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13- #5 BARS EACH WAY 
fy=60 ksi  

45" PIPE THRUST BLOCK / F \ 
N.T.S. 

SECTION A-A 





for sifzgly PSI 
f, p1 = 0.85 = 0.85 Dl = 0.85 8, = 0.80 PI = 0.75 , is not the I 

- .r sections. 60,000 psi 0.0160 0.0214 0.0252 0.0283 I 

to restrict 
ile failure 280 N/mm2 0.0277 0.03 17 0.0369 0.0435 0.0489 

350 N/mm2 0.0205 0.0235 0.0274 0.0322 0.0362 

ercentage, 420 N/mm2 0.01 59 0.0182 0.0213 0.0250 0.0281 

obtained 3500 kgf/cm2 0.0197 0.0236 0.0276 0.0304 0.0330 
-he linear 4200 kgf/crn2 0.0153 0.01 84 0.0214 0.0236 0.0256 

Solution: (a) Determine the balanced amount of steel using basic principles, 
according to the ACI Code. From Fig. 3.5.2, 

0.003(21.5) 1 
= 0.80 for f: = 5000 psi 

(3.5.3) 6 ab = 0.80(13.65) = 10.92 in. 

cb = 0.85(5)(14)(10.92) = 650 kips I 

i (b) Compare actual steel used wlth the maximum permitted by the ACI Code. I 
: shown max A, = 0.75ASb = 0.75(13.0) = 9.75 s q  in. 

actual A, = 5.08 sq in. < 9.75 sq in. OK 



. lor p = 0.03 
rion. 

and 2- # 10, 

2ns in which 
' s shown.in 

3.7 Practical Selection for Beam 
Sizes, Bar Sizes, and Bar Placement 

In the previous section the procedure and example for the design of rec- 
tangular sections in bending with tension reinforcement' only have been 
treated on the assumption that the design moment M ,  = Mu/+ is already 
known. This is rarely the case, however, because the design moment must 
include the effect of the weight of the beam itself which has not yet been 
designed. In reality, then, the dead weight of the beam has to be assumed 
at the outset; a trial beam size is then obtained and may be readjusted if its 
effect on the design moment is significantly different from the assumed value. 

, .  The choice of the steel percentage p is very much dependent on the. 

requirement, it is desirable to tabulate the combined area of several bars at 
a time. Table 3.7.1 gives bar areas for up to 10 bars of the different sizes. 

Table 3.7.1 

Number of Bars 
Bar Diameter Weight 
Size (in.) (Iblft) 1 2 3 4 5 6 7 8 9 I0 

#3 0.375 0.376 0.11 0.22 0.33 0.44 0.55 0.66 0.77 0.88 ,0.99 1.10 

a # 14 and # 18 bars are used primarily as column reinforcement and are rarely used in beams. 

For the placement of bars within the beam width, ACI-7.6.1 specifies 
the clearance needed between bars to permit proper 
around them. This clearance is 1 m. or the nominal d=dc9f  ah&^' 
whichever is Zr-r more lavers  mar^ R ~ P  r ~ q u u ~ r l  t h e ,  

an essential minimum clearance between lavers is 1 ig (ACI-7.6.2). Table 3.7.2 gives 
%nlmum beam widths for various numbers of equal-sized bars, computed 
in the manner described above. I 
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Table 6.9.1 

Basic Development Length Ld for Tension Reinforcement 

1 

- 
5 #5  lob 1 0' lob 15 
.. #6  12.8 12 12 k& 19.2 18 

#7 17.5 15.2 14 26.2 22.8 
#8 23.1 20.0 17.9 34.6 2n n , 

#9 29.2 213 22.6 43.8 ,,., 
#10 37.1 32.2 28.8 55.6 48.q in,., 

#11 45.5 39.5 35.4 68.4 50 7 ~2 n 

5 #14 62.1 53.8 48.1 93.1 2 
$ #I8 80.3 69.6 62.2 
ti 

121 1( - 
i 

Metric Bars with Ld in Centimeters 
E 
=: fy = 280 N/mm2 fy = 420 N/mmz I 

- 
6.9 Basic Development Length for Tension Reinforcement 1 193 

1 f ,  = 60,OOOpsi - 

* L I L 

du.u 26.8 

11 1 

,/.& J2.U 

30.6 72.1 

a 7 . u  "".& 

."7 

 is of bar area, coefficients in Eqs. (6.9.2) and (6.9.3) are changed to 0.075 
bar. 0.096 for 50-mm bar, and 0.1 154 for 60-mm bar. 

'"u '+LVIo)lUdJ J 

de/onned wire, using 516 of a basic bond stress capacity of 10f i  (see 
t 16), 
- .  

j ;db  L,=-= f y d b  - 
Art A r / ~  n &i 
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DESCRIPTION OF WALL AND SOIL PARAMETERS Page 1 

Wall data 

- Number of gabion courses ................... .. ...... 5 
- Wall batter ......................................... deg 6 

Soil parameters 

- Soil friction angle .................................. deg 35 
- Unit weight ........................................... Ib/ft3 130 
- Cohesion .............................................. lb/ft2 0 
- Limit pressure ...............................,.. .. .... Ib/ft2 
Backfill material 

........................................... 1) downhill Y/N Y 
2) underneath ......................................... Y/N Y 

- Backfill friction angle ............................... deg 30 
- Backfill unit weight ...................... ..,..,. .,.., Ib/ft3 150 
- Slope of cut .......................................... deg 90 

GROUND PROFILE 

Backfill slope Section 1 Section 2 

- Slope .......................... deg 0 de9 - Surcharge load ........,........ lb/ft2 0 lblft2 

- Horizontal distance between the inner 
top of the wall and the change in slope 
and/or surcharge ...................................... f t 

lownhill slope 

- Slope angle ........................................... deg 0 
. Downhill foundation depth ............................. ft 2 

GABION PARAMETERS 

- Gabion fill unit weight ............................... Ib/ft3 140 
- Empty gabion unit weight .............................. Ib/ft3 ,, 3 v& ~ ~ ~ L & T ~ U ~  !/i(U*c- 
. Tensile strength of mesh ................... .. ....... lb/ft 1700 

USE OF FILTER CLOT3 

...... Placement : at the back .................... .. Y/N 
on foundation ............................. Y/N 

................. at interface cut-backfill Y/N 

Reduction in soil friction angle 
(?ercentage) .......................................... 2 

SEISMIC ACTIONS 

- Is the structure in seismic areas? .................... Y/N 
Coefficient of seismic intensity (0.04-0.07-0.1) ...... 



WALL COORDINATES 

1) Y :  3 Xa: 0 Xb: 9 
2 ) Y :  6 Xa: il Xb: 6 
3) Y :  9 Xa: 0 Xb: 6 
4 ) Y : 12 Xa: O - Xb: 3 
5 ) Y : 15 Xa: 0 Xb: 3 



RESULTS Page 3 

Check against sliding 
. sliding forces ................... ... ........... Fs = lb/ft 4337.3 

..................... . . antisliding forces .......... Fa = lb/ft 13111 
.................... . safety factor against sliding psl= 3.02 

Check against overturning 
. overturning moment ............................... Mo - lbft/ft 18394 . 
. restoring moment .................................. Mr . lbft/ft 87129 . 
. safety factor against overturning ................ pov= 4.74 

Check against bearing failure 
. . normal force on foundation ....................... N - lb/ft 15984 

. shear force on foundation .................... ... . T . lb/ft 2620.0 
..... ............................. - . eccentricity .. e ft .30 

. normal stress on outer foundation border ......... a1 . lb/ft2 2137.0 

. normal stress on inner foundation border ......... 02 . lb/ft2 1415.1 

. soil allowable stress ................... ......... oa - lb/ft2 5239.2 

Check against overall stability 
.......... . safety factor against overall stability pos= 29.65 

Nornal/shear stresses inside the wall 
. at each level the values for normal/shear 
stresses are lower than the allowable ones 

Acting forces due to the wall and the soil 

. batter of the acting thrust place ................ fl = deg 90 . 00 

. will weight .................... .. ..... .. ....... Kw = lbjft 7938.0 

. wall weight lnoment referred to point 0 ........... Hw = lbftlft 29939 . 

. 'e?c?sedl soil weight ...................... .. .. iu's = lbift 6478.9 

. 's:c:sed' soil sonent 
r~ferr2.i to ?~int 0 ............................ !s = lbftift 451Si . 

. s~rchirge ;$eight on 'encase? ' soil .............. Uc = lbjft O.69 

. ime.?t of the surcharge weight on 
'~ncasei' s ~ i l  ref . to point 3 ................ >!c = lbftift O.ES 

. xeicht of scil betveen foundatioz 
a.2  the shesr 915:s .............................. :if = lbjft 631.53 



RESULTS Page 4 

Ac t ive  t h r u s t  : f o r c e s  and p a r a m e t e r s  

. a c t i v e  t h r u s t  c o e f f i c i e n t  ........................ Ka = .248 
............................ . a c t i v e  t h r u s t  h e i g h t  Ka = f t  15.54 ' 

.............................. . a c t i v e  t h r u s t  v a l u e  Pa = I b / f t  4490.3 
. h o r i z o n t a l  component o f  Pa ....................... Pah= l b / f t  4337.3 L---- 

. . moment o f  ?ah  r e f e r r e d  t o  p o i n t  0 ................ Mah= l b f t / f t  18394 
. v e r t i c a l  component o f  Pa ......................... Pav= l b / f t  1162.1 
. moment o f  Pav r e f e r r e d  t o  p o i n t  0 ................ Mav= l b f t l f t  10402 . 

P a s s i v e  t h r u s t  : f o r c e s  and p a r a m e t e r s  
. p a s s i v e  t h r u s t  c o e f f i c i e n t  ..................... Kp = 10.095 

P a s s i v e  t h r u s t  a c t i n g  down t o  p o i n t  0 
. p a s s i v e  t h r u s t  h e i g h t  .......................... Ep' = f t  1.99 
. p a s s i v e  t h r u s t  v a l u e  ........................... Ppl = l b / f t  2995.4 

..................... . h o r i z o n t a l  component of  Pp Pphf = l b / f t  2594.1 
. v e r t i c a l  component o f  Pp ....................... ?pv' = l b / f t  1497.7 
. moment o f  Pph' r e f e r r e d  t o  p o i n t  0 ............. Epf = l b f t / f t  1715.5 

P a s s i v e  t h r u s t  a c t i n g  a t  t h e  s l i d i n g  p l a n e  l e v e l  
. p a s s i v e  t h r u s t  h e i g h t  .......................... :?" = f t 2.93 
. p a s s i v e  t h r u s t  v a l u e  ........................... Fp" = l b / f t  6499.0 
. h o r i z o n t a l  component o f  Pp" ................... ? p h W =  l b / f t  5628.3 
. v e r t i c a l  component o f  Pp" ..................... Fpvw= l b / f t  3249.5 

S e c t  8 N T H omax rav r a l  
f t  l b i f t  l b / f t  l b f t i f t  l b / f t 2  l b f f t 2  l b j f t 2  

1 3.00 6622.42 1432.39 577.95 14 i0 .51  236.73 705.15 
2 5.00 6163.14 901.23 559.55 1061.61 150.21 459.57 
3 9.00 1899.04 355.66 309.8; 710.28 116.55 223.58 
4 12.00 513.34 42.82 -57.54 317.80 14.27 27.60 
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* HEC-2 WATER SURFACE PROFILES * 
* * 

Version 4.6.2; May 1991 * 
X * 
* RUN DATE 29NOV94 TIME 09:55:27 * 

.......................................... 

X X XXXXXXX XXXXX XXXXX 

X X X  X X X X 

X X X  X X 

X X X X X X X  XXXX X XXXXX XXXXX 

X X X  X X 

X X X  X X X 

X X XXXXXXX XXXXX XXXXXXX 

* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * 

* 609 SECOND STREET, SUITE D * 

* DAVIS, CALIFORNIA 95616-4687 * 
* (916) 756-1 104 * 
....................................... 

PAGE 1 

THIS RUN EXECUTED 29NOV94 09:55:27 
..................................... 

iEC-2 WATER SURFACE PROFILES 

Version 4.6.2; May 1991 
..................................... 

T 1 FERGUSON GREINER, INC 10-06-93 (FILENAME = M4-2FT-D.DAT) 
1 ORIGINAL McDowell BC (1-10x10 & 1-14x10) w i t h  o r i g i n a l  d i r t  channel 
, SUB-CRITICAL FLOW M4-2FT-B U/S o f  McDowell Road 

Cross-section numbering has been changed: 

d/s face o f  the McDowell Rd. cu lve r ts  ==> XS #726.00 
u/s I, I 1  I 1  ==> xs #1000.00 

The XS numbering u/s o f  McDowell Rd. has been modif ied accordingly. 

These XS # ' s  apply t o  the a l l  o ther  HEC-2 runs 

2-5x18 CBC a t  Thomas Rd (Sta. 60+00 - 65+00) 

ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ 

d z  NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW C H N I M  ITRACE 

-5 VARIABLE CODES FOR SUMMARY PRINTOUT 



QT 9 471 0 5470 5470 5470 5470 5470 
'ief'er t o  the Comments a f t e r  XS #766 about the discharges. 

I .035 .035 .015 
X I  0 7 999.99 1016.01 
X3 10 1000 101 6 
1 184.67 950.00 184.67 999.99 170.00 1000.00 169.67 1008.00 170.00 1016.00 
L,. 184.67 1016.01 184.67 1066.00 

X 1 434 7 999.99 1016.01 49 5 1 50 
X3 10 

188.36 950.00 188.36 999.99 172.31 1000.00 171.98 1008.00 172.31 1016.00 
. 188.36 1016.01 188.36 1066.00 

1 

29NOV94 09:55:27 PAGE 2 

726 7 1000 1026 42 42 42 
,,a 10 
GR 192.00 950.00 189.00 999.99 177.11 1000.00 177.11 

189.00 1026.01 192.00 1076.00 
The discharges d/s o f  McDowell Road are 500, 750, 1000 c f s  less than the u/s  

discharges f o r  25, 50, 100-yr event, respect ively. This i s  due t o  the 

assumption tha t  those amount o f  discharges do no t  jo in the d/s channel 

f lowing west a long the McDowe 11 Road. 

189 
in. 11 
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917.0 
980.0 

PAGE 4 



591 4 24.0 977.5 1020.0 
C I  1007 207.34 0.045 4 

X3 10 

21 9.3 916.0 209.3 916.01 
. 206.0 980.5 205.0 982.0 

GR 197.0 993.5 196.6 997.0 

196.6 1007.0 197.0 1009.0 
208.6 1047.0 208.0 1076.0 

Begin modifications f o r  500 LF 5x18 CBC 

PAGE 5 





I 225.6 901.5 215.6 901.51 215.0 918.0 215.0 921 .O 215.1 930.0 

GR 216.0 978.0 215.0 980.5 210.0 986.0 205.0 991.5 204.0 993.0 
I 203.0 994.5 202.1 1000.0 203.0 1005.5 205.0 1007.5 210.0 1012.5 
I 211.0 1014.0 212.0 1015.5 213.0 1016.5 214.0 1018.0 215.0 1019.5 

GR 215.6 1026.5 215.0 1052.0 215.4 1052.01 215.0 1089.0 225.0 1089.01 
1 

29NOV94 09: 55: 27 PAGE 7 
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1022 222.5 1029 222.5 1065 
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SECNO DEPTH W S E L  CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
T I M E  VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  I D C  ICONT CORAR TOPWID ENDST 

ECNO . 0 0 0  

3 7 2 0  C R I T I C A L  DEPTH ASSUMED 

7 0  ENCROACHMENT STATIONS= 1 0 0 0 . 0  1 0 1  6 .0  TYPE= 1 TARGET= 1 6 . 0 0 0  

3 4 9 5  OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 1 0 0 0 0 0 . 0 0  ELREA= 1 0 0 0 0 0 . 0 0  

ECNO 3 8 4 . 0 0 0  

. .95 MINIMUM S P E C I F I C  ENERGY 

3 7 2 0  C R I T I C A L  DEPTH ASSUMED 

35 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 1 8 6 . 7 1  ELREA= 186.71 

"SECNO 4 3 4 . 0 0 0  

35 MINIMUM S P E C I F I C  ENERGY 

2 0  C R I T I C A L  DEPTH ASSUMED 

PAGE 1 1  

7'95 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 1 8 8 . 3 6  ELREA= 188 .36  



*J<CNO 4 8 4 . 0 0 0  

3 6 8 5  2 0  T R I A L S  ATTEMPTED WSEL, W S E L  

Z J 3  PROBABLE MINIMUM S P E C I F I C  ENERGY 

i ?O C R I T I C A L  DEPTH ASSUMED 

1 
29NOV94 09 :  55:  2 7  

SECNO DEPTH W S E L  CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOE ACH AROB VO L TWA R-BANK ELEV 
T I M E  VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  I D C  ICONT CORAR TOPWID ENDST 

" 7 5  OVERBANK AREA ASSUME0 NON-EFFECTIVE, ELLEA= 1 9 0 . 0 0  ELREA= 1 9 0 . 0 0  

I i V =  . 3 0 0  CEHV= .SO0 

*SECNO 6 8 4 . 0 0 0  

?'90 CROSS SECTION 6 8 4 . 0 0  EXTENDED 5.19 FEET 

3 3 0 1  HV CHANGED MORE THAN HVINS 

3 3 0 2  WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 4 . 2 4  

: ECNO 7 2 6 . 0 0 0  

: 30 CROSS SECTION 7 2 6 . 0 0  EXTENDED 3 . 0 3  FEET 

E C I A L  CULVERT 

PAGE 1 2  

SC CUNO CUNV ENTLC COFQ RDLEN R I S E  SPAN CULVLN CHRT SCL ELCHU ELCHD 
2 . 0 1 4  . 2 0  2 .60  .OO 1 0 . 0 0  1 2 . 0 0  2 7 4 . 0 0  9 2 1 7 9 . 8 5  177 .11  



CHART 9 - BOX CULVERT WITH FLARED WINGWALL AND INLET TOP EDGE BEVEL 

- -ALE 2 - WINGWALL FLARED 1 8  TO 33.7 DEGREES: INLET TOP EDGE BEVEL = 0.083D 

*SECNO 1000.000 

WATER EL=X5 CARD= 195 .200  

8 0  CROSS SECTION 1000 .00  EXTENDED 2.20 FEET 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 

Q QLOB QCH QROB ALOB ACH AROB VO L TWA R-BANK ELEV 

T IME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR I T R I A L  I D C  ICONT CORAR TOPWID ENDST 

"SECNO 1110.000 

0 1  HV CHANGED MORE THAN HVINS 

0 2  WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .29 

9 5  OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 198 .60  ELREA= 198.60 

95 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 203.00 ELREA= 202.70 
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95 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 204.00 ELREA= 203.00 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK E L N  

Q QLOB QCH QROB ALOB ACH AROB VO L TWA R-BANK E L N  

T I M E  VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR I T R I A L  I D C  ICONT CORAR TOPWID ENDST 

3301 HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .33 

- r95 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 203.00 ELREA= 203.00 

*SECNO 2515.000 
;85 20 T R I A L S  ATTEMPTED WSEL,CWSEL 

'10 WSEL ASSUMED BASED ON M I N  D I F F  

2515.000 16.83 200.83 199.92 .OD 203.89 3.06 .21 .25 203.00 

4490.0 .O 4490.0 .O .O 319.8 .O 30.6 3.4 203.00 
.07 .OO 14.04 . 00 .OOO .016 . 000 .OOO 184.00 976.10 

.OD3046 30. 30. 30. 20 5 0 .OO 42.48 1018.57 

LECNO 2530.000 
7185 MINIMUM SPEC1 F I C  ENERGY 

'20 C R I T I C A L  DEPTH ASSUMED 

2530.000 13.10 201.40 201.40 .OO 204.29 2.89 .05 .05 203.00 

4490.0 .O 4490.0 .O .O 329.4 .O 30.8 3.4 203.00 
.07 .OO 13.63 .OO . 000 .016 . 000 .OOO 188.30 965.78 

.003 129 15. 15. 15. 4 16 0 .OO 57.09 1022.87 

3301 HV CHANGED MORE THAN HVINS 

PAGE 14 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1.50 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOE ACH AROB VO L TWA R-BANK ELEV 
T I M E  VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  I O C  ICONT CORAR TOPWID ENOST 

3 4 9 5  OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 204.00  ELREA= 203.00  

'-55 D I V I D E D  FLOW 

3 4 9 5  OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 2 0 5 . 4 0  ELREA= 204.00  

ECNO 3513.000 

3 2 6 5  D I V I D E 0  FLOW 

ECNO 3 9 1 3 . 0 0 0  

3 4 9 5  OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 2 0 5 . 8 0  ELREA= 206.00  

PAGE 1 6  

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK €LEV 
Q QLOB QCH QROB ALOE ACH AROB VOL TWA R-BANK ELEV 
T I M E  VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 



SLOPE XLOBL XLCH XLOBR I T R I A L  I D C  ICONT CORAR TOPWID ENDST 

ECNO 4313.000 

?TO1 HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1.57 

ECNO 4713.000 
4713.000 15.22 208.02 . 00 .OO 208.66 .64 .39 .O1 206.60 
3850.0 221.7 3056.5 571.8 125.0 429.9 224.5 58.9 8.8 206.00 

-15 I .n 7.11 2.55 .040 .025 .040 .OOO 192.80 915.03 
.000915 400. 400. 400. 2 0 0 .OO 169.98 1085.00 

ECNO 5113.000 
5113.000 13.87 208.37 . 00 .OO 209.07 .69 .39 .02 207.20 
3540.0 133.1 2947.6 459.4 90.1 405.6 198.2 65.7 10.4 207.00 

.17 1.48 7.27 2.32 .040 .025 .040 .OOO 194.50 913.52 
.001022 400. 400. 400. 2 0 0 .OO 181.48 1095.00 

ECNO 5513.000 

zzO1 HV CHANGED MORE THAN HVINS 

ECNO 5914.000 
5914.000 12.57 209.17 .OO .OO 210.47 1.30 .68 .03 208.00 
3530.0 19.6 3419.9 90.5 17.8 367.8 61.6 75.6 13.5 208.00 

.I9 1.10 9.30 1.47 .040 .025 .040 .OOO 196.60 932.43 
.001752 401. 401. 401. 2 0 0 .OO 153.77 1086.20 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV H L  OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOE ACH AROB VO L TWA R-BANK ELEV 
T I M E  VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  I D C  ICONT CORAR TOPWID ENDST 

7?65 D I V I D E D  FLOW 



i 0 1  HV CHANGED MORE THAN HVINS 

WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1 . 6 4  

3 4 9 5  OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 209 .00  ELREA= 2 0 0 . 0 0  

101 HV CHANGED MORE THAN HVINS 

- 7 0 2  WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 2 . 8 7  

SPECIAL BRIDGE 

3 XK XKOR COFQ RDLEN BWC BWP BAREA SS ELCHU ELCHD 
1 .25  1 .TO 2.60 .OO 3 6 . 8 3  - 8 3  1 8 0 . 0 0  .OO 198 .00  1 9 6 . 8 0  

SECNO 6 5 0 0 . 0 0 0  
IESSURE AND WEIR FLOW, W e i r  S u b m e r g e n c e  B a s e d  on TRAPEZOIDAL S h a p e  

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
P QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
T I M E  VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  I O C  ICONT CORAR TOPWID ENDST 

EGPRS EGLWC H3 QWEIR QPR BAREA TRAPEZOID ELLC ELTRD WEIRLN 

AREA 
2 2 0 . 6 7  2 1  1 .21  . 0 2  1 3 5 5 .  2118 .  1 8 0 .  1 8 0 .  2 0 3 . 0 0  210 .70  74 .  
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102 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = . 5 7  

3 3 0 2  WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .61 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK E L N  
Q QLOB QCH QROB ALOB ACH AROB VO L TWA R-BANK ELEV 
T I M E  VLOB VCH VROB XNL XNCH XNR WT N ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  I D C  ICONT CORAR TOPWID ENOST 

3 2 6 5  D I V I D E D  FLOW 

PAGE 1 9  

3 3 0 1  HV CHANGED MORE THAN HVINS 



3495 OVERBANK AREA ASSUME0 NON-EFFECTIVE, ELLEA= 216.00 ELREA= 215.00 

3301 HV CHANGED MORE THAN HVINS 

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 219.00 ELREA= 217.00 

'5 ECNO 871 7.000 

5495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 221.00 ELREA= 221.00 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK E L N  

Q QLOB QCH QROB ALOB ACH AROB VO L TWA R-BANK ELEV 

T I M E  VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR I T R I A L  I D C  ICONT CORAR TOPWID ENOST 

-;95 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 221.00 ELREA= 222.00 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .61 

PAGE 20 

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 222.00 ELREA= 222.00 



z r E C I A L  BRIDGE 

'7 DOWNSTREAM ELEV I S  211.57 , NOT 217.41 HYDRAULIC JUMP OCCURS DOWNSTREAM ( I F  LOW FLOW CONTROLS) 

SB XK XKOR COFQ RDLEN BWC BWP BAREA SS ELCHU ELCHD 

1.25 1 .69 2.60 .OO 17.00 3.83 105 .36  .OO 206.49 205.90 

31 HV CHANGED MORE THAN HVINS 

02  WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 4.51 

PRESSURE AND WEIR FLOW, W e i r  Submergence  B a s e d  on TRAPEZOIDAL Shape  

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK E L W  
Q QLOB QCH QROB ALOE ACH AROB VO L TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

tGPRS EG LWC H3 W E I R  QPR BAREA TRAPEZOID ELLC ELTRD WEIRLN 

AREA 
229.59 221.45 . 0 0  592. 1682. 105. 105. 214.49 222.50 138. 

9 5  OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 224.00 ELREA= 223.00 

CCHV= . I 0 0  CEHV= .350 
ECNO 9318.000 
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3 3 0 2  WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .52 



3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 225.00 ELREA= 225.00 

ECNO 9518.000 

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 227.00 ELREA= 227.00 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK €LEV 

Q QLOB QCH QROB ALOB ACH AROB VO L TWA R-BANK ELEV 

T I M E  VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR I T R I A L  I D C  ICONT CORAR TOPWID ENDST 

ECNO 9919.000 

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 228.00 ELREA= 230.00 

3301 HV CHANGED MORE THAN H V I N S  

185 20 T R I A L S  ATTEMPTED WSEL,CWSEL 

,493 PROBABLE MINIMUM S P E C I F I C  ENERGY 

3720 C R I T I C A L  DEPTH ASSUMED 

195 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 230.00 ELREA= 230.00 
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*SECNO 1031 9.000 
;85 20 T R I A L S  ATTEMPTED WSEL,CWSEL 

i93 PROBABLE MINIMUM S P E C I F I C  ENERGY 

3720 C R I T I C A L  DEPTH ASSUMED 



95 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 232.00 ELREA= 232.80 

31 HV CHANGED MORE THAN HVINS 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK E L N  
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK E L N  
T I M E  VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  I D C  ICONT CORAR TOPWID ENDST 

7'85 MINIMUM S P E C I F I C  ENERGY 

20 C R I T I C A L  DEPTH ASSUMED 

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 237.10 ELREA= 236.00 

ECNO 11120.000 

3301 HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 2.15 

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 241.00 ELREA= 240.00 

2201 HV CHANGED MORE THAN HVINS 

35 MINIMUM S P E C I F I C  ENERGY 

20 C R I T I C A L  DEPTH ASSUMED 

- ' 9 5  OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 241 .OO ELREA= 241.00 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK E L N  
Q QLOB QCH QROB ALOE ACH AROB VO L TWA R-BANK ELEV 
T I M E  VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  I O C  ICONT CORAR TOPWID ENDST 

i ~ J 1  HV CHANGED MORE THAN H V I N S  

: 75 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 2 4 3 . 0 0  ELREA= 2 4 3 . 0 0  

ECIAL BRIDGE 

5 2 2 7  DOWNSTREAM E L N  I S  233 .41  , NOT 2 3 7 . 6 5  HYDRAULIC JUMP OCCURS DOWNSTREAM ( I F  LOW FLOW CONTROLS) 

X K XKOR CO FQ RDLEN BWC BWP BAREA SS ELCHU ELCHD 
1.25 1 .69  2.60 .OO 1 8 . 1 7  5 .00  1 0 5 . 3 6  .OO 2 2 9 . 7 0  2 2 9 . 2 2  

ECNO 1 1 6 9 0 . 0 0 0  

3 2 6 5  D I V I D E D  FLOW 

3 3 0 1  HV CHANGED MORE THAN HVINS 

,a02 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 3 . 9 2  

ESSURE AND WEIR FLOW, W e i r  S u b m e r g e n c e  B a s e d  on TRAPEZOIDAL S h a p e  

'GPRS EG LWC H3 W E I R  QPR BAREA TRAPEZOID ELLC ELTRD WEIRLN 

AREA 
244 .01  242 .32  . 0 0  1 5 .  1613 .  1 0 5 .  1 0 5 .  2 3 7 . 7 0  2 4 3 . 1 0  26. 
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T H I S  RUN EXECUTED 29NOV94 09 :  55:  3 4  
..A*********************************** 

HEC-2 WATER SURFACE PROFILES 

lersion 4.6.2; May 1 9 9 1  
..................................... 

NOTE- ASTERISK (*)  AT LEFT OF CROSS-SECTION NUMBER I N D I C A T E S  MESSAGE I N  SUMMARY OF ERRORS L I S T  

d J B - C R I T I C A L  FLOW M4-2FT 

JMMARY PRINTOUT 

SECNO Q XLCH TOPWID AREA VCH XLBEL RBEL CWSEL ELMIN EG 



684.000 
684.000 

726.000 
726.000 

1000.000 
1000.000 

1110.000 
1110.000 

1514.000 
1514.000 

1912.000 
1912.000 

231 2.000 
2312.000 

29NOV94 

S ECNO 

2485.000 
2485.000 

2515,000 
251 5.000 

2530.000 
2530.000 

271 2.000 
271 2.000 

3112.000 
31 12.000 

3513.000 
3513.000 

3913.000 
3913.000 

4313.000 
4313.000 

4713.000 
471 3.000 

5113.000 
5113.000 

200.00 
200.00 

42.00 
42.00 

274.00 
274.00 

110.00 
110.00 

404.00 
404.00 

398.00 
398.00 

400.00 
400.00 

XLCH 

173.00 
173.00 

30.00 
30.00 

15.00 
15.00 

182.00 
182.00 

400.00 
400.00 

401.00 
401.00 

400.00 
400.00 

400.00 
400.00 

400.00 
400.00 

400.00 
400.00 

1010.31 
1023.76 

918.62 
924.73 

623.04 
799.78 

574.09 
392.93 

572.83 
238.67 

613.70 
116.61 

565.51 
243.18 

AREA 

299.25 
264.13 

319.82 
247.79 

329.36 
230.08 

522.00 
256.53 

488.20 
252.03 

477.76 
285.36 

395.42 
401.34 

856.56 
437.48 

779.34 
332.40 

693.96 
242.75 

7.44 
8.55 

8.72 
10.08 

10.84 

10.85 

8.64 
3.56 

8.22 
5.48 

7.32 
8.15 

7.94 
3.91 

VCH 

15.00 
3.60 

14.04 
3.83 

13.63 
4.13 

8.94 
3.43 

9.47 
3.78 

10.07 
2.93 

11.00 
2.13 

7.68 
1.67 

7.11 
1.92 

7.27 
.45 
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XLBEL RBEL CWSEL ELMIN EG 



S ECNO Q XLCH TOPWIO AREA VCH 

6.54 

.36 

6.84 
2.20 

8.68 

.77 

11.56 

1.41 

6.98 

2.01 

6.83 

1.87 

XLBEL 

213.00 

212.00 

213.00 
213.13 

214.00 
214.31 

216.00 

21 5.55 

219.00 
217.98 

221.00 
220.19 

RBEL 

212.00 

212.47 

213.00 
213.14 

214.00 
214.18 

21 5.00 

21 5.23 

217.00 
217.65 

221.00 
229.10 

CWSEL 

214.57 

210.05 

214.84 
210.27 

214.77 
211.38 

214.59 
212.14 

216.85 
214.58 

217.32 

216.51 

ELMIN 

200.60 
209.18 

200.90 
210.12 

201.50 
210.97 

202.10 

211.91 

203.00 
213.79 

204.00 
215.66 
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SECNO Q XLCH TOPWID 

PAGE 48 

AREA VCH XLBEL RBEL CWSEL ELMIN EG 

-'IMMARY OF ERRORS AND SPECIAL NOTES 

CAUTION SECNO= .000 PROFILE- 1 C R I T I C A L  DEPTH ASSUMED 

C,,JTION SECNO= 384.000 PROFILE= 1 C R I T I C A L  DEPTH ASSUMED 

CAUTION SECNO= 384.000 PROFILE= 1 MINIMUM S P E C I F I C  ENERGY 

L .NING SECNO= 384.000 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CAUTION SECNO= 434.000 PROFILE= 1 C R I T I C A L  DEPTH ASSUMED 

C"1TION SECNO= 434.000 PROFILE= 1 MINIMUM S P E C I F I C  ENERGY 

C ITION SECNO= 434.000 PROFILE= 2 C R I T I C A L  DEPTH ASSUMED 

CAUTION SECNO= 434.000 PROFILE= 2 PROBABLE MINIMUM S P E C I F I C  ENERGY 

CAUTION SECNO= 434.000 PROFILE= 2 20 T R I A L S  ATTEMPTED TO BALANCE WSEL 

PAGE 49 

C. . JT ION SECNO= 484.000 PROF1 LE- 1 C R I T I C A L  DEPTH ASSUMED 

CAUTION SECNO= 484.000 PROFILE= 1 PROBABLE MINIMUM S P E C I F I C  ENERGY 

C ;TION SECNO= 484.000 PROFILE= 1 20 T R I A L S  ATTEMPTED TO BALANCE WSEL 

C T I O N  SECNO= 484.000 PROFILE= 2 C R I T I C A L  DEPTH ASSUMED 

CAUTION SECNO= 484.000 PROFILE- 2 PROBABLE MINIMUM S P E C I F I C  ENERGY 

CA ' 'T ION SECNO= 484.000 PROFILE= 2 20 T R I A L S  ATTEMPTED TO BALANCE WSEL 
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T H I S  RUN EXECUTED 14DEC93 17:16:25 

Version 4.6.2; May 1991 
..................................... 

T 1 FERGUSON GREINER, INC 10-06-93 (FILENAME = M4-2FT-B.DAT) 
- ? ORIGINAL McDowell BC (1-10x10 & 1-14x10) w i th  o r i g i na l  d i r t  channel 

5 SUB-CRITICAL FLOW M4-2FT-B U/S o f  McDowell Road 

Cross-section nunbering has been changed: 
d/s face of  the McDowell Rd. cu lver ts  ===> XS #726.00 
u/s 11 11 I1 ===> XS '#1000.00 

The XS nunbering u/s o f  McDowell Rd. has been modified accordingly. 
These XS # I s  apply t o  the a l l  other HEC-2 runs 

J1 ICHECK INQ NINV I D I R  STRT METRIC HVINS Q WSEL FQ 

J2 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM I TRACE 

5 VARIABLE CODES FOR SUMMARY PRINTOUT 

F 9 471 0 5470 5470 5470 5470 5470 
Refer t o  the Comnents a f t e r  XS #766 about the discharges. 

NC .035 -035 -015 
. - I  0 7 999.99 1016.01 

5 10 1000 1016 
tiR 184.67 950.00 184.67 999.99 170.00 1000.00 169.67 1008.00 170.00 1016.00 
GR 184.67 1016.01 184.67 1066.00 



14DEC93 17:16:25 PAGE 2 

X1 726 7 1000 1026 42 42 42 
X3 10 
GR 192.00 950.00 189.00 999.99 177.11 1000.00 177.11 
GR 189.00 1026.01 192.00 1076.00 
The discharges d/s of McDowell Road are 500, 750, 1000 cfs Less than the u/s 

discharges for 25, 50, 100-yr event, respectively. This is due to the 
assurption that those amount of discharges do not join the d/s channel 
flouing vest along the McDouell Road. 



948.0 
1011.0 

PAGE 

1055.0 

0 

925.2 
979.5 
1000.0 
1028.0 
1070.0 

0 

937.0 
990.0 
1008.0 
1035.0 

0 

963 
991 
1019 

1059.01 

0.0 

991.5 
1021 .o 
1059.0 

800 
0 

. 980.8 
1009.5 
1047.0 

0 

917.0 
980.0 

PAGE 

1011.5 
1048.0 
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973.5 
983.5 

1012.5 
1077.5 

1100.01 

800 
0 

921.5 
990.0 

1007.5 
1022.0 
1083.5 
1095.0 

0 

950.0 
991.5 

1014.0 
1054.0 
1091 -5 
1109.0 

PAGE 

0 

930.0 
993.0 

1012.5 
1019.5 

1089.01 

800 
0 

962.0 
980.0 

1000.0 
.1020.5 
1086.0 

0 

928.0 
972.5 
992.0 

1011.5 
1040.0 
1084.0 

0 



0 

942 
993 

1015 
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SC CUNO CUNV ENTLC COFP RDLEN R ISE  SPAN CULVLN CHRT SCL ELCHU ELCHD 
2 .014 -20 2.60 .OO 10.00 12.00 274.00 9 2 179.85 177.11 

CHART 9 - BOX CULVERT WITH FLARED WINGWALL AND INLET TOP EDGE BEVEL 

SCALE 2 - WINGWALL FLARED 18 TO 33.7 DEGREES; INLET TOP EDGE BEVEL = 0.083D 

*SECNO 1000.000 
WATER EL=X5 CARD= 195.200 

3280 CROSS SECTION 1000.00 EXTENDED 2.20 FEET 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH PROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

3301 HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .29 

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 198.60 ELREA= 198.60 

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 203.00 ELREA= 202.70 

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 204.00 ELREA= 203.00 
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SECNO DEPTH CUSEL CRlUS USELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOE ACH AROB VOL TUA R-BANK ELEV 

TIME VLOB VC H VROB XNL XNCH XNR UTN ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPUID ENDST 

301 HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .33 

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 203.00 ELREA= 203.00 

*SECNO 2515.000 
685 20 TRIALS ATTEMPTED WSEL,CUSEL 
710 WSEL ASSUMED BASED ON MIN  D l  FF 
2515.000 16.83 200.83 199.92 

4490.0 .O 4490.0 .O 
.07 .OO 14.04 -00 

.003046 30. 30. 30. 

SECNO 2530.000 
.185 MINIMUM SPECIFIC ENERGY 

3720 CRITICAL DEPTH ASSUMED 
2530.000 13.10 201.40 201.40 .OO 204.29 2.89 .05 .05 203.00 

4490.0 .O 4490.0 .O -0  329.4 .O 30.8 3.4 203.00 
-07 .OO 13.63 .OO -000 .016 .OOO .OOO 188.30 965.78 

.003129 15. 15. 15. 4 16 0 .OO 57.09 1022.87 

301 HV CHANGED MORE THAN HVINS 

'302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1.50 
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SECNO DEPTH CWSEL CRIWS USELK EG HV H L OtOSS L-BANK ELEV 

Q QLOB QCH QROB ALOE ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR UTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC  ICONT CORAR TOPUID ENDST 



3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 204.00 ELREA= 

3265 DIVIDED FLOW 

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 205.40 ELREA= 

3265 DIVIDED F L W  

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 205.80 ELREA= 

SECNO DEPTH CUSEL CRIWS USELK EG HV H L OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOE ACH AROB VOL TUA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR UTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPUID ENDST 

3301 HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1.57 
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SECNO 5113.000 
5113.000 13.87 208.37 . 00 .OO 209.07 .69 .39 .02 207.20 
3540.0 133.1 2947.6 459.4 90.1 405.6 198.2 65.7 1.0.4 207.00 

.17 1.48 7.27 2.32 .040 -025 .040 .OOO 194.50 913.52 
.001022 400. 400. 400. 2 0 0 .OO 181.48 1095.00 

'SECNO 5513.000 

3301 HV CHANGED MORE THAN HVINS 

SECNO DEPTH CUSEL CRIUS USELK EG HV H L OLOSS L-BANK ELEV 

P QLOB QCH QROB ALOE ACH AROB VOL TUA R-BANK ELEV 
TIME VLOB VC H VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPUID ENDST 

'SECNO 6156.000 

3301 HV CHANGED MORE THAN HVINS 

3495 OVERBANK AREA ASSUMED NOH-EFFECTIVE, ELLEA= 210.00 ELREA= 209.80 

X H V =  .300 CEHV= .500 
'SECNO 6307.000 
7185 MINIMUM SPECIFIC ENERGY 

3720 CRITICAL DEPTH ASSUMED 
6307.000 12.82 211.57 211 -57 
3530.0 266.1 3066.3 197.6 

.20 2.54 11.49 2.70 
.003386 151. 151. 151. 
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'SPECIAL BRIDGE 



SB XK XKOR COFQ RDLEN BUC BUP BAREA SS ELCHU ELCHD 

1.25 1.58 2.60 .OO 20.50 1.50 190.00 .01 199.51 198.75 

*SECNO 6388.000 

301 HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE W T S I D E  OF ACCEPTABLE RANGE, KRATIO = 2.73 

4ESSURE AND WEIR F L W ,  W e i r  Submergence  B a s e d  on TRAPEZOIDAL Shape  

EGPRS EGLWC H3 QUE I R QPR BAREA TRAPEZOID ELLC ELTRD UEIRLN 
AREA 

219.75 214.04 .67 1228. 2250. 190. 193. 209.61 210.61 57. 

SECNO DEPTH CUSEL CRIUS USELK EG HV HL OLOSS L-BANK ELEV 

9 QLOB QCH QROB ALOE ACH AROB VOL TUA R-BANK ELEV 

TIME VLOB VCH VROB XNL XNCH XNR WTN ELHIN  SSTA 

SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPUID ENDST 

CCHV= .I00 CEHV= -350 
* SECNO 6714.000 
6714.000 14.60 214.90 .OO -00 215.24 .35 .08 .02 211.00 
3470.0 499.7 2345.3 625.0 272.3 417.8 311.1 87.9 16.1 211.00 

.23 1.83 5.61 2.01 -040 -025 .040 .OOO 200.30 898.01 
.000475 197. 197. 197. 2 0 0 .OO 198.50 1096.50 
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*SECNO 7916.000 

3 3 0 1  HV CHANGED MORE THAN HVINS 

3 3 0 2  WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = - 6 5  

SECNO DEPTH CUSEL CRIUS WSELK EG HV HL OLOSS L-BANK ELEV 
9 PLOB PCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC  ICONT CORAR TOPWID ENDST 

3 4 9 5  OVERBANK AREA ASSUMED MOM-EFFECTIVE, ELLEA= 216.00 ELREA= 215.00 

*SECNO 8317.000 

3 3 0 1  HV CHANGED MORE THAN HVINS 

3 4 9 5  OVERBANK AREA ASSUMED WON-EFFECTIVE, ELLEA= 219.00 ELREA= 217.00 

3 4 9 5  OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 221.00 ELREA= 2 2 1  - 0 0  

3495  OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 221.00 ELREA= 222.00 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPUID ENDST 

302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .61 

495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 222.00 ELREA= 222.00 

SPECIAL BRIDGE 

227 DOWNSTREAM ELEV I S  211.57 , NOT 217.49 HYDRAULIC JUMP OCCURS DOWNSTREAM ( I F  LOW FLOW CONTROLS) 

SB XK XKOR COFQ RDLEN BWC BWP BAREA SS ELCHU ELCHD 
1.25 1.69 2.60 -00 17.00 3.83 105.36 -00 206.49 205.90 

SECNO 9037.000 

'301 HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 4.45 

'RESSURE AND WEIR FLOW, W e i r  Submergence  B a s e d  on TRAPEZOIDAL Shape  

EGPRS EGLWC H3 QUE I R QPR BAREA TRAPEZOID ELLC ELTRD WEIRLN 

AREA 
229.67 221.45 .OO 601. 1673. 105. 105. 214.49 222.50 138. 

'SECNO 91 18.000 

14DEC93 17:16:25 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR IJTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC  ICONT CORAR TOPWID ENDST 

PAGE 21 

3495 OVERBANK AREA ASSUMED NON-EFFECT IVE, ELLEA= 224.00 ELREA= 223.00 

9118.000 18.32 223.92 -00 -00 224.14 .22 .02 .01 224.00 



3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .52 

;95 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 225.00 ELREA= 225.00 

;95 OVERBANK AREA ASSUMED WON-EFFECTIVE, ELLEA= 227.00 ELREA= 227.00 

9518.000 16.98 224.18 .OO -00 224.58 .41 .19 .02 227.00 
1700.0 .O 1700.0 -0  .O 331.1 .O 122.9 23.1 227.00 

-35 -00 5.13 -00 -000 .028 .OOO .OOO 207.20 981 -07 
. 000773 200. ZOO. 200. 2 0 0 .OO 36.94 1018.01 

3495 OVERBANK AREA ASSUMED #ON-EFFECTIVE, ELLEA= 228.00 ELREA= 230.00 

SECNO DEPTH CWSEL CRIWS USELK EG HV H L OLOSS L-BANK ELEV 

Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WT N ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENOST 

"SECNO 10119.000 

301 HV CHANGED MORE THAN HVINS 

3685 20 TRIALS ATTEMPTED WSEL,CWSEL 

3693 PROBABLE MINIMUM SPECIFIC ENERGY 
720 CRITICAL DEPTH ASSUMED 

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 230.00 ELREA= 230.00 
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3685 20 TRIALS ATTEMPTED USEL,CUSEL 
36% PROBABLE MINIMUM SPECIFIC ENERGY 
,720 CRITICAL DEPTH ASSUMED 

3495 OVERBANK AREA ASSUMED ION-EFFECTIVE, ELLEA= 232.00 ELREA= 232.80 

i301 HV CHANGED MORE THAN HVINS 

7185 MINIMUM SPECIFIC ENERGY 
1720 CRITICAL DEPTH ASSUMED 

3495 OMRBANK AREA ASSUMED NO#-EFFECTIVE, ELLEA= 237.10 ELREA= 236.00 

SECNO DEPTH CWSEL CRIUS USELK EG HV HL OLOSS L-BANK ELEV 

P QLOB PCH PROB ALOB ACH AROB VOL TWA R-BANK ELEV 

TIME VLOB VC H VROB XN L XNCH XNR WTN ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR I T R I A L  I D C  ICONT CORAR TOPUID ENDST 

3301 HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 2.15 

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 241.00 ELREA= 240.00 

3301 HV CHANGED MORE THAN HVINS 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 241 .OO ELREA= 241 .OO 
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3 3 0 1  HV CHANGED MORE THAN HVINS 

3495  OVERBANK AREA ASSUMED NOW-EFFECTIVE, ELLEA= 243.00 ELREA= 243.00 

SECNO DEPTH CUSEL CRlWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR UT N ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC  ICONT CORAR TOPWID ENDST 

SPECIAL BRIDGE 

5227 DOWNSTREAM ELEV I S  233.41 , NOT 237.65 HYDRAULIC JUMP OCCURS DOWNSTREAM ( I F  LOW FLOW CONTROLS) 

SB XK XKOR COFQ RDLEN BUC BWP BAREA SS ELCHU ELCHD 
1.25 1.69 2.60 - 0 0  18.17 5.00 105.36 .OO 229.70 229.22 

3265 DIVIDED FLOU 

3 3 0 1  HV CHANGED MORE THAN HVINS 

3 3 0 2  WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 3.92 

PRESSURE AND WEIR FLOW, W e i r  Submergence  B a s e d  on TRAPEZOIDAL Shape  

EGPRS EGLWC H3 QWE I R QPR BAREA TRAPEZOID ELLC ELTRD WEIRLN 
AREA 

244.01 242.32 . 0 0  15. 1613. 105. 105. 237.70 243.10 26. 

PROFILE FOR STREAM SUB-CRITICAL FLOW M4-2FT 

PAGE 2 4  

PLOTTED POINTS (BY PRIORITY) E-ENERGY,W-WATER SURFACE,I-INVERT,C-CRITICAL W.S.,L-LEFT BANK,R-RIGHT BANK,M-LOWER END STA 



THIS RUN EXECUTED 14DEC93 17:16:31 
..................................... 

C-2 WATER SURFACE PROFILES 

Version 4.6.2; May 1991 
..................................... 

NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE I N  SUMMARY OF ERRORS LIST 

I ;-CRITICAL FLOW M4-2FT 

?'"MARY PR I NTCUT 

SECNO 

9 .ooo 
-000 

' 384.000 
' 384.000 

* 434.000 
434.000 

* 484.000 
* 484.000 

- 684.000 
* 684.000 

726.000 
726.000 

1000.000 
1000.000 

* 1110.000 
1110.000 

1514.000 
1514.000 

1912.000 
* 1912.000 

2312.000 
* 2312.000 

1 
14DEC93 

Q XLCH TOPWID 

16.00 
16.00 

16.02 
116.00 

16.02 
116.00 

16.02 
116.00 

126.00 
126.00 

126.00 
126.00 

104.00 
104.00 

84.91 
84.95 

53.11 
83.00 

51.63 
57.08 

50.33 
93.50 

AREA 

221.91 
250.06 

219.01 
894.91 

222.51 
588.80 

221.88 
557.36 

1010.31 
1023.76 

918.62 
924.73 

623.04 
799.78 

574.09 
392.93 

572.83 
238.67 

613.70 
116.61 

565.51 
243.18 

VCH XLBEL RBEL CWSEL 

183.70 
185.46 

185.56 
192.38 

186.04 
191 -20 

186.83 
192.45 

195.19 
195.30 

195.03 
195.07 

195.20 
196.90 

195.99 
198.82 

197.56 
198.99 

198.98 
200.59 

200.02 
202.47 

ELMIN 

169.67 
169.67 

171 -71 
171.71 

171 -98 
171.98 

172.80 
172.80 

176.07 
176.07 

177.11 
177.11 

179.85 
179.85 

181 -00 
193.81 

181.10 
194.78 

181.70 
197.74 

183.00 
198.70 

SECNO Q XLCH TOPWID AREA VCH XLBEL RBEL CWSEL ELMIN 
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172.00 
74.38 

198.50 
70.92 

TOPW I D 

195.50 
64.62 

197.99 
62.04 

222.99 
62.94 

38.75 
62.23 

1043.40 
120.76 

1001.22 
89.31 

AREA 

862.77 
35.95 

783.42 
15.58 

585 -80 
22.58 

298.14 
17.05 

4.98 
.50 

5.61 
.67 

VCH 

5.94 
.56 

6.30 
1.28 

7.91 
.89 

11.10 
1.17 

21 1.30 
210.89 

211 .oo 
211 .oo 

XLBEL 

213.00 
212.00 

213.00 
213.13 

214.00 
214.31 

216.00 
215.55 

211.50 
210.00 

211 .oo 
210.91 

RBEL 

212.00 
212.47 

213.00 
213.14 

214.00 
214.18 

215.00 
215.23 

214.85 
209.58 

214.90 
209.61 

CWSEL 

215.05 
209.76 

215.26 
210.38 

215.21 
21 1.34 

214.90 
212.19 

~200.00 
207.78 

200.30 
208.24 

ELMIN 

200.60 
209.18 

200.90 
210.12 

201.50 
210.97 

202.10 
21 1.91 
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SECNO Q XLCH TOPUID AREA VCH XLBEL RBEL CUSEL ELMIN 

=UMMARY OF ERRORS AND SPECIAL NOTES 

CAUTION SECNO= .OD0 PROFILE= 1 C R I T I C A L  DEPTH ASSUMED 

PAGE 48 
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UTION SECNO= 3 8 4 . 0 0 0  PROFILE= 1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO= 3 8 4 . 0 0 0  PROFILE= 1 MINIMUM S P E C I F I C  ENERGY 
WARNING SECNO= 3 8 4 . 0 0 0  PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
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I 
I PROJECT NAME: Old Cross Cut Canal 

PROJECT NO. : E002102 

SPILLWAY ANALYSIS FOR HYDRAULIC JUMP 

* NOTE: N. Cemetary and S. Cernetary spillway locations are the only locations with a depressed basin to force a hydraulic jump. 
N. CEMETARY - DEPRESS 0.8' 

C S. CEMETARY - DEPRESS 0.3' 

I COMPARISON OF HYDRAULIC JUMP ANALYSIS TO SCOUR ANALYSIS 
I 

- 

LOCATION , , , , , , , , , 

STREET NAME 
HOLLY 

S. CEMETARY* 
N. CEMETARY* 

VIRGINIA 
WINDSOR 
PINCHOT , 

LOCAL 
STORM . 

D~SCHARGE : 
[Q) : 

1 42 
229 
239 
570 
108 
38 

I 

' ' ' ' 4  "' 

- , , , , , ,  s f a ~ t . 9 ~  , , . ,  . , " , ,  " ' 

LOCATION 
HOLLY 

I 

fCFS).'--" 'n 
: 

SPELLWAY : 

WIDTH : 
(4: t EXPJ 

1 32 
48 
64 

1 49 
67 
105 

BOX 
27+17 
33+57 
40+57 
50 + 25 
56+74 
71+37 , 

' " ' ' - - T T  
UPSTREAM 

" O '  ' 

ELEVATION 
DIFFERENCE ' 
TOP TO TOE . 

(HI 
3.8 
3.3 
2.1 
1 .I 
1.2 
0.7 

ROAD 
216+41.93 
222+82.59 
229+81.63 
238+49.37 
245+96.85 
260+61.58 

(FT) 
HYDRAULIC JUMP LENGTH 

7 
S. CEMETARY* 
N. CEMETARY* 

VIRGINIA 
WINDSOR 
PINCHOT 

(Fi) 
SCOUR LENGTH 

~n 

' 

UPSTREAM APPROACH SPILLWAY TOE 

14 
1 1  
14 
1 1  
5 

DEPTH 
W1 1 

- - 
29 
21 
68 
41 
27 

" '  '(FPSr- 
SP ILkWAY . CHtMP 

j DEPTH 

1.10 

CONJUGATE 
: DEPTH 

W4) 
1.05 
2.21 

VELOCITY 
0111 

,,LENGTM ,OF JUMP CONJUGATE 
VELOCITY 

(If41 
1.03 
2.16 

,TAILRACE 
ltabl 

0.0 

" ' " ' : - C C -  i '  ' " t F 7 )  " ' 

I SPILLWAY SP l LLWAY 

1.69 
1.55 
1 .O1 
0.44 

TOE DEPTH 

0.74 
0.71 
0.79 
1.14 
0.72 
0.63 

: LOCAL Q 

2.16 
2.46 
1.6 
0.83 

VELOCITY 

;::;I 45.2 
15.0 

2.40 0.0 
5.3 

0.75 0.0 

JUMP 
(tbc'l 

6.6 3.94 
9.96 
6.88 
4.96 
4.57 
2.19 

0.06 
0.26 
0.25 
0.31 
0.14 
0.04 

17.44 
18.45 
14.84 
12.2 

1 1.65 
9.39 

7.9 
8.3 
13.8 
5.2 
4.6 

TQTAL 

7.0 

OEPRESSEE) a,A!$t& 
TOTAL 

- 
54.0 
24.0 
14.0 
11.0 
5.0 

14.0 
11.0 

- 
- 
- I 



HYDRAULIC JUMP CALCULATION 

FIGURE 1,1 - HYDRAULIC JUMP 

PROJECT NAME: OLD CROSS CUT CANAL 
PROJECT NUMBER: E002102 
DATE CREATED: 9/3/94 
ENGINEER/DESIGNER: J. E. B. 

LOCATION: HOLLY 

Yc= 0.330374 
Y3= 
v3= 
R3= 
F2 = 
Vave. = 
Rave. = 
Segl= 

Lab = NO TAILRACE 
Lbc= 6.62 

APRON LENGTH= 6.62 

NOTE: 
THE VALUE FOR L/Y4 MUST COME FROM THE U.S. BUREAU OF RECLAMATION CHART 



HYDRAULIC JUMP CALCULATION 

FIGURE 1,1 - HYDRAULIC JUMP 

PROJECT NAME: OLD CROSS CUT CANAL 
PROJECT NUMBER: E002102 
DATE CREATED: 9/3/94 
ENGINEERIDESIGN ER: J. E. B. 

LOCATION: S. CEMETARY 

Yc= 
Y3= 
v3= 
R3= 
F3 = 
Vave. = 
Rave. = 
Segl= 

Lab = 
Lbc= 

APRON LENGTH= 53.096 

NOTE: 
THE VALUE FOR L/Y4 MUST COME FROM THE U.S. BUREAU OF RECLAMATION CHART 



HYDRAULIC JUMP CALCULATION 

Y 1 

FIGURE 1 . I  - HYDRAULIC JUMP 

PROJECT NAME: OLD CROSS CUT CANAL 
PROJECT NUMBER: E002102 
DATE CREATED: 9/3/94 
ENGINEER/DESIGN ER: J. E. B. 

LOCATION: N. CEMETARY 

Yc= 
Y3= 
v3= 
R3= 
F3 = 
Vave. = 
Rave. = 
Segl= 

Lab = 
Lbc= 

APRON LENGTH= 23.30 

NOTE: 
THE VALUE FOR LjY4 MUST COME FROM THE U.S. BUREAU OF RECLAMATION CHART 



HYDRAULIC JUMP CALCULATION 

FIGURE 1.1 - HYDRAULIC JUMP 

PROJECT NAME: 
PROJECT NUMBER: 
DATE CREATED: 
ENGINEERIDESIGN ER: 

LOCATION: VIRGINIA 

OLD CROSS CUT CANAL 
E002102 
9/3/94 
J. E. B. 

Yc= 
Y3= 
v3= 
R3= 
F2 = 
Vave. = 
Rave. = 
Seg I= 

Lab = 
Lbc= 

NO TAILRACE 
13.8 

APRON LENGTH= 13.8 

NOTE: 
THE VALUE FOR L/Y4 MUST COME FROM THE U.S. BUREAU OF RECLAMATION CHART 



HYDRAULIC JUMP CALCULATION 

FIGURE 1,1 - HYDRAULIC JUMP 

PROJECT NAME: OLD CROSS CUT CANAL 
PROJECT NUMBER: E002102 
DATE CREATED: 9/3/94 
ENGINEERIDESIGNER: J. E. B. 

LOCATION: WINDSOR 

Yc= 
Y3= 
v3= 
R3= 
F3 = 
Vave. = 
Rave. = 
Segl= 

Lab = 
Lbc= 

APRON LENGTH= 10.52 

NOTE: 
THE VALUE FOR 4Y4 MUST COME FROM THE U.S. BUREAU OF RECLAMATION CHART 



HYDRAULIC JUMP CALCULATION 

FIGURE 1,l - HYDRAULIC JUMP 

PROJECT NAME: OLD CROSS CUT CANAL 
PROJECT NUMBER: E002102 
DATE CREATED: 9/3/94 
ENGINEER/DESIGNER: J. E. B. 

LOCATION: PINCHOT 

Yc= 0.1 59922 
Y3= 
v3= 
R3= 
F2 = 8.3 
Vave. = 
Rave. = 
Segl= 

Lab = NO TAILRACE 
Lbc= 4.63 

APRON LENGTH= 4.63 

NOTE: 
THE VALUE FOR L/Y4 MUST COME FROM THE U.S. BUREAU OF RECLAMATION CHART 
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GENERAL INVESTIGATION OF THE HYDRAULIC JUMP 1 3  

opening. The extreme case involved a discharge To confirm the above conclusion, it was found 
of 0.14 c.f.s. and a value of Dl of 0.032 foot, for that results from Flume I?, which was 1 foot 
F1=8.9, which is much smaller than any discharge wide, became erratic when t>he value of Dl ap- 
or value of D, used in the present experiments. proached 0.10. Figures 6 and 7 show three 
Thus, it is reasoned that as the gate opening points obtained with a value of Dl of approxi- 
decreased, in the 6-inch-wide flume, frictional mately 0.085. The three points are given the 
resistance in the channel downstream increased symbol [XI and fall short of the recommended 
out of proportion to that which would have oc- curve. 
curred in a larger flume or a prototype struct.ure. The two remaining curves, labeled "3" and 
Thus, the jump formed in a shorter length than "4," on Figure 7, portray the same trend as the 
it should. In laboratory language, this is known recommended curve. The criterion used by each 
as "scale effect," and is construed to mean that experimenter for judging the length of the jump 
prototype action is not faithfully reproduced. I t  is undoubtedly responsible for the displacement. 
is quite certain that this was the case for the The curve labeled "3" was obtained at the Tech- 
major portion of curve 1. In  fact, Bahkmeteff nical University of Berlin on a flume % meter 
and Matzke were somewhat dubious concerning wide by 10 meters long. The curve labeled "4" 
the small-scale experiments. was determined from experiments performed at 

D Flume A 
o Flume B 
a Flume G 

Flume D 
A Flume E 

FIGURE 6.-Length of jump in terms of Dl (Basin I ) .  



1 4  HYDRAULIC DESIGN OF STILLING BASINS AND ENERGY DESIPATORS 

FIGURE 7.-Length of jump in terms of Dz (Basin I ) .  

the Federal Institute of Technology, Zurich, 
Switzerland, on a flume 0.6 of a meter wide and 
7 meters long. The curve numbers are the same 
as the reference numbers in the "Bibliography" 
which refer to the work. 

As can be observed from Figure 7, the test re- 
sults from Flumes B, C, D, E ,  and F plot suffi- 
ciently well to establish a single curve. The five 
points from Flume A, denoted by squares, appear 
somewhat erratic and plot to  the &ht of the 
general curve. Henceforth, reference to Figure 7 
mill concern only the recommended curve, which 
is considered applicable for general use. 

Energy Absorption in  J u m p  

Ki th  the experimental information available, 
the energy absorbed in the jump may be com- 
put,ed. Columns 14 through 18, Table 1, list the 

computations, and the symbols may be defined by 
consulting the specific energy diagram in Figure 4. 
Column 14 lists the total energy, El, entering the 
jump at  Section 1 for each test. This is simply 
the depth of flo'w, Dl, plus the velocity head 
computed at  the point of measurement. The 
energy leaving the jump, which is the depth of 
flow plus the velocity head at  Section 2, is tabu- 
lated in Column 15. The differences in the 
values of Columns 14 and 15 c0nstitut.e the loss 
of energy, in feet of water, attributed to the 
conversion, Column 16. Column 18 lists the 
percentage of energy lost in the jump, EL, to the 
total energy entering the jump, E!. This per- 
centage is plotted with respect to the Froude 
number and is shown as the curve to the left on 
Figure 8. For a Froude number of 2.0, which 
would correspond to a relatively thick jet entering 
the jump a t  low velocity, the curve shows the 
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crest. Since XI,  the inside nappe surface, is less than the position of the 
spillway, it is shown that the spillway is supporting the nappe to some extent. 

For a complete spillway design similar values may be computed for 
other depths below the crest. The position of the outer nappe surface is 
required in the judicious design of the required side walls bordering the 
spillway. 

ENERGY DISSIPATORS 

The  velocity of the flow at the toe of the spillway may be computed by 

v ,  = J 2 g ( ~  + H -yl) (9.12) 

where P i s  the crest height, His  the head over the weir including the kinetic 
energy head, and yl is the depth of the nappe at the toe. This velocity is 
usually of considerable magnitude. Hence, it results in a large amount of 
kinetic energy capable of causing heavy scouring. The situation is identical 
in the case of flow under a gate when the downstream water elevation is low 
or in the case of a culvert exit. In order to avoid a gradual erosion of the 
downstream channel and the possible destruction of the structure itself, the 
excess energy must be dissipated. Assuming that the downstream channel is 
resistant to scouring and that it is of a near horizontal slope of constant cross 
section and, furthermore, that no particular effort is made to dissipate the 
energy of the water leaving the spillway, the following would occur: The  
flow would shoot out with an initial velocity according to Equation 9.12 in the 
channel (called apron or tailrace) losing its energy gradually because of 
channel friction. Since this flow is supercritical, its energy loss rate would be 
considerable, resulting in a gradual decrease of velocity and a corresponding 
increase in depth. The  flow could be computed with reasonable accuracy by 
using the Chtzy equation although the flow profile is somewhat curved, 
being a type of backwater curve. Applying Equation 8.13 and knowing the 
roughness coefficient, we may determine the rate of energy loss. As the depth 
of flow increases, the flow will reach a level at  which the given discharge Q 
may flow in the given channel, defined by its slope S a n d  roughness n, either 
a t  supercritical or subcritical velocity, according to the concepts depicted in 
Figures 8.1 and 8.2. The corresponding depths involved here are the 
conjugate depths. By the law of minimum energy, discussed in Chapter 2, 
Nature will.select the flow condition at which the rate of energy loss is less; 
that is, the flow will become a subcritical flow. For this reason a hydraulic 
jump must occur. The energy loss associated with the hydraulic jump is 
computed from Equation 8.10. 

If for a given discbrge the downstream channel slope is mild, the 

downstl. 
Figure 5 
after thc 
from th.  

FIGURE 
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

F1 = v ,  1 6  

FIGURE 9.17 Ranges of various types of hydraulic jumps. (Courtesy of Bureau of 
Reclamation) 

following conclusions: At the control point the depth of the tail watery, 
equals the subcritical conjugate depth. At the beginning of the jump the 
depth is then y, .  The length of the jump may be determined by the data 
plotted in Figure 9.17. The information given in Figure 9.17 is based on 
experimental data obtained by the U.S. Bureau of Reclamation. With dl 
and Q known, the Froude number at  the beginning of the jump may be 
computed. The remaining uncertainty concerns the distance between the 
toe of the spillway (or the location of a gate) and the beginning of the jump. 
The  magnitude of this distance is very sensitive to the roughness of the 
channel. As the construction cost of downstream aprons depend on their 
required length, designers should strive to minimize this length. This 
necessitates that the jump be localized by absorbing the excess energy in the 
supercritical flow, causing the jump to occur as.close to the structure as 
possible. This end is served by the design and construction of energy 

Example 9.14 

A 12-ft wide spillway delivers a discharge of 250 cfs such that the depth of the 
water at the toe of the spillway is 1 to 2 ft, and the depth of the downstream 
water is 4 ft (Figure E9.14). Determine the required size of the downstream 
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At point A ,  the beginning of the aprony; = 1.2 ft and 

The  average velocity between A and B 

v,,, = (17.36 + 16.3)/2 = 16.8 fps 

and 

Now to find the slope of the energy grade line S slope, we assume that 
the friction coefficient of the apron is'n = 0.014 and then write Equation 
8.19 as 

Hence, the length of the tailrace before the jump is 

T h e  Froude number a t  B, 

From Figure 9.17 the length of the jump LBC = 4.9 x 4 = 19.6 ft. 
Then, the total apron length = 19.6 + 19.6 = 39.2 ft. 

A great many different energy dissipators have been built a t  various 
types of hydraulic structures. Reports on experimental studies and design 
recommendations are abundant in the hydraulic literature. Standard 
designs of energy dissipators used by agencies of the U.S. government exist. 
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A typical standard design, incorporating several basic energy-absorbing 
features, is the U.S. Bureau of Reclamation's Type 111 basin, which will be 
reviewed here as an example of an efficient energy dissipator. The  design was 
developed for relitively small structures with a configuration shown in 
Figure 9.18. The  size of the energy dissipator components of this stilling 
basin is shown in Figure 9.19 as a function of the Froude number and 
conjugate depth a t  the beginning (supercritical portion) of the hydraulic 
jump. The  length of the basin, L, is recommended to be about 2.8d2 where d, 
is the subcritical conjugate depth of the jump. This design confines the 
hydraulic jump within the length of the basin. I t  also tends to shorten the 
length of the hydraulic jump by about 50 percent. 

I t  is recommended that the channel below any energy dissipator be 
protected against erosive currents by crushed stone riprap. The  necessary 
stone size as a function of the expected erosion velocity is presented in Figure 
9.20. The  data are based on actual field experiences by the U.S. Bureau of 
Reclamation. The  riprap should be composed of a well-graded mixture, but 
most of the stones should be of the size indicated by the curve. Riprap should 
be placed over a filter blanket, a protected filter cloth, or a bedding of 
graded gravel in a layer 1.5 times or more as thick as the largest stone 
diameter. T h e  curve shows the minimum stone sizes necessary to resist 
movement. Erosion control in a riprap-covered channel section following an 
energy dissipator may be further improved by allowing the channel to flare 
out to a size several times its normal width. 

Example 9.15 

Solution 
Assuming that the velocity immediately below the hydraulic jump is 
uniform, and computing this value from 

Q = 250 cfs 

depth = 4 ft 

width = 12 ft 

250 ft 
Vave = - = 5.21 - 

4(12) sec 

Using Figure 9.20 with V = 5.2 1 fps, we find that the required stone 
diameter is 4 in. 
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