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cnt i  rJ; ~ , , r r i c :  ~f PIC Library 
SUBJECT: RIO SALAD0 ~ @ ~ f i . ~ l k e n  I I :L. DATE:L~~p[-a~994 

Scour downstream of the Energy Dissipater Aprons SHEET NO,. 1 ,  ,,oF~,,J 
PROJECT 8%: $,3269Q3.929 

Goal: Estimate the depth of scour downstream of the energy dissipater aprons below the 
downstream and upstream dams. 

Due to channel degradation, a drop forms downstream of the aprons. As the water flows 
over the brink of the apron and the jet impinges on the channel bed, material is removed. 

Procedure: 

Procedures and equations for estimating the depth of scour were obtained from the document 
"Scour Downstream of Grade Control Structures", N. E. Bormann and P. Y. Julien, J. of 
Hydraulic Engineering, Vol. 117, No. 5. 

Some data was obtained from the Technical Data Notebook (TDN) for the Salt River 
Channelization Floodplain Delineation Study, SPRR Bridge to McClintock Dr. Bridge, Nov. 
1993. 

Depth of scouring is a function of: 

Hydraulic Parameters 
- Upstream jet thickness, Yo, and velocity, Uo 
- Tailwater depth, Yt 

Channel Material 
- Specific gravity, Gs 
- Submerged angle of repose, 9 
- Effective grain diameter, ds 



SUBJECT: RIO SALAD0 BY: H. Allen DATE: Sept., 1994 
Scour downstream of the Energy Dissipater Aprons SHEET NO. 2 OF 3 

PROJECT NO.: SWW36963.02 

Structure Geometry 
- Drop height, Dp 
- Downstream face angle, h 

Applied safety factors 

Hydraulic Parameters. Copy HEC-2 file RS-PROP.hc2, new file is RS-P-GCS.hc2. RS- 
PROP.hc2 was composed of the existing channel modified by adding the proposed dams 
with their aprons, overbank development and sedimentation. The discharges used were 
QlOO = 215,000 cfs and SPF = 250,000 cfs. Downstream of the downstream dam's apron, 
the channel bed was lowered by 5.5 feet. Between the downstream dam and the end of the 
apron at the upstream dam, the channel bed was lowered by 4.3 feet, except where 
sedimentation filled in the channel upstream of the downstream dam. These depths of 
degradation were obtained from the TDN. The TDN's degradation depths were slightly 
more conservative than those estimated using the bed material from the CH2M HILL test 
pits. The values of the parameters in the HEC-2 output were used in the equations. 

Channel Material. Specific gravity was entered as 2.65. The submerged angle of repose of 
25 degrees was obtained from calculations found in the 1993 TDN. The effective grain 
diameter used was D50 of the CH2M HILL grain-size distribution (from test-pit data). 

Structure Geometry: Drop heights were set equal to difference in minimum channel bed 
elevations between cross-sections used for calculations. The cutoff walls at the end of the 
basins were assumed to be vertical. 

Safety Factor: A safety factor of 1.3 was applied. 

The values for the above parameters were entered into the equations and scour depths were 
calculated (see Appendix). Then these depths were multiplied by 1.3 to get the design 
depths. 

SCOI IR-GC.DOC 



SUBJECT: RIO SALAD0 BY: H. Allen DATE: Sept., 1994 
Scour downstream of the Energy Dissipater Aprons SHEET NO. 3 OF 3 

PROJECT NO.: SWW36963.02 
- -  

Results: 



=HILL Scour at  Grade Control Structures 
Project: RIO SALAD0 BY: H. Allen 
Scour downstream of the apron below the d s .  Date: Sept, 1994 
dam using CHZM Hill D50 + Final HEC-2 (100 yr)  Project #: SWW36963.02 

Yo + 
Horizontal L ~ n e  Yt 

- Xs I 
\ 

Equabons from "Scour Downstream of Grade-Control Smctures". N. E. Bormann and P. Y. Jul ia ,  I. of Hydraulic Engmcmng. Vol. 117. No. 5 

Data from HEC-2 output RS-P-GCS.OUT, cross-sections 24600 and 24618 
100-y ear flood 

INPUT: 

Constants 

Gravitational Accel.. g = 32.2 ft/s2 
Diffusion Coeff., Cd = 1.8 

Local Friction Equ.: 
Exponent x = 0.5 

Coefficient B = 2.0 

Jet Thickness, Yo = 14.15 ft. 
Jet Velocity, Uo = 17.34 ft./s. 

Tailwater Depth, Yt. = 21.03 ft. 

Channel Material 
Specific Gravity. Gs = 2.65 

Submerged angle of repose, 0 = 25 degrees 

Effective diameter. ds"' = 95 mm. 

Structure 
Drop Height. Dp = 5.6 ft. 

Face Angle. h = 90 degrees 

CALCULATIONS: 

Jet Angle Near Rcd. P' = 0.428 radians 
( = 74.5 degrees ) 

Diffused Length trf Jct. Ls = 36.4 ft. 
Scour Lcngth. Xs = 33.1 f ~ .  

Euuilihrium Sctrur Uenth. L)s = 9.5 ft. 

Notes: 
( 1 )  N. Bormann r e c o ~ n ~ n e ~ ~ d r  using [Ml ~ l a n r ~ u r u ~ g  can ancrur. svdtcnr.are I)5ll IS  fivllclt U \ C ~  



C#M HILL Scour at  Grade Control Structures 
Project: RIO SALAD0 By: H. Allen 
Scour downstream of the apron below the us .  Date: Sept, 1994 
dam using CH2M Hill D50 + Final HEC-2 (100 yr) Project #: SWW36963.02 

Grade Control 

Equations from "Scour Downstream of GradcConwol Smctures". N. E. Bormann and P. Y. Julicn, J. of Hydraulic Engineuing. VoL 117. No. 5 

Data from HEC-2 output RS-P-GCS.OUT, cross-sections 100 and 103.0 
100-year flood 

INPUT: 

Constants 

Gravitational Accel., g = 32.2 ftls2 
Diffusion Coeff.. Cd = 1.8 

Local Friction Equ.: 
Exponent x = 0.5 

Coefficient B = 2.0 

Waterfflow 
Jet Thickness. Yo = 19.73 ft. 

Jet Velocity, Uo = 11.51 ft./s. 
Tailwater Depth, Yt. = 26.68 ft. 

Qannel Materlal 
Specific Gravity. Gs = 2.65 

Submerged angle of repose, I$ = 25 degrees 

Effective diameter. ds"' = 95 mm. 

SCructure 
Drop Height, Dp = 6.4 ft. 

Face Angle, h = 90 degrees 

CALCULATIONS: 

Jet Angle Near Bed, P' = 0.437 radians 
( = 25.0 degrees ) 

Diffused Length of Jet, Ls = 22.9 ft. 
Scour Length, Xs = 20.8 ft. 

Equilibrium Scour Depth. Ds = . 3.3 ft. 

Notes: 
(1) N. B o m a n n  recommendr, usmg U84 ~f armormg can occur. otherwise 1150 IS ohen used. 



CMU HILL Scour at Grade Control Structures 
Project: RIO SALAD0 BY: H. Allen 
Scour downstream of the apron below the ds.  Date: Sept, 1994 
dam using CHZM Hill D50 + Final HEC-2 (SPF) Project #: SWW36963.02 

Grade Control 

Equations from "Swur Downrueam of GradcControl Suucnrra". N. E. Bormann and P. Y. Iulico. I. of Hydraulic Enginwring. VoL 117. No. 5 

Data from HEC-2 output RS-P-GCS.OUT, cmss-sections 24600 and 24618 
Standard Pmkct Flood 

INPUT: 

Constants 

Gravitational Accel., g = 32.2 ft/s2 
Diffusion Coeff., Cd = 1.8 

Local Friction Equ.: 
i 

Exponent x = 0.5 
Coefficient B = 2.0 

Jet Thickness, Yo = 16.22 f t  
Jet Velocity, Uo = 17.94 ft./s. 

Tailwater Depth, Yt. = 23.1 1 k 

Channel Material 
Specific Gravity, Gs = 2.65 

Submerged angle of repose, @ = 25 degrees 

Effective diameter, cis(') = 95 mm. 

Structure 
Drop Height, Dp = 5.6 f t  

Face Angle, h = 90 degrees 

CALCULATIONS: 

Jet Angle Near Bed, P' = 0.419 radians 
( =  24.0 degrees ) 

Diffused Length of Jet, Ls = 42.0 f t  
Scow Length. Xs = 38.3 ft. 

u .  

Equilibrium Scour Depth, Ds = 11.5 f t  

N o l a :  
(1)  N. Bormann recommends using D84 ~f annoring can occur. otherwise DSO is often d. 



CfiM HILL Scour a t  Grade Control Structures 
Project: RIO SALAD0 By: H. Allen 
Scour downstream of the apron below the U.S. Date: Sept, 1994 
dam using CH2M Hill D50 + Final HEC-2 (SPF) Project #: SWW36963.02 

Horizontal Line 

Grade Control 

Equations from "Scour Downstream of Grade-Conuol Structures". h'. E. Bormann and P. Y. Julie~. 1. of Hydraulic Engineering. VoL 117. No. 5 

Data froni HEC-2 output RS-P-GCS.OUT, cross-sections 100 and 103.0 
Standard Project Flood 

INPUT: 

Constants 

Gravitational Accel., g = 32.2 ft/s2 
Diffusion Coeff., Cd = 1.8 

Local Friction Equ.: 
Exponent x = 0.5 

Coefficient B = 2.0 

Waterplow 
Jet Thickness, Yo = 22.23 ft. 

Jet Velocity, Uo = 11.85 ft./s. 
Tailwater Depth, Y t  = 29.21 ft. 

Channel Material 
Specific Gravity, Gs = 2.65 

Submerged angle of repose, I$ = 25 degrees 

Effective diameter, ds") = 95 mm. 

Structure 
Drop Height, Dp = 6.4 ft. 

Face Angle, 1 = 90 degrees 

CALCULATIONS: 

Jet Angle Near Bed, P' = 0.430 radians 
( = 24.6 degrees ) 

Diffused Length of Jet, Ls = 25.9 ft. 
Scour Length, Xs = 23.5 ft. 

' Equilibrium Scour Depth, Ds = 4.4 ft. 

Notes: 
( 1 )  N.  Bormann recommends using D84 if armoring can occur. orheruise D50 IS often used. 





-- 
HEC2 S/N: 1916530021 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 1 
............................................ 
* HEC-2 WATER SURFACE PROFILES * * * 
* Version 4.6.2; May 1991 * * * 
* RUN DATE 2FEB** TIME 14:31:41 * ............................................ 
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* U.S. ARMY CORPS 0F.ENGINEERS * 
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Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 Page 1 

..................................... 
HEC-2 WATER SURFACE PROFILES 

Vers ion 4.6.2; May 1991 ..................................... 

R I O  SALAD0 - TOWN LAKE FINAL RUN 

PROPOSED DEVELOPMENT OF SALT RIVER FOR TOUN LAKE 

THIS RUN EXECUTED 2FEB** 14:31:41 

1 CHANNEL BED LOWERED TO SIMULATE DEGRADATION TO ARMORING I 
Downstream dam: a t  s e c t i o n  24700 

3 p i e r s  w/0.5H:IV s i d e  slopes, 6 f t .  topwidth, 16' h i gh  
inc ludes concrete apron 

Upstream dam: a t  s e c t i o n  103.00 
3 p i e r s  w/0.5H:IV s ide  slopes, 6 f t .  topwidth, 6 '  h i gh  
inc ludes concrete apron 

Sediment depos i t i on  a t  e lev .  1132 upstream o f  downstream dam 

0verbank.Development: 
Placed on t o p  o f  CSA 
Manning's n: walkways = 0.025 

Landscaped slopes = 0.045 
E leva t i ons  from landscape p lans 

Notes: - t h i s  run  was created by  combining the  CRSS runs: RSSRPl.hc2 and RSSRP2.hc2 
The seam i s  a t  GC #4 - see no te  a t  P r i e s t  Ave. Br. - s t a r t i n g  WSEL1s on RC c a r d  a t  f i r s t  c ross -sec t i on  - these cross-sect ion  were s e t  up w i t h  t he  l e f t  and r i g h t  banks de f i ned  
by  l ook ing  upstream 

T I  RIO SALADO TOWN LAKE f o r  TEMPE, AZ 
T2 CH2MHILL Walker/Al len Sept. 1994 
T3 RS-P-GCS.HC2 

J1 ICHECK INQ NINV IDIR STRT METRIC HVINS Q USEL FQ 

4 205000 1119.15 

J2 NPROF lPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

i . _ - . . . - - - -. .- - 2 5  
RS-P-GCS.OUT 9-13-94 2:33p Page 2 of  43 



-- - - 

Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 Page 2 - 1  
J3 V A R I A B L E  CODES FOR SUMMARY PRINTOUT 

38 39 66 43 1 8 4 2 26 

J5 LPRNT NUMSEC ********REQUESTED SECTION NUMBERS******** 

-10 -10 

NC 0.050 0.050 0.035 0.1 0.3 
I 

I QT 4 90000 155000. 205000 250000 

Begin ADO1 Channel izat ion 

***** Begin ADOT Channel izat ion ***** 

1 
RS-P-GCS.OUT 9-13-94 2:33p Page 3 o f  43 



. - . . . . . . - - -. . -- .. - - - -- 
I 

/ Run Date:  2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 Page 3 

Page 4 o f  43 



I Run Date: 2FEB** Run Tine: 14:31:41 HMVersion: 6.50 Data Fi le:  RE-P-GCS.hc2 Page 4 

. . -- -- . - - - - - -- -- .- - 
RS-P-GCS.OUT 9-13-94 2:33p Page 5 of 43 



Run Date: ZFEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 Page 5 

N C 0.0 0.0 0.0 0.3 0.5 

~ r a d e  Cont ro l  S t r .  No. 2 

***** Grade Cont ro l  S t r .  No. 2 ***** 

SR 153 Br idge (D/S l i m i t )  

***** SR 153 Br idge (D/S l i m i t )  ***** 

SR 153 Br idge (U/S l i m i t )  

***** SR 153 Br idge (U/S l i m i t )  ***** 

I 3 
Z 

RS-P-GCS.OUT 9-13-94 2:33p P a g e  6 of 43 



r- -- - 

Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i le :  RS-P-GCS.hc2 

SR 143 Bridge (O/S L i m i t )  

I ***** SR 143 Bridge (D/S L imi t )  ***** 

SR 143 Bridge (U/S l i m i t )  

***** SR 143 Bridge (U/S L imi t )  ***** 

Page 6 

RS-P-GCS.OUT 9-13-94 2:33p Page 7 of  43 



Run Date: 2FEBX* Run Time: 14:31:41 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 Page 7 

-- 

RS-P-GCS.OUT 9-13-94 2:33p Page 8 o f  43 



- - .- - - 

I Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 Page 8 

5 
$ 

. . -- -. - -- 2 
RS-P-GCS.OUT 9-13-94 2:33p Page 9 of  43 



Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 Page 9 

Grade Cont ro l  S t r .  No. 3 

L 
RS-P-GCS.OUT 9-13-94 2:33p P a g e  10 o f  43 



I Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i le :  RS-P-GCS.hc2 

1 ***** Grade Control S t r .  No. 3 ***** 

Page 10 

Pr ies t  Bridge (D/S) 

***** Pr ies t  Bridge (D/S)  ***** 

Pr ies t  Bridge (U/S) 

***** Pr ies t  Bridge (U/S) ***** 

Note: the fo l lowing change i n  contraction/expansion coe f f i c ien ts  was not i n  
the o r i g i n a l  f i l e ,  RSSRPl.hc2, provided t o  CH2M HILL. When the coe f f i c ien ts  
are l e f t  here as 0.3/0.5, then the CUSEL a t  GC #4 i n  RSSRPl does not  
match the s t a r t i n g  water surface e levat ion i n  the f i l e  RSSPR2 which 
begins a t  GC #4. To make the two runs c a t i b l e  and since between Pr ies t  
Ave. and GC #4 there are not  any d r a s t i c T a n g e s  in the cross-section, the 
c o e f f i c i e n t s  were reduced t o  0.1/0.3 as shown below. A r e s u l t  o f  th i s ,  
though, i s  tha t  the CWSEL1s i n  t h i s  run from Pr ies t  t o  GC #4 w i l l  not match 
those i n  RSSRP1. 

RS-P-GCS.OUT 9-13-94 2:33p Page 11 o f  43 



r - Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data Fi le:  RS-P-GCS.hc2 Page 11 1 

1 

!! 
-- - - - -- - . 5 

RS-P-GCS.O~T 9-13-94 2:33p Page 12 of 43 



Run Date: Z F E B * *  Run Time: 14:31:41 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 Page 12 

3 
;g 
4 

--- 
RS-P-GCS.OUT 9-13-94 2:33p Page 13 of 43 



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

Run Date: 2FEB**  Run Time: 14:31:41 HMVersion: 6.50 Data Fi le:  RS-P-GCS.hc2 

DOWNSTREAM DAM 
d.s. edge o f  apron 

X I  24687 

d.s. edge o f  foundation 

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

Page 13 

X I  24733 33 33 33 

N H 5 .045 10045 .025 10053 
N H  11000 

5 
C 
; 

RS-P-GCS.OUT 9-13-94 2:33p Page 14 of 43 



1 Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i le :  RS-P-GCS.hc2 Page 14 

Here i s  the seam between the two FEMA runs RSSRPl.hc2 and RSSRP2.hc2. 

Grade Control Str .  No. 4 

N H 5 .045 557.5 .025 581.5 .035 1500 .025 1517 .045 
NH 1563 

***** Grade Control Str .  No. 4 ***** 

-- 
RS-P-GCS.OUT 9-13-94 2:33p Page 15 of 43 



Run Date :  2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 Page 15 

S 
2 
5 

RS-P-GCS.OUT 9-13-94 2:33p Page 16 of 43 



Run Date: i - 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data Fi le:  RS-P-GCS.hc2 Page 16 

Q T 4 93000 160000 215000 

SB 1 . 4 8 ,  1.56 2.67 1388.0 

SPRR bridgc U/S  

***** SPRR bridge U/S ***** 

OLd Ash Bridge alignment 

-- 
RS-P-GCS.OUT 9-13-94 2:33p Page 17 o f  43 



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

Run Date: 2FEB**  Run Time: 14:31:41 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 Page 17 

I 
***** OLd Ash Bridge aligrunent ***** I 

1 M i l l  Avenue br idge 
r a t i n g  curve not modif ied f o r  t h i s  anaysis. 

I ***** M i l l  Avenue br idge ***** 



Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data Fi le:  RS-P-GCS.hc2 Page 18 

Second Mi 1 1 Avenue bridge 

***** Second M i l l  Avenue bridge ***** 

- - - . - - -- - .- -- - - . .- - - -- - -- - . - - - -- - - -- - - 
RS-P-GCS.OUT 9-13-94 2:33p Page 19 of 43 



Run Date:  Z F E B * *  Run Time: 14:31:41 HMVersion: 6.50 Data  F i l e :  RS-P-GCS.hc2 Page 19 

. - - - - 
RS-P-GCS.OUT 9-13-94 2:33p Page 20 o f  43 



Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 Page 20 
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Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data File: RS-P-GCS.hc2 Page 21 
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' I  Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i le :  RS-P-GCS.hc2 Page 22 

f 
S z 
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I Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 Page 23 

Rura l  Road b r i d g e  I 
***** Rura l  Road b r i d g e  ***** 

- - I' 
RS-P-GCS.OUT 9-13-94 2:33p Page 24 of  43  



Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 Page 24 

- - . - -- - -- -- -- - -- -- 
RS-P-GCS.OUT 9-13-94 2:33p Page 25 of  43 



I I Run Date: 2flB** Run Time: 14:31:41 HHVerrion: 6.50 Data F i l e :  RS-P-GCS.hs2 Page 25 

- - - . - . . . - - .- - - - - - -- - - - - - -. . . - - -- -- -- _ ---12 
RS-P-GCS.OUT 9- i3-94 2:33p Page 26 of  43 



.- - ... 

I Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i le :  RS-P-GCS.hc2 

Sect ion 102 was used as the downstream edge of  the  apron. This i s  the 
f i r s t  c ross-sect ion upstream o f  the confluence w i th  the  Ind lan Bend Wash 
and i s  very close t o  the l o c a t i o n  o f  the apron which i s  a l so  r i g h t  next 
t o  the  confluence. 

UPSTREAM DAM 
d.s.edge o f  apron 

I d.s. edge o f  p i e r s  

Page 26 

-- 
RS-P-GCS.OUT 9-13-94 2:33p Page 27 o f  43 



Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 

1 U.S. edge o f  apron 

Page 27 

PA-- 

RS-P-GCS.OUT 9-13-94 2:33p P a g e  28 of  43 



Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i le :  RS-P-GCS.hc2 

Grade Control Str .  No. 5 

***** Grade Control Str.  No. 5 ***** 

SB 1.05 1.56 2.63 0.0 798.0 66.0 24246.0 6.3 

McCLintock Drive Bridge 

Page 28 

f 
g 
L 4 

Page 29 o f  43 



I Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 Page 29 

I ***** McClintock Dr ive  Bridge ***** I 



I 1 Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 Page 3 0  

T I  RIO SALAD0 TOWN LAKE f o r  TEMPE, AZ 
12 CHZM HILL Ualker/ALLen Sept. 1994 
13 RS-P-GCS.HC2 

J 1  lCHECK IN9 N I NV IDIR STRT METRIC HVlNS Q WSEL FQ 

5 250000 1120.10 

JZNPROF lPLOT PRFVS XSECV XSECH FN ALLDC IBU CHN 1 M I TRACE 

2 - 1 -6 .0  



-- -- -- - - - 

R u n  D a t e :  ZFEB** R u n  T i m e :  14 :31 :41  H M V e r s i o n :  6 . 5 0  D a t a  F i l e :  RS-P-GCS.hc2 P a g e  3 1  

..................................... 
HEC-2  WATER SURFACE PROFILES 

T H I S  RUN EXECUTED 2FEB** 14 :31 :52  

V e r s i o n  4.6.2; M a y  1 9 9 1  ..................................... 

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

RS-P-GCS.HC2 

SUMMARY PRINTOUT 

I SECNO XLCH CUMOS 9 CWSEL DEPTH E L M I N  VCH 10*KS 

. . -. . . . . - -. - -- -- 
I$ 
5 

RS-P-GCS.OUT 9-13-94 2:33p Page 32 of 43 
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Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i le :  RS-P-GCS.hc2 

SECNO XLCH CUMDS 0 CUSEL DEPTH ELMlN VCH IO*KS 

ji z 
Page 33 o f  43 



I R m 1 m D m m ~ ~  
- - 

Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 D a t a  F i l e :  R S - P - G C S . ~ C ~  Page 33 

SECNO XLCH CUMD S 0 CUSEL DEPTH ELMlN VCH 10*KS 

15400.000 200.00 5365.00 205000.00 1123.08 18.78 1104.30 12.17 19.92 
15400.000 200.00 5365.00 250000.00 1125.17 20.87 1104.30 13.15 20.07 

15586.000 186.00 5551.00 210000.00 1123.38 18.58 1104.80 12.62 21.75 
15586.000 186.00 5551.00 250000.00 1125.53 20.73 1104.80 13.25 20.58 

* 15710.000 124.00 5675.00 210000.00 1125.00 19.90 1105.10 11.68 16.95 
* 15710.000 124.00 5675.00 250000.00 1126.76 21.66 1105.10 12.63 17.61 

16000.000 290.00 5965.00210000.00 1125.47 19.67 1105.80 11.79 17.88 
16000.000 290.00 5965.00 250000.00 1127.26 21.46 1105.80 12.70 18.34 

16200.000 200.00 6165.00210000.00 1125.86 19.67 1106.20 11.70 17.51 
16200.000 200.00 6165.00 250000.00 1127.67 21.47 1106.20 12.59 17.92 

16400.000 200.00 6365.00 210000.00 1126.17 19.47 1106.70 11.91 18.45 
16400.000 200.00 6365.00 250000.00 1127.98 21.28 1106.70 12.80 18.80 

16600.000 200.00 6565.00 210000.00 1126.53 19.33 1107.20 11.98 18.86 
16600.000 200.00 6565.00250000.00 1128.34 21.15 '1107.20 12.86 19.14 

16800.000 200.00 6765.00 210000.00 1126.89 19.19 1107.70 12.05 19.30 
16800.000 200.00 6765.00 250000.00 1128.71 ' 21 .O1 1107.70 12.92 19.52 

17000.000 200.00 6965.00 210000.00 1127.27 19.17 1108.10 12.06 19.34 
17000.000~ 200.00 6965.00 250000.00 1129.10 21.00 1108.10 12.92 19.53 

17200.000 200.00 7165.00 210000.00 1127.64 19.04 1108.60 12.14 19.77 
17200.000 200.00 7165.00 250000.00 1129.48 20.88 1108.60 13.00 19.91 

17400.000 200.00 7365.00 210000.00 1128.02 18.92 1109.10 12.23 20.04 
17400.000 200.00 7365.00 250000.00 1129.85 20.75 1109.10 13.10 20.24 

17600.000 200.00 7565.00 210000.00 1128.39 18.89 1109.50 12.35 20.38 
17600.000 200.00 7565.00 250000.00 1130.22 20.72 1109.50 13.23 20.55 

17800.000 200.00 7765.00 210000.00 1128.77 18.77 1110.00 12.46 20.91 
17800.000 200.00 7765.00 250000.00 1130.61 20.61 1110.00 13.34 21.04 

18000.000 200.00 7965.00 210000.00 1129.17 18.67 1110.50 12.56 21.39 
18000.000 200.00 7965.00 250000.00 1131.00 20.50 1110.50 13.43 21.48 

18200.000 200.00 8165.00 210000.00 1129.57 18.57 1111.00 12.69 22.02 
18200.000 200.00 8165.00250000.00 1131.40 20.40 1111.00 13.57 22.07 

18400.000 200.00 8365.00 210000.00 1130.08 18.68 1111.40 12.50 21.23 
18400.000 200.00 8365.00 250000.00 1131.93 20.53 1111.40 13.36 21.26 

18600.000 200.00 8565.00210000.00 1130.43 18.53 1111.90 12.80 22.27 
18600.000 200.00 8565.00250000.00 1132.27 20.37 1111.90 13.69 22.32 
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Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i le :  RS-P-GCS.hc2 Page 34 

SECNO XLCH CUMDS Q CUSEL DEPTH ELMIN VCH 10*KS 

18800.000 200.00 8765.00 210000.00 1130.84 18.44 1112.40 12.97 23.21 
18800.000 200.00 8765.00250000.00 1132.67 20.27 1112.40 13.86 23.22 
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Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i le :  RS-P-GCS.hc2 Page 35 

SECNO XLCH CUMDS Q CWSEL DEPTH ELMlN VCH 10*KS 

. - 
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I Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 Page 36 

SECNO XLCH CUMDS P CUSEL DEPTH ELMIN VCH 10*KS 

24618.000 1.00 14579.00 210000.00 1143.05 1128.90 26.00 
2461 8.000 1 . O O  14579.00 250000.00 1145.12 @ 1128.90 23.35 

24687.000 69.00 14648.00210000.00 1143.57 14.57 1129.00 16.82 23.59 
24687.000 69.00 14648.00 250000.00 1145.52 16.52 1129.00 17.60 21.96 

* 24688.000 1.00 14649.00 210000.00 1144.33 12.33 1132.00 19.74 40.28 
24688.000 1.00 14649.00 250000.00 1145.85 13.85 1132.00 20.87 38.74 

* 24700.000 12.00 14661.00 210000.00 1145.02 13.02 1132.00 20.11 43.38 
* 24700.000 12.00 14661.00 250000.00 1146.59 14.59 1132.00 21.23 42.22 

I * 24733.000 33.00 14694.00 210000.00 1147.98 15.98 1132.00 16.21 22.10 
I ' 24733.000 . 33.00 14694.00 250000.00 1149.85 17.85 1132.00 17.16 21.78 

1 
5 

RS-P-GCS.OUT 9-13-94 2:33p P a g e  37 of 43 



( Run Date:  2FEB** Run 1 ime: 14:31:41 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 Page 3 7  

SECNO XLCH CUMDS Q CWSEL DEPTH VCH 

- - 
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2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i le :  RS-P-GCS.hc2 Page 38 Run Date: 

XLCH CUMDS Q CWSEL DEPTH ELMIN VCH 10*KS SECNO 

I 
~ . . . . . . .. .. ....- - - .- -- -- - - -- . - . . . . . .- . 
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Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 Page 39 -7 
SECNO XLCH CUMDS Q CUSEL DEPTH ELMIN VCH lD*KS 

g 
3 -- 

RS-P-GCS.OUT 9-13-94 2:33p P a g e  40 o f  43 



2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data Fi le:  RS-P-GCS.hc2 Page 40 I Run Date: 

1 SECHO CUSEL DEPTH ELMIN VCH 10*KS XLCH CUMDS Q 
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Run Date: 2FEB** Run Time: 14:31:41 HMVersion: 6.50 Data F i l e :  RS-P-GCS.hc2 Page 41 

SECNO XLCH CUMD S P cUSEL- DEPTH ELMlN VCH 10*KS 

124.000 45.00 27327.00 215000.00 1166.01 18.71 1147.30 12.73 21.37 
124.000 45.00 27327.00250000.00 1168.23 20.93 1147.30 13.02 19.07 

126.000 200.00 27527.00 215000.00 1166.87 19.32 1147.55 11.56 16.73 
126.000 200.00 27527.00 250000.00 1169.08 21.53 1147.55 11.84 15.07 

L . . .- - -- 
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Run D a t e :  2FEB** R u n  T ime:  14:31:41 H M V e r s i o n :  6 . 5 0  D a t a  F i l e :  RS-P-GCS.hc2 P a g e  4 2  

SUMMARY OF ERRORS AND SPECIAL NOTES 

CAUTION SECNO= 1 5 7 1 0 . 0 0 0  PROFILE= 1 HYDRAULIC JUMP D.S. 
CAUTION SECNO= 1 5 7 1 0 . 0 0 0  PROFILE= 2 HYDRAULIC JUMP D.S. 

CAUTION SECNO= 2 4 6 8 8 . 0 0 0  PROFILE= 1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO= 2 4 6 8 8 . 0 0 0  PROFILE= 1 PROBABLE MINIMUM S P E C I F I C  ENERGY 
CAUTION SECNO= 2 4 6 8 8 . 0 0 0  PROFILE= 1 2 0  T R I A L S  ATTEMPTED TO BALANCE USEL 
CAUTION SECNO= 2 4 6 8 8 . 0 0 0  PROFI LE= 2 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO= 2 4 6 8 8 . 0 0 0  PROFI LE= 2 PROBABLE MINIMUM SPECI F I C  ENERGY 
CAUTION SECNO= 24688 .000  PROFILE= 2 2 0  T R I A L S  ATTEMPTED TO BALANCE USEL 

CAUTION SECNO= 2 4 7 0 0 . 0 0 0  PROFILE= 1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO= 2 4 7 0 0 . 0 0 0  PROFILE= 1 MINIMUM SPECI F I C  ENERGY 
CAUTION SECNO= 2 4 7 0 0 . 0 0 0  PROFILE= 2 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO= 2 4 7 0 0 . 0 0 0  PROFILE= 2 MINIMUM S P E C I F I C  ENERGY 

UARNING SECNO= 2 4 7 3 3 . 0 0 0  PROFILE= 1 CONV'EYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

UARNING SECNO= 1 2 0 . 5 0 0  PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
WARNING SECNO= 1 2 0 . 5 0 0  PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 



CWUHILL Grain-Size Distribution 
Project: RIO SALAD0 By: H. Allen 
CH2M Hill Grain-Size Distribution from test pits Date: Aug, 1994 
- plot of finer-limit envelope Project #: SWW36963.02 

Grain-Size Dlstrlbution 

Particle S i 7 e m  
Clay: 0.001 - 0.005 
Silt: 0.005 - 0.07 
Sand 

Fine: 0.07 - 0.4 
Med.: 0.4.- 2 
Coarse: 2 - 5 

Gravel: 5 - 80 
Cobbles: 80 - 256 
Boulders: 256+ 

1000 100 10 1 0.1 
Particle Dlameter, mm 

INPUT: 

Notes: 

Percent Passing 
2.8 
4 
8 
10 
16 
17 
30 
40 
46 
60 
100 

1) 
2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 
10) 
11) 
12) 
13) 
14) 
15) 

GrainISieve Size, 
mm. 
0.1 
0.2 
0.6 
1 
5 

6.3 
20 
45 
76 
150 
300 
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Grain-Size Distribution 
Project: RIO SALAD0 By: H. Allen 
1993 TDN Grain-Size Distribution Date: July, 1994 

Project #: S WW36963.02 

INPUT: 

Notes: 

TDNGSDST.XLS 

Grain-Size Distribution 

100 

90 
Percent Passing 

2 
3.9 
8.6 
17 

28.5 
33.6 
38.9 
46.6 
55.1 
67.2 
79 

90.4 
99.3 
100 

1) 
2 
3) 
4) 
5) 
6) 
7 
8 
9) 
10) 
11) 
12) 
13) 
14) 
15) 

80 

70 

2 60 .- 
0 
P 50 
U 
!? 
% 40 

30 

20 

GraintSieve Size, 
mm. 

0.0625 
0.125 
0.25 
0.5 
1 
2 
4 
8 
16 
32 
64 
128 
256 
512 

Particle Size, mm 
Clay: 0.001 - 0.005 
Silt: 0.005 - 0.07 
Sand 

Fine: 0.07 - 0.4 
Med.: 0.4 12  
Coarse: 2 - 5 

Gravel: 5 - 80 
Cobbles: 80 - 256 
Boulders: 256+ 

10 

0 
1000 100 10 1 0.1 0.01 

Particle Diameter, mm 





Project: RIO SALAD0 
Scour downstream GC #4 using 1993 TDN input to 
verify equations in this spreadsheet 

Scour at Grade Control Structures 
By: H. Allen 

Date: Julv. 1994 
Project #: SWW36963.02 

Horizontal Line 

Equations from "Scour Downsheam of GndbControl Shuctllres". N. @. Bomann and P. Y. Julien. J. of Hydraulic Engmtcring. VoL 117. No. 5 

INPUT: 

Constants 
Gravitational Accel., g = 32.2 ft/s2 

Diffusion Coeff., Cd = 1.8 
Local Friction Equ.: 

Exponent x = 0.5 
Coefficient B = 2.0 

Jet Thickness, Yo = 22.7 ft. 
Jet Velocity, Uo = 13.8 ft./s. 

Tailwater Depth, Yt. = 28.4 ft. 

Channel M a t e d  
Specific Gravity. Gs = 2.65 

Angle of repose, $ = 25 degrees 

Effective diameter, ds") = 10 mm. 

Structure 
Drop Height, Dp = 5 ft. 

Face Angle, 7L = 45 degrees 

CALCULATIONS: 

Jet Angle Near Bed, P' = 0.316 radians 
( = 18.1 degrees ) 

Diffused Length of Jet, Ls = 89.9 ft. 
Equilibrium Scour Depth, Ds = 22.9 ft. 

Scour Length, Xs = . 85.4 ft. 

Notes: 
(1) N. Bomann recommends us~ng D84 if armoring can -. ofhawise D50 is often used. 



CRSS 

Excd Template by: George K Cotton. PE 
Last Revised: August 1, 1991 
Description: Solution of scour downstream of a grade control structure. 

Method is based on equations by Borman and Julien. 1991, 
'Scour Downstream of Grade-Contrd Structures-, Journal of 
Hydraulic Engineering, Vol. 115, No. 5. 

Diffusion Coef.,Cd = 1.8 
Local Friction Eq.: 
Exponent. x= 0.5 

Input: Computation: 
Drop Height, Dp = 5.0 ft I Jet angle / bed. B'= 0.316 radians 1 s4 
Unit discharge, q = 313.2 cfs/ft Diffusion Eq.: 

Definition Sketch: 
Drop Induced Jet 

Flow 
I 
YO 

1 
D P 

I - -  i ----.--.--.-- 

Jet thickness, Yo= 22.7 ft Coefficient, K = 0.849 

~ r o ~ - ~  
Structure 

Jet velocity, Uo = 13.8 fps q exponent, a = 0.600 
Jet Froude No., Fr= 0.5 Uo exponent, b = 1.000 
 ailw water Depth.Yt = 28.4 ft g exponent, f = 0.800 
Face Angle, Af= 0.785 radians , 

i = 0.40: ft , dsexpon;t, 
6 Angle of repose.Ar= 0.436 radians Diffused length.Ls= 

Sed. density, rhos= 2.65 Scour Depth, Ds = 23.0 ft 
Sed. Size, ds= 10.000 mrn Scour Len th. Xs= 85.5 ft 

i 

Note: 
Grade Control Structure No. 4 Scour Analysis 
Check calculation for Rio Salado Map Revision 

xs 


