 2·0 o H,5o. o o o 569. 6 o o -165...:5.::.-=s..::o..::oc..... _ __;5:...:6...:9"'.'--'6'-'o'-'oe--....:1:c.:6::..5;;..5"-"-. 5"-"-o=-0-----------1:; 

• 
,,GR 569,000 1657.500 569.000 1657.500 510.000 1610.000 575,400 1600.000 519.joo 1690.000 '·1• _j:: ,,GR 581.200 1702,500 590.800 1702,500 590,800 1707.500 598,100 1724,000 598.200 1730.000 __ _ 
., GR oos-;-4·0-o--r13·0-;-o·o·o btf4--;-<To o 1130--;-ooo-·-~3-,zoo 1 Boii71JOO --6·01. 1 oo 190 o. oo o 598. 400·· 20 o o. o oo " 

• ,.'GR 595.700 2100,000 593,100 2200,000 '391,100 2300,000 389,600 2400.000 SBcl.500 2500.000 ::. 
~GR 500.000 2600.000 se1.000~_-2100.ooo ,:;01.600 2eoo.ooo 587.600 2900.000 587.400 3000.000 • 
.. ·GR--sa1-;s-o·o---:3ro·o-;o·oo 5ITT:-s-oo ~fzoo.ooo ::o:ooo· -0.000 -0.000 -0.000 -o.cioo -0.000 ~"kl.I 

35 61 ' • .,NC .090 ,080 ,0. -0.000 -0.000 -0,000 -0,000 ·-0,000 -0.000 -0.000 .,. 
B _ 64 

"x-1--------;-4-i-s 51-;-o-o-o--Ps-o-o-;u1To TIT;;·mro- ·s-;;-o·oll- - -·- -rs-:-o·o o 1 5: o o o - o • o o o - o. o o o -o • o o o ,,; 

" 

• 
,,X3 -0.000 -0.000 -0,000 1521,000 -0,000 17?.3,000 -0,000 --0.000 -0 0 000 -0.000 .". 

"' ,,GR 586,900 0,000 586,800 100,000 587,100 ~00.000 584,600 300 0 000 585,000 400.000 
~il·t;, G1<-5'fl·4-;-20 o--s-o·o ;-o·o·o sa ... -;-1 o o so-o--;o·o·ff- · --s-s-s-:,. oo ---·--roo·.-o o u ss9·, 8~0~0-- .. - ·15·9. oo o 590. o·o o--·-aoo .~o_o_o _________ _ 

• 
,GR 585,100 836,000 584,400 900,000 584,60°0 1000,000 586,100 1100.000 587.100 1200.000 ~'-' .. ,1. 
~GR 586.400 1300.000 586,600 1400 0 000 585,700 1500,000 581,100 1505.000 579 0 500 1520.000 

--5-1·1-;-3-00-rs-4·0-;-o·o-o s, ~-;-:ro o 1 ss-o·;·o·o o·-- ·-sT2. :,-o·o· - ·1 !:,t,o. tfO o -- - - s~67':S o•o··-·-· 1500. o oo· -·· ·· 571. 10 o 1600. o oo______ ,-, 
511.000 1620.000 510.500 1640.000 567.500 1660.000 566.600 1600.000 566.600 1100.000 ·::e 
572.500 1710.000 57s.soo 1120,000 sa1.400 1140,000 586.400 1751.uoo 586.700 1800.000 , 

--5--as-;-9·00--r90-o-;-o-o o sas-;s-ou-~·o·o·o--;1rol)---·--s-il-;f'. s-o·o- ··--·2-ro·(r;oo o· · --···--5·fi·3--;·cioo-- 220 o. o o 5·--sa3 .·-o-o"'"o'----2,._3~0-'-o-c-'-• .c..o.c.o..::.o __________ .EYli u; 
583,600 240(1.000 586,700 2450.000 586,800 2473,000 582.300 2500.000 583.000 2600.000 .I 
--, ,·o ~7nn nnn i:;q--1 7nn ?A.r•n nnt)' c;q, <;<11) ·,c.nn non 'iA3 ,6<10 3000,000 584

0
000 3100.000 



'-',l,l'( • I U U ..,,'-Vs.lo\J''Jll 

,. ; NC•. •. 08 0 .099 
-v.uvll ,, 
-0.000 

, -,~1• 1J,JV 

, .. o. 000, 
I 

-,,, • V,J U 

-u.OOG 
-U.l/UV - ll • LJ .J lo/ -u.uu,u 
-0.000 -0.000 .,:.,0.000 

( '1' 

-u.uuu 
"-0 000 

•:, e I : 

-u.uuu 
,-,o.ooo 

, I 

[1~'1. Xl .659 42.000 B00.000 110.3.000 1300.00U 1300.000 1:• 00.000 -,0.000 · -0.000 •-0~000 
• GR 587.400 O.ooo 584.900 100 •. 000 5B4.000 200.000 583.500 300.000 583.200 400.000 • 

- ' GR 583.600 500.000 583.800 600.000 583.400 100~000 583.ooo 80o.ooo 581.200 003.ooo • 
~ · -s-1·6,-3 o·o-8i'il--;-o-o 0--,5-7 5-;-3'0 o a 2·0";'1To~--57 o.o o u -~,ro-;-ouo~--s 1S";2·tro---a·1,o-:-01nr- • -s-14. 8 a o 0 0 o. oci"=o---------·~~I 

• ,;GR :,74.400 900.000 574.400 920.000 574.800 940.000 574.700 960.000 575.100 ~
0
9

15

0
7

~0:·~o~o~o l•,:i,,,I 
,GR 574.600 1000.000 574.000 1020.000 574.ooo 1040.000 572.ooo 1060.000 570.400 
, ~ 57-1-;-1011--r1H7-;01Ju 57,.4uu----rtr9'o-:uoo 51:10-:-ro·o--rr60701nr -- - 582.400 --·• 1168.000-- 583~oo----=-=--'"'?--:----

•, GR 586.900 1165.00Q 587.400 1200.000 588.300 1230.000 588.300 1300.000 587.700 1400.'000 ,,. 
,GR 587.100 1soo.ooo s01.200· 1600.000 587.600 1100.000 588.ooo 1000.000 589.400 1900.000 •I 
, GR 59'i-;-o-oo--2o·iro-;-o·o-o---s.,,::,.s1J o _ To·o-;-o·o-o~---.. =o-;-01ro---- _,.. ·-::cll-;--01Yo·--- -:.:·o--;;"o-o-o· --o. o a o ___ .. -·.:.. o. o oo ·- - a. o oo , 

~•,NC .o5o .oqo -0.000 -0.000 -0.000 -o.ouo -0.000 -0.000 -0.000 -0.000 ::e 
J _,,,... 12 

i ;1,;1 1~,'. -x 1 1. os2 21-;u-o"o-ro1ro-;--o-o o-- --rrS"o-:Ooo---21.r-rs~ o oo -- 2 o 75. a o o 2 o i5. o o o -o. o o o 
• ,, X3 -0.000 -0.000 -0.000 955.500 -0.000 1150.000 -0 0 000 -0.000 

1,GR 586.500 n.ooo 587.200 100.000 585.900 200.000 5R4.9oo 300.000 
;,, GR-5-a-4-;-o-rro--5-lro-:u·o o sa.:1-;oOll--"ooTr.lr(fiJ _ B'T."8"01r-- -,~a~a-;· o oo'----5-6'6--:'5oo---·-r85";o 00-

e 1 .. GR 583.700 900.000 583.000 1000.000 575.600 1001.oOo 571.500 1010.000 
,',,.GR 570.200 1040.000 568.soo __ 1060.aoo 566.ooo 1oao.ooo 571.000 1100.000 

" 'R---s7a-;4·0·0--1rTo-;--oiro 5817lTTiO 1 r.nr:o o a S-i-\'1. 5 a o --- ·1149. o o o 5 s 3. 4 o a 115 a. a o a 
• ,,GR 589.100 1210.000 592.400 1272.000 -0.000 -0.000 -0.000 -0.000 

'' 
·----1-;-oo 9 - o • ollv---1J-;-01J•-,,---- -=o--;o·ov -83.-oo o a ,r: a o o a a • o a o - a • a rio~-•- -·· --::-o • o a o - o • a a a , ' 

2J • ,,,X3 -0.000 -0.000 -0.000 1000,000 -0.000 ll~0.000 -0.000 -0 0 000 -0.000 -0.000 ,,. 

-0.000 -0.000 
-0.000 -a.ado "• 

584~300 400.000 :: -.. --586. 9 0 o·---ac-9cco~.~o-o~o:-------------,, 

569.600 1020.000 : • 
572.9QO __ 1120.000 , 

' l' I 585.400 1190.000 \·~, 
-o • 0 0 0 -o • 0 0 0 :i. 

" 

" -~---=-------,- -----------~a l'H l-v-'>-----1-;-o,1 s;-•--o-o·--·3·01J-;-•--o-o-----z.-4-t,:::;irn--- ---i.r.-of.iu--.-·----il.ooo---- 11.000 o ooo a ooo -0.000 " 
,.n -• -• j:io e;,x3 10.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 592.400 592.400 -0.000 ,,, • 

• GR 583.800 0.000 586.700 100.000 588.800 200.000 592 0 400 300.000 582.000 300 0 000 b 
... ~5-S-c.51ro-3·0 s-;o·o1J-"-S7ci-;91l1J ____ 30 5. nro-- - --- 575 .-3o o--- -·--y1 o ~ a o o ·-- - s 10~-s·oo ·----- -·320 ~ ooo -· -- - 569. 1 a a- --330 .-a a a " 

" • ,!GR 568.900 340.000 56d,900 345.Suo 568.900 345.500 568.900 348.000 568.900 348.000 ... 
.,fGR 568.900 350.000 569.500 360.000 570.-200 370,000 569 0 600 380.000 ____ 569.300 _ 390 0 000 , 
,.GR ssa-;-9o-o-39o.·u-o-o--s6B-:-1:llYO'- --7~9~6-:-0·0·0 --------;-68;-<J'oo---·--3<is.·soo --~--s68.-9oo 398.500 568.900 400.000 

1

,,·:~I, ,, 
• ,,1GR 570 0 100 410.000 571 0 500 420.000 572.600 430 0 000 575.100 440.900 ~82.400 441.000 i:. 

~GR 581.900 444.500 592.400 444.500 592.100 soo.ooo 593.500 600.000 595 0 100 ___ 1~0~0~·~0~0~0 __________ , 
, ic • 020 • 20 ---.-oJo -o~-01ro-- ·-::-o,;1ro-o - - -- --::o::01ro- -·--=-0-:-000-- - -o. o·ffo --- - ----a~ a a a -o. a oo " 

1'.'.[• 1.012 35.ooo 300.000 444.500 1.000 __ 1.000 1.000 -0.000 -0.000 __ -_g.ooo --~M 

...,_., ___ rv.o-lro -a. o·o-o -u.o-oll----.::·o ~-o--crn·--- -o. ·a-a~a -~a: •-oo -o. o o o 592. 400 --- 592. 400 -o. oo o •~ 

. " ,, X 1 

14.ooo 0.000 583.800 n.ooo 100.000 586.700 0.000 200.000 588.000 0.000 ]• 
300.000 592.400 0.000 300.000 593.100 S9o.ooo 345.500 593.600 59o.6o~_o ___ 3_4_8,~o~o~o~----·-----~-

ff>'T~-5-93-;S1To-5·911--;61)-o•--..,1,15. o o o --5'9376mr·---5qo~rnr---39-u-:'3oo --·593;60 o ---·590. 5o o· -- - 444. 500 593. 1 a o ,,I 
5qo.100 444.500 592.400 O.OQO 500.000 5\12.100 0.000 600.000 593.500 0.000 ,:;. 
100.000 595.700 0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 , 

17::1:,----4•133-;-a-cro -;-0·0·0--:,1:15. IO O lf0-:0 0 0 !5'tll:r::8-0_0__ 2 0 0 • 0 0 0 592 • 4 0 0 3 0 0 • O O O 58 2. O O O 3 O O • 0 0 0 Is ' r ' 

• ,,GR 582.500 305.000 576.900 305.100 575.300 310.000 570.500 320.000 569.100 330.000 1:,:e; 
.,GR 568.900 340.000 568.900 345.500 S90.600 345.500 590.600 348.000 568.900 348.000 .' 

.-5·o-s-;-9·Q'n•----,s-o-;u·cro c,69-;5UO 360. 00 0 :, 7 0~20 0310:000- ."S69.60 0 --380 • 0 O O 569 • 3-'-o""o __ _,;c3~9~0"".-'o---'occo:--------~----,,,, 
" 

• .,GR 568.900 396.000 590.500 396.000 590.500 398.500 568.900 39d.500 568.900 400.000 :: • 
• GR 570.100 410.000 571.500 4~0.000 572.600 430.000 575.100 440.900 582.400 441.000 • 

1: 1 ~ .. GR,__----s1n-;-9·0-o----4-4--;s-o o 59"2-;-1;1ro·--....,.-44-;s~o·o--------s-9~:-roo--~o;o oo 5-§"J-:-s·o-o 6 o o. a 6 o 595. 1 o o 1 o o. a a a i:: 
ea •m• ., x 1 1. 080 -o. o o o -o. o o o -o. o o o 40. o o u 40. o o o 40. o o o -o. o a o ---=-o..::•""o""o""o ____ --'o"".""o'-"o'-"o,--_______ __J .. 

., x20>------o-;-oo o,---=-o-;-o-o1l -o. oo··rro-----=-0-:-O0 0 -1r:1rrrn--- --:.-o. O 6 0 -c~a-60----,_o. O O o ::o. O O o -o. o 00 
" • ,.X3 10.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 592 0 400 592.400 -0.000 :::. 

,,Nc .o5o· .o:,o .o35 -o.oo_o ___ -0.000 __ -o.oo_o ____ -0.000 _ -0_ • .2_0~0_..,.__~_Q__o -0.9_9_0 ___________ ,. 
1------------------- i'k I l 

• 
53 Xl 1.081 35. 000 300.000 444.500 1. 000 1 0 000 1.000 -0.000 -0.000 -0.000 

1
,:. 

~x3 10.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 592.400 592.400 -0.000 ,, 
ssGR S8·3';'8o 0----,,0-.-0-0-0· ·---<5:-<=e6-;To·o,~--1·ou: all·•--···-- -·5'811~·cro~-- · ~-o1l~ d O'o--- -- ·5·92-; 400- ----~30 o. o o o -----t582. o o o 300. o oo 

• 
,.GR 582.500 305.000 57t>.9{JO 305.100 575.300 310.000 570.500 320.000 '\569.100 330.000 
~,iGR 568.900 340.000 561:1.900 345.500 568.900 345.500 568.900 348.000 568.900 348.000 

I 1,1, ~-6-fr.9 o o 3 5-0-;-o·o-o s 6"9';;'51To -16",:r;-0-0-0- · -""571r;2·iro--~-- 3·to ; o o o---- ~---s6' 9-. 6 oo ---3-ic3-;;o-=-."'o"'o"'o-----,:5"'6-i9:-".""3"'0""0:------03,-.9""0""."'o;co;co:;-----------"" 

• 
GR 568.900 396.000 568.900 396.000 568.900 398.500 568.900 398.500 568.900 400.000 • 
PR 570.100 410.000 571.500 420.000 572.600 430.DOD 575.100 440.900 582.400 441.000 
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x1 1,002 21.009 1000.000. 1150,000 ::i.ooo :J,boo 3,ooo -0.000·, 
X3 -0,000 -0.000 -0.000 1000,boo -0.000 11§0,000 -0,000 -0.000 
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J;•j• 1 U'U r Vll • llll'U 

-0~006 -o~ooo 
~o.ooo -o~ooo 

584.300 400,000 
586,900 800,000 & • • 0 • o j, U O O 0 I' -5 ir.r.-1·0 0--9 o-o-;-rrO'o---·!, aro-01ro--11J·o-o-;--o·oll-- 5'75';. o·rrcr· ·- 1 ·J-crr;.-oITTi-·----s Tr: s·o-o ----nrnr.-troo--

• 2 GR 570,200 1040,000 56!!.900 1060,000 568,900 1080,000 571,000 1100,000 
;,'GR_-578,400 1130,000 581,000 1140,000 5dl,500 1149,0UO 583,400 1150,UOO 

HJ, o R 5B 9-;-1·01l-i-2·ro-;-o 01J-:r92-.-z,·iro 21 r.:.:-crtro- ---::·0-:-0-0 ..:-o·. ·cnro·· - -o • 1i1fti~ - o • o o o 
• , NC ,090 ,070 ,035 -0.000 -0.000 -0,000 -0,000 -0,000 

569,600 1020.000 
572,900 1120.000 
585,40~0"-_-=-1~1.~9~0~·~0~0~0 ___ _ 

----0:-000 -0.000 
-0.000 -0.000 

• 

• I,~ I' 

• 8 

7. 
i' ·: . 

, 'X-1~-1-;-522 t+S-;-iro·o r5s-;·oll'~-.. 55-,;-0·01r-.. ~4ITTf:-ff O o~ ....... · r1 o·/f;ooo----··233 o;o o o -.9: o o o -o. o oo"' --o. o o o s., X3 -0,000 -0,000 -0.000 -0,000 -0,000 465,0UO -0,000 -0,000 -0,000 -0,000 :: • 
" ,'GR 595,500 ___ 0.000 5~3.ooo 40.000,_. __ s,;,1.100 39,ooo 590,100 7'>.ooo 589,300:..,..._ __ ,,__76"'.,..lco~o!.',o.__ _________ ~,,, 

''&R 588,21J'O 85'.;-0lJIJ 587;-lr(fu 9$:000 5"0177-00 •"105.o'oo 588,200 ___ 1~15='.c...oc.c.o.o"-586,700 135,000 "ll'[,11' 
• ,, GR 

,, GR 
" 583,800 165,000 580 .ooo 175.000 578. 700 195.000 577,900 215.000 577,700 235.000 ", • 

577.100 255.000 576.600 275.000 576,200 295.000 ___ 576,300 315.000 575,400 335.000 ,, 
---s-15-;-i-o'O ss;;-0-011-s,s;;-1 o o 31s;-o·o·o--~5 Ts-:-11ro .. -"'3'•is:-ouli 5Y379 o o ·415. o·oo.... 5 7 4. 2 o o 4 35. o o o " 

" 575,300 445.000 578,800 455.000 581.400 463,000 582.400 465.000 582,500 475,000 ,,, • 
582.100 575.ooo 584.ooo 675.ooo 583.ooo 115.ooo 585.200 875,ooo 586.200 915._o_oo,.__ __________ -1" 

~--sa-s-;2·0·0-·-ro75:-mro 599·;-9·011 rnis:001r"-·· :5aa. 20 o---· 1215. o oo s00. 00 o --rrrs-:o o o 590. o oo 14 15. o oo ,. 
590.100 1575.ooo 589.soo 1675,ooo 589.600 1115.ooo 589,900 10is.ooo 589,900 1975.ooo ;• 

,090 .090 ,0:15 -0.000 -0.000 -0.000 -0.000 -0.000 ___ -0.000 ·-0.000 ,. 

" 
1,900 37,000 950.000 1215,000 ld00,000 2200.000 2000 0 000 -0,000 -0.000 -0,000 ";• 

-0.000 -0.000 -o.ooo ___ 95o,ooo -0.000 1210.000 -0.000 -0.000 -o_.ooo -0.000 ;,l 
,, R 592-;50' O";ffoll--·s90·:·oiro s·o~:·o-oo-" ----gi3·•,-: TOO- 150:0ifb 586. 90-0 - i:50. O O O 587. 30 0 350. 0 00 1: .' li, 

• ,,GR 588,400 450,000 588,700 550,000 588,300 6'30,0UU 588 0 300 698,000 584.100 720,000 ,, • 
,.GR 583,600 750,000 584.500 850,000 584.200 950,000 581,600 951,000 580.800 960,00~0'-----------~• 
,.'-G-R---519-;s·o•o ro:-ou o 5 15·;-c;-o·o ·s·o. ooo·-- ·---::; 7l5. 9b o·--· -- 99 o ;5 o o -- - ·s 75. 6 o o --· Yoo o. o o o 5 75. 3 o o · 1 o 1 o. o o o 

• ,.,GR 575,500 1030.000 575,'lOO 1050.000 576,500 1070.000 576,100 1090,000 575,600 1110,000 :;. 
~GR 575,400 1130.000 574.700 1150,000 574.200 1170,000 573,200 1180,000 574.200 1~19~0~•~0~0~0---------~• 

l'f r, )r,R 577-;:,o-o--r2·o·r.o·o·o 58T-:TO o -. -1'212.000 ·-• S1R. 20 o ---1215. o oo 5A3. 9_0_0 ___ 1_250. ooo 586. o oo 1350. oo o 
• "/GR 588.600 1370.000 592,800 1390.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 ::1• 

,0 -------------!" 1-;9·0·9-~r;-o·oo 950·;·0·00 1,27i'5";"1ocr---49:0-o·o-- 4§.000- 49,ooo ,875 -------0-000 o ooo "I - . - . "' 
10,000 -0.000 -0.000 -0.000 -o.oou -0.000 -0.000 590,600 592,000 -0.000 ,.,. 

592,100 -~ 0,000 590.200 50,000 589.300 lS0,000 588,900 250,0QQ.._ _587,60_0 350 0 000 ____________ ~., 
,.1-,,,.,.R,..................,SB·s--;3·0-o- 4s-o-,;-o·o·-o---59T~1ro1r--sso. o o o - -589. 30 o 650. o·uo·-· .. · 590. ooo- 750. oo o 590. 00 o 850. o oo "~, .1 
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r•n.. .oso . .Luu -0.000 =o.ooo -0.000 .... a.ooo ____ __:.Q_!_Q_QO ___ -_o.ooo .... 0.000 __ --'-0.000 !'!,
1 

" • ",Xl 3 0 197 43.000 675 0 000 1147,000 1700.000 1600,IJOO 1700,000 -0.000 -0.000 -0,000 '.J• 
~x3 -0.000 -o.aoo -0.000 766.ooo -a.oao 1141.000 -0.000 -0.000 -0.000 ~--~o~•~o~o~o~---------~•1 

, ,t<m--S-91J-;-o·O"o -;-oiro- 58'9-;zilJa~--~ro o~ o o o - 5"9o. o o o - 2 oo. o o o 589. 4 o o 300.00 o 59 a. 5o o 4 o o. o o o :;lh '.: t 
• ,foR 589,400 soo.ooo 5;19,100 600.000 589,100 100.000 590. 100 767,ooo 589,300 aoo.ooo .J• 

.. [GR 583,800 ___ 875.000 581.dOO 900.000 5~1.4UO 910.000 580,300 92o.ooo __ ~5A0,400 940.000 _ .. 
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1
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• ,,GR 575,500 1060.000 574.900 lOfl0.000 574 0 200 10• 0,000 574,800 1100.000 575.000 1110.000 ::. 

,GR __ ~574,300 1120.000 575.ooo 1130,000 ___ 579.soo 1135.uoo 582,300 1140.000 586.300 1147.ooo • 
11111...r.i:) s·,1s-:-5·0-o--r20-o-:-•-rro ::.84=000 r3·ffrr=o-cro :iti-s.200 . I4"oo.ooo · 584,000 1500,000 587,400 1525,ooo '" 
•·'[;;R sa1:soii 1600:000 589.100 1100.000 5as.ooo 1eoo.ooo 581.000 1900.000 586.400 2000.000 :,!• 

l,.GR 587.400 2100.000 590.100 2200.000 _ _5_~_:i~l_oo _____ ~3~_0_~_900 _______ -0.000 _______ -0.000 _______ -0.000 ___ -_o_ •. o-'-o-'-o___ Pl 
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t'\~i. __ -0,000 -0.000 -0.000 875.000 -0,000 1147.000 -0.000 -0.000 -0,000 -0.000 ,I 
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• 
GR 589,400 soo.ooo 589,100 600.000 SBY.100 roo.ooo 590.100 767.ooo 589.300 aoo.ooo 
GR 583,800 875,000 581.800 9D0.006 5&1,400 910.000 580.300 920.000 580,400 940.000 • 
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• GR, 576.200, 1060. 000 575.60'o lOfl,O;,oo~ 5'74.900 '1090.000 575.500 1100.,000· 
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• ,GR 590.000 0.000 5e9.ooo 200.oo~ se2.soo ?15.noo 579.700 220.000 s10.200 
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23.o.ooo 
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' ,GR ·583.100 400.000 583.700 500.000 584.600 600.UOO 586 0 500 700.000 587.500 

330.000 
385.000 
soo.ooo 
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0
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0
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~--~4~0,,-;1roo -u.ooo ,:rr5;·01ro .. -·----o. ooo· ----~o. ooo -o. ooo -o. ooo 
100.000 593.300 200.000 593. 700 300.000 592.400 400.000 :_';!• 
420.000 578.200 430.000 577.100 440.000 576.100 450.000 -

3.787 30.000 400.000 
-o ~-u oo -0.00-0 -o. on u 

592.900 0.000 594.000 
502.soo 415.000 579.700 
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---~4·1o.oou-··· s1s.200·-----40·0.ooo 575.500 490.000 ·576.ooo soo.ooo '.Jli•IJ:! 
s20.ooo 578.200 530.000 579.300 540.ooq 579.900 .550.000 ,·e 
510.000 • 582.500 585.ouo 583.100 600.000 583.700 1 100.,.,,0'-"o,..,o'----------~" 
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• GH 593.300 0.000 590.000 550.000 589.000 750.000 590 0 000 950 0 000 589 0 000 1050.~0c,O~O'------·-----·• 
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• ,.GR 579.900 1385,000 579.300 1395.000 57B.200 1405.000 577.500 1415.000 576.800 1425.000 ~~i. 
,,GR 576.ooo 1435.ooo 575.500 1445.ooo 575.ooo 145!:i.ooo 575.300 1465.ooo 575.500 1475.~o~o~o'-----------• 
.. ~r---s-10.TOO 14135:u00 577-;J.-OlJ -495.ooo 578.200 1505.o·oo 579. 700 1515 • -ooo 582.500 1525.000 .'ki'I, 

590.000 1550.000 595.500 1750.000 -0.000 -o.ouo -0.000 -0.000 -0.000 -0.000 1:.:• 
.100 .oao -0.000 -0.000 -o.o_o_t!_ ___ -0.000 -0.000 _-o.ooo _____ -0.000 -0.000 . 

I '42 

• ,,Xl 4.374 27.000 250.000 450.000 1120.000 1150.000 1300.000 -0.000 -0.000 -0.000 . .,. 
,, x 3 - o • o o o - o • o o o - o • o o o 2 5 o • o o o :- o • o o o 7 o o • o o o __ -~-""o-=•..,,occo~o,... __ -c-:-cco~.~o,...o,...o~ .. .....::Q...Q.O~o~----~o .• ..,,o-=o-=o'---·--------" 

:J8.0,.Gr:,,.--e5~3-;-ru-o---~o-.~o~oo 59u.croo -250.000 502.500- 265.iioo 579. 100 210.000 570.200 200.000 "1 
• ,.GR 577.100 290.000 576.100 JOO.ODO 575.500 310.000 575.300 320 0 000 574 0 900 330 0 000 ::

1
• 

• GR 575.500 340.000 576.000 350.000 576.BOO 360.DOO 577 0 500 370.000 578.200 380.000 I 
,, t.R s,9-;-300 9u-;-o·o o s:713·;;-gu 4·01J :-1roir--·--s~1nr.1rou- ·--:fco·:1nrn·-·---5s1. 00 o 420. o oo - 502. 5o o _4_3_5~_-0_0_0 ___ --------j:: 

•. ,.GR 583.100 450.000 583.700 550.000 $84.600 650.000 586.500 750.000 587 0 500 850 0 000 ::e· 
,,,GR 590.000 1300.00IJ 592.100 2150,000 -0.000 -0.00U -0.000 -0.000 -0.000 -0_.._Q_OO "I 
, H 4.o·o-o • o·u-n.11-s-;-o·oo .010 1Too.oo·o .o .. o 1620.000 .010 2600.000 -o.oo'"'oc......----------1,,

1
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" ., ~• 
.,Xl 4.620 36.000 1400.000 16?.0.000 1300,000 1150.000 1300.000 -0.000 -0.000 -0.000 .. 
}x..,3---=-"'0.0-0-0 -0-;-0·01, -0.000 111:\'>~oo~- ..:o~oo ·-- 1620.(100 -0.000 -u.ooo -0.000 -0.000 

• ,)GR 600.000 0 0 000 590.000 800.000 587.300 900.000 587 0 600 1000 0 000 588 0 700 1100 0 000 
JGR 590.000 1185.000 585.200 1250.000 583.300 1300.000 584.000 1400.000 582 0 100 1~10.000 /' r r. ., GR 5sr;-rmr-r,.-2 D7lf(T""0--5m-;;r,n~, -~1,;-:-; o-:Oo o -- 581. o o o - 144 o. o o o 5 79. 7 o o 146 o. o o o 518. 1 o o 148 o. o o o 
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.,GR 578.100 1500.000 576.800 15?0.000 576.000 1530.000 575 0 500 1540.000 575.200 1550.000 "• ,. 
,GR 574.700 1560.000 57s.200 1510.000 577.300 1s00.ooo 578.400 1590.000 5Rl.60o _1_6_o_o=._o_o_o __________ ~ 
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• .,GR 590.600 2100.000 590.700 2200.000 591.300 2300.000 591.200 2400.000 591.000 2500.000 
,,GR 592.100· 2600.000 -0.000 -0.000 -0.000 -o.ouo -0.000 -0.000 -0.000 =o.ooo 
,N .oro .ro·o -o.oo -0.000--·--u.ooo -0.000 -0.000 - -0.000 ~ -0.000 -0.000 

• '.x1 4.951 23.000 75.000 295.000 1500.000 1700.000 1750.000 -0.000 -0.000 ·-0.000 
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,.GR 600.000 0.000 591).000 75.0•)0 581.600 95.0uO 578.400 105.000 577.300 115.000 
.,GR 576.400 ___ 12s.ooo 576.400 165,ooo 576.aoo 11s.ooo 510.100 195.ooo s10.100 215.ooo 
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J&A FILE NO, 5555-48-l PO~ALO KOWALSKI,PROJECT MNGR. w ,.,. 

' T-3---,J,U--S-ABl:-E-fH-VE.,___ ____________________ _ 
" ' 

--------------------------------------------1" 
" v' L I, 

• "Jl I CHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ :: • 
------------------------------.. ....---.~'~ " --------------

" -o. 
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" . " -o. 4. -o. -0.000000 -o.oo -o.o -o. 580,600 -0.000 ·• , 15 
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" !----'-------------

--0.000 -0.000 -1.000 -0.000 -0.000 -0.000 

/'J3 1.000 10.000 11.000 12.000 14,000 a.ooo 4.ooo -0.000 -0.000 -0.000 

__ -_o_._o_o_o ___ -_o_. _o_o_o ___ -_o_._o_o_o __ :_~-o~-------------------1!:J • 

•/"NC .070 .060 ,035 ,300 .500 -0.000 -0.000 -0.000 -0.000 -0.000 
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.001 21.000 0.000 190.000 0.000 0.000 0.000 -0.000 -0.000 -0.000 
R1--------SB6-.20-o---o.o-0-01------.5:r.4.-201t----------o·;--0-o o- - ---514 ;4o o- ---- - 10~·000- --- --51?·.-soo------ -20;000 ------ 567 .600------30--;-ooo-· 

~() ; '/ ,; 

~·1• ----~" 
" 60.000 566.400 10.000 566.800 80.ooo 

110.000 566.600 120.000 567.000 130.000 
"GR 566.700 40.000 566.500 50.000 566,500 

• "GR 566.900 90.000 566.800 100.000 566.600 
27 ~ • 

::1. 
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GR 586.400 0,000 578.300 20.000 577.100 30 0 000 571 0 100 40.000 566 0 600 50.000 
• 'GR 566.500 60,000 565.800 70.000 566.400• 80.000. ___ 566.800 90.000 566.700 100.000 
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" 

----------" 

".X..l,-----~~a.g, ___ 5_1-.--0 O-O--l--€i-OO--,--OOO--l-7-5-l-.O O O ---950·;;-0 0 0- - ·- -950-.·0 0 o---- ----·950·. 0 oo- · · ·--·-l) .-o O o-- -- --o--. 00 u-----------o~·oo·o 
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• 
"GR 571.800 1620,000 570.500 1640,000 567.500 1660.000 565.900 1680.000 565.900 1700.000 " 
"GR 572.500 1710.000 578.800 1720.000 581.400 1740.000 586.400 1751.000 586.700 1800 • 000 '"1• 
"GR 58-5.-9 0-0--1-9 0-0.-0 o-o---5tl5 .5-o 0-----2·0--0 o."{J·o o----5A·4--;;-5·01J- -- 21--0·0-; oo·o- 5133--;o o-u--·'"2zo-o-;·o·o o 5"83--;-o·o·o-- 2 30-0-.-0-0-0 ::1 ·,-, 
46 • I' l, 

• 
GR 583.600 2400,000 586. 700 2450.000 586.800 2473.000 582.300 2500.000 583.000 2600.000 .,. ' 

"GR 583.300 2100.000 583. 100 2soo.·ooo 583.500 2900.000 583.600 3000.000 584.ooo 3100.000 "• . ,. 
G-R-5-84--.-7-o o--3 2 o o-.o 0-0 -0-.-00 o O·;iJO o -o-;-o o o-----~o-;o·o o --;o-;.•o·o o· -""o--;·o•o·o -.;;-o--;-o·o·o -o--;-o·o o 

"· '" • !,,1NC .050 .050 ,035 -0.000 -0.000 -0,000 -0.000 -0.000 -0.000 -0.000 

~J;lx-.J----.-39 9, ___ 2-.-0 o o----- +5-o o-.-o o 0-----1-1-3-o .---o o o - ----- 59-; o o it-- - -- -,,-9,-0 -o·o 
P• 

' tlGR 587.600 0.000 587.600 100.000 587.700 200.000 
•t'.GR 587.400 500.000 557.500 600.000 588.100 700.000 

I G-R 5.Q2-.-1-00--l-O 0 0-,--0 0 0----5-95--.--~ 01---' ·1•00,--00 o---- · 5-9tl·. 1 0·O--- -120 O; O 0 o ·--
" 

• 
!"GR 604.800 1500.000 605.400 1500.000 598.2(10 1500.000 
:JGR 590.800 1527.500 579,600 1527.500 579.500 1530.000 

s-9--;0-0-0---- .. -.;;-o--;o·o o- --· -;o·~--o-o o•---- - -=o--;o·o o~---- ::) 
587.600 300.000 587.400 400.000 ~ 
589.000 800.000 590.700 900.000 ''

1
• 

-----------1''1 -·60·0 ,500-- -- -1-300-.-000-- · ·602--.--800-----1-4·00-;-ooo-
"I 598.100 1506.000 590.800 1522.500 ",. 

576.300 1550.000 573.000 1570.000 ~ 
CJG-R 5--7-2-~60--0-· -1--5-7-2-,--5 o 11----'5-1-2-.-&-0 o--1-5-7-,?..s-o o · -1e .-30-0-- --·-·1574. 5o o· 

GR 
l(,R 

568.900 1610.000 566.600 1630.000 569.200 1650.000 

'I - ~---5-7 2 .--3 o o-----i-5-14-,5 o o- -5-7 o-. 1-0 o~--r5 9 o--.--o o I , 
I: '"• 569.600, 1655.500 569.600 1655,500 • 

I I 569.800 1657.500 569.800 1657.500 570.800 1670.-000 575,400 · 1680.000 579.300 1690.000 



GR 605.400 1730.000 ,'604.900 1,730.(100 603.200 .1eoo. rioo 6,01.ioo 1900.000· 598.400 2000.000 
••·GR 595, • .700 2100.iJoo ,5 1~3.100, 2200.000 591.100' 2300.000 SS9.600, 2400.000 sss.soci 2500·. 000 
,,, 11'' GH 588~0·00 2600.00,0 587.800 270b.ODO· 587.60,0 2800.{)00 5!\7.600 '2900.000 587.400 3000.000 
', l ,, 

-• GR 587.500 '3100.000 587.500 3?,00.000 -0.000 -0.000 ·-0. 000 -0.000 -0.000 •-0~ 000, 
' NC · • 020 .020 .030 ·-0.000 -0.000 -0.000 --0.000 -0.000 -0.000 -0.000 • 6 

6 ------...,.....,....-------·-~--... ----------7~, 
• 

'1x1 .400 62.000 1500.000 1130.000 1.060 1;000 .1.000 -0.000 -0.000 •-0.000 I'.•• 
'BT is.ooo 0.000 sa1.ooo 0.000 100.000 5B7.600 0.000 200.000 501.100 0.000 
' BT 3 0-0,,-0-0-0-5 8'7-.-fro n----O.tJ-O-A-----4-oo·,il 0 o·---"'i:Vf-.4·0 o-- - --- -o ,o o-o-~s o-o. 0-0-0- · - 5 0•7-;-4-0-0-·- ---·o-;-O'o-o-··--50·0~0-o-o·----------: ,, ' 11·· 
4 . ~ I l. > 

BT 587.500 0.000 700.000 5.38.100 0.000 800,000 589.000 0.000 900.000 ;:.--::,90,700 :: • 
• 'BT 0.000 1000.000• 592. 700 0.000 1100.000 595,500 0.000 1200.000 598.100 , 0,000 

• ' !ikT~l-3 Q,OT~-0--60 0-,.5 0-0--0-,-0-0,0--1-4 0 (I.ti O o----6 0"~-~o O -- - -- -~·o. o{) 0--1-s oo-, 0 o-o·--6 0 4.8 0 0------0..-0 0 0,--1 s·o·o-;-oo o----- -------1 
. '13T 605,400 600.600 1572.500 606.100 601,300 1574.500 606.100 601.300 1655.500 606.100 "• 
~••ar, 601.300 16s1.soo 606.100 601.300 1130.000 6os.4oo 600.600 1730.000 604.900 0.000 " ' ' . __________ .. 

1 H AT 1-~ 0-.-0-0 o · 6-0-J-,-2-0-0---0-.-00 o --1-9-0-11-.0-0·0---· -6 o+.1-0 0----0.-0-0 0-----2-0 o o.-o·o-o s 9 8.4-o <>------0-.-0 o 0----·2-1·0·0-;-o·o-o-- ,, 
' ' "BT 595.700 0 0 000 2200.000 593.100 0.000 2300.0llO 591.100 0.000 2400.000 , 589.600 .. , • 
• "BT 0.000 2500.000 sga.500 0.000 2600.000 5A8.000 0.000 2700.000 587.800 0.000 ", 

" .T.--2-8 ()_()_ •. 0-0,0 5 s 7~-0-0-o----~0T0-0-o--~-9 o o-.-o o o--&.a-1--.-6-0 o-- ---- --o-.-o o -0---3 o o o-. o o o --·--·58-7-.4 o·o---- o·.-o 0-0-~3-1·0 o.-o o o :'.I 
'BT 587,500 0,000 3200.000 587.500 , 0.000 -0.000 -0.000 -0.000 ·-0.000 -0.000 ":• 

[~GR sa7,6oo 0,000 se1,6do 100.000 sa1,100 ~00.000 587.600 300.000 587.400 .400.000 : 
, 1'' R 587-.-4-0 0>-.---;5-0-0-,-0 0 O'------'!i:i-B'7-• .§ (}-0---6 0-0-.0-0-0---5 A tt.-1 0-0,--....:,-0 o.o O O 5 0 9.-0 0 0------Bi) o.o-o 0---5.g 0-.-7 0 0---9 0 o.o 00-------------j,j' I l I 
l"GR 592.700 1000,000 595.500 1100.000 598.100 1200.000 600.500 1300.000 602.800 1400.000 '._. 

•"GR 604~8oo 1soo.ooo 60S.4uo 1soo.ooo 599.200 1soo.ouo 59a.100 1so6.ooo 590.000 1s22.soo · 
" GR--59 o.__a o o-1-52+,-S-O 1-1----:s 7-9-.-6-0-0---1-s,2.:r .•. 5 0-0------5-7-9.,-s o o---1-53 0-.-0-0-0· --·5-7·6 .-3 o 0----1-s so-. o o o-- s-7-3-.-0 o o•--1:s-1 o.-o o n-----~-------1" 
'~GR 572.600 1572,500 601.300 1572.500 601,300 1574,SUO 572.300 1574.500 570.100 1590.000 • 

• ''GR 568.900 1610.000 566,600 1630.000 56s1.200 1650,000 569.600 1655.500 601.300 1655.500 ;u. 
2 M 

1 1 
1
1 

· G R--6 o.1 .• .;_'\-0.0--1-6 s 7-,-!i> o OC-----56-9 ,-a 0-0- - -l 65-7-.-s o o - ----- s-1 o-. a 0-0--- --1-6·7 o.o o o - - --5-1 s-. 40-0- ---1·6 s-o.-o o o·--- --s-19-.-3 o o· --1·6 9 o.o o o ---------~,,, 

•
""GR 581.200 1702,500 590.800 1702.500 590.800 1707.500 598,100 1724.000 598.200 1730.000 '°• 

a GR 605.400 1730.000 604.900 1730.000 603 0 200 1800,0UO 601.100 1900,000 598.400 2000.000 '' 
" GI'! s "S .•. 1.0-0-a.1.o.o ... o o o. 5-9-3 .-1-0 o--a2 o o-.-o o o- -· -·----591-. 1-0 o - • - -2 3 o o-. oo o--- --589. 6 o o -- -24 o o. o o o _____ .. sss .-so o- ---250 o.o o o- :; 

• "GR 58_8.000 2600,000 587.800 2700.000 587.600 2800.000 587.600 2900.000 587,400 3000.000 ,, 

:1--G_R ___ s_s_1_._s_o_o __ 3_1_0_0_._o_o_o ___ s_a_1_._s_o_o ___ 3_2_0_0_. _o_o o -o. o o o -o. o o o ___ -_o_._o_o_o ____ -_o ~ ~ ~-o- _ ----=~ ._o_o_o ____ -_o_. o_o_o ___________ r•::;, • 

"Xl .411 -0.000 -o. 000 -0. 000·-----5~,-~;0---- - 56. 000 56,000 -0.000 -0.000 -0 0 000-----------;•~-.!n, 
• "x2:f-. -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 1.000 -0.000 -0.000 -0.000 .J 

·'° Nb----.--0.50-----.• -0-su-----.• -03.s------o.-o-o 11----~o.-0 o o --- ---o-. oo o -----o-,o o o--- - ·-o-.·o o o---- --o ;-o oo----~•o-;-o oo .. 
" " 

• "Xl Lf.412 62.000 1500,000 1730,000 1 0 000 1.000 1,000 -0.000 -0.000 -0,000 .,. 
H ( GR----s5.S-7-.-6 oo • ,-G-O o~-•!'>B-7-.-6 o 0---1 o o .-{) o o- -----5 a-1-.1 o o -----'-- --2 o o-. -o o·o - - - -- 5 8·7.-6 o 0----3 o o .o o o------ - s s 1•.·4-0 o--- ---4·0 o.-o o o----------:· 

'•GR 587 0 400 500,000 587.500 600.000 588.100 700.000 589.000 800.000 590.700 900.000 ~ 
• "GR 592,100 1000.000 595.soo 1100.000 598.100 1200.ouo 600.soo 1300.000 602.800 1400.000 "• 

".GR 1:>oA .• S.O.o-.1.so.0-•. 0.0-0-----'60.s. 40,1---1.s-0 o. o o o-----5Bt~ .-20 o -· --- •1-So o. oo o-- -- --59/l .1-0 o- ----1 soo-,o o o- -- S9o • 800-- --1-s22.soo----------:: 
"GR 590.000 1s27.soo 579.600 1s2r.soo 579,soo 153u.ooo 576.300 1sso,ooo 573.ooo 1s10.ooo "• 

• "GR 572.600 1572.500 572.600 1572.500 572.300 1574.SOu __ s12.3oo ____ l574.SOO 570.100 1590,000 ;, 
"GR 5.6R,.-90-0-----l. .. 6-l--O-.-O-O 0- --56.6 .-60 o--l-631}-.-0 0-0---56-'h-20 o--1-650. 00 o-- 569-.--60 0 1655.·5-0 o---S69·.6o o--i-655,50 0------------;;~ '1 \ 

· .GR 569,BOO 1657.soo 569,800 1657.500 570.800 1670.000 575.400 1680.000 579.300 1690.000 ' '' 
."GR 581.200 1702,500 590 0 800 1702.500 590 0 800 1707,500 598.100 1724.000 598.200 1730.000 :;;. 

,i2 • ,f~! 
R 6 os .•. 4 Q O-----l-7.J-0-,-0-0 0--60 4-,-90 0-----l-7-30-.-0-0-0---6 0 3.-2 0 0-- ··--1-80 o-. 0 0 o-- ··601,-1 0 o- - ---190 o-. 00 o- · ----598-;;-40 0 ---20 0 o·; 0 0 o-- ,"I 

,GR 595.700 2100.000 593.100 2200.000 591,100 2300.000 SR9.600 2400.000 588.soo 2soo,ooo •• 
• "GR 588.000 2600.000 587.800 :?700.000 587.600 2800.000 587,600 2900.000 587.400 3000.000 '". 
I , "GR ss-7-.-5 o o-------3-1-00-.-0-0 o-----58'7-.-so o---32 o o-. o-o o-- -- - ----o .o o o-- ---- --- - -o .-o o o ---- ·-o .-o o•o· -- --- - -0-.-0-0 o----·-----o.o o o-- -------o.o oo-- ,,, 

I, \, .. -NC ,090 .080 .035 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 ;; . " ,,,. 
• 5 N -1----,-4-15>--~5-l-,-O-O 0-------1- · o o-.-o o{i---1-1-s-1.-0-00- - -+s.o o o--- --1 s-. o o·o --- -1-s-.-o o o------- ----o-;-o o o- -o-;-o o o - o-;-o o o----------r" 
•x3 -0.000 -0.000 -0.000 1521.000 -0.000 11~3.ooo -0.000 -0.000 -0.000 -0.000 • 

• ~GR s86,9oo 0.000 586.aoo 100.000 se1.100 ?.00.000 584,600 300.000 585.ooo 400.000 ;.:. 
GR--584-,-2-00--s-00,oo o---594-.-+oo - --- - 60 0.-000- ---se5-_-4o o - - ----10·0 .-o 0-0-----599·; 80 o rs9. o o o ------ -590-; oo o -- ------90 o ;o 00-------- -'~ , ',·~It 

• 
.,,GR 585,100 836,000 584.400 900.000 SR4.600 1000.000 586.100 1100.000 587.100 1200.000 

GR s01,.4oo 1300,000 sa6.6oo 1400.000 585. 100 1soo.ooo s01.100 1sos.ooo 579.soo 1s20.ooo '• 
" R-li>-1-7-,-J oo--1-540-,--0 o o ......... --!s:r-s-.-3-00---1-sso .o oo-- - ---5'1'·?. SD o-· · -1560 .-oo o ----·-·561 .so o ------1 sao.oo o· ---- -----s11; 10 o· - - ·--16·00·.- o 00-------------j•'·I 
.GH 571.800 1620,000 570.500 1640,000 567.500 1660.000 566.600 1680.000 566.600 1100.000 c 

• "GR 572.500 1710.000 578.800 1720.000 581.400 1740.000 586.400 1751.000 586.700 1800.000 :;. 
[,ft" R 5,Sli>-.-9 0 0---1-90 0-.--0-0 Of---58-5".·SO 0---?.0 O{l.- 0-0 O------ -5fl4·;--5 o-o- --·21·0 0 • 0 0 0 -- -513-3-_-o O o----- 220 o·.-o·o o· -- ----593-;-oo 0---230 0 ;o O 0 

GR 583.600 2400.000 586,700 2450.000 586,800 2473.000 582.300 2500.000 583.000 2600.000 
• GR 583,300 2700.000 583.700 2800,000 583.500 2900,000 583,600 3000,000 584,000 3100.000 • 



11 e N c ,, .• o.s o ; o 9 o - o ~ o op - o. o o o - o. o o o -o ~ o u o 
1 

~ o. o o o '·, -o • o o o - o •Ao:°- -o • oi ~-~ , : 1 
• • , 

I x1 .659 42.000 900.0.00 110F!:·~oo 1300.000 1300.000 1300
1

.000 -0.000 -0.000 · --o.oioo · i:.~i\: 
! •• GR ~87.400 0.000 584.90D 100.000 584~000 200.000 5S3.500 300.000 583 0 200 400.0IOO .• 
- , GR 583.600 500.000 583.800 600.000 583.400 100.000 583.ooo 000.000 501.200 ___ 003.ooo _________ • 

ftrc,g._ __ 5.:,.6.,..3 o 0'--8-1-0 .•. 00.,,_ __ 5_7-5 .-30,,,._ __ 9 ~-0-.--0 o o----5·7·6-.-0-0 07 ---84 0:-0-0 o---5-1-s.2-o o .. - ·--a fro.o·o o-------··5·7·4;.8 o o 88 o.-o o o 7~ 
I•:~~ ~;:::~~ 16~6:i~~ ~;:::~~ 16~~:~~~ ~;::~~~ 1~:~:i~~ ~;~:~6~ 16~~:~~~ ~~~:t~~ 16~~:g~~ _________ li!• 
, 11 1, ' GR----5-7-1-.-7-o o--l·0-7-7-.-o o,, ,._ __ 5.1-1-.-1,. o 0---1-0 9 o-.o--o o-··-5 so. 1 o o--- · · l· 1 o-o·. o o o-·----s s·c•.4·o-o- -1-i-o 8-;-o·o o· --·-5 s 3·;·4·0 o--rrs2-;-o,·o o , 

lJ • ~ 4 • I 

·---~,-~. ;~_ i!f:1~~--ii~~~~~~---i!i:il~--i!~l :~~~~ ___ };!.:-~i~ ---- .. ~-;~~;~-~~--.. -·J.;~-~~~---- ~~~~: ~~J ... _J;~~I~-~ ~~~~:~:1~------~i • · 
~ • , N c • o so • n 9 o -o. o o o -o. o o o - o. o o o - o. o o o - o • o o o - o. o o-o -o. o o o -o. 0i o o I:: • 

,',=11-~---11 • o s 2---2-1-.00-0-+o o o.o-o 0--1-1--s 0.0-0-0-- ·-2-0-1-5.--0·0-0--2 0'7-S-;-o o 0-~2 o 7 5-;;-o-o·n-o ---=-o·;o o-o---~-o-;•o·o o-·-----o--;o.-O"o --------~::\ 1:: li \ · 
X3 -0.000 -0.000 -0.000 955.500 -0.000 1150 0 000 -0 0 000 -0.000 -0.000 -0.0IOO "1• 

•I" GR 586.soo'-----' 0.000 587.200 100.000 ses.900 ___ 200.000 584.900 300.000 584.300 400.0ioo, _________ ---i:; 

•
," GR 583. 700 900. 000 583. 000 1000.000 575.600 1001.000 571,500 1010.000 569.600 1020.000 '. 
''GR 570.200 1040.000 568,500 1060.000 56A.000 1080,000 571.000 1100.000 572.900 __ 1120.0ioo --------~~ 

q- ( GR'---5-7·&.--4--0-0----1-1-3-0-.o (H)--5B-1-.-o 0-0--1-1..,.·o.-o·o o-- SH·l-;-5 o ir-- -i-1 ·49--. oil ~--5·113-;·41ro·---rrs·o·;-o 0·0---5 8 574·0·0 rr9 o-;-o·O"o- ,, 
• ::GR 589.100 1210.000 592.400 1212.000 -0.000 -0.000 -0.000 -0.000 -0.000 ·-o.oioo :1• 

' --1-.-o&----!M.0·0-•11.....---0.00 0,-----0.--0-0 o-- ·A,o o n----a-8·.o o 0--........,0 a-;-o·o-o-----... o-.o·o o- ----=o-.o o·o --o-;-0i·o-o---------------1, 
-0.000 -0.000 -0.000 1000.000 -0.000 11so.ooo -0.000 -0.000 -0.000 -o.oioo ;;

1
• 

" -1----1-.--0-11 35·..-0 o o 00-.-0 o O· ----44-4-. so o- ----11-. o o o ,.1-1.0 o o--- -·--1-1--;-o o o-· -·o-;-(ro o ·-·--·-;o-;-oo o -o-;-oi·o·o- :" ( l I. 
10.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 592.400 592.400 -0.000 :'°. 

583.800 0,000 586.700 100.000 588.800 ?00.000 592.400 300.000 582.000 300.0IOO ~ 
1-....,.....!§-Bc-.-s o-o---a-os-.-0001---5-H,.-9 o-0----·3o5·.·1·0-o- - - ,5·75,Jo·o- - ··- ·31 o ;-o o o - -- ·- -s·1 o. 5o·o-· -- - 320·. o o o- ·---- 569.-1 o·o--33·0-;-oi·o-o- " 56s.900 340.000 568,900 345,500 !'i68.900 345.500 568.900 348.000 568.900 348,0IOO -'"I• 

568.900 350.000 569.500 360.000 570.200 370,000 569,600 380,000 ____ 569,300 390.0IOO·---------~= 
1-........!!:=i&B-.-9-0 o 396-.-oo o 56&.-9 o o 396.·0 o o----56 8.9o·o- -------391;1-;-50 o -613.-90·0----39-a .5 o o 500·. 9 o·o---'+o o-;-o·o o ,,, 

570.100 410.000 571.500 420.000 572.600 430.000 575.100 440,900 582.400 441.000 ,~. 
ss1.9oo 444.soo 59c.4oo 444.soo 592.100 soo.ooo 593.soo 600.000 595.100 100.0ioo.---------~~ 

c....---.-02 • tr20 • o-3-o----- o.o·o n----- o-;-o o·o -· - ---o .o o o--- - · -.a o·;-o o o--· -o-;-o o·o-- ··-- ·'-o-;-o o·o -o-;-oi·O"o 

•l"x1 1.012 3s.ooo 300.000 444,500 1.000 1,ouo 1,000 -0.000 -0.000 -0.000 !!ii• 
" x.: 1-0.-0 0-01----0.0--0-0--- o.o 0-O'--- ·-- 0-;-o o-o ·---· ~ o-;-o o·o- · · ----=-o..-o o o----;-o·;;-o o·n---592-; .. 1+0 o--· 5 92·;-1+0·0 -o-;-o·o·o .~ ., . : 
~BT 14.000 0.000 583.800 0,000 100.000 586. 700 0.000 200 0 000 588 0 800 0 0 000 ~"1'. 

•l"sT 300.000 592.400 0.000 300.000 593.100 590.000 345.500 593.600 590.600 340.000 ,;1• 
',B-T---59-3-.-60 o~-59-0-.c{;.0 o 396·,·0·0 o--·---59·3.60 o •-- 59o·.-5o o---· -· - 398·. 50 o --- - · 593 .60 o· ·--590.so o -· ---44·4. 50 o--·--593-;-roo ------ ,J 

• 
"'sr 590.100 444.500 592.400 0.000 soo.ooo 592.100 0,000 600.000 593.500 0.000 "I'• 
•sT 100.000 595.100 0,000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -o.0ioo '.'' n I :· GRI--:> 8"3·.·8 0-0--0-.-0 0-0-· -5 8-6.-7·0 0----l·O o.o O Q>----5 8 a--.8 Do· ·-·--· 20 o..-a·o o---5 9 2-;-40·0--.. -3 0-0 .-o O o· --5 8 2-;-o o·o- ·--3 o·o-;-0i·O'o _J; 

· · GR 58c.soo 305.ooo 576.900 305.100 575,300 310.000 510.soo 320.000 569,100 330.000 M 

• "IGR 568.900 340.000 568,900 .145.500 590.600 545.500 590,600 348.000 568.900 348.0IOO •~• 
"LGR 568-.-90 o----35-0-.-0-00- ---56-9·,-5 o ''---36 o.o o o- :10.2oil-~ 3·7o-. D·o•o-- - --·-s-69·• -6o o·-·---'380 .o·o o- -- ~s69 .3o o-· ----390-;-0100- ------- ,;·, 
"IGR 568.900 396.000 590.500 39n.OOO 590.500 398,500 568.900 398.500 568.900 400.000 1

1

"ie 
• ''1GR 570.100 410.000 571.500 420,000 572.600 430,000 575.100 440.900 582.400 441.000 ,", 

, ' __ ..,. "-- ·-------------"" ··,GR--581-..g-0 o. 4 44-.-so o--592,.·4 o" 4·44.5 o 0---592.1-0·0--·- --so o.·o·o·o-·- --5,:,3-.-50 0---6·00-;o·o o-----·595·;;10-0---10·0-;·o,ffo "I·.,•: 1., 
461 11 l1 

el::1x1 1.000 -0.000 -0.000 -0,000 40,ooo 40.000 ".-. 
Lx.2:........--- a .•. o o-"--- --0-.-0--()--{),--- - o.o o ~----o.0•01-ll-----·o.o o o- ---·-- o. o u o---

40.000 -0.000 ·-0.000 -o.0ioo 
--1-;·00 ·-0.000-- 0 - - -o-.o·oo ·-0-;-010 0 

~ X 3 10.000 -0.000 -0.000 -0.000 -0.000 -0.000 •,1::~c . oso • o9_o _____ ._o_3s_· ___ _:_o_._o~_o ---=-~~~-o- ... ___ -_o_._o_o_o _____________ .. --·-- ...... _. _____________ -·-···, _ _ ______ --:J 
wl•l'f,'x1 1.001 35.ooo 300.000 444,500 1,000 1,000 1.000 -0.000 -0.000 -o.oioo '" 
• 'x3 10.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 592.400 592,400 -o.0ioo '• 

" R 58-3-.-800---0-.-0--00 5B6·.-7•o11---1·00.-ooo----.. -s08.B·oo-·- ·-·200·.-000 -··s92·;4o·o ·--- ---300.000--· · - ss2-;-oo·o- -· .. •300-~oioo-----------a;j 
"GR 582.500 305.000 576,900 305.100 5-15.300 310.000 570,500 320.000 569.100 330.0IOO ,,. 

• l"GR 5613.900 340.000 56$.900 345.500 561:1,900 345,500 568.900 341:1.000 568.900 348.000 ,, 
' S68-.-9oo~-a-S-O-.-ooo-~s69·.-51)-0--36 o.o·o o--·- 5·7·0-.·200-·· .... ·- -:37 o ,·o oo · -,-569. 6·o o -----:mo ;-oo o-- 569-;·30·0-----390-;·oi·oo- • f, 

568,900 396.000 56d.900 396.000 S68.900 398,500 568,900 398,500 568.900 400.0IOO ,'' 
570.100 410.000 571.500 4:C0.00() 572.600 430.000 575.100 440.900 582.400 441.000 • 

-0.000 592.400 592.400 -0.000 
-0.000 -0.000 -0.000 -0.000 

" I I r."R 
GR 



' ' 

·•' x1 1',os2 21.oiio:' · .1000.000 . 11so .. ooo · •3.ooo, 
1 

3.ooo. ,, . 3.oo.o: •-o·.ooo · :.a.ooo·· -o.o,oo' 
', I 

,I • 

[' U ~ X 3 - 0 , 0 0 0 - 0 • O O O - 0 • O O O 1 O O O ., O O O - O • O O O 11 Fi O,. O O O , · ·• O • 0 O O , - 0 • 0 o O - 0 • 0 0 0 - 0 • 0 0 0 
' GR 58b.500 0.000 587,200 100.,0!)0 585,900 200,000 5,H.•900 300.000 584.300 ,400.oo·o' • 

-• GR 584.000 500.000 583,600 600.,000 583,800 7·00,000 586,500 785.000 586.900 800.000 •· 
'!....GR--5-83...7-0,0--9 0 o .• ,Q.(U)_._5a,3.,,.o.o.o--l-O-O,O·.,--O O 0- ----5-7-5-.·6 0 0- ·-1-0-0 ;J.-;·Q O·O·--- -5 7+.5-o o--l·O·l·O·.-O O O --·- ··5 6 9-.6'0 o--]:'O 20.0 o· ---·7,;-
'GR 570.200 10~0.000 568.900 1060 .. 000 568.900· 1oao.ooo 571.ooo 1100.000 572.900 1120.000 ·, 

e1.• GR 578.400 1130.000 5a1.ooo 1140.,000 s,.,1.soo 1149.ooo .5J;3.4oo 1150.000 5a5.4oo 11.90.000 . _____ : • 
'. R---5-8-9 .-l-O-O--l-2-l-0-,·0·0-0---59 2-.A o,e~~I-2·7-2 ,,{) O·H ----O·;;-{J O o------ --O·. 0 0 o---- · ·- 0 ... o O o· -·-···- 0"; o·o o----- ---...o·;-o O O "-''O";'ff0-0- ------~ , !(' 1,, 

•

1

, NC .090 ,070 ,035 -0.,000 -0,000 -0,000 ··0 0 000 -0.000 -0.000 -0.000 
1
:. 

0 ' X-1---.1-.S 2-2,.........--4 5 ,·0·0-0 16 5,,. 0-0-0-~·4 6 5,,-1}0 0--- -2 4 O O ;; O O O ----- -1· 7·0-0·.-o-o·o ..... · -·2 3 3·-0-;- 0 0 o---·- 0 ; 0 0 o-----.. ·o-;-o O o------a.-o·;· o o·o----· ------., 

0 
11 X3 -0.000 -0,000 -0.000 -0.,000 -0,000 675,000 ·-0.000 -0.000 -0.000 -0.000 ''! 

;•1:GR 595,500 0,000 593.000 40.,000 591,700 59,000 590,700 75.000 589,300 ___ 76,000 __________ ,::~ 
tJ, ~ ~1,, GR-~!i> ~-.-2--0 o s 5-.•o-o Of--------c5~H.o o o- ----~ ----9 5,,o-o o---5 fH.7 o o ~---·-1·0 s.oil o-·-5·13 0-;·2·0 o·---1-1:'5-;-o o·o---·sa6-;7 o-o r 3 5-;-o-o o ~,, el" GR 583,Boo 165.-ooo 580.000 115.,ooo ~7~.10~ 195,ooo s:71.900 ~•1s.ooo 511.100 235,ooo ::•• 

GR 577,100 255.ooo 576,600 21s .. ooo 570.200 295.ooo 5T6,300 315.ooo 575.400 335,ooo ,,' " ~-- __________ .., ' 
· G · 5.7-s-.-1--0--0--::i 5 5-.--0·0 o--5·7 5.-HJ·O , -75,,o-o o---·!:i-75.'lil o-•--3 95•~ o·o o--- 5·7 379 o o·---4,·J:s·~o o·o-.. - --57 4--;·2 u u. "4'35-;-o·O'o-·-- · ,, 

.l"GR 575.300 445,000 578.800 455.,000 581,400 463,000 5132.400 ~-65.000 582,500 475,000 ••·· 
::~GR 582,700 575,000 584,000 675.000 583,000 775.000 585,200 875.000 586,200 975,000 = 
JeR-s 0s.2-o-o--1 0·75,·0·o o s 89 .9o o -- -1-1-Bs,,o-o 0-·-·5 sa-; 2 o'O·-·- -i-21s.o 011--5139-;-a-o·a-- J:3-r 5-;-o·o·o--·59·0-;·0'o·u~ F+75-;-o·o-o-

• l,.i GR 590,100 1575.000 589.800 1675.,000 589.600 1775,000 5139,900 1875.000 589,900 1975,000 
,.1NC ,090 ,090 ,OJ5 -0.,000 -0.000 -0.000 ··0,000 -0,000 -0,000 -0,000 
'-------------------- --•-------------- -~--..... __.,.__.__.._..-. -

,, j l,1 \1 
, 1::-i n;• 

71: 

" 
• 

"fxl 1,900 37.000 950,000 1215.,000 1800.000 2200.000 2000,000 -0,000 -0,000 -0,000 •~. 
1 ~X3 -0.000 -0.000 -0.000 950.,000 -0.000 1218,000 -0.000 ___ -0.000 -0.000 --~-0.000 __________ ~-~ 

a ( GR·--s.9·2..-5 o Oi---0 • ·I}{} 0·--5 9-0. 0 o-o-------5 0,,0 o o-- --5 8·7·;-7 00 -- ---1•5·0-; o O o--- 513 6-; 9 o·o- ,!SO-;o·o·o- ---5 a 1-;·3 0'0- 5·0-;-0-0·0 J 

• 

12
GR 588.400 450.000 588,700 550.,000 583,300 650.000 5138,300 698,000 584,100 720,000 ,,I. 

mGR 583,600 750,000 584,500 850.,000 584.200 950.000 581,600 951,000 580.800 ~60,000 =1 
"~:-------15-7-9.-500--9-7--0-.-G--o-o 57-6o90·0-----qao1.-{IO·O -·- ·---5-7611900· -- ·990-.-000- - ---5·75·;600- -·1·0-00.-000- --- -575.-300- --·1-o·i-0-;o·oo '33 

• 
"GR 575,500 1030. 000 575,900 1 oso. 000 576,500 1070. 000 576.100 1(190,000 575,600 1110.000 ''I• 
•GR 575.400 1130.000 574,700 1150,.000 574,200 1170,000 573,200 1180,000 574,200 1190,000 : 
" GR 5-7-7-,-3-0--0--1-2 0-0.-0-0-0-.......,58·1-.--+o-0---1-?.-1-2 ;.{) o o . a-2.2 o o-----1•2·1·s-. -o o o -1,3-" o o 1-~: 5·0 ;-o o 0---5 a 6-;-o o o-· -13 5 0-:0-0-0 · 

• 
"GR 588,600 1370.000 592.800 1390,.000 -0.000 -0,000 ··0,000 -0,000 -0.000 -0,000 

I " 

"x 1 1. 9.0 · -1.-0-0-0--950·.-o o o 12A5--,,1-oo---4'9·;-o·o o-- -----4-9,0 0·0----,~9,o o·o • 875 ---·-=o ;-o oo -o-;o o-o ., 
"x3 10.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 590,600 592,000 -0.000 ~ 

•·"GR 592,100 0,000 590,200 50,.000 589,300 150,000 5158,900 ,:50,000 587.600 350,000 l,,I. 
,,, ~- _.......,. -----<; __ _,_ ,--- "I 

'J, GR 590.600 950,000 586,000 950.000 580,000 967,000 577,300 980,000 576,300 990,000 !Y 
I, I, ·,1,. Gri -588·.-3·0 o 4 s o.-o-0-o--s9,1.o o o 53-0,.0·0 o SH9·,-3 oil--- -·-t.-s·o·;-o o o-- -5•~0-; o o·o 1•s·o,o·o o--- ·590.00-0-·----950-;o o·o ., 

• "GR 576,200 992.000 574.400 1000.000 575,300 1010.000 575,800 1020.000 575.200 1031,000 l"j• 
"' ----·---------<'" GR----,S-7-5-.-a.o 0--1-0-as.-o-0 0>--~5-7-o.-9 o Ji--1 o-s o,,o o o·----5·7-5-;-B o·o·-- --1 0-1 o·,o o o-- --5'76-;·o•o o-.-·-Hr9o-;o o o- · - 5 75-; 30 o~--·1·J:1 o~·o·o o ., 

I

UGR 575,800 1138,000 574,400 1150,.000 573,300 1160,000 573.500 1170,000 574,000 1180,000 ~ 
•"GR 573.900 1190.000 574 0 200 1200,.000 576.oou 1210.000 ___ 511.100 1,:11.000 582,400 1225,ooo _________ ---i:;!• 

" GR sa-1,1-0 o-1-2-3·7-.·0·0 o--5 s-a,::i-0-0---1--2 <+-S--,,1-0-0---5 9·c.o·o-o - --1--z 4-s--;•1·0 o 51~'2-;0·0-0---1-2'.s·o-;-o o o·-----59 2 ;-9 o u-r3 5 o-;-o·o-o ;,I , .1 1, 

• 1

::GR 595.300 1450.000 -0.000 -0.,000 -0,000 -0,000 ·-0,000 -0,000 -0,000 -0,000 :•,"•' ' 

1
,,Nc ,020 .020 .o3o ~-~ __ __:o.o~o ___ ---~-~_.ooo --0.000 ____ -o.o~--- -0.000 -0,000 ___________ ..,,;: 
I D 

•
"x1 1,910 73.000 950,000 1245,,100 1,000 1.000 1.000 .a75 -0.000 ,;.o,ooo "e 
"x2 -0.000 -0.000 -0.000 -0.,000 -0.000 -0.000 -0.000 -0.000 ,875 -0.000 •· ., -~--- ,.____ ---- ----,: --~ ------------i" f 11 [ X- l-0-0-0-0-v 0-.--0 0" -0.(}0 0 -0.;-0·0 0-.. ·----0,0 Q·Q- - · --il,O O o-----~--a.Q-;-O•Q·O- 39 0-;-6·0 o· 592-;-0 0 o--·---;Q';'O O O " 

,(. •sr 41.000 0.000 592,100 0.,000 50,000 590.200 0,000 1so.ooo 589,300 0,000 ~ 
• "sy 250.000 588.900 0,000 350.000 587,600 0,000 4!30.000 :iBB.300 0,000 550,000 ". 

.. --- ---· -------------1'" B-T--5-9-1-.-0 0-0---0·,•0 OOf---~6-50,,·00 0-- ·--51\9,,3-0 0-----t•.OOO ..... ··-7-50.0iJ0---590-.-0 00 O. 0 0 o----·850-; 0 0 0 590·;-80 0 es: 
•sr 0.000 950.000 590,600 0.000 950.000 591.400 5130.200 990,000 591,100 588,500 

•l"'BT 990.000 591.700 584,400 99?,.500 591.700 584.400 992.500 ~,91,700 588,500 1032,500 ~-'B-T--59-h-900--588 .-7-oo--+o-32-.·50 o--·59·1·,,-900-· -5A4.oo o·--· · 1·0·35-.o o o- --·59 l-;-900 ·-----~;94 .600-----·1·0 35-;·o·o 0-.. ----591-;-90·0--- - ·;.:1111 ~ 
'sr 500.100 1015.ooo 592,000 ssa,,000 1015,ooo 592.000 584.100 1011.500 592,000 584,700 ~- •· 

• f.'sr 1 011.500 592,000 5as.soo 1111 .. soo 592.300 589,100 1111,500 :i92.3oo 585,ooo 1120.000 1 • 

•· B-T--5-92~-3o0-----58-5-,,o o-0~1-1-20-.-0 o,o---59<!,,30 ll· ... - 589 .-1 o o - -· ·l·l 60. oo o .... -592-,-vo o·-- - -:;a9. 5o o- --- 1160. o o o--·-.. - 592 .-10 o-- --------~-- ;:i 
ier 585.400 1162,500 592.700 585,,400 1162.500 592.700 589.500 1202,500 592.800 589,600 ~ el"isr 1202.500 592.800 585,500 1205,,000 :,92.800 51\5,500 1205.000 :i92.BOO 589.600 1245,100___ ,, .• 

11ictiar 5-92-.-80 0---58-9-•. 600--1-~4-!5-.+0 O·- 59·2 ,.--00 o- -·--D .o O O·- .. -12:iO .·o U O · ~ --59z-.-o O o--- "-·~·-o-;-o O o--i-350·;0 00----592 ;900 
1 

· BT 0.000 1450,000 ~95,JOO 0,,000 -0,00U -0.000 -0.000 -0,000 -0,000 -0,000 
• GR 592,100 0,000 590,200 50,,000 589,300 150,000 588,900 c'.50,000 587,600 350,000 • 



• 
GR -590.600 950

1
.000 5B&.ooo 95().ooo 580.000 967,ooo, 577,300. .. 9ao.ooo · 576,300 1 990,000 • 

, GR 5'76.300 990.400 5!3'4,400 990~,400:' 51)4.4'0() 9')2.·100 · 576,200 · 992.100, ' 576~20'0' 992,500 
1 

1 

1 ., GR 574,400 1000,000 575,300 .lOlo;ooO 575,800 10~0.000 575,200 1031,000 575',200. 1032,500 in 
GR 575,200 103?.900 584.600 1032,9·00 584,oOo 1034;&00 s75.200 1034,600 575,200 ·1035,ooo • 

-•: GR 576,900 1oso.oo•o 575,Aoo 1010:000 575,Boo 1015,ooo 575,000 1075,400 584,700 1015,400 
0 

• .G,-1<R:..--·584-.-7-0-0--1-0-1--1-.--1-o'.o--a--7-S-,-9 tHl-----'·--O-+ 1-.-1, 0-0-.. -- -5-7-5.-9•0 o--1-·01-1-.-s o o- ---5'7-6-.--0 o 0--·1 ·o~o .-o o·o-----s-15 ,.-3 o·o-·-- 1-rro--;·o o o-----------"'I ,'::" : 

• 
'GR 575,400 1117.500 575,400 1117.900 585,000 1117.900 58$,000 1119,600 575,500, , 1119,600 
'GK 575.500 1120.000 575,Buo ]13A.OOO 574,400 1150.000 573,300 1160.000 573,300 1160,400 

l 1 ' R 5-8 s-.-4 o o~H-6 0.-4 o o-sa5.4 o o---1-1-6-2--.--1-0·0 5'7 :3,3 o o--.. -- - l' l."6"2--:- i,o o- ---5-7-3-;·3-o o- --1·t62~-s-0-0-- ·· -5-7 3';5 o·o ----1-r1 o-;o o·o-~ ~-
1 I, GR. 574,000 1180,000 573,900 1190.000 574,200 1200,000 574,600 1202,500 574,600 1202,900 
• 'GR 585.500 1202.900 585,500 1204.600 575,100 1204 0 600 575,100 1205,000 576,000 1210,000 

, ' -fl 5-7-7-.+o o-1-2+1-.-o-o-o-----5-a2-.4-o 0--1·2-2 s-.-o o o---s 8·7· .1 o o ----- 1 2-3-7._.-o o 0-----5 a 0--i3·0-o-~-1--z-4·5';'"l'O 0-----5 9 2-:0 o·o·---r2·4s-;-1 o-o·-----------, 
'..: GR 592,000 1250.DOO 592.900 1350.000 595,300 1450,000 -0,000 -0.000 -0,000 -0,000 ·:. 

":-1------11~ • ..q9 1-1----.o--0 o - o,o o -- 0.-0-0-0 3 4-;-5·o-o---- -3"' ;·5 o·o 3 4--;·5·0·0-----=u-;-o·o-o -- o-;O"O"o- ~;; o-;o·o·o :-- . " ~ I I 
"X2 -0.000 -0.000 -0,000 -0.000 -0.000 -0,000 1,000 -0,000 ·-0.000 -0,000 " 'v1' =1'' 

• "X3 10.000 -0.000 -0.000 -0,000 -0,000 -0,00U -0 0 000 590,600 592,000 -0,000 ". 
" ,--- "' 
" 

NG • o-so • 090 • oo-s----o.oon-------0-;-o oo---- --- ··-o·.oo o- ---o·;-oo o---------·o·;oo o--·--- -o--;0011· -----o-;o·O"o ,. 

'" •::/Xl 1.918 41,/JOO 950,000 1245,100 1.000 1,000 1,000 ,875 -0,000 ___ -0,000 _________ ........;:,• 
, Ii l1,. ><-3 1+;-0-0-0---0.0-0 -o.--o o 0 -0-.-0-0 o •-o .o o o-:- - ---- -,t;-o·o o----~o-.--o o 0-----5 9·0·;-oo o- ----s·92 ;·o o-o- ----=o-;.·o·o-o " ' 
.,,GR 592.100 0.000 590.200 50,000 589,300 150.000 588,900 250.000 587,600 350,000 '. 

,,GR 588,300 450.000 591.000 550.000 5B9.3oo 650.000 -590.000 750.000 590.000 ___ 850.ooo : 
· ,R 590.-60-0--%-0.{)oo 586,0il 9s-o-.o-oo :a-o-.o·ou-·--90-,,0-0·0 577-;-301J---g00--;o-oo---5767TO·o- 99·0--;-0·0·0------------< 

''GR 576.200 992,00D 574,400 1000.000 575.300 1010.000 575.800 1020,000 575,200 1031,000 ' 
• "'GR 575,200 1035.ooo 576.900 1050.000 575.000 1010.000 576,ooo 1090.000 575,300 1110.000 ::• 

" R 5 7-5.-8·0 0-1-1--3-a.o-o o-- ·5-7-4·.4 0--0---i-·1 s-o·; o o o---- --5-13-;-3 o-o - · -- 1-i-6-0 ;-n•o·o -- --s-1 3 .·s lfo--rr7 o-;-o·o·o - --57 4--; o·o•o-·-rr0 o--;-o·o·o ----,, Iii I 
1

GR 573,900 1190,000 574.200 1200,000 57b,000 1210.000 577,100 1217,000 582,400 1225,000 ' 
• ,'.GR 587,700 1237.000 588,300 1245,100 592,000 1245,lOU 592,000 1250,000 592,900 . 1350,000 :'• 

R-595-.3-0-0-1-45 O.Oi)--{J---------·-o.il o-o-- --- -0.-0-0 o------- --o. o o o·- -------·-o-:--o·o o ----- --.:.o .-o o o ------ - •--o-. o o o- -- ---o ;·o o·o---- -- -=o·;o o· 
,. 

• '"x1 1.921 37.ooo 950.000 1215.ooo 15.ooo 1s.ooo 15,ooo -0.000 -0.000 -0.000 ,,e 
" .----------'· j' r f' ,.~- 0.-0·0-0 O,O·O O -0-;-0 O·O- 5-0-.0 0 o----~o ;-o·o O· -·1"2'24·;-o--O O - • 0 o·o -o·;o·o o- ----070 o·o- -070'0"0· ,,: 

• 

,.

1

GGRR 592,500 0.000 590,000 so.ooo 587,100 1so.ooo 586,900 250.000 587,300 350,000 "·• 
588,400 450,000 588,700 550,000 58~.300 650,000 588,300 698,000 584,100 720,000 ·1 

"'G .---------..........;'' , 1+---5-8,3,b o o--7-5 o.-o-o-o--5-a 4.-5 o o----F.<-so .o-o o-- --5154-.--20·0 ---9s--o-:- o·o o-- -- - 5 e-1--;6·0·0-- -9 5·1-;o o o -- -----513 0-:0 o o-·--96 o-;o-o·o .,, 
'tGR 579.500 970,000 576.900 980.0,00 576,900 990,000 575,600 lU00,000 575,300 1010,000 ,,j 

• "
1GR 575.500 1030.000 575.900 1oso.ooo 576,500 1010.000 576.loo 1090.000 575,600 1110.000 i;;,e 

" GR-5-7-5.4 o 0-1+-3 o.o u o---"-,=r-4 .-7 o o--- --1-1-s o-:--o o o- --- --5-7 4-;-2--o o -----1--1-10-;-o·o·o---- --- --s1 3--;·3·0·0---1-i-0·0-;·o·o o-- -- ---5 1 4 ;2 o·o---r r9 o-;-O"Q'O 
" 

• 
GR 577.300 1200.ono 581.100 1212.000 582.200 1215.ooo 583.900 1250.000 586.ooo 1350.000 

"GR 588.600 1370,000 592,800 1390,000 -U.000 -0.000 -0.000 -0,000 -0,000 -0,000 
" ----NG;.._---,+ o o • O'J 11-------0.-o-o oe-- -o-. oo o --------o. o·o·o --0.-00 o - ~o-.--o o o- ----o·.·o oo· · --·-=o--;oo o----o--;oo o 
" 

0 

,osl[' I I l I, ,' ·::1. 
-------:~I 

" "' • •"xl 2.015 29,000 400,000 6~6.000 500.000 500,DOO 500,000 -0.000 ___ -0,000 -0,00 
" ----1: 11

1
," ><-3 o-.o o -o.--00-0------0-.-o-o••i½ ---4·0-0·;-oo -tl-;;-O 0-0-----e,5-e-.o-o o - ---------o--;o o·o,---=-o-;o·o·o --;;;•o-;o o o- -o-;-o o· o----- _,..__'i~ 

,' 

•
. .,GR 592,000 0,000 591,800 100,000 590,800 200,000 589,400 300,000 589,400 400,00 

GR 581,800 423.000 580,500 430,000 578 0 800 440 0 000 577 0 bOO 450,000 576,300 460,00 
" Ri--5-7-4•,..:r-o o--4-7'-o.o o-o--5·7-4.4·o 01--__,,_·so.---o-o·o··-------s-1 :3--:--6-0-0---5-0 o .-o o·o- -- -·5"7"4-;1-0 o 5-2 o·;·o 0·0-~-·5 74--;so·o 5·1to70'o· 
"GR 573.400 560.ono 573.500 5~0.000 573,200 600.000 574.300 610.000 575,400 620.00 

• "GR 511,100 630.000 580,3oo 640,000 sa1.000 6So.ooo. ___ 5Bl,6oo 653,ooo 588,500 656.oo 
"GR--5-8-9.-1:-0-0--1--e o.o o o 5 s S.--4i! o r--2 6;.)·o o- 589.6,r 76 o--:o -cro- sv.3--;·so1J ·6-r-;-o1ro - o-;-o·o·o -o-;·o·o· .. 

• ,,NC . .070 ,060 -0.000 -0,000 -0,000 -0.000 -0,000 -0.000 -0,000 -0,00 

0 '<• 
0 i" " 0 i" 
0 " ' 0 
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• f t '/ 
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" 0 I• 
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.. 
x--).....---2--.-5 o 7 4 4.{)·0-0--2-1 -o-.o o 01---6-4-8,o·o o---~ 6-o o-.o--o o- --21 0-0--;0·0 o--------z oo·o--;,ro·o '-·o ·; 0·0·0-----:070"0"0 -o-;-o·o-

• 
"GR 596,000 0.000 589. 700 35.000 586,600 110 0 000 585,800 210,000 581,400 215,00 
• ' 
,GR 578,100 230,000 577.bOO 250,000 577,900 ___ 270,000 578.500 ___ 290,000 578,000 310,00 

l 1, I. , R--:----S-7-9,2 o o 3 3 o.o o·o-- 5 e-o ;--20 o 3-5·0-;-o-o-o----,n9-;-g-oo- '.31 o-;·o o·o--- ·513·0-;1•0·0- 3 9 o-~·o·o·o·----57 979 o·o- ---4To-;-o o· 

•
' ,GR 579.900 430.000 579.700 450.ooo 57':1,400 470.noo 57<1,100 490,00.0 578,500 510.00 

GR 578.200 530.000 577.500 550,000 576,900 570.000 575,300 590,000 573,600 600,00 • R~5-7-2-.-2-o o 61-0.0 o-o--5-7-3.--3-oo 6-20-.o o o- - --5-1;i--.-4-o o·---6·3 o-:-o o o · - -· ss 1 ;-s o·o-- -6·4·0·;0 o o- ···-··s-01--;30·0- ---s,..-0--;o o-,,. 
GR 585,200 710.00D' 584,600 810.000 584.000 840.000 588,800 910,000 590,500 940,00 

• "GR 589,800 1010.000 589,100 1110.000 589,200 1210,000 5b9,500 1310.000 589,400 1410,00 
" R 589-,-3 o 0----1-s+o..o-o•o---stl-o .1--0 o 1·6 0-0-.0-0 o- --s-B-'r· .-s-o-o- - -·-16·1 o. o·o o - - --595--;·3 o1l--nn o-;-o o o -o-;·o·O"o -o-;o·o· 

NC ,060 .100 -0.0UO -0.000 -0,000 -0,000 -0,000 -0.000 -0.000 -0,000 
_' ' 0T 4 nno 4440,000 5340.000 5750.000 6800.000 -0.-000 -0,000 -0.000 -0.000 -0.000 
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I \' I' .. ,I J • 



I' :xl' a.853 +6.ooo , 1300.000 1410.000 1e~q.ooo 1650.000. 1a2s.ooo :~o.ooo 
' • X 3 - 0. 0 0 0 . - 0. 0 O O . - 0 , 0 0 0 130 0 , O O O, , - 0, 0 0 0 ' 1 4 A 1 • I) 0 0 , -o ~ 0,0 0 ' - 0, 0 0 0 

I -0 • 000 
-0.000' 

588.ooo 

,, -0.000 
-0.,000 

400.000 tbL G~ ~~!·900 0.000 591,100 1oci,ooo . 59o.3oo 200.qoo sa1.100 1300.000 
Gk ~n•.eoo 500.000 se1.100 600.000 see.Joo 100.000 se0.100 eoo.ooo 588.loo 900~ooo 

_.,, GR 588.000 1000,000 586,900 1100,000 586.900 1200.000 587,400 1300,000 581.800 1303 0 000 
1 

• G f<-~5-8-0-.-9-0-0--1-3-0-5,.--0 o o--5-7-6-.-1--0 01----11 31--0.-(H>-0--5"7-S,·5 o -0- •--·-- -1-3-2 o-.o·o o----·s·1,4.9 0·0-----1·3 4·0·.00·0---5 69-;-o O'o---r3 s·o-;-o,ro~---------
, GA 566.400 1360,000 565.700 1370,0DO 567,700 1380,000 567,700 1390.000 567 0 900 1400 0 000 

• 'GR 568,900 1410,000 570.700 1420,000 574,900 1430,000 576.500 1440,000 578 0 400 1450 0 000 
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:e 
3 G1+"----;5-8~1-.-..S-0-0--lp4-60-.-0·0 H-n --5-8-3.-5 0-0 1~4-7-froG-O O ,.. 6 4--.-9-fnJ==- ~ ~'i-5 o•o~;=o O-o- -.-. ,_,,.. 513 6--;'20·0--.- -1-00·0-;-"o·o•o- .__.__,_S-80-;-30-0 {7 o·o-;-o 0-0 _________ _ s ';f :, 

,, t, ,, 

'GR 589.600 1800,000 590,100 1900,000 589 0 200 2.000,000 588,700 2100,000 588 0 900 2200 0 000 
• 'GR 588,200 2300.000 588,700 2400.,000 588,500 2500,000 588 0 300 2600,000 588 0 400 2700 0 000 

,, • ' 
' GR-----'5-a-i,,-a o.o-2a-0-0-,-o 0-0---0-.-0 o u-------0-.0 0-0----· -·- -o.o-o o -·- ·- - · ·- 0.0·0 o----·- ·•-·- o-.-o o o--- -o. o o o , ~o-;,o o o---=-070 0-0---------•~---1 
' 
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Xl 2.867 26.000 300.000 443.500 74.000 74.000 74.000 -0.000 =0.000 =0.000 
l t ~ '' 59£-.-6-o O>----,.._..,o .-0-0-0--5 9.5._5 0-0-----1,-0-0..--0 o 0-·--_.., 9 5.6'o·o--- -· -2-0 o-,oo- 5~5 ... -ao 0--3 0-070·0 0---5 7 a-;-a o o o 0·;0'0·0-------

1 "GR 574.700 310,000 571.300 320.000 571.300 322,500 571 0 '100 330.000 572.300 340 0 000 
."GR 572,500 347,300 572,500 350,000 573,300 360,000 573 0 300 370.000 575 0 800 380 0 000 

" GR-5-7-8--.-5--0-0 3 9 0-,·0 (}.(,-----~!>•7-8-.-:-f-O O 4 O·O • -0 O O 5 &-0.2 0 0---- -4-1-0.-f}{)·O ----5 8-1-.6 0 0---4-2 O·,.O 0-0-- -5 8 3 .3 0 o-·---4-3 0-;--0 o·o---~---------

". ", 
~~ 

,,1 

"I 14!--,s 

' H3l ,, 
• :: GG,RR. ·

5
5 8

9
-

5
3.,_

2
?

0
0

0
0 440.000 5a3.300 443,500 595.BOO 443.500 595.700 500.000 595.400 600.000 

100.000 -0.000 -0.000 -0.000. -0.000 -o.ooo ___ -o.ooo ___ -0.000 -0.000 
----.--0 4-1'>----~.-o45 • o :., 0 --0•.0{) o- • -o. o o o-·----o. o o·o------- o-;·o o o -- ~ O-;"il o o --·o-;-o o·o -o-;-o o o----------

' ' l'i• 

: . • "Xl 2,868 -0,000 -0.000 -0,000 1.000 1,000 1,000 -0.000 ___ -0.000 ,-0.000 
" B-•·>----1 o .-0-0 .... 0 -----,o .--0-s---545.-2-0·0-- --0.-(HJ0•- -1-0-0.0-0-0---5-q s.su ---o.o o o---c20 o.--o·o o- 5 95·;-00 o-----,,-;-o o 0------------1 

t•t 
·" 
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• 
"BT 300.000 595,goo 591,400 32:?.500 595.BOO 581.500 34!,300 595.900 591.600 443.500 
•er 595.800 591,600 soo.ooo 5q5.100 o.ono 600.000 595,400 0.000 100.000 595.200 !:, • 

" I ,, 1, ' BT o .-00.0 -o-.-o.o o--· ---0-,-000- ---{1-,0 o o-------o.o o-O--·- --·o·.·O o o----- o.-o o o - o.-o·o o---- ·----·o.o o o -o-;-o o 0----------
1 • 22 

If:· • 'Xl 2,871 -0.000 -0.000 -0.000 17.700 
'' 2--~--0.,-0 Q.v------0-,-0 {)41-------0-,-0 0 0>---- -- -0-.·0-0-0- - --- - 0--. 0 0 0 - ·--
"fNC .060 .100 ,0'+0 -0,000 -0,000 

17.700 17,700 -0.000 
-0.00-0 ------ -1-.-000·------ ---0.-000 

-0.000 -0.000 
---o.ooo---,-07000----------. " ·-0.000 -0.000 -0.000 -0.ooo -0.000 ,. 

3!:>f • 

" X-l,----cc-.-8-7-3-----0-,-0 0..,,0---0--.•0 0-0--- --- 0-.·0·0-0 --- --1-.0 0 o 
" 

91"1 XI , 2. 8 7 5 41 • 0 0 0 130 0 , 0 0 0 14 7 0 • 0 0 0 1 5. 0 0 0 1 5, O O O 15. 0 0 0 -0 • 0 0 0 -0 • 0 0 0 - 0 • 0 0 0 
:" X3----o-.-o.o 0---0-.-0--0,1------0.-0 0-0----.-30 o.o 0-0-------0.-0 o o-- -1-4 7-3,5 o o----·-- - .. -o-;-o o·o--- -- •-T--o.o o o-.. - ------·----o·; o o o-------=o-;-o 0·0------------1 

l • o O r,----1-.00 o- -----o ; 0 0 o- - · ... --_-o-.o O o--- -o-;-o o o 
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,·, 1J I: I ,., 
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~GR 5q1.900 0.000 591,100 1on.ooo 590,300 200,000 581,100 300.000 588.ooo 400.000 
•tGR 589.800 500.000 s01,100 6on.ooo 58B,3oo 100.000 sa0.1oo_~soo.000 __ 58a.100 900.000 
F y ll. R---566-.-0 0 O--l-0-0-0.-0-0-0--5 8f>.-9 0-0- - ·---1 ·1--0·0 .o oo- ----586.9 0 o- ---1-2{) 0 ;ii O o----5il7·.4·o o- 1-30 o.-o O o- 531-.80 o-- .. --, 1-30 3-.0 0 o--

,, 

I"• .. 
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' ''rGR 500.900 1305.ooo 576.100 1310.000 575.soo 1320.000 574,900 1340.000 511.100 1350.000 
• "GR 571.100 1410.000 571,lllO 1420,000 574,900 1430,000 576 0 500 1440.000 578.400 1450.000 

I" -GR 58-1-,.SO O--l-46-0--.-00-0--5Bs1•,-lii0 0 147-0-,·0 0-0·-· ---58'+·,; 90 o--~-1-50 0 ,{)U·ll ·---· -586 ;·20 0 • -·-I--600-. 0 oo--· --- 586.300-·---1-10 0 ;o,oo---

'" . • '"' ,o r' GR 589.600 1800,000 590,100 1900.000 589,200 2000,000 588,700 2100.000 588.900 2200 0 000 
e,"IGR s00.200 2300.000 5S8, 100 2400.000 5811.500 2soo.ooo ___ saa.3oo 2600.000 5t:10.4oo 2100.000 • i::~~~ 58-7-:~~~-2&00·:-~~~ -~-:-~~~----=~: ~~i,---=~·:-~~~- _., __ =~~~~-~ -=~: ~~~--------=~~-~~~- -----=·~: ~~~ =~: ~~~-

I" x-l,--~3-.-l-9-7----4-3-.-oo o 87 s--.-0-00---1+4-7.-0il0----1-1-0-0.·o o o-- ·- -1-6 o o·. o o o-- -· -1-1 o o-.-o o o-- -- - --·- o. o o o - --- -- -·o ·.o o o -o-;-o o o------------1 
rx3 -0.000 -0.000 -0,000 766.000 -0,000 1700,000 -0.000 -0.000 -0.000 -0.000 e/'4

fGR 590.00D 0.000 5B9.400 lD0.000 590.000 200.000 589.400 300.000 ____ 590.500 400.000 
i,I, l :• GR-~5&-9 .-4-0·0--5 o o-.o o-o-•---· 5-8, .-HJ o---6 o o • ·fr·O o--- ---·5 a 9~-1 il o- ·---- 7 o o •. o o-o·- ---s 9 o·;;-7 o· 7 67 ;-o o o 5·8 9-;·3 o 0----0 o o-;D'O'o-----------, 

' '
1

GR 583,800 875.000 581.BOO 900,000 581,400 910,000 580,300 920.000 580.400 940.000 
• "IGR 580.'+00 960,000 580,100 980.000 579.500 1000.000 578.400 1020.000 577.500 1040.000 

'" GR--.5-7-5-.-5 o 0--1-0 6 0-.-0 o O----'S-7 4.9 o o --1-o·e o.-o·o o ----5-7 ,,.-2 o u- --·-- l'il 9 o.o o·o- --s-1·4-,;i3 o o- -----1-1· o o-;-o o o • -- --5 7 5-;-o o 0--1-ri-o-; o o o·--·--·------
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GR 574.300 1120.000 575.000 1130.000 579.800 1135.000 582.300 1140.000 586.300 1147.000 

•GR 585.500. 1200,000 58'+,000 1300,000 5~5.200 1400,000 584.000 1500.000 587.400 1525.000 · f: GR--S&-7-,-50 0--1600.--0 o o • 89.-7-0o-·-· -1-100.-0 oo--·- -- - s·as. ooo- ... --1 ao o·,-o o-o-----s-s·1-; o o o --i-900 .oo o---·-5a6-;-,.o 0---20 00~·00'0· .. ---
GR 587.400 2100.000 590,700 2200,000 595,100 2300,000 -0.000 -0.000 -0.000 -0.000 

• 1 ~ .1_,. ::t.,,--?,!,.,J:..._ .. _ ... -4{.1,---",· ,, "v v 0-7,,f,-, "u·"v v -1-1,--::r~-n.n n --- -- -/,.n n-- n i\ n- - -·- ".le'. n--t:'I n fl· -- - -"l '"7 n---n n n-............... - ··=:-n -n f\ n· - - -=nv-•-"v "u "v.._ __ --· --=,nu-• "v "v'"v _______ _,__ - - --• ,_ _ ~~~1.uuu ~vv.uuv ~~v.vvv Jrv.vvv -vevvu 

"x3 -0.000 -0.000 -0.000 766,ooo -0.000 1300.000 -0.000 -0.000 -0.000 ,-0.000 . " GR 590,000 n.ooo SB9.4oO 100.000 590.000 ?.00,000 589.400 300.000 590.5oo 400.000 
" ~ I'!- R:----58-9--.-4-0-0---50·0.0 O· S·B'l.-Hl O 6-0 0 .-0-0 0 89--; liJ·O- ·- 7 O·O-; 0 0 O · -·- -5 9 0-;-7 0 0 76-7-;-0 0 o·--·-5"89-;-3 0 0 8 o·o .. ;-0'0'0·-----------

., GR 583,800 875.000 581.800 900.000 581,400 910.000 580.300 920,000 580.400 940.000 
··<-R 580.400 960,000 580,100 980.000 579.500 !000.000 578,400 1020.000 577.500 !040.000 
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n GR 575.ooo 1120.000 575.700 11 ::j!),. 00(), • GR 585.500 1200.000 ,584.000 1300.000 
GR 587.soo 1600.000 589.700 1700.(100 

-•: GR 587.400 2100.000 590.700 2200.000 
NC· .oao .080 -0.000 -0.000 .. 

579.800, )135.000 . ,582.300 
. 585.zoif, 140 0. 0·00 584.000 
$88; o:oo 180,0. 000 587.000 
595.100 2300.0UO -0.000 

-0.000 .:.o.ooo -0.000 

11'40.000 586.300 
tsoo.ooo 58i.4oo 
1900.000 586.400 

-0.000 ·-0.000 
-0.000 ·-0.000 

..........---.... ~---

·1147.000. 
· is25·.cioo,. 
2000.000· 

-0.000 
-0.000 

'Xl 3,683 26.DOO 200.000 400.000 1600.000 1500.000 2200.000 ·-0.000 -0.000 -0.000 
•·'GR 590.000 0.000 589.000 200.000 582.500 215,000 579. 700 220.000 . 578.200 230.000 

. . 
. . • ~ tl r: 

• 
: I · ' GR-5-7-7- -J...o of---.24-0.0-0o 5 7 6.+on-----.2':i o-;--0-0 o : 'i' 575 oo --26 o .--o o·o--5 7 5·;-J-0·0---?.1 o-;-o-o·o----s 75-;-ro·o---20 o-;o·o o- ----~---------1 
L, ,,l • 
. '' GR 575,500 290.000 576.000 300.00tl 576.800 310.000 577.500 320 0 000 578.200 330.000 : • 
• 'GR 579.300 340.000 579,900 350,000 580,800 360,000 581.800 370,000 582,500 385.000 

, ' GR--58-3-.-1-0 o--4 o o.-o o,,-...--s-a• -.7-o o-----s-o o...oo-o--·--584 .;-60 o- -· - -6 o·o...-o o o -- --- -586-;-so o-·---Too-;-0·0·0----50 r;5 o·o a,ro-;o o o-----------;, 
: • : GR 590.900 940.000 -0.000 ' -0.000 -0.000 -0.000 -0.000 -0 0 000 -0.000 -0.000 :::• 

: x-1-----.-1-a- 3 o.o o o>---4-0 o.o-o o ---oilil...-0-0 0----5-i.-o.oo·o--- -·49iJ-;-oo·o---5-so-;-o·o·o- • 557-----=r.O'o·o -o-;o-0·0----------1:;i:1} t 
• 

,, GR 592.900 0.000 594,000 100.000 593.300 ?.00.000 593. 700 300.000 592.400 400,000 "· 
GR 582.500 415,000 579.700 420,000 578.200 "-30.000 577.100 440.000 576.100 450,000 '",. 

11 lb n s:r-5 .-so o 4 6 o.o o o--5'7·5.3-0 n---4'HJ.o o o---5-7-5.2-0 0-----4-a-o.·oo o----5·75.5 00---9 o·.o o-o-· --516-;-o o n-o-----<a-su o-;o o·o------------<,,r 

• 
"GR 576.800 510,000 577,500 520.000 578.200 '530. 000 579,300 540.000 579.900 550.000 ,.! 
"fGR 580.800 560.000 591.800 570,000 582.500 585.000 583.100 600.000 583.700 100.000 ··I• 

~ I: j Je R---5-8 4-.-60-0---e o O.-fJ o o--5 86-.-5-o-o--_.., o-o.o-o-o-- 5 e-Y-.5 o·o--lil o·o.-o·o-o ---5 9 o-. 9 011~- i-0-4-0-;o 0-0---5-s 9-;s o 0--1 -ro·o·;-o o-o·-----~------1;; 

• 
INC .090 .070 -0.000 -o.c,oo -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 '-' • . , i,, 

'\x-1---4-.-1-2-8 2 7-.ll·O 0-----1-3 5-o_-o o-o,---+·5 5 lt.O o 0>---+14 5·r.o o o- --1-s o o-;-0·0·0---1-s-o o..o oil - o-;-o·o·o •-o-;-oo o -o-;o,ro·-~----~---::· 

• 
"lx3 -0.000 -0.000 -0.000 12so.ooo -0.000 1150.000 -0,000 -0.000 -0.000 -0.000 , • 
•eR 593.300 0.000 590.000 550 0 000 589.ooo 750.000 590 0 000 950 0 000 589,000 1050,000 • ,, 
·" ~-0 0·0--H·5 o.o 00--5 9 0,;·\l (HJ--- 1-2 5 0-;. ti 0 0 -S.'12-;-5 0 0 --1-35 0-;-0 O·D "---s-a-1-;-a 0 o· - .. -1-3 6·s-;-o·o·o- ---5 8 o-;a 0 0 ·3 7 5';'0'0 0 ------,.---~).,,I)\ t 

• 
i GR 579.900 1385.00G 579.300 1395,000 578 0 200 1405. 000 577,500 1415.000 576.800 1425·.000 " 

GR 570 0 000 1435.000 575,500 1445,000 575,000 1455,000 575 0 300 1465 0 000 575,500 1475 0 000 ,,. 
•' GR-~5:u, .-1-0 o--1-..as..-0-0-0-s-1..:,,.1-0-0-- -1-495•.--0 o o • - --s--1-a .-20 o-·-- 1-s,1s•. ii o o -----s 79; ro o- -·· 1·s•1·5. o o o ----- - 582. so o·---i-52s--;oo o ,:, 

.:::GR 590 0 000 1550.0~0 5:5 0 500 17~0.000 -0,000 -0,000 -0 0 000 -0 0 000 -0 0 000 -0,000 "' 
• NC ,1D0 .080 0,000 0,000 -0,000 -0.000 -0.000 -0 0 000 -0 0 000 -0,000 :, • 

ii, ;1 t/'1------------------------------ ·--·- ~--· ·-·-·--------------------<' 
Xl 4,374 27.000 250.000 450.000 1120.000 1000.000 1300.DDO -0.000 ~o.ooo -0.000 , 

• 'GR 593.700 0.000 590.000 250.000 582.500 265.000 579.700 210.000 578.200 280.000 I:·• 
GR--f>-7.:r-.+o fl--~29-0-.-0-a-01--~57 6-.1-o o---"<·O·o.oo o 51 s·.;-5 o o -----3•li> .·o o·o-- --5-15.3 o·o -~-32u.o o·o --- - s 14-;-9 o·o 3.3 o-;0·0·0-------------.., .. 

FGR 575,500 340.000 576,000 350.000 576,800 360.000 577.500 370.000 578.200 380.000 k 
•"GR 579.300 390.000 579.900 400.000 580,800 410.000 581,800 420.000 582.500 435.000 :::• 

·i" GxR-~ss.3 .• -1-00 S(h-9-0 01---"'>583.7·00---· -sso.il·oo-- -584.oo-o--·-- 650 ;-oo o-- - -s-a6 ;so-r··-- 1so;·o·oo-· --- saT;5oo-----·-sso-;o-o-o --~,. L 1 1, 

• 
:NGRH 590.000 1300. 000 592.100 2150.000 -0, 000 -0.000 -0,000 -0.000 -0,000 -0.000 " 

4.ooo .100 1185.ooo .010 1400.000 .o4o 1620.000 .010 2600.000 -0.000 (' • 
" -__ .,._ - --- - ~ ,_ --....----- --- ,. __.. __ ---- ______ __, 
" 'x.1 4.620 36,000 1400.000 1620.000 1150.000 ~50,000 1300.000 -0.000 -0.000 -0.000 ~ 

• "x'3 -0.000 -0.000 -0.000 -0.000 -0.000 1900.000 ---<z-0.000 -0.000 -0.000 -0.000 ". 
I' i: , .," GR-6-0-0.-0 o 00-----10 .-o-oo---59 o-.o o o a o 070-0iJ------a-1-.s o o- - - --q o o~ il o o - 5,!7-.·6·0·0--1-ooo-;.-o·o·o·~ --·-5 88~7 o·o - --i-r o o-;ooo·---------- " 
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1 

1-: 91---

• i" 1.91 .. I 1. 91 .. r 
•H 
e F' 

• 

.i 

1-;·o·o--· ·s·eT;-60 __ _ 
1.00 587.60 
1.00 587.60 

589,60 573.30 
589,60 573.30 

6570.00 584,46 
7770,00 565,19 

.16 .oo .01 6100.00 

.18 .oo .01 6570.00 

.21 .oo ,01 7770.00 

10.86 230.67 
11.16 233.49 
11.89 241.21 

-----··------- --------------

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

_________ !: .• 
1Q5i 

!'''1• '" 

~"LI ______________________________ -- - -----· . --· - ·- . -·· - - ·------ __ "_ ............. _ 

-_ -..• ~-----_-_-_ -.. ~~ .I' i~~; •• 
-- _;J 

Lht ,. ., . ,, • 



I • I, '1,, 
I, 

1 ,- I , f I 
p .i • ~r[ · SECTION CHANNEL MI'-1 E;L OF MJ•X EL OF MI"I 11:,L DISCH~RGE Cl~SEL 

'I ' I 
HV HL OLOSS QCH DEPTH TOPWID 

II 'NUMBER ILENGTl-l RO!\Dl,AY LQl•/. Cl-10RD GROLJ1,1r> (CFS) 
- "· 1,92 34.50 587,60 589,60 573.30 5070.00 583.51 .13 .01 ,oo 5070,00 10,21 227,74 • 
ti I,' , 

ti 1, 

~ ti 
Iii: 
ti 

ti 

ti 

ti 
bt 
ti 

ti 

' 
' 
' 
' 

I 10 

' 
" 
" 
" 
" 

. \5 

" 
" 
" 
" ,o 

; 

' ' 
' 
" 
" 
" 
" 

• . 1~2- .:4-.-S<l s1:r1."oo~;;-a9-;1;,o sr:r.::nr···75To1r.·oll----self;;TB .1c:,--··---;·o-2 .oo .6100.cio 10.00 230,13 , 
1,92 .;34,50 587,60 589.61) 57:3,30 6570,00 5cl4,48 ,18 ,02 .OO 6570,CIO 11,18 233,55 ·:. 
1,92 34,50 5£:17.60 589.60 573.30 7770,00 51:!5,21 ,21 ,02 ,00, 7770,CIO 11,91 241,28 I, 

1, 92 1.00 o.oo 
1, 92 1. 0 0 o.oo 

--:-r-.g-2· 1-;-01J---o-;·o·o 
1. 92 1,00 o.oo 

•· ·--1~0 0. vO 
1, 92 15,00 o.oo 
1, 92 15,00 o.oo 

• 1'5-;1)'0 o.oo 

2.02 500,00 o.oo 
-;-o-z·----s-o o-;-o-o u.oo 

2,02 500.00 o.oo 
2,02 500,00 o.oo 

2,51 2600,00 0,00 
2,51 2600.00 0,00 

-· ,_--,.....,...._ ,_ __ ,......,.. _____ ...,_..,._.,. .. _....---,.......--~-.. -· ................... _ ,; 'ti [1, 

la .11 i 

10.22 236,66 , • 
10,90 239,69 ' 

5070,00 51:!3,52 .12 .oo ,, , 0 0 5010. oio 
6100.00 584.20 ,15 .oo .oo 6100,010 o.oo $7 

o.oo 573.30 
3,30 
:r.3T] o. uu--S7 6:,7ll" .:- cro-- s a ti: :·5 1) • co·~---:·oo ,oo 6510:oio 11,20 241,02 

11,94 244,36 

., 
0. (l D 57 3,30 7770,(10 5,35,24 • 1 ':I .oo , 01 7770,010 ::ie 
o-.:cro--5'1 " --~ - -=-~- - 11 50 6 7, o, 1 -·~1-0-.-2-5--2-7_3_,_7_5 ___________ 1" .oo • 0 
o.oo ~7 , 0 0 I l 6 0 9 3, l 7 10,93 2 7 4, 0 0 l'.:I IA , 0 1 6093,1 
o.oo 57 .oo 11 6561,0,5 11,23 274,00 !,;,-, 0 1 6561,0 
o.oo 5 1 ~~--"•---~-·~- -------~ ~- . -~ ·- -. ·----,"·i · f7 5 4 , 811 11 • 9 8 2 7 4 , 0 0 i • 0 ! 

• (' --~~~-...-:!'.-c<-

o.oo 57 
1lfj 

n C n "7 ,-, n.,.. , ,.. ~- n .... -, , , , '
1

~ -
Jo~V JVIVaUV J~~-uu .ii oiJ oUU JUfUoUU lVo~O C~OoOl 2 

' ~ ,Ou :,uru.uiu • i J 

::,rn 5 / 
o.oo 5i 
o.oo 5i 

I 1 61 0 0, 01 0 11 , 1 7 2 3 9, 0 2 ,,ii,·/ , 
I 1 6570, 010 11,48 240, 0,8 :1• 

3.20 7770.00 585,43 ,18 ,16 ,01 7770,0,0 12.23 242,JO M 

,14 • 0 
,15 , 0 1 6570, 
,16 , 0 1 7770,0,0 -· ' o.oo Si 

0,00 "i i 
12, 14 432.27 1:J• ,60 .o~ 5070,00 

,62 ,02 6100,00 
2.20 5070,00 584,34 ,06 
2,20 6100,CIO 585,08 0 07 

• s·1--2 oITTJ-;-o- cr;o'U- ·--cr;-o-cr- -5, :?.721)-6570.-lnr----~as: 4f . 01~---• 6 "'.3""' ,02 6570,00 
12,88 434.13 ··~ 
13,21 434,95 ,~ 2,51 2600.00 o,oo o.oo Si 2. 20 7770,00 586,20 ,08 ,65 ,03 1770,00 14.00 436,49 ,, • 

.s-s·--1·825-...o 0 0. ()"() -;-0-0~5·1 
2.85 1825,00 o.oo o.oo 5t: 
2,85 1825.00 o.oo o.oo St 

!c,;·To·-·,;:4·4·0-;Do - ·5·64--;i;c- --~l'io---·•-•·-,-2s-· -·- -:or--443876;5 1879T·-779.51 r 
'5.70 5340.00 585.37 ,10 ,30 ,02 5335,81 19,67 179,91 :;:,. 

ti 
,,~s--re25-;-n· o·;;-o'U -;;-iJ1)-"S'f 

5,70 5750,00 585,70 ,11 ___ ,31 ,02 5744,10 20.00 180,09 ~ 
.•,.nra·.rn-o·;-crn· -s-6'€;-51 .1-.. ,33 .o3~aa. 14 20:-a1 100,52 ,'vn1 1;~. "I . 

l~I 
,, 

" 
ti 
U I: 
ti 

,!34 

ti 

ii 

ti 
n 
•1 
ti 

ti 

ti 
'.: ~ 11 

t • 

" ,. 

" ,, 
" 
'° 
" 
" ., 

~: 

r 
' 
' 
" 
~: 
~'. .,, 
I 

I" 
" 

' 

2,87 74,00 o.oo o.oo 57 
2 ,'8-7 7·4-;-0-0-- -.;-oil • ·o o 5'1 

1.10 4440.00 sa4,56 __ .23 __ .02 ______ to1 __ 4440,00 __ 13,46 143,50 I"! 
·T-;-ru--5'3·'+'o;·c1-o---5,l's-;3-o-·- -:7r-- --.02 ,09 5340,00 14.20 143,50 

2,87 74,00 o.oo o.oo s·1 
2 ,87 · 74,00 0,00 0,00 57 

- ----
2.87 1.00 595,20 591,60 57 
2,87 l, 0 0 595.20 591,60 Si 
2 .·8"', 1--.ov---s,,-s-;2-0---s<rr;-6 o 5 
2.87 1.on 595.20 591, 60 

-c O 8 I 1,-;To-~·s;za--59T;-6·0-· -
2,87 17.70 595,20 591,60 
2,87 17,70 595.20 591,60 

1.10 S7SO.OO 565,63 .29 ,02 ,09 5750,00 14,53 143,50 
1.10 6800.00 566.42 ,35 ,02 .11 6800.~0 15,32 143,50 -·--- ---- ---··- ------------- ------------~----~- -·-· .... --- --- ---
1, l 0 
l, l 0 
1-;-ro 
l, l 0 

4440,DO 584,56 .23 
5340,00 585,30 .27 
-sis\J';;crn· .. - - 5'65-;-63-·-- --: cg .. 
6800.00 586.42 .35 

.oo .oo 4440,00 

.oo ,oo 5340,00 

.oo .oo 5750,00 

.oo ,oo 6800,00 

13,46 
14,20 
14,53 
15,32 

143, 50 
143,50 
143,50 
143,50 

2-;-aT--·- T77To· --59s-, 21) __ , 59T~ 60 . ... 

571-;-i-o 
1, l 0 
1, l 0 
171 o-

444'0·.11o· - --sa4-:-sE>--
534 o. o o 585.31 
5750.CIO 585,64 
6duo.uo ·3135~·43 

.22 

.27 

.29 

.35 

.01 
, 0 1 
, 0 1 
.o'.l 

.oo 4440,00 

.oo 5340,00 

.oo 5750,00 
~·oo 6800,60 

13,46 
14,21 
14,54 
i5,33 

143,50 
143,50 
143,50 
143·:so 

2.87 1,00 o.oo o.oo 
2-;87 1 -.-o-u--•----o-;o !Y -· --- o·;O'o·- - .. 
2,87 1,00 0,00 0,00 
2,87 1,00 o.oo o.oo 

--- -·- ---

L.10 4440.00 
r.10 ·· 5340 :00--

11.10 575U,OO 
71,10 b800,(10 -

584.57 .22 
·ss·s:l1· -- -.21· --

585.64 .29 
386.43 .:35 

,oo ,oo 4440,00 13,47 ·143,50 
··-• -oil'· - ---~oo--5346,a_o_· · · 1,;~2i' -.. 143~-sci 

,00 ,00 5750,00 14,54 143,50 
.oo .oo 6800,00 15,33 143,50 __ ,__ ----

--------

·-------· ......... - ------ ---------·- ~- ------ -------------- -- _____ ...,_ ________________ ~_ --- ·---- --

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

'.:., . 

" 
'1 

"I• ----·" 

;.,1• 
I" -, 

- ·~· ',cf 
I,,'.. 
" ,,11 Ii.[, ". :, 

-· 1•ta1 .. ~ .,., , II, 

i:. .. --[' ·-- :: 
'·1• 
:;1 

:1• 
,:;t I li I· ·• 
:::1 i. 
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• 



• ,, 'I 
' I , 

,, ' 
'i '1' ' 

I ,, •••• ' I 

' 
S~CTION CHANNEL MIN EL1 OF MAX EL OF MIi\! EL DI$CHt1F,IGE CWSl:L HI/ OLOSS QCH DEPTH TQPl,/JD 

-•· NUMBER
2 

LENGTH . RO/l.DIIJ/lY LOW CHORD GR~LIND (CFS) • 

6 
,88 15,00 o.oo o.oo ~11.10 4440,00 5~4.73 .10 .01 ,04 4439,03 13,63 172,07 • 

, -;-a-8 rs--;-u-u---0-:-u-o----~c;u·o-~s-, r:i.~-·s-:r4·0-:-1ro--5tiS: ,;-1-- • 1 :r-- . o 1 • o 4 
5
53

7
_ 3

4
· 1

6 
•• 5

69
4 1

1
4
4 

•• ,.
7
-
5
1 1

1
1
7

2
2 

•• • ...,4
6
'-'9
7
:--.----------- --],'.~I~· I • :' 2:00 15.00 u.oo o.oo s11. 111 5750,,10 585.85 .14 .01 ,o5 : nr'. 2.0a 15,00 o,oo o.oo ;;11.10 __ 6,lJ~~E._ .. s~~~-t1 ____ !...!..?._.. .01 __ ..., • ..co.c;5 ___ 6_1_9_4~J-~~J..~.51'-----'1e,'1c-=3_.11 

• ' 3.20 1700.00 o.oo o.oo 574.?0 4'+-40.00 585.22 .10 .48 .oo 4436.14 11.02 289.40 11•.:
1

• 

,, 3 • 2 0 170 0 • 0 0 0. 0 0 0. 0 0 5 7 4. 2 0 534 0. 0 0 586, 0 4 • 11 , c; l. ----~•...,oc..:1,_·......,s=326, 98 -~l ~l. ·-84' 3_0_2_,_Q_8, -------------; 

',0 

. "· 
, " 

;1 Ii 1, .. 1----

e,, 
"' 

,,, 

-:2·0--r70-o--;"()·o·---..,,--, <ro--o-:-o-o-s•14. en --'5"',so. o~;-ae;. ,.-o-----:1i·- • 52- • o 1 5130:fs·- 12. 20 301. 43 ,, 
3,20 1700,00 o.oo 0,00 574.?0 6800,00 587.27 ,13 ,55 .01 6758.81 · 13.07 319,32 ::: • 

·----o··;cro---·o-. o o~-.,..57_4 ___ 9_0 __ 4_4_4_0 ___ 0·-o--5·ds .··Is • 1 o • 14 ---_-0_0 __ 4_4_4_0 ___ 0_0 ___ 1_0_,4s_2_1_0 ___ 3_4-----------1\:: ~ ~ L 
0 ~· 

• 7 ro-;oo 
3.27 370.00 
3,27 370,00 

• 7--3ro-:-1ro 

3.68 2200.00 
768 2·20 0, 0 0 

3,68 2200.00 
3,68 2200.00 

3,79 550,00 
3,79 550.00 

o.oo ,00 574.,0 5340.00 586,18 ,11 .14 .oo 5340.00 11.28 271.78 .,. 
o.oo o.oo 574,90 5750,00 586.53 ,12 ,14 ~oo 5750.00 11._6_3 __ 22~.oo~----------~ 
o. oo~--o-.-o"-o~-e;~, 11+:9·0-6soo-.'-o-o--s-·a1 .'+-o • 1T , 13 .oo 6800.00 12,50 212.00 

o,oo 
o.oo 
o.oo 
o,oo 

o.oo 
o.oo 
o.oo 
o.oo 

515,10 
515.10 
5 75, lo 
575.10 

4440,00 
5340,00 
5750,00 
6800.llO 

o.oo 575,20 '+-4'+-o.oo 
o.oo 575.20 5340,00 

586.20 .12 
5s1.oi·- .13 
587,37 • 14 
588.23 .15 

586.43 ,14 
5B7,24 ,16 

,86 , 0 l 4159.86 lJ.,JiJ __ 3 4 3 .•. 5~4 
.85 .01 4901.80 11,91 345.42 
,84 ,01 5234.84 12.21 346,23 
.83 .01 6QJ.~._';,7, l.J,.J 3 348 ... .2.1 

,24 , 0 1 4070,63 11.23 347.90 
~24 ,01 476.?.,80 __ J.?,,_04 348.95 

I 

' 
" ,. 
' ',. ' 
' ,-----, • ( 9 550-;oo 

o.oo 
o.oo 
o.oo 
o.oo 

587, 5'if"' o.oo ... 575.20 5750,00 ___ _ • 16 ,24 , 0 1 5071.74 12,39 349,41 ' 22 . " 3,79 550.00 o.oo 575.20 6800.00 588,45 ,lb ,23 • 0 1 5851.08 ·• " 
13,25 350.52 ' ' 

4, 13 1'8'lr0701l 
4, 13 1800,00 

c;u·o ~trn - 575:0o - <t44o. o o-· - 501. 14 ·- - -· • 11 - ---:1;r· -- ;ii i 
0,00 o.oo 575,00 5340,00 587,97 ,13 .10 ,01 

- _., - - - - ,.._,__ --· ·12.14 252.57 ' 
12.97 266.24 ' 

' 
" 

4, 13 1800,00 11. 33 272.09 ' I ~ ~,.1---- ,.-;;- I 3 1mro-:-ou 
0. 00 0 0 00 575. on 5750, 00 588. 3:..3~ __ __,_ • .;:.1_4 ___ ..:c•=7c;cl ____ ~•~O~l 

---o~. rnl------0-:cnY----•;-15. o o 6ao 0:-oo-- sa9 :19 • 16 • 13 • o o 

4367.20 
5223,78 
5611,01 
6593,98 14.19 286,42 ' 

' e,. 

• 
• 
• 
~ Ul 

• 
• 
• 

" 
' 
' 
' 
" 
" 
" 
" 
•" 

I'' I., 

r: ,, 
.. 
4S 

" 
" .. 
" 
I" " • 

11 I'. Ll ' • ' • 
" • " ,, 

•• 

4 37 • 1300 00 • 0 00 • 
'+,..> ( r:nro. o o l)-;-01)-'" 

4,37 1300.00 o.oo 
4,37 1300,00 o.oo 

4,62 1300.00 o.oo 
4,62 1300.00 o.oo 
.. ,62 1-:3·0·0-:-0 0 070u 
4,62 1300,00 o.oo 

... -;S---1, 5--o-;-cru O.l)Q 
4.95 1750,00 o.oo 
4.95 1750,00 o.oo 

0 00 • 
o.oo 
0,00 
o.oo 

.. 

o.oo 
o.oo 
ir;;--o-o-
o.oo 

574.90 
574.90 
574,90 
574,90 

4440,00 587.52 ,07 .32 ,01 3894~]!:i __ 
5340,00 588.37 .Ob .33 .02 4552.06 
5750,00 588.74 .08 .34 .02 4846,53 
6800,00 589,b3 oQ~~--~•~3~5 __ ___,,02 _5590,93 

574.70 4440,00 587,76 .06 .23 .oo 4038.42 
574.70 5340.00 588,6~ .07 .24 .oo ~758,54 

-s1<r;r1Y--:o,s-o.oo ... -s-a0,9<j ____ .. ~1 ·-----.24 ---- .oo --5oa1,3i". 
574,70 6800.00 589.89 ,Ob .24 ,DO 5896.34 

• .o~o-
o.oo 
o.oo 

' 12,62 445.03 ' 
13,47 446.75 ' 
13,84 447,49 • 

• 
14,73 449._27 • 

' ( Ii I. 
13,06 401.77 ' • 

I 

... 13.92. 415.84 ' ·• ' 14,29 
15,19 

11,65 
12.53 

421,36 
433,47 

,. 
" . 

-------------~~" 
345,38 ;a 
341 45 r • u • 

12,90 348,34 :., 
4-;95-r75·0·; ·o-o----o---;1Jo· O. 00. 

576,40 5340.00 
576,40 5750.01) 

-576-:-4·o·--6f-iilo-:-oo-- · 

588.93 
569,30 
590·. 20- - . 

.OB 

.09 
, 1 0 

.30 

.31 

.32 

.33. 

.oo 
• 0 1 
, 0 1 
·~ 0 f 

4215,94 
5010.62 
5369.89 
6285'. 0·3 -- ·13,80 .. 351,53 ·--·-- ·-- . -,, 

5,20 1300.00 
5 • zo--rTo-o--;o-o-
5,20 
5.20 

SECTION 
NUMBER 

• o·o r 
.001 
,001 
• u-U l 

.208 
• ,:;-08 
,208 

?nR 

1300,00 
1300.00 

DISCHARGE 
CFS 

5 0 1--0-; 0--0"0 
6100.000 
6570.000 
17707000 

5070.000 
6l"IT0~7JOtl 
6570.000 
1110, noo 

o.oo o.po 
o-;lro - - --o. 1J°o 
o.oo o,oo 
o.oo o.oo 

C'"SEL 

::,80.6'00 
580.600 
c;ao,600 
'5B'cr;-60 0 

580.73? 
580. 79"Q"" 
580,820 
SA0.906 

Cls 
EA 

"' .. , . 
,DO 4440,00 ___ 10,31 ___ 280.87 _________ ~m 

.oo 5340,00.. 11,19 283,06 ."~I•\ 

.oo 5750,00 11,57 284,01 1"• 
-- , 1)_~8_1)_ 0 • 0 0 12, 48 285, 52 1:'.I --~- ;J 

5F.L DIFF cwSEL D!FF CWSEL-l~SELK TOPIHD T.v,. DIFF LENG.TH I'.'.,. 
CH Q EACH SECT!Ot~ ,, 

-·o·.-000-·----o·;ooo -- - 0.000 --186.405 - o,60_0 _____ ,0:-000·---- -------- --- .,, 
-l 0.000 0.000 O,<JOO 186,405 0,000 0.000 ,, • 

0.000 0.000 0.000 186,405 0.000 0.000 ~ 
0.000-·-•--·-.. 0.000 - O:.ouo 186,405·-------o.ooo ··-- -6.ooo .~ 

;:le 

578,oo 44'+-0,oo 583,31 .o~ .24 
-5-Hi:oo-- 5·34-0:00 -·--:ia9:1-9·-- - .01 .25 -

578,IJO 5750.00 589,57 .oB .25 
578.00 6800,00 590,48 ,09 .26 --- -----'---------' 

0.000 .132 
--.-(i'S-8-------: I ~o , ... 0.000 

··--o .ooo .. 
111.300 ___ ..co~.ooo 1~1~0~0~-...,0~0~0,___ _________________ J!>', 

.. __ 111.503" -.203---· 1100.ooo 111 I 
171,600 -.300 1100.000 • 
171 879 - 579 1100.000 . -

.030 .220 
,t1 , i"l p 1..\ , ~ 0 6 

0.000 
o, noo 



,. 
' ,IJ Jr) 

-• " .I,, 

.388, 

.388 

.38~ 

.388 

$Q,70. 0 0 O; 
6100. o,o:o, 
6570:601 0 
1110.00,0 

,58,0 ,900 ,, 
581.030 
581.097' 
581.283' 

·,;o. do.• 
•, 1:~ i, 
• r'.l 66 
• 188 

I •• ,169 
,. 241 ! 

... 277 
,.379 

0.()00 · ,,, 
CI.OCO 
o.ol)o 
Cl.000 

1,99.,999 ·'' 
199.999 
199,. 999 
199.999 

• ., 9 9--sirnr.;1i-o,o b B u ~-s, 4 a • oir =;;-0·2 7 ~er; <flnl----i r2 • 8 5·;r-~ 
,3'99 6100.00IO 5130.993 .119 -,.036 0,000 173,636 
.399 6570.00IO 581.054 ,061 _____ -,.043 Cl.000 174,037 f-----. 3·99~11To--;·o·o·o--~··-s-81-;-z2 -:-rr3- -:::1r5if'·------c,~--oo o - ----·T1s. ooo"•---· 

' ' 

tl , 0 (i'O .· 
.:-.boo 
-.ooo 
-.ooo 

950,,00IO· I 

950',00IO' 
950,0010 
950,00IO 

o~ o o·--, ·· ·59. 001 o 
-.792 59.000 

·-1.183 59.000 
7z-:-1Tc;-- --.. ·tr9:oo,o-·----

____ ...,..,..,....,.... _____ , 
I' 

8 

• 
• 
:. 

'·---' - . ''I'' I: u /' :i 

•1:: .400 5070.000 580.869 0.000 -,.00:S 0,.000 168.856 0.000 
• 4-0 c·--6TO'O-; O'OCU :>B'U. ':l86 '. n,-· - .. -(i"07" . -- -·-o75oil 16'9. 6.39 .. - , 73j-- ·• 1 • 0 0 0 1, 

1.000 I' 
~ .1., .400 6570.000 581.046 .OnO - .. 008 Cl.000 170.040 -'l,18s> 
"., .400 1110.000 581.216 .110 - .. 011 ci.ooo 111.000 -2.14,. "I' 1.000 ,·:• 

l,11.i1 · ----- ---- ·------~--
'• l I 0 

1.uuu I 

' 
• ,, .4lll 5070,000 580.893 0.000 .,024 Cl.000 169.005. O,OOCI 

1
,, .41 Ji 6100.000 581. 020 .121 .,034 01.000 169.846 -- -.641. 

' ~6.000 
' 
.,. 
'·, 

:,, .,.-1·1 657u,ll1JCU---,,ffl--;"Jl3'5 ,065 .,040 '0.000 170,276 -~1.271. 
56.000 

·---~;-6 • 0 0 0 ·--,-...-- ' ·---·-·-
' 
'.I 
~ ,,. • ,, .411. 1110.000 581.270 .184 .,054 0.000 111.000 -l.99S ' 56.000 
' , 1,:5 

• 
• 
I 1; 

• 
• 
• 
• 
H' 

• 
• 
• 

• 4T,~----5 o'To-;-o o o 
• 41,~ 6100.000 
• 41 £~ 6570.000 
• 1+r2. 77~0UO 

,, 
.415 5070,000 

. " • z.·-r~, 611JlT;-OlfO 
,, .41:i 6570.000 
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•M ~• I, " 1, 
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'UVE~BANK AREA ASSUMED NON-EFFEcrivE,ELLEA= 
' • ' ', ' ' ' I, ' ' ' 

H ',, 

• ,, 
'• ' 

1. 30 
i:'050. 

.53 
000585 

' 

' •10.95 
o. 

o.oo 
4q . . 

' 
' 

,, 

2050. ·•, 
3.20 

49 • 

'' 

o.i>o 
o. 

o.oo 
49 • 
' ,, 

o.oo 
0 ,• 

I I 9 070 
l 

'594.41) ELREA= 
I 

I :' ', I 'I' 
588.6J .16 

: 

641.' 
• 040, 

0 
' : 

" 

o. 
• 070 • 

l 

NORMAL BRIQGE,NRD=49 'MIN ELTRD= 591.80 MAX ELLC= 591.20 

" 
' 

OVEr!BANK AREA ASSUMED NON-EFFECTIVE,ELLEA~ 594.40 ELREA= 

' 
E F-41 (M-17ll BR I OGE-NO BRIDGE SKEW 

1. 31 10.95 588.45 o.oo o.oo 588.61 • 16' 
2050. 2050. 6_,3 . .'l. · · 0 ·• ' o. o. o. ,' ' • .,... i.-, .. •.,_-... , 

. • 53 o.oo 3.22 ·o.oo .O,!S ... - '030' .,• ·• 025 L. ..., 
~00,0349 1 • l • 1. 0 .. ---· iJ 1 

NORMAL BRIDGE,NRD=49 MIN EL HID= 591.80 MAX ELLC= 591.20 

'· 

OVERBANK AREA ASSUMED NON-EFFECTIVEoELLEA= 594.40 ELREA= 

1. 31 l0.9o 588.46 o.oo o.oo 588.62 .16 
I 2050. o. 2050. '0. o. 638. o. 

.54 o.oo 3.21 o.oo .025 ~'· .025 
• 000348 28 • 28. 28. 0 0 1 

OVERBANK AREA ASSUMED NON-EFFECTIVE,ELLEA= 594.40 ELREA= 
,• 

· l. 31 10.97 588.47 o.oo o.oo 5A8-62 .16 
2050. o. 2050. 0. 0. b42. o. 

.54 o.oo 3.19 o.oo .050 .040 .050 
.000581 l • l • l • o· 0- l 

59Jf.,40 ,) ,, 

,.03 .0,01 
',14. 19. 

• . .038 577.50 
0 00 84 40 
' ,., ". '' 

594.40 

.oo .00 
94. 19. 

.038 577.50 
--:i ,74 At,, ...4.1) 

594.40 

.01 .oo 
94. 19. 

.038 577.50 
-"I 78 At,, 40 

594.41) 

.oo .oo 
94. 19. 

.038 577.50 
0. 00,, 84.40 

3470 ENCROACHMENT STATIONS= 871.8 Q88.2 TYPE= l TARGET= 116.400 

DUPLICATE OF SECTION F-ENCROACHED FOR rONTRAC.TION OF 
' 

FLOW THROUGH BRIDGE . ' 

1.31 11 • l 7 588.47 o.oo o.oo 588,61,, ,17 • o l .oo 
2050. 1 fl. 2013. 19. 32. 610. 33. 94, 19. 

· .54 .57 3,30 .5a .100 .045 .100 .038 577.30 
.000696 15. 15. 15. 0 O' 1 o.oo 116.40 

SECNO DEPTH Cl~SEL CRivlS WSELK EG HV HL' OLOSS 

" 

594. 4'0' 
'I ; I 

594.40 
1000.00 
1084 40 ' . 

. ' 

'· 

59..i.. 40 
594.40 

1000.00 
1118~.40 

' 

594.40 
594.40 

1000.00 
lJ)84.t,,O 

594.40 
594.40 

1000.00 
1084.40 

" 

586.30 
587.00 

871.80 
988.20 

BANK ELEV 
Q QLOR QCH QROl:l AL08 ACH AROB VOL TWA LEFT/RIGHT 
T!t-lE VLOB VCH VROB XNL XNCH XNR ioTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR JTRif\L IDC [CONT CORAR TOPWID ENDST 

3470 ENCRO'CHMFNT STATIONS= 837 ,8 10??? TYPF= lA'· ·nn 
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: SI 

"' • '' 1:1 

" • ,,, ' 
H> .. 
Hi • li' "' 
"' • "' " 
2.' • 2" 

,,, 
2!i • 2fi 

,,. 
"' • lw 

'" 
b, • 62 

" ,. 

• a,, 

" 
" • 38 

" 
" •• " " 
" • " '5 

" • " '" 
" • 50 

5' 

52 

• " ,. 
5S • " " ' ., ,. 

I 

1 I I ' ' 
I , : ,, F SOF"I:•, U.,S. ·OF THE F-41 !3Fll0GE . " 

I ' ' ' 4' I• 

l. 32 11. 21 588.51 o.oo o.oo 588.67 • 15 •· 02 • 00 11 s•1:if,. 3 o 
2050. 21. 195'1. 70 • :;;2. 61'';'. 112. 9::i. I 19. 5B7.00 

-~~ -~v ~- 7 - V - I II I .. ~ - I II I " I ( 't e J H a:,:,, """ 

',00064.~ , l . 34 • .' 34 • : 34. 2 . ,o ·1 .. 0 .,oo : '179~31· . 10.2,~~·29 . 
' ' ' 

' ' ' . ' 

MANllFACTURED SECTION-CHANNEL BASED ON ~ECTION G WITH 

.. ·,, 

ADJUSTMENT TD INVER'Tl OVERBANKS MADE UP BASED ON 

CONTOUR MAP-ENCROACHED AT BANK STATIONS TO RAISE 

' ' 
" WATER SURFACE ~ITH!~ AbLOWABLE LIMI~ OF .lFT~ 

1. 6 0 11,06 589.66 o.oo o.oo 589.86 · • 20 ,1.17 .02 588.80 
2050. 7. 2036. a. 26. 568. 15. 119. 25. 587.20 

-66 ,;:>fl 3,58 · , 52 • I O ll .o~s • I O Q .0"3Q l:}18. 60 24.'i• .... 
.,000958 1500. 1500. 1500. 2 0 1 o.oo ll55.05 399.91 

G SECTION ENCROACHED TO RAISE WATER SURFACE WITHIN 

.. 
ALLOWABLE LIMIT OF • lFT. 

1 • 87 11.57 590.87 o.oo o.oo 591.0l .15 1.14 .01 594-.10 
2050. 0. ' 1984. 66. o. 631. 144. 1 '+ 1. 31. 5818. AO 

.79 o.oo 3, 14 ,46 .010 .045 .100 • 0<+ 0 S79,30 6,. ?6 
.,00070•4 1400, 1400. 1400. 2 0 1 o.oo ,!15.52 221.77 

3470 ENCROACHMENT STATTONS= 6,1) 118.0 TYPE= 1 TARGET= 112.000 

H 5(11FT. o.s. OF THE O&M RAILROAD BRIDGE-ENCfWACHED 

FOR THE EXPANSION OF FLOW .THROUGH BRIDGE 

2.2s 10.50 592,00 o.oo 0 - 0 0 592.11 • 11 1 ._08 
· · 2050 .• 0. 20 4':I. 1. o. 770, 6. 177 .• 

.99 0,00 2.66 .16 .100 .045 .100 .041 
,000430 2000. 2001D. 2000. 2 0 1 O ,_QO 

3470 ENCROACHMENT STATIONS= 6.0 1 0 l • 0 TYPE= 1 TAFWE.T= 

' 2. 21> 
,2050" 

1 • 0 0 
.000429 

10.51 
o. 

p.oo 
33. 

~EPEAT OF SECTION H-!;;NCROIICHED FOR TjjE EXPANSION'OF 

FLDW THROUGH BRIDGE 

592.0l 
2050, 

2.65 
33. 

o,oo 
0. 

o.oo 
33. 

o.oo 
o. 

.100 
0 

59·2.12 
772, 
.045 

0 

.11 . 
o. 

.100 
1 

• 01 
177. 
.0 .. 1 
0-:,09, ., 

' 

._QJ 100000 -00 
39. 591. 70 

S81.50 7,08 
11.Q.. 92 11a.on. 

g,5.000 

.00100000.00 
39. 

581.50 
93 •· 96 
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101.00 

'. ,' f I. ' ' ' i . ' ' . •• ' 
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" • 29 
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" • " " 
3' • " " 
" • ., " 
" • .. " 
" • ., .. 
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' • ' . 
" • " ' " 
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2.26 
2 0::,0. 

1. o·o 
,0004p'7 

" ' 

,,! 

I 

11.52 
o. 

o.oo 
16. 

NORMAL 8RIDGE,NRD=l0 
' 

2.26. 11.52 
,2050. o. 

1,00 o.oo 
.000208 i • ' 

NORMAL BRIOGE,'NRD=lO 

2.26 11.52 
2050. 0. 

1,00 o.oo 
,000207 18. 

SECNO DEPTH 
Q QLOB 
TIME VLOB 
<; I nPJ' .X:LOBL .... ._..,, -

2.26 11 • 52 
2050, 0. 
1.00 o.oo 

,000466 l • 

: ' 
" I ' " ! < 

Dt-M RA:ILROAD 'BRIDGE-NO .BRI'DGE S1$EW 
' 

592.02 o.oo o.oo 592. 114 
2050. 0.' 0 • 743. ' o. 
2. 76 ·, o.oo .100 '' ' • 045 .100· 

16. 16,· o' 0 l 
' 

MIN ELTRo'= 603.00 MAX 
' 

ELLC= 603.00 

592,02 ·, 0 • 00 ·o.oo 592 .14 .12 
2050, o. o. 74'L o. 
2.76 o. 00 , 0•45 .030 • 0 lt5 

l • l • 0 0 l 

MIN ELTRO= •60'.3.oo MAX IC 1 LC= 1;io3.oo· 

592.02 o.oo o.oo 592.14 .12 
2050- o, o. 143, Q. 
2,76 o.oo ,045 .030 ,045 

18, 18, 0 0 l 

CWSEL CRIWS WSELK EG HV 
QCH QROB AL(l8 ACH AROB 
VCH VROB XNL XNCH XNR 
)( I (: 1-1 XLOBR T Ti::)T Al roe !CONT ,,._..,,' ... ' " .... ~,. .... 

' 

592.02 0,00 o.oo 592,14 .12 
2050. o. o. 743. 0. 
. 2. 76 o.oo • 100 .045 ,100 

l • l • 0 0 l 

It,:':• I' 

• 0 1 .oo 603". 0 0 
178 39 1,0'3 no 

\ i 

.041 580.50 100.00 
o.oo 87.00 ' 187.00 

.oo ,.Q 0 603.00 
118- 39 i<;03 Oil 

• 0 It I sao.so 100.00 
o.oo 87.00, 187.00 

'' 

' 
.oo , 0 0' 603.00 

118 ':,Q <.n, nn 

.041 580,50 100,00 
o.oo 87,00 l,87'.00 

Hl OLOSS BANK ELEV 
VOi TWA LEFT /RIGI-IT 
WTN EL":IIN SSTA 
CORAR TOPb!!O ENDST 

.oo ,00 603,00 
178, 39. 603.00 
,041 580,50 100.00· 
o.oo 87.00 187,00 

34 70 ENCROACHMENT ST~T!ONS= 6,0 101.0 TYPE= l TARGET= 95,000 
~ . 

REPEAT OF SECTION H-ENCROACHED FOR CONTRACTION OF FLOW 

THROUGH BRIDGE 

2.26 11,54 592,04 .o. 00 0,00 592,15 , 11 .oo .00100000.00 
2050. 0.' 2050. 0 • 0. 782. o. l '71:1. 39, 100000,00 

1.00 o.oo 2.62 o.oo • l 00 ,045 ' .100 • 04) sea.so 7.01 
,000414 4. 4. 4, 0 0 l o.oo , 93, 99 101.00 

' MANUFACTUflED . ' SECTION-CHANNEL BASED ON SECTION J WITH 

INVERT ADJUSTMENT: OVERBANKS BASED ON CONTOUR MAP. 

' LEFT OVERBI\NK EI\ICROI\CHED TO RAISE WATER SURFACE WITHIN 

ALLOWABLE ,lFT LIMIT 
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·2. 56 
I 2050 • 

1.21 

., 
! I 

·1.2:.62, ·: 592.62 
.197. ·:1804 • 

• 46 2. 3(, 

,' 3'1-70 ,ENCROA.CHl-1ENT s·TATlONIS= 

·' 

' 

o.oo 
49·. 
: •~4 

40.0 

·o oo . ' 
'1-25., 
• ·100 

592.69 
.. 763.: 

• 0,45 

... 
' " ' . 

165.1/ TYPE= 

· · • 08 I 

' ' 111 • 
• 100 

. 54 ·: . ·, . 0 1 · 58 g 80 ' 
• ' ' • ' ' I • 

·216.•:, .......... ,..4.6.~D. : · .. 5,31.,90· 
·.:o 41 ..- 58 o. o.al .11o.01 
. . '---"4,;30i 

' 
. ' ' '·\( . ' 

;ARGET= 12s •. oo.oi' · · · · . ' 
1 " . ' ' " ' ........... -
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··• . '· 
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' 0 • • 
J lOOFT. D.S • OF .THE VAN ETTEN LAKE.D~M-ENCROACHEO FOR ---·· 4~""~"~ .. · ,. " · • :; 
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:18 1 
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'" .,, 
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,,s 
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so 

SI 

S2 

SJ 

·" 
:;s 

156 

!;7 

' 
,? •75 .]3'.fi!i· 

20!:>0. o. 
1.42 o.oo 

,000070 750-
" ' .. 

' ' 

' K 

" 
' 

' 

z. 7 8 10. 11 
2050. o; 

' 1.43 o.oo 
• 000215 185 • 

3265 DIVIDED FLOW 

2.78 .1 0 • 1 0 
, 2050. o. 

I. 43 0. 0 0 
• 000334 IO • 

3265 D~VIOED FLOW 

- 2.78 1 0. 1 0 
2050. o. 

1, 43 o.oo 
.0003314 4-

SPECIAL BRIDGE 

SB XK XKOR 
1,05 1.51 

3265 DIV1DED FLOW 

SECNOi 
Q 

TIME 

DEPTH 
GLOB· 
VLOB 

' 
THE EXPANSION OF FLO~ THROUGH OUTLET OF DAM 

29i:: • 8 O Q__. (l Q 0, Q 0 522.8• ' -03 • I 2 . .01 ](lOQQO nn 
2oso. 0. o. 1532. o. . 248. 51. 100000.00 ' 

1. 3'1- o.oo .100 .045 .100 .042 579~20 40.00 
' 1000, ll5Q. ;:, Q, l o.oo 125......0Jl . 16); nn 

: 

VAN ETTEN LAKE DAM-HWM, 592.85, SPRING, 1950, DI SCHAIRGE 

UNKNOWN;HWM 589.87, D.S. SIDE OF DAM, JULY, 1976 

DISCHARGE UNKNOWN 

592.71 o.oo o.oo 592,96 ,2§ • oz 
· 205'0. o. o. 505. o. 251 • 

4.06, o.oo .025 -~020 .025 .041 
1315. 85. ' 2 0 1 .o • OQ 

592.-70 o.oo 0 0 00 592.97 .28 • Q Q < 

2os,o. 0. 0. '1-8!:>. o. ~51. 
4.23 o.oo .025 .·020 .025 • 0 'I- 1 

1 0. IO. 0 0 1 o.go 
" . , 

5'l2.70 0. 0 0 · 0-00 592,98 .28 .oo 
2oso. o. o. 485,. o. 251·. 

4.23 o.oo oD25· • 02'0 .025 ' • 041 
4. 4, Q 0 1 Q.OQ 

C:OFQ RDLEN B\1/C 8wP . ' AAREA 
3,00 -o.oo 50.00 2.00 504.00 

CWSEL 
QCH 
vc,; 

CRIWS 
l]ROB 
VROB 

WS!;;LK 
ALOA 
XNL 

' 

·EG 
ACH 
XNCH 

H'J 
Al~OB 
XNR 

HL 
VOL 
WTN., 

• 11 600.80 
SI. 600.80 

582. 601 so.so 
So .• OQI ' 10>0,50 .. 

• !l 1 f!Q12.BQ 
51. 600.80 

582.60 so.so 
·4 8 ._o_g_. _LOJL • .5.0 

• OQ1 f!O,O AO 
51.', 600.80 

'582,60 so.so 
48,0QI 100 50 

' _.- .... --•----._ . ... ~~. . ' ~ 
/~.,, . . -

ss ,.,,· ELCHU ELCHD 
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'\1 I, • ' 

'CLASS A' L:ow' FLOW, 
l 

' I 

'' 

•: BRIDGE w.s.= ' $92.68 BRIDGE VELOCITY= 
• 

''1, 

' '. 
'T ' I 

4.24 

''I 
' 

1;' • ' - 'I 
•' ' 'I 

I I :· 

, I 

I , 

'' • ',,·EGPRS' ' EGLW·c · H3 ' 'QPR· '.13AR,EA ·ELLC '' ELTR,D CLASS ' . 

0 

ii 

' ' 

' 
' • s 

' 
' • ' ' 
,0 • " " 

, n' nn 
.., • V..,, 

2.78 
2050. 

1,43 
.000333 

592.9Y: • 0 2: 

10.12 592.72 
o. 2050. 

o •. oo 4,22 
7 •. 7. 

o.oo 
0. 

o.oo 
7. 

o .. 
' 

2050 .. 504 .. ' S 1iJ. l 0 

' o.oo 592.99 .2a .02 
o. , 486. . o. 251. 

.025 - ,l);,n _n:;:,c; ., 041 . ~ "":,.)" • W" .... .., 

0 -- 0 l o.oo 

" 3470 ENCROACHMENT .STATIONS= <:'l,0 128.0 TYPE= l 'TARGET= 
•" 2; 78· 10.26 592.86 o.oo o.oo 593.u3· , ' .11 .oo 

' 
~on ... ~·o 

o.oo 
51.' 

C:..A? - I,.,(\ 
,,.I ......... ...,.., 

',' 48-·n n 

100,(\00 
.03 

"1--~---"2'-"0c.,,5..,cO_,_. __ __,, 2~9'-'"'-----=l ~9~11"-'""---"l~l..,cO_.__ ·--~:>~a~-~--·_,,. i:;52...,~--~'I 5~---~2-Sc.l~----~~ 
" 1.43 1.02, 3.42 1.47 .025 e:0·20,·· .025 .041 

" SL 

• " .000125 25. 2s; 25. 2 -o l o.oo 
"1----.---------------~--,,,,-.41,/:./'--~-~----------------__ .... ~....,..... '\ .,,, 
21 i 

" . " 
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" 

• 

' 2 ,80 
2050. 

1. 45 
• 000079 

1 o .'es 
4. 

• 19 
100 • 

G.cu ~ (j S:-~ > 
2042. 

1.50 
100. 

[), 0 0 
4. 

.19 
100. 

o.oo 
1Q. 

.090 
2 

.o3 
23. 

.090 
l 

.01 
254. 
• 0 .. 1 

,o.oo 

582.60 
91.68 

.04 
52. 

582,20 
197.41 

! () f\ 

' 

600.80 
,60,0.80, 
c;n_c;n ..... .., ..... .., 

lQO_sn 

. 
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588."n 
36.32 

128.00 

590,00 
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SUMMARY PRINTOUT FOR MULTIPLE PROFILES·' 

' ' 'I I,, I, 
I, , I I I 

1
, 

I 11;,' I 

• 

• ,i, ' 

• 
' :,, VAN, ETTEN CREEi<· . , ' . ' ' ' , . . : 

' ' SECTTON ', f:HJ\NNFI ,MTN' Ft· OF MIi )(, Fl _Qf: MTN Fl 

GROUND 

n T ,r1-111Rr~i:-, 

(CFS l 

rw<;i:-1 M\J , ... 1 Tncw'I.,_n,_ ________ -l, 

•, 'NUMBER LENGTH, ROADWAY ., LO!• CHORD ·• 
~•· ' 

-00 

.: , 3 0 

0 - Q,(J 

1600,00 

o,oo ll. O O 

o.oo o.oo 

' 5 7 7 • Ao 2 0.5J! .. -~P~o~_5~1:l.3 • o 3 , l.u.8 __ ___._o,_,.,_.0,.,0.,___ __ .ua_ • ..,,o..un,___..,2'"'0..__5-"n...._, _.,_o.u'n __ -...:5,_, • ..,4,._3.,____ ..... 1_,36 ~8.::,_ "'---------1' 
9 

5?:7.50 20.50.00 5B4.45 .22 1.43 .02 2043.56 6.95 , 124.14 ". l1 

'1-----.....:..... ______ ..:_ ______ ~---'----_:__ ______ :....•.:__• ___________ ....:_ __________________ '---------·--------1" 
" 1100~00 o.oo o,oo 577.30 20s0.oo s~S.36 140.89 ,, ... 

" 
. " .51 ,20 ,89 .01 2047,41 8-06 

"1------"-" B"--"-9------=2-"0'-"0'-"0'--'"'-'0'-'0'----......::c0__,_._,,0_,,0c......... __ O"-"'-,,__0.,,_0_-"5'.'7~6,_,,..,5"' .. Oe..__2"'-"-0"'5~0~._.,0c,0.___~5e.:8.,_6,,,_... • .<..9=5 ___ __,.~2-3~-.,..., _.__l. 61 .02 2 O ~ 8 • 9 5, ___ j,WL.0 .._ • .:,:4_5.,c.....__..,8,..7'--' •• "?'--• "'-<------------1" 
" -14 l " ". " 

1,06 900~00 0,00 o.oo 576.00 
' . 

2050,00 587.67 ,18 ,65 .02 2017,35 11.67 131.98 
"1--' ______ ...,. ________________ _:....__-,-------------------------------------------'----------f" 
" . " l,30 1250,00 0,00 o.oo 577,40 2050,00 '588,41 , 1 7 .73 .oo 2013,59 11.01 109-40 " 

"i------l!,..L·3,DL0 __ __:i4:29,._, .. ...,,ouDL-__ _\L0..-.-.l!0..!!0....:__....:_nbl..,,_lLn'lL.. n_.:LJ c:;1...,· 7c..-..;'-;\j' n,_~?e::..• "lL''2 <;,_.,___ n..ll il•cu_ n _ __.:"':u0:,..,""-""'"'-U..:;,__ <;--~-lu""---~jJ..; n,,___ ___ •• .uD.u0 _ __,2c,.0,_:;;5,...o,..,, ... ou..u.n __ ..,J...uO ._9c:,5c........._..c:8,.,.4 ,.J,..--U...... n-----------1" 

" ' 
• 20 .l,31 1.00 591. 8 0 591,20 577,50 2050.00 ,. . 5A8,45 ,16 ,00 ,00 2050,00 10,95 84,40 n 

"i---'-----------------....:_------------------------------------'----------------------1" 
588,4~ ,lb ,01 ,00 2050,00 10,96 84,40 • " . " "•· " 

1 • 31 28,UO 5-.1.00 591,20 577,50 2U50,00 

",.__ ____ 1.....__.3"--'-1 ___ _,1,._,.,__,0'--'0'---__ ,......eco~---"O..,Oc....... __ o,,_....."-l)-"-0 _ ___,,5~7~7~-~5~0e.........~2~0=5~0--~0..,,0,.___~5,.,8"-'8,,_.....""4~7---~·-l-6~--~• .. 00c_. __ ....,._.,,Q_-"O-.L.2..,,0c..5,_,_0,__,.,__,o""o"-_ ........ 1...,oc,,.'---'9'-'7'----B=4.._,.,.{tc.uD•----------l" 
" " . " 1,31 15.00 o.oo o.oo 577.30 ?.050.00 588,47 .• 1 7 • 0 1 .oo 2013,29 11.17 116-40 " . 

" "L------------------------------------------------------c.......-----'''---------------------1" 
" .oo 1958,52 11.21 179,31 " J!!-

'""' •~c " • O 2 2 Q 3 c;_ • ..D.J ... ''---J...'J...' ... .u "'.a... '-_...J...::>.:>.....U.=>.._.. ________ -----1" 1,60 1500.00 

l, 32 34. 00 o.oo 

o.oo 

o.oo 

0-00 

577,30 2050,00 

578.60 2050.00 

588,51 

589-66 

,15 .02 

.20 l .11 
" " . " 1-87 1400.00 u.oo o.oo 579.30 2050.00 S90,87 , 15 1-14 ,01 1983,S3 11,S7 21S,52. ". " 

2000.ou o.oo "1------------------------------------------------------------------------------1~ S61.SO 2050.00• o.oo 592.00 • l l 1.08 
• ,s 

.01 2048.97 i0,50 ii0,92 45 

" . 
" 2,25 33.00 o.oo o.oo 5Rl,50 2050,00 5 9 2 •. ...,o'-'1~ __ ...., .. ,~1.,1._ ___ .JlJ,.___ ___ _.--"o_,,o_..,2...,o.__,s,.,o,._ • .__o,,_o,,,_, _ __..1..,.o • s 1 93 .3f>, _________ .....J" 

" " . " 16-. 0 0 o.oo o.oo 580.50 2050.00 592,02 • 12 .01 • o·o 2050.00 11.52 87,00 ., . 
" 

2.26 1,. 0 0 603,00 60'3, 00 3Sl-------------------------------------------------'---'------'-----------------------I' SA0.50 2050,00 . " ,12 .oo .oo 2050.00 11.52 87,00 ' ... 
" 

592.02 

" 2,26 18,00 603.00 603,00 580-50 2050.00 s 9 2 .Jl....2~ __ _____._,1""2 ___ ~-__.,o_~o ___ • o o 2 o SQ .,_,o,_,o,__-----"'1.,.1__. • ...;..S,..2c..___---'8"-7,..,,._. ,,,o_ n.,_ ________ .........J" 

" " ... 2.26 l , 0 0 o.oo o.oo 5RQ,50 2050.00 592.Q2 ,12 '. 00 • oo 20s0.oo · 11. 52 87,00 " . 
" "'L---·~·----------,-,-------------=-:-:----------------:-:------------~-------:-------=---=----------~00 4,00 o.oo 0,00 580,50 2050,00 592,04 .11 ,00 ,00 2050,00 11.S4 93,99 •• " 2-26 . " :•L-___ ....!2=-!.c' 5,:.-6,!___~1-"6'-"0'-"0'-'''-'0~0,_ __ _.:,.u_._._,,O_,,Oc.__ _ __;O"--'--' ,,_o,,_O_.........e5cs8,_,0,..,.,__,o,._,o'--....,2"'-_ ,,_0 ,,,_5.:,;0__.,.,,o__,,o'---........,5,._· 9,,_,2b.-'.. ,,,_b'"'2 ___ ~.,,.,0"--'8"'------••~5,.__4,._ __ __._,.,,__o l 18 0 3. 7 0 

" 
2,75 1000~00, o.oo o.oo 579.20 2050.00 592.80 ,03 , 12 .01 2050.00 

l 2 •. 62 
" . 
" 324 •. 3,1..,n~---------" 
65 

1·25.00 ". " "L----------,-----------------::cc-~------------=-------,----------------:-:--,:----------,------:,------------" 2.78 135,DO 0,00 0.00 582,60 2050.00 592,71 ,26 ,02 ,11 2050,00 10~11 50,00 ~ . , 
2,78 l O. DO o.oo o.oo 5fl2.60 2050.00 592.70 

2.78 4.00 o.oo o.oo 582.60 2050.00 592.?0 

" 
2,78 1.00 600,80 593,10 582,t>O 2050.00 592,72 • .,, . 7R ?5. on o on non c A? t=- n ? n ~ r, fl n 

,28 .oo ,Ol 2050,00 

• 28' .oo .oo 2050,00 

.28 .02 o.oo 2050.00 

nn " -, 1 , .... 1 " r-

ID.IO 

10.10 

10.12 

I,,, • 

" 4 R •wOc.;0.,___ ________ --in 

48-00 

48,00 

,. . 
" ,, 

• 
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' • ' ' 
' ~· ' ' 
" • " " 
" ·• ,. 

" 
" • " " 
" • 20 

" 
22 • " ,. 
" • I ' 

" 
" • I " 

" 
" I 32 • 

• 
" 
" 

I " 

" 
" • " " 
" I ., • 42 

" 
I " • " 
' 

I ' • ., 
" • I " 

" 
" 

I " • " 
" 

I " • ,, . 

• 

; I~ ' 

,. ,,, 
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,, 

SECTION CHANNEL MIN EL OF 
~UMBER LENGTH. ROADWAY 

MAX EL OF 
LOW CHORD 

2.80 100.00 - o.oo ' o.oo 
' ' 

SEcr·i:oN.' ·· 
. NUMBER 

.001 
' 

.303 

• 511 · 

.889 

1.059 

1.295 

1.304 

l, 3 05 

, 1.310 

l , 311 

1.314 

1.319 

l • 6 03 

1.868 

2.246 

2.252 

2.255 

i.256 

2.259 

2.260 

2,261 

2.558 

2.749 

2.775 

2.111 

2.778 

2.779 

2.784 

2 .. 803 

' 
DISCHARGE 

CFS 
2050.000 

2050.000 

2050.000 

2050.()00 

2050,000 

' 
.. 205'0. ooo 

' 
2050.000 

2050,000 

2050,()00 

2050.000 

2oso.ooo 

2050.000 

2050.000 

2050.000 

2050.000 

2050.000 

2050.000 

2050."000 

,2050 .,oo 0 

2050.000 

;2050. ooo 

,2050·. ooo 

;2050. ooo 

;2050, ooo 

;2050. ooo 

;2050. ooo 
' 

,?.050. 000 

,?.050. 000 

,?.050 .. 000 

' 
CWSEL 

583.031 

584.445 

585.363 . . 
586.955 

587.671 
,. 

588.412 

588.453 

588,453 

588,463 

588.466 

588.472 

588.514 

589.659 

590.866 

592.000 

592.015 

592.018 

592.011:l' 

592.022 

592.022 

592.039 

592.617 

592.804 

592.706 

592.698 

592.b99 

592.716' 

592.858 

593 .. 045 

' 

MIW EL 
GROUND 

5fl2.20 

DISCHARGE 
· (CFS> 
2050.00 

1;' 

" CWSEL 

593.05_ 
'' '' 

I 41l ,•_:: I ,, 

I ' 

HV _. 

03 -
I 

CWSEL D!FF CWSEL DIFF CWSEL-WSELK 
EACH Q 

0.000 

0.000 

· 0.001) 

0.000 

0.000 

0.000 

0.000. 

0-000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

o. o·o o 

0.000 

0.000 

0.000 

0.000 

0 • 0 0 o. 

0.000 

0.000 

0.000 

0.000 

0.000 

0. 000 

FACH SECTION 
0.000 

1.415 

,91!:I 

1. 591 

- 71 7, 

• 740 . 

.042 

--000 

.010 

.003 

.006 

.042 

1.145 

1.201 

l • 134 

.015 

.003 

.ooo 

.004 

.ooo 

• 0 lt, 

.579 

.187 

-.099 

-.008 

.001 

,011 

.142 

l R7 

0.000 

0.-000 

0.000 

0.000 

0~00() 
' 

0.000 

0.000 

0 000 

0.000 

0.000 

0,000 

0. Q O'CI 

0.000, 

0.000, 

0.000 

0. 0 0,0 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 
. ' 

0.000 

n nun 

' 

' 

Ht.: 

l)_I._ 
Y.,...:- -

TOPWID 

136. 8!;2 

ia.__1,_,, 5 

140.8!!7 

a1.2,,e 

l31.97i! 
.. 

109.399 

84,400 

84.400 

!:l4.4CIO 

l:l4.4CIO 

ll6.J99 

179.3017 

155.047 

215.515 

110.919 

93.9b0 

87.000 

87.000 

87.000 

87.000 

93.993 

324; 30_2 

124.999 

so.ooo 

48.000 

48.000 

48.000 

91.675 

1 C.l7 i, n7 

" 

.. 
' 

,l ,,1, 

',' 

OLOSS 

04 - . 

QCH 

2042~03 

DEPTH 

lJL,_8_5_ 
,. 

r.w. OIFF LENGTH,. 

0.000 . -0.,000 
' ,, 

0 •. 000 160 O~J) OJ1 
'• -

0.000 · 1100,.000 

0.000 2000 •. 000 

0 •. (100 900... n()0 
' 

' 0.000 · 1250, 000 

O,CIOO 49.000 

o.~100 J
0

nnn 

0. 010 0 28,000 

O • Qi O 0 1.000 

0 LQI_OO 15 • .OJLO 

0.000 34.000 

0 • 0 00 1500.000 

0-000 1400.000 

0.000 2000.000 

0.000 33.000 

0.000 16._000 

0.000 1.000 

0.000 10.000 

0.000 1~000, 

0.000 4.000 

0.000 1600.000 

0.000 1000._ooo 

0.000 135.000 

0.000 10.000 

0 • 0 0 0 4.000 

0.000 1.000 

0.000 25.000 

n n n n 1 n,., - ,., · 

TOPWID 

1!17.41 
' .. .. 

' 

' 

: 

.. 

,., •. 
' 

' ' 
• ..• 

: • l 

2 • ' • 
' 
' • ' 
' 
9 

" 
" • 
" 
" ,. 
" • 
" 

' " 
" " • 20 

" 2 

I' • ,. 
2 

2 

" • 
" 
" "1 
"' • 32 

" 
"" 
" • 
" 
" 
"I I 

" • " 
" 42 ., • .. 
" 
" 
" • 
" 
" '" 
" • 
" 
I' 

" I"' • " 
" 
" " • '° 
" 
" • ' 
" 
I~ 

" 
" • ... 
I" 
1 

" • n 

" 
" • " ' • 
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DATA FOR 'LA.ST 

,, PROFILE 
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• ' ,,\; 
,, 

' ' 
3 

' • ' ' 
' ~· ' ' 

', 
' ' 

" • " ,, 

" • " " 
" • " he 

" • 20 

" 
22 • " " 
" • " I 

" 
" • '" "' 
b, 

• ,, 33 
j 

" • " . 
" 
" • " ' 

" 
" • " " 
" • " " 
" • " " 
" • ,0 

'' 
" • ., " 
" • S6 

' 
" ' 

• 

' I 

CROSS ,SECTION' 
TYPE ENC TARGET 

'' > I • 

,TOP WrrnH 
,AREA-'ACRES 

0 000 • 0 000 • Sl 099 . 
1 : ' 

,, 

I 

' 

TOP WIDTH 
AREA-DI FF 

0 000 . 
' 

" 

' 

' 

,.· 

' ,. 

'· 

'I 
' ' 

") "• " 

! , 

'' 

' " 
,, 

" " '' 

' 

' ' 

" 

' 

' 

' 

'' 
1' 

' 

'' ', 

,,. 

' 

' 

', ' 

' 
' ' 

' 

' 

' 

,· • '' 

• 8 

" ' ' ' 3 • 
' 
' 
' ', • ' 
' 
" 
" • ,, 
I' 

' '' " ' • 
" 
" 
" 
" • 20 

" 
" 
' • 
" 
" 

' 21 

' " • 
" 
" 
"' 
" • 
' 
" " 
" • " 
" 
" 
" • " 
" 
" 
" • 
" 
' 
" 
" • " .. 
" 
" • 
" 
" 5' 

'5 • 
" 
" 58 

" • 80 

" 
" 

' ' • 
" I, 

" 
" • 
" 
" 
" 
" • 
' 
" 
" • " " • 



III 111111 111111 ll 1111111 
- ' - -ooBREAK00' -

1) COUNTY: I OSCO 

2) STUDY NAiviE: 

3) WATERCOURSE: 

- 4) oocuMENT TYPE:- Input ~~·· IDD yr &1croa.ched,. 



'' " 
:~1·· 

,. ' ., .. , 
I I• 

' I" C' l,, t, ,t, 
. I C 41 -•· .C .001 A 

,, '\, 
l,' I ,: .. ,, 

' '' • ,, ' ' .. ' .. 
l DO• D. S • OF THE MOUTH• OF THE, VAN ETTEN CREEK • • c_,:__ • .3.1n A 5.£.CIJD.N....E.t{C~C: H ED IO Bl\ Nk ST A I.I.Q.N.5-T.,O....B,AI.S£_"iAL£Rr:.'---------~----------------------,.-..,;; 

C • 303 , · , SURF ACE WI THIN AllP\'IABLE •LI!-H·T OF • lFT . ' 1 '. • e c.. .51,1 .. ·:. · .c_ , : ,SECff;Io'w ENCROACHED:, TO ~ANk, ·sT.,f(io·~1s:':r.!:i:• RAISf:::. WATER·:, .:1· ,.·. · ··, . . , \,i, . ,' .• ·:·1,';,,•\.,,' ·., ·· .,,., ,;.:/:.: 
c_,:__ • .5_11- . · ,. · ,. SllRfA££Ll!tl.Tl:Hi'J, ALI O'i/ABI E l·IM[T, OF •~l~F,T_-_,...._..'-"'"----'-·----.,..----"'...._..-•~~'~-~~·•~:<_··_...~-'~'-'"''~•,... .. ,_· _ ... _._:-'-'--~---~---~----i 

.889 MANUFACTURED SECTION-:-CHANNEL BASED ON SECTION D ~rITH 

• ,, 
' ' 

' ' ·:t •• ' • ' >•i ' 
,, 

'· ., 
' ' ' ' • I I, 

~• l ' , 
e :' • 889 ADJUSTMENT TO INVE<;:T; OVER BANKS MADE UP BASED ON • • • 1

' • 889 , CONTOUR M I\P · 
I, · C ··1.·0159.· .> · ' ·n·: ·' 'E'1ii'i:JflOIICHEP:.To 1stA1.2·00:•"f0 c·u,r·:oFF_. LO'isi SPOT; IN: tEF·T 'dVER.:.•. · ·'. · · \, ;·i' ,·· ·•.: ', .. ,. ,,· •·· ', , .',.. , 

1 
: ., ,:. 

!e:e,·.c __ l.059 ·,. .., . BANKAf'!Q•1THl';N:.ENC_RO,ACHED:F\JR'f.nt:;~•:,Tq~~.ISE;;wA.if:EFfSURF_ACE.,·,, ,, -:: .i ,. , ,,":,',: • .-1 ., .. :i•· .. 1 ·,,: "•':':·"·1_,,,•, 
·!•l{llltlll _ _c_J_.os9 .,, · • , ' 11iIHHN THE• 'AU OWABL'.:E.,ld'MIT' OF .1FT1.-HW!:1 ''AT· AUSABLE,,;.·•-'G""O""L,.,F!,,...,'---"'------·..,.,._.~· _·.:_, .. ;_,,_•.•_·,-'-. _. ""--.:..:' ,.__,_··~,.,,.c..•---~--'·, __ .,___"--l 

• 

" " :•) C 1.059 CLUB 587.83, DATE UNKNOWN, DISCHARGE llNKNOi>'N ' 
•"I C 1.059 Hl<JM 585.15 JULY, 1976 DISCHARGE UNKNOWN ' 

' C 1.2;,.:9_.5 ....... ~,_,__,.,.......,..... __ ...,sa,oe..;,F~T.,_.., • ..,.Jl..s,-. FR,OM F-1~1 ~~!DGE-qUPLICATE. OF .SECTION F 

l " 
" • ., 
" " C' 1,:Z95· ., '·' ENCRDACHED FOR 'EXPANSION .OF,.FL.OW, THROl:lGH, BRIDGE'·'• .,,, .. , ,, ' ,., ''·· , ..... ,· ·./1•· ' .. •'·., ;-•l; ·--';·., .. ""• ,,·;•::•·" e" C 1.305' ., , ,E '' · F-4·i '0>1-1;71:,),fjR.r'DGE:..NO.BRIDGE. SKE~/.,: ·, ., .. , :· .,. ,: ' : ' ",, ., • .:_,',,,, ::e· 

'_:__c_·· t._3) 4. • p_UPLI.C.AiE OF SECTI>QN _F.=.E.N.CB.Q.A.H.ED.'.LQR ·c_o~TRA.Cl.1.0.NLO~F-.,-------•-:,_ __ ·~•-' __ ... _,._"' __ ._· --·-'"-~~---"---~-· ~·•~,: .. .''-j ,, 
' C 1.314 FLOW THROUGH BRIDGE ' " e' C 1.319 F SOFT. U.S. OF THE F,-41 BRIDGE " e " ',-...\:,_,,.,.,.1.,3;, 0 3 MANUFACTURED SEU,~,AS,ED 0~1 SE C._,,T_,..I...,O,.,_N"-:'r,''.!'-:-'w""'' T..,_T,..·t-1_,_, _______ ....,,__...,... ___ 'r'." __ ,.....-,--_~--~-~~-:-c-...---1 
' C 1.603 . ' I\D'JIJSTMENT TO INVERT-: .. OVERBANKS, M/\DE UP BASEi) ON ·! ' ., ," • 11' 

•t c' 1,603 , . CQNl'OUR .M~P-,E)\ICR
0

0ACHED AT B~Nk::sJ-A,T,IONS•'TO· RA;SE' , • ,, ,' . : ·•· .. ', · · . , .' i•,,. ',, ',, : · •·', •', . : ... ,.,., 
V'V 1,il/ _c......._t.1>..11..3 · , WATER'· SURF A CE \'I llli IN,' Al L 0!1 A.!ll._E .... LIMJ T OF ._l_._F..,_T, • ._,__' ___________ .·· ___ , _, _ _,___,_._,_...,....,·_· -------~--------! 

f; C 1.868 G SECTION ENCROACHED TO RAISE WATER SURFACE WITHIN 
e'" C 1.868 ALLOWABLE LIMfT OF .lFT. • 

" 
" ~ • . ' ,. -: \ n 

' ' ,. 
" 
"' e " {', C 2 • 246 H SOFT, D.S. OF THE D&M RA1 LROAD BR I DG=E~-~E~N~C""R~O=A~C~H~E,,,,D~---------------~-----~------~----< 

' C 2.246 FOR THE EXPANSION. OF 'FLO\~· THROUGH BRIDGE· ''. ; ,· :. ',. ". , . '" " 
er' C ,2.252 . , REPE:AT' OF SEC•TION ,H-ENCROACHEO FOR ThE EXPANSION .OF •·· ·::: 

t C 2._2s2 Fl O\v' llHROUGH ARTflr.F ' . .., . 
" 's , l=l· 

,,, ·"'e 
, t < JS 

~ C 2.255 I D&~ RAILROAD BRIDGE-NO BRIDGE SKEW 

; j' ,, 

I : ~., 
:it 

e' C· 2.261 REPEAT OF SECTION I-I-ENCROACHED FOR CONTRACTION OF FLOW "' e " ~ C 2.261 THROUGH BRIDGF ., 
• c ·2.558 MANUFACTURED'SECTION-CHANNEL BASED ON SEtTION J wrtH '' 

·,' 
" e' C 2.558 iNVERT ADJUSTMENT; . ·.:.ovERBANKS BASED. ON CON,TOUR MAP •. , , 

1 l:1-•/-C--2..,558 ' LEFT OVERBIXNK ENCROACHE0 ro' RAISE WATER SURFAC.E.i..J'I..I.Il:!.I.~~~J ~--------------"-' __ ._, ----·----------'---! 
~ C 2.558 ALLOWABLE .lFT LIMIT 

' e ' ' " ' 
<S 

.,.,, C 2. 749 J lOOFT, o.s .• OF THE VAN ETTEN LAKE DAill-ENCROACHED FOR " • " 

~ 
C 2,749 THE EXPANSION OF FLOW THROUGH OUTLET OF DAM 

i ·c 2. 775 K VAN ETTEN ·LAKE' DAM-Hl'IM, 592.85, ,SPRING, 1950, DISCHARGE 
e ~c 2. 775 , · , ; UNKNOWN;t-lWM 589.87, o·.s. SIDE Of'. 1)11,f'-I, JULY,, 1976 

C• i. 775 · OISCHARGF· Ui'Jt<NO""· ,.,, ' , 
" Tl-- OSCODA TOWNSHIP J&A FILE NO. 5555-48-l RONALD KOWALSKI ,PROJECT MNGR. e"' T2 l O YEAR FLOOD 
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• ' GR 586.5 173 588.8 178 589 0 3 209 600.3 239 :•· 
, ' NC • 0 25 ••-,,,Oc,2,_,51'--__ ,,,,."'0""2',-,,,.----,--------,------,-,-----,-,-..,-,,,,,,,,,,,,,,---,,,,.,,--,---...-.,-,,-----,..,,.,-;.---.-<,'---,--,-.,.,,-.--,,--,---,.,--,,-,--,,.,,,,-.,.--,-,,-:-:r.:--:----.,,-,..--,,,.,,-,,,.,.,-,-i" ... i_x:i.·2:.i1s· ·1•i,,·.16 s'o .• s' 100.s: ;1a5''. ,;i,_,.Bs ,i 1'· 135···:·: · 1 •• ,, 1, '1 ,, '';'l •· :-i, :: , :,· r 1 ·1'1 ': , •• "· ,.,,,1•• ,,, 1 ,,, -:\!< ' 1-r 1 jJ 1 < t > ' , , , ,,,,, 10. 

[ • '·. r;R• 60~.o , .. ,. 'o, ,5'9~ •. l, : ·,.,,49 600'.S,<:::· ... ;··-4:9 • .. ,60,o~,e-.,,,,::.50.5 .:_582.-6- • 50.5·, _.,i:·, ,, , .. " ,., , .. , :-'. .. ,,•,· .. ' ,,, , ',, ' ., ,, ,, 
,,__Ei:L..5..§_2.-6 71+; 5, 582,,_6=~· -~7~4~•.5......:...3_8,.2', 6 • ','• 76. 5 :, '582~Q •' ; ,' I 7~. 5 51!.2'.~_6,.'._JJ)_Q, • .5,_• -'-•-' •_•,----"----"_.;. __ ' _• •-•-•---'---•,• ____ ,_'_' -"~-'--"-' __ ! '--'-'; '"-' ~-i'' "UR 600.8 100.5 600.0 102· 594.5 102 596.3 119 596.7 200 " 

• ' R 602.4 266 ::• 
" 1_;;;,. 7 7 7 16 5 n •,-s __ lJlll.,..,,,5~ __ __..1~0 ___ 1 Q 1 o " 
'I GR' 603,0' , ·o" 595~1 ,, , '49 ,600.~· . , 49' , , 60·0.a , 50.5 582.6 , 50.5 ,' ' ,,,,; ., · · : , .,,;" 

•"! ·GR' 5'92.6 74.s :.:'59.9,'3 -:14·~5 ,599~3-•,, ·,76~5 ·, -582;6 .. '- ·,, ·76'~.5 ; .582,6 100.5·' ,·- ,
1
.' , ,, .,- ••• ,•: ' "•" , •,:; •• • "e 

1 1,111,-.:,,:__c;1L6J>J1. a LQJt~ s 2-o.o_ • ..a~ __ 111._2_~5~9,~!'t ~.s '.: · "iJ!.2 ' " s'9'i:, .--3._._·_. __ 1_~1_9.'-__ 5_9_1;1_.,~7-~_2.o_o, __ ' _________ "_,'--'_, ....:.._,__;,'_"_,._·_.,,_. -· --'----·•--~~-',.,---1, •,:::le 
, , ~, GR 602.4 266 • 
• '"t · X 1 2. 7 7 8 4 4 4 ,, 

~''-SJ:l_J_,Jl_,.,.5_..,._l_,_5,_,,l __ __,,,;l ._o 5 Q 2 ~-0~...,4 ___ ,,,_,_ _ _,,5,,8.2. •• (l~--5 A2,. __ 6.,_ __ -:., ___ ""'_,_.. _______ ~~-,-~--,-~--:,------,-,.~,_,,..., !, 
,,, X 1 2. 7 7 9 7 · 7 ' ' 7. ', ' -~-,: , , 1 ,, , , " 

•
' ' t ' 't l' '' 

1 
,, , I , l 1,,,:,;:;:')',,

11 , \ ,1 M. r0
, ,X2 '' 1

·,,. '\, , ''il ,:593.1 '-600.a:,, ·,,j:· ,J:··· /,.,:, ,,, ,, -~,,. ,,\ " <!,, !, •\ ,;•, ,~i':', 1 1 ,,_ 
1
':,•, ,, ,, l "' l •!': ,(11 ;' n 

,,,,_: .. Ju. __ 1_a.____:_;,_.-J)_.J>_· _6_o..:i..:o · o .• o 4 'ii .,_,_·oc__-='s"':'9s_~·-r >· · o.:._,o · · · 4 9 • .0_6_0_0_.Jl __ ~o··._o.__..""'"-'_' _---~----·~· _' -__ ._· -'-,---.;_-•_· _' ____ 1:'-· _·""":· _, :_· _: __ • __ ··._.._; '", 
1
, L 

' BT 50.5 600.8 593.1 100.5 600.8 593.1 102.0 600.H O.O 102.0 • 
•. , BT 594.5 o.o 179.0 596.3 O.O 200.0 596. 7 o.o 266.0 602.4 ::• 

r'' 8 T O • 0 " 
' Xl ,2.784 8 50.5 105, 25 "'' 25 25' ,, " ' : " , , '', " " ,•' ,, , " . ., "• " X 3 2 8 1 2 8 ., , ' , , , • ,. 

,tililllY' •~R ,603.o ·o 588.9 5o.5 · 582.6 · '·so.5 582.6- 105' 588~·9 105 ·- -· , · "' 
i\ GR 593.3 ,179 596.7 200 602 04 266 v 

• ' NC .o9 .09 ·,035 ::• 
' X 1 2 ._,,8,,,0c,3,__ __ _e2.;0'----'8""0'-----'2~5"-'0'--~l±,,;Os,;O½--"'-l o._o:::,-,----,,-.~l ,,.040 ___ -:---::--c-:----'.":::---.~------------,,.-,---------,-,,----.-,-J" 

, GR 610.0 o 600.0 40 590.d so· 58_8.6 90 594·.5 97'· • " 

.h GR 585.3 105 ' 125 ... 58206 115 '582,2,' 5820'+• '135 58203 145 " I " , ,,, , , <, 

'-.JlR 582_,_~,___ _ __,155 582 •. ~3 ___ 1~6-0. __ 5~8=2_•3' 165· 582.,~6<--__ l,_,7~5,__~5,,_8,,,,'.l,._1, ___ 113_5""---------------~,..~---'--------'--''----," 
' GR .584.0 195 585.5 205 588.6 220 '590.0 250 600.0 300 . ... • EJ " 
"__J_J O $COD A T0 1

N N SH JE___J& A FI LJ;_JiQ_. 5555-48-1 RON A!,.J) K? W AL,S1$J , PR O_JE T MNGR_••-------------------,,,--------,,,.--------1'" 
"' T2' -50 YEAR FLOOD,' ·:' ' , " . ' " •• 

• '" T3 VAN ETTEN ,CREEK ' ' " " , • , ::: • 

'/'~•J~ _JJ ____ ::J n · , • .o.~•n,.,o~,<i~·----·-·-------'~------------------------------------~--'""" 
" J2 2 -1 " 

• '' T 1 OSCODA TOl~NSH IP Jo,A FI LE NO. 5555'-48-l RONALD KOl·IALSK I, PROJECT MNGR. : • 
''' T2 100 YE~R Fl OOD 

' T3 VAN ETTEN CREEK 
' " • ,.. Jl -10 ,4 

:.,i-_J2 3 l -1 
' Tl OSCODA TOWNSHIP 

• 00 09· '•'' ... 
<', I SQ 

J&A FILE NO. 5555-48-1 RONALD KO~ALSKI,PROJECT MNGR. ll? l<I· ,, 
• ,,, T2 5QO YEAR FLOOD ::• 

,, •1-,-t.Tii,3 __ -:-:_,Vc,;A,_,,N,_,E~T,_T'-E::-N"-"'C""R'=E-"E'+'K'---,-,-, -,,-,---,--:~:-:--------r--,,-,,_.,--,------------,,---,-----,--;------,.,.,-,---;----------,;,_--,--------,----,-" 
'Jl ,.-10 5 .0009 1 • " 

• ' ' J2 15 > -1 , ' ' •, l , , , , ',, 1 ,, ' ' 1• ,', , as·• 
I 11 ____________ ..:__,;,_ _______ _..,_ _ _,_, ______ •_~•---------------'-------•---'-' ----------~•-• _;,••_•_,_,,_,, __ •_' -'----'-ll' :f 
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3) wA TERcouRsE: \la.~ 'E+f en Creek 

- 4) oocuMENT TYPE: - Input Jcdo,_ IOO'yr orlvra.) _ 
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,C 41 
·C .001 A 100• D. s·. OF THE MOUTH OF THE VAN ETTEN CREEK ,, 

• _, V _, ., -.ILV I .LVl'f Ll'l\,,'\'-JH,._, ·1 , ' .......... ..:JI I.& I I " ' ~u _.._.,r:_n: 
C,, ,·303' ' SURFA,CE

0

WITHIN°ALLOWABLE LIMIT' OF .'if J ' '' l, I c: .511 C SECTION ENCROAC~E~ TO BANK STAfIONS TO RAISE WATER c· .s11 " ' ,S!JElEACE ll'ITt:Hhl I'll I OWABI E I HHI QF' • lF'T " 
C .889 MANUFACTURED SECTION-CHANNEL BASED ON SECTION D WITH 
C .889 ADJUSTME.NT TO INVERTl, OVERBANKS MADE, UP BASED ON· 
C -889 CONTOUR MAP ' 
C 1.059 D ' ENCROACHED TO STA.200 TO CUT OFF LOW SPOT IN LEFT OVER-

, C 1.059 AND THEN ENCROACHED FURTHER TO RAISE WATER SURFACE ' BANK 
C l -·059 WITHIN Tl-lF 'Al I OW""" F I TMTT nF . IFT _uL.jM AI All<:•q1 F ~rn F 
C 1.059 CLUB 587.83, DATE UNKNOWN,. DISCHARGE UNKNOWN 
C 1.059 HWM 

0

585.15 JULY, 1976 DISCHARGE UNKNOW,N 
C 1,295 SOFT• D.S. E8flt:1 E-!tl BBIOGE-1:l!Jel ICAI.F, nF <:;Fl"TTnl\l i; 

C 1.295 !NCROAC~ED FOR EXPANSION OF FLO~ THROUGH BRIDGE 
C i. 305 E F-41,CM-171) BRIDGE-NO BRIDGE SKEW I 

C ·1.314 DUPI ICATE QE SECIION E-ENCBQl'lC!:!El'l p,o rn,1TR4rTTnl\l ,nF 
C l. 314 FLOW THROUGH BRIDGE 
C 1.319 ' ' F SOFT. u.s. OF THE F-~l BRIDGE 
C 1-603 MANUFACTURED SECT T""-"441\11\JEI BIIS,EQ Ql':,i SECIIQi'J G wrr..i 
C l.60j ADJUSTMENT TO INVERT; OVERBANKS MADE UP BASED ON 
c· 1.603 CONTOUR MAP-ENCROACHED AT BANK STATIONS TO RAISE • r 1.F.n"I waTFR <;IJBEIICE IHH!lt'i Al I O!!IABI E LI..M.LT ""' I FT 
C l. 8b8 G SECTION ENCROACHED TO RAISE WATER SURFACE WITHIN 
C 1.868 ALLOWABLE LIMIT OF .lFT. 
C 2.246 H SOFT. D.S. QE Tt!E 01.M RAIi RQI\Q BR_IQGE-Ei'JCRnAC:1-lFn 
C 2.246 FOR ,THE EXPANSION OF FLOW THROUGH BRIDGE 
C 2.252 REPEAT OF SECTION H-ENCROACHED FOR THE EXPANSION OF 
C 2.252 Fl nw THROU<,H BRTnt::C' 
C 2.255 ' t D&M RAILROAD BRIDGE-NO BRIDGE SKEW 
C 2.261 REPEAT OF SECTION H-ENCROACHED·FOR CONTRACTION OF FLOW 
C 2.261 THROUGH BRIDGE 
C 2.55a MANUFACTURED SECTION-CHANNEL BASED ON SECTION' J WITH 
C ,2. 558 INVERT ADJUSTMENT; OVER8ANKS BASED ON CONTOUR MAP. 
C 2.558 LEFT OVERBANK ENCRQACt!EO TQ 8'AT"'"' W6TFR ""RF6C:F wTTHTI\I 
C 2.558 ALLOWABLE .lFT LIMIT 
C 2.749 J lOOFT. D.S. OF THE VAN ETTEN LAKE DAM-ENCROACHED FOR 
C 2.749 THE EXPANSION OF Fl Ow THROUGH OUTI E.T OF OdM 
C, 2.775 K VAN ETTEN LAKE DAM-HWM, 592.85, SPRING, 1950, DISCHARGE 
C 2.775 UNKNOWNlHWM 589~87, D.S. SIDE OF DAM, JULY, 1976 
C 2. 776 DISCHARGE UNKNOWN 
T I OSCODA TOWNSt-!IP J&A FILE NO. 5555-48-1 RONALD KOWALSKI,PROJECT MNGR. 
T2 100 YE/lq FLOOD 
T3 VAN ETTEN CREEK 
Jl -10 4 .0009 
J2 -1 -1 
J3 1 10 11 12 14 8 4 
NC .01 .06 .035 • 3 .5 
QT 4 1290 1770 2050 2450 
Xl .001 44 210 648 
X3 0 350 
GR 596.0 0 589.7 35 586.6 110 585.8 210 581.4 215 ,,I< 578. l 230 577.6 250 577.9 270 578.5 290 578.0 310 
GR 579.2 330 580.2 350 5 79.9 370 580.l 390 'S79. 9 410 
GR 579.9 430 579.7 450 579.4 470 579. l 490 578.5 · 510 
GR 578.2 530 577.5 550 576.9 570 S75.3 590 573.6 600 
GR 572.2 610 573.3 620 578.4 630 581. 5 640 587.3 648 
GR 585.2 710 584.6 810 584.0 840 588.8 910 590;.5 940 
GR $89,8 1010 589. l 1110 589.2 1210 589,5 1310 589,4 1410 
,~i~c:ca_~ 1 c:;; 1 n c;an , 1 "-n n C::07 U 1 ~ 1 n c:ac: -:, 1 L ':> n 
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'·G8 595.6 
GR 589.·6' 
GR 59i.i 
.GR 581 .8 
GR !:178 4 . 
GI'! 519.8 
GR 583.8 
GR 589.4 
GR 590 .4 
XI .511 
X3 
GR 593.9 
GR 588.3 
GR 580.3 
GR 579.9 
GR 581.9 
GR 584.2 
GR 586.4-

Q I '5~7.5' 
3go 591.l 
890 5'll.5 

11g9 579.9 
1240 578 7 • 
1290 579.9 
1390 5A3.9 
1890 -'~· .. :,lj':1.0 
2390 5go.4 

33 720 

0 587.7 
420 588.2 
724 57A 0 8 
170 580.0 
818 584.9 

1220 584.3 
' 'l 720 587~6 

' 

, 586. 2 
490 591.3 
990 

1205 
125U 

'1295 
14,90 
1990 
2490 

823 
670 
,33 

· 520 
730 
780 
823 

1320 
1820 

- -- _1 

~8 '. ~ 
578.7 
579 1 . 
581.8 
587 .6 
587.Q 
590.0 

1100 

586.4 
586.4 
57'7 3 
580.7 
586.9 
585.6 
591.3 

·. NC .o9 ,07 .04 
Xl • iH39 13 
GR 600.0 0 
GR 580,6 275' 
GR !:>80 • 0 320 
NC .09 .09 
Xl 1.059 28 
X3 
GR 590.7 0 
GH 582.0 260 
GR 576. 0 305 
GR 591.0 355 
GR 589.3 720 
GR 587.0 855 
NC .01 .07 
Xl 1.295 30 
X3 
GR 596.8 0 
GR 589.4 390 
GR 586.3 890 
GR 577.4 930 
GH 586.3 990 
GR 593.0 1290 
Xl 1.304 48 
X3 10 
GH 598,3 0 
GH 591. 8 500 
GR 594.4 1000 
GR 585.6 1006 
GR 584.0 1020 
GR 579.3 1044.4 
GR 577.7 1070 
GR 580.'+ 1080.0 
GR 594.4 1084.4 
GR 597.0 1500 
NC .025 .025 
Xl 1. 305 · 
i(3 10 
BT 49 o.o 
BT 300.0 592.5 
BT 592.0 o.o 
BT o.o 1000.0 
f:lTl002.0 598.7 
BT S99 • 8 590.4 
BT 591.2 1014.4 
iH1030.0 604.4 

255 335 2100 
590.0 200 586.2 
579.9 285 578.6 
581.l 326 591.0 

255 335 900 
200 

587.3 15 5i:l7. 8 
58i.4 265 580.6 
577.4 315 580.0 
588.5 455 591.l 
585.0 745 583.7 
581:l.2 955 590.7 

890 970 1200 
875 

58!:I. 5 27 5fl8.5 
590.8 490 591.2 
582.9 898 581.7 
578.2 9 4 0 580.8 
586.0 1 0 '+ 0 589.0 
594.0 1390 594 .13 

1000 1084.4 49 

596.0 100 593.7 
592.0 600 592.3 
585.7 1000 585.7 
585.6 1008 585.6 
582.4 1024.4 580.3 
579.0 1050 5·1a. :.i 
578.2 1071.9 578". 9 
580.5 1080.4 581.l 
594.3 1100 594.l 
599.0 1600 599.8 

.03 
1 

598.3 o.o 100.0 
o.u 400.0 592.2 

100.0 592.3 o.o 
594.4 o.o 1000,0· 
588.5 1004.0 599.0 

1010.0 600.2 590.6 
601.'+ 591.2 1020.0 
591.2 1034.4 605.0 

. ~i"f:t~· CJ'' ' '' '-.::_:,.. 'I• ,1 _ 

, . 0 586. 8 
· 590' 589.8. 
1050 587.5· 
121 0 5,77 • 5 
1260 579 8 . 
1301 !:>82.8 1 

1590 589 .1 
2090 58A·.2 
2590 589.6 
1100 11,00 

920 
120 587.6 
6?0 587.3 
740 577 7 
790 580.5 
920 585. l 

1420 587.?, 
1920 

' 

1550 ::>ooo 
255 582.0 
295 576.5 
335 

900 900 
335 
55 587.0 

275 579.9 
320 581.1 
535 587.9 
75~ 584.2 

1055 

1300 1250 
984.4 

90 587.7 
590 589.5 
900 579.2 
950 582.9 

1090 589.b 
1490 593.8 

49 49 

200 592.5 
700 593.3 

1001 585.7 
1010 585,2 
1030 580.0 

1054.4 577.5 
1074.4 5'79.4 
1082.4 581.4 

1200 593.9 
1713 

1 1 

596.0 O·. 0 
u.o 500.0 

800.0 593.3 
598.5 586.2 
5fl9.4 1006.0 

1012.5 600.8 

'190; 
690 

1090 
1220 
1270 
1302 
1690 
2190 
2690 

220 
670 
7c; 0 
800 

1020 
1520 

260 
305 

155 
285 
326 
555 
775 

' 

190 
690 
910 
955 

1190 
1555 

300 
800 

1002 
1012.s 
1034.4 

1060 
1076.4 
1083.4 

1300 

· 594.4 
200.0 
591.8 

o.o 
1001.0 
599.4 
590.7 

. -602.4 591.2 10~4.4 
591.2 1040.0 605.4 

,f"' :• it1 I 

saa~·a 
'589.8," 
5~9.3 
577.9 
580 l 

"290' 
•790• 

1190 
1230 
1280 . 

'5€H> • 3 1340 
586.7 1790 
::i82 5 ;;~Oii 

' 

588.4 320 
584.5 720 
578.6 7"-n 
580.6 810 . 
584. 7 · 1120 
586 0 4 16?0 

581.4 265 
577.4 · 315 

586.2 255 
578.6 295 
591.0 335 
587.4 655 
586.7 785 

588.6 290 
591.0 790 
578.3 920 
587.0 970 
593.6 1260 
599.9 1578 

592.2 400 
593.8 900 
585.7 1,004 
56'+,9 ,1014-4 
579.6 1040 
577.6 1064.4 
580.o 1078.4 
581.7 1084.4 
594.8 1400 

594.4 
593.7 o .• o 

o.o 600.0 
900.0 593.B 
598.6 587.7 
590.0 .1008. 0 

1012.5 600·. 8 
603.4 591.2 
591.2 1044.4 
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BT 5~1·;2:,. 
l:lTl071.9 

/ f.l'r 599;4 
,f.lT 587.7 
BT1200.0 

: 

BT 597.0 
:x1 1.310 
'x2 
X3 10, 
NC .as 
Xl 1. 31,l 
X3 10 
NC • 1 
Xl 1.314 
X3' 

' 
GR 596.8 
GR 589.4 
GR. 586,3 
GR 577.3 
GR·586,3 
GR 593.0 
X 1 1,319 
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_. NUMBER LENGTH ROADWAY LOW CHORD, GR,OUND <CFSl 
' 

CWSEL'. : HV HL Ol!OSS QCH DEPTH' TOPWID' 
,I 

' ' 
' • 

· l's.oo· g.oo,, .. .-o.oo. s11.30,:-·1.110.oo 
• ' · · . · · 1 • 3 1 " · , · :1 5. o o , : : .o • o o ·. : . o;:; o o· :. ,;; 7f-!. 30.fu ·2 o 5 o ~ i:io • 

,· 1~~ . .JJ ·.·• "i•s· •. oo 1'· o.JLO · o.i,oo 's1z:30:'24so·~ 
' 

S86.~7~7 ____ .J,,_. ___ ._o"."----•o<Ll-1Z8't,;,_?_5~--,'i-47 ,lJU)_.]_pc__ _______ ~"""a 
· sa7_.93, 1 .1s 1 .01 .oo 11,so.42 10.63 r16,.4o ,, 1 

{ 1 

588.52 .,·: .16' ''I-'- .01 "'' .oo' '2011.94• , 'i-l'.22 · ll."6·~:40" · ·' .:F.' ':• 
,. 5a 9 ._.u._. _. _. _...._. 19 ._oJ · :· ."Q0_.:..:_23~ao~._20 r.2.·.JL1_1-1~.~oc.:-'-__ . __ .·_, __ , .,_...·_· .,,_::_,.,'-!" : 

J,-~-
1 

· 11"· • .3..3 ll ~-..o. o O.,..JL9-..---\L....!tD,.._..---5~7~Z .... ,...J_0..,.-1.Z.2Jt.Jl~ 

•·:· 1.32 34.oo o.oo o.oo s:n.3o 1290.00 586.80 .11 .02 .oo 1284.16 •9.50 135.82 :• 
"lr--.---LL3,..2 __ ~3-'-'!t"-,.JJ..0, ___ ...,o_. 0 00..-, 0 Q , S JJ_. --10 11:,:.0_.,_QO .S8,1_ • .9 p , • ..l~;.......~-,-.,-,-0 ~2...,,· ~-,---~~ q_o__ _L7~8.~,..,,"7, ~-....,~1 ,o~ • .6.6 __ 1.6.1_ • .!t,,__ ?--------'-·· --,-,,je 

,, , ' .. , 1~32 ·,34."00 o.oo "o:oo : sfi~'3o:. 20'5•0~00' · :"saa.56 ,,, .• 15 .·02··· "' .oo 1955.61 1 11'.26, '1so.38'. ,' '·:, 
~ •I' · ., ·, .. l.3,2. 34.· oo, , o •. oo·· o' 5 .. . . '5 ·o 589 "7 .. . . . 7 ' : .,. t'"e ~ .. . , •;:,~'~•:01 ,~: t.T:\~

1
0;~ ~·~ :o~. ~,

1
:',,. ,,l~~':.,, :, ,; .1:9;,,,, , __ 1,.~2:t ,,, 1.~·~l ·:-~2.~:7~

1
~~. •• 12·•0. j ·,'I84.4.o•t1' ..... 1 1 ,ill 

1: f! ,Ji1l,_' __________ .. _,_, ----·-··-----'-'"'--;--~--"'-----·--·.....c------· -"-''----------_;,•~---'·-· -·--·-·..c·-•·_· ---· _;,,. ___ ',.·-· -' -~· --'---·~·---i·· ' 
'" 1.60 1500.00 o.oo o.oo 578.60 1290.00 587.96 .14 1.18, .01 1290.00 9.36 ·81.96 " 

.... , 1.60 1500.00 o.oo o.oo 578.60 1770.00 589.12 .18 1.18 .02 1770.00'., 10.52 83.00 :;• 
•
1 

"", ,..,,..,..,.,.~.,..1"'. 6 o 15 o·Q -~o~o---~ __ o,~• -0.,.0..,.,.,-~o-.JLD s 1 a. 60 2 o 5 o • o o 58 9 • .,,.1,,,c1~-~-•..GJ!~-~1 ..• 1 7 ._o 3 2 o 5 o ••• Q..o l)_. 1 1_: 83_.J)..9'-----------1'' 
' .,. , 1'~'60' '•'.1500'~00•, · o.o·o·' ·: ·:':o•.o.\i· 51,0.'6'Q',·1 245o.oo·,: ·590,.so.· ...• _23· 1·.lT ;03 ,2450.00:· .11.9.o · ··,;a;:i;·oo.,. ,· •·:·:.··" 

-~ •!. l ,i '> ',, .,',"•,;_ 1', • ,. Jc, ,,. , , ! ,l , l \ ··:•• ,l :'' ,,,.-::••• 

,,f-> __ .. __ l. 87 'l 4 0 0 •~O~O~• ___ , =O • 0 0, 'o • 0 0. ,,~~~ ~· 0 0, s·ll'z,._1=5-~--•-lJ ___ l_._l_~'--'-~~Q_l_l..2.§i.!t.8,__ .. __ 9_.85' lJJ!l. 7 4.___· ...:._ __ · · __ --2•c.:' ·---r.·.~,,. q 
1' 1~87 1400.00 o.oo o.oo 579.30 1770.00 590.32 .14 1.15 .01 1744.66 11~02 137.69 " , 

·.1:,,,__, ___ 1!., •• 8877 1400.00 o.oo o.oo' 579.30 2050.00 590.93 .15 1.16 .01 1999.03 11.63' 138.87 ,:• 
, 1•00.~0~0 ____ 0~·~~~0--,,-0~,oo 579,?0 2450.00 591,74 0 16 1,16 0 02 2354.91 12.44 140 0~4-.4----------•. ----• 

1 , , 15 

:--------=~~:=~=~~•-· -...,~=g=O"-o=g.,,,:=z=g __ .. _, ~g"":~·g~O=O-, _•_. :_·~: i~:,,..,·g~g~. _'_'· _.:5=
5

-"'~='f~:~~~g~. :_; --~~-~~i~g~~:=g=g_·_• _,:·~-~~~~~~=~!~6=1·_• _;-'_~:'-'·~~~~-__ · _:=1-=·:__,6~~~-__ ._, _•.,.:~g-=-~---··-a'.i'-'~~j~g~~~•g=•=g __ ' ~~~---'""~~--·'_· ___ · ,_' _,._:,_._•_; ·-;:~ ;; • 
2.25 2000.00 o.oo o.oo 581.50 2050.00 592.05 .11 1.07 .01 2048.74· 
2.zs 2000.00 o.oo o.oo 581.50 2450.00 592.88 .13 1.09 .01 2442.20 

,

,11-_ ------------,------------------------~---...,.-..--------~-----.,.--,-..,--------------1" . 2.•25 33;00 o.oo .o.oo· ",50'1.5·0 1290.00 590.11. .01 .01 .oo ,-.1290.00 8.67 88.17 .. ·· •· ,.,, 
•·, 2.-2s . 33.oo o.OQ. o:oo' 581.so·.·1 .. 110.00 591.43. .o.9 .• 01 .oo·· .1770,00 ·9~93: .?2.36 ,. , , ,. ···:", :e 

,,,,_ __ -s2c._;,,,2,,_5 __ _,,3_,,,,3 ._Q_O,_.,..-'-----'·o_._o,_,o'------'O,.,,~ 0 ii 581,; So' ?_Q5..Q_.~QJ) 592 .J!c.:7'-----~ .. J.l_'_-c._• ~O_l ___ ·_· .:._QO_z_o.2..Q.._0.:,0,_~ .. _· l .. 0 .. ,~5""7 ___ 9-"·4"'",.J)c,7 _____ -'---' ~--1" 
•· 2.25 33.00. 0.00 0.00 581.SO 2450.00 592.90 .13 .Ol .OO 2450.00 11.40 95.00 -~ =• r'----""2_...""2-"6c.,.-_~l,.,6,,_ • ...,,,0""0 ___ ..,o,._,.'-'0'-'0...._ __ ,,,o.,,.-"0..,0,__~5cc;8=0.,,_."'5"'-0-..,l""Z~9"-'0,,,_ • ..,0'c-"-0-,---"5'-"9__,0,._,.,..,l,..,8 ___ _..-"0-"8'-----,~•;40=l---~•,,,,o,,__,,,O_-"l-"2"-'9c,O,.,,.'-'O,..;Oe.,._, __ ..,=9_,, • ..,,6~8,__ __ 7"-'-9.,,_.-"9-"6'-------------,J-0 

2·.25 16.oo, o.oo o.oo ·s0·0.so ·1110.iro '591.43, .10 · .01 .oo 1110.00· · · 10.93 81.00 , · .. " .~, 
k_., 

2.26' 16.001 o.oo q.oo .... , 5ao.5o 2050.00 · .. 592.07 · .12 .01 .oo 2050.00 11.·57 .81,.00 ., ... ·· ::e 
2 • 26 .. 16 • 0 0 0 • o·o O • 0 0 58,0. so· ., 245 0 • 0 o_·~.-.. · ~5~9~2=·~•~9~0 ____ .• _.1..,4:......, __ _,.._,,,0~l ____ ., 0·1 245!L.Jlcs0,__ __ ,l_.2,.,.,..,4..,0'---_-'8.._·1'-".,_,0'-'0'-'----· _· ____ .._,.....;" lb I , , 

r' 
•• ,, 2.26 1.00 603.00 603.00 580.50 1290.00 590.18 .OB .OO .oo 1290.00 9.68 79.96 :• 

i',..! ----=2~•...:2,.,.6 ___ _.,,1_,,,.""0""'0~_6.c..=..03"-"-.'o._o=--_6"-'0~3~·~o<;-'o=--.,...;,s""8""o'-".""5~o-----=1~1-'1""0"".--=o...:o--.-~s .... 9"'-l·_·
0

""4~3. _____ ,._.~10=------·~o~o=--___ •. ,,,,o,.,,o=--..,1"'1--'1,..,0C-'."-'o-'o------=1-=o-= • ...,,9 ..... 3 __ ""a""1_,,,."'-o_,,,o ____ ------1" 
r· 2.26 1.00 603.oo · 603.oo seo~5o ·· 2oso.oo ' 592.01 .12 :.oo .oo· · 2050.00 11.s1 '87..oo : , ·· ... , .., 

•

• f.' .• -· ____ 2_. 2_6 __ -,-_1_._0_0 ___ 6_0_3_._o_o __ 6_o_3_._o_o __ s_8_.o_._s_? __ 2_4_5_0_._o_o_· ~· _· _!?_9_2_._9 __ 0 ____ ._1_4_·~--·-0_0 __ · . ___ ._o __ ?_· -~-4_s__;o""~~o_o_· __ · 1_2_._4_, o_._ .. _0,..1__,. ,..o_o __ . ____ ""'--~---: .'--.. -r:~'1 •· 

2.20 10.00 603.oo 603.oo 580.so 1290.00 590.18 .00 .oo .oo 1290.00 9.68 79..-97 "bl! 
2.26 18.00 603.00 603.00 580.50 1770.00 591.43 .10 .oo .oo 1770.00 10.93 87.00 :• 

I", 2 .. 26 1 s. o o 6 o 3. o o 60 3. o o se o. so 2050 ••,..;o"-'o""""_"'s..;,9-=2 ..... ..,0"'1 ____ , • ..,1""2,.__ __ -,,._..ao""o ___ _,. o o 2050 .c,;o"'o'---...,:.1.:.1"'.""5-'-7--...,8""7;.,,,,,.• .::.o.::.o ________ ~...i" 

:'' 2.20 10.00 603.oo· 603, ~oo 580.-so 2450:00·· -5,92.91 .14 -~oo .oo 24!?o-.oo 12.41 ·'·. 01~00 ... ... . " 

• ['1 - ' . ' : : • 
111 1 .2,26 1.00 o,oo 0,00 58o','5o 1'290.00 ·5·90 •.. 1"°8,__ ___ .• 0B -00 .'00 1290.,_o."'o,___~9'-'',;68 79.97 • ~ · 'h 2.26 1.00. o.oo o.oo 580,50 1770.00 591.43 .10 .oo .oo 1770.00 10.93 87.00 " 
•• ,. 2.26 1.00 u.oo o.oo 580.50 2050.00 592.07 .12 .oo .oo 2050.00 11.57 8·7.00 :• 

",1-,' --~_..,,2,.,.c:;2,_,6'--__ _._,l • 0 0 0 • 0 0 0 • 0 0 5~. 0. 50 245 0 • 0 0 592 •·-9~1 ____ •. .,l..,4c...... __ _,.,_,O,_,O,__ __ ...c• 0 0 24 5 0 "'-'0,_,0,____~1=2-".-"t+-=l,___,..,B"-7.,__,.. _ _,,,0.,.,0_~--------~, --i" 
)I ' ' ' , , ' ' ' J 6S 

• ,i 
; , , ' ' 

' ' '. 

., ,i, '. - ' 

' "' -~ ,,. 
" ' 1---------.----.,--.----,---,;-----;--;-----::-:;--------------------.-,---;--;-----;-----::-----:-------;--.;--------,--,-,-------,.,.,--;---:-;--:,!" 

' l « ! : 11 , , l ! 1 ,, I>, :, l ,• , , , '> , , , ' I' '1:'.I 

" > 
1 '' ' 74. 

- <; •, '. l ,' ,, ,, '• ; ; '• < ' ; • ; I <, l l J ~ •'' < •~'l 'i , , l i' ! ' S 
' "' ' ,c ,. ' ' ,:, 

I <' « l % 
I. I., ,;.1----------'-'-------·-----------------------~---------------------~------------"""' 
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,, ',:. ,,, 
,,, 

~ 11 ' 1 ,j ' 11 

rl 1 , '•1 
I· , 

'' 'I 
, ,' 11 I,' 

'I' 

'' ' ' 
1· 'I ,,. 

' ,, '' 'I 

' I -•· SECTION CHANNEL MIN E'L 'OF MAX,EL' OF, MIN EL '.DISCHARGE. CWSEL•· 
NUMBER' LEtiGTlrl , ROAOWAY LO\~ CHORD GROUN.D (CFSl , 
' "-r-__ ........,2_ • .?.,f, 4 ~ 0 0 0 , 0 0 0 , 0 0 5 BO • 5 0 12 9..Q... 0 0 

~ • - '. ' ~1 
590 .. 19 
591,45 

, , 5'92, 09 
,592,93 

2,26 I, 4,,00. 0,00, 0·,00' 580,50 1
" 1770,00 

• ' 1, ·2,26 :·-, · · 4.00~, 0 o·o b,oo ,;. 5BQ'·,•50• :2050,00 
I' fH~' Ut--""--:--'' 2_. ,2,_,6'---'"-'-_.4;;r,.,,, ,,Oc,O,__.,..__· ,,.o .. :_,,,,o.,,o_..,_~·,...,o,.. 0 o, 58 0 • 50 ·. '7-45 O • 0 O 
~\~j,,4 - ·-

" ' 

•· 2,56 ·'1600,00 0,0,0 0,00 580,00 1290,00 590,70 
,.-,--,-_2 .. ,.5..6 16 o o , • .,,o~o'-r-___ u,,_-.•• ..,o,.,,o,.__~~""o_ •• ,,.o_o __ s~e=o.,,..,. ,,__o.,,_o~!.!T o. o o 'i'i.~-Ji o 

'' 2,56 .... 1600,00 I '' o.o'o ',if~cio ;•, :5so~oo·•·: 2'o5b~oo 592,66 
· '2,50 1600,00. : .. ,o.~,o .. ·o.oo,,·• 5,B;°.f;P9//,2:~59,;oo .. ,,._:5~3~~3 

'" 2,75 1000,00 0,00 o.oo 579,20 1290,00 590,85 o,.·
1

. 2.1s 1000.00 o.oo o.oo sr9.20 1110.00 sc;2.1a 
, ::h,~~~.~-i..~1..0_0..o_._o_o,_~_Q.....R-,Q,,_,,1 ..,.· • _.,.,,..o .JJ o s 7 ~ •. :; o 2Jl.B~P-•-9-P--,--.--5.9~._a ~ 

·2.15, 1000,00 o,oo .o;oo •,. 5'79,20· ·2'450·.oo · 593,73 
- ,~ ,I' • ,,' ' ; , l : , ', • •i'l,' t·:,1 ;,,, 11 ', \ ,' '1° 

, ' ', ' , ' I ! , 1' ' ' , , , , j, > ! 1 j / ,r, l' ' 

l , ~ 111--___ 2 ._ia_ ~~L35_,_o,o, __ _,,o _._o_o ·o_.M----5.a2.,.6.0_1_2,9_0_._Qo s 9J)_.J:l0 
1 

'
1
~ '=> 70 135.00 0.00 0.00 582.60 1770.00 i:a-:, no •t' 2:,;.~ 135~00 o.oo a.,oo 582.60 2050.00 • 592:;s 
'1-' ___ ,...,;::_. 1 0 !~_._o_Q. ___ ...,q_._o.~o~_~o~,JLQ _ __.5.,._f',.,.2, , 6 o ;:; 4 5_.Q,~JLO s 9 3 ,.§J 

,In ' ' r , , 

•t·0 2, 78' ., . ' 10,,00•· o.oo ',' ,o·.oo .: ,582,60 •· 11290,'00" •'·590, 79 

I 

,. 

' '' 

HV 

• 07 

' 
,09 

:. 11 
i ' ... .1,2 

,06 
' - 7 .J}. 

' -~ oB''iJ 
'•\ • 0'9 
" 

':. 

.02 

.02 
,_Q_3 
, 03'' 

. , 
" ,_l,5 ., ., 
-~~ 
,25 
• .)_1 

., • 1 '7 
l 

HL QI.JOSS ,QCH 

' 00 •- • 00 1290 00 • 
' .oo .oo ·1 7'70 • 90 

' ·• 00 .oo 2050,,00 '• : 
.. 00 

' . 
' ,. 00 2450.00 

·• 50 • 00 1244,2,5 
,53 .J)J.~i 6 i-9.,._~J 

,>')' -~-- ,.' .:54 .:·oi'·" 1'825, 79 
.• 55 . I' : ,; 0 1 · 211 'l , 0 3, 

' ,; ,,,," ,,, . ' ',, 

,10 , 0 1 1290,00 
,. 11 -~ i77o.oo • '-!'-= 

·!{~ -.Q?~a.o_s_o__._o_o 
" .• 02 ,,'245.o'~.oo 

'I )·' I:;' ',, l ', ,, 
-_O.l ._0_1_1_29_0:._o_o 

nl ,1 n 1770 nn 
ou• o•u . ' rvevv 

, 02, • 11 2050,00 
• ..Q..2 -· 14 2450 ._oo 

,,,, ., •• 0 0 I ' .01 ,1290,00 

DEPT,H TOPWID • 9 69 • 88 21 --· 8 

• . 10·,95: _92,41 •' ' 
'lil«'/ '{1•l. 59• ',11 

,, . ' ' 94. l 1, : . ' 
" ' •' ' . ,, 11 ' ' 12_,43, ,, ,95. 00 'j,!; ;, •• ,. "!'•· • 

5 

10,70 215,95 ' 
' • 12 0 Q,,...;_22.a 97 • -, -•..,. - ' ! ' • 

'' ' ,l121.66•',,. 235,61 - ' !' / ~ 
' " ' ,, ' " .;,13,53'' 244,28 ' " ' ' ,, 

: ' " .. , '~' > ' ' ' ' •" 
,, 

,I ,, • 
11,65 125,00 ' 

,, 
12.98 12s.oo " ., 
1.,3_._!;!5 1:2.i •• o__p ·• 
14,5,J., 125,00 ·., I " 

.,. n 
l : " ,, ,, ' ' tl ,, 

' " " ; ' ' '"' 
' 

,. 
a_.,a.o s_o_._o_o i " 

• 
• 

0 •a c: n nn " 7 e-,. 7 -'Ve VV 

10.15 50.00 " 
" 1i',01 50.00 ,. 

T :t;' ' ' 2S 

! ,, ,i 8~ 19· ,.'48~00 ' ¼ ,", ' 
l•1t t~ :-,j:ie 

' ' " .. ' • '<" 27 ,• 
' .. 'l 

• 
• - ? "I ·- nn - I) 1 •''177n_iln 'Q1_4,Q, 1

' 4R.:nri ' \~:<t' I ·--~•' z •· 1 e-~: ~--lJ1._o_o,_' ___ Q_._o .... o,_·~•~-·~·o..._o._o . ' s B 2 ;>6 o>•,, ·171 o ~JLO' " l s 9 z_., .. 0~9'--~-- ==..---.. ~-----· 
r'j- 2,78 10.00 o.oo 0,00 582,60 2050,00 592,75 ,27 .oo .01 

- • ' - ... _,~-~--~' •• • * · --•~-~--~---~--:i1r1tl!' 

.,, 2.78 10.00 o.oo o.oo 582,60 2450.00 593,60 ,33 .oo ,01 
I 

- -
2050,00 
2450,00 

10,15 
11.00 

48.00 
48,00 r:; e 

' 
t'. ' I 2,78 4,00 o.oo ,Q, 00 , 58·2.~-60: 1290,00' ·590. 79 ,17 .oo · , 00 '. 1290,00 8,19 48', 0 0 ' ,, p I I 

3 

2,78 4,00 o,oo ,0,00 582,60' 1110·,oo 592,09 ,23 .oo ~.oo'. 1770~00 9.49 .48,00' ' ' 
? ;:li?J '£,_o_o o:._() (), . ' 

582,60 2.!LS_o_;o o~ . .1,S 
i 

,.2.,7 . :jJi l.!)_.) 5 1+'8.JLO ' ' ' 
Q ~.0...0 ' ,_OJ)_,_. 2Jl_5_!!..._Q_O . ,' ' ' 

•• . -
i 

2,78 4,00 o.oo o.oo 582,60 2450,00 593,60 ,33 .oo , 00 2450,00 ,11.00 48, 0 0. ' 
' 
' :• -

I 2,78 7. 00 600,80 593,10 582,60 1290,00 590,80 .17 .01 o.oo 1290,00 8,20 48,00 • .. 
2,78 7, 00 600,80 593,10 582,60· 1770 ~ 0 0'" 592,10 .23 ~ 01 " o.oo· 1110.0·0 ·9·,50 ' '' • 48,00 

600,80 " ,593, l·O ., : -592 •. 76 " . 
2,78 7,00 .582 .'60' 2050,00 ' .,27 • 02 · o. 00 2050,00 10,lo 48,00 

" . ' • 
?,.78 1 ._o_o 6 o o_. 8 o 593.10 582,60 2450 ~_O_Q 593~83 ,.J.i:: ,..?.ii:' 0 ._QJL._2450 .,.PO 1-1-~ 23 -•4e.oo ' . 

' 
:• 

2,78 25.00 o.oo o.oo 582,60 1290,00 590,87 .12 ·• 00 , 0 1 1263,85 8,2.7 84,54 • 
' 2.1a 25,00 o.oo 0,00 582,60 177 0 ,..Q,_O 592.21 ,15 -00 ,02 1677,62 9,61 89,37 • 

2,78 25,do o. o o·. d.oo 582,60 2050,00 592,90 ,17 .oo ,03 1908,65 10.30· '91,84 ' . 
o', o o ' ' 2,78 25 .,o 0 o.oo 5F,12,60 2450,00 594,02. ' . ' .. -.18 · • 00, ,04 2217.15, '11,42' · 95',8·3, i•', ,. ' 

ol 

:• 
' I • 

' ! 2,80 100.00 o.oo 0~00 582,20 1290,00 591,00 ,03 • 01 ,03 1289,58 8,80 179,00 ' ' 2,80 100.00 0,00 o.oo 582,20 1770,00 592,38 ,03 ,01 ,04 1765,87 10,18 ' 191,42 
5 

' :• 
2,80 1 QJL. 0 O Q_. 00 o_, QO 5B2,2Q 205()_,_00 593,09 ._Q3 ,.OJ ~-04 2041.79 1_0_,89 1•97,81 ' .- ' 

. .,.,--
' ,, 2,90 100,00 o.oo o.oo 582,20· 2450.00 . ,. 594,22 ,04 ,01 ,04 2431,99 ', 12.02 ,, 207,95 

, .. ,,ci1 

·' 
-·-~~S"Eo,C..IJ~O~~~J --~QJ...SCHARGE c~----..l'lfil:.l..LJ2:lFF ' c~~L.l....Q..I FF CWSE_L..:~ISEL!S' TOPW !_D,__~-~T~, w ._D_I.,_F.,_F __ ,L,fNGTH'/l IHI '[,: . 
: ., NUMBER CFS EI\CH Q EACH SECTION " 

- :1 "1,-•. ,, ,OOi i290,000 58i,926 0,000 0,000 0,000 135,597 0,000 -0,000 ;;• 
·•1----,--•J! o 1 1 7 7 o 0,_,o,.,o~o'--,-_-"'5""8.,,2~.,.,,6"'4""5'--___ _._..,,7_,l'""9c..,-___ ""o~_,,o.,,,o..,o'--___ ,,.o .L • .;;;0,,,0.,,,0 __ ~1""3""6,._ .• 4 14 · - • 818 - o • o o o .. ,, ,001 2050,000 583~031 ,385' ·o.ooo o·,ooo 136.El52 -1.255 -0.000 · ss 

• ., ,001 2450,000 '583,548, .,.5;17" ',0,,000, 0.000, 137,4,40, -1.843 '.-0,000 ~-.. 
'~'1::1-------:-=;:-::~-:;:;----;-~:::::~:::::;'::~-:-::~-::~-::~:------c~;::-;:;:-~:;:-~-::::~-;:~-::~----u:;:-~-:-=-~-=~-=-~----:;-~-:::-~-:-~-:-g----~::-:,:-~:;:-~-:-~----:~:-~:-::-:-;=,".:'~:C:----~:;-:-~:--~,:-~,:-~---::~-:~:-~:-~:-:-~:-~::-::-~----------------lr:,. 
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