, HEC-2 B8 A7)

HEC-2 & 1970 dc) u]= Hydrologic Engineering Center ol A 7|5 o]
AE 2 4% 7l EZFHAAIL e FA3H A A% 2229
ojti. o] T2 zAdstHolY UFHA 3
flow) o]H A AW 3} HF(gradually varied flow)d ZALY $HIHE A4

). AANMHE 11 oy x| wWAAL EF&XXx}H(standard step) o

ot

M= HAE w23 k. o] T2 F4E|(flood plain) He
Z 420 tyt = Al (encroachment) 5L HIIY 4 & Jlso] 37
o Fofl F4ua(flood insurance) ¢ Fof B3 J¥E ¥ £ . 2
gl 3}¥ 74 (channel improvment) of 23t #HIJMe M, cie] F
g FZEY Exio] ¥ FHEIAHY ¥ F& F/E + U+ vl A
=3

HEC-2 ZE21e] F R A AgE HlPes o ANEY +4F u
ofst=dl glon ol Y AREE SRR, AMAREY 9. FF,
EAAE, dARR L} st o] Fo] RSt HEC-2& ¥} ARe= rf
B3t | A4te] 7Hs¥t L4y T2 ooyt 72 2 vy &
oldttt. 2|3 H4¥ optionEo] th A FEHoA L dem FY AEH

d 3& HMME AL ABAME Hus Hch
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. HEC-2 9 7)1 20|23} 3N
HEC-2 oM 38 ARRAL wE3i:

M= WYS AYs ok

WSy + 9;——\/55 = WSy + Z'z + he
he =L St + C [ azzvzz azzvzz )
A7 olRAA 1 = HF

bR} 2 = HEY

WS = 4]

R EX

0= RERAAS

g = TYHNEE

he = ol Uiz| &4

L= st ol

S¢ = obHAF A}

C=% FLE: £3A4+

HolA fF38= ot P AkE ThEA S ol &¥th

Ql+02)

Sf:(K1+Kz

A714 Ki & K2 & 95 S o3y Manning A 22 F ¥ F3ch
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A R2/3 ( U.S. metric )

3 e B4 HE(GRSA SIFRFS vletEuy &5 E ooy
o]ET E A& ALY overbank, $F overbank 12|31 FlT oA B

52 ¢gg uojych Y KEEAAS o & ThE AHLEZREH do

a= Ar? ) KLoa® = Kcud = Kros3 ]
- ALop?  AcH?  Aros?

71 A olRHFA} T

HAgrH (total section)

LOB = &% overbank

CH = 3l%=

ROB = €2 overbank

919 HES thge JIBES YA LR xS Ut
k-2

© 28& AAFolt}
@ z8& FEFoIT}
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3 Az

HEC-2 & E3}o] 3hite] whdol oyt selAM(dEER T/, o

i
+
i
N/
r »

AFAALL F)ezHe 80071 whol iy 18749 Ft
(profile)& €& 4 tl. 2z ZAYsE= oty Eeld B4dolu 4
o wield HEY option o] AMEEHIIT ¥Urt UHEHE ol FAY
L 27747t e e BF line o §F field of A FHo| glr}.

HEC-2 2ol gdside AL 7 g7t g TAFE 10719 fieldE

o] o] A} (2¥3.1)

(2% 3.1) QA FZPA
1D..... ) S 2o, K I 4....... | P 6...c... Jeeeunnn 8....... 9...... 10

7t JYHi4 7t field of ZIY3tAE L A} field & ofgjolrt. A
il

7 field &] A€ F 2+ line Identification EXH (&

e
i)

i A
4

L)

i

5)8 71Y8A = unx] 67te] HEZR $1% Fol
& field o] 2EFo] FHHEF3IH U field = 08 Fo=2 Al
tlolE} line & (XE3.1)ollA £FY 6712 9o Eeldrt

(E3.1) dlolg field £F/

@ Documentation lines | T1-T3 Mg
AC A3 &
C A&

@ Change lines NC Al 2} A 2] Manning n
NH Manning n & +HEX
NV Manning n & g3 X
QT R Lo 273
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ET SE 2HA)
CI St A4
IC WALR
® Bridge lines SB special bridge
BT tiel A 2 E
@ Job control lines J1 A=Az A
IR AR 49l-5% BA
Js TAEZEF
J2-J6 option
EJ AdF =
ER N ES-]
® Cross section lines | X1 chH A A
RC FH-FIRA
X2-X5 option
GR R RS
® Split flow lines SF B3 E
JC Axtol &
Jp Alrt A=}
™ o 21 2]
¥ o} el 2}
WC Aol 4
™ X RRAEEEE:
NS S
NG A E 2R
TC T4 -RFTA A
CR F4-FZBA
EE 2258 QA5
Documentation line & 3}# el o] &, thd R, 2AEEH F AEFRE 7]

a

&31719]3 858 A5 Job control line & GlolEl A2l & 2| A5tA
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U ¢4 e 2R3t A AYsiAY, £33 nf e g 235

€ EE Al8Hrcl. Change line & Manning 2] n gk, §3, 3tz Ao

a

P

A & 7)ol NASIAY, HAY of o]&Frl. Cross section line &
stAe o] iy HE § A¥E AF3he §E2 AEHT Bridge
and Split flow option line 2 t}2] 3|4 5¢ option & X FY ZHALof
o] &Hr}.

(ol 3.1) HEC-2 Y 74

(293.2)3 2 sl=9 F7l2 f3xdo] oyt +HIML daxiyl
=

ok AREY] o7 13ftdule] {38 200ft3/s2} st A]2EA ] $9]7)
15ftdule] /& 500ft3/s2} 3lof o]2RE d& £ g $HIA 271R)
g Tl F3Ae. 7 i g E (2Y33)d +55dS

1Q=450 cfs Q=500 cfs’_j
S — 15 ft
l§=180 cfs Q=200 Cf——|13 ft

Cross Sectlon 2 Cross Section 1

Proflle View

p K—Trligta:
Channel
500’ X
/.‘-——— 500"
\‘/ 400. :/\./‘1

Plan View

(39 3.2) 3lx9 At
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n=0.04

n=0.08 n=0.08
|-
:\20-1
< 154
€
2 104
°
° 7
i
° ! J | L T 1
© Q Q coco o o o
0 o NoOR o) e 8
- ~— v o~ o~ A
Statlons (ft)
Cross Section 1
n=0.04
n=0.10 n=0.08
~ 20
£ 16
.5 12
] 8
v 4
a
e 3 Q Q Q O cown O
0 o ) o o Do N O
- - N N NN N M

Stations (ft)
Cross Section 3

NOTE: Cross sectlon 2 was not surveyed. Assume that it is 10%
wider and 0.4 ft. higher thon cross section 1, based on In—
formation from U.S.G.S. topographic map.

(23 3.3) 3719 chazls
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LR ER L

YN 2AJ AP} AGP Il Yol N A FoY FEFY 3}
uvolth. &¥ANE T3 UHUNY FUE AL o k2] ddAAAE A
Z2733te Aol U ol EYHME T o Fo ALl ojgpe
EYMH S 9sto] HEC-2 o 2 iy Aoz dg »est i)
o]& R|A37] #130A control option MEjo] YR 3lct, o] B control

option & (34.1)0] #=&E3tdc).

(X 4.1) 24| Option

Qutput Control (lines)
Commentary C
Input Data Listing* Jii
Detailed Output by Cross J5

Section*

Flow Distribution J2.10, X2.10
Traces J2.10, X2.10
Summary Tables* J2.1,J3,J5

HEC-2 ¢ &% %Al AL AA standard output 2} optional output & 5
7FA 2 o] An Z fAe] FA X@EHE S b gl
* gtandard output

stanard output 2 XAj(banner), ¢J¥¥ujolE}, 2z THH 4-2]lz}e] 4t
M3 &9, summary table, £HIH F& XYL olE UEF ¥AE
A3 FHLE AbEate] Ao uhel PY = drl
O A : YU A Foll A3 2Pl Alote] it FRE $
&3t glch
@ output label : 2} profile 2}E L} ©HAIE Qo= 3182 label o] Q)
ol (of]: *PROF1 ¥ *SCENO 1.000) o] R 2lalofA Zx}sl= uo]E}

o AAE HA RS+ UAEF Fevh



Q dHaydxir ¢

th 4 g AR BI(Eo] den olg ofjel Y FE (E4.2)

of +&3stgich

Poll &3] BN dHEYPA R ZHEHI shed ol Al A&

zt oA 2] 407) Mol iyt AR A ZH

¥t BI S} A special note & error message 7} T2

" b3 oLt option T& HABSAU 2FAIYS A Fs17] felrt

Eol 33 oA A} profile of thyt AE (IH4.1)ol £33t

th. o714 whE 1.000 2] note of X¥¥H “CCHV=.100 CEHV=.300" & NC

( 4.2) &3&9 2=

Variable

Description

ACH

ALOB

AROR

BANK ELEV LEFT/RIGHT
CORAR

CRIWS

CWSEL
DEPTH
EG

ELMIN

ENDST

HL
HV
ICONT

IDC

ITRIAL

OLOSS

Cross-section area of the channel.
Cross-section area of the left overbank.
Cross-section area of the right overbank.
Left- and right-bank elevations.

Area of the bridge deck subtracted from the total
cross-section area in the normal-bridge method.

Critical water surface elevation.
Computed water surface elevation.
Depth of flow.

Energy gradient elevation for a cross section which
is equal to the computed water surface elevation
CWSEL plus the velocity head HV.

Minimum elevation in the cross section.

Ending station where the water surface intersects
the ground on the right side.

Energy loss due to friction.
Discharge-weighted velocity head for a cross section.

Number of trials to determine the water surface ele-
vation by the slope-area method, or the number of
trials to balance the energy gradient by the special-
bridge method, or the number of trials required to
calculate encroachment stations by encroachment
methods 5 and 6.

Number of trials required to determine critical
depth.

Number of trials required to balance the assumed
and computed water surface elevations.

Energy loss due to minor losses such as transition
losses.
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¥
QCH
QLOB
QROB
SECNO

SLOPE

SSTA

TIME
TOPWID

TWA

VCH
VLOB
VOL

VROB

WSELK

WTN

XLCH

XLOBL

XLOBR

XNCH
XNL
XNR

Total flow in the cross section
Amount of flow in the channel.
Amount of flow in the lefl overbank.
Amount of flow in the right overbank.

Identifying cross-section number. Equal to the num-
ber in the first field of the X1 line.

Slope of the energy grade line for the current sec-
tion.

Starting station where the water surface intersects
the ground.

Travel time 1n hours from the first cross section to
the current cross section

Width at the calculated water surface elevation.

Cumulative surface area facres or thousands of
square meters) of the stream from the first cross sec-
tion.

Mean velocity in the channel.
Mean velocity in the left overbank.

Cumulative volume tacre-feet or thousands of cubic
meters) of water in the stream from the first cross
section.

Mean velocity in the right overbank.

Known water surface elevation: for example, a high-
water mark.

Length-weighted value of Manning's n for the chan-
nel. Used when computing Manning’s n from high-
water marks.

Distance in the channel between the previous cross
section and the current cross section.

Distance in the left overbank between the previous
cross section and the current cross section.

Distance 1n the right overbank between the previous
cross section and the crrrent cross section.

Manning's n for the channel area.
Manning’s n for the left overbank area.

Manning's n for the right overbank area.
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SECNO  OEPTH
Q QLos
TIME vLOB
SLOPE XLosL -
*PROF 1
CCHV= .100 CEHV=
*SECNOD 1.000
1.00 8.00
200. 5.
.00 .28
.000590 0.
*SECNO 2.000
2.00 7.88
200. 4.
.07 .25
.000517 500.

1490 NH CARD USED
*SECNO 3.000

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE,ELLEA-

3.00 5.55
180. 0.
.14 .00
.000649 500.

CWSEL
QCH
VCH
XLCH

.300

13.00
194.
2.15

13.28
195.
2.02

13.55
178.
1.92
450.

CRINS
QrOB

XLOBR

WSELK
ALOB
VROB XNL

ITRIAL
.00 13.00
1 17.
.28 .080
0. 0
.00 .00
1. 15.
.25 .080
500. 1

.00 .00
2. 0.
.39 .080
400. 1

EG
ACH
XNCH
10C

13.07
90.
.040

13.35
97.
.040

(2% 4.1) 38 o4 2423

HV HL OLOSS  BANK ELEV
AROB voL TWA  LEFT/RIGHT
XNR WTN ELMIN SSTA
ICONT CORAR TOPHID ENDST
.07 .00 .00 12.00
5. 0. 0. 12.00
.080 -000 5.00 116.67
0 .00 63.33 180.00
.06 .28 .00 12.40
4. 1. 1. 12.40
.080 .000 §.40 132.38
0 .00 64.40 196.79
16.00 ELREA= 12.00
.06 .26 .00 16.00
4. 2. 1. 12.00
.080 .000 8.00 229.22
0 .00 36.56 265.78



lineol M 2| £521 {ZASs Y& Hujsta whd 3.000 of 12 &

“1490" 2} “3495"2}+= note = NH line I} effective-area option ©] A}-&¥]
=& BRo&ch

@ special note : THHSHR}IE 30| special note 7} UL £ iy

ol AArE ¢I% ZiAz AL ¥ option of th¥ FRE 25t 9t}

o] &}¢2 special note & &S HUStHE ALEAEF MY “Special

Note Listing” ¥ && ZI3IHACE IF w2 £ note = ¢gYPAt8 Y

T3E 2935 Yul 2 mpeisir| = dch

® profile plot : 571 o8] ©H &7} UYPEE FF 2H3doA

profile plot & HAY 4 At rloe FHIFAHY

U, st A F(invert), 22 Fol AL

© summary table : multiple profile & %Y of A FHc}. 3z gt &

A profile & +}Y A FolE J2 line o] RHA fieldo] -1§ 7]1¢ 3}

d o] table & ¥& 4 rh

* optional output

S22 ¥ (flow distribution) W A4S 3 (computational trace) S22

F713Qd Y &S 7] #i38te WX option o] o] &EH7|E Frh

O FFEXE : o] optiono] A FHT whH o Aol izt A H,

g WESERX Fo| &3Pl

@ AiEH : o] option & FRH4(key variabl)e & & AidEAdlE

EYANAAN 8L ZAEINALL 2FE Hold B ol =& Erl. F <&

A2 FHol 7hs¥d olF ¥ FF3H(minor trace)2 THREITH A%

&9, Manning & n, Aise, AFA T FHI,  F3H(major

do
S
o

trace)2 minor trace & ZA ol ¥ 73t 2z} wiH o] B E o (subdivisiome

e +eda & FHUcH



S Eo I3 ¢ oA Y E option 2 (F4.3)3} Tt} o] 9ol AjLx}

ABE THedd ol AlgAdPAME Hasid )

(F 4.3) oA 2Y ot

Code Table

100  Cross-section output at bridges (special bridge only)

105  Four-cross-section output at bridges (special bridge only)
110 Encroachment data

120  Channel improvement data

150  Standard summary (two tables produced)

200 Floodway data

201 Flood insurance zone data




b, é%ﬂiﬂ@,(Output Analysis)

Z2ad AN LFE AHstne 2o WS AHow YYale
Mol 29t webd YR FAE Y 2o Y AEL 2EAY
olut AdB st Fol SloiN FL¥ A7} Hrh.

SRE WAAND Jbsol Ut FRWSE FEHY st sumnary
table 2} WAZYAEE o3t o] niysth AusY, $UE,
FHEE, B9%548 & (conveyance ratio) 53 2
fHeES o o vayd "dert ok, olE Y Ty W= o
Yatzol EAAC] AL Ut E 317] afFoltt. olE FRUxY 2
FHAdz g chgo 29 st
@ Axdsd 0 277 glol Aol & Fog MY ol By o
ol EAolth, Alatgale AL oixlut AaEols] ol t}E #
T LHEFE WSt ALHAUE 7tede] At i W gda
EE NAESIY F49 ZTUE FolUES 3ct
@ +H&F(top width) : o]
2Yatg Yol A Aol AUSE B
A& nEg ugos ZAEYL
@ f<& : dHArlolY FAY FEHIE o xYPo] AH3] Hosof o
2 AV npEEA F2 F AU &M (ninor energy loss)o]l ¥ 3]
A Zs ol ¢yl HEoT wAY £ gt
@ oy : ghHxtolg ouA] FAzt F ZF e oluaEdo] H A3
BEAJEHA] RS F ol YTl AUz e Zrae T4 3
¥ HEE oujyct. wmetd B4s ALY EHAES FE(L] 2 d:

ol old FA7} UYL F¥ H Alolo] FrtE wHAE

¥
to
o

Swra ¢ W= GR point & HoJH

Ttk &¥atge, AxE 2 T

=

1Y

(il
2t
2
[

o
g



WO 2 30% o] 22 U] ZL FL 40x o] oyx F7trt wAdY
ZS < Atold] Azt UF del A& B9 UIE 2FE SN E
(i3

® % : ol AU FFEEI FA3] XolE EAdRF S ¢
dztg e ZAE7 "osjct

® FT% : TT5E &Y= option(Kr option) 2 A}-&A}7F 2] A sfofgt
th o] 2 AYALZ ALY FeAE whAAbole] Azl AEAY S ¥}
Lo g3ttt gutHo® Kp o HHIE 0.7 (K < 1.4 2] Hel 3o
e BF 71 <do] Wasirian vghdic

o] olgjelx r}E W4EY ZAEE Wasin EAFEol msEB AP 2
& 718k vla A WHstA gAdste A9 dAdE 2A oS AR
faY 4 ol

® Manning 2| n g2 EAALGAIR o} ¥FALY, HAZAL & §3to

tth o] T2 FAHLR rlEA EXY £E U 22 stz &
g

ne

RAztol whebA chel 258 MBE Ho|7|E Frt o Hol Rt ¢
Az AEE WYt

@ ¥ % +3A47 %3] YA Ak AmEc

@ 237 DHolNe THEAY A4r FURA AEYch FIRE}
180 o] 4 Z¢ F7t2 wAAEI} 7|2 Atolo] A2 MAE oj o} @

t}l.

(odA5.1) €384
(21¥5.1)& AHEHE AUz s+HJH] $HIZo| 472ft, 468ft,
330ft, 382ft= VUIE}LIITE.  o]}Zo] 4HFo] 468ftolA] 330ftE W37t

£ ol I ElRy AL
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(o] A]5. 2)
(2%5.2) @& S Ueld Zlolth. o714 TEETE Anug

ol® 2FE& Uehlzag 7bs2dol Atk olE dusire.
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CCHV- .200 CEHV- .400
*SECHO 5150.000

3265 DIVIDED FLOW

5150.00 15.10 722.30 .00 722.30 722.50 .20 .00 .00
5600, 2138. 2903. 559. 1514, 610. 401. 0. 0.
.00 1.41 4.75 1.40 .120 .055 .120 .000 707.20
.000995 0. 0. 0. 0 0 0 .00 381.65
*SECNO 5170.000
3265 DIVIDED FLOM
5170.00 16.14  723.54 .00 .00 723.76 .22 1.25 .01
5600. 2217. 2725. 599. 1426. 526. 39s. 67. 10.
.10 1.60 5.18 1.51 120 .0585 120 .000 707.40
.001095 1200. 1200. 1200. 2 0 0 00 329.71
FLOW DISTRIBUTION FOR SECNO-  5170.00 CWSEL= 723.54
STA=~ 146. 192. 252. 268. 372. 408. 432. 486.
PER Q= 4.1 3a 3.1 30.4 48.7 8.0 2.6
AREA- 189.8 171.6 114.2 950.2 §25.7 243.3 152.0
VEL~ 1.2 1.0 1.5 1.8 5.2 1.9 1.0
*SECNO 5192.000
USGS GAGE BISON CREEK AT LA PORTE
5192.00 17.46 724.06 .00 731.40 724.18 g2 .40 .02
5600. 1248. 1672. 2680. 676. 380. 1875. 88. 13.
.14 1.85 4.40 1.43 .120 .085 .120 000 706.60
.001124 175. 425. 47s. 2 0 0 .00 467.98
*SECNO 5195.000
5195.00 18.33  725.98 .00 .00 726.08 .11 1.90 .00
5600. 1213. 1587. 2800. 715. 372. 1966. 213. 3.
.36 1.70 4.26 1.42 .120 .058 120 .000 707.65
. 000965 1825. 1825, 1825. 2 0 0 .00  472.13

(2% 5.2) oA 5.28 93 i3 Y

3-21

713.20
709.20

191.15

593.75

713.40
709.40

146.15

486.18

709.70
717.70

154.30

622.28

710.75
718.75

109.83

581.96



A= B oiide] 3 ko S FHotM 7Y WHERAEE of-&stAct
37 A Z A B3 A (1990.8)0lA & 35 ~ 41 o] ol 3wt
"t
T FPE AAZTTHY dAZTTBLE JHHsAed ol 53 3BE
71&EL 2 3tAct

49 : 33.66 m

2 : 20,000 m3/s

Manning o n 2t BVZ STEE FFAZA FHE A 0.0328 73
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(RECEREURE B *4 ik

2 £A §9o] thdt ¥4E(flood plain) gdFo QoA tlz|E &
HY 9 FEFAY Ao VY M Fay EAolh. ciey t}
Zlo] Yyejo BUY 20T Ul Tl BY I F L t}FEI] oy
A2 shuojth.  tielel @A(clvert) oA dojib: iR ofyz|
E4e F2EY ANF F29 AR F2olA A= &3} 72ES
HA e &2 E ok i A4RE vl JFR Bz o £%2
2 A¥ Hol(transition) efol, tie] A F& ciel &3 E wiAvz
o $Fog A Ho] Hejolrt. HF o] F FEF oMY oy &4

& HEC-2 oM+ EE£%x1¥(standard step) & & 3jA{ 3t} cle]fz

mlo

S oo A UHL2 371x]71 9l=d], normal bridge method, special

bridge method, external hydraulic calculation ©] 17 &o|t},

7.1 THE NORMAL BRIDGE METHOD

normal bridge method &= 4HIAM & Manning A3} EEZxY & o] &3}
A3ty cielzt E203EA] Y= stHol N 4+H Alatzt {Apstch HEC-2
Z23P2 tielY EAE 493N tig] 22 E Y A ZE B
(total flow area) & ZtA2} tiele} B HEFELE Q¥ FH Fi=
utelgict, rclgles EEAAYE (top of road way) (ELTRD) £} low chord
(ELLC) & X2 line o] 7|dd¥ ez AHoHr}t, =E3 FA (roadway station)
3 22 Yo it E3E BT line of 71y FoHrl ol
3 elstH normal bridge WY ste] tie] FREL 2714 WHegE EHY ¢

olct.

o
142

@ BT line o] £2 &3 low chord X F 7| Y3l=
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@ X2 line o 4A¥ kel low chord L} 58 AAAEE 714383, vz
F8¢ FE2 GR line of 2&E 7|t Al 3y
<@ el FZ2E o7t (Z-7.1)e] Ve QT 22 Ay ciel vt
t 39 3 g oAy ez, HdzAP¥eR AP g FREY
E7l F71 Hed ole =& ZAE low chord &) E3E Wil ¢
At HS ) $1x12] GR line of FA|H =¥ E3 2E e FUg 93
o] BT line 2] low chord elevation & 7|24 FA|®Tl ctle g3
H& GR line & Hleh& HA]3}3 BT line & U9 low chord & 7]¢3
th. 33 #e JFAd

T ot EEEFAPY At Z2ade I 3

5

i

FE §HTE F/MANELEN Hr} A F

i

—

o
!
>
e
_12.

os

2]

—

2
(gl
—x
M
N

ch. =¥

o
i<k
ox
Iy

Q1AlS1 31 B4 % (conveyance)S A4

&
rlr

&
tieldg HAps7] $ste] W& 2P P tiel g3 2E A
A

fr

NC, NH, NV line o] ®]A ¥t} rtd NV option & A2 Y uff ol:=

)
ok

Poge & HIHE AFYste HALE olult ZXE=(roughness) tf
I (elevation) & =27} "@esict. 3 tigl ©do] lower chord &} nig}

257t thE™ composite N gt of 18] a3 A7 JF "Hesdicp, o =X

fu

32 Jower chord 2} channel portion ©] TI& N & AL EE st
82 gl

normal bridge method & A}&3lo tie] BHa & 3t ofA/fe] tidol
gesdict (297.2) 3z ©d2 tielE § 3IF w3z FEI o
AelZ B Eo] LA3 FAS o KMol BHPZ o|F&= Fdo|r}. Fuxz)
T2 ciele] FstHHel AR, AHz) ulba) gEe 7 Wa Al
tie] 7o) Hojrh, oAl B2 ciele] 2sFHEe|n ANMAHL ¢}
glo] FF Yo FE8 W Azl +& F¥o] gle 2R KA

B Folrt.
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Top of Road

High Point

ot Low Chord -
W.S.

\/

¥V = BT Points
O = GR Points

(28 7.1) te| 72 E AEA

{a) Determined | | |
using 1:1 Width of | Determined using 4:1 l
contraction bridge ! expansion ;

e e >
R |
| |
Bridge r——--——-p——-——
. Flow
- —

(2% 7.2) Normal Bridge Method of ¥ 3} e
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T 1 2 o] siMe RHAE 2 FE = Rolul, shH HAY RHF o
Aol A Wol] ofrolx "t whetd AsFol o ARH ool r}

€ "o] glojx ¥rh

l

BEE B FEeE HAHLS 411 ojvh. AWM TR 1 & F adf
A2lY 4 wE SFYVLE X Pt wA o] el o3 AatdH Ag
7t 50l ¢ B2 4 ZS 4= ANV ©H 1, 2 xolo] ¢
X E& ¥rh wd 3, 4 Apolof A7t BAU (A &4A) . BEIW 2=
Hst A& B9 3 2 4 Atolof] F7p™ cho] Wasieh, o 6 & 24

g 1 I Hsd Ades F47 1:1 & A&

fr

Fractd (effective area) & ¥ ©HF F42 o] hdo $3 o2 3}

u

Wgog 2L RES W ol IFWYLE TEE FEIAY

€ Y] {F Y (ineffective flow area) 2}32 &t} (23 7.3)9
ttele] Ex12 g7lE HRE TR dF —’5—7“3}%‘3}. & -2 GR
line 2} BT line olX ¥ =2 HAHE2} low chord F&olm A itolA
= Ag"ch. 123 GR line oA B Ay EI&E HAYde ¢ B

E ZTEL 51A <hdo] AH¥Hcrh fKE GHE HFol LY g X3

(e #7.1) normal bridge method
(2817 4)0) =A% 6708 TRZAREE Zie YAAAM WA= +HT
Ao H3tg I L.
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Approach embankments

Bridge deck

/

/'.

Solid railing or curb

7

Ponding area
for low and

pressure flow
conditions

Piers

Water's edge

—— Ponding area for
low and pressure
flow conditions

(28 7.3) tel+2E3 fAdA
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Elevation

Elevation

Elevation

Elevation

20— NOTE: Circular opening appears
elliptical due to difference
in horizontal & vertical
scaies.

10 T T

0 100 200 300
Natural Cross Section with Fill and 10" 8 Culvert

40

304

20

10 T T

0 100 200 300
Natural Cross Sections 1 and 6
40
Effective Area
Boundaries

. \ /

20—

10 T T

0 100 200 300
Cross Sections 2 and 5

40

30—

204

0 100 200 300

Bridge Cross Sections 3 and 4

(28 7.4) oA 7.1& Y SEE
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1,2 THE SPECIAL BRIDGE METHOD

special bridge method += lowflow, pressure flow, weir flow &-& o]

mjn

o] ZYo2 o|FolF BF ZZo| thstel A Ao HAY £TAL
AR SHE whgolth. o whelM: tielw UYTE Fojy Eaeh wiet
U] 22l FUPALE SAZ Atle|EE ARt 27te] Eajs A
el dgiict. 3 dEAEE 4717 "R (2177.9)

low flow 7%+ t}elg) low chord &8 H&Xo] gt &

u[m

o] tjg|gew 3
E& BFolth low flow ZfollA 2Zto] gl Z 9 HEC-2 & AFHeoz
normal bridge WH & MYsld] ol: T2gt AQoME UL FEsy| o
woltt. zZte] 9l tiele low flow & Z$-of HEC-2 &= 3 7}x|2] 7

S 323Y 4 Qlt}. CLASS A, CLASS B, CLASS C 7} 2 Zo|t}. (&7.6)
CLASS A low flow & Z &2 AFel 7133l 4919 wWil= YARNELL 4]

& $3tod Axiict

H3 =2K (K + 10w - 0.6 ) (a + 15a )4 ( V32 / 2g )
o 71 A

H3

tiel & FshEA LAY 92t

K= 32Z} A A4 (pier shape coefficient)

o = thel BF 2ol iy &5 £Fu)

x}et ™ 2 (obstructed area)

H] X}t ™ 3 (total unobstructed area)

Vs = the) R &=

a2l Aol eyt 22 A A4S (E7.1)0] AAdrt.
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(b) ,  Determined

§ using 1:1 Width of Determined using 4:1
L contraction bridge expansion
7 % s B!
o
!
L
— - Bridge r—-m—py
; |Flow S | Flow

|

— |
o o 5

(1§l 7.5) Special Bridge Method off ¥ Q&b chd

(2% 7.6) 289 Helo) e +mz

()v
io
[4:2
]

2R



(£ 7.1) 22 YA+

Pier shape K
Square nose and tail —— 125
90° triangular nose and tail D 105
Twin-cylinder piers without diaphragm O O 105
Twin-cylinder piers with connecting diaphragm =0 0.95
Semicircular nose and tail C_ DO 090

Submergence D/H x 100 (%)

100
1.0
o
0.9
i .-
O
0.8
(&)
g -
9
0.7 9
L
[~ [ ]
Q
-0.6 §
H h 4
D L
- —--1- ;
-ﬂ /4 I T -0.5 3 ,’g
- 3/2 i {+
Overall Q@ = C,LH3/? x ¢, /c, S
0.4 Y
X F
( L0.3 Y
[
N ) ‘ﬁ;u
S r
¢ ~—
§ 3.04
o
£ 3.00 41T T T T T T
. 014 06 018 020 022 024 0.26 0.28 0.30
S H/I
(b)
~  3.06-
S .
>
§.302:
S 2984
O -
c 2.944
S 2.90

L 1 LS T v 1 4 T 1) LS T ¥ 1 T T T 1 LR LS ‘
00 0.4 08 1.2 16 20 24 28 32 3.6 4.0
Head on Roadway H (ft)

(a)
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CLASS B

HEC-2 += 7] A momentum balance F2]& A}-&3tc}

low flow + tig|gE HASALE 3 Eue

Fala=

o =
76"'1‘2‘

CLASS C low flow &=

I 5ol AR 35S UstH, CLASS B & & A S AH&3cl

pressure flow = t}2]2] deck 7} ZAA low chord 7} B2} &g o

Ay,

siA sidsta Bt
Q=A(2gdH /7K )05

A7 H = gsiRe AAYA 2

K = €4 A4 (loss coefficient)

t

R EEREEE

&

Q =

do

HEC-2 olAl= H &

wveir flow & f8o] tle] g2 T E7] A2 g }%"’JC}.

£ EE veir 34 & AHgEch

Q = CLH3/2

w

% A%

o

L = weir o] & A&l
e

tiel g} tielgl =22 Tl uwhel

olg #% Al AFE A% 2¥-E £5sstcl
(el A)7.2) special bridge method

ol8l pressure flow = T}&A1L AlR3}= orifice flow

L5 -1

L S g }.

4

oAUz ol y ez|vae FA7AY A-E Fe¥ch

olwj HEC-2

(247,79

e Iy igol R JdAsictn spFstn il dA stdg o

(23 7.8) tiele] ¥z UAdsle +AFHY HHE FAlR

3-35



W 7 14 R
o) o o o

Elevation (ft)

N
o

10

Elevation (ft)
N o » ) ol
o o o © o©

sy
(@)

N . Cross Section

With Bridge

(0] 100 200 300 400 500 8600 700 800 900 1000 1100
Distance (ft)
"
]/

Cross Section

Natural Conditions
S |
0 100 200 300 400 500 600 700 800 800 1000 1100

Distance (ft)
(a)

(1% 7.8) o] 7.2& 43 wle
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8, T4H 2 (Flood Plain)
TTE 2, st T4 Foll HY, FAAdEe AzEAAN T4 Fol
E AgEHE 2 Wiy, (2ys.1)o]l Uehd ZAYH s T4E=
MY B4 S HWE dAlY 2Yygos B £ rh

T4E E£4& st A AP L Az $AHoltl. $AUHE REIE AY
=, ¥4218, ddxg, 3l RE Ho] XU, EI Hil= 37
of iyt F4Fe] Aol fFHTE Wt AP 7ol thyt F5Po] 2
FEY thEAE S RS ety ¥ FHE AL

U.S. Federal Emergency Management Aagency (FEMA) &= X8 @z 71£2]
T3& S22 1009 W% F+E 71X ¥4 (Base Flood) 2t A3t
o3 Sofl 23 X4E 9 =24 (encroachment) & E4%5L A sIA]7] 1
Aol F49E F7HAIIY = ANHE A 5B A T4 AYE
7M. AR F4E By ¢ FIUS T4 JEEY FE $u
3t FE Y MUY foxls ZFAY olde RAY £ gle Aol

32

th.
FEMA & (298.2) o} o] 100d W& ¥4% Bag thes Yol ¥4E
(floodway) &} ¥4+3 A (floodway fringe) & L}y 2t}.

F42 A3 w2 QWY F4HE WeH ok 1000 Ve F47)
BBt E HFY £915717 YES S Ao YEF o} st BE
olth FEMA & HHT R&ol WARA U Mol F497} 1.0foot &
¥A QEE st = WAL AT Ha FPE oAt

2203, F42AL 1000 NE F4ol chstel 1.0foot 0|4 F49 27}

7 gl F4Ee BAE Y FTFEHY FES U
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7,

Sections

Section

A
-
Base of s| =77 -
ase of slope ~ — y ¥
7 / o
y .
Limit of 100-year ﬂood\/ 4 / / / /
// / 7 /]
/ 7
Limit of 10-year flood~_ 7
imit o year/ 00! \/
/ / /
Section

B

. |Channet; Flood §
< Flood plain +le———=ie—plain —i

<+ Flood plain for 100-vear flood —|
Stream valley

Profiles
Section A

100-year flood level
_ 10-year flood leve! \>/ _ — 1 B
Section B Bed of channel\ — ;,/w/ﬁ

—

;F:::_~«"’

(23 8.1) ¥4¥H

Water surface of selected flood with
encroachment in fringe areas

Floodway
Floodway fringe | | Designated floodway . fringe

|

! |

=
|

|

k. ,

i
| .
i / Allowed increase
|
-
i
L /
i
|

Natural water surface of selected fiood Channel

(2% 8.2) ¥<E2] &7
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o BRE T2 43 oA izt 22 AR Aot

O T2 22 71A Fel AR 100d W= Faato] ofste &
=3

@ ¥FHE ¥4E A9z F5EH A9 el

® T2 HBE 7N1EY FFHAM J1A Fool TE F LY FHE
th 1foot o] Wf8] F4 & FAESF rl

@ FTEAL FT2Y ZAY 71 FFH ZAY Aol HAg wal
o FeALE M E ol TS ALYYUrh

® BEY olf7t gle ¥ stHQ & Uio] YA FreS BaALL
EN F42E AR UL

® ¥+ APl Y Fe], £EH F &2 JE FY9Y 2PDL vl
Yt

@ FrE 23Y AF LS 7 A9 FFYY 23 & YUk

583 13
HEC-2 M= 42 AL FAE thgel 2ilch
@ *A F4ARE ZAMCL
@ 7122 4ol istel 1U=] 0.2% ¥F2) 48 ZUY APl ois}
o £8 I4 AAE Yrh
Q Y AAE Kol AUeA M UL

@ 1A F+ (1x o HE) § st Y 2o H L3l £ JFd AN

& ¥t
® 71& FsHol uiy Azte} ste A Fo| A}E wladcl
ol o A" 97 /€S E& BT FFol HAA UwH BT
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27 Uold WSy UE ol UAY BT, Jl%e] MY BEZA
sy A4 Selk 23¢ Yt

® Z3Y Yo thA £uUTh Bastd LolEely 4 At AUS
ag wzix BHA wgc

ja =}
s}
‘.’
[g)
Ir
OF
-
z
2
o¥
—
o
AL
(R

of thate] 3= A 2o wE Felet I Y
HEg A4zt wield o] A2 Aste] oA R ALty ol
AL o 3t A 7Y $HFo] HZSHA Al & Jheidel alrh
(1318.3) of BeQl 2z o] dtx HA AR (encroachment limits) Tt
o] AAE shdol uwiet 2ejH 71&o] dsitt. old T4 RS FA= w4
g3ojt}. wWeld 5+ TEY FAE FEHA HBAIE 72 dest
=3

(238.3)8 Hdzt go] thA] el ¥hol Ret A& 3ot ol %

e

o2 BAE F=PA Aeldtd wdY #9071 AR oiEA € & YL

oz BERgle] Wyt AZstA dojuta] dxF 41F3] stojo} it

8.3 712 374 94

ol
4>
o
2
o¥,
2
3
2
X
¥
£
3
e
e
'
o
_(3[_:'
rlr
A
ri
H
r)'
rlo
N
v
o
N
™
2,
N

23}= option & AMEEF I} o] option & AHEIIA tiH Hw

3}0 2 GR Point of 2|3lo] 2|3

[aul
b
2
@
o)
o
o

<

[0}
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o
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Initial Floodway Limit

Final Floodway Limit

Floodplain
Boundary

Floodplain
Boundary

O = Initial Encroachment Stations
A = Final Encroachment Stations

(1§l 8.3) 3tx=za] AAAN2
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4, f49 2EE 29432 4 Atk

o] 3E EX (flow distribution) &¥2] o= t}32 A (2¢8.4)

(O] 8.4) TEEE 59
FLOW DISTRIBUTION FOR SECNQ= .34 CWSEL- 394.69

STA= 38. 50. 275. 486. 1720. 1780. 1799.
PER Q- .1 92.8 2.4 2.3 2.1 .2
AREA=- 27.5 4356.1 495.7 484.7 281.6 “.
VEL- 2.4 11.3 2.5 2.5 4.0 2.5

3E EXE= HRAZTELH (ineffective flow area)E ZAA %= dxE &
£3lcl. Jela ciers] =AU FRA e #E4E e Fud

B
(subdivision)® A %hE¥ct. o] BTF X option & RE thHolY
N wido] tidle 2E ALY 4 gt J2 o] 10MA] field o tisty
158 713t RE tido] tidle TE EXE AFIH, X2 9 10Wx)

field ol 158 7] ¢3tH ¥ wido] cfstey ZTEEXEE A F¥ct
a ~ -
8.4 HEC-2 & % 3% 24 AX

o] WYL HEC-2 & 3= A WY F 71 FYA 2ol Yot (24

8.5) o] WY 7ZIE€ FFEH U 4o FEIY FHES ZAR o
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e st A ¥AE APl HEC-2 T2IPL X

[
N
(h
ol
3l
T

of tiyt £ & ATt T2 o] TIPS FHEY FE o] 95
BEAT F o] W] RE thdo] ofd T4 WREE

th. el VYA o overbank 4 F gtosHY e ¢uF 9
Tred U & EARLEN x FA FTE HAAFP) o] Wy
ol A ¥&F overbank & FEo] $EA EdiH me

Id
e
flo
a9
rlu
3t
2
X
—z

& BAYUch  oln ¥ = A 2AF7 AAEHA I o] oy
THE AdYUct 2z o] AAE BE o oisto] WtEic)
olg¥t 3tx FAlo] chdt option & J1 I} ET LINE o AdA3ct, 2z
ET LINE 2] 53z} field of 10.42l: g 71UstH BEUYL 1foot o2
It FAYYel 4 el RS LU F 4253 8F9 102 1foot § 2
o] 3t Zlolth. =Y 4 & o83t 3tE A AAlste E Tl E 9y
ol alcl. ¥ Ho w2 o} overbank oA L Pt B4 A
= Zo|A vbd o] w2 4 overbank & 7|EQ] B4k HXoj u
g5t A AYTE o] WP ET LINE o] BEZiz} ¥y Mulsi= 3t o
of -'JZE& EUL2H shedtch (o, -10.4)

oj® Atgxh= Wy 4 o Aol tidle Ttg =7 Fojth. Yusiw A
Y 3= Aoz A £d Jdo] REYUE F/8 7129 41 24
2} 271E 71cisty] wiEoltt. W 4 & o] A}E A B gL 4 o

Tl st Mol HAET o] I HHF HIYOeR FE FAYLE £4

4

& WETL o A3k FE 92t} tia gAY Wb o Az
T wste] mE 43 S AREY, s StE A s w4
2 (back water) X7} HYHLF o Foix|7] wBolth. uetx uE &

B& Fstod ol& EA Ultof gt

rl
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Elevation

A= Chonnel Bank Statlons

O = GR Dota Points
Natural Plus Torget

Notural Water Surface Elevation

Target §
ERRE A B
7

2 N AONNNRANY

! ' 1
STENCL STENCR
Station (ft)

(1% 8.5) sty 4



X

~B

(AlA8. 1) 3l%

Frol 53000 ft3/set o chg 3712 2o i

o

12 Z3E =32

@ 71&4 FsEolA
Q EXN54UE 0.8t2 AUY A9 $HT

Q@ BEASTHUE 1.01tE APy B Lo 4wz
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. AEREEY BALR

Ao} Qe Aulold Bo] X T A FAUAL AMAUAL B
o 3Los AW YPoluety 4 Atk WA Y¥ou Fel gle
AEjold Bol Z2chd o] Foluxe U¥r EFeoIUA (Kinematic
cnergy) £ W Falo] o] oluxe ARE upd & ohE EAde] 28
o AbgEleld WUtk <HEuge) ALE oldR 2 qux ¥ 27
g AMAA Yo Fa A oo ofux] U ARuZe YL 3
BUTH F o® APo] ¥ Hold TE HoET 2MUS o JUARE

H2g Fgyctd o gk, &
E2 + WORK = E; + AE (1.1)

o714 Er : & 10142 oz
E2 ¢ A 200X oYz
aE : A 13} 2A}ololl A & oy =]
WORK : E 13} 2ajolellA F71E g Folly=]

oj7|A 2} 8ol Yol meter-kilogram force(m-kgf)oltt. &eleo] 251
LEo YR (kinetic energy) 1/2 M v2 ol E¥F At ML W/gd HAH
th. o714 W& 3%, gt YIS Rl weld EFUAlE ¥ V2/2g
2 EAHY A(1.1)olM E13t E2§ S5UR g giAoUR|e Yo
A&

Et =WVi2 /2 g+ Yor ¥ (1.2)
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Ez =W V2 /728 + Yoz ¥ (1.3)

ol ® WORKE A 13} 24l0lol4 2719 oy ata

WORK = F2 dl - F1 dl

(1.4)
oltt. o7A
Fi.F2 : 8 (kilogram force, kgf)
dl : gaBel A 13} 24018 Azl
ojt}. EZ ¥ F= ¢Y} L3l WAL Fog FAFHEF WORKE
WORK = P2 A dl - P A dl (1.5)
ojtlh. A(1.2) - (1.5)& A(1.1)e] i3
Va2 (P2 Adl - P; A dl)_ !lz+ . éE
EE + Yoz + W = 78 Yoi W (1.6)

A Ve A4 2 13 2 Aol fA12] A 0|22 W=7 AdE EAH

o] AEQ] %H9l7} m-kgf o] Wi kgfo]BE AE/W: ol thgle FAH)
& 2](1.6) tiA] EAISHEH

Va2 P; Viz Py
—= = — + — + Yo1 + H 1.7
25 ' 7 + Yoz 287 o1 L (1.7)

olth. ol #HWU Mol Aotk A(L.NY 7 ¥ Polo WS
e 54, YASE, ANEF, SU4TH s
gk odZM &E Vi 3 Vo @

3 Ao BIEREES Wsht A2 A3

B 34



AN S SEe FUFA] UG F7] thE S22 EEHo gleEg 7} §
Ao EFAYA Y ¢ BIFHEE o] 8 EFAAYAE tt2A dch. o
ZtM ol & BRI HY FAUA BFAS aF HEIHE A(1.7)2

V22 P2 Viz P
a — + — + Y —aqy — + — + Y + H 1.8
2 28 7 02 1 28 7 ol L ( )

A(1.8)2 RF 12 oyA|Y E= W20 Fajolela WU3H ol ®
T FAPEE ANSIIAT JlegFAeltt. Ty Uit stHA
zto] glridz] ciie] W3} 9le Zfolt A3 Uxide BEL o}
UEg olgjyt zjdstde] oyt A(1.8)8 H Lol ddlodx = Zfnjr}
g3t Al FEAA wdo] 2 M

As=2Y B 4J+F Py & A52 v 2 ¥ E Y ol§ UeuF

B2 A{+ES A5+ Fo dd45Fe oz Yeldc, F
¥S =P/7 + Yo (1.9)

WSt A4 AAE YAETH  A(1.9)8 A(1.8)0) gt

fr

2 V2
WSy + az 2= WSy + ap e (1.10)
28 2g

oo T 13} 2004 2] o] YOEE V= WAR chUsHE A(1.10)L 3
FHeo2 o Puh
2 Q2

2_g—TzE =W +ap —m— + HL (111)

WS2 + az 78 A2
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A(1.11)& 43ty
(1) B3 A& W7t AAER ALY 5 ey
(2) a= Wse} Az o] Yol
(3) HL& Manning F4]¢] ohie] & &4 JlelEd (F4 % Ho)
o] o
(4) 271223 AL A }AA 2 ¥sel oF Uolol 3y
(5) EQ B Fo| AR, BFUNE Utk stojo} Pl

B 3-6



E < - r-

P/y

1 and 2

5.

~<B’—-|3’|
|
|

wle
T
& 12
A (D
N |12
[ |2
m
I~
(*]
~

2 £ Y LINE
WS2 WATER SURFACE WS
R\ v

Y02
oy
1 DATUM
(/S S

@ ®

= Total change in energy (loss) between sections 1 and 2

= Reach length

= VYelocity of flow

= Weight of fluid

= Depth of flow

= Height of channel bottom above a datum

= Acceleration of gravity

Downstream cross section and upstream cross section,
respectively

%(1.1) Terms in the Bernoulli equation
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2, AR 329 £

A4z +9E A2z HAxol wel WA Hof AAYoz 44, &
g g njete] AAls ME ARAPYS 71X et wely 4R ZEL2
ol T g8 FHEC o HANAHN F3| $ARLS AU o

t 343 590 23t 3 Fo] ml¢ tiEA HE & 4 AUrh

Ao an

Aoz BEL AJHA] HEl2 FESHEU ol FF. AUEF
(Transitional flow) W GHolcl. o= HAMo] ZFo F+= 439 A
of wiel FEHD oA BPY} F oAy He 2N FEAHE FX

¢ kR Reynold’s NumberZ UEIUE 4 gl &

“~~

Ro=— (21)

Re : Reynold’'s Number
V: 38 &=
L: 54370

v: EFABEASF (v = wp)

A2l NE 37, ¢F, dolBF FAc: BF vl Lol Byt

Re < 500 2%
500 < Re < 2000 HolZ &
Re > 2000 i
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At o Jf2oMY BES UFI dPEL2A BFe] dRe F ¢
AE oUAEUE £2 uiToll} Holde 2Eo| wat ARHANEE 2
Aol el ubto] ¥ UAEALS FAPLE AMdslE d iy S
8247 At

o] o8Bk

AF-ZoA FYdS IFYEle] 2 9¥S Fu F2 FYolgy P
HAUx2 W= o A"t 3H(2.1)eM Bl ulel o] ¢4Y

459 E4FE Ze uloluxol doldt AZNYY g & 4 Ur).
fgol S BS Aol FAA(EF 24T F7H WS gY+E

A4t =23 vy (utete] A F ol FoUA)E waty Ha
A ®rh ol Vo] AKEHW vldUEs HAGoR Ho o] o ¢
Y47 L2 SE4F F71E3 2P S o]FA b o iy £
A& VAL (Critical depth)e]z} ¥ic},

ol FYol ¥ VL NFI] HY HFEAM BEYA FYol oy

el vl A HAIXE|E Froud Number& A-&3ic),

(2.2)

ViR
D: 5470 (& 9axg o2 e )
g FANGE
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“®_Pressure Head

Velocity Head

Water Depth

|
|
|
l
!
|
I
|
|
l

:lzCrHical Depth

|
45° : |
I H

b Ha

Total Energy Head

%1(2.1) Relationship depicting critical depth
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Froud 42] Ztoll wle} EEL A4HF, VAF, AFE F&d. &

F<1.0 i
F=1.0 HAF
F>1.0 AR
$HYP NS Al d ZEHESE ol AL o Fasich. MR F

L AL AHFSHRE AFUeeT x#slool o wE AR F
EOlN SHRUVOT Apsioiol YTt W A4bgsto]

&
EAS Ffol AL {asn ulE el I AR

YER 3 Hel

B F(Non-uniform flow, Varied flow)olls I A MAjs] ¥HelE= B E

(Gradually varied flow)3} ZF3}A W3l ZE(Rapidly varied flow)Z
F8% 4 9t} Rapidly varied flows =48 o] Setor £l H
g B g e Al Usin A4 olES ARAE 5 e B9
o F-&olch

Gradually varied flow?] ER& Hi«tZAlel 2o ¢fx|o] wel stAHC]
v}e}F Al Mild(M), Critical(C) R Steep(S)2] 3IFHE FE3ted ol
3Fo] FFAog HHI Herl VAR He £ AR HEaTL
wal M,C,S Axlel $2A Yk (Z2¥(3.1) FR) =¥ uledF A £38d
ZgolE H, d7AH(Adverse)ql B-fol= AZ Al ¥t

_?_.
£ e {44 (Normal depth) U FHAIF=A ] Ao Ad ¢ X0 ate}

I, I, Bo8 FE3A sled ti33t 2ol H it
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D> Dc > Dn Steep 7 A}

D > Dc Horizontal 7 A}
Zone 1L D> D> I Mild Z A}

Dc > D > Dn Steep 7 A}
Zone II Dy >Dc > D Mild 7 A}

Dc >Dn > D Steep 7 At

Dc > D Horizontal 73 A}

o714 Dy : A§F942(Normal depth)

Dc : A4 (Critical depth)

D : A4
4+R%Ye A

A18t7] o] Mol 2] AP ALe] o]FA H AAUJE 0]
=z

A)
rO
i)
rr
»
rlo
2
o
of
ko
_q_:'
£
o
rr
P
2
o
o
=4
z
flu
ok
o%
lo

- M Horizontal Horizontal
Dn \2 ‘D’D’PDC .T\“ -~.§'b‘
s S T AN Dn>De»D¢ _DC LTS

-
S~
-~
-~

Mild  slope

t | v
S0>0, Dn>De Stesp slope

S0, Dn<D¢

X At . C Horlzontat

Op =D, &1———————*“—\"‘”"

.
77
4777 77 /,////
C 4

ritical slope

Dpz0
n $0>0, D n=0c¢

Horizontol slope

Adverse  slope
S$S0:0, Dn=oo

$0<0, Dy=

1%‘(3,1) FflaceiFirmntinn ~& €. -

B 3-12



M Comtrol  point

' /
—— '

"1;- = P = X Sm—
{a) pc O
JL#&——* - ——
/77 — — — pr—

Oc¢

b Y ToF A \N\A/
Milder Slope

Control point

— S
[
w7 g ~ Ion === e o
V7 AR AR XY T . —
Mild  Siope PR e Stesp Slope
Stesper Mid¥e * — Q)
Slope P Controt  point
C3
’1 —_— —
ey M T——

\? 2 Control point o -
Dnp —_— —— / On — By=De

(© ID \ o> )
c B Steep Siop€ 7 N o
7FTRT 1°"‘°° = IR T fo

FINTTTIRY ool
Mid e

Slope v; _ Critical Stope”~ "/ 7T o~
Critico! 51,0

7éon(ro( point
Fe==w
L~ 2 Control point

) ] A A e N (h

D\\\\ - -

]'rf~\‘l'lﬂ v, > Ny \S\ X
g Gome CEy AR o Dp

Control  poiat

Control point
% Cl
{e) —
% P —==
Ly ] | avile
Criticol  Slope * 7w N7 /RXvRl7 Hydfm,p s Cass |
Mild  Siope g 7['-"!.'!" Cose if
- My Py
Note —~—— e b -~
(1] Mild Slope I3 less thon = —— e e
criticol siope. 2 “""D” T — On
{2) Steep d?w' :op:iope graater
than critico . Ste [ . - .
(31 Daz normal depth. o0 Siope e TIY W

(4} D =orifical dupth. Gase |} Mid Skpe
Cose | Mider Skope

2R(3.2). Water surface profiles over a break in qrade.
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3 ERENM

HEC-2§ A}g3le=d HAR3I}E= AlRE 3TFLE Us 4+ Ach

N

¥2

stAT 2t e} 22 7]81¥ 3 218 (Geometric Data), XEATF, #%
428 Folvh. ol¥t 2T FH/EL ArAzto] ojFA 3

2] AF3] agstojo} ¥Vt 4R ol AU Ffol: vz E
z 8] 7tHo] nix] gleme FHY AAgFH WS =HJE 780l A
Brhe th4e] $#3HY A8 E AHE31E Free board §& ARYUA F=
Ro] ZAHolu EAFHNE FHAHY 28 23t A7 AR AR}
W AR EE o Qi vHE FA HEER vf YA J29)

o} gt

Bg ux

71% A=

714 chERAsE AR IF2 HYYPLE FHI Y I
2tz 9} cha 3} thd ato]2] Az|(Reach)§ Wit Yty oz stAoME
¢f 150m %Fo % S FF3in| RF sHFo] AR A2l of 2-3u2
HES¥ct Iy oA i HE F{2 glon I W 3
tRla] texEst 3A o€ FIAAME DAEZE AFH et qdch
uigdo] 3hd ©de Bgoly e AA HsIAIUS vlaF dFY F¢
ol 2-3km AL T HHAFZH S UASHH o] oo npAEAS Alrbste
Ug Eu AYsiA BY "art Aok shHe) bz} bty ARE
3% B¢ bzt 2 A HEol g olo} ¥rl

(1) ut=tZA A7 3438 Wt 23

(2) 3tFo] F4& E= Y= AH

(3) A2} FFHE UFHAA A2 PR F{FHF, 2F

;_l_}

rr

38 3-14



3w A3
(4) 3tz e} clE2cia wets = 23
(5) Hloi2t 2 F A A (Control Point)e] 3 AstF A
(6) THL Agisl= HusH7l TUHEFY A

ol A8 e &y
2zto] Sl AFH FI2olA 3t 73y ARE S A v
4 oYt ol& 2xt¥ Foletr] Hrl 33U B F2 FHo] o FsjER =
S8 Fgshed gt AdA}st 3A 2] gFeltt. ¢4 TF9
o33l olEe] HZto] HEF THSE Y HAR TFo| ox
REo] 322§ Al ¥t I(3.3)3 L F9E AP d
Fo] B ¥l LAY FIE2 Ao sl IF Fo| b2 F4H
A& o 9 O2 ZFE T2 A2E 71x2 Qo] F B BFE Ul
g 4= glojof grh. = O Aol Aele EF & bs o] A 2
ezt gict. dd @& R FEY AL fAIH HUZEFSE FE
3 MYHEF Yyrh. spAA ol F Ut §17]7} ol fER HF ZFE W
ol A o 15° Z+& Ze S o F¢} wus AFES Py 3™
(3.3)0llM ©d @F Qo 7IAZ= Aol YeHolrt. ole T O
@AA Hrl2eddt oY EAE o] dHESL F45(Conveyance) 2 2 FE
AAtsl7] e Eelch. - (3.3)ol MY e mi¢ U2 Ff oxut 2z
o 47t 23A 9 42 FEY stectde] fAVchdE I3 (3.3)0M et
S 2 £FEALS dojux] gttt ©A] 2L AL azZteg Jq¥
&3] Frlet TEHAL] Faolrh 3}E°II UolA FFELLS F2
Yo, 2z BY, F4FEoIAL npHoln] zZ Sl mel o] Ar

3 377} tpac

¥

o d

i
o%

(=]
=

)
=
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fP
[t

L

==
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%1(3.3) Flow boundary geometry at bridges showing
contracting and expanding flow
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I
1

st chdo] iyt sty gt FHIrl sfoix P 2ET}
AYsx] gtow A A WS A& AT olE HUsh Y
dogE FxHAM AZ{E FA-F¥AEI oled thPely 3]y
A ¢S Al EB.1M E2IAAYU Ex J|E FIEAAN FIt=
4 uto] girt. utz o2 yo| Kol Manning 28} n 2 AT to] o
gt A ojo} girl. x EE F4E, over bank FHF Z Ffuichn
ol ThHE® ohzt EAA Y] gojxs XY £8, I, REF BEF

7t BEFAo] ti2J] w&el o|&ER 23t Yol FFE oo ¥l
anzte _’:‘_A!HI/*

2zZtatolo A o] BHEAFENT AR, TAF, AR wel 2zZezay

4917812 FAo] ttE2A Hrh. ZHA B Yarnelld] ol FA2

2
H3=2K<K+1o@-o.6)(a+15a4)—‘2’;— (3.1)

Q7|4 Hy : 2] AFZHEH SEAA SA% (f1)

Vs @ 22 372 4% (ft/sec)
4

t sHeed i E P Relch
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¥H(3.1) .* Coefficient of roughness,
average channels

Value of "n" Cihannel Condition

0.016-0.017 Smoothest natural earth channels, free from growtn,
with straight alignment.

0.020 Smooth natural earth channels, free from growth,
) little curvature.

0.0225 Average, well-constructed, moderate-sized earth
channels in good condition.

0.025 Small earth channels in good condition, or large
earth channels with some growth on banks or scat-
tered cobbles in bed.

0.030 Earth channels with considerable growth. Natural
streams with good alignment, fairly constant sec-
tion. Large floodway channels, well maintained.

0.035 Earth channels considerably covered with small
growth. Cleared but not continuously maintained
floodways.

0.040-0.050 Mountain streams in clean loose cobbles. Rivers

with variable section and some vegetation growing
in banks. Earth channels with thick aquatic growths.

0.060-0.075 Rivers with fairly straight alignment and cross
section, badly obstructed by small trees, very
Tittle underbrush or aquatic growth.

0.100 Rivers with irregular alignment and cross section,
moderately obstructed by small trees and underbrush.
Rivers with fairly regular alignment and cross sec-
tion, heavily obstructed by small trees and underbrush.

3.125 Rivers with irregular alignment and cross section,
covered with growth of virgin timber and occasional
dense patches of bushes and small trees, some logs
and dead fallen trees.

0.150-0.200 Rivers with very irregular alignment and cross sec-
tion, many roots, trees, bushes, large logs and other
drift on bottom, trees continually falling into chan-
nel due to bank caving,
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3(3.2) 2z YA+

2P} K
LI 0.90
dAAE o FIo 4F 0.95
dAZdEo] AU FAMY 4F | 1.05
902 4tz 1.25
o]lﬂﬂ*
ol & YWHIIE TE2 FI/AE FEEHEH ol AR{FIE2] B43

Zolt}l., AFIZE(free flow)2 o] 31HF 2 B o] o WFo otFd
%3

Bge dol HF4A0l FFIE IYS

N
N
2
fr
oy
o
o
i)
nZi

A7 C: KBAS

H: elo] Axtysl 4% ouxlazixel 2

Ce] Tk 1.39~1.72(feet THgjollAj= 2.5~3.1) Alo]& WItr}. 13(3.4)
= feet THjolA 2] AfUE Fostojol Ut oM R i} o]
dol2] Fejoluet dolA&7E AA HIles AS ¢ 4 AUt wety A
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3.1 L
Q g
\ L -
(12 a elO\d“ _,——/_'_ L~
- 3.0 T .
T == -
~ =
o
2.9
L]
S /
2.8 Ao 5
Qe Y
2.7 "]
2.6
0 K 2 3 4 5 6 7 8
Hif/L
2
Hy=hjt+71/2¢

Hif =Hj for free fiow conditions

Y
-1%(3'4) Effect of weir geometry on
free flow discharge coefficients
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g3t slolMe ol P& FHUI mjoiyt Fol 2(3.4)8
3lojo} ¥rt.

24 9 %o uAS

SN F4 Q Yoio] Th £FEAL Minor Losso] EgHA]
A Neldn ol AE SUST Aol 2UALE Betel MAvT)
Moz SAASE DAAAA FF 0.1 oo PEHTIA FolE 0.3

< 3§}

A 4+
%o |z

Gradual Transition 0.3 0.1

Abrupt Transition 0.8 0.6

olg A+ 1.0 Bt 2AY &9 UL 7HE 5+ gt
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4 1X% ouA ARY BAFIY E

AE
oM Zl&¥ vl ol WA FA(Y (1.1))& thi] EAFHE v

2} Zrch
WSz + a2Q2/2gA22 = ¥S; + a1Q2/2gA12 + Hy (4.1)

A71A A : f(WS), ©HAPA)
Az : f(WSz, THAYPA)
Ho @ obd gl J]epEad
Q: SYEs (dutzez Fola )
WSy : f(Q)
¥Sz : F&HHES
ar : f(¥S), SARAY, ZEAF)

az :* (WS, IHBAY, 2=A+

~—

Ha A K R a = vldPoln Ffol Mt WSof wt& u|d&4o]r]
= sjch. mebd 4 (4.1)8 E F3t= WYL Standard Step PP Y
o] AlgRich. o] YUE Atz £ 4 oy § Fihed Y
FoF AYES A AdAA] FHAE QL ALAZY Hastolr), ole

THA] Wato] bl Ajolgl A& HlR 3tE Aoy mirixoct.
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W AN BERE Aslolol Yrh 2y ol§ WEEL wHHe) ZUs)
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oh 2R(4.1)2) A8 Eohd vEe] §4S Va - Q/Ac (0 AR,
Ac = AN 02 AxEch Ty AMAE Main Channelf 4 o] B4
gol AML 86 ¥ § AV oo wal H4S BRI 2.15 w7}
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458 Ay AN FZRE LW ALY A 3A o= "ok
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2e) Zol7t $AHY Ko T FLFol WAV FAE Yo + g
th & stiol 2olA Qlom AT SR o] n4¥A e YelE
2 Qgguos BHg 2 40 R Y& T (Subsection) 22 U
of ztzte] ¥utwo] N2EAMdol AES Wrb 2P (4. 1oy 17 (4.2)
ANE 37 ¥UWeT Ui 4 Aoy e AP 7~8 79 Fudes
US7lE gk olf ¥uEe N2 5o ASUtin sHEste AR
& AA2 AT Uy ke A7 AN E 4&WIE, NHPI 5
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woict 32 wjEo] tiEA HEZ =3 o]F 1
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qr

71% 5
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RIGHT OVERBANK
(ROB)

LEFT OVERBANK MAIN CHANNEL

(LOB) . (MCH)
i o WS

’

T TT Ty
8°/oOth'l

86% of O
35 % of A'

A\t
MVAVA VNN N SN N Ay L
6% Ofd

25% of Ay 40% of Ay
Ok
Q¢ = Total discharge
Ay = Total cross section area

2%(4.1) pistribution of discharge and
flow area at a cross section

Limit of tlood piajn

Limit of tlood p

1%1(4.2) Distribution of reach lengths and n~values
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A 54& Axste o] F2ou Addo] #5282 WAL= PRl 0
gl & 23 = Ax WHoldley ¥ o] WHRc} ol
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Manning F4& Fhduich mbtel oy Uz &4 At $lstel
AHEEH o] F U AYY 25YE Y} A& Conveyancer} ¥r}

Manning JA<

Q = (Co/n)-AR2/3.Sg1/2 oo (4.2)
=

Q = Ke- SE172 oo (4.3)
7] 4

:R;2/3
Ke = Cnm- 2, A‘ﬁf ................................. (4.4)
= i
Q= 3R%
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Cm = 9] B2AAS, meter TollAE= 1.0, feet THe A=

1.486
n = 2&%
A =y

St = & bR}

Kt = Total Conveyance

1 = gmsg
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He @ oidolelyt &5

L: F23Ae

92 FHE AFY g Aidsie AL e T2 2 P$Ps A48
L= 8

hf = 0.5 L (S¢1 + St2) (4.9)

he = L ¥ Sf1 Stz (4.10)

h [ Qn 2
£ =
Cm 0.5 (Ay + Az) (Ry + Rz)2/3

(4.11)

(4.12)

2Q 2
hs = L

Ki + Kz

AZIM ¥A 13 2& Fe stHOHE Ut BH A A(4.9)=

A} chd Abo] 7t ul g FiphE Aol AHEH £ o A(4.12): wid
3

2} gt} g An Sy o] M2, H2 EE= A2 HU Ao HE

faul

th.
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7] €}l (Form Losses)

ANEEAZAE AU HAFe WY L £330 A &4, BL
Eddy &4, Shock &4 Folth ol 3ol o8 &AL T} FAlo
stel Axg 4 ok

Vi2 Va2

he = C’ a -a 4.13
o 12g 22g ( )

o7l C' : WAL Vi < V2 BF

FAAFE VI >V B

Aistiol A tEFH = FoBE WYASTA F9E 0.3, FLA5E 0.19]

th.

Standard Step ¥

AR FAA A(4.1)2] AE 71 HlME ALK Alilo] a3}
th ¥S:8] MRS MR EULF gt SESFY UE Yl o
UE FTHdol PR A ¥S: & GAMCE R AlEI AAE
4918 Hol7t AR=E ol& FHAINI Y £XHA Yol WL}
o2 S AUt AR g FHY o] £ Ay Hxlo|tp, F
Eol ARd Bt fF2 FolAU R7lol= HF i D FR
7t gleng ©red] A FctHoNA e ubEP Alo] thg dAAR L AE F

¥ g AFVASHA) tslel o|§ 1 WAL 442 ARV F

TWSu1 = CWS4 + (Q/Kd)2 L (4.14)
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L : ZFdEze A

o¥S : BIFTEe A 49

™S : ARTRANY A2

u: AR
d : 3§

BTt At AFst 2aHE AlY el

ERROR = | CWSuy; - TWSui | < TOLERANCE (4.15)

3-8 Q= EF 3mmolA] 30mm Alo]2 =j¥ic),

Tz bl AU A2 AAE ol §3le tEA F2 HE AA

Lig= g

TWSuz = TWSu1 + 0.9 (C¥Su; - TWSu1) (4.16)

49 2ALEALE THEAE BEStelo} Wt

| CWSuz - TWSuz | < | CWSuy - TWSu1 | (4.17)

vl Fuim] Aol At A(4.17)8 23& TF AFA] U FRde

e Higoesw M2 AAZLE AHEUCH

rr
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New TWSuz = 0.5 (Present TWSuz + TWSui) (4.18)

A A Al e AR} FHa] AAge Uy Aabdel ste] ¥ YU

& Ag¥ch o|Zg Moz HASHH thE3 Frh

TWSu3z = (TWSui - XM CWSui) 7/ (1.- XM) (4.19)
XM = (TWSuz - TWSu1) / (CWSuz - CWSu1) (4.20)
5719
=
S
s
o
[
» 5718
=z
i s
5
3 5717 @ —
(3

"6 STI7 5718 5719 5720 5721
Assumed WS elevation

3%(4.3) graphic technique for converging trial
to computed water surface elevation
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WATER~SURFALE

PROFILE CALCULATIONS

R A | -/u,+hn
PROJECT:  “eu Vox River 29 ,__v_?_
+ 1124
bl
Q SNNN cfs —_—
~ . e ]
¢, = 0.1 ¢z 0.1 ﬂn’mz:z“m‘ .
L Y
| WATER SURFACE] TYDRAU & (UATER]
CROSS | "erEvaTiON | AREA | LIC W2 V2 SURFACH]
SECT10! COH= RADIUS = N ) N (o TE) n  JELEVA-
NO. UMEDY pyrEn A ® R1/] n K %, Se L £ Kl/A a v ° TI10N)
(1) (€3] 3 (4) (5) (%) (€] (8) ()] (10) ay | a2y | (3 (14) {15) (16) 11 (18) 19)
X 108
1 5709.9] 355 6.1 1,34 0.6 | 58,900 - 1.0 [ 14,1 |3.08
2 |s712.6 360 6.1 3.31] o0.01] s8,8n0 1568
80 1.6 1.4 n.0s1 3,300 6
5713.0] 440 62,100 | 60,500 5n0 3,42} 1574 1.27] 11.4 | 2.56 | +.54] .05 4.01
5713.0{5713.n| 1380 6.3 3.4] 0,01} 64,000 1815
100 1. 1.5] 0.05 | 4,460 9
480 68,460 | 63,70 500 3.n8] 1824 1.31] 10.4 | 2.20 | +.87| .09 | 4.04
3 [5716.2|5715.9] 820 5.4] 3. 0.07 [ 126 600 | 97 200 400 1.06| -~ 1.0 | 6,1 {0.58 K1.63 (16 | 2.85
5715.9§5715.99 780 5.1 2,91 0.01]112,000 | 90,2m 400 1.22] - 1.0} 6.4 j0.64 .57 .16 2.95
4 5720.9]5716.7] 780 6.4] 3.4{.03 [109,000 |110,5%0 400 o.82] -- 1.0 | 6.4 |o.64 0 0 0.82
5716.915716.1 380 4.5 2.71.0%6 | 42,400 | 77,200 400 1.68] -- 1.0 | 13.2 { 2.69 f2.05 jo.62 | 0.25
5716.115715.4 315 4.1]  2.54 .03 | 33,300 | 72,650 4nn 1,89 - 1.0 | 15.9 | 3.92 .28 .98 |-0,41
NOTE:| 4¢ 5716.1 v|= 15.9 fps, c*eruy P 12,0 f Froude Fo. = V/q4 = 1.32L Flod 1s supertritica
2
- 213 w)r?t dnd v2 v v
@K =c ax’m a6 o - . 174y AN 8 @3 = T yomecreas - ¢ Tlupstrean
C_ = 1.486 for English units x) vl v
» 1.0 for Metric units where: Q18a) ho b ce l 8 (a 2_5) I for &(a Z—B ) <o
@K s e Kd i e d{ncremental value 2 2
¢ = 23Cupstream + ‘downstresm) - v, ¥y 5o
< 2 ¢t = total value (18b) b [ | a¢a 25) | for Ala zg)
10 5, - (a/x) v
- (15) v = Q/A (19) A (water surface elavation) = & (2 2—-) + hf + ho
12) b, =1rs, t 6.04 y
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contraction losses due to intercnanges between kinetic and potential
energies as the water flows), and column 19 contains the computed
change in water surface elevation. Conservation of energy is accounted
for by proceeding from section to section down the computation form.

Column 1, RIVER MILE, is the cross-section identification number.
Miles (or kilometers) upstream from the moutn are recommended.

Column 2, ASSUMED, is the assumed water surface elevation which
must agree to within .05 feet, or some allowable tolerance, with the
resulting computed water surface elevation for trial calculations to
be successful.

Column 3, COMPUTED, is the rating curve value for the first
section but, thereafter, is the value calculated by adding AWS to the
computed water surface elevation for the previous cross section
(Section 5.13).

Column 4, A, is the cross section area. If the section is com-
plex and has been subdivided into several parts (e.g., left overbank,
channel and right overbank) use one line of the form for each sub-
section and sum to get At’ the total area of cross section (Section
5.04).

Column 5, R, is the hydraulic radius. Use the same procedure
as for column 4 if section is complex, but do not sum subsection
values (Section 5.04).

2/

Column 8, K, is conveyance and is defined as Cm AR 3/n where

Cm is 1.0 for metric units or 1.486 for English units. If the cross

section is complex, sum subsection K values to get Kt (Section 5.04).
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Colunmn 9, Rt’ is average conveyance for the reach, and is cal-
culated by 0.5 (th + Ktu) where subscripts d and u refer to down-
strea and upstream ends of the reach, respectively (Section 5.07).

Column 19, §f, is the average friction slope through the reach
determined by (Q/Rt)2 (Section 5.07).

Column 11, L, is the distance between cross sections; different
values may be used in each strip (Section 5.02).

Column 12, hf, is energy loss due to friction through the reach
and is calculated by h = (Q/K)% L (Section 5.07).

Column 13, K (K/A)Z, is part of the expression relating distributed
flow velocity to an average value. If the section is complex, cal-
culate one of these values for each subsection and sum all subsection
values to get a total. If one subsection is used, Column 13 is not
needed and o (Column 14) equals one (Section 5.05).

Column 14, a, is the velocity distribution coefficient and is
calculated by & K(K/A)Z/Kt(Kt/At)% where the numerator is the sum of
values in column 12 and the denominator is calculated from K, and

t
A, (Section 5.05).

t
Column 15, V, is average velocity and is calculated by Q/At'
Column 16, aV2/2g, is the average velocity head corrected for
flow distribution (Section 5.05).
Column 17, (AaV2/2g), is the difference between velocity heads
at the downstream and upstream sections. A positive value indicates
velocity is increasing, therefore, use a contraction coefficient for

“other losses". A negative value indicates the expansion coefficient

should be used in calculating "other losses" (Section 5.01).
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Column 18, ho, is "other losses," and calculated with either
Ce or CC (Section 5.09).
Column 13, AWS, is the change in water surface elevation from

the previous cross section. It is the algebraic sum of columns, 12,

17 and 18.
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