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I INTRODUCTION 

This Hydraulic Study investigates the existence and 

severity of flood hazards along the Minges Brook and 

its major tributary, Harper Creek, in Emmett Township 

and Battle Creek Township, Calhoun County, Michigan. 

Furthermore, detailed hydraulic studies were performed 

on two lakes: Beadle Lake in the Harper Creek Basin 

and Goguac Lake in the Minges Brook Basin. 

Emmett Township and Battle Creek Township cover an 

area of approximately 32.0 and 29.0 square miles, 

respectively. Flood plain areas of Minges Brook 

and Harper Creek, located within Emmett and Battle 

Creek Townships are basically undeveloped at present 

with the exception of some residential development. 

William Weaver served as Project Manager for this 

study. 
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II MINGES BROOK (Detailed) 

Detailed hydraulic studies were performed for approxi

mately 4.5 miles of the Minges Brook, beginning at 

its confluence with the Kalamazoo River in Emmett 

Township and ending near Goguac Lake in Battle Creek 

Township. 

A total of 10 bridge, 11 small dams, 1 foot bridge and 

25 valley cross sections were field surveyed by Wade, 

Trim & Associates, Inc. in February, 1980. These cross 

sections were supplemented by 2-foot contour maps, 

aerial topography and U.S.G.S. Quad Maps which consist 

of 10-foot contour intervals (References 1, 2 and 3, 

respectively). 

Cross section locations are shown on Exhibit 1. 

Table 1 cross references section designations by showing 

the computer section number and survey section number 

which correspond to each cross section letter shown in 

Exhibit 1. Table 2 lists discharges which have been 

approved by the Michigan Department of Natural Resources 

(M.D.N.R.) for this stream. 

A. METHOD OF ANALYSIS 

The HEC-2 backwater computer program was used in 

the development of water surface profiles (Reference 4). 

Table 2 presents water surface elevations at 

selected locations for the four storms (10, 50, 

100 and 500-year) analyzed in this report. HEC-2 

printouts including computer cross section plots 

are presented as Exhibit 2. (Exhibit 2 is contained 

in the 11" x 15" folder enclosed with this report.) 

Water surface profiles resulting from the backwater 

analyses are presented as Exhibit 3. 

II-1 
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X-SECTION 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

p 

Q 

R 

s 
T 

u 
V 

w 
X 

y 

z 
AA 

AB 

AC 

AD 

COMPUTER 
NO. 

1.0 

1.5 

1. 9 

2.0 

2.2 

2.3 

2.4 

2.5 

2.6 

2.9 

3.0 

3.4 

3.7 

3.9 

4.0 

4.9 

5.0 

5.2 

5.3 

5.4 

5.9 

6.0 

6.3 

6.4 

6.5 

6.8 

7.0 

8.0 

8.3 

8.4 

TABLE 1 

EMMETT TOWNSHIP 

AND 

BATTLE CREEK TOWNSHIP 

MINGES BROOK 

CROSS REFERENCE INDEX j 

ABRAMS AERIAL/ 
WTA SURVEY 

SECTION 

26 

27 

27 

27 & 28 

29 

30 

31 

32 

51 

52 

52 & 53 

54 

54 

54 

54 & 55 

56 

56 

57 

58 

59 

18 & 20 

18 & 20 

17 

16 

15 

13 

13 & 14 

12A 

12 

11 

II-2 

; 

DESCRIPTION 

Confluence to Kalamazoo River 

Valley Section 

D/S Face Golden Ave. Bridge 

U/S Face Golden Ave. Bridge 

Valley Section 

Valley Section 

Valley Section 

Valley Section 

Valley Section 

D/S Face Juanita Dr. Bridge 

U/S Face Juanita Dr. Bridge 

Dam 

Dam 

D/S Face E. Drive Bridge 

U/S Face E. Drive Bridge 

D/S Face Main St. Bridge 

U/S Face Main St. Bridge 

Valley Section 

Valley Section 

Valley Section 

D/S Face I-94 Bridge 

U/S Face I-94 Bridge 

Valley Section 

Valley Section 

Valley Section 

D/S Face Riverside Dr. Bridge 

U/S Face Riverside Dr. Bridge 

Dam 

Valley Section 

Valley Section 
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X-SECTION 

AE 

AF 

AG 

AH 

AI 

AJ 

AK 

AL 

AM 

AN 

AO 

AP 

AQ 

AR 

AS 

AT 

AU 

AV 

AW -
AX 

COMPUTER 
NO. 

9.0 

10.0 

10.9 

11. 0 

11.3 

12.0 

13.0 

14. 0 

15.0 

15.2 

16.0 

16.9 

17.0 

18.0 

18.2 

18.9 

19.0 

19.3 

19.9 

20.0 

TABLE l 

EMMETT TOWNSHIP 

AND 

BATTLE CREEK TOWNSHIP 

MINGES BROOK 

CROSS REFERENCE INDEX 

(Continued) 

ABRAMS AERIAL/ 
WTA SURVEY 

SECTION DESCRIPTION 

10B Dam 

lOA Dam 

9 D/S Face Capital 

9 & 10 U/S Face Capital 

8 Valley Section 

70 Dam 

7C Dam 

7B Dam 

7A Footbridge 

7 Valley Section 

6C & 7 Dam 

6 D/S Face Minges 

5 & 6 U/S Face Minges 

4A Dam 

4 Valley Section 

3C D/S Face Estate 

3C U/S Face Estate 

3C Dam 

3 D/S Face Lynwood 

3 U/S Face Lynwood 

II-3 

Ave. Bridge 

Ave. Bridge 

St. Bridge 

St. Bridge 

Dr. Bridge 

Dr. Bridge 

Dr. Bridge 

Dr. Bridge 
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LOCATION 

Confluence to 
Kalamazoo River 
(D/S Limit of 
study) 

U/S Confluence to 
Harper Creek 

U/S I-94 (Emmett/ 
Battle Creek Town
ships Corporate 
Boundaries) 

U/S Capital Avenue 
Bridge 

U/S Lynwood Drive 
Bridge 

TABLE 2 

EMMETT TOWNSHIP 

AND 

BATTLE CREEK TOWNSHIP 

MINGES BROOK FLOOD ELEVATIONS* 

10-YEAR 

Q=600cfs 
831. 6 

Q=310cfs 
842.5 

Q", A 
UVJ. • ";t 

885.3 

912.7 

FLOOD FREQUENCY 
50-YEAR 100-YEAR 

Q=980cfs Q=l,150cfs 
832.5 832.9 

Q=525cfs Q=63Dcfs 
843.7 844.1 

0" ~ , OC."l 0. 
UU..Je.L. 0 U .J • .:;, 

886.0 887.0 

912.9 913.2 

*All elevations are based upon National Geodetic vertical Datum. 

500 YEAR 

Q=l,620cfs 
833.7 

Q=900cfs 
844.8 

DCC n 
ouu • .::7 

890.8 

913.8 

I 
,.I 

I 
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B, VARIABLES AND COEFFICIENTS 

C. 

D. 

Roughness coefficients (Mannings "n") were estimated 

from field inspections, quad maps, and photographs. 

Typical roughness values for the main channel and 

overbank areas of Minges Brook range from .02 to_ 

,04 and .08 to .10, respectively, for all floods. 

These values are indicative of summer month conditions 

and are consistent with values recommended and 

used in engineering practice (Reference 5). 

Contraction and expansion coefficients were 

selected as 0.3 and 0,5, respectively, at bridge 

sections and 0.1 and 0.3, respectively, for 

gradual channel transitions. Bridge loss coefficient 

computations are included in Exhibit 4. 

HIGH WATER MARKS 

There are no documented high water marks for this 

reach of Minges Brook. 

STARTING CONDITIONS 

The starting water surface elevation used in all 

backwater computations for the Minges Brook was 

the mean annual Kalamazoo River level. A storm 

frequency/discharge rating curve was developed for 

the Kalamazoo River (Reference 6) to determine the 

mean annual flow (2.33 year recurrence interval) 

of 1,450 cfs. This flow was then applied to the 

stage/discharge rating curve to obtain the mean 

annual elevation of 830.6 (Exhibit 5). 

II-5 
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E. GENERAL 

All elevations are referenced to the U.S. Geological 

Survey (U.S.G.S.) Datum. This datum is equivalent 

to the National Geodetic Vertical Datum (N.G.V.D.). 

The hydraulic analyses for this study were based 

only upon the effects of flow unobstructed by ice 

or debris. The flood elevations are considered 

valid only if hydraulic structures, in general, 

remain unobstructed and do not fail. 

II-6 
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III HARPER CREEK (Detailed) 

Detailed Hydraulic Studies were performed for approximately 

1.8 miles of Harper Creek beginning at its confluence 

with Minges Brook and ending approximately 0.6 miles 

upstream of Hoover Road (D Drive) in Emmett Township. 

A total of 8 bridge and 10 valley cross sections were 

field surveyed by Wade, Trim & Associates, Inc., in 

February, 1980. These cross sections were supplemented 

by an aerial cross section survey and U.S.G.S, Quad 

Maps which consist of 10-foot contour intervals 

(References 2 and 3). 

Cross section locations are shown on Exhibit 1. Table 3 

cross references section designations by showing the 

computer section number and survey section number which 

corresponds to each cross section letter shown in 

Exhibit 1. Table 4 lists discharges which have been 

approved by the Michigan Department of Natural Resources 

(M.D.N.R.) for this stream. 

A. METHOD OF ANALYSIS 

The HEC-2 backwater computer program was used in 

the development of water surface profiles (Reference 4). 

Table 4 presents water surface elevations at 

selected locations for the four storms (10, SO, 

100 and 500-year) analyzed in this report. HEC-2 

printouts including computer cross section plots 

are presented as Exhibit 2. (Exhibit 2 is 

contained in the 11" x 15" folder enclosed with 

this report.) Water surface profiles resulting 

from the backwater analyses are presented as 

Exhibit 6. 

III-1 
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X-SECTION 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

p 

Q 

R 

s 
T 

u 

V 

COMPUTER 
NO. 

2.6 

2.9 

3.0 

3.9 

4.0 

4.9 

5.0 

5.9 

6.0 

6.9 

7.0 

7.9 

8.0 

8.3 

8.4 

8.9 

9.0 

9.3 

9.9 

10.0 

10.3 

10.4 

TABLE 3 

EMMETT TOWNSHIP 

HARPER CREEK 

CROSS REFERENCE INDEX 

ABRAMS AERIAL/ 
WTA SURVEY 

SECTION 

33 

34 

34 

36 

36 

37 

37 

39 

39 

41 

41 

42 

42 

43 

44 

44 

44 & 45 

46 

48 

47 & 48 

49 

50 

III-2 

DESCRIPTION 

Valley Section 

D/S Face Beadle Lake Road 

U/S Face Beadle Lake Road 

D/S Face Private Drive 

U/S Face Private Drive 

D/S Face E. Drive North 

U/S Face E. Drive North 

D/S Face I-94 Ramp 

U/S Face I-94 Ramp 

D/S Face I-94 

U/S Face I-94 

D/S Face E. Drive South 

U/S Face E. Drive South 

Valley Section 

Valley Section 

D/S Face Beadle Lake Road 

U/S Face Beadle Lake Road 

Valley Section 

D/S Face D. Drive 

U/S Face D. Drive 

Valley Section 

Valley Section 
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LOCATION 

Confluence with 
Minges Brook 

U/S Beadle Lake Road 

U/S E. Drive South 

U/S o. Drive 

TABLE 4 

EMMETT TOWNSHIP 

HARPER CREEK FLOOD ELEVATIONS* 

FLOOD FREQUENCY 
10-YEAR SO-YEAR 100-YEAR 

,1, 

Q=325cfs 
,.,,---· ---s,;_r: 

Q=S30cfs 'Q=630cfs-· 
842.0 843.5 '-- 844.0 

850.2 851.6 852.8 

853.8 857.7 859.7 

863.2 867.1 8'57.6 

' yr.,, h,. J"r)-i Cl .... -
n ,-. • ; / . 

I ~,. • ,_, '--

*All elevations are based upon National Geodetic Vertical Datum. 

500-YEAR 

Q=895cfs 
844.7 

855.7 

864.9 

868.8 

/k.. Q 
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B. 

c. 

D. 

VARIABLES AND COEFFICIENTS 

Roughness coefficients (Mannings "n") were estimated 

from field inspections, quad maps, and photographs. 

Typical roughness values for the main channel and 

overbank areas of the Harper Creek range from 

.035 to .040 and .10 to .08, respectively for 

all floods. These values are indicative of summer 

month conditions and are consistent with values 

recommended and used in engineering practice 

(Reference 5). Contraction and expansion coefficients 

were selected as 0.3 and G.5, respectively, at 

bridge sections and 0.1 and 0.3, respectively, for 

gradual channel transitions. Bridge loss coefficient 

computations are included in Exhibit 7. 

HIGH WATER MARKS 

There are no documented high water marks for this 

reach of the Kalamazoo River. 

STAR'I ING CONDI'rIONS 

Flood peaks for both Harper Creek and Minges Brook 

would occur simultaneously at their confluence 

as illustrated in the Hydrologic Analysis which 

was performed as part of the Emmett Township 

Flood Insurance Study (Reference 6). Therefore, 

all floods for both streams were assumed to occur 

at the same time and starting water surface 

elevations for the 10, SC, 100 and 500-year 

backwater computations were taken from the HEC-2 

Multiple Profile Printout (Exhibit 2) of the 

Minges Brook, located at its confluence with 

Harper Creek. 
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E. GENERAL 

All elevations are referenced to the U.S. Geological 

Survey (U.S.G.S.) Datum. This datum is equivalent 

to the National Geodetic Vertical Datum (N.G.V.D.). 

The hydraulic analyses for this study were based 

only upon the effects of flow unobstructed by ice 

or debris. The flood elevations are considered 

valid only if hydraulic structures, in general, 

remain unobstructed and do not fail. 
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IV GOGUAC LAKE (Detailed) 

Goguac Lake, located within the Minges Brook Basin, 

has a drainage area of 3.1 square miles at its outlet 

into Minges Brook. The outlet structure, which 

discharges into Minges Brook at the southern end of the 

lake, consists of a channel which is restricted by 

a series of culverts: 1) a 132-foot long, 30-inch 

diameter concrete culvert, and 2) a twin 12-inch diameter 

CMP culvert which is 9 feet long. 

A reservoir routing was performed for Goguac Lake 

in the Hydrologic Analysis (Reference 6). Results 

of this anlaysis indicated that outflow from the lake 

during the 1.0, SO, 100 and 500-year floods would be 

minimal as listed in Table 5. Stage/Discharge curve, 

which was developed for this analysis, is presented 

in Figure 1. 
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1'.) 

Inflow (cfs) 

Outflow (cfs) 

Elevation (ft) 

Storage (acre-ft) 

* (Reference 6) 

TABLE 5 

BATTLE CREEK TOWNSHIP, MICHIGAN 

STAGE/DISCHARGE/STORAGE DATA* 

GOGUAC LAKE 

FREQUENCY 
10 YR, 50 YR. 

890.0 1,265.0 

3.0 !J.d~ 4.0 1· H 

911.8 912.0 

273.0 383.0 

Drainage Area 3.1 
. 2 

= mi 

Normal Surface Area = 350 acres 

100 YR. 500 YR. 

1,420.0 1,790.0 

5.0 ,f, P'J 6.0 S:,'o 

912.4 912.8 

427.0 539.0 
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V BEADLE LAKE (Detailed) 

Beadle Lake is located within the Harper Creek 

drainage basin; however, the lake has no outlet 

(Reference 7). Therefore, the entire quantity of 

runoff for the 2.9 square mile area which drains to 

the lake, as developed in the hydrologic analysis 

(Reference 6), ~as considered to be stored within 

the lake. Stage/storage data, which was developed 

for this analysis, is presented in Table 6. Calculations 

associated with this analysis are presented within 

Exhibit 8. 
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Inflow (cfs) 

Storage (acre-ft) 

Elevation (ft) 

<: 
I 

"' 

10 YR. 

110 

.J.H-130 

898.1-
.rro.4-

TABLE 6 

EMMETT TOWNSHIP, MICHIGAN 

STAGE/STORAGE DATA 

BEADLE LAKE 

50 YR. 

200 

~ Z-10 

~99.5 
R'9o. r 

Drainage Area = 2.9 

= 185 Normal Surface Area of Lake 

FREQUENCY 
100 YR. 

240 

~ c.-45 

Al98.7 

.2 
mi 

acres 

1'9/. ;;;___ 

500 YR. 

345 

.3-.Q.a .::S3S 

fl 91.} 
?9/. 8 
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1. 

2. 

3. 

4. 

s. 

6. 

7. 
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EXHIBIT 7 
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Flood Plain - Floodway Map, Emmett and Battle 

Creek Townships, 8 Sheets. 

Computer Printouts, HEC-2 Backwater Analysis with 

Cross Section Plots (in Separate Folder) Emmett 

and Battle Creek Townships. 

Stream Profile, Minges Brook, Emmett and 

Battle Creek Townships, 5 Sheets. 

Bridge Notes and Sketches, Minges Brook, 

Emmett and Battle Creek Townships, 49 Sheets. 

Kalamazoo River Mean Flood Elevation, Minges 

Brook, Emmett and Battle Creek Townships, 

2 Sheets. 

Stream Profile, Harper Creek, Emmett Township, 

2 Sheets. 

Bridge Notes and Sketches, Harper Creek, 

Emmett Township, 30 Sheets. 

Beadle Lake, Stage/Storage Calculations, 

Emmett Township, 2 Sheets. 



:1 

I 
I 
i 
I 
I 
I 
I 
I 
I 
-I 
I 
I 
I 
I 
I --
I 

-• • 
J 
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EXHIBIT 1 

FIELD CROSS SECTION LOCATION AND 
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BATTLE CREEK TOWNSHIP, MICHIGAN 
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BRIDGE NOTES AND SKETCHES 
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I Br/d!]e -to_caf/o,, : Got..D~d ~va- c~ots.eliW $7.4 :2 .a 
Brl<lgc /...o55c.'.;J - SB C.'11tl 

1,. XI<. { Pier 51,,.,/ ,( r'orfl/~i:•11c) / ,,o~ 

I XK0/2 ( Loss :,Coc{(/c/en() -· I. o t- .Z/4 , .&k. = kr f k~ ff;:, 
Jvhere ,'¥ , /'r1chon /o.s:; cocfhcle1 It 

kc, enfrance /055 Coeff/c/e11t 
I ! kp, /o!:Js fro1n 1'rJfer1ned/olc piers 

fxscrip_f ,'on d &✓-cfJ,c. : 
I k/ = ~~-1 nz L ~ R. th for En3lish 1-<n,ls 

I/red = . ~ ~o.c,. wp =- 90 
I R~ 3/4.1p :,.os},o = ,<,?.8 £% = 3.,0 ,I.= 3 J 

IJ kon,po~ile) = 

I J!r= ;J.9, I J( :{•,OR J.:< X 3/ /3.0 = C>al2.. 

.• 

kt· 0 ,1 br,c(Je has no 1iJfer,ued;afe piers 

J/[C ·,2 
/llorJaal 

I 
I 
I 
I 

c§;-=- t),~.V /I b-/c!Je /;as lotera;ed/afe /Jiers l!Efn-~acil 
836•'1 

J
~------J--83>,":1. 

~-lb'-~ ..l...___,r;,'--... 

L. :_ -· I ~~ 
--,----~--------- s;.o,,., 

I 

Xl<Oi2,. I t • ,,_ ... • 11 +- • OS° = h,5? 
Co F Q = Coe[-fi'c.i:r nt ct d;:::,c.l-,a1 3 c =- 3 CJ O I--IEC· .c. ma,x 

, ~DLCJJ , Lenq,H;: ~-{. ~eir. =- o _ {o ii r(OO ol{ i3Tcar(~.,) 
8WC ~ boHorH- w{t.H h d- brittqe openinq {irt,, pie.rs): 33. 
BWP= -lo~I ~·d1;1, D{ d:6tru.dion "J . ticlo. dcrfa 

BAR.fA;. b--;d1e openiflj inc. piers :: ~os-
55 = side sloP,e, .. • 

{J-..orizontal per I verl/c.ol u.n/t) 
9. ELC.1-Ht = [ltva+ion of channel ,·nvert U/5 $ide,.:. 28. B 

. lo i{ ~ua/ -lo minirnun-, elevation in P,rev/005 X-sccJ. 
LCJ.lD: f1£Votion of channel in-Je.r~ D/s ~ide. = P,28.8 

. ' ' . t ,.'4,L..l. • .LJ_µLi~~~-4~'--P--:-:-7:=~--t 
OJfCJ ,,. . - 8Y D ti ···""· 

7-/.,QgPL-R (.(), -E/,V"?1;:TT lr..l!P OATE::>_j,O,() DATE 
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/3rid.9e ~o'caf/on : JuAvn-9 Ro. 
Brlc'9c /..osse.~ - SB (;.--;,.,f 

I~ XI<. ( Pier 511,,,· ,( ciocf I:-c/;''/ ;(_) OeO 
I XK0/2 ( Loss 'Coc[(,'c/eni) .· /. o t- Zic , &k = kr,. K1,·1-fp 

where -9, tr.lei/on /o.£; eocflicle, It 
i k~, en/ranee. los.'..::. Cotffrct"e11t 
: kp, /o~s .f'ro,11 1/'Jler111edt'olc piers 

I 
Dcscripfio1J r/ &i~ .. e. : 
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SS "' side slope .. ,,. o 
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. ELCJ-IIJ. = [ltvatioh o~ channel invert IJ./5 side,=- $'ID.a 
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a S5 ~ s1de1 slope " o .. o 

U,orizonta\/ pe.r I vertt'col lt..n;t) 
9. E LC.HI.I.= t/lv:atid,n or channel invert IJ.(s side.~ 8 Bl, I-/ 

(o i.~ eq,uo/ -lo minirnu.'?' elevation in prev/cus x-s,:-e,t) 
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MINGES BROOK 

EMMETT TOWNSHIP, MICHIGAN 

AND 

BATTLE CREEK TOWNSHIP, MICHIGAN 

EXHIBIT 5 

KALAMAZOO RIVER MEAN FLOOD ELEVATION 



I 
,_ 
I 
f 
I 
I 

0 

t 
,q- l 

I 
. 

o. 
~ '' 

' ,-, 

I ~ 

I ~ 
~ 

' % 

I 

L 

~ : 
"::s 

~; 

I ,-• 
oi:f 

-~ 

I 
w 

i 
~ 
I +, 

i 
I 

++, 
' :;:; 

" ~-k~. r: 

. ' 

+ 

" 
._, 

••••• -H" 

_µ " . 

-+ ,-, 

'._ -4-

-- 4+t- ,._., .tt 

•-+•- --~ ... -"t::I ' ' 

-II 
+-i+ 

~ ,· 

§' -H 
~ 

• H-t• ,,. 

++ 

-

I 
+ 
-,++, 

--- ·~ 

' 

--'..-; :- -. 

-+ ~, 

.l.: 

. 

' ---i- ; j 

--""' ... 
- __ 

'-i-l- ,. 

-~ 



I 
I 
I 

I 
lw 

0 
It) 
It) -I U) ' st 

' I -
I 
I 
I 
I~ > 

Q 

-
I 
__ : 

I 

1000 .. 
9 -
8 ••• 

7 

6 ---

5 

.... ; ': _ _f 

--- ~ 
- --

3 

I I 

' ' ' ., 
' ., 
I 

I 
I 

., 
I 

I I 

I I I '7nj, 

100 
9 --
8 
]__ 

-
6 --

5 __ ~ 

4 
' \I) 

~3 
~ 

6_ 

5_ 

' ' ' ' ' ' -, 
I ' 

I I 

' 
I 

••• 
1 I I ! 

' ' ' ' 
' I I 

I I 
I 

' 
I I 

4 ___ 

3_ 

' ' 
2. • ' ' ' ' ' ' ' ' 

• 

' ' ' ' ' ' ' ' ' 

- -

~ 

-+-+--'-•- -+-+-

' ' ' 
' ' ,. ' ' ' ' ' ' ' ' ' ' ' ' ' I ' ' ' 

I 

I I I I 
I I 

I 
I I 

I I 

: 

--
~ 

-
-; 

! 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

' I I I 
I 

,n ,. 
I l I I 

]£_ , I 
I 

+ 

: 

' ' ' 

' I I 
I 

I 
I 

-- • • • • ' --- "f -

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

1 I I I ( 
I ! I l I I 

I I I ; ,,_ 

~ 
-+- __._+--+-+_ --,- ....... • 

-+ +-

: 

' 
' ' ' ' ' ' 
' ' ' ' I 

' ' ' I 

' I ' I I I 

I I I I 
I I 
I 

I 
I I 

-
-
' ' ' I I I I I I I l i I ' ' ' 

l . .L.Ll.JL..Ll.J...L~~.....1.J.LJ...L.7~~...:..1..L.L'°:
1 

~tf-'-...LL.L.L~~..LL..L.L7~~..LL.L.L'--i;).~;;-'-.L.Li.........i.... 
I r.,. ; ~ .. t;.. 0 

f) I < ,.- /.I ll (.) • ,: /" c..<:. Cff.~~T2o,a· 



·I 

I· 

I 
I 
I 

HARPER CREEK 

I EMMETT TOWNSHIP, MICHIGAN 

I EXHIBIT 6 

STREAM PROFILES 

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



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

; __ I (!-LL-~7727A/ 01//.-L-L'/i_-61/-6,'V///: 
t: : ,- - i 

! 
. ' -I 

l' ---r • '"""-

---t-,~_:-----r----+ : ~-~---, .. T. -

~~1;~~it:: -:~:~ ~-~~ ; i :-
' ' 

' ' ' I ' -==rt. ~--:--: :-: ~-- ~--: ~t: ::. : ~ 
i-' '-~-·-~---· 

·-+-+s•~;-i-..----- ---.., , 

·•---· _,_ .. - - . -~ 
-, 

-· ----- "j 

' ' 

--- --· • ---t -:-- ..... 

~

·---- -
- . 
' . . 

~~- ------• 
-1- r- •· - • 

- t ~ 

: ~ 
I 

•-· 
-l 

~

-:: ,. 
I 

I, 

,, 
• t· 
- ,. 
- !, 

.\ 

. ' 
i·: 
I 

.. .:. ... 

I\\~\ 
. \ \ 

. I 
I 

I \ - \
- \ , .. 
' . \ 

. \ .\\ r, -

! 

---+-h•--'-----,-, - '. '._ ·.>, -_ -:-· ~-~"'•- ~0,,)-: : 
_ _:_: ; : - ~ t • - ... L - .. (\ -· 
... ..-.,.--1. ..... -1•-_: __ ,_t-•,--:-- ' - • .., ·•-~-

' ' • I ' ' ,--r-~ --------, -- r- ,- •--- ! . 
':'I' . ' ~---'-L ; +-- -· -- ·-· - • - .. -~,-•-· - ' -,-..-r,- • +• ,-·-. --, - ' · , I J~-+--r-1- 1 t-+--,-j. • _. ~ •---,--:... t • ~ • •• ,. -,---•---, • --- ,- T t .. -r- ,- ..I..-~ 
1' t 1 ! , l , , , _,. __ , _ _,___.__._ ___ .:__ ___ _;,. __ --~-+-•-~- _. L .!__ __ 
:; ; Ii L ·- ~ --ll,_,_,._,. __ -;--:-:-...-..---•~----I-•- .... 

\:,\:\: \ . . ' 
: :\· . : 
- . \_- : 

. l -
! . 

-
-' 

I 

I 

If 

' 
! ' 

I :"I I"' 
' I I -, 
I 

' ' . 
I I 

' ' 
i i ! i ! 

4~-'--L+-•,~, ~i~~ 
~-~:T >TT'fj , l t ~ -•- -,, -~--i , -n-t-+-+-~-+- ~-

, l 
I 

l • T I 1 I , --i ,--
Tl I I I r·rf--t-+: -+-

I i'' i : I 

' ,, 
. 

I 

....... -- ---,-

: 
; L,___...__ ~---:- _. 

·,-,
: -Y 

I 

_:i; 
- t 
:r 

""T I , ,=---. _J_ I ·trl~'r --t-+ _,_ +-+--+-, +_- t 
I , 1 : -,~'I! 1 1 , ' 1 t 

-+ I --ru,-, r :::!1 T_:_~p:-
1 ' I ~-l.....:. t 

I i • I I I 

' ! ' 

,i _: 

\- . \ _, 

-- ! 

-\- ·I. --• ---

--, -;- ~- •-· !-• ·_B , 
- ·~----r-

' ' 
J~- T t .... - I 

-----+-+ 

, ~--4 : 1 I i · ~ T .-
-4+++1+-

L...7""1---,... ... +.- .. --
.___ .. - j. _., • 

-1-+---t ---4 ' f -· f .. 

! 
I 
! 

' ' 
' ' 
I I 

I 

: ._, I 
! 
! 

' ' 
' 

-1-t t· ++ ~ ' -~ 
... , _.' e..+ ~-- f- --M ~ .... 

I ' ! 

--'-

-r 

-~ 
- j_ 

' 

! 

! 

•. 

I I , l I ' l , I ; I ! , 

i I i .. r ! I rr---ri- I ' 

, I It 11..!,_h-L..~H ! 

i ! : ; ' i : ! : ' 

; 

, ,; ,7 7: , ·1 ,--.---, J I 

' ' I 

1 I , I 
, i I ' ! ' 

I I ! r-t-"r.'" 
' ' ' --H--:-+-. 

; ! 

' I 

: 

--1---
l++-!---+- ;-- -~r,~ --,-
. ' 
,- 'I' 

_ _, •-'I-, ' l--' ! :I . I I . I ; -l ' ' ' ' " ' 
_. _ _,___~- --t-<--t- I I ' -- It r E r 1---~•--t--,--------;-- '. ~ ,-4-+-+-._ ~--+ -+-I l-- - .. ---,- .. -.L+- ·-+-;.... -+-+----L ,--.!.-+--.-. -+ --~- ,--t--, --;- + •· j ' 

r , J ' I • I ' i -4-- , -+' ' I ' , ....... +~------.. --·--·-- -•-,--4 : ............ --i---r--- - --;-----+;---,---•-----•--r 
' , I ' -+~ ...:......t... ' , ' -- ---------r----=t--t-

--+~ _ ,____ +--- ,_. __ ... __J__,._.. ! I , ' I ~- ....__,..+-- •------- L1 
...... -t-~---!.._:_L4 1 __ ~ ~ •--•. ~-.. -f--r- ~+J.~---1----, ---'----1------~--l- L. 
~ 1-..L.L...4--..-.-L............. -+------r__J. ............ --+------+-----+-- -!.-.4---t--4---+-~___.._..... .:..~--~-.. --...;.---, 
•-c::±..+-~ _ _;__,_ -+--l-..-!---.--:-- ................ r~ ---- ----•, 

·r--t-, .. 11 ... .... -- -- , tr 
---=~t}~ :.:-·t:1. 

' • ' I 

Ir--;-

' . ... t •--,.. ,_. T 
j - ... - I-!------+-. ·; ' ·- . 

". : _::_:__:_:.:_::i I 
-:-~ ~-:---:+----1- ~ 

' ' 

: : .:.1 

I 
i 
I 
l 

I 
i 
t 

l 

- ... _ --• 

l - - _, 
r - - - -
t 
t 
' ' l - -
~---
r~-:: 
i'-,.," --
t"l - -

-I --t-

I 

I 
l 
l . 

- i 

' l 
i 
I 
l 

- ~ 

l 
- i 
- i 

_/: 
--i : 
--~ 
- -1'-S . 

__ :~ 

: ! 
l 
' 

l 
I 

I 
'BE./IOL,E-

• 1 ~ 

. ' 

--- -
- i 
. ' 

!L:.iR.E .R..O.. 

. ----,----

l - - - -- . --

·------ ----· 

'- -
' 

- ' 

.--, 
. . 

• ....,__ f-

l 

l-• -

,........_ .. ___ _ 
..,..._ ~ - .. L. 
t • ,___ ' -

---· --- ~---+ .. 

._; - . - -• 1:-... 
t-~ . --'. I~ r-..~ . .. ~ 
~)- . '~-
~~~:~: :t ,-----ltf, 

~-.- --
' I '• 

---'-) 
-+. +-

r. 

'\._· 
I -, f • 

·r-- ·- .:_: ~ :--i 
•• t f ~-, --- •----- ~ ____ : .. ~ 

t:'\. ~ "'-+--4-+ 
~: ----; '--j--i-

.; ,~~ 
!Qe.!.V&'.'.'_.,. - -+-- l k- ! .. - -· . . ' : 

r:- ---- --,-~- --2=~ 
~. -- • --'-..-- ~- ~ + -+.--+---+...!. 

---· ___ ;_ --L IC-h:•----+-½ 
• -· t -

\- ---7"1· L·-"'11' •
:_t-L;--~-J~-i tt-~l-

' ' '---!-'' I ' I 1·---r-;-
J -------:--t--rt~ 

-~ - --- ~ -
-•--r--~ ----+ ' ' ~ I· •·---- -t 

j i t-----;~ ! 
,;-+--, I : ! 

.-

-~ 
. +-· 
~ _j_-1" ...... --+~- ~ 

-- :,:':2;j 
' ~ 

• L 

, ! I 
I , I 

' i 

I 
! ' i I ' 

f-4--. .!. !_ __ __: ·-- .......... + .... -,.,.. t-r - ' _[ 
~-+--·- •. .l .L..;_J', •.• -r--+ LL.'4.;4_ --+ 
.. .. - • - .• ' __ .:___j ~----1.~-r - --t -t-++--l-+ - • ' ..... t- • 

.:.~ : • I , •• I LL_ m I I • J__ -t -"7""-..--r--,-t--....- -
. ..--,..T • ..------L-!.....j 

.;. _ _..:. ---- • -~-~ ~ :-_r ._I--l-~---r--- '-r--,-t" I _ 

I ,11:•1 l, '''-+++-+T ......... -4 -~ )_ .... .;. __ 
' ' ; ·r- ... -t-~- '--~-:--~----,.. """t""""t-r--:- 1 , ' 

t---t--'- l I I I : 
1 ',' • I , : ,7 , I I, 

1--+- ~--+- ~-..--.+---j-·J---+---r l--' I , I ' ' ~---r--r-t]: r ~-·---- .. --1--+- --t-------r-7--+..-,- ~-~--:--t, 
' ' ' , I • 1 1 • 4, , I\."!!_ I , • 

•:-•--• "••·t~ ·• ----,-,---;-·-~t>t-+-1• 
--.-----t - ----t-- --- ---r--~+ -- ------l---r---~ +-l.-

' - ' ' ' --i-: ' ' ' ' : I I ++ ·--·-+ ---:---:--+-...... , -t , , , , 
1 

, 1 1 ' \ J : I i 
• • ..... .-----. ---,-.+- -, ... ----- -~-----,- ~,.---4--l--,.._,'-li...--1-... ---h-
l' , , '1, , ', J, ' I - I I':++ 

; t· ;_.., --~-(_;__ -----;-.J._. ----~--7- ;"~--------- I _ ;" \ t-t"" 
- •--+- +-~---•-~--, 1.-_:__.__.,.___ • , I -+, 1 I • 

........... _._. ...... -t-- 1---------- .......--J--- --- ----+--_,. ~ 7 

• !.. • 

I I 

: I I --4* 
~ j::. ~- ·-t-: -----r :-, _:_··t~. ~~-2:- -- ++-~:-:~-t-+-: 

-.. - '.• -·_· -. ~ ~--~ -r ~-- l i---n . I • I -· i . . ~ -- ..... ""1"_,_---i ~___..----1._t- _L T~-t- l < 

-------------~-y- · - 7 ------~-+ :-+-+----_-__ "L·.:-:l~t::.=:-',-4-_-+-,--'-, ,,f-+,+ 
·---~ -.....---- ---- - ,- --------t-------t----· ~; i,.............._ I --,-----.- ' 

__ ._.._ .. - -----.----- ,--·-"'-... --:----+-:--~ -+-+'f"-r-t--l-r t-
------- -~· - -- 7: 

- - -•- .. --•· +--------t-11--+..; .--+t'---\-+ ~ -- : -- ---



'i ± '' ' j , l-\- - _ Jr : -,- - 1:t· :.111 ~__:-ii-
,, , j L - - t r - - • 1 , r r l· I I ' ' ' I I i:-:-1·; r i r:; f 1-i l :1 

-1 i I l - ' +-· I- 1 I • ' - i ~ 
·crf-t·rr t•1--~-tj:•1• 
··--:1 --1--'··t7·--· 1r · - I 1 1 - : • • • 1 • ' , 

" ,. ~ - ~ : 1 ! - \ -: •-:-1 + / -4 ·t t I -I ~-' _fl_ t • ' ; t f • 1 ' 

-··t --1-r-t • -r--rs-·-,h-1 1- -+-+·r-: - -1 -,--, · •-• •· · i 
' 1 i ' 1 t I t • 1 t ~ l- ! . I-• : 1 t 1 ~ -, ~ 
··:1:tt ---ftt;•1~•-1-1·-t-t1-;-1I-H1- -l•··•t:• 
' i : • l t t f ' t : : 1 I I i !·: .. 1 ! : ! t I • ' 

I' • l I j t 1 l ,, ' • ; ' I ·t 1- 1- I t -l .... 1 I ! ' 1 I 
'•( J j 'hj •••·• • ,., ~ ~ j. -•-r .. +-t•••1•i1- • ••• • j • I 

. 'l-'-1--i i- ·-• --·-!-·. j 1- _;_!------~-f-1-,-1- ,---· i' I 
I ' ' I ' ' ' 11 ' ·1 ' I I ' • ' 1 t r t r- ··' 1,1 r 1 - - r r- tr +- , 1 • , t 

' ,L....-+---i1 ,---r-, 'I •--+ 
• ' t I \ ' • I • ' •, I -, ·t '. -• t f \· \ • -

-+·-t··,-i--•·-1 f- .... 1--•-• t-1-~ •---r ... -.1.-1-.--L11- ,-,- .. -+ ._..,. • 
• i i j : ' j : i _, ! j • ; t- 1 • ' I t • • j ' ; ' i I 

•1•
1

!-'-+-i 1-•-•-•f•~ r _,..., .. ,.Lt.;-r1- ••-•·t:+-t 
~~ : . : ·-. , i i : -t , • i ! r 1 , t : I • , i-, . 
~l+ , , ' t • : ·- ]- t r ~ -- i ' \· :- • • ~ i - • \- • ' i 
•--:i·:11 ·•··t1· -+·t•+1•t->--1 ;••-•-• 

t; t·• , r •. • -- ,_ .. •-, ... -•-~ --i-1-1-· t·' ~+ ••• -· 1-1 r· .. I ,-:- •-':·; :: : •• :;, itl --1--, __ • 

_ - , , , , , , ~ , , 1----------
i 1 1 1 t • : ' • -• I • i t t •. t I ·: l ' j 1 • l • ' t ' ---1- . ; •- • • ' l 1 

\

--·-,-~--if r--r--+, • •-: · --,--: ·•--,,, 1 • --r---,-r--l-J-1- - -•-•-· -,--• · 
: 1 : t : • : 1 • 1 1 t 1 

• • 1 t • 1 • • : , • 1 r • l f i , 1 t 
-, -t ·t- ·-+ t • • • -• i , 1 r 1 - • t •--) t • ) I • • ··• 1 ·-r _,. t -r • • • 
( ! I ~ l 1 j , • ' 1 • i I I ' 1 l • • ; • ' • .j. • • l I ' 
• : r : • 1 • t ·t • • • t ;- • ~ ; · • • , , 1 t • ~ , , ·t -l j ._ 1 t , ~ l ; , 1 

·t·;-j-·-· - -1• t -- :-t ~ I J. t · • , .. · .i. t -1 ,- -·-1-t"----t+t- , , · •·• t 
-·••i-.l- -•-·•-t-•··.,.,-j ., ... .__,.,f-1 ,-··• t•·•·• ,;,_,,-,er •"-•-;,_,_,, ... 

I., i,,7_;,t,· •T:·!, •. -tf •t .. J ... :l. 11,._+: .•• 
, I • , I , , , I , I , , I ' 

' . I I ' ' I ' I 1' ' " I ' I ' ' I , ' ' ' ' ' ' 1 • ·t 1 .. 1-· I • - - 1-·• .. t- • ... 1- . ,_, • t-- t + r I •· 1 -+-. I,. -,- -,-- ·-. r-•-. "I ' .,_. , I , I , 1 , , 1 I 1 • I , ' < I • , +•--•-,-·-!' -f-'- ·-,-,It ,- -,• ... -;-l-, 1 -;-,-,--l-1~,-r ! +-r-1----H,1- ,-·- --, r~· -: 
l t· f t ' 1 1 j ' t • I t _._ I + j ' I j f ' • : l- - --l- t t -1 1--t- - -1- • j • ' I t • 

, 1 , I ' , • I 1 ' • ' I . 'Lr-f-, t __ ,,.11-,-I-, ,---j-•-d--1 J, I -1-f-, 1- !--•-,-• +·-,----1-~-i H-• ·-1-1-q-;-'· I •-•-I I •,--1 ,_,_\, ,_,,. -1-• _, 1 ,, j-•'• 1--\-ll- 1- J ,,--• t•-•· 
' I , ' I I I 1 , f , , t , , I I 
t / t - t t- -r : r I ' - 1 + 1" :- -1 -1 1 - '·r t -+-- -L l- ! -:- L. - • - -• ·! - .. -t ~ ., t- I /-•-• 11-1. -1-,,. -,1-L- t~--:--t-1:1 i- -1 +i-•,-1-- -r+t .. t+ -1-Ht i. --- , , -· ,-, •i-4,-,-,+ ___ , ______ ,-----1 1-----,-U-1-,+ 1-1---+- 1-1--+ + . --lt-t -,-·-i• '-,-+ 
~ ,_ t ---f ~ -t ; : 1 ~ • -1 t -t • 1 + '. 1 , - - · J_ • - -t - . , ,. - - - : : . . f ..1- : 1 

f I •~ ' ' f , , , ' i , tt t , ' l ' , , t· - - - 1 • r -1·- - r· • ·•·r- - - · - i·t ·-r - - - · - · -• • · r 1 1 t -,H·h- • -, ~--:- --[-j---• •--~,-• ,:i - t·•- - - 1 -j- -- +•-Lt--,-·-1 t /• . + - ' . I - I 1-- I • ' I -1-1- - - -- --+- - - - 1- t - t f ·-' I , 1 • 

!+1-~rf,Jj_ -!-i. \-- ii'- _j 1-l, t -i-i- -t -l1-1 j- - -a- \- ,-1- - -,- . - 4't H-; 1r .. - -r -1- -~1 : ,1-r-- + I- ·-· ; - -• r - --l -·- ,- - -t- - -. - 1 , _ - 1- - - - +, t 1 , ; -,-1---t--·1- -,--,-ih- 1-•--'-1 - ~--~i-,-!-J- - --•-J-t-+---r--- -,t-,-:i-r··. 

!
, •-r- -t-, - - h---•- -~+-r- - -1-,-t -7- - - ff+-• - -+- - - - -- ·r -- 1-1- 1--1+1 
+-•-l -i-·- -- - -1--,- T -1- +-i-,-• -,- - -l+- - - - - ·- - -, , -,--H-r-f--t 
-1-+1 -d-'- - I •• - 1- -j- - 1-\-+i---- __ , +- -+- -- -- ,I - - -t •-J :i.LL1 
• _j_ • j i-l . I t l + l+- 1· t· 1 - ft- - -J--1-l- - ~-11 + I-!-} t+-t 
,-,--,t+t 1- - t--i+' , rt- +i-+t-# - +-- r 1·1-+--f"J l i- -.+i--1---1-+1 ·~ 1 1 t~f- rt' ).i ! 1 1-1 -- t-r - 1 ·• t· 1 t '- , l - ' -1-1--1 7, 1- - + ' t--' i-·- : 1 - - , ,, + 1- J 1- - -• - - + 1 -+ H [-, , 1 + 
, I - 1 t ,. -, L I J , , --\ r - - - - I l - - t t 1 • < I • l : . +1~~l- -f' :-f 1i:1 -'1 Lt iLI 1--,r-, ,--t--+-f~J t -t 1-1--ft fl l , __ t ~-Lj' ~-c ,_i: = __ ,, -ct-1=,-t--+ -w. , J~ilfl/'~ l;L - - , -i ·+-r -I} --1-ITTl - -•-· --,· -: 

-·-,- - - ---'-c-4- t-r·- _,_,_ __ --• - ,~ -t- · -- --t ·----i-<---1 • ,_, f -• --t-1--l_j_l_'_t' -1i: I\-"._, - -\ 'r-•- -r-t -\ f,A';_ !t- r.1 -, i r-t'-
_l__i_ _1 1 Ll 1 u,1 _...:. rGm~4 , , 17( 1 1 1 1 1 , 

I I 

.,. ~ 

I 
.. -4 .. _ 

,. 
I 

'.1 

-------- --- ----- --- ---- --··. -- -- - -----·-· - -- --· 



/ - - - - - -·-

'' ,;. 
, 

.. , 

: i. . \, 
: 

4 \-

' ,, 
I· 

-

' . . . . 

'· 

- - - - - -

I 
I 

': ~-;j t~ . ' 
i-· 
' 

j. . , 

.I~ 
I~ 

::: ~:: 
-,~; --, -, ... 

' .. 
--i-~. ~ -

.____.__i •. , : -- .' 
~ ,t- --- -.l- - • 

.Lt·•-- - •; 
.....,__ ....... -- ___ .. 

' ' . 
: t ' 

' . 

, . 

~: ~-
' ' ... _ ----r-· --

, .. 

i· 

' •I• 

• I. 

.. 

I I · 
~ ' ' 

' . 

I ,, 
I 

I I, f .....'..__+ •'' •• .• -'+_;_- ' •t-' _.:___ ' - '• ' \ •. .._i.:. •- --• + •-- · . .,.- 1- · · ----.-------.-- --+----: .. ~. !~ L:-1+-·: , -- -r-• 
_I _,.__.j1:,.,• .. !,:,.'It. ... , ---~,-•,•-'--t-f· ,, , ~--J-~,--!-; .. ,1• .,.+ 

t 

' . -t . 
. . +:-

,-· 

.. . . 

.,.... • • • • f 
.. ,,.,--+-

--·---+---,,·-----------
--~ L-- ~- -! • 

:~:ii 
-- - --

' 1 

' 
r·-

L. -, ~ .. ,.,_:.1-•- --i~rl--•·t, --t...--~-•--·,_ ___ , _ _:··r-~ ' I .~2.1-:-, :~:-,r~_L:=-:_:=:_:,-•-t-
1 ;--r--r-r ~-, t-,-· ...-;.-. +--- t~ --~ • --- • ~: ' ,- l 

_:~ ~- ----+-4- • 1--~ • -..--<-------;---- •- --- +-- .• _,__ ... - -· __ .._ - •• ~ ~---+-- L:· ___ :-_-; -- - _- - .- -_ !::· -... · -!.-+rT·t- ~_ ... _,.... __ ,. -+-+---L~-L...__....._r, .. -•-•: ·--•-,-. _J ' •-"*-• •--

.l. ~.:... -~-r - r-:--+-+----+---l-- -- -- •- --· ,.____ -r-'--+-
! ~ ,r ,,, 7 i----1---'- r,..1.---,...... ....... , '-,-•---.--t--,!--,._...1.____,._...__ 

- ' ' j I I ' 
.. 

----- .. ---i· - ·t · 

' . 

. ' ' 1 : I . __ J._·_r1-+-- • L..i- •----• , T·+- .--
1 -+~-. ·t--+--- r-- -•- ~-- .... · ·-· =.t: _-j ·, 

-+- ~tr~8T+:It: i:: ::.L:L.:L: r, • - • , • , 
~-~.. W- r- ~++~ rt .... ~~~tJ=:_-:_-_:-_·:~-i~1

-~~:--:-_~-~ 

",' r· -1 t-- • ++----- +--··t------·~-t-1 -·-. -:-·r t .... 
i'i: f-1-,-t-t-~ ' ' '--i ~ ~- ~ ~~ •· •--+_-.·~---

. ~ ~ I 
.::-==.: :~t ~J:;: ~: 
- ..,__...1.- -- - l... ~ - .. 

-__;.. .. ----
--1 .., 
• l T t 

-: H-~~ ~~~+-~-: 
.:.r•-,--+---r 
'!.--L~~-··• 

I 

" -·-r 

. -~---r--

·t· ~-. 
~~-- .... _• 

. _,_ -

__ , 

. ' 

. ' 

- - - - -- -

t .• 

T 

. f .. -
. t . 

l-- -· . ·-·-

' ., 

l 
. t 

• ---· -I 

I 

.......... -
l 

•... I.: 

' 

.·.. 
~~ ~ + 1 

··--: t - .:,.\.. ....... ~ ... +J.. - •.... .........,.. -+--+-... ; . 
j • t - . · '~ 

--------- ' -- t + 
;-: ,- •----r I ,-

r---~--·- +i ++~~~---t-1'-·· 
·~ • ·-~--·•·· •. l -•-,---++ .. ---~--t- •-

,-'--;,--t:-
--+ --------1---------. ---.L---4 

··.··::·1·~ 

. i t . .,. .. - ---i-J__ 

• - r ·; 
. ·- ~ . 

- ' ---------r- . 

-·J:~_:· 
' .:.-:t __ --~ 

. ~ ' 

---: 

. t----

_, --4 .• -
·---,---- ...... _,_ . 

l.lr<·' .. f ·+-- ' ,-+ ' • .,.,N. 
..,_~ 'C :. !.,__- :--- -•---- ---!-.- -------r-~ ~ ·-



- - - .. - - -

:~:-: :~;7r~~T::;;~~~j:~~r~ ~~ · 
•.• --..- . •---- _: _____ --t----!-. 

L~ r1.,,:...1; ~: _: ~~: ~- -r~--t ., - _,_ --i-*-·---1'---'-' 
- -t·T ""-7 --1 ~-+-+-,'~'-+-•~-.f..•-"---' 
--~ ·- --.-- --[--,--

-_-_r_· ---~-'----_,_+ .--

-

--, 

' t 

I , 

; 

' --:- - l 

I. 
l 

-

t 

•-

l 

-•-;-.,.- -
+--t- •• 

' 

; 

I 
J • 

+- . - : I 

- -

-+ : -

--· ·- I-

+ +---:--·-- ·-+-
-,-- ·•· ... • T • 

• _____ I --:-' 

t ___ .,. 

• t 

t • 

" 

l 

. .• --- --7-+- -~~;---t-~-+~+..;.. 
- '\---....l......;---1 -.-, ., 

. ' 

t: 

- ---I--- • ----+ ~_; -

- 1. -- • -: - ..J __ 

' .._ ....- t r· - .. 
• • -I ·• 

. - ~ l 
~ - -----:~ 
. ---· - -,.---,-

' ' • ·-· ---+-~ 

t-;. ~ + - ,-•- W......,-~· 
1--,. • . .- - t + t--+-·-~t-:7- I : \ 

1 ' · · .. < I , r l -- • r+ -t- -->-
... . t . I- • --- --1- ~t------!-+--+-------L...;. t 

:_ ~- ... '. ··:--:_ r-:.., -1---- • • _ --+ I I [ : 

• . ·• -! - • - • --t r-- l \ ' : +~++ 
C ' ••• ·.: ; ~. ~. r=r:;_17 ' +!ill 

- - - - - - -



1 
I 
I 
I 
I 

HARPER CREEK 

I EMMETT TOWNSHIP, MICHIGAN 

I 
EXHIBIT 7 

BRIDGE NOTES AND SKETCHES 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
., 
= 



- -· - - - -
..... 
r, 
0 ,, 
I/', 

L-, ., 
r:. ----~---

" i!. 

L...1: 
-A. 

~ 
I", 

~ 
r, 

r'\ 

"' ., 
r, 
11 

~ 
h.. 
v.., ,., 
~ 
~ 

"" ,.._ 
~ 
"' 
":I 
t:, 

~t~ 
I 
,. 

q .... o 
t->N ' .... J';i ~ 

I) (J:, 

'I\ b 
w \J 
0 

- - - -! -
s 
l~ 
V' 

V' 
r,., 

-f':,-- . 
;::t 
~ 

t: 
L.3'-.... 
~ 
"' ,.... 

~ 
l"<i 

~ 
~ 

~ 
L 
L1j ~, 
~ 
r--
Ii• 
r--. 
~ 
'ti 

~ 
~ 
.' 
t-. 
> 
(, -, 
~ 
!'1 
:i:. 
' c_ 

- - - - - -

• ' ·-- I 
·•- .-, . 

).1•-~-
.• :'f'f .. 

Ji+ aaim, 



.I FORM 2S-0 l ~~,~~!1 .. ~ ~f !oc. . . 25185 GOODARD ROAD 

(Jill 291-6400 WORK SHEET TAYLOR, MICHIGAN 48180 

I Brid.9e Local/on : 61:AP'-'=" IA"I!" R.o. 0 -S;.4 3.o ,.., ...... c. 
· _ B,:-{clge /..ossc:.~ _-_ SB C,it~-=/ 36 SK-EUJ 

__ I-_ 1. -~le_ ( P[e_~- 1Si,,.,/!c.· focfl/c,:·'liC.) -: 6 .. 0 
-.• · . X~0/2 (Loss: Cocf(lc/e~ri. J -· I. o_ r Zic ,. ~ k: Ki,- k, ,-Jcp 

· . where · ~ , /i-lct,or, /os:; C'«lfiae, it . 

I 
_ · · . '. kc, enfrance lo$.:; l'oefftcie.11t 

· . · · · _ · kp, /o.ss fro1H i/'Jfern1eclt'ci-le· · piers 
Descripfio11 ! o/ &1dfe. : --~- . 

I I · · Ki= .19. I (1~ ~ /. R -I/a~- _ 1?r_ Erylis,½ kruls 
_ - llrea = . r;q_ ,.. . .. - /::JO ., Wp =- 3lJ · -. 
I . . . · Ri"" !YM/5 :~ ~3/1 ?: 1 · : :- R¾ .. 2.r3 · /4 = 'I'). 

- ~,r-/_ _,,,.- . ~ \ . . 
' , . · . n 'fC'O?lf5051Te,J a. . 

.I :'!f,~ :i.9.·,.--~ {o~o~-J~"' ~'4i..,. /2,13: 

I 
-· 

. (§ = 7J))I hr,~e has no 1i1fer,1ted;afe piers 

1/[C-.c 
hlanaa l 

I 
I • 
•• 
I 

+ • 

kp: &;pS" --~·r: b-lclye !Jas i,1/er,~;ed✓a-fe JJiers 1
1

,IR-i! 1 . --, . . . . . . · manac,. 
---;-· '-----,------·---.- es•,.11 
a-l-'--i __ -----------1_ 1 ·_em.o I 

l:E.=--\=-=·====-

1
•_2._·,=====----..... "!loll ?~!{' 

-I 

I 



~y _{?--<('s~9"~.-:r,r,l_1J_3_~Jl£:1~P:ifJ-~(--C_) \Ji::/\0,:"-_ _l__:-_t}~_!:-_ ~~- -~" "'<;) 

I 
I 
i 
I 
I 
I 
I 
i 
I 
I 
I 
I 
i 
I 
I 
I 
I 
--1 

·- • - - • I . - 1 . . ( ( . . 1 I ' 

'·i -- . -:-· ' --~---;--;-~- ·;···'·: ..... -_.; •-: '-i-·;----;--- -;-..-;·j-::--,:::::. -:-:-::-J· -----
--- -- -I ~-1- ----;-11 7 . ;· .. • ·• -~ . j ~-j- -: - :-: - ----; 77~ -j "";___. -•- •-; . . 

.- ···_1 ,_,_,· .- _.·• --------,-;---, -~-; -·-··- · ·••· ·:-~ -~·--,- -,-..-,:-1, -·t:t-··.J n . · 
·- - - --- ____ ..;_ -- ·· -- - · ·· · _ _._-:_ -- ~ •- -H...;J' 1 &-1-· ~-It-. . ' 

I ____ ....,_----;- . -, -l - -. -.--1- . --- l-· - --1- ·:--'-i·------- ---· :-• -:~--~a-:j---1--
-----' --s-- · '•t:-r --'· __ ·_:.::·· : l..':!,d Code:·::,_·::~.-:·: '-::Xi"~.:::::::_::_ ::-:;:·:: : 
----·--:- ·--- -- '-;- V . __ _; ___ --- . ' , ···I-····- I- --- .. ---- --·,,Asn (). I 

I , • ·------ ----+-~,--1----1-----; ; ___ J I 

---' . 

. -, 
----l--'---4-'-_-_-_--l'-l--4'----__j-+' -------i: _______ c=_=-= -2 _---

' ' ! _J_ 1 
' ' : - 5Jf-6'' i~lQ= . J 

' ' 
' 

' i ' 
+f-4- ' J 

' I 



. I . . j I ' ' -- l ' ' l ' ' 'I ' .I 

1----~,_.,___o·~~"-'"-·'-'- c, . .-,_ nio. ·. "'.- , , , , , , , , , , O\-i9,s-~Q:o'-:= 
~ Oc.J-\.ULS:.. L.::.f-\ ~ ~ ..: -- I I l I ' I I ' t ' I I I ' I ' I I I --

1:· , I I ' ,· a.t--,---,--.!l-•c-4-+;--,++-'-c~-l...!'--4,' .!'--'--!-''...!..I ..1'--!--e'--4-' ...:1_,__I -1--e'c-'-' -'--·--J 
-t==~t==~~r-~4~•~1..~"w=~'.~~:l II • "T I I I t I l l ---i--~--'...!..-'-,,---1.-11- ! ! l '. l I ! : I I I I I I ,!__ 

II '! 1 1 I I ~ I 1 ' I I I I\ I I I I j l f I I f I I j • __ _ 

: • I ! 1 .j)_ l I I ! I ! ' 1 I t I I ! I I I I ! I I 1 

I 
11 1 ,_ ! 1 I 1 1 ' I 

1---~-- 7;---- I -6 ' -- ----; 

' - -l - --· - .. ,.,. -1 f- __ u ·2:)-lzcrE..O/.."EQ.o.----::: 
. f- fl :' ! •---1~----L ___ j _______ _j ____ [ _________ ----1 .-----~ ·-- ----,.-- ---· -- !- -----/ --rl---+---- -!--- _:_:_ __ l----l - ---! ----

1 
~: __ i ___ Sf_/: -· ____ · ~t_· --- , ___ :~---- ____ :-.~-~--=-...: ______ ', -~-7 

... __ !.__ - _J_ ... --· , ___ ,_: ' I l . ~- I I 

f - --+- - ---,;'...,-~_::,l'b,.,;; ··1- ·------ ------~• ~~-~:~--i~-~-t~-- '~~~"f~.E-ll D 

I
r . , . , , .. , .. , 
~ ('~ J _,,.J!,.,;,_'<,,,_· , . -----+---+-- - -~ . --~"-:-1---:-,---t--'-~----< 

' • ::v;:.. ·--+---4---+-,-,''----1--_, ____ ___,__ __ __, _ _c_~ - -;)-; 1 ; 

.:a:t, ; ' I / ' , , ;</,,-- I j 
1--------_-_-_-.,_l--_-_-_-_-_-_-;_v. - ~/7 ----;- I --;- i __ ¢0_~ ' , --- ' 

I ~---:-=f I '-7-:-,-'-~'V. ~ ------~---· -+- _ ;:- -- __I -- . : 
. -_:_ i=:--== ---==--F- --1'-----' /.:· •--. ---- G" Pi-i-a.:;~5 4P~]c (=" cp=:. ::= 

I 

I -:t:=~~=-.:.~t~~=~-:-~~-i,;,,"'~~ ~i=--.:.~---~- J __ j_ ___ ~t--+--.::.. 
- __ -' ----1 - __ :;----'= - J../~.-=- :------ ---I lu,ac..: \.\~ . .-,~6 'I tu,~ll- WA.L\.S··f-----. 

I 
----··I----- ii· .. ' 6l,i ____ ) ··--. - I -- 1-------· --- ··--'-·· . i- - .J_ ----; _-_- i-= ~-=f~~~xi = l-~~-;-e; =-~ =: - -- i---- t :.:=:t=--=:--- ===-1-= -=:=--. 

I F·:· - ------f-'---+----·=--::::::::: ~~=~-= 1=-~--:•_---_ -_+-_ .. ~...,_,~ :-_ ~_:::-__ - =----,. :;,=~~~--. -- ~~. ! 
:-- •I t 'l --;-~----·--7 , 11_~,~•-~-7 

j--- ' I . ' -_·_· ··t· ·- ' , ' " --L " •IJ.J~ 50£- I j ,- - I +~_:__-~ ~_/:l -~ ~ - ' i3 ,: -J 
,-_ I I I i . 1~•- I I• '. • •- -· •·1 ;r; •-~-- ✓-..., ~'I-~' •~• I 

' ' • • • l ,, ,-r Ii t I 

I ----

,I,.--~ •~, •~'I• I 

I 
--.,..Jc..;.-,c..--1c..-- -1----'----r' ··-· -- . ----- ' I ' ,. I r lo\ _ _: ' !. I l ' I ' I -i-v.,s s "' - ...:.J 

• --- I, • .!... 1 1 • -- --- _ , 1 '~ ~ ! I 1 1Y [; I 1 '-+-& ~GI-. I 
___ -~-1 ;..' -'-'+- : I i ' • " • I i • , J. :7·; -, I I 1 ~~: I 7 I ' •~i ~- "(J7 

>--- -1--- 1, ---+-L---:.j-,-'-;--.-·· --- ·- --·-·-;- -;·;-;---r 7--:--;~~~ l~~--r-r-·, ~----, 
I I I • , , I • I I t j I j , , -'~ 1 f __ l I I I ' I 

·•--;·;~i~-:- · l I!-.,-;-;--- .. -- ___ _. __ ' :TT-· ~-~. -~! ,_ )-;~~~_,_1.-.f-i-...l---l ••-r:-~~.=--:-7: :-+·:: • ---• .. 1 
• '

1 
I' fft/ ,_ ','.£ • ,?1 .----·- ---,-. -.-,-,-_-,___ "!.-~7. .. ·- ~r-:-: .. µ_or .• ., - ~~-, 

·--·- ___ ..,______, _ __._.....:....:....:..L---'----L-...---' · -3/a oka--·~-· 
• SHcET lfo.c 3o 

t _I 
I e.-.; 

Cc-,{ 
fr--' 

I e=-: 
'=--' • 
e=.-
(=.. 

ec..~ 
(=.. 

(=, 

~ 

(=.. 

C=-
C= 
<= 
C= 

C= 
f,,

€= 
€= 
€= 
€= 
€= 
€= 
€= 
~ 
-~ 
~ 

~ 

~ 

(,, 

(,,. 

f, 

t, 

~ 

f: 

" (-



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

- --' -------1-- '·---------- _j • \1- ri-. . ('I- -- ---i - . - : ---- , --- ----l-- 4- --- ' 
'_ ! . ~--- ' ---=+ f= · ~-=--~- ~ ~= ----7

-- =i=- --1-----1 ----t----1 
I -I + _•: ___ : ____ : __ ~ :.==~-- ---- ___ ] _____ : : ~--+---- ; 
:------!__:. __ : __ ,~- _ j ____ ;__ ___ ---~ ------ --·_---r--~---~-----1--- __ l_ ____ -4-----_- · 
t---~ -- ' ,1 __ ifk ___ ~--- ·o""=:.,, -----A•!{} : 10•7---J ______ : ___ -
L__ •, ~~ -o~- --- __ ·""--~ ---n", -;,---·-::;~:;,--,-- --- ----, 

f-----+----+--',-·';-- \. I"' -,T'' ' ' ' l V .. W/ I I JI:. I 
I •-i.:- '\. ' : J ' 1 I • I ! 

--::J---==1----i-J-~-1\---~ -+---0--~---- --- ___ _..} -1 . = .. 
: ____ f ____ ~--:==-=~-=---.:.=-.--\:_ 7=:_ --:---- ~-:--:- :--:--~ :-~::-~=-:-=-- -1 I 

i I ~: '-- -+- "- ---~ E "1)-~- ' - ----, .! --~· 

l-"b.....,,.-,.1 "S,2' . · -,- -~------ -----... ~--- --'------:: _J.. __ _ - . - -- ---~ --- \ ___ -~-+-----.~------/--- ___ ,__ __ ·t·-----,f-----i_c_'-----i---
, ___ j__ - : __ I_ . __ ;,.. _ _;__ - '.I.-- - •. ---------'-+-''--'-' -'-'-f--'------! 
, I .I.__ --'---'!--;.---.;.I I , , 

1-m--. r .. re tm~ t -l::c9~~ '.1- 7- :t J-_:1 
!: . ·-1 . --;--J ,,-~-~- "$] $= n~· r-~ .i,.. , I ·~ -, ___ . -t-.--½~-;-.-~ ~ i-> . = ;;. ~~--- ~ ,..,.- -: " I . ·~--.:-_, 
, ---, I I . ,.;;,. -- ~ --- f:l-- :i-- ,-- - !'."' . . - __ I 
, ••. _. ,_ _ : I ; _: v) .. .;;.,-j---. r<,·---. ! . ~ __ ! --· E:I) . ..L 1 
' -· ----. --- 1>----~---· ~'---i-- ....,----!--- - I> _______ L___J ___ _J ___ •.. --

=--·-=·-;-.---t---,-,--..,-,'r--·---:-+ j;-:--- ' ,- ---- _____ , ------=- -- = - -- --.-~.J~---:-~ --_ ----· 
•' ' : J I I,. --' : ' I ,- ' ' ' I 

' ' l : l t ' .. ' I -
'c: ' ' ' I ; ' ' ' ' ' I I 

! I I ' ' ' 
' I ' ' 

' I ' ' ' 
' I ' I I ' ' ' 
' : ' ' : ' ' I 

' I ' I ' ' I I 

' ' . 
' • • . • 
• • 
• • 
• ... 
• ~ 

' 



I 

~ 
I 

I 
I 
0 

i 
st 

I 
I 
cl 

I 

. 1· - -.:.:..:..: . ·-

-1-

.L. 

-:-:::i::·-=~--
L.-~-. ----· ---~-

.-.:.:..:_ :-·-

.. --' 
I~'°'.: --f••-

: ·:_,_:.:.1:·::.: .. ·j :: ._ :: .. 
··--·----t- .. -- .. ,- -

. -·---11 .. - -----·-· 

= --1. 1r=T,lll-:::,:::: :-::1--. .:., . .: -- L..1:: -~:::: 

,

' 

·- ~ -- -
:··=t ... ··-1·-. .. ····1·-·· ---- ---- ---- ··-· --· ---- - '---- ---- - . ---- '----------

·- - j - ---+ ---- --- --- --·:1--__ --··: --
:- • ··:· L ·-
·- ' . ~ :: --

- --

-~-

·-;~4 
- t -h _"}:JI 

--.-- 1.:··-· 

- : _;: - -- -~-

: ::.:,,·=== : . ..c:. .• _ :.:: ::_· 
-- :::-;J ,- :...:.::: .:::..: ==: _·.:: 

,-- :i-· .. :::.: ::c: :::: 
--t- -- --- ----... -__ . 

- . -- . ----
,i½f; 
--- - 1-

. ':t :---/:--=:: __ ·';:: ... .,J:_: ··-·"·--· ::--,,::_J 
---1 -1 --•.J,,,......- ---- - ---+- - ----- .I 
-± -=-~== ,:_:.:!_:) ~:_3=.:' :_c=: . .:: 1::-·: n --- -,- -- ____ :_ . ,-------. 

.::·--j_ :.:~ t.· ::.: .:!".'.:·t:-Y.,;-::i ••. .: 1 .::.::.-,:-·.::i·:·:·::.::·i 
r.:....-t.: 1:: _ -";:_:_ ·::.::l·::-:{.::.\:·-·J-:.:.::· _J ___ . ·:, 

+ 

• T -. • 0:=ru. -- -~ 
• - lf~ t-- -+-\.- ;1': --- ' :. ~: - --

-·-· -<ll·--::!: --l -· ' ---· ..s.,· -::· 
:·-- - - + :.· 

, 
_, -+--+ 

.. ...1··:±· ·-1-···-. ': 

~-.:~1: : _:,~- j-
··l 

__,_ __ ___; __ -• 

+---- -- -, 
7-• 

I. - • - •• T .. j 

=i- .J 
:=i.:.....--: :. l 

!-
• ---+- - ·--: 

-~ • 7 

' - -- • : : .. : . ·1 

~~--!I !--~ '-
..:3 :Jz. ~-:•.1 

~p~ 
, __ .,.. 

• •• ~::/-=# M::"-
,. 

:..::J 
• J ,- -
~ .:=--t--

7 ·,. 

- -~ 
- -· --- --' --' . ::_; 

7 

·:-:1 

.... -- ---t--
---1 
~ 
j 

.... -
·> 

:: =~:-

-- ---·- ----- ::_i:::· __ -. ·- . . -
. ~ 

---·--t· 

·-·· -:;_:j·· ·1- - - -------- --~-

_.- ~ .... if~- -, 

' -
J_£" ;..; ·.; • ..t;: 

-4 
•· -, •,··••,y:· ·-.... ....... -- ·- ·--·-

-----f 

+-
·•·. --~ 

j -1~:- 7-

:=::f - 1--:::1·-·- - •--- - -- 1-----1 . .. 

-:; ~ =~--1-- --~~~.: :::"1--

-- .. -- --..:..:. - -: :.-:~ - . _; :.: ::t== . =-'- -~ ;; 

___ .J.. 

·- .i--+ 
:.,_ 

1:. -- + 
. ..., - - ~ -- - -· 

-J-

. /:: _,__ ___ _ 

-- -;-1 - ... :-
- - ___ J..... 

-= ... -~- . -
_.._ :J... ~- .=-E- :: ~ : 

--: _J -- - ., 

;:,I- - -·• ~ 

-zr==::1-- :::_::: . .::_ 
~--; 

--Lt. --:1.. :.r: - -
i :-:·· ·- .: ~-

7.. ____ ..., ·-•·· .. 
- -- . _, __ -.1..· ---- .. 

~ - - -+-- . 4- -

-~ T i-.... - ...J .,~. 
----· _j __ -------

_---J.-_1- _--____ _ 

:;:_ .1 · -=t= 
-· --•" ::-i-· =-- -- ·:L. . 
-·:1. .::::_ 

- . - .. : : i ------~:-j 
. -. -
... ---- .. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 

]_ 

Jluo 202.S-O]· 
3/et oris 
$1/t:c-r 7oF-30 



I 
I 

FORM i!> 0 

lllll 291 ~00 

llJJ.:1.:lfOO\. Yuim & A.uodo~ loc. 
Civil E r1g1nttn • Lano ~rvrvors 

WORK
0

SHEET 

25185 GODDARD ROAD 

TAYLOR, MICHIGAN 48180 

57,9 s.o· 

fl£C--c 
hlanaal 

I 

I 
I 
I 
I 
I 
I 
I 

/ 1,. 9t, 

I 

' 1-. ~ o.". , I 
t:.·-8 ..;...... ~ e, 

I 
' I 8'i8.3 
i 

i XkOt-2° It o;:,.7 ,t- D,S' +- O.D!:,- .: /, 82. 
•. Cof"{~ Cocf.fi•c.,lu .t c{ d;~cho1 :i' :. 3o0 ' 1-lK-z n,a,-..wr 
{ J<D_LCI-J , Lln~-H 1\_ c~. WCi~ =- ' 0,Q (O if h~M ~{ i3Tearel~) I- 8l'1C. /;;r..;/-lo,,, _LtJ~Chl1 cf l)r,dqe optn,,-q (irt,. pier£), /(,,, C, I · 
-' 1: , ,,.;;,) ·,.:..:i:,~ ·.-~ ( '-:.-s:/-ru.r_+-ie,1 i ~ J D, b j he.Id da-! 0 j 

1 • , I , • ,-.. ,...,,.,._._,;a r...r,aqe l,pe,1111q ,nc. oie.r~ ::. __ :7.L.4./ __ = 

S5 =- side s/op,,e. .. J '0,0 .. I 
0,orizontal ~er lverf/ca/ IJ.,.r,,'l:) 

6LCHl.t = tlcvation ! of channel invert lJ./5 side=- 8LJ • 3 
(o i( q,uol -lo rninitnu.n, eJevation in Rrev,'rus x- scc.t 

r £LC.I-/D 7 {/isvation[ cl channel iri-Jer{ D/s s,cle.= l-! .3 
0 • I 'n• •t, • 

iva;tct v i .•~..1LJ4'-~~~c._,~':-½~.-;;;:.;;;-;---1 

I-I [) R Pl.: R.. ( i~ - G ~c 71 / u.,f) 



I 
I 
I 
I 

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

1----, ___ _ 
/ _____ _ 
1--

. ' 
,,11 I ,, ----
,,, Ii I I : I I I __ 

I I I , ! l I I I 1 h-!--1---'--i---'-+-'--'-'--i-+-c 1 t I I I I _ 
I:! I J t ' I ' I ' J ..J I I ' l I ! I ! 
11, f 1 1 1 ! , , r I I l I I J 

1---I.J).--'---' -------, t,,-- __ __:__ ()-- -- 0-1----+--H-c,.._,. :-:-i- --'- .o-
-·---- .:... •: - - p ! -

1 

-• --::-- -- • ' , ..- I ! I 1 •• - --

• p ' . . .;J . ' - t.P- '-;-- if. -____ ,______ :;J . " : . _:__,, \ 

L-------1---'---'----'---J---+-- , l - ~:_4~ ~ -- ~ _· __ J_ ,_ ,-- o O I ,e_===-
:...... ___ ----,.; __ I __ 1 ___ ------,.---.. -------- ------~l ______ J____ ---- --- -

!-·- - :f J /-<,;; L n .. r-1-- - f)-; ~ -- - 1 r. ~ ,-,,-' .•. Ar--.!-,. - f~;::, ~-sl.- . 1N:1n,---n,T e---8 Y-,3::;-3-- ·-. -· r =1-----1 - -~ ---- ~ · I ~----------1--e---·--': :+.;.....--'-f---'---1--""-=-=1 
·~=======· :::::::,:::~::::::::::~,:-::_-_·_ -;.----'----~-+---.!.....---'-----+-----+--,--,--_ ----•• :-~~~-=-=+---
1----:--··; -- -~1·· : J __ :~ ___ l ___ -L-- J ___ --- 1----- -1------i ----~---'----·----1----~:-_-_-

• ---~' l -- ____ ___J _____ --·-7---7----· 
<----1 -- ----;---- l-----+-:--'....:..-,--1---,---'c-c+----i 

. ' I ' 

' --'----I---J---4---'....:..~----'---1----~---- '----.i...:·-..:·_4--__ -I-- - --------,--- ' -1 

' ' ' ' l ' 
--; 

'l ' l ' I ' l 
' I I ; 

' f • I I ' ' I ' ' , .. ' . - -·- I ' ' I I I ' ' I ' I ' 
. . , 

:~ ' ' . -. ,, ' I --rl I I I ' I t.11,8· ;-
..J-!--- ' I ' ' I I ' I ' + I 1+ d.-ifEt. • . I -',, 

' ' I ; ' ' ;-++ ' I ! • l ' ' ' ._J ' I -X:."' ~ 
" ' ' ' 1""7"17 ' ' ' I l I ' , .... 



I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I ' -· 

• I ' 
I 

' I 
I ' 

' ' ' . ' ' ' 
' 
' ' 

! I " ,, . 
' " 
' ' ,· I 

I .. 
' I 
: ' " ' I ; I I 

' 
., 

' 

I ' 
I ' I I 

' ' I I I ' I ---.-
' I 

' ' ' ' ' ' I I !----: '.-!- +. ' ' ' 

I I I 

' ' 

' I 

' ' 

(

' • 
; 
• • 

• • 

I • , 
' 
• 



I 
I 
I 
I 
I 
I 
I 
I-
I 
I 
,-
I 
I 
I 
I 
I 
I 
I 
I 

C.Ke!S.5.. 5..cl.!..7JCI~ :..-11 /4,;R-PEe.... C...J?~£K.. € ExP£.E...S.SL..:>A'/ i?..tl,nP /nc ..... ,'!.J~7C£11111) 
I 

Huo 2026-0? 

3/81 DR..B 
Sllt:1:1' I Io,: go 

I 



I FORIA i~ 0 
~.,. ¥rim & Auocir»~ Inc. 

~ . C1vrl Erlg1nte-11 • Land Survc-yor1 . ' 

WORK SHEET 

25185 GODDARD ROAD 

TAYLOR, MICHIGAN 48180 

I 
()Ill 291 !'.400 

1 

J3rid.9e Lqcaf/o,J : €xp~,oy RAmP 

Brlclgc ,l...o~st:.'.:) - SB C.i,.-i 

I ,. XK. {Pier pl1,.,/·t.' (!ocfl/c,:·,;(.) /oOS-
1 XK012(Loss

1
Cocf(/c:e~1i}-·l.o t-Z/4 ,_ ~k.=kf1-k,:1-k/> 

Nhel(e I:, , ll/Chon lo.s:; t1ocfhot11t 

-1 
I 
I 
I 
1. 

: ke,, en/ranee. las..:; c0eff;-ct"e✓1t 
\ kp_, /o.ss lro✓1J lrJlern1edtolc piers 

~scripfion :r>f &i<IJ .. c : 
· ~ = .:l~. I n~ l "/I<~ for En3.lish ttn,ls 

llr¢a :: •1~-& (1.) =- : 9 I Wp ::.sS" 
,e~ %1° l,t,5' £% = It 9/:, ,/_::: 
ll /i:'(Y)tpc:sil e) a 

Kr: :J.9, / (: { {),02._ ).:,_ X '7? 
I 

' 
l:c,' O.!:J- I 

! 
i . 

Kf : 0 1{ br ic1Je has no illfer,J(ediate piers 

JIEC·..c 
hJanaal 

I 
I 
I 

rf; tJ,qs=J ,/" b-l~e /;ds io/Et"f}Jedtole. /Jiers llt;;;fateo! 
r---:---, ------- 06S:.8 

I 
f--7"\ -----,~_J.--,,---l- 0S'f 

I 
I e,, 
' 

, 
8 

I L---'----'-'-----'-- 6'i8.'?) _ 

i X/.(Of. ~ I t 01;•/G ... o:s- +- 0,().!:,- -= 2 ,,o I I 
1- CoF(~ Cot:f.fi"c.it.;.t cl d,~d-. .:i,jC:. 3.D /.1EC-z n13r-..1u 
,L J<D_LC~ , Lln~#t cf_ wc.ir_ =- , O ,0 (o i1 ra.J. Di{ BTcar<k) ( 

-·! ~l'i~. /:y~~f'-~~.::~~\a:r lct:i~~;,~,.~:1~1j (irl. !~r~): /6.6 ~dd dcrio 

I ._,,,.,._.__,, 0 1.ridje c:Jpen1113 inc.. pie.rt":, :. 9/, 
"- SS '" side s/oRe, .. o.,o 

{horizontal lper I verf/eo/ u.n,'I:) 
ftC.1-11.t. = [llva+ion) o~ channel invert U/5 side.: 9'-18. '.3 • 

(o if q,ua/ -lo minil'l\u.rn elevation in P,rev!ru.s x-~c.¼.) 
1 tLC.!-ID: £11:.vo+io~ c,{ channel ir,,Je.r{ D/s S,cte. = e11R. 3 

U,., · i •..,• I t · · . . ,oa ,n ~f'l.,•1ro< - --~c . 
f,,-:-.=,-----'-'"'--'.l....><~"'-'-.....1.>G...l.!1.L:.!.LILJ.\'E':'-L!--~~~ •• ·"' .. K,J.. • ..ll..1-,,fAU,.,,C, .. ~ .. ~T.:;.,NOc:4. --"~u~c'cl,.1.-;:,.::c-. ,77, J .::-::-• .;:No".1 -.-,,--"1 

Owwn•r ,oject w ,a 

4fl.P1:;re.lR.-c,fv'll\1'.l;''1' TwP o••• 12. 0 ,30 µuo • 201.S-• O? . 
'---------;------.,___.::.;c.::.;::---J<------'-=:c.......=-



,JP 
_I) ' 
I :I/- J. J:-~ 

- ---' -· I l I I 

~. ·- . ·-; 

I 
I 

<-~-- ___ _J_j __ --J---=...:. §i L_ *···-I -±-~-----~- . JJ ---·-11---___J __ .L ____ il-c:-''--~ -- I I J .... L . ...: ---- --- - . __ J.....!_ -- :::--==.._: ___ . __ ., ~ ,.:_ ~ --~·~-- __ _: __ -:.J __ • _____ ,_.:_• ---,---:-::: j 

I 
___ :...____ i I T ' , ! 6' ---1------ - ---- --- - o 

'

-----~----- ' I ___ J --'-----+--- tll J _j -·---·· ------'-- ---·I·-· .. -: -·- ,_, ____ , __ _,_r__ . : , __ --1---.JJ ·------ ------- ------i---- .. ! •-----,--- ----H-·-+----1-----+---.:.i., --------- ,----·1-------- 0--------,,- C4. J 

I !----~,'-- -------,-,----- .------~--:=-=---~~ o.'i·;1:::_~-~=·:.~-~;----- ,---~~::~·-;~ -~55'17'-"'.-C,-l _D $ 
-~-r-·- _J

1 
____ ,__ _ _ _ • _____ 

7 
.... "' o 

f--- -+-- -~.Ll---- 7--- I -;
7
- ~ ~=--_:-·j-- - -==---_]==- -- --1 - . 

·----·-1· ' 7 ' 

I 
I 

I 1. 
1 

--- ·--1----1------ -_----------,-~,_--__ -:_-_-:_-_::_~::_::_-_-_·-_,:-----·-
!·---11· ___ -__ -t-:_-:_-:_'::,:_t:_:_:_:_:_t:_:.=it-=-t-=--=--=--=--=..,·l.-_-i-- - ==i----,--_- _ _ _____ _:i · --. · ~ '---:-,· . ----- ' .~===- ____ ,, _____ ----1-------

! I ! ; n I I J I I ! 
1 

: ! m-' ___ ....:_ -~• ==• j~=======~========t===~===·--j· 
; I , 1 I 1 : l I I I I 1 I l '! J I I I I I I 

! I I\_ I I i I J I I\.' I 1ll. I! I I I I 
I I 1 I • I ~~ I ' \J I I I I I I I I ,_, ~ I ·.,; i t I l I , I : 1,_,c...c•-·.c.'-< 

I l , 1 "' • t + I I I l'1 .. I I I I I 

' ' I o o 

I 
•• I ! J\ I I It I ,11 ~..J.....:....i....C......J 

I 

: . : 1. ~~
1
• I/· 1 \)' , _ \.. , 1 1 •- w~ I ! 1 , 1~_:is ~ , I , t 

~----• , ·;.·\A 4' ~~ I , , ·"=' , I ?c ~ ' ' 
l "· · - ~ 0:-..,'\.y+-'- _:_ 'lJ'/J).'O. ' '4 --· _. ~~?•:1-_;..:._-;.pj;.___

7
---_·_···__,--~--;·---- _Y,i,1/•~J_ .. I ·- -j \~). ·.,s_ ,/. li._ I f ·'---" ,$--

·-

I 
' • I 

! I t. ' ' -----+-- :_ ·_ -~·-. _- . j _-. ./ ... -· . ,- _-____ : -·-•--,-····-,--,- ------ ___ 7" _.. =l= _,_ -- . ____ .,_____ -; - I I 
0 ___ ..,.. __________ ;_________ •• I ; ' -- -- r - -- ! 

i---:::::1::--- I I 8.-a'-t·--·-·'-·--7------+--- .. a.a,,---- I ;--·-- -T·--·-

I 
I 

I ,, 
'In . ,. 
' ' 111 

1,: 

I 

. I 
' 

I : ' : 

' ' ' ' 
' ' . 

. 
' I 

' 
I 

' 
I 
I 
I 

,~, ---1------..,:FD--..;-!1'...-J--_ -_ -_ +c.,_:--ct..,~·is; I : : -1j·--7----~=-~ -;' -~ ·- ---~·=i ___ ·L~ 
I I '.J1-1--L.-~I -:-,---; - Q"- ! ..:;J ' t , I 

1 I A : : ! ~ - ' : t[ : •• ~ l - ~ ~ ' • .• ~~ ! : I '-~•• --'-1•,\.::::;:1:t=~=~===~ 
, : : :;: 1 ~ ; : : I 1 1; l V: : ; i if : : I I I 

ii I a I I o,•+-,-'--~, _.LI -,.-l--'-~,--'-l-.-l"--'-+-----l 

;_- ___ t, _=:__=-=_= _=<PJ _a _c_±·_·t: :_+,_=_=_::.:-1:):_::: __ =_~i- ----,--,~- ---,.,~- ____ __, _·:. ~~-·--J- .. '.~..u ... -"---+~·--i 

1---_--.J.+-_-_-_-_~--+I-_-,_;,::'+' _·-+1-_-_-_-__ -r::t:_-_--t::..· ~---'--I:_:..: _-..:_--+~~""..:_-_-_,
1

1_-_...: __ .-1_+'---:· ;~-1:j
1
:=::=_.~'~=-~:_:_-~·=--1

1t"~t:.:.~l~:.:.:.~ 
1----- I ---•- __ J..- 1 I I ,-, 1 I 

:-- ____ 
1 
____ --·, • ___ ..., _ __,C",.: .. ll~-:_~_-_-:_-_-~~•::::::::::::::::::::::::':::t:::_•-_-_-_-_-:_·_t---_-_-:_-_-_-'_-~+_-_-_-_-:_-_-_~-~+_-:_-_-_-:_-_-_~':::t:::::::~·:::::::::.:it::::::::::::::::_: _ _:i:-·_ -_·_-_·_-_ __,-,--- --·1 : • ' I 

·- -·- i. l.)~_Sl<i~ E....l!o·.-::-i='llc:1·..ii.--u-.!,·t.:;;:_\ ":',,\/2._ - (T'l p\ I -.- -1-~=~ 
:·1 :· i - i · I· l · 7 ~- -i---+---:-. -+---c.....,..+~-+-

1--1----+--,1-~ e.-rei:f.~"i':1 s-f "22i~ U~ AC.1 Jc- ~!-w-,l-. 'S--'-T~CL,.-: ...!...,-, +----'...,..;---''---+-----l 

~------<--1---,---1'' · ,_ 1 1: · :::i I · ~--. ·--l · : -~------< '---~' __ .! _____ j -----l-- __ =:J_ _ ___ __,_____ "·--·--•-l"--~~''-l----+-----+---
I 

1 ! I 
I l ' 

' 
---, . . 

' I I ' ' --
-

I 
, ____ ;._. ___ J_ I -:------f-----1------~·-----I-·----+---: --{__ 1

---~---:--- -
1 

1------1----1-,--',-....---------r-r_-_--_-..,.---~ ' · ,---'-.. -t-=-·--+--~+----1-- __ ::.:rl· ----
1--'---+--'----•,.....~-__, ---~"--~-'-+-'----!--J-, -, - l I 

li::.:.i':,!..'_ -1-i.:--_ -_r!..C':.. "".:..-Ji---'-:.. -,_,,-Ye..-;.:. --j.f--_ -_ -~-:.._ -l+ -.;_ -_ -:.;_+,.. -l-t c.._ ';.. -,.,_-_ '-,.. "'-:---j~--+, 7.f},.. =l.;-f-·1-+.,.--,J-J,.. +.:.. '-f,-7-:-'.c-J~ +-: -~1--'.:.. -~-', --i-i'-_ti---i;~J-1-T-:-:~:,:;1~ 

,, 
., 

' I 
,, 

' I . , 
,-. ' I 

' ' ' • I 
I ' ' : ' ' ' I 

I 
,, 

' " 
I 
I 

' ' ' ' 
' I ' 

' ' ' ' I 

' I I I I 

' ' I ' ' ' 



'l) 

I 

•· 
I ~-

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

. ---- .... '--~ '. .. -- - ~~ : _' _:.. --- ; ··:~?:_, ~--=:::l-==::-:.J::..·_~:-~:~'----· ·=-. ----!-~~ 
-- ·· i -·· -~J: __ i__-' -- - ' -=--,-----·-" ..... \\q;,_ :\\ .. -1---+--· I 0-1"2;.4-<.-eAv. ... --7 ---- __J I ...J_______ I I ~\\;, ~~ I j 

... :.= . ____ i--,- j I __ ., 1 %,0 .. J j ... . ' - - - · .. 

; , ~d""'., ' C _,,, ~ ,::;,,;'~~-~ .:,--'··--·~-1-- ' I ' ' -~-j 
i==j-· '_ bz...; .. ..;<>-- , =-\\----i ~1' i , ' ' , ., ' , ' 4s'i:.o,.E;; ~ ..... • - ---s £,;3 ~ I I 'f I ~ •L ! I I ! ~\.J"-.,1 ' I ! I 1 : I : ' ~.:.-~ C-.1 r- ' I __. --

' I"••:,,:,, :•,, :-.,~: ;:;: :,:..,~ ,_,•: :·• ,::-,'~I"'' 
' ' ! I I : I I I ' --\.., ' ' ' I ' I I ! !-\\J-ct--i':r' -',~'-I=----, ' : ' ' ' ' ' ' ' : : ' ' ' ' ' ; I : : 'J I ! J I I I ' C-\\ I - I ' 

- - - : 
I ' I 

! . ' .---, 

' 

I 

' 
' ,_, 
' I 

' 

; ' 
I 

I 
L 

' --·--1 __ - --:--i' 
- -• 

' ' 
! I ! I 

I I 

' :....:.. 
1 I , I 

I I • --,77 
l 1 1 , I I_! 

: I t I 
1 I I I I 

'" 
" ' 

' " ! 'i ' ,, 
1, 

I 

:I' ,,. 
I 

-- -{---
1 -l 

' ,,, 
. " 

; •: t 
j 1 ,i I 

! :11 I 
;- ; I : • 

I ' 
I IJ! 
I .J' I I 
: 1'...,; 

' '. 

-

' '..! ' ' 
-, 

' • ' 
I ' 
I ' ' 

7-- I 

j 
- -+ 

1· 
-~. ,- ..., -;,,. ' ! ' ' ' ' ·1 -~-, "7- -·- - -

-------ij\ , I i -

W1'1t.. 
_ ___, 

_,_ 

--~ 
I 

' 

I 
___ ] ·-

I 

' 
-' ' 
' ' ' ' 

' I 

' ' 
I I I I I . 1 
I I 1-n--:' 

' 

' ' ' 
' 

I i 

+ 
I 

- ' ' ' 
' ' I 

I ' I ' ' • I ' 
' ' ' ' ' ' • ' ' 

' ' ' ' 
I I I I 

I ' f ' I I 

•• ~ I -~ 
! I I I ' ' 

.J. 

I : ' 
I ' 

I ' 
I I , I 

' - I I 
It l-1 
: 1 : I 

l I I I 

I~'....:.. 
, I I 
I I I ~· ..,_ 

! --1 

! - - --, - . --{.- -

' I 

I 
-1,_i] I I 

' J J l I 
: j ..,,,._ ..I, 

' ' 

----1 -
i --

t 
I 

l 

----'f -- -
- ...J___ -

- ' 

• ' I I ; I 

, _j_ I I :¾-!-:6 L'_ 7!, I {J~ ~ 
I 1 ·J_:::i_ ~~ ~ ~-n __ 

1 ,.,, ,.~~! 17• 1 ---:----rT1 I I I 

I 

I 

• ...J 

-



I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

C..&.•.$. ..5~-r,c:J ,111 IMLPE.IZ_ Cl!r:.EK e I-'i<f. (,,,:,_,7,e.i;:,i,»J 
! 
' 
I 

f/lJD z.ozs--o-;, 
3/81 Dfl8 
S11ee1 IS 01=-30 



I 
I 

i 
I 
I 
I 
I 
I 
I 

fORM 7~ 0 ~~.11~.~~~ roc. 75185 GODDARD ROAD 

TAYLOR, MICHIGAN CB180 (llll 291 6400 , WORK SHEET 
' 

/"J., 0 I 

57,4 ?.o · 

= l,b').._ 

1/EC ·-<
ftJonua/ 







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

i 
c~ .51:a..;,~,~ '-12 

HfJD ZOZ.S-0) 
3/a, D128 
SHccT 1901=-30 



I FORM]~ 0 

()ll) 291 !AOO I 

~. luim 6- Auocioiw. Inc. 
~ . C1v,I Et1ginte,1. • Land ~rveyotl 

WORK SHEET 

25185 GOODARD ROAD 

TAYLOR, MICHIGAN 48180 

I /3r/d.9e Lo,caf/o,) : ''E" D~•VII' Soc.-7H sr,qa.o 
Brl~l3c .l..06:s~~ - SB C-i,,1 

11. Xie ( Pier f / ,.,/ •t' (!orft;c,:·'t I(.) I, oS: 
I XKOI( ( Loss \Coc({/c.-e~1c'! -· I. o 1- Zic '. f I<.= k.r 1-k~ ·,-x,. 

Nhere k1 , llidron In~ t'ocf hc1e1 ;t 
1, ke,, en/ranee. /05~ c0cf"f..c/e.11t I \ kp, /0.;,5 lro,n 1/Jler,lled/ofc piers 

I 
fxscr,pf ,'on of &/cfJ,c : 
· 4 = .)9

1
• I nii! L ;/ R st13 for En3.lish Pnil.s 

I 
I 

/Ire? :: s_r,,.el.,"?.) =- I/?,~(,, Wp::-YJ,'I 
,e.,_ \ %p /, 88 le 'fl " ? • ~ ~ .I. -= l-J 2,. 
h /4:00,po~l e) • · 

~: :i.9.I-< {6,0'J..).:t x 42. /2.-32, ~ C).:).J 
' 

' 
I 
l 

kf : 0 if\ hr ,d_ge has no /l]fer,J{ed;afe piers 

IIEC-.i!, 
fllot>tlol 

I 
I 
I 
I 

' 
ki : ~,o's'_ iote1t1;ed/a-le. /Jie r.s /lt~-fnteil 

I _,____~~--•e111,?... 
j xico1-2~ /tC>.21 -t-01=> :+--O,O!": lo'lb 
I corr,1. Coc.f.Fic.iL'.Lt c-1. d;~d·-a1jC =- 3 ,O . 1-lfG·..c. n1c?>,·•7 
,1. RDL£~, L6n~+li c! wc,,r =- ("),0 (D ,I recd o-l{ BTcar(I:..) 
I 6WC. /_;e;Ho,,, _i,J;dil-1 -d bridqe op;'n,,-o (ir-l. pier!,): //,,, 8 I 

1 : ·· :,;.·;~ ·;;:,~, :,/ ( :-s.+rvr_+ie,1 l ~ J 08 -hdd cla,2. 
._,,.,,~'-';~ J..,..;d1e upc,,1.,1j inc.. piers ::. J ,,_,. 
55 =- side slope. .. o,O 

0,orizontal f>.er I vertical l.'-,r,,'l) 
LCl-lu = [/€.vation of channel invert IJ/S side,=- 8/,./fi,';).. 

(o i( q,~a/ -lo mininiu.n-1 elevation ifl r.re-1!cus x- sec.½.) 
LCHD: t./£Vo+ion bf chan.-.el ir,-Jeri D/5 S,de: 81./C,,f).. 

0 . . 'n' t ,oa in l)ffViMJ< - <-cc. • 
IJDJfCY I -.'1«.. I SHEET NO. 8!.-~, •"'Dr~'o,:c~ol S"ff1• 

A!2.?.tR.. Cri.. -{;f'Ar,1;;1rTU;P DATE 2Q.o,.3,Q.. HI.JD •un .. t;" • 07 



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

=--=i=--:::::: ::::: ~=;=l~=i~;-::i:,~~~:1_ :_: ;= -= ::::=:l::: ~-J=-=-;:-= ~~-~ -~=::;:::: ::::·: ·: :~ 
==-=-1::::::::-::: _::-::;.:::: 1-:==t-===-~:::-=;=: -=--=-== = =t-===-==i-'-· -'-0 - ~__;_2_:_ JJ;JJiij-_Q : W 

1

--------j-- -- ~ ··-: . -- ~-:1--·--- .-,,~--- ,--1~---N -.. :J1 ' .- . -----i--·-·· I· ... j 
_===--==1 =--=:-=~=~;---~~=,==- ===~~ · : : · -==={==~ ~~:-i=-- :=:=--!~~-~--= l : -i 
i·.-.:.::: :J:::::--~t:_:::~~ -== =1-~=.:.:::r==-~=~:~~==~-==~ ~~~--=-=== -s-·s: -- :.~--:.l J 
: _______ i. - --!---:. ------1----2------, , --~-----~ -- -- ------1----- -. I'~.,..._ D S 

, · -- · -·i --- --1 -- · ,.. _/4-..:.~:::::-::: ==--=-:::j~- ~· : :/,~:~ _ =~--=J~~:~-- ~~§~~? 1.1/5 
i_: --- - 1' ____ JI -- ·, -- -- ~ -- -- -- . - - . --- - ::::,:\ 

' - i -__ -~----- :--- ------j--------:---

i---=------i--·--+-~,-.-,---+----- -----J-J-- -~--- - --_---~- _ ----~------F--:·.~· 
·:. -- il')---+-- =-1- ---;---- ~---7---.- ----{----1--- .. --. ,, 

! 11, ' ' I ' ' ' ,., ' ' I 

' ' ' II •'• !I ! 
l11 

' I II' t .... ' 
- ' • 1 

l-----1--'--.-+-'-'-~· -10½, 
---- - ' .. #~----

' ..:...1--! 
' I ' ' I on.:_ 

' I ' : ' 
- : ;-

_1 -,, I 
·-'--'-1-- I ' ' I --

' I ' ' I ' 
,, l I ' I I ; l 

I ' ' I 
.. ' '1-l\ ~, --

' ' ' ' I : ' I ·-
' 

-
' ,. ' ' ' ' ' I 

I I - -"'- I I I I ,, , I I I • I __ __ 
7

• I r•1 Ill~~~ !lot •I••_,._ 
:.-, ·~ I ~ ; ~c_ -·-~- [ __ ' _.:_.:...._ 1.----• -

, . r? -~ ,-;.· ·. , ' , , .. . . I a , 
i'<- ,,, ,, v 1 -----i--- . ,. s-1u_p_ r;12.:r o s_ i:, 9. 3 

i :· i .e-:-~~- · I , : : ,- B~z•, .. ; - -.-=-~=:-~ 
-----·; ___ , ·-- ·-----· . I i ------:-----..,-------1?,~ e"q.::,_ 

---~,----J--: -- ---!--- p;."i-----~- I -. I 'll------+- I --'- -,-----. ---j -----, -- -, _-, ~ --==r=· j,.',::=::::~j~~D-~~- :--=:... ~=:::-r~~ !J)::::-::::t::==--=--3-· ~ _-: :-----~------1- : UI ____ ; __ J\ ;--·-: lfl & ~ ·;·- - -ill-- 1 -· _., r/1---- 1------- I -- . 

i ______ ~ ---~--- F--T --- , ·1 .. r , -- ---:- - r-:>----- fA __ 
I . i -: ' I I ~ ------ --- fl------ '6,.---; - - ,,_fl-_·.,+----+-' ' : : ; ; : . -i_ ,-; : --; __ ; ' -: ! • I I ' ! ' ----1 

t , •' I !::-- I ---- ~--,--:- 1 ' ! 1 

, 1 , 1: ·- r,.._,__'-'--'--'--'---'-'1 -== e,.·_·:;:. =•c.;.+-'-' -'-'-+-'--'-+--lf--'---'--H------1 
t ! I, I ~ I : ' "--c--'--f-' ' ,-r+---"-i--f-'-:-:'--"~'i----

_____ _j 

' ---= 1:::::_:_:_ 

_,_,.....!...-_J __ 

' ' ; ' I ' 
---· ---'--1----+----I 

' ' ' -
1---'---4-"---'-+-i'-''"-' -''-+-'------lf---'-+'7'-'-'-'-' .L.1--,-'--!'-''-+-r-"---lf---l-1--l.'-'''--+,;,•_,_, +-!--1----+-'-----'-+----1 

I:: Ii I ' I t ; : • I J,: ' . ' ' 
I ' ' I I 

1-:::::::::-i_-_• _ -'-' -j , t I I I I I I I I ; -:Jg;._...,lc,'«"•ou+ ___,le.;.• -'•-1----! 
•1 !111 1 1, i!I 111 11• ,,, 1,•1 ,, • ~.-2_ . .___. 

':__...c.._::, "',--'-:_-1----:- J..J,"', ·-!------<~+-'--'-, -',~, -1-'_ : J . .l.. ....:......: l -- ~-'----'- _, _,_, _!_ ,s.JYi T-Z, ·.• ~--- .,,_ ----
' • I I : , , I I i • 77 ; , • ' • : 1 1 , , , '.w7 -e"--C . 



O (_.,/:!..r.J::::,~ .. ~l~C..Tio...J _"'.-r_ IJ..,-\~-~•,-;_\._ t. _t,~L;J•:_ ',_; \o 

l?.o'? -:-:--:--/· ---- :· -~~-~J-- -----i-- ----. -- -------1--~~:-- --~~--~;~.11~ ;-• r:-(:-J--;-;-~- - --~<--s-
·::.: ·' .. ···: ··-·-. ii:;: l ,o·e,i4~€.- .. )./\Ac.. ue:.Ae.: 1-::· .:1 .. Tl 

I ······ · ;, ·--·-- -0 ·- ··1·· -1-· ,h-·- ·f--,-,,-1·'---' -H-!-
·---- -.-----:- - -- . --"J-~-,---T.:.:n.1·--e'1r~',Cuw--s---,, 

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

. -·· -- ---· 

·-- - ·- ::... ··,· --,-- ~- ~-- --- ,---',j. _j :,·>'· . - - " -- . . . . - •· . l..1-" : 

I ~_-ct"~ :;.,,_ lo c:;_: T f-~"->r.~-=~- ~==~ ·•-·.::;· : : : _,/_ '·. I •••• =-= ::..-:: 
----·-. 1 ·-·- ' --- +- -- . ~- . .... :·-·-- --- ' --, 

, l ·- -. -- - --- ----- - --
------ ----- ---- . 

'--~ --- • I ... I 

~~~-i.::. ·-=~==1-= --:.:_ . -~=! ::..=- -=1 :.u~ :~~~-::..---=-;:~-:--==::~=:.:=-.:t~: --- : 
!:- -----J-=--+-+--::l .] " l ~'t,j---=J-:.:6.\1--__j ___ ~--/)~ -. ) -~--) 
}---1 ~ ' I -- ~ . . - \ 'e.~-----=~.:-.:... \\··-. ./ . : ' I .. -'---- I '----,-.---7 • 1"-' ' ' --•~• J ! f t•1 I -• J' I I -- -•i 

, , I I I J
1 
)~ /' _ '\'\ l 1 i I I i \_\-'\,"":' ,,"' 1 ! 1 ! J __ \'\. ! .!-~ I ; ~...,!__ I:_.;.'.;•~• -f---~ 

, 1 1 -_,- -'\..Y! I I I 1 • ' ;-\\~,;-r·, ' : l ; ,-, :\'-"'Tl , 1""' 1 I , 7 I 7 ' 1 1 

I ! t • • l ~ I '-'- I I ! J ~: I • ! , I 1 """'; '-'- 1 ; I f t I I I 1 \ I 1 , 
I I I , I t I ~ .,_.,,..,.,_.,, ' I I I l...,.!'~. f [ I ! ' ✓• ~-_\_ ! j_ I I l I 1-,,!. I J' ! 1 I I ; \ • I I I I i 

1 , ' ' .~ , l • :'\.'-" I 1 ! ' '\ I I ! I I , , - ' ' ' 1 ' , t ! f I I I I ! 

~ I ,;'"" 1 • : J 1 \., I : I ' ~ 1. , ! I , l I ;._" 1 , l I , 1 I ! I • I t 

. I . ,B . ' ; i l : -~~ '_' ' . j ' I I I...J✓--~-" - l ' ! I I I I I I 1 1 ' 
I ~t ' I ; _____ -~--- _j •~ J' ' • _, __ -;v __ 1-;-~~--: -: ~ ~ : I : I : ; , • , 

c.=: u.u--- -----r-- -1----:-- - ·1 ~~---- - --- - ----- - ~-,- ,---- r,\-----1-· -,-ov/--

L... - -/.r- --~-- ... - -- - --· ~ 
= .... --=:-:~1-::--=f====~:--; --~~~-~7----i~-__ ...... ; .:..-::=::'._:::_j-~"'==~·i:-· --u· --7: ~j-~\--; ,------,----,-- 1---, ------1··------- ·-:--··7-·-- ~---·;·' -~.. --;·-1--·-
'···- _.J ----•-. ··,·-- v. '----- l ---- Q -·-•· ------ --- . -/, ----- - --- j··· ... 
, I I , , • ' ~ ' I _ _ • 

: . ---- :--- - - - . _, ____ '---+aWr--\\--j--- . ~- ~-- --- :--=~,- .--'- .. --- . -~ 
f----·---~-- :; : · -~~'; ~~+ --1-~ :~ ~~9~~ : ; ; : ;·;· : i r ·- \, --

~ 
,--

1 

1 I' 1 l~..FJ 1 ' + • : : ' ' _ ~! ~ ; ~ ; ~,1 : : : : : ~~ ~--\-
-- j ,,,... I i ' ! I -- - ' , ! I : ',\ ' ' t I I I ; ,-rT:--,=.- >---"\.--

1------'--'-----'---'J-'-'---'-·'-'--' • I y-· I 1--c..c \l--'---'--., .,;_ 1-------\-~ ! :,_ t•I II l l , I 1 1 llj P'<; 11!1 'lo fl 

;_ _-7"-'-- ' ' :' ' : ' . ' ' ' ~--;,~o.' . :~~¥.~- -~J_ ~-=: ~'~-<i: -~jj_ -2.~ --~ 
--.- I __ ··_-_-l--:-:..-:.-_-_-.j.-!-_-_-_-_ {:,.., I ) • ~\-::: • I 

~
:=~==~~:~ =--~-----jl-:-~:·=r:-~.- . '::l-v.;;l·:;Q,.~----=-:--i=~=--~,~~=~~ ~:!~ ~?t~:~ ~~~~: 
--- ----,. ~- , • ~~ · '-·---;- -~'\.. : , 1- 0 1'\ , , , , , I ·---

i·:==~ ~• :._ O - ~C~~;~~ ,--.-~~ --,-- -~ ' •: -,~' ~ • I :q-=r=---
I----- _..J ___ ._ - ---r- ---- -1- -- 7---· -~ __ i ___ tr--- ,--. -a· -----f\ __ _, i•---·-·· 1 ~::.:.:-.. • • -,·-· ··---- -----~-• ---~ ---=--.=i=--== ~ • I \ ·-·=i:::-....:::..:·~• 

. I, ' - ....... £ - - . ' ' ' I :_ -·~-- -!-' I l ' ~----
• ' 1 ' l 1 • ' I 1 ' 1 • ; "lo. , '\ ! , ' • 

'---.!.' -'. ' : " ' l 

1 

_l : · • ::q ' ' ~~~ : : : ' ; : '~~, : , ' -~ 
j ___ __J _ _,_, _:. I 1 : -- _ _:_.:__ - ' \ .j....!..-----j•--- 1 
l : ~ ; -i __ ----L----------:-----1----------.-J---_J __ . _ _,_ _____ 1 ____ _ 

=-=-=-~:-~:=-_•~-=-1-·•: •· L..... --•- ---~- -- -- -------!=.=-~= ----- •---::1•-,• _....:_•+--•_·_·• _ __,_•------=-=--: 

: ' l 
I I 

' 1~ 
I ' 

' ' 
' I ' "' ' ' 
' : ' ! ' : 

l 7 ·: I I ! I j - ' ' .. 
' I ' 

' .,, 
., 

' .,. 
' ,1, 

••: I 

' 

' ' ' ' ' ' 
' I I I I ' I ' I 

I ' I ' i I : 

' • -''-1---''--"-' __ ,...._,'--_..., 
...!....!..~-1-.!..l-'---'-'µ..l..!-'---l-------'-.i.1..j __ __,~...;_ ~-'-!. --~•·~"'--1--'-'-'c..;....i'+l .;'-•~'--!-,--'...C..'-+--___, 

I . I I I , ' • I ! I t I 

' -, 
I i 

I ' I ' 
' ' -i I I ' ' 

' : I I ' 
-'---'---1--'--------il---'----'-'-l-'--~'~'--I• I I 

' I 

, I I t . _, I I : ,,, I 

' I ' ' 
' ' ' ' ' ' ' . I ' I ' 

...!..~~---'------1-----l-•----l---'------'--'~-.l..' _.,.., t I JI I 1 

..j. -'--'--'----I--'--''. • ; I --, "'./.f f_' .: )-' , 1---r- l , 
' ' 

' f I 

' 77 ' ' 

I ' I ' ' 
I ' 1 I I 1 

I ' i ! : ' I ' 
' ' ' ' ' I ' ' 

I I I I , l. . --::--r=_:-:1 -- _, ' ' ' ' ' ' I I ' 1 I I I ,. -;-...., --- I : ~A ::-3&-



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

~ 
- ' 11; • 

• - .: I 

a 

··'· 

·, . -.• 
.. ; ---. -:. 1 ·- l 

I-Joo 2.oz.s-<J7 
3/St D/2.B 

S111:e7 23o.-=30 



I 
I 

FORM 7~ 0 

(llll 291-5400 

@t:~;,!Ji~ .. ~ ~~ loc. 
WORK S1-iEET 

25185 GODDARD ROAD 

TAYLOR, MICHIGAN 48180 

Brid_ge .Locaf,01i : Bi:~Dt.i; LK. Ro, 
Brlpl9c ,/._o~Sf;.~ - SB C,i,,'1 

I 1. XK. ( Pie,- SJ,,.,,· ,c: focf(;-c✓:·'I ;(_) OoO 
I XKOF;: { Los

1
5 ;, Cocl{/c~e~n:) -· I. 0, t- Zic ,J & k. = kr ,- k, ·,-fp 

- where 1:1 , tr./c1-t·on /o.s:.; {'0Cff/cit:11t 

I 
1
, kc, enlrc1nce. los.'.: ccxf"f/cle11t 

· i kp, /o.ss Iron, ir;tern1ed,o-lc p/ers 

I 
Description !of &/dj_e. : _ 

k, = :J9. In~ l ~ R ¢k fo1:,_ En.1_/ish µruls 

I 
I 

fired = l)x. ~,S- "' 1-/!:J We_=- 3 3 
J:~ %p '-IS/3~ R¾ = ./ o'SJ /4: 3 7 
ll lC'Ci?tpo~'I e ) R 

K[= :i..9,/ .( { 1 01-!:. )"$, X 3/ /1,5)::. -= o/../4 
: 
I 

~ 0 1( bri~e has no ,i1fer,uediale piers 

.. Crl:RIIHC • 

I 
I 
I kp= tJ,bS' /t b-ld_Je /;d.s iote11J1erl/ale. /Jiers /ll;;~f.lcl/ 

I 
I 
~- Xl(Ofs / t ,,1-/J./ ~ ,01.. -I-

I- corq Cocff-i"c.1ju .t c'(. d.-~cJ,01 ~c "- 3, 0 1-/fC.-.2. n1a.•7 
j. f<DLl~J, 'L6nq,J{, c.f Weir_=- O, (o i-( i--aJ. D-f{ i3Tcar(I-:.), 
f-l 8WC- lx,l-lo,,i'"'_:,~;a{i1 d bril'lqe opt'n,,-q{inc,. p;cr!:.): --'l'-'3_o ___ , ' 
· i: ,· ,:,) ';:..:i-J < (':_,-;::.+n,r_+-iull O J Co he.Id dcr]a 

= } I~ t..] 

• • I ' I • • -
. ~,. .. _._,, a t.r,oje vpc1_11113 ,nc.. p1e..r:5 ::. --=-'1-=~=----
ss" side slope, " _ _,_O..__ __ 

I 
{hori zont a I:. per I verft' ca I u...ri it) 

6LCH/J. = [/cya+iori of channel i'nver-t U/S 5ide._=- 85~ : 
· (O i{ n,ua/ -/o minirnun-1 eJe.vation-in P,Ye'li'cus X-scc.t) 

tLCI--ID ~ l1£vation cl chanr,el ir,ve.r{ D/5 s,ae = sS-
,,.. . ' ' t . . u n ,oa lt'.l IY{'J/,('1/< - ..-:-cc • 

I .. e ..... ut F SHE(T ND. I!· c • No 1JQb NoJ ' • wn•t P,0;1el Swft1• 

8t:ADt.t: lie.. Ro, /:;/'!llf'lll:717<,(JP, DATE 3/2./ DATE ~o,3~ 11~0 • Z.OZ.S'. O? 
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I INTRODUCTION 

I 
Thi~ hydraulic study investigates the existence and 

I 
severity of flood hazards along the Kalamazoo River in 

I 
Emmett Township, Calhoun County, Michigan. 

Ernrnjtt Township covers an area of about 33.5 square 
' I 1 ' h ' '+h' miles. The flood p .... ain of t ... e Kalamazoo River w1._ .. 1n 

the !study reach is basically undeveloped at present 

with the exception of a few residential structures. 

I 
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II DETAlLlD STUDY OF THE KALAMASOO RIVE, 

Detailld hydraulic studies were performed on approximately 

5 milek of the Kalamazoo River beginning at the Battle 

/
I . 

Creek Emmett Township corporate boundary (located between 
I 

route I-194 and Columbia Avenue) and ending upstream of 
I 

route I-94 withi,n Emmett Township. 

I 
A total of 6 bridge and 17 valley cross sections were 

field ~urveyed by Wade, Trim & Associates, Inc. in 

March, 1980. These cross sections were supplemented by 

aerial topography and U.S.G.S. Quad Maps which consist 

of 10 foot contour intervals (Reference 1, 2 and 3). 

! ' 1 . h h'b' b Cross section ocations ares own on Ex i it 1. Ta le 1 
I 

cross references section designations by showing the 

computJr section number which corresponds to each cross 

sectioJ letter shown in Exhibit 1. Table 2 lists 

dischaJges which have been approved by the Michigan 
I Department of Natural Resources (M.D.N.R.) for this 

streamJ 

I 
A. METHOD OF ANALYSIS 

I The HEC-2 backwater computer program was used in 

dJveloping water surface profiles (Reference 4). 
I Table 2 presents water surface elevations at 

sJlected locations for the four storms (10, 50, 
I 

100 and 500 year) analyzed in this report. HEC-2 
I. · 1 d' · printouts inc u ing computer cross section plots 

a)e presented as Exhibit 2. (Exhibit 2 is contained 

iJ the 11" x 15" folder enclosed with this report.) 

wdter surface profiles resulting from the backwater 
I analyses are presented as Exhibit 3. 
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TABLE 1 

EMMETT TOWNSHIP 

KALAMAZOO RIVER 

CROSS REFERENCE INDEX 

COMPUTER NO. 

1.0 

2.0 

2.9 

3 .-0 

5. 0 .c 

5.9 

6.0 

7 .'9 

8.0 

9.0 

10.0 

lh. 0 
C 

12.1 

13.0 

13.9 

14.0 

16.0 

17.0 

18.0 

19.0 

20.0 

21. 0 

22.9 

23.0 

23.9 

25.0 
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DESCRIPTION 

Valley ~eccion - Battle Creek/ 
Emmett Township Corporate Boundary 

Valley Section 

D/S Face Columbia Ave. Bridge 

U/S Face Columbia Ave. Bridge 

Valley Section 

D/S Face Main St. Bridge 

U/S Face Main St. Bridge 
i 

D/S Face Beadle Lake Rd. Bridge 

U/S Face Beadle Lake Rd. Bridge 

Valley Section 

Valley Section 

Valley Section 

Valley Section 

Valley Section 

D/S Face Raymond St. Bridge 

U/S Face Raymond St. Bridge 

Valley Section 

Valley Section 

Valley Section 

Valley Section 

Valley Section 

Valley Section 

D/S Face Park Bridge 

U/S Face Park Bridge 

D/S Face Westbound I-94 Bridge 

U/S Face Eastbound I-94 Bridge 

f 



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

I ... 
I 

LOCATION 

Emmett Township 
Corporate Boundary 

Beadle Lake Road 

Raymond Street 

I-94 (U/S Limit of 
Detailed Study) 

TABLE 2 

EMMETT TOWNSHIP 

KALAMAZOO RIVER FLOOD ELEVATIONS* 

SELECTED FREQUENCIES 

500 YEAR 

Q= 1 , 9 4 5 Cf S _/ Q= 2 , 5 3 5 Cf S / Q= 2 , 7 8 0 Cf S / Q= 3 , 3 4 5 Cf S ,_,/ 

830.56 831.32 831.61 832.28 

Q= 1,780 cfs / Q= 2,320 cfs /. Q= 2,545 cfs / Q= 3,060 CfS__./ 

831.94 832.87 833.22 834.02 

836.90 837.67 837.97 838.61 

846.85 847.62 847.91 848.49 

*All elevations based upon N.G.V.D. datum. 
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B, 

C. 

D. 

VARIABLES AND COEFFICIENTS 

Roughness coefficients (Mannings "n") were estimated 

from field inspection, quad maps and photographs. 

Typical roughness values for the main channel and 

overbank areas of the Kalamazoo River range from 

.'040 to .045 and .10 to .12, respectively, for all 

floods. These values are indicative of summer 

month conditions and are consistent with values 

recommended and used in engineering practice 

(Reference 5). Contraction and expansion coefficients 

were selected as 0.3 and 0.5, respectively, at 

bridge sections and 0.1 and 0.3, respectively, for 

gradual channel transitions. Bridge loss coefficient 

computations are included in Exhibit 4. 

HIGH WATER MARKS 

There are no documented high water marks for this 

reach of the Kalamazoo River. 

STARTING CONDITIONS 

A convergence analysis was performed to determine 

starting water surface elevations for the study 

reach. The HEC-2 computer program was utilized 

for the convergence analysis which started at the 

Goguac Street Dam located approximately 6,300 feet 

downstream from the Emmett Township corporate 

boundary. The Goguac Street Dam and Burnham Road 

Bridge were field surveyed by Wade, Trim & Associates, Inc. 

in March, 1980. The Michigan Department of State 

Highways and Transportation provided plans for the 

Goguac Street and route I-194 bridge crossings of 

the Kalamaz~o River (Reference 6). Cross section 

locations and bridge sketches corresponding to 

this HEC-2 backwater analysis are presented in 

Exhibit 5. 

-5-
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E. 

F. 

The HEC-2 convergence analysis was started at the 

Goguac Street Dam because it is the nearest control 

structure downstream of the corporate boundary 

of Emmett Township. Weir coefficients ranging 

from 3.25 to 3.75 (Reference 7, Pages 5 through 

46) were applied to the start of the HEC-2 convergence 

model and a sensitivity backwater analysis was 

performed. Hand computations and other data 

relevent to the convergence analysis are presented 

in Exhibit 5. Results of this analysis indicate 

that convergence is achieved regardless of the 

weir coefficient utilized within the given range 

of values. 

A weir coefficient of 3.5 was then chosen and a 

backwater analysis was performed for the 10, 50, 

100 and 500 year storms to determine starting 

elevations for all the storms analyzed for this 

Flood Insurance Study. HEC-2 computer printouts 

for the convergence analysis are presented in 

Exhibit 6. 

SPECIAL PROBLEMS 

No special problems were encountered in the analysis 

of the Kalamazoo River. 

GENERAL 

Computed water surface elevations were developed 

to an accuracy of 0.5 feet for floods of the 

s~lected re~~currence intervals. 

-6-
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All elevations are referenced to the U.S. Geological 

Survey (U.S.G.S.) Datum. This datum is equivalent 

to the National Geodetic Vertical Datum (N.G.V.D,). 

:The hydraulic analyses for this study were based 

only on the effects of flow unobstructed by ice or 

;debris. The flood elevations are considered valid 

only if hydraulic structures, in general, remain 

unobstructed and do not fail. 
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1. 

2. 

3. 

4. 

5. 
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v. 
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EXHIBIT 1 

EXHIBIT 2 

EXHIBIT 3 

EXHIBIT 4 

RXHTRT'T' 5 

EXHIBIT 6 

KALAMAZOO RIVER 

INDEX OF EXHIBITS 

Field Cross Section Location and 100 Year 
Flood Plain - Floodway Map, 3 Sheets. 

Computer Printouts, HEC-2 Backwater Analysis 
with Cross Section Plots (in separate folder). 

Stream Profile, 4 Sheets. 

Bridge Notes and Sketches, 18 Sheets. 

.C:t-r1rt-.ing Wr1t-er S11rf,q~p_ Rle.vntion DPvP.lopment. 
13 Sheets. 

Computer Printouts, HEC-2 Backwater Analysis, 
(in separate folder) Goguac Street Darn to 

~r1t-t-lP. r.rP.Pk/RrnmP-tt Tnwn~hip Corpnrr1re Boundary. 
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KALAMAZOO RIVER 

EMMETT TOWNSHIP 

EXHIBIT l 

Field Cross Section Location and 

100 Year Flood Plain - Floodway Map 
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Cross 

KALAMAZOO RIVER 

EMMETT TOWNSHIP 

EXHIBIT 2 

Computer Printouts 

HEC-2 Backwater Analysis with 

Section Plots (See Separate Folder) 
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EXHIBIT 5 

Starting Water Surface Elevation Development 
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Exhibit 5 contains a map showing cross section locations 

along with bridge sketches used in the various HEC-2 back

water analyses. Hand computations at Goguac Street Dam 

for various weir coefficients are presented on Pages 4 and 

5 of this Exhibit. 
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KALAMAZOO RIVER 

EMMETT TOWNSHIP 

EXHIBIT 6 

Computer Printouts 

HEC-2 Backwater Analysis 

Goguac Street Dam to Battle Creek/ 

Emmett Township Corporate Boundary 

(See Separate Folder) 
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• J3 VARIABLE CODES FOR SUMMARY PRINTOUT 
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54.00.!L ---"·ooo. __ ....,:i..2..!..Q.90 0.000 150._0.QO 200.000 __ ~0.0Q_O~-- 0 • 0 00 __ _ - -- ---------- -

QT 5.000 970.000 1430.000 1600.000 2070.000 1600.000 0.000 0.000 0.000 0.000 
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GR 905.350 2140.000 907.880 2140.000 908.180 2144.000 908.070 2243.000 910.650 2300.000 
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GR 905,900 2068.000 908.300 2078.000 912.100 2196.000 912,000 2288.000 912.300 2350,000 
GR 913.300 2474.000 913.300 2560.000 913.500 2648.000 9)4.600 27RO.ooo 914.800 2880.000 
GR 915. 50 o 2978. ooo 91 7. 30 o 30§.2. o oo 912..,..100 311..s ... oo o ___ _c.12.1 • .50_0 __ 32.4.4_._o_o_o 92.5 .•. Lo.o ~3B4 ._o_o_o _________ ~ 

·--GR-·-9 2-g-;;-3·0'0--37,9·2-;o·o- o-:o-o·o o ;mro----u • 0-0-0-- --·-- -· o-; o·o·o · o • o o o o • o o o o • o o o o • o o o 
NC .020 .020 .020 .300 .500 0.000 0.000 0.000 0.000 0.000 
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632, 
,035 

0 

. 69, 
• oe.s 

0 

175, 
,04?. 
0,00 

61 •. 
q08,30 
187,11 

. 913.50 
1988.96 
2176,07 

---~------.--~------------ --~-- -..--- -----

--- 3479· ~~8~-0A_C_tjl-1~~-!;6 5-1.A~-l~~-~6--- 2 8~-8-0~0---·-···D~il-il-·-L9I-i~~-o· - ·• _l ~3-r~~GET=. 12 55 ·~~~ - ··925,90· ·- - -- -- . ···-

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

.... - .. ·- - - -, 

• 
• 
• 

1600. o. 1600. o. o. 343, o. 178, 62, 925,70 
1.os o.oo 4.66 o.oo .oao .oJs .oao .042 9oe.so 2000.00 i • 

_ .001284 ____ 219,_ 219. 219. 2 o _p ____ o._of\ ___ 5s.00_2.0_s.s.o_o ____ _ 

CCHV= ,300 CEHV= ,500 • <>SECNO 8.950 
SECNO DEPTH ___ CWSEL-··cRT'i°5- ·7,rsEcK·-·--E·G·· 
Q OLOB OCH ClROB AL08 ACH 
TIME VL08 VCH VROB XNL XNCH 

. ·--Hv·· - HL 
AROB VOL 
XNR WT N 

0LOss·-- BANK- ELEV - . - ·- --·. -· -· .• -- . - . - ·-·•·- ----
TWA LEFT/RIGHT 
ELM IN SSTA 

----- -- -7 
I • 

_____ SLOPE XLOBL . XLCH XLOBR !TRIAL IDC ___ lCQ/\LT. ___ CORAR ___ _ T_OF'..l>/..I_Q_ .. END.SI _______ _ - ------- -· ----------~ 

3495 OVERl:lANK_ ~REA_ A_SS~~D NON-EFFECT 1 v_E:_,_E_L_LEA= _ 9j_4_, 5_0 E_LBE A= 924,l!;i __ 

8,95 5,74 915.74 
1600, o. 1600. 

1,05 o.oo 6,21 
-;.ooo-1s-4~----5. oc-5~. --

<>SECNQ 9,000 

0,00 
o. 

o.oo 5-, .. 

o.oo 916.34 .60 .oo ,13 925,90 
o. 258. 0, 178, 62, 925. 70 

• 0 l ~ • 0 l &-- -~QJ.6 -- . ·- o•~riB •- -~§~·: gg.. ~ggg: g.g --·---- . ·-·-- - ·--·-·· - -·-- ---· 

• 
·--·--··· ·-·1 

• ----· 

• 
~ 

··•---- - ·- -----···-- ·-- -····-----•·•··- ---- --------
• NORMAL BR !'OGE, NRD= 9 MIN ELTRD= 

o.oo -o-; 

925,20 MAX ELLC= 922,80 • 9.00 5,74 915,74 
·60·0 • o • r6o·o-;; 

0,001 916,3.~4 __ -··•o. 2·se. •s..g-- 1·1-1g? -- 6~? 9§~5~~0 
_ , ni::.. n nn h -::i1 

• ,l.OV.J VOVV VOLL 

.000929 1. 1. 
o.oo 

l • 
.017 .017 

0 0 
.017 .042 910.00 2000.00 

0 0,00 55.00 2055.00 
-~---------------------------------·--··-·. ----·----·-- ------ - ---- -----.....--- __ ....... - ·---·. 

• 
• 
• 

<;SECNO 9,100 

3370 NORMAL B?IDGE,NRD= 9 MIN ELTRD= 925.20 MAX ELLC= 

BRIDGE SECTION 

·9-,;-ro- - ·· - ··•5;11--9-rs-., 1-, -
1600, , o. 1600 • 

J UPSTREAM FACE 23 MILE 

o·;-o-o-----7r;-o-o- --g 10. 3·6 
o. o. 259. o.oo .011 .011 

gzz_._eo __ --·----------------

ROAD 

--- --:·59-·--·-:-02·· • o o--- ·gz-5-;-9·0 
o. 178. 62, 925,70 

.017 .1)42 

~ _o -~ 
-i 

I 

" 
e! 

V 

-
C 

[ •· 7. 
0 

1,05 o.oo 6.18 
I ,Q009i6 26, 26. --- 26. 0 . 0 _Q__ o.oo 

910.00 2000.00 
55.00 __ 205'?._._00 

! l•~ 
__ _:___ ___ ~ V 

• CCHV= ,100 CEHV= .300 • 
• 

"SECNO 9.200 -··;;~;-~~~;;;~;~~-;;c;;;; NON-EFFECTIV~~~= 925.90. ~~~~-~-----·-·9;5~-;;·- · ·-------- ----· ··- -=_-=__ ·--~----- / • 

• • 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

9.20 5.77 915.77 o.oo o.oo 916.36 
- - 1600. o. 1600. o. o. 259. 

1.os o.oo 6.17 o.oo .oao .035 
.003253 1. 1. 1. 0 0 

• 59 o; 
.080 

0 

.on 
178. 
.042 
o.oo 

.oo .... 9.25.90 . 
62. 925.70 

910.00 2000.00 
55.00 2055.00 

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

<>5ECNO 9.300 
9.30 6.00 916.00 

_ .16_00 ·-·--·- __ o_. ______ 1600 ._ 
1.05 o.oo 5.88 

.002805 55. 55 • 

-- CCRV= -~-1-0-0-CEHV= .3·0-0 
*SECNO 10.000 

5ECNO DEPTH CWSEL 
---~n;,r- - -et8~-- -- --e~~ .. --

SLOPE XLOBL XLCH 

o.oo o.oo 916.53 o. o. _____ 27?. _ 
o.oo .080 .035 

55. 2 0 

.54 
0. 

.680 
0 

CRIWS WSELK EG HV HL 

.17 .01 
I.le\.__ 62. 
.042 910.00 
o.oo 55.00 

925.90 
925.]Q __ _ 

2000.00 
2055.00 

e~g~- -- -· {~~J~-----·. ~~~-H- - -- -~~2·8·. -- . -~~~ 
OLOSS B~NK ELEV 
TWA __ LEEJ/_R.IGH.T 
ELM IN SSTA 
TOPWID END ST XLOBR !TRIAL IDC !CUNT CORAR 

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

----- ----- ------- -- ·------ --- - - -··-- ·--· -------·-------·-- ···---·- - -·· -- ·-----~ 
VALLEY SECTION K 

10.00 
1600; 
1.62 

.000254 

5.95 918.95 o.oo o.oo 919.01 
---- ·Jo.-·--i-s·24~.--·--4"6. 79--_---· 13·r. 

.38 2.07 .48 .OAS .035 
4050. 4050. 4050. 6 0 

·------------- -·-·------------------
<>5ECNO 11.000 

.06 
95. 

.085 
0 

2.43 .os 914.60 
233·;-- -- --76. - ... 914.50 
• 039 913.00 ]949.15 
o.oo 245.0] 2194.15 

·•--·-···-··-------·--·---·-· -··-· 1 

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

___ ---·- ___ ....cl/P.LLE_'!'.__SEJ:.TJ_OJ:L.L.,_E_A__$J_~.9_UNDARY L I.!iE MAREJ'l.G_O_T_O_WNSJ:il.P .L I_N_E _ __ __ _ ________ .. _______ _ 
I 

• 
• 
• 
• 
• 
• 
• 
• 
• 

11.00 7.86 919.46 o.oo o.oo 919.57 .11 .54 .01 915.40 
1600. 224. 1264. 111. 422. 430. 198. 270. 89. 915.40 

'---~l.,.8.0 __ ~ •. 5.3, ___ 2,. • .9_'tc.......-~•.56 ._Q.8.Sc.---·•-0.3.5-___ ,_Q.8.5 ____ • 0 3':l. _9.U .•. 6.Q_I 7 37 .•. 27 _________ _ '• I 
,000450 1550. 1650. 1600. 3 0 0 o.oo 452.46 2189. 72 

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

------·--··. ----·--- -------·-------------------

-------· --- - -- _______ ...._ __ 

• 
~ -~ " 
0 .~ 
~ 

• : !•~ 
j __ ·-----~---------------·-··-·- -------------"v 

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

• 
• 
• 

·----------------·----'.--------"---------~·- •·--..... ·-· -•. ----·- --- . ·-·-·· ···-· -------'--,------·----------

~ ........ _ __._ __ ............... ________________________________________________ _ -------- _____ _._ 

• 
• I ,J 
,1-!-

• 



I • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

***************~*~********************~********G** 
L..IC'f"'"l CIC-I C"Ar'"C"' r"iA"TC-1""1 t.\r,_., "'7,- ,,r,n.,.T!'"J't "" ,~ ,,....-,,,..._ --- -E'.tlR§-R''t ls R ~-::--1.J St~ o-i:-d"s _r_o_l./_1"'..lJ.B.J.C.\L_,J .. l,Jl.,J...._l_'> .. ..L'1. - -- - - • - - - -- --

MOD l Fl CAT I ON - 50,51,52,53 
GOOOOO*O************OOOOO****OOOOOOaOaOO***OOO*O*O 

Tl 
12 __ T3 __________ _ 

INQ NINV 

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

IDIR STRT METRIC Q WSEL FQ Jl !CHECK 

-10. 6_. o. __ o. __ o._000000 _______ o.oo 
HVINS 

o.o 

ALLDC 

o • 9 o >1. 41 o __ _ o. o o o_ . _____________ _ 

J2 NPROF IPLOT PRFVS XSECV XSECH FN IBW CHNJM I TRACE 

-- _____ J 5. 0 0 0 -- _ 0 • 0 0 0 __ - 1 • O O O -- 0 • 0 O 0 _ ...Q_. p_o_Q........__ __ o_._o_o_o_ _ __ o. o_o_o_ o. opo _______ o. ooo _____ o. ooo ____ _ 

<>PROF 2 

CCHV= .JOO CEHV= .300 *SECN06.490. -- ------ -----------------------------. 
2800 NAT QI= 714.67 WSEL= 908,41 ENC QI= 714,67 WSEL= 
NAT QI= 740. RATIOS LOB,CH,ROB= ,0703 .8724 .0573 WSEL= 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL 
·a·------·aLOB""-•--anr--·--aROB ll[UB ACR ___ AROB .. VOL 
TIME VLOB VCH VROB XNL XNCH XNR WTN 

908.51 RATTO= 0.0000 
908.51 

OLOSS BANK ELEV 
HI~ -LEFT?RTGHT 
E.LMIN SST~ 

SLOPE XLOBL XLCH XLOBR I TRIAL !DC I CONT CORAR TOPWID END ST 
---·- - - --------

3470 ENCROACHMENT STATIONS= 1950,4 2154.J TYPE= 4 TARGET= .035 

'il11t:"CE Y5"f,C TTO"lrA-crOwr<:f51'R'EA~lM·rTNl:Af<-,t2-MTLEK·oli:o - - - - - - - - - ·- ------- -- . 

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

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
- f5 

6.49 7,91 908.41 o.oo 908.41 908.50 .09 o.oo o.oo 905.9] -~ 
-----·· -

18~8-5---. ----~--~-9·--·--1~~~0 ~~e ~5-~i) ~~-ls- ~g~o -- o·:0·80· ···90·0;g--5------r9~g~j-~-0-- --- ----- --- - ---- ----- -------~ ~ 
• L: .000535 o. o. o. o o o o.oo 203.88 2154.26 .~ 

_...---4-. ~ 

- ... ,....- ...... ,,.., ... -.,.....-..... ,... .... ------ ·------------------- --- ...... ---- ---.. ·-·-------- ------ -----------------......J Ii v::,t.L.NU ti• ~"JU ;; 
2800 NAT Ql= 604.80 WSEL= 908.98 ENC Ql= 604.80 WSEL= 909,08 RATIO= 0.0000 .~ 
NAT ~.l= 630. RATIOS LOB,CH,ROB= .0921 .8161 .0917 WSEL= 909.08 ___ -

3470 E~~-O'ACftME"NT-·srATI ONS=·-r9Q'9·;·3--2 r4-6--;-9--TYPE= -- - --4··-rARGET ,;,·. . - .·0~39····-· ------------ --·--- --- . ,---- -- ------------·------, = 
I l . • , , VAµ:f'Y SECTION B ; I • 

• 
' / ' -------------- y ---- -6·;59---""6'.;'-9-5-·-·9 o 9-;-0-2· o-;-0·0-9·0-a-;g-a-9 o-9-;-r2·---- - ·-:rr--·---. 62----- •;·o-r ··-9·01-:o·o---·--

16 o o. 117. 1365. 118. 1~3. 484. 159. 19. 5. 906.21 
.11 .64 2.82 .74 .100 .045 .100 .045 902.07 1909.34 

.000733 1000. 1000. 910. 2 0 0 o.oo 237.57 2146.91 --· "_..,..,_ -- -···--·- -··-- ---·•---.------.-~- --------- -------·-•-+• --- -~----- --- ---· ______ ..,,__,._ . .,,_ _____ _ • • -------- - ---..- ----··--- ---------

• 1490 NH CARO USED • ----------------------------------- ________ ._ __ _,_._,.........,·-----------c~--------------------•--------

• • 



• 
• 
• 
• 
• 
• 
• 
• 
• 

*SECNO 6.690 
2800- ~JAT Ql= ----·619.39- wsrc=-----9TOo44-ENC or=---- -61r;.39· WSEL=·· -·9ro.54 - RATIO= 
NAT Ql= 648. RATIOS LOBoCH.ROB= .0779 • 7203 .201A WSEL= 910.54 

3470 ENCROACHMENT STATIONS= 2007.3 2248.2 TYPE= 4 TARGET= .04~ 
-- -- --~- ----------- ... -------- . --....------ ..... -;;.-- ------------ ---

VALLEY SECTION C 

0.0000 
• ----~-----,. 
• 6.69 

·-1600. 
.38 

.000678 

6.22 910.53 ___ 0.00 910.44 
- -93-. -- - -1209-. 298-;----74--_--. 

1.26 2.43 1.15 .052 
2200. 2100. 2000. 2 

910.60 
·--4·9r. 

.045 
0 

.07 .. - 26 o-. -
.060 

0 

1.48 . - 58. 
.045 
o.oo 

.oo 
l n •·· 

904.31 
240.88 

907,Al 
907.88 - -· - -· 

2007,30 
2248.19 

----·- -- ----- .. --- ·---------7 
• _...,._ ---- ---- -__ ... __ - ----- --------------- ------------------ -- --- - --- ---------------- -- - - -~~ ______________________ _, 

*SECNO 60800 
2800 NAT Ql= 766.82 WSEL= 911.13 ENC 01= 766.82 WSEL= 911.23 RATIO= 
NAT 01= 803. RATIOS LOB,CHoROB= .1130 .5751 .3119 WSEL= QIJ.23 

0.0000 
I. - •-·- -· -· -----·- ,-·-·--··-··-· --- --------·--··- -··•·•• -· - ·-

3470 ENCROACHMENT STATIONS= 1935,5 23A0.3 TYPE= 4 TARGET= .045 
I 

L._ - - VALLEY SECTJ_QJ'l_~D'----------
6.80 1.12 911.22 o.oo 911.13 911.28 .06 .68 

1600. 152. 964. 484. 161. 398. 757. AA. 
• 58 .94 2.42 .64 .060 .040 .090 .044 

.000·4:,a- -·-r25-o-;---·--r3u-o·~-----n5-o. ·--2 o-·-- -o··- · -- ·o-.oo 

' CCHV= , 30 0 CEHV = ""--'5"-0,,_0,,_ ____________ _ 
·- - -<=-SECNCJ6-.-9·0-o 

.oo 
26 • 

9_04 ._1_0 . 
444.85 

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

-- - - ----------· ·------
90A,60 

908.90 
L935,4_7 _ 
2380,31 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS BANK ELEV 
0 QLOB OCH OROS ALOB ACH AROB VOL TWA LEFT/RIGHT 

-, --·----·~t~~E--~c-8~c--~-E-~B----,,~~8~R 1-~h-rAc-f-~-~H }~-~NT·--t6~A_R ____ i5~~-~D ·--- -t~d~T -- --

--- - ·7 

------· 

• 
• 
• 
• 
• . , • 

• 
• 
• 
• 
• 

I 

·-:,,;7 •- E NCRO_A_CH•,i EHT- $TJ:iTTCl1ir5 = i 9 9175 zo-a5';"1-rvPT= 
'll!.26 911.50 

1-nrn-G•E·t=- 93.600 -------- ~ 

6.90 6.86 911.36 o.oo 
1600. o. 1600. o. 

~--.o--o·o·f8·~---g.ig? 5-ig? g-i-~ 
0. 534. 

.oao .040 --2 . 

.14 .11 .04 907,40 
o. 95. 28. 912.30 

• 
0 8 8------ii ? ti-ti- -9-tt-~-~ --iz-i-1.:-~ ~ -- --- -~ ~ 

E 
V -~ V 

~, --"~5=E~C~N~0~6~•~9=5~0~--------------------------------------------------------------- 0 

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE,ELLEA= 915.40 ELREA= 914.00 =---~ --- --,------ ------ .~ 

1-to-Z·~ 5 "6-? 91-}o·a? 0 ·8? 911 ·a: 91 59·~~ ·ii-~----9g~------zg~ 9
8}e-:go-- ------- - - ~ : 

.61 o.oo 4.08 o.oo .oa·o · .o4o .080 .04;. s,05.40 1998.oo l•~ 
.001458 7. 7. 7. . 2 0 0 o.oo 80.00 2078.00 

--------+ _____ _.... __ ..,....-_ ------------------------ . I 

.500 CCHV= .300 CEHV= 
*SECNO 7.000 • 

-~337·0-NO-RMALBFff(fGE-;t-r~D= 11,M·n,-ECTRO= -9·rs-;-ro-;:,AX-E[CC=--9y4-;--60 -·---- --- -- . ·- ·---------- ------ -·· -----

• 1 

-1_. _ 
___;_J 9 

~ ----------------------~----------------------------·· _. ___ -· - ·-----
• ' 

,_,__ • 



• 
• 
• 
• 
• 

.3495 .OVERBANK __ AREA ASSUME.lJ. N.Otll-:-EEEECJ_LVE..., ELLE A= ____ .. 916. 0 0 .ELREA = 915-00 

1.00 5.90 911.30 o.oo 911.20 911.57 .27 .oo .01 907,30 
1600. o. 1600. o. o. 383. o. 95. ?8. 908.30 

____ ._6J ____ o_._o_o _____ 4_._L8 ___ ,o_.Jo_o ___ •. 02.0 _____ .020 ____ ._020 ______ • 044. __ 90!5.40 ____ L99.8, o.o .. ______ _ 
.000560 1. 1. 1, 0 0 0 -149,24 80,00 2078,00 

<>SE.CN_O 7_.,J_O_Q_ 

3370 NORMAL BRIDGE.,NRD= 16 MIN ELTRD= 915,10 MAX ELLC= 914,60 

- --3 49 5-·o VER BAN K-A-ArA-ti·s·s UME ~f'JO.f;!-=:E FFIECTT\Tr.E[[~t( = 9Tb-:-o·o--E[REA=--· --915~·0;0 

r------- _ ... B8!DGE_$E.CTI_Q_~_E_U_PSTREAM f_ACE B __ .Q_R_Jy_lc_ NORTH . _____ _ 
' 

[ • -7 
I 

--------~. 
• 
• 
• 

• I -
• 

7.10 5.92 911,32 o.oo 911.22 911.58 .21 ,02 .oo 907,30 
1600, o. 1600. o. o. 385. o. 95. 28. 908.30 

•.. __ ,62 ___ o_._o_o _____ !'!_.1_6 _____ 0. __ 0..0~- _ ... o.2g ._o;?_o ______ .020_ . ,044 __ 9.o5_._4_0 ___ l.99R,oo_ 
.000552 29. 29, 29, 0 0 -151,42 80,00 2078,00 

,. 
---- ------- -------·' 

• 
• 
• 
• 

•SE.CNO 7,200 

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE.,ELLEA= 916,20 EL~iE.A= 

1. 2_0 _____ 5_._9_3 ____ _ ,v 1 • 3_3_______ o_. __ 0_0 __ 9J_t •. 2~_9_1_1 • 5_9 _ __ _ .• 26 .. 
1600. o. 1600. o. o. 394. o., 

.62 o.oo 4.06 o.oo .020 .020 .020 
• 000359 1. 1. 1. 1 0 Cl 

-••- --- ---------------- ---------------- -- -·-··- --

<>SECNO 7,310 

,00 
95. 

.044 
o.oo 

915.10 

..oo _ .907.30. 
28. 908.30 

905.40 1998,00 
so.oo ?.078,00 

-1 - -- -· -- I • - --- -- _J 

----- ----- . 
------ ------ ------------ -- - ----------------- ------------· 

5ECNO DEPTH CwSEL CRIWS WSELK EG HV HL OLOSS BANK ELEV • 
'---........:;0·1 ME 9t8~- --e~H 8~~:------~~gs -:~2-~B---~-rugs ----~q~-. -- --lt ~IN- Lf.EJ ~~§ ¥.lf···---- --· 

• 
• 
• 
•1 
• 
• 
• 

SLOPE XLOBL XLCH XLOBR ITRI AL !DC !CONT CORAR TOPWID ENDST 

3470 ENtROACHMENT STATIONS= 2000.0 2280•0 TYPE= 1 TARGET= 280.000 
VALLEY SECTlON F ___________________________________________ __, 

7.31 6.86 911 • 61 o.oo 911,53 911.67 .os ,02 .06 909,31 
1600. o. 955. 645. o. 443. 512.. 97. 28. 910.04 
.• 63 ___ Q

9
.oo ____ 2_.

0
1f, __ ., ___ 1_

2
.2p .q_2_0

2 
____ .o_~_o _____ .e.02_0_ .• __ .043 ___ _90_4._75 ____ 200_0_.oo __ _ 

~ o o o-o·a s o • 1 o • 1 'o • o o o • o o 2 e o • o o 2 2 so • o o -··- -- -· ----·- --- --•------ -· ----~ 

• g 
V -~I ~ 

2l 

" •: ;;; 
0 ;.~ 

<>SE.CNO 7,500 
-··- ·2·8'0·0·- "N'A'r-a·1-=--aT;2:·o-s-w SET= -9T1-:1rZ-EN"c-o·r = B""r2-:-o·s·-ii1SEL= -·9·n79-2···-R"ATI0=-07olioib - ---- ------ ---· 

_ __] ',f 

NAT Ql= 845. RATIOS LOB,CH,ROB= .1483 ,7202 .1315 WSEL= 911 • 92 • ___ 3_iLQ. .. E;fi.~~Q.~.C.:tjt:1f.t!_T .. 2L~Tj_Q~~= LQ)'4.0 1367,7 TYE,E= 4_ :~I\.R_(jE_T_= ___ . ___ ...• 0_39 _____ . ··--

VALLEY SECTION G • -~·--·----- ______ ..__ .. ~--·----------

• 



• 
• 
• 
• 
• 
• 
• 

-- , I~ ~o --- ~-rt 4 9 t-t~-~_<L_.--~--;\-~_p __ -9-1-t~-~ 2 -_____2_1-J-;; 24 -
.LUVV• c;..1..Jo l.C..VUo .lOfo ..J.l.lo ✓ OC:a 

• 91 .69 2.06 .69 .090 .045 
• 000397 1600. 1700. 1700. 2 0 

.05 -- --'}--,".)- - -
C. , c... 
,090 

0 
- - - ---------------.....-.-----.....---~. ------------------ -..--- ~.,.... - ..----------

CCHV= .100 CEHV= .300 
*SECNO 8,000 

--3265 DIVTDED-FCO\.il -------- ------ - - -- - - ---

.21 
•~n 
1--'0• 
.044 
o.oo 

.oo 
~n _,., . 

905.75 
293,68 

908.00 
908.00 

1074.00 
1367,68 

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

--- .__ - --------------

___ 3301 HV CHANGED MORE THAN HVINS ------------- --- - - ----- - - ----- - - - - - ------ ----- ---------------- _J 

SEC NO DEPTH CWSEL CRIWS WSELK EG ~V HL 
Q QLOB OCH QROB ALOB ACH AROB VOL 
TIME VLOB VCH ___ VROB XNL XNCH XNR WTN - SLOPE _____ XL08[--)([CH XCOHR _____ -!TRIAL ___ 10-C _____ ICONT - - -CORAR 

3685 20 TRIALS ATTEMPTED WSEL,CWSEL 
-· - '3693 -PROBABLE -M fNTMOM-SPE:-C1 Frc-c:NEJ<GY 

3t20 CRITICAL OtPTH ASSUMED -

3470 ENCROACHMENT STATIONS= __ J794.0 _ 2032,QLYPE= L _TARGET=_ 

OLOSS RANK ELEV 
TWA LEFT/RIGHT 
ELM!~ ___ SSl~--
TOPW!D ENDST 

23P • 0_00 

- - - --- - ------- -7 

7 

• 
• 
• 
• 
• 
• 
• 

• VALLEY SECTION H 
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INTRODUCTION 

This hydraulic analysis report covers calculations 
performed for the Kalamazoo River within the corporate boundary 
of the township of Marengo. The reach studied in detail began 
near 22-Mile Road and extended about 14,110 feet upstream to 
the east township boundary line. Selected cross sections used 
in the hydraulic computations were surveyed by Commonwealth 
Associates in August, 1979. In addition to field cross section 
data, a preliminary 7.5 minute series topographic map with a 
10-foot contour interval was used. 

The flows for the 10-, 50-, 100-, and 500-year 
recurrence intervals were determined by computer analysis 
using the TR-20 model. The flows were approved by the Michigan 
Department of Natural Resources in a letter dated July 6, 1979. 

Analysis of the hydraulic characteristics of the 
flooding source studied in detail was performed by Commonwealth 
Associates Inc. of Jackson, Michigan. The Project Manager 
was V. Danushkodi, P.E. 

METHOD OF ANALYSIS 

Water surface elevations of floods of the selected 
recurrence intervals were computed through the use of the 
Corps of Engineers' HEC-2 step-backwater computer program. 

VARIABLES AND COEFFICIENTS 

Manning's coefficient of roughness "n" depends on 
several factors such as type and amount of vegetation, channel 
configuration and alignment, and channel material. Without an 
in-depth study, an "n" value can only be estimated. The 
channel roughness factors used in the hydraulic computations 
were chosen by engineering judgment based on field observations 
and photographs of the surveyed cross sections. 

Manning's Roughness Coefficients 

For channel 
For overbank 

.035-.045 

.053-.10 

Coefficients for Natural Channels 

Contraction 
Expansion 

0.10 
0.30 

--
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Coefficients for Bridges 

Contraction 
Expansion 

Ratios 

Contraction 
Expansion 

HIGH-WATER MARKS 

0.30 
0.50 

1:1 
1:4 

There are no known high-water marks for the reach 
studied. 

STARTING CONDITIONS 

The starting water surface elevations were specified 
by the slope area method. A starting slope of .0008 foot 
per foot was used. The starting water surface elevation was 
varied by plus and minus one foot from the slope-area depth 
to ensure that the water surface converged at the downstream 
limit of the study. A copy of the convergence run printout 
is contained in Appendix ll3. 

SPECIAL PROBLEMS 

There were no special problems associated with this 
study. However, we would like to call your attention to the 
critical depth message at Section 8. This condition is 
reasonable. Included in Appendix A are photos showing fast
moving water occurring at the time of survey. Also contained 
in the Appendix are hand calculations to verify the condition . 
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• CROSS SECTION REFERENCE 

Cross section sec. No. 
I.D. in in HEC-2 

Profile/Table Program Description 

A 6.49 Valley Section near 
22-Mile Road 

B 6.59 Valley Section 
C 6.69 Valley Section 
D 6.8 Valley Section 

6.9 Valley Section 
6.95 Valley Section 

E 7.0 Bridge Section 
7.1 Upstream Face, B Drive North 
7.2 1 Foot upstream 

F 7.3 Valley Section 
G 7.5 Valley Section 
H 8.0 Valley Section 
I 8.8 Valley section 

8.9 Valley Section • 8.95 Valley Section 
9.0 Bridge Section 

J 9.1 Upstream Face 23-Mile Road 
9.2 1 Foot upstream 
9.3 Valley Section 

K 10.0 Valley Section 
L 11.0 Valley Section, east boundary 

line, Marengo Township 

• 



-. BRIDGE NOTES AND SKETCHES 

• 

• 

Bridge notes and sketches are contained in Appendix~ 

CROSS SECTION PLOTS 

Cross section plots showing floodway delineation 
and approximate 100-year elevation are contained in Appendix C. 

PROFILES 

Copies of the water surface profiles are contained 
in Appendix D. 

MAP 

A copy of the 100-year flood plain and floodway 
showing cross section is contained in Appendix E. 

COMPUTER BACKWATER RUNS/PRINTOUTS 

The final HEC-II printouts for multi-profile run 
and floodway run are contained in Appendix E . 



• 

APPENDIX A 

• 



• 

• 

• 

Gilbert/Commonwealth 

2lll E. Washlngtml Awrnm, Jdson, Ml 4!12U1 

CLIENT /OWNER 

CALC. BY/DATE 

CHECKED BY/DATE 

---- --6,0-

- - -Sd) 

CALCULATION SHEET 

~/ooc/ J/Vsv<?t1r,1c-~ ;5-(c..,j 
I""""' st, ip oF />? ,1,r> ,...,,....1 <1 

X J£, f ,Fo, ,,,,_~ ,s ~ o c ?1 '-'e" ,2. <...-

(SIGNATURE) 

(SIGNATURE) 

-- --·-- - - -- - --

- -1-'\-- -
! 

SUBJECT 

be_;;,-/ I-. c,-,,✓,c~ ( 

C,i (cr,1 /,,_-(10/) 

1-I. -- - - - 11 

REV. 

FILING CODE 

JOB NO. 

SHEET 

BOOK NO. 

----------- ---· -- ------------------ -- ------ - -- ----1 • - , I 

OF 

------- 1_ -

! , , z_ I 

__ : __ (he;~--~-="iZ_:_- __ {-'.):---~~~~--- _ · .B.0. ___ : ____ --!-

-- - - - - -;---- • : ~7:-·-- ----- ---- - : - /p_?-'2'f (~<;_-k __ /4,".'._~ --
-, ___ s ____ ; 2._g z.,~f _ __ '. 7,:5"_1 _ ___ _ __ : ____ __ _ 1-r.w: 1 ,.J b __ __; __ 

- I .., ..,,. - ., - l-' ) _ __ ,S, { ___ IZ 'IL _),_:>J_ I, 't-5 _ ____ _ _ - <-_,_ ✓ __ 

_ ___ ,£__ZS'_ __ 1r.7z._ 2:/3 _ _ ·7..c.3_/L _____ : ____ · ______ : _____________ _ 

---~_S_ __ 10-'fZ f.??_ --~-7,37 ___ ('_/{,-/,;_;_(!_p.,./il_.,, _ _ 113.7 _~---

_· S.75 - /0•30 _/._~~- ___ :_7,3? -, - - <'•".hY:-"y'<'.'.k_ __ ;-s:'i" ,v5 ___ : ___ _ 

b • 0 <f, ~2- _l_~'fJ__ 7. ~ / 5" /'-/. '!.2-;,1---C le 5 C: _ 

____ (,__ ._l _ _5.3_ {, _ /, 3f, ---~ _7 '-/ b -- ---;~"{J
0

;,:.,._,1:;,~ ~--;' "
0

;;,-:--

, / /J 1I '? / 1 ,, -, re r r _ . _ I , -__ --~·-~--~,--~_,~_:_~=- -- u~~- --~':
0~'----=1=-~~-:~ --ARe11 ~-1,-,---,!;11n,-.1 -c~_fc-s-;-

• , ' I ' 

•. -- --- --------- -- ___ I _____ - ---- , --- -, 1· - -~--- - _; __ _ 

' ' 

' ---- J T -- - -- ---- - - -----

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

FORM CAI/DCP 112 (9/78) 



• 

• 

• 

Gilbert/Commonwealth 

CLIENT/OWNER 

CALCULATION SHEET 

rloo,:( .Insv,;>Or}Ce S-/veJ1 
-ro <-V rJ ~ /., ; ? .,.-r- /l1 '1 'c .,- rJ 'j C 

K "'" I ri....,,,..,"'" ..._ ., o /< 1 I/ c ,e. 
CALC. BY/DATE (SIGNATURE) SUBJECT 
/lJ.1R< Gv; sHe:c(;' 
CHECKED BY/DATE (SIGNATURE) 

REV. 

FILING CODE 

JOB NO . 

SHEET OF 

BOOK NO. 

' ~ 
. ---·• -·-- ·".',. ___ --- .. 

. ------ -,--- -- ---
' 

____ l_ __ ·JC"n-1') " 
~ " - .... 

' 1---------------- -

-- - · __ :--__ - --- -- -- -- :_ 

_..:: ___ j __ _ 

' ---' - '---------- --~-: 
--~-~- -~ 

,-

------ ·-- -- -· -· ~ 

•/'JOO 

- - ! ___ .,__ __ --- --' i - -:-- r 
-... , -. -'--- _' •---f--. 

' ' ' ' ' ' ' ---+-. . 
' ' 

' 

t--

i-
' ' 

X 
, I -

~ L)\ 
. " ·---------- .. - -\)--0~------;----

--- ------------------ --- !----
---- -- ··---- I 
! +- -- --- ------- -- -, - -- ---- - - ! ____ ---

' ' 
' 

--------•-~-- ----
' ' ! . - ' ____ , ________ -

' •--•~--
- ---------1- -L-------- - ·----- ---- ' _____ t _, -----

' 

----- ... 2 000--- · 

\ ·-

FORM CAI/DCP 112 (9/78) 



-

---

,> 



• 

APPENDIX B 

• 

• 



• . 'V 

~r~U****oo*~*~~********~****~t********************** 
HtC2 ktLEASE UAlEU NOV 76 Uf'OATED JULY 1979 
tkkOM CUl<k - 01,02,03 
MUDIFltATJON - 50,51,'::,2,53 

ttOOOOOi}O~~Ott~O~Uit*O~OOOOOOO~O~OUOOOOOOOttO~******** 

NUIL- .. srt.t<f',r (") ,if LUl u~ CMUSS-StCTI\JN NUl"'~-ff,' INIJICATtS ~it'::,SAG~. TN SUM~IIIMY OF ERRORS l!ST 

~•J\MALUU K!Vt-_k Al MA>'tN 

SUMMAf'Y ~klNTIJUl 

• 

st c,~o 
1-:;. I 9 0 
6, 190 
6,lqll 

6,290 
6,290 
6. 2<.J 0 

6,390 
6,390 
6,JYO 

6 ,'-190 
b. '-!90 
6,490 

6,590 
6, '::,90 
6,590 

t,,t,90 
ti,6'-IU 
6, b'-10 

6, b r, 0 
fi,UOO 
h,800 

6,900 
f,,900 
6,900 

b. 95[1 
IJ,9S(1 
6,950 

I. Q(lfl 
·1.000 
7,000 

CwStL 
903,23 
902,23 
904,21 

906,49 
906,85 
906.17 

907,(,5 
907,76 
907,60 

90H.4I 
908,46 
908.38 

908,91:l 
909,0) 
90H,96 

910,44 
910,45 
910,44 

911,13 
911,13 
911,13 

911. ?6 
911.?6 
91 I • 26 

911,16 
911,16 
911 ,15 

911,IS 
911,IS 
91 I .!5 

ELMIN 
897.50 
897.50 
897,50 

900.20 
900,20 
900.20 

900,46 
900,46 
900,46 

900.50 
900,50 
900,50 

902,07 
902,07 
90?.07 

904,31 
904,31 
904,31 

9[)4,10 
9 04, IO 
904,IO 

4u4,50 
904.50 
904.50 

905.40 
905.40 
905,40 

905,40 
9(,5.40 
905,40 

E.LLC 

o.oo 
o.oo 
a.on 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

o.oo 
o.oo 
o.oo 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

o.oo 
o.oo 
o.oo 
o.oo 

- --0.00-
0.00 

914.60 
914,60 
914,60 

ELTPD 

o.oo 
o.oo 
o.oo 

o.oo 
o.on 
o.oo 

o.oo 
o.oo 
o.oo 

o.oo 
0,00 
o.oo 

o.oo 
0 • 0 0 
o.oo 

o.oo 
o.oo 
o.oo 

o.oo 
o.oo 
o.oo 

o.oo 
o.oo 
0,00 

o.oo 
o.oo 
0,00 

915,10 
915,10 
91'::,,10 

SSTA 
1591 ,0(, 
1663,33 
1S70,21 

lh21,10 
1618,8H 
lt,23,01 

1598,37 
ISCiB. 16 
1598,4H 

1896.2? 
\l-l94, 94 
189t,.66 

1854-60 
1854,01 
1854,93 

1980.HS 
1980,79 
IC/H0,89 

1914,04 
1914,03 
1914.05 

1982,36 
1982.36 
1982.37 

1998.00 
1998.00 
1998.00 

l9C/H,00 
19':18.00 
l49i-l.OIJ 

STENC'L 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.on 
0.00 
o.oo 
o.oo 

o.oo 
o.oo 
o.oo 
o.on 
a.on 
o.oo 

o.oo 
0,00 
o.on 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0,00 

o.oo 
o.oo 
o.oo 

o.oo 
o.oo 
o.oo 

STCHL 

2000.00 
2000.00 
2000.00 

2000.00 
2000.00 
;,000.00 

2002.00 
200?.00 
2002.00 

2000.on 
2000,00 
2000.00 

2000.00 
2000.00 
2000.00 

2040,00 
2040,00 
2040.00 

1999,00 
1999,00 
1999.00 

1991,50 
1991,50 
1991.50 

1998.00 
1998,00 
1998,00 

1998.00 
l99A.OO 
l99R,OO 

STCHR 

?070,00 
2070,00 
2070,00 

2010.00 
2070,00 
2070.00 

2075,00 
2075,00 
2075,00 

2097,00 
2097,00 
2097.00 

2085.00 
2085,00 
20f<5,00 

?.140.00 
2140,00 
2140,00 

2068,00 
2068,00 
2068,00 

?OAS,00 
2osc;.oo 
2085,00 

2078.00 
2078.00 
2078,00 

?078.00 
2078.00 
2078,00 

(~....,~~,z ,j~vce f<.., ,u 

/.~,(Jl<'e,</j o -Y:.v.1:, , 
,t-;,, /.:.. ~ et j o a R/ v~,e 

CRIWS 

o.oo 
o.oo 
0,00 

o.oo 
o.oo 
0,00 

o.oo 
o.oo 
o.oo 

o.oo 
0,00 
o.oo 

o.oo 
o.oo 
o.oo 

o.oo 
0,00 
o.oo 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

o.oo 
o.oo 
0,00 

o.oo 
o.oo 
o.oo 

ENDST 

?.179.01'. 
?.170,07 
2188,07 

?314,81 
?.318,53 
2311,65 

2378,29 
?17CJ,7P. 
2377,50 

2?38, 14 
??40,7?. 
2237,25 

22?.0,33 
22?.0,38 
2220,31 

229c;,44 
2295,59 
2295,35 

2437,29 
?.437,37 
2437,25 

3163,85 
3Jf>3,93 
3163,80 

?078,0'1 
- 2078,00 -

?078,00 

2078,00 
207/l,OO 
2078,00 

TOPWJD 

588,0l 
506,74 
617,86 

1',93.74 
l'.99,h4 
6A8.f>3 

779.9? 
781 .62 
779,01 

341,92 
34c;.79 
'340,59 

3h5,71 
361'>,16 
3(,5,18 

314,c;A 
314,AO 
314,47 

_523,?5 
5?.3.34 
523,20 

519,57 
519,AS 
519,41 

A0,00 
80.00 
Ho.oo 

Ao.no 
Ao.no 
80,00 

XLC:H 

o.oo 
o.oo 
0,00 

3400,(10 
3400,00 
3400.00 

2200.no 
2200.00 
2200,(10 

2?Ao.no 
2?80.00 
2280.00 

1noo.nn 
1000.00 
1000.00 

2100.00 
2100,00 
2100.00 

1300,00 
130(1,00 
1300,(10 

31c;.oo 
11s.no 
315,00 

6,c;·o 
(,,51) 
t. c;o 

1 , 0 0 
1.00 
1.00 



-· 
' 

<;t_C1~U XLCH t:LTRD ELLC ELMIN (J C\IISELI CRIWS EG IOK*5 VCH APFA .OIK 

7. ':,Q 0 1700.00 o.oo o.oo 905.75 1600.00 '111.77 o.oo 911 • P.2 4.04 ?.OS 1325.R4 79,;. r:;z 
7.SOO 1700.00 o.oo o.oo 905.75 1600.00 911.7R o.oo 911.82. 4.03 ?.05 132t .• BI 797.?0 
7. ':,(J 0 1100.00 o.oo ·- o.oo 9u5.75 1600.00 911.77 o.oo 911.R? 4.04 ?.05 1325.12 796.15 

,, h.000 10'>0.00 o.oo 0. 0 II 'lllA.10 1600.00 91 :i.qo 'll:l.99 91<;.46 AR.11 10.29 ??t;.?l) 1711.?4 • h. (JI) II I0'-,0.110 o.oo 0.011 Ol1fJ.JO 1h00.00 c.,11.9'1 '113.99 91S.46 AR.41 10.29 22c;. l 3 170.14 
H.1100 10':JU.OO o.oo o.ou 'IOA.10 I 6 Ii O • 0 0 9 l J. <J'." 913.99 91S.4t, AA .;:>7 I0.2R 225.)P. 110.:io 

A.1100 soo.oo o.oo o.oo 908.30 1600.00 915.9? o.oo 916.02 2.CJ4 ?.4R 715.74 q1·1.c;5 
H.l:lOO sou.no o.oo - - .. ··- o.oo 908.30 1600.00 915.9?. o.oo 916.02 ... 2.94 2.48 715.79 933.61 
H.l:lOO 500.00 o.oo o.oo 90!-l.30 1600.00 915.9? o.oo 916.02 ?.94 2,4P. 715. 71 931.r:;1 

I 
fi.<JOO 219.00 o.oo o.oo 908.50 lt,00.00 915.95 o.oo 916.15 P..77 ].AP 661.74 540.lA 
i<.',11)0 219.00 o.oo o.oo 908.50 1600.00 915.9<; o.oo 916.15 A. 7 7 3,88 6f.l .RO 541).43 
f, .900 219.00 n.oo o.oo 908.50 1600.00 C/ l 5. 95 o.oo 916.15 8.77 1.AR 661.70 54(),3S 

' 
B.950 5.00 o.oo o.oo '110.00 1600.00 915.76 o.oo 916.35 1.12 6 •IR 25'1.00 57c;.qo 
I:. -15 () 5.00 o.oo o.oo 910.00 1600.00 91S.7f, o.oo 916.35 1.12 6. I A 2S9.02 575.'15 
e.95o 5.oo o.oo o.oo 910.00 1600.00 915.71', o.oo 916.3S 7,72 6. IR 259.0() 57S.P7 

9.000 l • O o 925.20 922.80 910.00 1600.00 915-76 o.oo 916.35 9. I 5 6-1" 259.0I 52P.RR 
9.000 1.00 925-20 922.BO 910.00 1600.00 91S.7f, o.oo 916.35 9.15 6.18 259.02 52fl.'l2 
CJ. 0 0 0 1.00 925.20 922.80 910.00 1600.00 915.76 o.oo 916.15 9. l 5 6. IR 259.00 52A.RS 

I 

Y. l O O 2&.00 925.20 922.80 910.00 lb00.00 915.79 o.oo 916.38 9.03 6.15 260.21 53?.c;A 
Y.JOO 26-00 yz5.20 922.AO 910-00 ]h00.00 915.79 o.oo 9lh.38 9.02 6.15 2h0.23 532.AI 
':,. l O 0 26.00 925.20 922.!:!0 910.00 1600.00 915.7p o.oo 916.JA 9.03 6.15 ?.h0.21 532.54 

I 

9.200 1.00 o.oo o.oo 910.00 1600.00 91S.RO o.oo 916.JA 32.04 6.14 2h0.7S 282.f-9 
c;.200 1.on o.oo o.oo 910.00 1600.00 915.RO o.oo 916.38 32.03 f:,. l 4 260.76 2R2.71 
9.200 1.00 o.oo o.oo 910.00 1600.00 915.80 o.oo 916.38 32.04 6.14 260.74 28?.f-.7 

9.300 55.00 o.oo o.oo 910.00 1600.00 916.0? o.oo 916.55 27.72 5.Ah 273.0P. 303.P.9 
Y.)00 55.00 fl • 0 0 (). 0 (J 910.00 1h00.00 '-llh.O? o.oo 916.':>5 

. ~~:~~ 5.86 273.09 303.91 
',.300 55.00 o.oo o.nu 9\0.00 ]f,00.00 9lh.O? o.oo 916.55 5. P6 273.07 303.RR 

10.000 4050.00 o.oo o.oo 913.00 1600.00 918.95 o.oo 9]9.02 2. c;3 ?.n,; 912.R9 l 00'->.44 
10.000 4050.00 u.oo o.oo 913.00 1h00.00 Q]P.95 o.oo 919.02 2. c;3 2.0A 912.'lO 1005.46 • 10.000 4050.00 o.oo o.oo Yl3.00 1600.00 91R.95 o.oo 919.0.? ;>.c;3 2.06 91?.A9 1005.44 

' lOS0.79 7S4.AO 11.000 16~0.00 o.oo o.oo 911-60 1&00.00 919.4h o.oo 919.57 4.50 ?.94 
11.000 1650.00 o.oo 0 • 0 fl 9 l I • f:>0 1600.00 9)9.4A o.oo 9l'l.57 4.c;o ?.94 1050.RO 7S4.A\ 
11.ono 1650.00 o.oo o. or, 911-60 1600.00 919.41', o.oo 9l9.S7 4.c;o 2.94 IOS0.79 7S4.f-0 

! 
\' 



• 

APPENDIX D 

• 

• 



• 
<D <D 

ELEVATION (M.S.L.) 
c.o 0 0 .,,. co 

0 
,.... 

' ' ' '' ' ' ' ' 

' '' ' 
' ' ' ' ' ''' ' ' ' ' ' '' ' ' ' '' ' 

' ' ' 1m ' ' ' ' 
0 

' 
' ' ' ' 

-;-
' ' ' 

' ' ' 
' ' ' '' ' ' ' ' ' ' ' ' ' ' 

0 ' ' ' ' ' ' ' ' ' ' ' ~ ' '' V, 
' ' ' ' 

~ 

' ' ' ' ' ' ' ' ' ' ' 

' ' ' ' ' ' ' ' ' ' 
' ' ' ' ' ' ' 

' ' 
' '' ' ' 

' ' ' ' ' ' ' ' 0 
' 

' ' 
' ' ' ' ' ' ' ' ' ' ' ' ' '' ' ' ' ' ' ' ' ' '' ' '' ' ' ' ' 
' ' ' ' '' ' ' ' ' ' 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

' '' ' ' ' '' ' II) ' ' -I ; ' ' 
' ' ' ' ' ' 

' '' ' ' ' 
' '' ' ' ' '' 

3: ' ' ' ' ' 
' ' ' "' ' 

0 0 -II) ' -I ' ' 
)> 

' ' ' z 
' n !" T ' IT1 ' 

' ' ' 
' 

'=i' ' 
' 

::i: 
' ' ' 0 ' 

C: 0 II) ' ' 
)> ' ' z t ' ' ' ' 0 ' 

' ' II) 

0 cl 
u -.i 

I -.i 
IT1 I IT1 
-I .i, 

~ c 

J: • u 
' I 

I 
I 

~ 



• -

• 

!:D 
0 l11 
(/) 

-I 
)> 
z 
O<D 
J'Tlb 

-I 
::: 
g!D 
(/) (JI 

)> 
z 
0 
(/l 

oO 
""' 0 

""' J'T1 
ITI 
-Ip 

(JI 

0 

' 

' ' 

' ' 
' 

' ' ' 

. --;-

' ' ,., 
' ' 

' ' 

--;- ' 
' ' ' ' 

' 

' - ' ,, 
' ' ' 

' 
' ' ' 

' ' ' ' ' 

' 

' ' ' 
' 

' --

' 
' 

' 

~ 
I 
I 

r--. I 

v~ ' I I I 
I 

' 
9 ~ II 

' 

' 

' . 
' 

' 

' ' 

' 
-+ 

' 

' 

I 

' 

I 
i 

I 
g 

(JI -' 
' ' 

' 

' 

' ' ' 

' 
' ' 
' ' : 

' ' 
' 

' ' 

' ' ' ' 
T ~ 

' 
' 

-,. 

' ' ' ' 
' ' 

' ' 

' ' ' ' 

-
' 

' ' ' 
I I' T 

' 

' 
' 

' 

' 

' 

' ' 
' LI 

' 
' 
' 

r 

' 

' ' ' ' ' ' ' 

' 

' 

' 

~ 

I ' ' 
' ! ' I --

I ui ' 

0 !I 
l '!: 

ll • C g ' =1:- 1-;-;-;-;-1v-- - - - -

... 0 
1i ! i i ! i ' 

"' 

~ A A nc"' 1r f"\ 
IVI Mr'\C:.I \JI.JV 

TOWNSHIP 

~---

' 

' ' 

' 

' 

' 

' I 

' 

' 

' 

0 ,, 
' 

' 

' 

' ., 
'' 
' ' 

' ' ' 

' 
' ' ' ' ,, 

,_, 

'' "' ' 

" '" 
' ' 
. 

'' '' ,,,, 

' -, ' ., 
'' 

' 

I 

~I 
' 
' 

,-, 
' 

' ' 

' 

' 
' 

' 

ELEVATION 
~ -

' ' 

' 
' ' 

' 
' ' ' ' ' ' ' 

' 

' 
' ' 

' 
' " ' ' 

' --T 

' -' 
' 

' 

' 

' ' -. --~• 

' ' ' ,-, 
' 

' ' 
' ,., T 

" . " 
-

' 
,. 

' ' 

' 

' ' ' ' 

' -, 
' 

' 

' 

' 

' 
! ' ' ' 

' 

'"' 

"' ' ''' ' ''' ' 
' ' 

' ' 
' ' 

' ' 
' 

' 

' - ' ' ' ' ' ' ' ' 

' ' ' ' ' 
' ' 

' 
' ' ' ' -+ ' ' ' ' ,., 

' ' 
' ' ' 

' ' ,T 
' 

' ' ' ! ' ' ' ' ' ' ' ' ' ' ' 
' ' ' 

' ' 
' ' 

' ' ' 
' ' ffi±/-;,-;; ' ' 

' ' 

' 
' ' ' 

' 
' 

' ' 

' 

' 
' ' ' 

' ' ' 
' ' ' ' ' ' ' ' ' 

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

ID 
0 

' 
' ' 

' 

'' 
' 

' - ' ' 

KALAMAZOO RIVER 
FLOOD PROFILE 

' 

' 
' ' 

' ' ' 

' 

' ' 
f-< 

~ f-< 
~H-- t 

' "' 

' 

' 
' 
' 

' ' 
' ' 

- -



•· 

• 

0 
(/) 
-I 
l> 
z 
(') 

l'TI 

-I 
:I: 
0 
C: 
(/) 

l> 
z 
0 
(/) 

0 
"Tl 

"Tl 
l'TI 
l'TI 
-I 

: 

~ 
(JI ' 

' 

; 
' 

' 
' I I I I 

I I I I 

' 

'' ' '' 
I i I I 

'' 
' ' 

' ,, 
'' 

' '' 
' '' 

' 
'' '' ' 

'' 

' '' 

' ' ' '' 

a 

' ' ' 

I I 
I I 

I l 

' ' 

MARENGO 
TOWNSHIP 

; -- - -

' 

' ' ' ' 

' ' 

<o 
0 

ELEVATION 
ID 

' '' 

' 

'' 

' ' 

' 
' I I I 1 

' 

' 

JM.S.L.) :e N 

' 
' 

' ' 

' ' 
''' 
' 

(JI 

' 

' '' 

' 

KALAMAZOO 

'' 

'' 

RIVER 
FLOOD PROFILE 

' 

' 

" 
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2) STUDY NAME: 

3) WATERCOURSE: . 
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_____ ci.20_0 _____ 9_15._77 ___ 9_1_0_._00 _____ o_._o_o _______ o_,Qo __ _20_00.00 o.on 2000.00 2055.on o.oo 2055.00 55,oo 1.00 

_ o.oo ___ 2000_.0_0 ____ _20.55.o_o ______ o.oo ___ 2055.0_0 ____ s_s.0_0 ____ 1_._no __ _ 

, __ --- - --

1

--- -"---

,_......,.. __ 

9.300 
<;.JOO 

916.00 
916.00 

910.00 
910.00 

10. 0 0 0- ----918. 95--·- 913. O O 
10.000 919.00 913.00 

o.oo 
o.oo 

0,00 
o.oo 

2000.00 
2000.00 

o.oo 
o.oo 

o.oo o:oo --1949,15-- - · - o.oo 
o.oo o.oo 1996.93 1996.93 

11.000 
11.000 

_919_, 46. ___ 9, 1_1_. 60,._ __ ..,o ._o_o. ____ o_._o_o _ 1 737 ._2_1 o. o o 
919.53 911.60 o.oo o.oo 1824.64 18?4.64 

2000.on 
2000.00 

205s.oo 
2055,00 

--zoo-o·.-oo· - - 2Y3R-. oo 
2000.00 2138.00 

__ 2000.00 
2000.00 

2012.00 
2012.00 

o.oo 
0,00 

?055.00 
2055.00 

55,00 
55.00 

5c,.oo 
55.00 

·--·o.oo -2194.15 245,01~050.oo 
2147.05 2147.05 150.12 4050.00 

_ 0 ._o O ____ 2 l 89. ]_2 _ ___ 4_'i2_._4_6 __ l_f,5_Q_.JJJL.......___ 
2113.JR 2113,7R 289.15 1650,00 

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

• 
• 
• 
• 
• 

--__ - -_--_ -----=--___ ----- ---------- -----·-· I 

• L __ _ • 
• • • 1----- ~ ---- --·-- --------- --~--- ~~-:-_·::. -· --· -. ·-· --. -- -- ----· ---··- . -- ---·--- ---- 7 ·! 
• 1--------------------'-r------.:_ e I - ---------- -----· -·-- ---------
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• 
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KALAMAZOO RIVEH-AT MARE.N - -- ---------- --- --•--

SUMMARY PRINTOUT 1ABLE 150 
------- ----------- ----....--- ---- ..... -.... -

----- - --- - .. ---------•-------

------------- --- ----<-------~--- ~----------- ---------- -------------~ 
SECNO XLCH ELTRD ELLC ELMIN Q CWSEL CRIWS EG 101<.*S VCH AREA ,OlK 

6_._4_9_0___ o. o_o ___ o__,._o_o ____ o_._o_o ____ 9_0_0_.5_0 _ __ 160 o. oo _ 9o.a. 41 . o. o o _ 908. 49 _ _ _5. a 1 _ _ _ .. _ 2 o 42 ____ 9.5.L. o_s ___ 714 .• .6.7_.............., 

• 
• 
• 

6,490 Oooo oooo oooo 900.50 1600.00 908o4l Oooo 908.50 s.35 2.50 812.29 A91.63 
1 

60590 1000.00 o.on OoOO 902.01 l60o.oo 908o9A OoOO 909,08 1.00 2.15 958.32 604.PO I • 
____ . 60590 _1_000.00 o.oo o.oo 9Jl?,__,_0_7 __ 1_6_0Q_._OO ... ___ 9_0_9_._02 _______ Q_._QQ _ __9_0_':l..._L2 ___ _i._33 _____ 2_.82_. ___ _8_25.,_89 5.'LO.o..82 

60690 2100000 0,00 o.oo 904.31 1600,00 910,44 o.oo 910.51 6.67 2.39 897,36 619.39 
60690 2100.00 OoOO OoOO 904.31 1600.00 910.53 0,00 910,60 6,78 2,43 831.34 614,50 • 
60800 1300000 O.OO OoOO 904010 1600,00 911.22 0,00 911,?8 4.3A 2,42 1315.R2 764,R4 • 
o.80·0---1300;0-o---o--;-o-o-----o·:oo··--9·0-4-;ro·· 160oooo 911-13 ·o.a-o-· 9if;19 -- 4,35 --·-2;39·· ·-13se-:4"t. ... -766;A·2 -·1 

_ ... 1;,.,._9_0_0 ___ 315._oo _____ o ._o_o o_,._0_0 ___ 9_0_4.._50 ___ 1600. oo _____ 911 • 2.t> ____ ... _o. o o __ ... 911_. 4_1 _____ 1_.3_3_,__ __ 3._05 ____ 52.5_._J.6 __ c;_fl1_._.1_0 
- - - - ... -6 • 9 O O 3TS-;. n-o (l'. (j O O • 0 0 9 0 4 , 5 0 l 6 0 0 • 0 0 9 1 1 • 3 h O • 0 0 9 1 1 , 5 0 7 • 0 5 3 • 0 0 5 34 • 1 2 AO 2 • 7 5 

60950 6.50 o.oo o.oo 905.40 1600,00 911,21 o.oo 911.48 15,57 4.16 384,42 405,42 
6_,_9_5_0___ 6.<;;o 0.90 o._Q.o _____ 90~,.4..Q __ J600_~_oo_ 9_11.30 ____ o.o_o 911,5A J4.i;8 ------~-_n_p_ 392,13 ___ 4_19_._'17, __ ~ • 
1.000 loOO 
70000 1.00 

915010 
915,10 

914,60 
914.60 

905.40 1600.00 
905.40 1600.00 

911.20 o.oo 
911,30 o.oo 

9llo48 
911.57 

5,94 4. 26 375o54 656.f,7 I • 
5o60 4. 18 383,05 676,?0 _J 

-- ---- --1 ;1 oo -----·29-;,·o-o 
7.100 29.00 

9TS-.TO 
915010 

9T4:"60 
914.60 

g-os:-z. o·-- 1 60 o·; o o -
905.40 1600.00 

9f1~2?. _____ ·o·ooo· 
9llo3? o.oo 

91 f;50··-- ---
911058 

5--;;A-1· - -·4--;-z4 - - 3"11-: o-,.------660-:5s-
5o52 4, lh 3R4.R3 680,P5 • 

1. 200 1. o o o. o o: ___ o_.__o_o, __ 90_5_._40 ___ 1_60 o. oo ___ .9 u .• 24 ______ o. oo ___ ,111. 5_0 ________ 3_._133, ___ 4._14 _____ 3.8-6 .. ,.2.6 __ a_u_ • .3.? 
-------·r.200·--·•---1-;;-o·o----0-;·o-o o.oo 9·05,4-0 1600·.oo 911.33 o.oo 911,59 3,59 4,0h 393,A9 844.ie]O 

7.3]0 100.00 o.oo o.oo 904.75 1600.0() 911,53 o.oo 911,58 ,92 2.22 930,67 1669.22 • 
1.310 100.00 o.oo o.oo 904.15 _1_6J2..0_._QJl 9JJ .• _6.J _______ o_._oo __ , __ 9,1_1_ • .t,__7 ____ ._a5. ___ 2. • ..10 9.5-'i. •. 2.3_L7.3.L, 

~ 

7o500 1100000 u.oo o.oo 905.15 1600.00 9llo82 OoOO 911,87 3,88 2.02 1347,81 A12.05 e8 
~ 

70500 1700000 __ o.oo OoOO 905.75 1600.00 911.89 o.oo 911,94 3.97 2o06 llh5ol0 802ot;6 I 

---s-;·o o o - - - 1 050-;-o-o- o--;-o·o ---;-u o <ro·a·;To--1·60 o; o o-· - · •·gyi,:-o 5 - - 914 o o 5 - ·· -9·1 c;-;,;6·---·-a4 o 14 -ro;·i 0-----2 3 r:er- 1 74 o 43 7 
8 0000 1050000 0,00 0,00 908,10 1600.00 914005 914.05 915,46 84.10 lOolO 231,RO 174,47 

8 0800 500. oo
1 
___ o. oo<-__ o. oo __ 908o 30 1600. oo 915. 91 Oo OQ 91 (,.QI ___ 2. 95 2..o~,-~71 3,..2.FL-931 e..l..lL_...... 

s--;-s-0·0--5·0·0--;-o·o o--;-o·o o--;-o-o 9·0-8--;-3·0----------i c,O o--;-o·o 9·1s:-9·c----o-;· o-o- - --91'6 ~-o 1 2:-9"5----2 o-4 8 1 ft;·; n 2 93·1 -.i 1 

. [-~--~- V -~ ~ 
i5 

• 8.900 219000 o.oo o.oo 908.50 1600.00 915.86 OoOO 916020 12.84 4,66 343.11 446044 
. ------,-· __ §..!..900 __ _?19.oo ... 2..!_QJJ__ o.oo 908.50 lt;,Q...Q__.oo _9_15,_8 9 _ 9,0.0 .... -91J>_,2_0 ___ 1,2_...,P;.4 ____ it.0_6p, __ 3_4_3_._i_::i_ 44fi.o47 __ _ 

•! z r, 

"' • ~=~~g ~:88 8:88 8:88 ~l8:88 !~88:88 ~l~:;t 8:88 ilt:~t ;:~t ~:~l ~~;:~~ ~;l :§~ . .l•w 
I 

• 
------9-;·o·O'o 1-;-0·0-9 2s:-2 o-9·22--;-8'0--9To7o·o----------i·i,,o·o--;-o·o--9·1·5-;r4 o--;-o·n- -9·ri;-;-3 4 9--;;-2·9-.. -672·1 2 5 r;ri-~·24 o ct3 

9,000 1.00 925,20 922.80 QlOoOO 1600,00 915.74 0,00 916,34 9,29 h.2] 257,73 524.98 

9.100 26.00 925020 922.80 __ 910,00 1600,00 915,77 o.oo 9lho36 9,16. ___ 6ol8 258.94 52Ro67 
----9--;-ro·o- --2·6-;;·0'o·---·9 2 s-;·2 0--9 2 2:-8 o- 9To-:u-o--1-60·0-.-o·o- ---c;1-r5-;1T-· _ .. · ·-o·; o o·---.. ··9 n, ·;·3-6 ___ -9·;i-6- 6-~-1 s--- .... 2s ff:-95-5 2·s·:-7·z,---

• 
• L 9.200 loOO o.oo o.oo 910.00 1600.QO 9]5.77 ---~~~--9~6-.. :~ 32.53 6. l~---=-=~ 28(1,54 • 
• • 
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• 
SECN(f ____ i[CH ELfkD ______ ELLC ___ E[r:,frN _____ 5---- CWSEL CRl~15 EG l!iK<>_s ___ VCH - ARE~- ----:-o_l_K ____ I 

9.300 55.00 0.00 0.00 910.00 1600.00 916.00 0.00 916.53 28,05 5,88 272,05 302.JO I • 
___ 9 ,30 o _____ ss. oo _______ o ._o_o, ___ _,,_._Qo._______3_1_Jl_._o_o ___ L6_0_0_._0_0 ____ 916 ._oll ., ____ o ._oQ ___ -9_1_6_, Sf>. ___ 2_s. 05 ___ s. aa ______ 2_12 ._0_6 __ 30-2._L_c...--

10,000 4050.00 o.oo 
10.000 4050.00 0,00 

- - - I I , 0 0 0 --- -I €5 0. 0 0 --- - 0 • 0 0 
11.000 1650.00 o.oo 

o.oo 
o.oo 

o;-o-o" 
o.oo 

913.00 
913.00 

1600.00 
1600.00 

,,-ri .6o"- - -1600;00 
911.60 1600.00 

918,95 
919,00 

cf19.46 
919.53 

o.oo 
o.oo 

919.0l 
919,07 

2.54 
2. 62 

2,07 912,04 1004,?7 
2.11 790.23 9890!?. 

o.oo -- --9f9.s1-- -4.5-o -- ---2.ci1 - 104-9--;12,--is-S:-R'r __ _ 
o.oo 919,64 4.60 3.00 905.92 746,13 

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

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

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

----------------- ---- - --- - ____ .,. ________________ _ 
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----------------------------------------------- - - ---------- ---- --------
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KALAM.AZOO_R.IVER-IIT-M-AREN- --

SUMMARY PRINTOUT TABLE 150 
--------------1---~---------------------...._ _______ _ 

Q CWSEL DIFWSP DIFWSX DlFK~IS TOPWID XLCH SECNO 

6.490 
-6-;,;-9·0·- 1600.00 908.41 --~o.oo ___ o.oo o.oo 342.62 o.oo 

--160·0 • -o·o·- -9·0-e~-4T o ~ ·o·o a. o o · -· - · · · o. o o - ·-2·n 3·.-8A o. o o 

6.590 
_{,.590 

1600.00 908,98 o.oo .57 o.oo 365.76 1000.00 
u,_9.9-'--o o 909. 02 • o3 ___ ._q_l _____ • o;i ___ 23?_. 5? ____ 1 o_o_o_. o o. 

6.690 1600.00 910,44 
6,690 1600.00 910,53 

6. 80 0 ---160 070 0911713 
6,800 1600.00 911.22 

o.oo 
,08 

l. 46 
l . 5 l 

o.oo 
.08 

o.o·o · - ;69 o.oo 
.09 .70 ,09 

314.59 2100.00 
240.8A 2100.00 

523.25 1300,00 
444.fl5 1300.00 

-- ---- ---t!-i8-8--l-~-8l:-8~--~H-:-ji- -:-8-~-----:-E~---- - 0 : 8-8--- . 93.3.n ___ 315.,00. 
93.31 315,00 

6. 950 1600.00 911.21 o.oo -,06 o.oo 
____ . _ . _. __ 6. 9_50. __ 1_6_0_0_. 0 0 ____ 9_u_._3_.,_ ___ .J_0 ______ _-_._0_5 _____ ,.1 0 _ 80.00 6,50 

so.on _6_. 50 . 

1.000 1600.00 911,20 
7,000 1600.00 911,30 

- - --· 1.100 1600.00 9"1"1--:-2-2 
1.100 1600.00 911.32 

o.oo 
.10 

-.01 
-,01 

0,00 
• 1 0 

80.00 l • 0 0 
fl0.00 1.00 

b • o·o • 02· -- o • o o 8 o ;;-o-n - - - - 2 9. o o 
.10 .02 .10 eo.oo 29.on 

1.200 1600,00 911.26 
------- -T. 2·0·0--160·0-.-o·o •rn-;s.., 

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

--------· ------ -----~ 
--- - --- _ ___.. ---- ---- - - - --- -- ---

~- -- -- - --~ - -----. -- - --- ----- - --------------~ 

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

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

•I 7 • 310 1600,00 
7.JIO 1600.00 

~ 0..:-8-$ : 8-~----0-:-g8---~~-8-:-8-g--- ---- l-:-a-g- --- - ---
911,53 o. oo .29 
91 L&_] • 08 • 28 

0,00 
._Q_§_ 

280.00 100.00 
2Ji.Q_._O_Q _____ l_O _o_._O_Q _________ ---- - --·---------' 

• • 1-: 
,_ 

7 • 500 1600.00 911,82 
1.500 1600.00 911.89 

B-:o·o·o--i-6·0·0-;o o--- -9-i-4--;o·s 
8 • 000 1600.00 914,05 
8.800 1600.00 __ 915,91 
e-;-e-o·o~n,0·070·0 9T579·1 

o.oo 
.06 

.29 0,00 456.13 1700,00 

.27 ,06 293,68 1700,00 

o-:-o· 2-:22- --o-;-o o··•-rr5··.-4J- -- -ros o. o o· 
-.oo 2.16 -.oo 115.37 1050,00 

0. 0 0 l • 87 0. 0 o ___ l 87. 11 50 0. 00:------- ___________________ _ 
-. ob 1 • B"r-----. o·o n·n ;p; ·'"- ·s·o o ;o·o 

8.900 1600,00 915,86 o.oo -.05 o.oo 55.on 219,oo ____ 8~-~9M __ l600.00 915,86 ,Q0 -.05 __ _ Loo _____ 55. on. __ 2_19. o Q ___________ _ 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• le 

~ 

e! 
" c ., -~ ~ • 

• 8,950 1600.00 915.74 o.oo -.13 
8,950 1600.00 915,74 .oo -.13 

9.000 1600.00- 915·;-74 o-;oo ----;;-o·o 
9.000 1600.00 915,74 .oo .oo 

0,00 55.00 5,00 
1-- ,, ~ 
1:88 , t•w .oo 55.00 5,00 

o~oo· 
, 0 0 

55.00 
55,00 • 

• 
• I 

-~-_.9_._1_o_o __ u,_o_o_,_o_oc.-_9 LS_,_7_1 ._o_o. ____ ._o_3: ___ o_.JJ_o~ ~55.,_o . .o~----•---2 6 • .o.o~ __ . ________ _ 
· 9 • 100 1600,00 915,77 .00 .OJ ,00 55,00 26,00 

9 • 200 1600.00 915,77 o.oo • 00 o.oo 55.00 1 • o·o 

- -- ____ ..,..___ I • 
.1. -•~ "r' 

• 
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• c· ___________ __,.,...,._. ____ ~ ______________________________ ...,_ _____ ·------·- _______ ,__..,... _________________________________________________________ " 
• 

- - .......... -· ·••-·-. ·•------------
• 
• ---------•·-·•-·--·- -·--···---··---·--··---··•··- ·-···---•·-- - . -• 

.. - ---· -- ----- --- ___ .....,_ ___________ _ 
• ,--- --·--·-------

I 

I 1• ,......__ ------ - ------ --- ------ --· --------------------------- -·· -· -·-------

------- ·---- ·-- ---------------

---·--·· - . --- - ----·----- --- -'----- __ ..,. --- - --- ---- ------- ----------------- ------ ------ ---- __ _) 

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

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

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

,-· ---------------------------~--------- -- - --
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--------------- - . - -------- - - ---------------------- --
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---SECNO _____ Q ______ -cw5E[ ____ DIF1,rs·p------·urFwsx--- DifKWS - . TDPWID . XLCH 

9.300 1600.00 916.QO 0.00 .22 o.oo 55.00 55.00 
_____ 9_.,3Ji.Jl ___ 1_6_Q_0_._Q.Q._...........2.1_~ oo • oo -~22 ______ ._o_o _____ ~s .• _oo .. ___ 5s. oo ___ _ 

10.000 1600.00 918.95 o.oo 2.95 o.oo 245,01 4050.00 
10.000 1600.00 919.oo .os 3.00 .as 150.12 40So.oo 

- -1 I • O O O 1 6 0 0 ; O O - 9 l 9 .46 
11.000 1600.00 919.53 

SUMMARY OF ERRORS 

o;oo 
.01 

• 5 1 
.53 

o;oo· 
.01 

452.46 
2Rq. 15 

1650.QO 
1650.00 

-----~-· ... -- .. ---

- - --- -·- -- -- . - . - --------

------· ------- -------- ----- ------

- ------ _______________________ _, 

CAUl ION-SE°CNO:: - 8. 000--PlWF ILE==i CRITICAL DEPTH- ASSUMED ----- -----------· ---- ----- ------ ---- --------
CAUTION SECNO: e.ooo PROFILE= l PROBtSLE MINIMLJM SPECIFIC ENERGY 
CAUTION SECNO= 8 • 000 PROFILE= 1 20 TRIALS ATTEMPTED TO BALANCE WSEL 
~: ~ i ~ 8 ~--~~{ ~g: ~-:-2-8-8·-~-~g~+t [;:-~-~ :tl-J{~ ~-S-'i~T~u ~s ~-~~ e·~-Fl t .ENtRG ,r------ -
CAUTION SECNO= e.ooo PROFILE= 2 20 TRIALS ATTEMPTED TO BALANCE WSEL 

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

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

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

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

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

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

·-,--· ------ - - . - -- -- - . -- -·----- - --------------
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• •-- -------- ----------------- -- - - ----- - ----· 
FLOODWAY DATA. 
PROF ILE NO, 2 

KALAMAZOO RIVER AT MAREN 

---==.:-=-Fro·oDwAv -------

. - -- - ------ - ---- --- ----~ . 
--WA-TE~--SURFACE-E'.LEVAT"ION-· ------- ,- . - - - - - - - ------ - ··-· -------- -------

STATION WIDTh SECTION ~E~N 
(fT) AREA VELOCITY 

WITH WITHOUT DIFFERENCE 
FLOODWAY FLUODWAY • - - --- --- -- -- -- ·--------- ---- ----------- - -- -- ---- -- - --- ------ - --------- --- - --

6,490 204, 812, 2.0 908.4 908.4 o.o 
6,590 238, 826, 1,9 909.0 909,0 o.o 

_________ 6,_69_0 __ 241, 
1 

8_3_1, l ,9:-----c9_1_0....._5 __ 9_l_0_,_4._ ___ ~• l _________________________ _ 
6,800 445. 1·316. 1--;-2 911,2 911,1 .1 
6,900 93, 534. 3.0 911,4 911,3 ,I 
6,950 ea. 392, 4,1 911,3 911.2 .1 
7
7

,o
1

oo _______ 80_. ______ 383, 4,_2 __ 91_1_,3 _______ 91 L,_z_ _,_l 
, 0 0 8 0, 385. 4. 2 911, 3 911, 2 , 1 

7,200 80, 394. 4,1 911.3 911,2 ,1 
1.310 2eo. 954. 1.1 911,o 911.s .1 

__________ 7_._5
0
0_0 __ 

2
2_9_4. l_J.,6

3
5
2

.,. ______ 1..._~--------s91
1
_1_._9 ____ 9_1

1
_1_._8 __________ .1_ _______ _ 

8,0 0 38, C o o,-, 9 4,0 9 4,0 0,0 ---------------

l• 
• 
• 

8,800 187. 714, 2,2 915,9 915,9 0,0 
8,900 55. 343. 4,7 915.9 915.9 o.o 
8,950 __ 55, 258. 6,2 915,7 915,7 o.o 

· -- 9.ooo 55-;;- --·--25g-,---o-;-2----,ns--.,-- - 915;1· ·o;o 
• --- - - - - - ----- - ---- ------- -- - --- - -- -- ----- -·--------
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FLOOD HAZARD FACTOR FOR ENTIRE REACH USI\JG SECTIONS 

SECTION CUMULATIVE 
NUMBfh DISTANCt 

fLEVATION UJFFERENCf 
BETwE~N ~ASE FL00D ~Nn 

L_ ____________ _,1~ ___ ,2:_ ___ ~o~•L? ___________________________________________ __, 

55. J 00 0. -.HI -.20 .50 
SS.900 1690. - •. <;n -.29 .f.9 
s • o r,o 1 7.Q Q.. ___ -. il 7 - • 2,-c,9;........ __ --"-'. b..:d------------------------------------------, 
. 6 • l lr Ol: • - • i< 7 - • ~ fl • r. 3 
56.ROO 4481. -1.04 -.33 .71 
56.900 45RO. -1.06 -.34 .70 

L....----.?~: ~%8-------:;,t""-~W,-:-- - : l:-i-t : : 36 . ;6!----------------------------------------------
s1. 200 4617. -1.14 -.36 1.23 
57.300 4846. -1.39 -,44 1.26 

___J 

57,800 8376. -1. 33, ____ -..... ~3.;,;6__ • 72_ ------------------------------------------• 100 847s~·--:;-y::n-- -.3~ .1r -
se.uoo 8476. -1.37 -.Jb .76 
58.Ql0 RSOS. -1.3c, -,3fs -,77 

,__ __ --.SP,020 R506. -1.-.0 -.39 ,79 
=,,o;;-irJ O 8 54757---=i.-:--,; I - • 3 9 • k or---
5e.o40 8546. -1,41 -.39 ,79 
SR.050 8575. -1.42 -.39 BQ 
58.060 8576. -1.~4 -.40 :~i ---...;:.:;l-~300 8675. -1.47 -.41 -~4 
59,000 10915. -l.41 - 40 KS 
h0.000 13795. -1.25 -:3~ :b3 
6 .ooo l.Q.l).J5. -1.0? -.26 .;;_ 

WEIGHTED AVG FOR REACH -1,19 -.36 .so 

FHF FOR THE REACH - oro1iiTfH"100.u PEkC.:t~ll Or THE REACH vlITHI\J .s Fl:FT 
ZONE FOR THE REACH= A 2 
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1260, 0. 1260. 0. 
.83 o.oo 2.s2 o.oo 

.001106 1 • 1 • 1 • 

<>SECNO 58.0SCI 

0.00 
0. 

ol 00 

o.oo 
0 • 

• 100 
2 

o.oo o. 
• IO 0 

1 

Q!)?,43 
443, 
.04':, 

9Q?.~4 
so 1. 
.04:, 

0 

90?.46 
503. 
.045 

0 

909.20 ~AX ELLC= 

o.oo 902.47 o. 446. 
• 100 .045 

1 0 

.__l_Q 
0. 

.100 
0 

• 1 0 
o. 

.100 
0 

905.RO 

.12 o. 
ol 00 

0 

• 
- - -

_I. 
• 

14 9. 45. 
.04A c,93.00 o.oo 72.JF, --~-
.o? .oo 909.20 • 150. 45. 909.30 

.04f> 893.00 2007.?7 o.oo 72.46 2079.73 • 
• 
• .oo • 0 1 909.20 

ISo. 45. ',/1)9. 30 
.046 893.00 2007.29 o.oo 66.41 2079.71 • 

• 
• 
• j 

'• 



• 
807107 80/IO/c3. 12.s1.1rr. 

cc r"'-1() DEPTH C~SEL CRl\\S • I ~ .... v•·" 
l,l 

•i-~ 
(I[UB ocH"--mrue 

Tli'-1E VLOB VCh \/ROB 
SLOPE XLOBL XLCH XLOBR 

3265 DIVIDED FLOW • I ---:::=--4 r,, • 3370 NO~MAL BRIOGE,NRD= 4 MIN ELTRD= 

• 
• 
:• 3 

I-94 f-,i-lIOGl:_U/5_ ID) 

SR.OS 9.38 902-38 
1260. 0. 1260. 

. UOTot~----0 22~--- __ ?2~: 

•VO 7 • 4-z---- -goz; 4 2 
l?hO. 0. 1260. 

• a3 o.oo 2.u9 
• 000460 1 • l • 

• *SECNO 58.300 

34 / 0 t NUfo-JfCF!JOiENT:,TTfTIUr<rS= 

• 58.30 8.32 902.44 
126n. 161 • 11199. 

a.on o. 
Q• QQ 
29. 

o.oo 
o. 

0 • 0 (I 
1. 

I '886. 0 o.oo n. 

•'SELK EG 
ALOB ACH 
XNL XNCH 
lTIHAL !DC 

90~.20 MAX ELLC= 

o.oo 90?.50 
0 • 447. 

• l !l 0 -~ 0 0 

u.oo 902.c:.1 
o. 507. 

• IO 0 .045 
2 (J 

21f0'97o I Y P E = 
0.00 902 • A4 
196. 2R4. 

• 
1 

(IJ 
hV .,L UL.O~S Ei{lNK ELFV 
AkU8 VOL T~/A LEFT/RIGHT 
XNP ~ITN EL.1'-1IN SSTA 
ICONT CORAR TOPWJD ENDST • 

• 
905.80 • 

.12 .03 • 0 0 909.?0 
0. 1c;o. 45. 909.30 

_JJL!l • Q !t.S ...J:i.~D.., QQ 2001.26 ' • _ _j 
n o.oo 66.48 2079.74 • 

• l 0 .on • 0 1 909.20 
o. )SO. 45 • 909.30 

.100 .04A t:!93.00 ?007-17 
0 o.on ;1'_2__.__f,j;_?_0_7_9_. R 

--~ 

J • 
• 

I IARG~T- -1886.000 
.20 .oR .ns 901.01 
o. 151. 45. 903.25 • I • 84 .82 3.87 

• (I O I ~-:-~y 9 • 9-9: 

• 

• 

o.oo 
-gg:-

.100 .(/45 
"-'2 0 

• 1 on • 04f 1;!94. l.2..._1~e""B"'6...,.,--¼-l,,__ _____________________ __, 
o o.on 164.82 2050.82 

,.. ,.., ... 
, ·~ I'\ 

• G--''--v"v "(Elv· =~•-';VU~=:;=~~=:==--~,,·--~-----=____::~~-~-============= 
59.00 260 O• r:, 

1.1ti 922 

CEHV= ~~ ~ 

0 °?I"'." 903,11 o.oo o.oo 90~-12 • 0 1 • -:in 0 02 9QQ.J<=; 
'7CC.. • 11. 2 l • 2547. 289, 78. 206. 60. 900.31 

.36 1. 1 0 .21 • 100 .045 • l O 0 • 048 &94.36 1271.33 

• .., 
)• 
• 

• 
• 
• 
• 

,000100 1230. 2240. 1900. 3 0 0 o.oo 606.43 2077.76 

<>SECNO 60,000 

L..--------------------·,..,----------------------------------------------------------------------------------------------

• 
' • 

1. 
_ _j •• 



' " 

• 
1 2---;-s-r :tn • ~0723-

(1) ~l,J.:NO 
. "' 

DE:.PTH 
QLOB 
VL08 
XLOBL 

CwSE;L _ ___,Cf-llv,S 
~ ,...,..,, .... ,, 

,· 
1•'51:LK 
tlLUO 
XNL 
ITRI/1.L 

.EJi 
ACH 
XNCH 
TDC 

ti'l__ 
AROB 
XNP 
IC0Nl 

:!L 
VOL 
,iTN 
CORnR 

l,Jl.,M VKUC 

r TIME 
• SLOPE. 

VCh VROB 
XLCH XLOBR 

• 
• 
• 
• 

3?65 OIVIOEO FLOW 

60.00 6.52 9tfj7"(2 o.oo o.oo 903.94 .23 .76 
1260. 303. 956. o. 387. 2?,0. 1. 315. 

1.98 .7d 4.35 .22 .100 .045 ,100 .047 
.00?300 2650. 21380. ____ 2..88 • 3 ,JUl 

<>SECNO 61.000 
( ~ ) 

61 • 0 0 
1260. 
?.26 

,000946 

6.78 906.96 o.oo o.oo 907.05 .09 3,0Q 
76. 006. 378. 125. 270. 446, 351, 
.61 2.99 ,85 .100 .045 • J 00 .J)A1 

zr1rn---.---z2 zu. 2 2 20. J o o o. o o u. 
; 

• 
• 
• 
• 
• 
• 
• 
• 
•• 

' 

!LL..QS.S. 
TWA 
E.LMIN 
lOPWID 

.07 
97. 

897.20 
~._s_a 

• O l 
116, 

2.JJJL .... LB. 
360, f,2 

8ANK ELEV 
LETT/RIGHT 

SSTA 
ENOST 

902.c;1 
903.JR 

1641,85 

l>A'GE ---- ---------1 l 

-• 
-~) 

• 
• 
• 2053~)37 ______________________ ~ 

90?,17 
903.43 

1~~~:~0°"'7:----------------------

• 
• 

J• 
• 
• 
• ----, 

I • 

• 
• 
• 
• 
• 



• • 
{!) I B0/10723. 12.sr.01. nGE'_ J ? 

' (Ii 

• • r * \}~~~;*~~~~;;~ir;:;~ Di}~~~* ;~i}~;;;;~;~~-:;~i<r; ;;~,~ *i~ir~ 
ERi<OR CUKR - 0it.])_2..,JL3_, __ 0_!t. _____________________________________ _:__ _________________ 

1 -1--~~~1t~JU~TION - 50,51,52,~3,5 
***Oi}*************************i}****Oi}****iJO****i~U* • • 

• T2 
f3 

::J(/GO-rwr-,-:--;--cALHUUN C<5UNTY' M!"CKIGAN. 
100-YEAR FLOODwAY 
RICE CkEEK • • C: !CHECK !NU -Nfi'ifiT ___ --nn" Sl Pl ,..,,ETRIC - ~t--<VINS Q WSFL FC, 

-10. b, 0. 0. 0.000000 o.oo o.o 0. 897,100 0.000 
NP"RUF lf-'LOT - -PR f"i/S X S-1:C:: V XSECH fN ALLDC 1'3W CHNIM I TRACE 

-7 
1e 

_ _J 

• 15.000 0.000 -] .ooo 0.000 n.uoo 0.000 0.000 0,000 0.000 0,000 • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • -• -• 
• • 



• e 07Tll7"23. 17:51 .01. 
(I) 

1 SE.CNO DEPTH GviSEL etugs \•1St:-.LK !;G rlV HL OLOss BANK FLEV 
/J. 0 OL08 OCH ORO ALOB ACrl AROB 1/0L TWA LEFT /RIGHT • I TIME VL08 VCH I/ROB J\NL XNCH Xl'<f-! WTN ELM IN SSTA 

' ~ 

• 
• 
• 
• 

V. 
" 
~ 2. 
" " 

!. 
~ 

• 
• 
• 
• 
• 
• 
• 

SLOPE XLOBL XLCH XLOBR I TRIAL IDC ICONT CORAR TOPWID ENOST 

*PROF 2 

CCHV= .100 CEHV= .300 
*SEC"JO ss.100 .. 

?800 NAT 01= 402.42 WSEL= 3g7.oo ENC Ql= 
~AT 01= 418. RATIOS LOb,Crl,ROB= .3576 -5223 

402.4? WSEL= 
.1201 WSEL= 

8g7.10 RATIO= 0.0000 
897-10 

:ROAC8RENt SIAIIDNS= ?085.0 2?6408 iY751"=- TAKGET= .()JP, 
55.10 o. 6r, 1397.10 o.oo A97.00 8g7. 14 .04 o.oo o.no R92.70 

84(,. 298. 452, 90. 3<:Jr,. 212. llfi. o. [). 893.30 
o.oo .76 _;;;__. 13 • 66 .lQQ .045 • lg o Q.flQO l;l9Q,5Q 208"'-Jl.1 

• " 0 04it8-- o. 0. o. 0 0 0 o.oo 179,80 2264,8I 

~'SEC'lO 55.900 -----
3470 ENC~OAC~MENT STATIONS= 2000.0 212?,n TYPE= l TARGET= 122°000 

55.90 7.10 897.60 o.oo ,sg7.:,2 897.h4 .04 .5() .oo 1397.90 
P4(). o. 830. 10. . 5l_Fl.._. 4}. zc;. n • 896.Q 
-;('.9 o-:oo 1. 60 .23 • 100 .045 • l 00 .n4c; 390-50 2000.00 

.000220 1700. 1690. 1400. 2 0 0 o.oo 122.00 2122.00 

SPECIAL BRIDGE 

Sb_XK XKOR CUFQ RDLE.N Bl'/C 8\'iP BARE.A ss F.LCHIJ - . -;-51) 3.08 o.oo .20 o.oo • 30 o.oo 890.50 

*SECNO 56.000 
PRESSURE AND wEIR f1.QJ,J 

EGPRS EGLWC HJ QWEik QPR BAREA TRAPEZOID ELLC ELTRD 
A~EA 

183506.30 89 7. 64 o.oo . . . . 
LOW DAM (Al 

56.oo 1.sc; 897.99 o.oo 897.95 898.00 .01 .J6 o.oo 894.40 
840. 62° 77 1. 7. '•57. 1218. 70. 25. 6. 896.00 

• 30 • ] 4 .63 • l 0 • l 00 .045 .100 .(145 890.40 1648. LS 
.v00030 1 o. 10. 1-,. • 1-0 o.oo 493.12 2141.21 

' 

• -·--r:,---
~l 

I 

• 
• 
• 
• 
• 

, . 
• 
• ELCH 

P90.50 

• 
• 
• 
• 
• 
• 
' • , 



• \,,, 

~

10123. • SECN0 DEPTH CwSEL CRlwS \v<;l:.LK EG r<V ~ V ' 

rT.ST.lH • 

~· fll os, 

r CUB QCH QR0-B ALUB ACr< AR0B VOL TWA 
TIME VL0a VCH VR0B XNL XNCH XNP 

• SLOPE XL0!:!L XLCH XL0BR I TRIAL JDC I CONT l:LMIN WTN 
C0R/IR T0PWID 

• 
• 
• 
• 

:• 
" 
:; ~-" z 
a 
0 • 
• 
• 
• 
• 
• 
• 
• 

*:,ECl\/0 56.100 
56.10 7.59 897.99 0.00 P97.94 ?98.00 .Ol .no .oo .. ,.,. 

1 1270. 94... l_l2_I,_. 10~ 45S. 1217. 70. - • 
.• 30 .21 ,96 .rs .100 .(~ .100 .n4c; e9o.· 

.000070 1. 1. 1. O O 0 
6-
... o 

o.oo 492.80 

I !H,FI Nil t;/;. All (j 

347G ENCROACHMENT STIITJ0NS= 2100.u 2200.n TYPE= l T/IRG~T= 100.000 
~-- 5_!i,,8__Q_ ___ 5._J_L_fl~&_.3J~ ____ o_,_oo P.911.~R_.,£,ti, ___ .21 ,.':6 ,JIB 

1271i, 66. 1111:,. 29. 52, 272- 31. 9?. 25. 
,49 1.26 4.32 .93 .100 -045 -100 .045 893.05 

.002361 2780. 2180. 2780. 2 0 0 o.oo 100.00 

CCHV= .300 CEHV= ,500 
*SECN0 56,900 

,,. 1n ""'"RUAO-iP-EJiJT STATIUN5=2000.U--- 2050.0 T.YPE= I .. -TARGET= 50,000 

901.00 3495 OVE~cANK AREA ASSUMED N0N-EFFECTIVF.,ELLEA= 901,00 ELREA= 
6.90 5,58 898.58 0,00 1-198.55 899,01 .43 1270. I) • 1270. o. o. 240. 0. ,49 o.oo 5.29 0,00 • l O 0 .045 • 1 0 0 .003755 99. __ 9':i. 99. 2 0 0 

<>SECN0 57.000 

~o NORMALBRIDbE-NRD- 18 ~,IN F-LTR0= 90?.60 MAX Elle.: 89 

3495 0VEH8ANK AREA ASSUMED N0N-F.FFECTIVF,ELLEA= 90).00 FLREA= 
57.00 5.58 898.58 o.oo 898.56 899.02 .43 1270. o. 1270. 0. 

.1~ii 
240, Q. .49 o.oo 5,29 0,0() .045 , 1 0 0 .ITTJ4318 I • 1. • 0 

.?9 .OR 
25. 

~93.00 so.no 
93, 

,n4c; 
n .,..llJl 

901.0Q 

.oo ,00 
93, 25, 

.04c; 893.QQ o.oo 50.00 

PAGE 1 4 

B~UK E 
LEFT/RIGHT 

'iSTA 
EN0ST 

894.40 
8 9fi ,Jl 

1648.33 
2141.13 

E85..,,..u,9',-----------------fl9b, 44 
2100.00 
2200.00 

902,90 
100000.00 
2000.00 
2!l5Jl 

902.90 
902.60 

20QO,_DJ) 
2050,00 

• 
(I) 

• 
• 
• 
• _J 

• 
• 
• 
• 
• 
• 
• 
• 
• 
•• I . 

--'-,-, 

le , l 



' ' 

• c:; 0123. 

{I) .CNO DEPTt-i OJSi!.L CRH1S WSE.l:( EG H~ --IL OL.2sc; 

r 
QL08 QCt-1 Qf-lOtl ALO ACH A ,OB VUL HI 

TI ME VLOB VCH VROP XNL XNCH XNR \'/TN EL.MIN 
• SLOPE XLOBL XLCH XLOElR ITRI/\L IDC !CONT CORAR TOPWID 

f 2 • 5 I -;-01---;. 

<>SECN'O 57.100 

-· ---------------------

l:lANK FLE 
LEFT/RIGHT 

5STA 
ENDST 

PAGE-Tc; 

• 
• 

3 3 7 0 NORM AL BR ID GE. , NR D = 1 8 ,~IN EL li RD= 9 0 2 • 6 0 MA Lf.=L-=L~Cc::-c__...s8'---'9'--'9'--'.'--'o'--'o'-------------------------------------

• 
3495 OVER8ANK AREA ASSUMED N0N-EFFECTIVE,ELLEA= 

HRIDGE 07S 
57.10 6.26 898.76 o .. on 898.74 

902.90 EL'CIEA= 902,60 

899.17 .41 ,14 .OJ 

-··---

-, 

1 2 7 O • 0 • 1_2] u ·---
o49 o.oo s.12 

.003816 35. 35. 

Q. Q. 2411° 0. 
0" 00 , 10 0 .045 • 1 0 () ----' g3 • -------2..:1.~ I . o 45 892. so:----"""""°"~"~""""~---------------------

• 35, 2 0 0 0. o o c;o.oo 

-----! 

• 
(11 

• 
• 
• 
• 
• 

V. • m-s-,:-200 ,7,20 6.2,7 R9b.77 
.270. o. 1270. 

0" 00 898,74 
0. o. 

8Q9.17 • 4 1 
248. o. .on .oo 

93, 2s. 
90?.90 

902.60 • z 

• 
• 
• 
• 
• 

.49 o.oo 5.12 __ _ 
• ITT:13332 1. f. 

n •~ 0 Q olQO .Q45 • LQ.!l 
1. () If 0 

,04'i H':1.2,S0 
a.on ~,o.oo 

2000.~n:--______________________ ...., 
2osn.oo 

<>SECNO 57,300 
:1 NAI QI= 5Ju-;-65 vJSEL= 899.46 ENC QI= 5JU.6~SIT= 

NAl 01~ 554. RATIOS L08,CH,ROR= ,2773 ,6427 .oAoo WSEL= 
f>Q9.56 RATIO= o--;-oooo 

899.S6 
3470 ENCROACHMENT STATIU~S= 1992.7 2244. 1 TYPE= 4 TARGfT= ~ 

:i7. 3 0 6.43 899.48 0 ,, 0 0 899.46 899.S5 
1260 • 334. H51. 75. 4)9. 338-

.53 .a 2-:sr ,,59 • IO IJ • {)4::, 
.000599 229. 229. 2;~9. 2 u 

.07 .21 .10 895.69 
• 128. 91'-,. 26. B96 6~4 
s .roo .o4S 893.os 1992, 

0 o.oo 251.41 2244.09 

rnv=· • T1)v 1... ,_ 
<>SECNO 57.800 

3470 ENCROACH~ENT STATIONS= 1962.0 2095,0 TYPE= 1 TARGET= 
",., ..... o4 

• 
• 
• 
• 
• 

• .260. 175. 1085. o. 146, 310. 0, 144. C l 7 • 8 0 I • O-S--91i?.--;-J Cf;;'(YO 9 0?. • 11 ·r;n,2-:-3 6 • f 7 2 • 7 

.82 1.19 3.5() ; 11 • 100 .01.5 • 100 .046 

• o 
38 • 

f.95.11 
92-._2_(1 

902.01 
1962.00 -] . 

1121R 2800. 3530. 28'50. 3 0 0 0.Q0 2.J)__g__.~•~~----------------------

• • --, 

• I·• J 
' • • 



1 

• • 
(!) 

fi07IIJ77J. rz.sr.u,. PAGE 1 f, I (Ii 

•i 
SECNO 
u 
T Il~E 
SLOPE 

DEf-TH C~J~EL 
rrcuti oc~ 
VLOB VCH 
XLOBL XLCH 

Ck 1 ~,5 1~51:.LK EG hV Hl OL O , ,., URotf ALOB /~CH /IR08 VOL TW/'.\~.c....,,~r=r~T"',~~~T,,,.r1".,':-T-"----------------------~ 
VROb KNL XNCh XNR ~TN ELM IN 
KLOBR ITRI!L IDC !CUNT CORAR TOPWJD 

-----·--------------------------, 
' • L

CCHV= .300 CEHV= .500 
<>SECNO 57.900 

3470 ENCROATRl'IEl'H-sl:-A"TT•-NS-=--2O01.0 ?Oeo.o TYPE- 1 TARGc'T= 71~000 
• 57.90 9.Js 9o2.J5 o.oo 902.28 902.45 .10 .01 .o:nooooo.oo 

12f>O. O. 1260. o. 0, 502. o. 146. 38. 100000.00 

• 
• 
• _._8_3 o_._o_o. __ ~2-51 0,00 -100 ,045 • ..lfill .04A b9J.OO 2007,,_,_,,c.___ _____________________ . 

• ~047. 99. 99. 99. 2 o n o.on 12.41 2019.70 

~Q_;,Jt._QQO ------------------------------~-------
l • 

• 3265 DIVIDED FLOW • 
~NORMAL BRIOG£,1\JITTl= 4 IV,lN F.LTRU= 909.20 MAX ELLC= 905.80 • R.00 9.34 902.34 O.OO 902.27 902.4fi o l? • 0 0 • 0 1 

21',0. o. ]260. o. . 4~. Q ,, l 46. 38, 
• B3 o.oo 2·:-aJ o. oo .100 .• 045 .100 .046 b93.00 • .001109 1 • 1. 1 • 1 0 0 o.oo 66.39 

-, 

• 
• 

l *SECNO 58.01 

• 3265 DIVIDED FLOW • -
• 3370 NOMMAL RRIDGE,NRD= 4 MIN ELTRD= 909.20 M~X ELLC= 90$.80 • 58.01 9.37 9()2.37 0 • 0 0 902.30 90 2. so 1 ·> .03 .oo 909.20 . ' 260. 0. 1260. 0. 0. 447. a .• 14A. JR • 909.30 

• I .83 o.oo 2.e2 0" 00 • 100 .045 .100 .046 893.(10 2007.27 
.001102 29. 29. ?9o 0 0 I) 0.00 66.45 2079.73 • 

• ~-SEC~IO 58.020 
:i8. 0 2 q. 4 l 902.41 0" 00 902.34 902.51 • 1 I) .on • 0 l 909.?0 
1260. 0. 1_260. 0. 0. ~0(;,. 0 ,. J 4,;. -3.B... 902,3 

.84 o.oo ;?.49 O" 00 .100 ,04:i • l O IJ .04A 893,00 2007-18 • I ,000461 1 • 1 • 1. 2 0 0 a.on 72.f.4 ?.079.82 

.I 
• 

• • 
• • 

'' • • 



• 7T07ZT.--r2--;s-1~cr r. ----
(I) 

I SECNO DEPTH C"SE.L CRIWS '~SELK fG •r (J CJ[Ob QCH a1,--oe A[Oii ACH 
TIME Vl.08 VCH VPOB XNL XNCH 
SLOPE Xl.OBL XLCH XLOf:lR I Tt-1 I AL IDC 

• I "SECNO 58.030 
' Sfi.03 9.43 902.43 o.oo 902.3h 902.52 

l2.hl!._. o. l Zf&... o. 0. 5QB • 
.84 0. 0-0 2.48 o.oo .100 • 045 • .000457 39. 39. 39. 1 u 

* St.CNO !:>8. 040 • I 326S DIVIDED FLOW 

• 3370 NORMAL BRIDGE.,NRD= 4 MIN ELTRD= 909,20 MAX El.LC= 
~_Jl. 04- c,, 42__9 __ 0_2_,5_2 Q , 0__()___9.J)-2,, .. 35 9 IJ..2... 54-

:• I 
1260. o. 126U, 0 0 0 0 45 I. 

,84 0,00 2.1:10 0,00 .JOO .045 
.001077 l • 1 • 1. 1 u 

' ; ~- «SECNO 58,050 
~ ~~65 DIVIDED FLOW "' z 
a 
0 ~- I 

3370 NORMAL BRIDGE,NRD= 4 MIN ELTRO= 909,20 MAX El.LC= 0 
0 , 

-'T4~RTffGr07S-m1 

• 58.0S 9,45 902,45 o.oo 902.38 902.$7 
1260. ' 0. 126U. 0. 0. 452 • L .84 

0,00 2. /9 o.oo • roo .045 

• 29 • 29. 29, 0 0 .001070 

~ 5B:Nv5""870 .. I 

• 5e..o6 9.48 902'.48 o.oo 902,42 902,58 
12~0. 0. 1260. 0. I). 512. 

, 84, o.oo 2.46 0.0(1 .100 ,045 
• rrITTJ 4 4 8 r. 1. • 0 •• 

•• 
• 
• 

HV 
ARUB 
Xf\.R 
!CONT 

• 1 0 
Q. 

.100 
0 

905,80 

._1_2 
o. 

-100 
0 

90",,80 

.12 
D • 

• l O ll 
0 

.09 
0. 

• 100 
0 

~5L 
OLOSS 
TWA 

ollN ELMIN 
CORAR lOPWJD 

.o? .oo 
I 46. ;:l !j • 
• 0 41', 893,00 
o.oo 72,73 

BANK r .. LF 
LEFT/RIGHT 

SSTA 
FNDST 

909,20 
_2JL\L, .J. 

2007,13 
2079,87 

F'r.-GE--T1 
• •• 
• 
• 
• 

,Jl n 

l 46. -1' ~ -- --------------

• 
• 
• 

3H, 
• 046 893,00 
o.oo 66. 69 

,03 .oo 
147, ]fl. 
.046 893.()0 
o.oo 66.7S 

.oo • 0 I 
147, 38, 
• 041i 893.00 
a.on 72,93 

</fl':I.JO 
2007.]6 
2079.St. 

909.20 
909,30 200,.rr 

2079.88 

909,?.0 
909.311 

2007,03 
2Q7<l.97 

----~-~__J 

• 
• 
• 
• 
• 
• 
• 
• 
• 



• i. 
,. C • .:.J'J. o u J. t1 

<I> ' (Ii 
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Introduction 

Hydraulic calculations were performed for the Rice 
Creek between Marshall city limits and 20-Mile Road in Marshall 
Township. Field cross section data were surveyed by Commonwealth 
Associates in September, 1978 and September, 1979. This study 
matches exactly at the downstream end with the city of Marshall 
study. Flood flows for 10-, 50-, 100-, and 500-year recurrence 
intervals were between Marshall city limits and D Drive. The 
same flows were used up to 20-Mile Road. An enlarged U.S.G.S. 
7-l/2

1
preliminary topographic map available for the area was 

utilized. This study was performed by Commonwealth Associates 
Inc., Jackson, Michigan, and the Project Manager was V. 
Danushkodi, P.E. 

Method of Analysis 

The HEC-2 computer program was utilized for the 
entire hydraulic analysis. 

Variables and Coefficients 

Manning's Roughness Coefficients 

For channel 
For overbanks 

Coefficients for flo~dway 

Contraction 
Expansion 

Coefficients for bridges 

Contraction 
Expansion 

Ratios 

Contraction 
Expansion 

Weir Coefficients 

0.045 
0.100 

0.10 
0.30 

0.30 
0.50 

1:1 
1:4 

Dam (Section A) = 3.08 

High-Water Marks 

None 
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Starting Conditions 

Starting elevations were based on the FIS of Rice 
Creek at Marshall city. 

Special Problems 

2 

Flood flows were divided between Rice Creek and 
Mill Race based on the rating curves generated by HEC-2 model. 
Actual rating curves were included in the Hydraulic Analysis 
Report for Rice Creek at Marshall City. 

References 

None 
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SECNO 

55.l 
55.9 
56.0 
56.1 

56.8 

56.9 
57.0 
57.1 
57.2 
57.3 

57.8 
57.9 
58. 0 i 

58.01 
58.02 
58.03 
58.04 
58.05 
58.06 
58.30 

59.0 
60.0 
61.0 

ID in 
Profile 

E 

F 

CROSS SECTION REFERENCES 

Description 

Made up valley section at corporate boundary 
- surveyed dam sections 

Surveyed valley section 

Surveyed bridge sections. D Drive bridge. 
50 feet X 6 feet concrete box 

Bridge sections 
I-94 eastbound lane - taken from Michigan 
State Highway Maps 

Bridge sections 
I-94 ~stbound lane - taken from Michigan 
State Highway Maps 

Surveyed valley section 
Surveyed valley section 
Surveyed valley section - upstream limit 
of study 

Bridge Notes and Sketches 

All bridges were analyzed as normal bridges • 
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