
HYDRAULIC & SCOUR ANALYSIS 

51St AVENUE BRIDGE 

at 
SKUNKCREEK 

BR-885806 

PrbpertY of 
F,\ciud (3tj?t,iol niat-ict of MC L.ibraV 

yr1i2?&e Raturn t:o 
Prepared for: f$,b \ Durango 

phtartnjx, k\Z B!i009 

CITY OF PHOENIX 

STREET TRANSPORTATION DEPARTMENT 

125 E. WASHINGTON STREET 

PHOENIX. ARIZONA 85004 

Prepared by: 

MATHEWS KESSLER & ASSOCIATES, INC. 

4045 E. MCDOWELL ROAD 

PHOENIX, ARIZONA 85004-4405 

(602) 244-2664 

October 25, 1990 



TABLE OF CONTENTS 

1 PURPOSEOFSTUDY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

2 DATASOURCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
. . 

2.1 Design Criter~a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

2.2 Soils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

2.3 Topography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

3 HYDRAULICANALYSIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

3.1 Channel Geometry & Alignment . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

3.2 Hydraulic Roughness & Energy Loss Coefficients . . . . . . . . . . . . . . 4 

3.3 Bridge Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

3.4 Results of Hydraulic Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

4 SCOUR ANALYSIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

4.1 Long-Term Degradation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

4.2 General Scour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ., . 17 

4.3 Localscour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  18 

4.4 Bedform Troughs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

4.5 Low-Flow lncisement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

4.6 Summary of Scour Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

5 RECOMMENDATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 

APPENDIX A 

HEC-2 Input/Output Data for Model SKZE.IN/.OT (subcritical) 

HEC-2 Input/Output Data for Modd SK3D.IN/.OT (super-critical) 

MATHEWS KESSLER & ASSOCIATES, INC. 

HYDWULIC a SCOUR ANALYSIS 
51ST AVENUE BRIDGE AT SKUNK CREEK 



TABLE OF TABLES 

Table 3.1 - Summary of Sub-critical Water Surface Profile Elevations 

&VdocRies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

Table 3.2 - Summary of Super-Critical Water Surface Profile Elevations 

&Velocties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

Table 4.1 - Summary of Sediment Transport Calculations for Use in 

Equilibrium Slope Analysis . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  Table 4.2 - Summary of Equlilbrium Slope Calculations 16 

Table 4.3 . Summary of Local Scour Computations . . . . . . . . . . . . . . . . . . . . . . .  21 

Table 4.4 - Summary of Bedform Trough Depths . . . . . . . . . . . . . . . . . . . . . . . . .  22 

Table 4.5 - Summary of Calculations for Low Scour Envelope at 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  BridgePier 

Table 4.6 - Summary of Calculations for High Scour Envelope at 

Bridgepier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 

Table 4.7 - Summary of Calculations for Recommended Scour Design 

atBridgePier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 

Table 4.8 - Summary of Total Scour Depths for Low Envelope, High 

Envelope, & Design Recommendation . . . . . . . . . . . . . . . . . . . . . . . .  27 

PLATES 

Plate 1 - Plan View of Channel Alignment & Bridge Location 

MATHNVS KESSLER & ASSOCIATES, INC. 

HYDRAULIC & SCOUR ANALYSIS 
51ST AVENUE BRIDGE AT SKUNK CREEK 



I. PURPOSE OF STUDY 

The City of Phoenix has retained Mathews Kessler & Associates, Inc. (MU)  to design a new 

bridge over Skunk Creek at 51st Avenue. As part of the bridge construction project, 

approximately 1000 feet of Skunk Creek will be channelized. This new channel will extend 

about 500 feet downstream, and 500 feet upstream, of the proposed bridge centeriine. 

As part of the design process, a hydraulic and scour analysis was required to: 

1) develop water surface profiles for use in designing the new channel; 

2) develop water surface profiles through the proposed bridge in order to 

establish minimum low-chord elevations; and 

3) quantify scour depths for the design of the bridge piers and bridge 

abutments. 

The remainder of this report documents the engineering analysis that was performed to 

accomplish these 0bject'~es. 
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2. DATA SOURCES 

2.1 Desian Crlleria 

In accordance with criteria established by the City of Phoenix and the Flood Control District 

of Maricopa County, the following parameters were used for the design of the channel and 

bridge improvements (Reference: Fiocd Plain Study For Channelization of Skunk Creek at 

51st Avenue Crossing, RGA Engineering Corporation. June 14, 1989). 

Channel Freeboard & Discharge 

1.0 foot (minimum) for present development, 100-year discharge of 8,750 cfs 

0.5 feet (minimum) for future development, 100-year discharge of 10,400 cfs. 

Bridge Freeboard & Discharge 

2.0 feet (minimum) for present development, 100-year discharge of 8,750 cfs. 

1.5 feet (minimum) for future development. 100-year discharge of 10,400 cfs. 

A geotechnical engineering report, dated December 26, 1989, was prepared for the 

proposed bridge location by Thomas-Hartig & Associates, Inc. This report included sieve 

analyses at five locations near the proposed bridge site. Sample No.1 provided gradation 

information for material from the surface to a depth of 10 feet, while Sample No. 2 was 

representative of material lying 4 to 9 feet below the surface. 

Based on graphic plot of these gradations, Sample No. 1 had a D50 of 4.8 mm and a 

gradation coefficient of 4.4. Sample No. 2 had a D50 of 2.7 mm and a gradation coefficient 

of 4.9. 
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An independent field inspection of the site indicated that the existing channel bed through 

this reach of Skunk Creek is very cobbly and undoubtedly armored, for certain flow 

conditions. However, the new channel alignment will be excavated slightly south of the 

existing channel alignment. Due to the manmade excavation of this new channel, it will not 

incorporate a natural armor layer. Accordingly, the bed-material in the new channel will 

probably be typical of the coarse sand and gravel that is representative of the gradation 
results at sample locations 1 and 2. A sand-bed channel was assumed for the purpose of 

conducting pier scour calculations. 

A surveyed grid of spot elevations was previously obtained by RGA Engineering Corporation 

for the project site. This grid area included the approaches to the bridge, as well as the 

proposed channel alignment. The spot elevations from this surveyed grid were input to a 

computer program to generate a topographic map of the area. The grid elevations were 

used by MKA to establish invert elevations for the proposed channel. 

For the purpose of HEC-2 modeling, the survey grid was supplemented with April 1990 

topographic maps (lS=200', 2' C.I.) prepared by Aerial Mapping Company (AMC). ~ h e s e  

maps were compiled for use by Coe & Van Loo in preparing a new floodplain delineation 

for Skunk Creek. 

The AMC maps, which were verified as being on the same elevation datum as the MKA 

survey grid, were used to develop additional HEC-2 cross-sections downstream of the 

proposed channelization limits associated with the new 51st Avenue bridge. These maps 

were also used to examine the existing bed profile of Skunk Creek from 57th Drive to 43rd 

Avenue. 

MATHEWS KESSLER &ASSOCIATES, INC. 

HYDRAULIC & SCOUR ANALYSIS 
51ST AVENUE BRIDGE AT SKUNK CREEK 



3. HYDRAULIC ANALYSIS 

A hydraulic analysis of the proposed channel was conducted with the Corps of Engineers 

'Water Surface Profiles" program. HECP. The purpose of this analysis was to develop 100- 

year water surface elevations for the design of both the channei and bridge. The fdlowing 

subsections describe the input parameters that were used to create the HEC-2 model. 

3.1 Channel Geometw & Alianment 

The proposed channel will consist of a trapezoidal section with a bottom width varying from 

110 feet downstream of, and through the bridge, to 210 feet upstream of the bridge. The 

channel side-slopes will vary from 2:1 to 3:1, with the 2:l slopes being used through the 

bridge area. Beneath the actual bridge structure, the 2:l sideslopes intersect the vertical 

sides of the bridge abutments, i.e.. when flow depths through the bridge exceed 7.0 feet, 

they will encounter the vertical abutment wall. 

The channel banks, into and out of the bridge, will reflect a smooth transition of the side- 

slopes from 3:l to 2:l and back to 3:l. 

Plate 1 illustrates the proposed channel alignment and changes In bottomwidth. 

3.2 Hvdraulic Rouahness & Enerav Loss Coefficients 

Manning's "n" values were selected on the basis of engineering judgement, site inspections, 

and photographic references presented in Roughness Coefficients for Stream Channels in 

Arizona, USGS (Aldridge & Garrett) 1973. 

Substantial portions of Skunk Creek have already been channelized both upstream and 

downstream of 51st Avenue. Significant stands of natural vegetation were observed in the 

channel near 59th Avenue. This existing vegetation is probably typical of how the new 

channel would be maintained at 51st Avenue. 
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The manmade channds upstream of 51st Avenue were artificially landscaped with native 

desert trees and bushes. Discussions with representatives from Coe & Van Loo (CVL) 

indicated that agreement had been reached with the Flood Contrd District of Maricopa 

County to model these landscaped channels with an 'n" value of 0.035 for use in the new 

Skunk Creek floodplain delineation. 

Although it is presently unknown as to what level of vegetation density will ultimately be 

allowed in the proposed channd at 51st Avenue, it is reasonable to assume that it will 

probably be similar to what presently exists near 59th Avenue and 43rd Avenue. 

For discharges in the range of 8,750 to 10,400 cfs, an 'n" value of 0.035 to 0.040 should be 

reasonable to simulate comparable levels of vegetation at 51 st Avenue. In order to provide 

compatibility with the ongoing CVL Flood Insurance Study, the lower end of this range 

(n=.035) was adopted for use with the sub-critical water surface profile analysis. An "no 

value of 0.025 was used for the super-critical water surface profile analysis. This lower, 

super-critical "nu value maximizes flow velocities for use in scour calculations. 

The City of Phoenix should monitor this channel very closely and make a dedicated effort 

to periodically remove any vegetation that may naturally accumulate in the channel. Any 

future plans to artificially vegetate the channel should be coordinated with a river medhanics 

engineer to insure that the vegetation density will not create a rougher channel than that 

associated with the assumed 'n' value of 0.035. 

As a matter of technical comparison, it should be noted that the previously referenced 1989 

RGA report used a channel 'nu value of 0.030 for the proposed Skunk Creek channd at 51st 

Avenue. 

Energy losses due to flow expansion and contraction were simulated by varying the loss 

coefficients at different locations along the channel. For the sub-critical models, loss 

coefficients of 0.2/0.4 (contraction/expansion) were used for all reaches of the channel 

except at the bridge, where the coefficients were increased to 0.3/0.5. 

The super-criiical models used coefficients of 0.1/0.3 through the entire channel reach, 

including the bridge. These lower values were used to maximize velocities for use in scour 

calculations. 
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3.3 Bridoe Parameters 

The proposed 51st Avenue bridge has been designed with a single group of circular piers 

placed along the channd centerline. This pier configuration consists of fwe. 5-foot diameter 

concrete cylinders spaced at 21 feet, 6 inches, on-center. 

The hydrauiic impact of the piers was simulated in the HEC-2 model by simply blocking out 

the pier diameter on the GR cards. Experimental models were also created using the 

Special Bridge routine in HEC-2. 

The Special Bridge option was found to produce slightly lower water surface elevations. 

through and upstream of the bridge, than those obtained by modeling the piers with GR 
cards. Accordingly, to enhance the safety factor in the water surface profile evaluation, the 

Special Bridge routine was not used in the final hydrauiic analysis. 

The pier width used in the HEC-2 models was varied from 5 feet to 10 feet. The 5-foot 

diameter pier width was used with the sub-critical water surface profile to establish the 

channel and bridge freeboard requirements. 

The pier scour and abutment scour calculations were based on both sub-critical and super- 

critical models that used a pier width of 10 feet. The 10-foot pier width represents the 

actual pier diameter of 5 feet plus an additional 2.5 feet of debris on each side of the pier. 

For the sub-critical models, the additional 5 feet of debris blockage increases the water 

surface elevation by a maximum of 0.24 feet through the bridge during a peak discharge 

of 10,400 cfs. 

The vertical abutment wails under the bridge may create some non-effective flow areas into 

and out of the bridge opening. To simulate this possibility, encroachment stations were 

included in the model to reflect a 1 :1 contraction ratio into the bridge and a 4:l expansion 

ratio out of the bridge. The effective flow boundaries were extended from the upstream and 

downstream ends of the vertical abutment wails. 
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3.4 Results of Hvdraulic Analvsis 

As indicated previously the purpose of this study is to develop both a 100-year water 

surface profile for the channel design and to develop hydraulic data for the analysis of pier 

scour and abutment scour. 

Accordingly, it is prudent it investigate flow regimes that will maximize both depth of flow 

and velocity of flow. 

To accomplish this objective, a subcritical model was used to define the maximum water 

surface profile for the channel design, while a super-critical profile was used to investigate 

the maximum mean velocities that might occur in the channel. With the proposed channel 

gradients, the majority of the channd downstream of the bridge tends to be supercritical, 

especially when the low 'n" value of 0.025 is used. Conversely, the flatter channd slope 

and wider bottomwidth, upstream of the bridge, promotes sub-critical flow. 

Appendix A contains input and output from four HEC-2 models that were developed for this 

study. These models are described as follows: 

1. Model SK2E.IN/.OT - Sub-criiical model with n=0.035 and 5-foot diameter pier 

obstruction (no debris) at 51st Avenue bridge. 

2. Model SK3D.IN/.OT - Super-critical model with n=0.025 and 5-foot diameter pier 

obstruction (no debris) at 51st Avenue bridge. 

3. Model SKZF.IN/.OT - Sub-critical model with n=0.035 and 10-foot diameter pier 

obstruction (with debris) at 51st Avenue bridge. 

4. Model SK3E.IN/.OT - Super-criticai model with n=0.025 and 10-foot diameter pier 

obstruction (with debris) at 51st Avenue bridge. 

Table 3.1 presents a summary of the water surface elevations and associated mean channel 

velocities that result from the sub-critical HEC-2 model (SK2E.iN/.OT) with 5-foot pier 

diameters. The data in Table 3.1 was used for the channel design and to meet the 

freeboard requirements for both the channel and bridge. 

MATHEWS KESSLER &ASSOCIATES. INC. 

HYDRAULIC & SCOUR ANALYSIS 
51ST AVENUE BRIDGE AT SKUNK CREEK 



Table 3.1 

Summary of Sub-Gitid Water Surface Profile Elevations & Velocities 
S u n k  Creek at 5lst Avenue 

HEC2 Model SK2E.OT 

Q=8,750 cfs Q-10,400 cfs 
Channel 

Channel Invert Water Surface Velocity Water Surface Velocity 
XSEC Elevation (MSL) Elevation (MSL) (fps) Elevation (MSL) ( f ~ s )  

File: TAB31.Wl 



Table 3.2 
Summary of Super-Critical Water Surface Profile Elevations &Velocities 

Skunk Creek at 51st Avenue 
H E G 2  Model SK3E.OT 

Channel 
XSEC 

Channel 
Invert 

Elevation (MSL) 

Q=8,750 cfs Q=10,400 cfs 

File: TAB32.bK1 

, 
Water Surface Velocity 

Elevation (MSL) (fps) 

Water Surface Velocity 
Elevation (MSL) (fps) 



Table 3.2 presents similar data for the super-critical model (SK3E.iN/.OT) with lo-feet of 

effective pier blockage. The mean velocities in Table 3.2 would be recornmended for use 

in any future bank stabilization design that the City of Phoenix might consider for the entire 

channel. 

in reviewing the vdocity data in Tables 3.1 and 3.2, A should be noted that erosive velocities 

can be expected during the 100-year event, throughout the length of the proposed channei. 

Using an "n" value of 0.035 and a sub-critical flow model, Table 3.1 lists mean channei 

velocities ranging from 6.09 fps to 13.71 fps, for a discharge of 10,400 cfs. The 
approximate 6 fps veiocities upstream of cross-section 1300 are borderiine as to whether 

they would create substantial bank erosion during a single flood. However, the 10-13 fps 

velocities, through and downstream of the bridge, are definitely erosive. 

When reviewing the data in Table 3.2, the assumptions of super-crlical flow and an "n' 

value of 0.025, result in erosive velocities throughout the channel during the 100-year flood. 

A hydraulic analysis for lesser flow events was not conducted as part of this study. 

Accordingly, the potential for bank erosion at smaller flow events is not known. 

The Scope of Work for this project includes provisions for providing bank protection 

through the bridge structure, bul not for the entire channei. It is recommended as part of 

this project, that the bank protection for the bridge abutments be extended upstream to 

channei STA 12 t o 0  and downstream to STA 8 t 60. The downstream extension to STA 

8 t60  wiil insure that two storm drain outlets, on the north and south banks, will be 

protected from bank erosion. The upstream extension to STA 12t00 wiil insure a stable 

angle-point in the channel contraction at this location. Protection for the south bank shouid 

also be carried through to STA 12t00 in order to preclude accelerated erosion of this bank 

that could be induced when the sediment supply is cut-off from the opposite bank. 

In consideration of the erosive veiocities presented in Tables 3.1 and 3.2, the City of 

Phoenix should consider bank protection for additional sections of the channel, other than 

those in the immediate vicinity of the new bridge. 
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That portion of the channel immediately upstream and downstream of the bridge would be 

constructed to its specified cross-sectional geometry as part of this contract, the remaining 

portions would only be graded to the specified bottomwidth and invert elevation, i.e., the 

bank geometry and freeboard requirements would not be established by this project. 

The bank-slope and freeboard specifications would be constructed as part of future 

development projects. 

This partial construction of the downstream channd geometry should not create any 

significant adverse change to the water surface profile through the bridge, as long as the 

full channd cross-section is extended to channel STA 8t35, as part of the bridge 

construction contract. This conclusion is based on the fact that cross-section 835 defaults 

to critical depth during the subcriticai run. This section still assumes critical depth even 

when the remaining improved channel cross-section at XSEC 535, 595, 655, and 715 are 

removed from the model. Accordingly, any partial construction of these four cross-sections 

should not increase the water surface profile upstream of channel STA 8+35 beyond that 

which was computed with the four sections modeled with their final geometry. 
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4. SCOUR ANALYSIS 

A scour analysis was performed to identrfy anticipated scour depths for use in designing 

the bridge piers and establishing toedown elevations for the bank protection around the 

bridge abutments. 

Vertical movement (scour) of a riverbed can occur in response to the following processes: 

1. Long-term aggradation/degradation 

2. General scour 

3. Local scour 

4. Bedform troughs 

5. Bend scour 

6. Low-Row incisement 

Due to the complex interaction of river system variables that contrd these processes, it is 

not possibie to quantify the impact that the variables may have on each other. Accordingly, 
each process is evaluated independently of the other fwe. The total estimated bed 

movement is then taken as the sum of all six components. The complexity of sediment 

transport and scour analyses justifies the application of a safety factor to the sum of the six 

scour processes. 

The proposed channel alignment, and contracting channel geometry, will subject the bridge 

piers to five of the six listed scour components. Bend scour will not be applicable to this 

site because of the absence of any channel curvature. 

The following subsections present a discussion ofthe five applicable scour components and 

a summary section describes the manner in which each component was applied for use in 

the pier and abutment design. 

4.1 Lona-Term Dearadation 

This process occurs over a long period of time in response to an imbalance between the 

sediment transport capacity of the channel and the dominant sediment supply to the 

channel. When such imbalances occur, the channel will naturally adjust its slope to restore 
equilibrium between the transport capacity and incoming supply of sediment. If the 

transport capacity of the channel exceeds the sediment supply, the channel will flatten its 
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slope (degrade). However, should the sediment supply exceed the transport capacity of 
the channel, the channel slope will increase (aggrade) in order to generate higher velocities 

that are capable of moving the sediment inflows. 

Long-term degradation is very difficult to quantrfy because of the many complex variables 

ihat drive the process. Accordingly, numerous assumptions have to be made on the basis 

of engineering judgment. 

The magnitude of long-term degradation is usually established through an equilibrium slope 

analysis. Such analyses are very lengthy and require substantial data in order to be 

meaningful. Although the Scope of Work for this project did not require the performance 

of an equilibrium slope analysis, an effort was made to Include this process in the total 

scour depth that the bridge piers might be subjected to. 

The importance of addressing this phenomenon was magnified by the fact that this location 

on Skunk Creek lies only a short distance below Adobe Dam. Long-term channel 

degradation is a documented fact below dams. The depth of degradation at Willow Beach, 

which is located on the Colorado River about 12 miles below Hoover Dam, amounted to 

14 feet between 1935 and 1949. Such degradation occurs because dams cut-off the 

sediment supply to downstream channels. The equilibrium response of the channel is to 

degrade in an effort to flatten it's slope to decrease its sediment transport capacity to match 

the reduced sediment supply. 

Adobe Dam intercepts approximately 90 square miles of the Skunk Creek drainage area. 

Although Scatter Wash joins Skunk Creek below Adobe Dam, the Scatter Wash drainage 

area, below the CAP, is reported as less than 10 square miles. Considering that Skunk 

Creek only drains an additional 0.9 square miles below Adobe Dam, at the confluence with 

Scatter Wash. it is obvious that nearly 85 percent of the Skunk Creek watershed, at 51st 

Avenue, is intercepted by Adobe Dam. Over the long-term, this interception of the sediment 

supply is bound to induce degradation in those reaches of Skunk Creek lying below Adobe 

Dam. Since Adobe Dam has only been in-place since 1982, there probably has not been 

sufficient time for noticeable degradation to have occurred. This is especially true in arid 

environments where flow events are very infrequent. Under such conditions long-term 

degradation may take many years to fully develop. 

Based on a review of the existing bed profile for this reach of Skunk Creek, and on 

sediment continuity calculations using the manmade, upstream channels as a stable 

sediment supply reach, a long-term degradation depth of 4-feet was used for this project. 
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This number is based on substantial engineering judgement and should not be regarded 

as the product of a detailed sediment study of the Skunk Creek watershed. 

Tables 4.1 and 4.2 summarize the sediment transport calculations that were performed to 

amlyze the potential for long-term degradation through the proposed 51st Avenue channel. 

It must be emphasized that these calculations are very approximate and should only be 

used in a qualitative manner. 

These calculations are based on an assumption that the manmade channels upstream of 

Havasupi Drive are set at a stable slope which is in equilibrium with the reduced sediment 

supply created by Adobe Dam. Discussions with representatives from Coe & Van Loo 

confirmed that these channel slopes were set to create non-eroding channel velocities, and 

were not based on an equilibrium slope analysis. However, for the purposb of this analysis, 

they are assumed to control the supply of sediment to the 51st Avenue channei. 

Based on normal depth assumptions, Table 4.1 summarizes the hydraulic parameters and 

sediment transport rates that are predicted for the existing channd between Havasupi Drive 

and 47th Avenue, as well as for two reaches of the proposed 51st Avenue channel. These 

calculations show the variation in sediment transport rate (Qs) as a function of different 

gradation coefficients and D50 particle size. Referring to the last cdumn (Qs) in   able 4.1, 

it can be seen that a large imbalance in sediment transport capacity occurs between the 

upstream sediment supply reach and the proposed channel at 51st Avenue, i.e., the 51st 

Avenue channel is capable of transporting much more sediment than is being supplied to 

it. This will cause degradation through the 51st Avenue bridge as the new channel flattens 

its slope to decrease its sediment transport capacity to match that of the supply reach. 

Table 4.2 lists the equilibrium slope calculations that indicate the magnitude of slope 

adjustment that would be required through 51st Avenue to match the incoming sediment 

supply from the upstream channel reach. The last column (Target Qs") in Table 4.2 lists 

the rate at which sediment is being supplied to the 51st Avenue channel. This value is 
taken from Table 4.1 for a gradation coefficient of 4.4 and a D50 of 4.8 mm. The 

"Equilibrium Bed Slope' column in Table 4 2 is that which would be required to produce the 

sediment transport rate listed under the column labeled "Sediment Transport Rate". An 

equilibrium slope occurs when the "Sediment Transport Rate' is at, or very near, the value 

under "Target Qs". 
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51st Avenue. Ropoed Chsnnel. STA St35 to S t 3 5  



Sedimonl Ctrndation Cmffiaisnt: 4.40 - 

Equilibrium Salimoot 

Bod Horizonhl Flow I)otlom Tranrpat  Tmrgot 

Diahsrgc Slope Manning's Compoocnt of Dcplh Width Vrlooity Froudo Hydraulia Capwily 

Chsonol Rcroh (oh) Wft)  Roughness Si&-.lope (It) (It) (fpm) Numba Depth (h) (of.) 

-- 

.Sop orSaimn( +I, Rrcb Is 0.ml I NI) 

STA 53510010 STA Ll+M) 8,750 0.00094 0.035 3.M) 11.03 110.0 5.54 0.33 8.96 1.533 1.498 

STA 535100 to STA ll+OO 10,400 0.00093 0.035 3.00 1 2 l 8  110.0 5.83 0.33 9.75 1.903 1.901 

STA 535tOO lo STA lltOO 8.750 O.M)327 0.03 5 3.00 7.76 110.0 8.46 0.58 6.61 9.723 9.778 

STA Jl5tOO lo STA 1ltOO 1 0 . W  0.W332 0.035 3.W 8.53 110.0 9.M) 0.59 7.17 12.596 12.532 

- 

File: SKEQ.WK1 



The results of Table 4.2 indicate that a slope of 0.00094 to 0.00093 ft/ft would be required 

to bring the 51st Avenue channei into equilibrium with the assumed upstream sediment 

supply during the peak discharge of the 100-year flood. This equilibrium slope is 

substantially flatter than the proposed channel slope of 0.0105 to 0.0134 ft/R shown in Table 

4.1. Accordingly, this analysis indicates a significant potential for long-term degradation 

through the proposed 51st Avenue channel. 

it is recommended that the City of Phoenix periodically inspect the 51st Avenue bridge site 

and monitor the stream-bed profile. if long-term degradation in excess of 4-feet is ultimately 

detected, corrective measures should be pursued to prevent any structural instability in the 

bridge piers during flooding conditions. 

4.2 General Scour 

This scour process occurs in response to changes in channel geometry from one reach of 

a channel to the next. As a channei contracts and expands, its Row velocity (and thus 

sediment transport capacity) will change. General scour will occur when a channel 

contracts (in the downstream direction) and causes an increase in velocity through the 

contracted section. The increase in sediment transport capacity through the contraction 

will begin to remove more sediment from the bed of the contracted reach than is being 

delivered to the contraction by the wider, upstream reach. The result is a lowering (general 

scour) of the channel bed through the contracted reach. When the channel geometry 

expands in the downstream direction, the opposite effect can occur, i.e., sediment 

deposition will take place in the wider channel section. 

General scour and sediment deposition is usually quantiiied with a mobile-boundary 

sediment routing model. Such models are capable of predicting scour and deposition 

patterns as a function of bed-material size, channel geometry, and changes in discharge 

that occur during passage of a specific flood hydrograph. 

However, for a uniform channel section, with a simple contraction as is proposed 

Immediately upstream of the 51st Avenue bridge, the magnitude of general scour can be 

estimated with a contraction scour formula developed by Laursen (1962). 
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The contraction scour formula is of the fdlowing form: 

(Eq. 4.1) 

Where d, = scour depth through contraction (ft) 

y, = flow depth in uncontracted, upstream cross-section (ft) 

0,  = channel bottomwidth in uncontracted, upstream cross-section (ft) 

B, = channel bottomwidth in contracted cross-section (it) 

x = an exponent that varies as a function of y, friction slope, sediment 
fall velocity, and gravitational constant (an exponent of 0.59 was 
used for this site) 

Using data from the sub-critical HEC-2 model (this will maximize y l )  and taking XSEC 1500 

as the uncontracted upstream section and XSEC 1000 as the contracted section, the depth 

of contraction scour was computed as 2.88 feet for Q=8.750 cfs and 3.30 feet for 

Q=10.400 cfs. 

4.3 Local Scour 

Local scour will occur in response to objects being piaced in the path of flowing water. The 

most common form of local scour is that occurring at bridge piers, protruding bridge 

abutments, and spur dikes. 

Objects, such as bridge piers, deflect the velocity vectors down towards the bottom of the 

pier and around the sides of the pier. Local scour then occurs when these deflected 

currents create a capacity to remove bed-material around the pier at a rate greater than that 

at which upstream bed-material can be supplied to the scour hole. 

Numerous scour prediction formulas are published in the technical literature. Some 

formulas only address the case of ciear-water scour (i.e., upstream flows are at or below 

the threshold of incipient motion for the bed-materials), while others focus on 'live-bed" 

scour, which occurs when upstream bed-material is being transported into the scour hde. 
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Due to the large number of methods available to compute local scour, it is prudent to use 

more than one method for this computation in order to explore the variation in results that 

such methods may produce. 

Three methods were used in this study to develop estimates of local scour. Two of the 

methods use formulas for a direct computation of local scour, while the third method 

employs a design curve that relates the ratio of flow depth to pier width to the ratio of scour 

depth to pier width. This graphical relationship was developed by Laursen and Toch and 

is published in Scour Around Bridge Piers and Abutments. Bulletin No. 4, Iowa Highway 

Research Board. 1956. 

The two pier scour equations used in this study are listed as follows: 

Laursen (1 958 & 1962): 

Where b = pier width (ft) 

yo = upstream flow depth (ft) 

d, = equilibrium scour depth ( f t )  

Colorado State University (CSU, 1975): 

(Eq. 4.3) 

Where b = pier width (ft) 

yo = upstream flow depth (ft) 

d, = equilibrium scour depth ( f t )  

F = Froude Number 
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As previously referenced in Section 3.3, an additional 5 feet of debris obstruction was 
added to the pier diameter for use in computing local scour. it is interesting to note that 
both Laursen's methods and the CSU equation are dependent upon Row depth and pier 
width, while the CSU equation includes Froude Number as a third variable. As a result of 
this difference. Laursen's methods produce the deepest scour depths during sub-critical 
Row when flow depths are greatest. The addition of Froude Number in the CSU equation 
introduces flow velocity as a variable, which for this particular site creates a slightly more 
severe scour depth during super-critical flow than for sub-critical Row. 

Even though the proposed pier design will consist of circular piers, the addition of a debris 
load on the pier nose may cause the piers to present a more rectangular shape to 
oncoming flows. Accordingly, methods were included in the analysis to simulate both 
rectangular and circular pier shapes. 

Table 4.3 presents the results of the local scour computations for discharges of both 8,750 
and 10,400 cfs. 
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Table 4.3 
Summary of Local Scour Computations 

Skunk Creek At 513t Avenue 

Method 

Laursen (1956) 

Laursen (1962) 

CSU (1975) 

CSU (1975) 

* 5 foot concrete cyfinder with 5 feet of debris 

" Base value is added to other scour components to 
arrive at a total scour depth for the pier design File: TAB43 WKI 

(REVISED 03/03/91) 

Assumed 
Pier Shape 

Rectangular 

Rectangular 

Rectangular 

Circular 

* Effective 
Pier Diameter 

(ft) 

10 

10 

10 

10 

** Calculated Base Value (ft) 
' 

Q=8,750 cfs 

13.75 

9.40 

18.00 

16.40 

Q=10,400 cfs 

14.20 

10.00 

18.70 

17.00 



4.4 Bedform Trouahs 

Sand and gravel-bed streams, such as Skunk Creek, are subject to the formation of dune 
shaped bedforms. The troughs of these bedforms extend below the natural riverbed and 
are additive to other scour processes. For sand-bed channels, the depths of these troughs 
can be estimated with the following equation, (ADWR/SL4, 1985): 

AZ, = 0.0135V2 (Eq. 4.4) 

Where AZ, = depth of trough below natural streambed (ft) 

V = flow velocity (fps) 

The highest mean, super-critical channel velocity through the bridge section occurs at STA 

9 t57  (XSEC 957). Based on data published by Bldgen ( I W ) ,  the maximum velocity 

through a bridge with piers is 1.5 times the mean velocity. Accordingly, the bedform trough 

depth calculation should be based on the maximum velocity, rather than the mean velocity. 

However, since the trough depth cannot exceed 112 the depth of flow, the flow depth is a 

controlling factor in this case. Accordingly, the trough depths will be based on 1 /2 the flow 

depth at XSEC 957. The bedform trough depth calculations are summarized in   able 4.4. 

Table 4.4 

Summary of Bedform Trough Depths 

vm, 

Q VA", (1.5XVA"G) A ZAD Y /2 

(ds) (fps) (fps) m (ft) 

8,750 15.28 22.92 7.09 2.57 

10,400 16.01 24.01 7.79 2.88 
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4.5 Low-Flow lncisement 

Manmade channels with large width to depth ratios are very vulnerable to the formation of 

low-flow channels. When trapezoidal channels, designed to carry large events such as the 

100-year flood, are exposed to smaller, more frequent flows (2 to 5 year floods), the wide 

channel bonomwidths may cause a shallow sheefflow condition to exist. Rather than 

transporting these smaller Rows in this manner, the channel will develop a low-flow channel 

that provides a more efficient conveyance of these small discharges. 

Low-flow channels will meander across the bonom of the larger, parent channel, thus 

randomly coming Into contact with the channel bank. Accordingly, is important to 

acknowledge low-flow incisement when computing the total scour depth for bank-lining 

design. For the purpose of this study, l-foot of low-flow incisement is included i n  the total 

scour depth for use at the bridge piers and abutments. 

4.6 Summaw of Scour Analvsis 

Because of the numerous assumptions that must be made in conducting scour analyses, 

it is useful to define an envelope of high and low scour estimates. Engineering judgment 

can then be used to arrive at a design recommendation within this envelope. 

The total scour depth Is the sum of ail the previously discussed scour processes. Tables 

4.5, 4.6, and 4.7 summarize the magnitude of all scour components that were used to 

define the low envelope, high envdope, and design recommendation, respectively. Table 

4.8 is a summary table of the total scour depths for both the pier and abutment locations. 

The total abutment scour depth includes all the scour components except the local scour 

that occurs at the bridge pier. 

Correction factors for bedforms are included in Tables 4.5, 4.6, and 4.7. The Laursen and 

CSU equations are based on an equilibrium scour depth, which fluctuates in response to 
the passage of bed-forms (i.e., dunes and antidunes). The technical literature provides 

different recommendations on how large this correction factor should be. The 1.3 factor 

was chosen for this study on the basis of recommendations in "Highways in the River 

Environment,' (1987). 
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Table 4.6 
Summary of Calculations for Low Scour Envelope at Brldge Piel 

Skunk Creek at Slst Avenue 

Scour Component 

Long-Term 
Degradatlon 

General Scour 
(contraction) 

Local Scour 

Bedform Troughs 

Low-Flow 
lnclsement 

Bend Scour 

8,760 cis 

Base Adjustment Adjustment Total 

Value for Bedforms for Skew Depth (11) 

4.00 nla nla 4.00 

2.88 nla nla 2.88 

9.40 nla nla 9.40 

2.57 n la  nla 2.67 

1 .OO nla nla 1.00 

0.00 nla nla 0.00 

10,400 cis 

Base Adjustment Adjustment Total 
Value for Bedforme for Skew Depth (it) 

4.00 nla nla 4.00 

3.30 nla nla 3.30 

10.00 nla nla 10.00 

2.88 nla nla 2.88 

1.00 nla nla 1 .OO 

0.00 nla nla 0.00 

sub-total: 19.86 

x Safety Factor 1.30 

Total: 26.81 

Rounded To: 28.00 
File: TAB46.WKl 

sub-total: 21.18 

x Safety Factor 1.30 

Total: 27.63 

Rounded To: 27.50 



Table 4.6 
Summary of Calculations for Hlgh Soour Envelope at Brldge Pier 

Skunk Creek at Slat Avenue 

10,400 cfs 

Scour Component 

I Qeneral Scour n la nla nla nla 
(contraction) 

3.30 I 
Long-Term 

Degradatlon 

I Local Scour 15.10 x 1.3 x 1.1 21.59 16.20 x 1.3 x 1.1 23.17 

Base Adjustment Adjustment Total 
Value for Bedforms for Skew Depth (11) 

Base Adjustment Adjustment Total 
Value for Bedforms for Skew Depth (11) 

4.00 n la  nla 4.00 

su b-total: 32.04 1 sub-total: 
3436 1 

4.00 nla nla 4.00 

Bedform Troughs 

Low-Flow 
lnclsement 

Bend Scour 

Total: 

x Safety Factor 

Total: 

2.57 nla nla 2.67 

1 .OO nla nla 1 .OO 

0.00 nla nla 0.00 

2.88 n la nla 2.88 

1.00 nla n la  1 .OO 

0.00 nla nla 0.00 

Rounded To: 41.50 
File: TAEl46.WKl 

Rounded To: 44.50 



Table 4.7 
Summary of Calculations for Recommended Soour Deslgn at Brldge Pier 

Skunk Creek at 61st Avenue 

Long-Term 
Degradatlon 

General Scour 
(contractlon) 

10,400 cfs 

Base Adjustment Adjustment Total 

Value for Bedforms for Skew Depth (It) Scour Component 

Local Scour 

8,760 cfs 

Base Adjustment Adjustment Total 

Value for Bedforms for Skew Depth (It) 

4.00 nla nla 4.00 

2.88 nla nla 2.88 

13.70 nla n l a  13.70 

4.00 nla nla 4.00 

3.30 nla nla 3.30 1 
14.70 n/a nla 14.70 / 

Bedform Troughs 1 2.57 nla nla 2.57 / 2.88 nla nla 2.88 / 
Low-Flow 

lnclsement 

Bend Scour 

I Total: 31 .-40 Total: 

I x Safety Factor 1.30 

1 .OO nla nla 1.00 

0.00 nla nla 0.00 

x Safety Factor 1.30 

1.00 nla nla 1 .OO 

0.00 nla nla 0.00 

su b-total: 24.15 

Rounded To: 31.60 
File: TA847.WK1 

su b-total: 26.88 

Rounded To: 33.M) 





Tables 4.5 and 4.7do not apply a bedform adjustment factor to the locai scour component. 

Instead, a bedform depth is listed as a separate component. For the depths of flow 

predicted at this site, a 30 percent adjustment to locai scour, for bedforms, is probably 

excessive. Accordingly, the separate computation for bedforms in Tables 4.5 and 4.7 was 

considered more realistic for arriving at a design recommendation. 

The high envelope in Table 4.6 includes an adjustment factor to the local scour component 

to account for skewed flow angles approaching the piers. Although the proposed channel 

alignment through the 5tst Avenue bridge is straight, the upstream contraction geometry 

is not symmetrical (see Plate 1). This may create a small amount of skew to the velocity 

vectors as they approach the bridge. Even though circular piers are being used for the 

bridge design, research indicates that groups of closely spaced circular piers can still 

experience an increase in scour depth when exposed to skewed flow patterns (Raudkivi 

1 986). 
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5. RECOMMENDATIONS 

Based on the engineering analysis presented in this study, the following recommendations 

are made regarding the channel and bridge design at 51st Avenue and Skunk Creek. 

1. The channel should be excavated to its final slope and bottomwidth, as part of the 

bridge construction contract. from channel STA 5 t35  to STA 15t45. 

2. The channd should be constructed to its final, full cross-sectional geometry 

(including specified freeboard)-from channd STA 8 t35  to STA 13 too. 

3. The channel should include bank protection, as part of the bridge construction 

contract, from channel STA 81.60 to STA 12t50. Bank protection for the entire 

channel should be considered as a future project. 

4. The bridge piers should be designed for a total scour depth of 31.5 feet for a 

discharge of 8,750 cfs. and a depth of 33.5 feet for a discharge of 10,400 cfs. 

5. The bridge abutments should be designed for a total scour depth of 13.6 feet for 

a discharge of 8.750 cfs, and 14.5 feet for a discharge of 10.400 cfs. 

6. The structural design of the bridge piers should consider the possibility of 

increasing the mean channel velocities by a factor of 1.5 to acknowledge the 

potential for maximum velocity vectors that might exist through the bridge. Based 

on super-critical flow conditions, maximum velocities of 22.92 fps and 24.01 fps 

could occur for discharges of 8,750 cfs and 10,400 cfs, respectively. 

7. The City of Phoenix should pursue a periodic maintenance and inspection program 

for both the proposed bridge and channd. This program should be used to keep 

the channd free of vegetation densities that would exceed the assumed Manning's 

roughness value of 0.035. The inspection program should also monitor the bed 

profile in order to detect any excessive channel degradation near the bridge piers. 

MATHEWS KESSLER & ASSOCIATES, INC. 

HYDRAULIC 8 SCOUR ANALYSIS 
51ST AVENUE BRIDGE AT SKUNK CREEK 29 



8. Coe & Van Loo is presently conducting a new floodplain delineation for this reach 

of Skunk Creek. This work is being done for the flood Control District of Maricopa 

County. This new delineation is based on the existing topography of Skunk Creek, 

i.e., it will not reflect the proposed channel and bridge construction that has been 

addressed in this report. Accordingly. it is recommended that the sub-critical 
HEC-2 model (SK2E.IN) included in this report be provided to the District for 

inclusion in the new Skunk Creek floodplain delineation. Model SK2F.iN should 
be provided to the District 8 they prefer a sub-critical model with debris loading on 

the bridge piers at 51st Avenue. Either of these models should be completely 

compatible with the CVL model, since all models are on the same vertical elevation 

datum and use similar "n" values. 
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APPENDiX A 

HEC-2 Models 

Skunk Creek at 51st Avenue 

Mcdd SK2E.IN/.OT - Sub-critical Wiith No Pier Debris 

Model SK3D.IN/.OT - Super-critical With No Pier Debris 
Mcdel SK2F.IN/.OT - Sub-critical With Pier Debris 

Model SK3E.IN/.OT - Super-critical Wiith Pier Debris 
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HEC-2 Models 

Skunk Creek at 51st Avenue 

Model SK2E,IN/.OT - Sub-critical With No Pier Debris 
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Mcdel SK2F.IN/.OT - Sub-critical WRh Pier Debris 
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THIS RUN EXECUTE9 !O-0:-9C 
* * * * f l * * * t . * * f * f * t , , l * * * t . , . , t * . l l * t . f 2 l * l l t * f l * * 1  1 H i t 2  RELEASE DATE0 NOV 7 6  UPDATED MY ! 9 8 i  

ERROR CORR - 0 1 , 0 2 , 0 3 , 0 1 , 0 5 , 0 6  
i iOOIFICATION - 50,51 ,52 ,53 ,5L ,55 ,56  
ISM-PC- iT  VERSION AUGUST 1 9 8 5  

t * t * f f t t t t t * * t * f * l , f . I * * f f * * t l * " i i t i i * i l * i f i l " l * * l  

I T 1  HYORAYLIC L SCOUR ANALYSIS FOR 5i.I AVENUE 81IOCE AT SKUNK CREEK 
ItlPROVEO CHANNEL WITH THE NEW M I D G E  IN-PLACE, MODEL SK?E.IN, NO DEaXiS 
SKUNK CREEK AT 51st AVE SUB-CRITICAL, FUTURE 100-YEAR EVENT , J l  1CH:;K INQ NINV I O I R  STRT i iETRIC HViNS O USEL FO 

3 .  0. 0 .  , 0 0 2 6 5 0  .OO . O  0 286.000 , 0 0 0  

J Z N P R O F  IPLOT PRFVS XSECV XSECH FN ALLDC !?U CHNIM ITRACE 
.... .:I - 1 5 . 0 0 0  , 0 0 0  - 1 . 0 0 0  , 0 0 0  , 0 0 0  , 0 0 0  -:.OD0 , 0 0 0  , 0 0 0  , 0 0 0  
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I SECNO 0 CUSE: CR iUS OEPTH E L E I N  S S i i  E N D S 7  TOPWID VCH 



4 SKUNK CREEL A1 Ilsf AYE 

SECNO K 'XNCH K 'CHSL 1OK'S XLCH AREA S T E N C L  STENCR 



1 C K'XNCH K ' C H S i  10('S XLCH A R E A  QCH S i E N C L  SIENCR 



C A G E  i 

I SUMRARY OF ERRORS AND SPECIAL N O E S  

I CAUTION SECNO- 5 3 5 . 0 0 0  PROFILE: 1 CRITICAL 0EP:d ASSUMEO 
CAUTION SECNO- 5 3 5 . 0 0 0  PROFILE= 1 MINIMUM SPECIFIC ENERGY 

I 
CAUTION SECNO- 5 3 5 . 0 0 0  PROFILE: 2 CRITICAL OEPTH ASSUMED 
CAUTION SECNO= 535.000 PROFILE- 2 n I N I n u n  SPECIFIC ENERGY 

CAUTION SECNO: 5 9 5 . 0 0 0  PROFILE- 1 CRITICAL DEPTH ASSUMEO 

I CAUTION SECNO= 5 9 5 . 0 0 0  PROFILE= 1 nINIMUfl SPECIiIC ENERGY 
CAUTION SECNO: 5 9 5 . 0 0 0  PROFILE= 2 CRITICAL OEPTH ASSUMED 
CAUTION SECNO- 595.000 PROFILE. 2 n i N I n u n  SPECI~IC ENERGY 

: 4 CAUTION SECNO= 655.000 PROFILE: 1 CRITICAL DEPTH ASSUHEO 
' '  CAUTION SECNO= 6 5 5 . 0 0 0  PROFILE; 1 MINIOUfl S P E C I i l C  ENERGY 

I CAUTION SECNO= 6 5 5 . 0 0 0  PROFILE: 2 CRITICAL OEPTH ASSUMEO 
CAUTION SECNO; 6 5 5 . 0 0 0  PROFILE. 2 HINIMUn SPECIFIC ENE2GY 

.,, 

CAUTION SECNO: 7 1 5 . 0 0 0  PROFILE= I CRITICAL DEPTH ASSUMED $1 CAUTION SECNO. 7 1 5 . 0 0 0  PROFILE. 1 MINIMUR S P E C l i I C  ENERGY 
?::., CAUTION SECNO. 7 1 5 . 0 0 0  PROFILE= 2 CRITICAL DEPTH ASSURED ::.. 

CAUTION SECNO= 7 1 5 . 0 0 0  PROFILE: 2 MINIMUn SPECIFIC ENERGY 

1 CAUTION SECNO= 7 7 5 , 0 0 0  PROFILE= 1 CRITICAL OEPTH ASSURE0 
CAUTION SECNO= 775.000 PROFILE= 1 MINInUN SPECIFIC ENERGY 

I CAUTION SECNO= 775.000 PROFILE: 2 CRITICAL DEPTH ASSUMEO 
CAUTION SECNO= 775.000 PROFILE: 2 MINIilUM SPECIFIC ENERGY 

CAUTION SECNO= 835.000 PROFILE; 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= 835.000 PROFILE- 1 RINIMUM SPECIFIC ENERGY 
CAUTION SECNO: 835.000 PROFILE- 2 CRITICAL DEPTH ASSUMED 
CAUTION SECNO- 835.000 PROFILE- 2 MINIHUH SPECIFIC ENE9GY $8 

. . . CAUTION SECNO: 957.000 PROFILE. 2 CRITICAL DEPTH ASSUHEO 
:.>I 
- '  CAUTION SECNO= 957.000 PROFILE- 2 n I N i n u n  SPECIFIC ENERGY 

1 CAUTION SECNO= 9 7 0 . 0 0 0  PROFILE= 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= 970.000 PROFILE. 1 MINIHUM SPECIFIC ENERGY 
CAUTION SECNO: 9 7 0 . 0 0 0  PROFILE= 2 CRITICAL DEPTH ASSUMEO 1 CAUTION ECNO= 7 0 0 0 0  P R O L E  2 RINIHUM SPECIFIC ENERGY 



t t * f t t t * * t * * I l * t t * * 1 * * * 1 * * f t * * f * * t * f f f , * t * , f * * t * * *  1 W 2  RELEA11 O A i f D  NOV 76 U P O i i i O  I11 ! 984  
ERROR CORR - 0 1 , 0 2 , 0 3 , 0 6 , 0 5 , 0 6  
f lODIFICATION - 5 0 , 5 1 , 5 2 , 5 3 , 5 6 , 5 5 , 5 6  

, * t * l * l t * * l * * t t . * t t f f * I * f I * * * t t t t t * " I I * t " * * * ~ , * * " " ,  

i a l S  RUN i X E C U i i D  1 8 - G l - 9 6  



Model SK3D.IN/.OT 



t f * * * f l t * f l l t t t * l l t * * * * * l t t t l ~ x . ~ t r t , , i , * , , * l t * l t * t l l l  

* UATER SURFACE PROFILES 
* VER$ION OF NOVEil8ER 1976 
' P A T E  A 1986 
" I I B f l - P C - X T  VERSION AUGUST 1385 
' RUN DATE 10-01-90 TIHE 1 9 : 5 7 : 3 3  
f t * * t t * * * t t t * t * l . . * t , t t * t * * t f t l * * t l * l * * , * l f * * * f " * . , , , *  

X  X  X X X X X X X  X X X X X  X X X X X  
X  X X  X  X  X  X  
X  X X  X  x 
X X X X X X X  X X X X  X  X X X X X  X X X X X  
X  X X  X  X  
X  X X  X  X  X  
X  X  X X X X X X X  X X X X X  X X X X X X X  

*llllll"ll.l*ll~lll~.*,A*,x'*','~~',,, 

' U . S .  A ? 5 Y  L3RP5 SF EHi lhEt ,?S 
' THE HYCROiSGl i  ENG1NEES;NC CENiER 

609 SECOND S i R E E i ,  S U I T E  D 
* DAVIS, CALIFORNIA 95616 

( 9 1 6 )  k1O-2105 IFTSI 168-2135 
* , 1 1 1 * * t f * . . * . . . . * l . * * I l , i * . ~ . t t t t , , . ,  



* f * * f * l * * * " * t * t * " t t * * I * t * * * * * * z * ~ i f t * t l t * * t t f l l l * t  

ERROR CORR - 0 1 , 0 2 . 0 3 , 0 6 , 0 5 , 0 6  

T i l IS  RUN EXECUTED 1 0 - 0 1 - 9 0  

i lOOIFICATlON - 50,51 ,52 ,53 ,56 ,55 ,56  ( I M - P C - X T  VERSION AUGUST 1985 
* * f t * * * t t * * t . l l l * * * l * * t * * * l t * . f i * * * i f f , * * * . * * * * * t i  

I 11 HYORAULIC i SCOUR ANALYSIS FOR 5l.l AVENUE 8RLOIE A 1  SKUNK C i l E K  
IflPROVED CHANNEL U I T H  THE NEW 8RIDGE IN-PLACE, ROOEL SK3O.IN, NO OEBRIS 
SKUNK CREEK AT 5 1 s t  AVE SUPER-CRITICAL, EXISTING 100-YEAR EVENT 

J1 ICHECK I N Q  NINV I O I R  STRT METRIC W I N S  0 WSEL FQ 

J 2 N P R O F  IPLOT PRFVS XSECV XSECH FN ALLDC I ~ N  ChNiM I i R A C E  r .ooo . O O o  -l.OOO . O O O  .oOO .Ow -l.OOO . O O O  .OOO . O O o  

I J 3  VARIABLE COOES FOR SUMMARY PRINTOUl 

1 J 5  LPRNT NUNSEC i l * * l * * l  REQUESTED SECiION N U ~ 8 E R S a * " x a "  
- 

-10.000 - 1 0 . 0 0 0  , 0 0 0  , 0 0 0  , 0 0 0  , 0 0 0  . OOC 000 , 0 0 0  , 0 0 0  

, 0 2 5  , 0 2 5  , 0 2 5  , 1 0 0  , 3 0 0  , 3 8 0  , 0 0 0  , 0 0 0  .OOO , 0 0 0  

:I > X l  1200.000 1 . 0 0 0  9 8 6 0 . 0 0 0  10115.000 1 0 0 . 0 0 0  100.C00 lOC.000 , 3 0 0  - .20C . OCO 
. .  GR 3 0 8 . 1 0 0  9 8 6 0 . 0 0 0  2 8 8 . 1 0 0  9 9 2 0 . 0 0 0  2 8 8 . 1 0 0  :0055.300 3 0 8 . 1 0 0  10115.000 , 0 0 0  , 0 0 0  
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32.000 
,000 

296. 600 

13.000 
,000 

306.370 
306.370 

30.000 
287.200 
296.200 

3O.CCO 

13.000 

32.000 
,000 

286.860 
306.860 

25.000 
,000 

286.750 

65.000 
,000 

306.800 

6O.OOO 
. OCO 

5O.OCO 
,060 

6fi.000 

60.000 

00.000 

275.000 

160.000 
,000 

278.'1s?0 
. OCO 



t t t t ~ i ~ ~ t t t ~ ~ t t t ~ t t t * f t t t x ~ t t t x x r ~ t t t t t ~ t ~ ~ z f x ~ ~ ~ x  

ERROR CORR - 01,02,03,06,05,06 
i lODIFICATI0N - 50,51,52,53,51,55,56 1 IBn-PC-XI VERSION AUGUST I985 

I t f * t t f * t t * f * t * * * t t * t t l * * , l , * t * i f i f * ~ * l " l l * f t t l i i l  

i t i I S  RUN EXECUTED 13-01-90 

12 IRPROVED CHANNEL U ITH  THE NEW BRIDGE IN-PLACE, NODEL SXJD.IN, NO DEBRIS 

I" SKUNK CREEK A1  5 1 s t  AYE SUPER-CRITICAL, FUTURE 100-YEAR EVENT 

J1 ICHECK INQ NINV i D I R  STR i  nE iR IC  HVINS Q USEL FQ 

J Z N P R O F  IPLOT PRFVS XSECV XSECH FN ALLDC I 3 U  CHNIn ITRACE 
!_i -1 
~~. 15.000 , 000  -1.000 000 , 000  .00C -1 . lOC COO ,900 , 000  



P A G E  5 

THIS RUN EXECUTED 1 0 - 0 1 - 9 0  

... HEC2 RELEASE DATE0 NOV 76 UPDATED MAY 1986 
ERROR CORR - 01,02 ,03 ,06 ,05 ,06  
NOOIFICATION - 5 0 , 5 1 , 5 2 , 5 3 , 5 4 , 5 5 , 5 5  , I  Ian-PC-KT VERSION AUGUST 1985 

* I * * l l * * * l * t * * l * f * * t * l f f * * , t t * l * * l l t i i i l i l * * . * t * . *  

I NOTE- ASTERISK 1.1 AT LEFT OF CROSS-SECT10N NYMEER INDICATES flESSAiE I N  5Uflf lARl Of ERRORS L I S T  

1 SKUNK CREEK AT 5 l s t  AVE 

-1 SUflMRY PRINTOUT 

SECNO 0 CWSEL CR!WS DEPTH ELHIN SSiA E 1 0 5 i  TOPUIO VCH :::;I 
. 1565.000 8 7 5 0 . 0 0  2 9 3 . 7 0  2S3.79 3 . 7 0  2 9 0 . 0 0  9 9 8 3 . 9 0  1 0 1 1 5 . 1 5  232.20  10 .70  

* 1565.000 10600.00  296.16 2 9 6 . 1 1  4 .16 2 9 0 . 0 0  9 8 8 2 . 5 7  10117.13  236.86  1 1 . 2 8  

' '  * 1 5 0 0 . 0 0 0  8 7 5 0 . 0 0  2 9 3 . 6 5  2 9 3 . 6 5  ''1 . . 3 . 7 0  2 8 9 . 7 5  9 8 8 3 . 9 0  !?!!5.!3 232.20  1 0 . 7 0  
* 1 5 0 0 . 0 0 0  1 0 1 0 0 . 0 0  2 9 3 . 8 9  2 9 3 . 8 9  6 . 1 6  2 8 9 . 7 5  9882.57  !0 !17 . i3  2 3 6 . 8 5  11.29 
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, , SUltMRY P R I N T O U T  

SECNO K'XNCH K'CHSL 10K'S %LC# AREA SIiNCC STENCR 



K'CHSL 10X'S XLCH A R f A  QCP STENCL S T E N C R  



SUnilARY OF ERRORS AND SPECIAL NGTES 

I 
CAUTION SECNO= 1565.000 PROFILE= 1 
CAUTION SECNO: 1565.000 PROFILE- 2 

CAUTION SECNO: 1 5 0 0 . 0 0 0  PROFILE- 1 

-I 
CAUTION SECNO: 1500.000 PROFiLE= 1 
CAUTION SECNO= 1500.000 PROFILE: 1 
CAUTION SECNO: 1500.000 PROFILE= 2 
CAUTION SECNO= 1500.000 PROF:?E= 2 

I CAUTlON SECNO; 1 5 0 0 . 0 0 0  PROFILE: 2 

CAUTION SECNO: 1 6 0 0 . 0 0 0  PROFILE= 1 CRITICAL DEPTH ASSUNED 
CAUTION SECNO- 1600.000 PROF:LE= I PROBABLE n I N I n u n  S P E C i i i C  ENERGY :I CAUTION SECNO: 1600.000 PROFILE= 1 20 TRIALS ATTEMPTED TO BALANCE USEL 
CAUTION SECNO: 1 1 0 0 . 0 0 0  PROFILE: 2 CRITICAL DEPTH ASSUNEO 
CAUTION SECNO= 1600.000 PROFILE: 2 PROBABLE MINIHUM SPECiFIC ENEZGY 

:(CAUTION S E C W  1600.000 PROFILE: 2 2 0  TRIALS A l T l l P T E O  TO 1ALANCE YSEL 
::li 
. . ..., 

CAUTION SECNO= 1 3 0 0 . 0 0 0  PROFILE= 1 CRITICAL DEPTH ASSUnED - 8  CAUTION SECNO= 1300.000 P R O F I L E  1 PROBABLf NlNl f lUM SPEC!.!C EYERGY 
' CAUTION SECNO: 1300.000 PROF!LE= 1 20 TRIALS ATTEMPTED TO 5ALANCE USEL 

. .* 
CAUTION SECNO. 1300.000 PROFILE. 2 CRITICAL OEPTH ASSUnEO 
CAUTION SECNO= i3oo.000 PROFILE: 2 PROBABLE n I N I n u n  SPEC IF:^ ENERGY 
CAUTION SECNO: i 3 0 0 . 0 0 0  PROFiLE- 2 2 0  TRIALS ATTENPTED TO BALANCE USEL 

?.. 

.:# 
CAUTION SECNO= 1200.000 PROFILE: ! CRITICAL DEPTH ASSUMEO 
CAUTION SECNO: 1 2 0 0 . 0 0 0  PROFILE= i PROBABLE n I N i n u n  SPECIFIC ENERGY 

2; CAUTION SECNO: 1 2 0 0 . 0 0 0  PROFILE. 1 20  TRIALS ATTEMPTED T O . B A ~ A N C E  USEL 
CAUTION SECNO- 1200.000 PROF:LE= 2 CR;TICAL OEPTH ASSUMED 
CAUTION SECNO- 1200.000 PROFI!E: 2 PROBABLE N i N I t I U i l  SPECIFIC ENERGY 
CAUTION SECNO: 1 2 0 0 . 0 0 0  PROFILE= 2 20  TRIALS A i iEnPTEO TO BALANCE WSEL 

CAUTION SECNO- 1 1 0 0 . 0 0 0  PROFILE: 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO. 1100.000 PROFILE: 1 PROBABLE NINI f lUn SPECIFIC ENERGY 
CAUTION SECNO= 1100.000 PROFiiE. 1 2 0  TRIALS ATTENPIED TO 3ALANCE USEL 
CAUTION SECNO- 1100.000 PROFILE= 2 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= 1100.000 PROFiLE: 2 PROBABLE MINIflUM SPECiFIC EnERGY 
CAUTION SECNO: l l O O . 0 0 0  PROFILE: 2 2 0  TRIALS ATTEHPTED 1 0  BALANCE ESE: 

 CAUTION SECNO; 1075.000 P R O F L i  2 4 INIMUi l  SPECIFIC ENERGY 

..?I 
CAUTION SECNO= 1 0 6 3 . 0 0 0  PROFILE- 1 CRITICAL DEPTH ASSUMED .:?&I CAUTION SECNO= 1063.000 PROFILE: 1 PROBABLE n 1 ~ 1 n u n  SPECIFIC ENERGY 

.:. CAUTION SECNO. 1 0 6 3 . 0 0 0  PROFILE: 1 2 0  TRIALS ATTENPTED TO BALANCE USEL 
i. 

.' CAUTION SECNO= 1 0 6 3 . 0 0 0  PROFILE: 2 CRITICAL OEPTH ASSUnED 
SECNO= 1 0 6 3 , 0 0 0  PROFILE- 2 PROBABLE n I N i n u n  SPECIFIC ENERGY 

CAUTION SECNO. 1063.000 PROFiLE= 2 2 0  TRIALS ATTENPTEO i O  BALANCE USEL 

CAUTION SECNO- 1 0 3 0 . 0 0 0  PROFILE- 2 MINlMUn SPECIFIC ENERGY 

I C A U T I O N  SECNO= .10C PSOF~LE: 1 CRITICAL DEPTH ASSUME3 
CAUTION SECNO. , 0 0 0  PROFILE- 1 PROBABLE NINIMUM SPEC!i!c ENERGY 

PAGE 9 

CRiT iCAL DEPTH ASSUfiEO 
CRITICAL OEPTH ASSUnEO 

CRITICAL OEPTH ASSUMEO 
PROBABLE NINIMUfl  SPECIFiC ENE2GY 
20 TRIALS ATTEMPTED TO BALANCE USEL 
CRITICAL OEPIH ASSUMED 
PROBABLE MINIMUM SPECIFIC ENERGY 
2 0  TRIALS ATTEMPIEO TO BALANCE USEL 



CAUTION SECNO- , 0 0 0  PROF!IE= 1 2 0  TRIALS ATTEYPTEO T O  BALANCE ~ S E L  
CAUTION SECNO- ,000 PROFILE; 2 CRITICAL DEPTH ASSUMED 
CAUTION SECNO: , 0 0 0  PROFILE; 2 PROBABLE R l N I l U n  SPECIFIC ENERGY 

I C N T I O N  SECNO: , 0 0 0  PROF!LE= 2 20  TRIALS ATTERPiED '0 BALANCE USEL 



* * * * t t * * * l t t * * " * t t t * * t t t " * t l t l t l l * i * f * l * t t f * * l t * t t  

ERROR CORR - 01.02,05.0L.O5,0b . . , . .  

NODIFiCATION - 50,51,52,53,51,55,56 
18m-PC-KT !JERSIOM AUGUST 1 9 8 5  

* * , * * * * * * . * * * * " " * * * " * * * , * * " l * * , * l l * l * * , * * . t 1 , t , , , 1  

T H I S  RUN EXECUTED LC-C:-30 



Model SK2F.IN/.OT 



t * l * * f t t * * , t * " l * t * i t * l t t t l t * t * c ~ ~ " A , t t t " t , * * t t t t * * * . . <  I' YLTER SURFACE P i O i ! l [ S  
' VERSION OF NOVEil8ER 1 9 i 6  
' UPOATED HAY 1 9 8 6  
* IBH-PC-XI VERSION AUGUST 1985 I* RUN DATE 1 0 - 0 1 - 9 0  T l l l E  L$:38:23 
**t**tt*******"**I,,t%*,***x.***l"l".*l*t*****ttlf.*l* 

X  X  X X X X X X X  x x x x x  X X X X X  
X  X X  X  X  X  X  
X  X X  X  X  
X X X X X X X  X X X X  X  X X X X X  X X X X X  
X  X X  X  X  
X  X X  X  X  X  
X  X  X X X X X X X  X X X X X  X X X X X X X  

t * " i l : l i l i * . l l l l * i i * * * , ~ , , , , * * , I * , I , , I  

' U . S .  Aeni  C U I P S  O i  ihi:kELiS 
' THE H Y D N L B G I C  E N S I N E E 2 I h F  i E N i E R  
* 609 SECOND STREET,  SUI;E O 
"OA!S, CALIFORN!A 9 5 b ! 6  

1 9 1 6 )  6 6 0 - 2 1 0 5  i F T S ;  b p i - 2 1 0 5  
* l l l f * * * * l l f l t l * * l l l l l * t i l l l l t * l l l f , " t  
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t * f l t t * t t t f l , * f 1 1 * * f f , * t * * t " * * l l t l t l * * * t " * t * f t * l * l  

ERROR CORR - 01,02 ,03 ,04 ,05 ,06  

I RODIFICATION - 5 0 , 5 1 , 5 2 , 5 3 , 5 6 , 5 5 , 5 6  
IBM-PC-XT VERSION AUGUST 1985 

t t * * * t * * * * t * i * * t * * * * 1 l * i l f t * t l l l l f 1 * x I I 1 1 * * * * t i , * *  

(TI  HYDRAULIC L SCOUR ANALYSIS FOR i l r l  AVENUE LRlOCE AT SXUYK C R l l l  
IMPROVED CHANNEL U I T H  THE NEW BRIOGE IN-PLACE, MODEL SKPF.!V I:; SKUNK CREEK AT 5 1 s t  AYE SUB-CRITICAL, FUTURE 100-YEAR EVEN1 

- 
J 1  ICHECK I N Q  NINV I D I R  STRT METRIC h k i N S  0 USEL 

J 2 N P R O F  IPLOT PRFVS XSECV XSiCH FN ALLSC I8W CHNIM ITRACE 
1:. :I 
i." ~ ~ 

. ..., 1 5 . 0 0 0  , 0 0 0  -1.OOC , 0 0 0  , 0 0 0  , 0 0 0  -1 .000 , 0 0 0  , 0 0 0  , 0 0 0  



* t * , * t * t * * * t t * * * * t * t , " * * * 1 * 1 f f I l l t l i * * l t l l i l * * * . r l  1 H E  L A  E D  0 7 6  P A D  A 1 9 8 6  
ERROR CORR - 01.02 .03 ,06 ,05 ,06  

' H i s  RUN EXECUTED 10-01-9C 

MOOIFICATION - 5 0 , 5 1 , 5 2 , 5 3 , 5 6 , 5 5 , 5 6  1 IBfl-PC-KT VERSION AUGUST 1 9 8 5  
* t l * t l t t * * t t * * t * * * l * l , , I " i l * t t t * * l * t * * i , i * ~ * . . , * * t  

I N O T E  A T R I  * A i  LEFT or C R O S S - s t c i i o Y  nunam i N D i C A l E S  n t s s b r i  i N  s u n n A n r  or t t a o n i  iiil 

1 SKUNK CREEK AT 5 1 s t  AVE 

( SUMMARY PRINTOUI 

SECNO 0 CUSEL CRIUS DEPTH ELRIN SSiA ENOSi TOPUID VCH 

0 0 0  8 7 5 0 . 0 0  2 8 1 . 6 2  2 8 2 . 3 1  6 . 8 2  2 7 7 . 6 0  9 8 6 9 . 0 0  1 0 1 0 0 . 0 0  2 3 1 . 0 0  6 . 7 2  
, 0 0 0  10600.00  285.05 2 8 2 . 7 3  7 . 6 5  2 7 7 . 6 0  9 8 6 9 . 0 0  1 0 1 0 0 . 0 0  2 3 1 . 0 0  7 . 1 9  

# 1 5 0 , 0 0 0  8 7 5 0 . 0 0  2 8 5 . 1 8  2 1 0 . 3 3  
. . 8 . 1 8  2 7 7 . 0 0  9 9 2 0 . 0 0  1 0 2 6 6 . 5 1  3 6 6 . 5 1  3 . 6 0  

1 5 0 . 0 0 0  1 0 1 0 0 . 0 0  2 8 5 . 9 0  280.66  8 . 9 0  2 7 7 . 0 0  9920.00 1 0 2 6 8 . 5 1  3 6 8 . 5 1  3 . 6 9  



SECNO 0 CUSEL C R I U S  D E P i H  E L n I N  S S i A  :NOS: TOPU[? VCH 



SECNO K'XNCH K 'CHSL lOK9 X L C H  

. O C  24.43 . O O  

. O G  26.65 . O O  

-1.00 6.57 150.00 
-4.EO 6.80 150.00 

6.25 28.96 160 .00  
6 .25  30.38 160.00 

8 .89  108.69 225.00 
8 .89  105.15 225.00 

13.33 108 .03  60.00 
13.33 106.75 60.00 

13 .33  108.15 60.00 
13 .33  106.83 60.00 

13.33 108.13 60.00 
13.33 106.83 60.00 

13.50 108.15 60.00 
13.50 106.83 60.00 

13 .33  108.15 60.00 
13 .33  106.83 60.00 

9.08 70.30 65.00 
9 .08  70 .95  65.00 

11.20 80.36 25.00 
11.20 80.89 25.00 

10.96 118.93 32.00 
10.96 117.66 32.00 

10.77 119.29 13 .00  
10.77 116.69 13.00 

11.00 76.39 30.00 
11.00 75 .53  30.00 

AREA 

1302.62 
1667.19 

2573.26 
2821.90 

1123.06 
!233.06 

695. l? 
786.86 

696.10 
787.86 

695.83 
787.66 

695.88 
787.66 

695.85 
787.66 

695.85 
787.66 

799.61 
893.51 

756.11 
846.92 

668.98 
754.11 

465.57 
750.88 

770.63 
865.81 

QCH 

8750.00 
10600.00 

8750.00 
iO600.90 

8750.00 
10600.00 

l750.00 
1?6CO. 00 

8750.00 
10600.00 

8750.00 
10600.00 

8750.00 
10600.00 

8750.00 
10600.00 

8750.00 
10630.00 

8750.00 
1S6?0.00 

8750.00 
i0600.00 

8750.00 
13600.00 

8750.00 
10600.00 

8750.00 
10600.00 



SECNO K'XNCH K'CHSL I O X ~ S  XLCH A R E A  ocn s i ~ a c i  



I 
SUMMARY OF ERRORS AND SPECIAL NOTES 

CAUTION SECNO. 5 3 5 . 0 0 0  PROFILE= 1 CRITICAL DEPTH ASSUnED 

I CAUTION SECNO= 535.000 PROFILE: 1 n INInUM SPECIFLC ENERGY 
CAUTION SECNO= 5 3 5 . 0 0 0  PROFILE= 2 CRITICAL DEPTH ASSUEED 
CAUTION SECNO: 535.000 PROFILE= n I N I n u n  SPECIFIC ENERGY 

( CAUTION SECNO: 5 9 5 , 0 0 0  PROFILE= 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO: 5 9 5 . 0 0 0  PROFILE= 1 n INIMUn SPECIFIC ENERGY 
CAUTION SECNO= 595.000 PROFILE= 2 CRITICAL DEPTH ASSUMED ( CAUTION SKNO: 595.000 PROFILE= 2 n1NlilUM SPEClFIC ENERGY 

CAUTION SECNO: 655.000 PROFILE= 1 CRITICAL DEPTH ASSUMED 

I CAUTION SECNO= 655.000 PROFILE. 1 n I N i n u n  SPECIFIC ENERGY 
CAUTION SECNO- 6 5 5 . 0 0 0  PROFILE: 2 CRITICAL OEPTH ASSUMEO 
CAUTION SECNO= 655.000 PROFILE= 2 MINIMUn SPECIFIC ENERGY 

1 CAUT101 SECNO= 7 1 5 . 0 0 0  PROFILE= 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= 7 1 5 . 0 0 0  PROFILE= 1 MINIMUM SPECIFIC ENERGY 
CAUTION SECNO- 7 1 5 . 0 0 0  PROFILE: 2 CRITICAL OEPTH ASSUMED ( CAUTION SECNO= 715.000 PROFILE= 2 l l N l M M  SPECIFIC ENERGY 

CAUTION SECNO= 7 7 5 . 0 0 0  PROFILE= 1 CRITICAL DEPTH ASSUMED 

I CAUTION SECNO= 775.000 PROFILE= 1 n I N I n u n  SPECIFIC ENERGY 
CAUTION SECNO= 775.000 PROFILE. 2 CRITICAL DEPTH ASSUnED 
CAUTION SECNO= 775.000 PROFILE= 2 n i N I n u n  SPECIFIC ENERGY 

-1 CAUTION SECNO= 835.000 PROFILE= 1 CRITICAL DEPTH ASSUMED. 
CAUTION SECNO= 835.000 PROFILE= 1 n i N I n u n  SPECIFIC ENERGY 
CAUTION SECNO: 835.000 PROFILE. 2 CRITICAL DEPTH ASSUMED 
CAUTION SECNC 835.000 PROFILE: 2 MINIMUM SPECIFIC ENERGY 

CAUTION SECNO: 957.000 PROFILE: 1 CRITICAL DEPTH ASSUMEO 

I CAUTION SECNO- 957.000 PROFILE- 1 H I N I n U n  SPECIFIC ENERGY 
CAUTION SECNO: 9 5 7 . 0 0 0  PROFILE= 2 CRITICAL OEPTH ASSUnEO 
CAUTION SECNO: 957.000 PROFILE. 2 n I N i n u n  SPECIFIC ENERGY 

) CAUTION SICNO= 9 7 0 . 0 0 0  PROFILE: 1 C R l l I C A L  DEPTH ASSUMED 
CAUTION SECNO= 9 7 0 . 0 0 0  PROFILE= I MINInUM SPECIFIC ENERGY 
CAUTION SECNO: 9 7 0 . 0 0 0  PROFILE= 2 CRITICAL DEPTH ASSUnEl 1 CAUTION s ~ c N o =  9 7 0 . 0 0 0  PROFILE= 2 nlit lnun SPECIFI~ E n i s c r  



TH!S RUN EXECUTED i0-0!-9C 

10-01-90 19:38:57 

I 
* , * , l l l t * * t * t * * t t * t l * t * l t t I * * * * t " t * t * * * * t t l * l l t t * *  I I E C i  R n E h l i  O h i f 0  IOV 76 +J?OliEb I I A Y  ,984 

ERROR CORR - 01,02,03,06,05,06 
ilOO1FICATION - 50,51,52,53,51,55,56 
IbN-PC-X1 VlRSlOI AY6YST 1985 

t t l * * * t * f t l f * * . . l * l * * * * l * * t * i t l f , l f i f x I f , * * * t . f 1 * *  

I 
I . ~ :  
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:.. . . .- 
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I 



Model SK3E.IN/.OT 



t l t l t f * t * t * * t f l l l l " i t l t ~ l t i * t l , .  * * * , , ~ t t , * , t , t " , * * t l I  

UATER SURFACE PROFILES 
* VERSION OF NOVCii8ER ,976 , * UPDATED NAY 1984 
* 18n-PC-XT VERSION AUGUST 198s 

RUN DATE 10-01-90 T I M E  19:39:03 
t l t l t t f t l t t l t t f i * l f f t t t * t t * * l * t l * * t l l * i * t t t * * t * l t t f " * *  

X  X  X X X X X X X  X X X X X  X X X X X  
X  X X  X  X  X  X  
X  X X  X  X  
X X X X X X X  X X X X  X  X X X X X  X X X X X  
X  X X  X  X 
X  X X  X X X  
X  X  X X X X X X X  X X X X X  X X X X X X X  

. ^ ' i i l l l : i ' i i l i ' i l l . ~ t t t t t t t t t t t t t t t t  

' U.S.  AR'Y CCRPS OF E N C l h i l i S  
THE H Y D R O L O G I C  E H G i N E i i l h ;  CEH::? 

' 609 Si i d N D  S i l E E T ,  S U i l E  3 
* DAVIS, CAL!FOPN!A 956!b 

* (9161 hi l l -2105 [ F T S ]  666-2105 
t * " l f * I 1 * * l * l l l * * i " l * t t l * * * , l l , t , l l * l ,  



* 1 * * * * " * * * t * t * " t t * * * * t * t f , * * f * * * t . * f * t i * " * * l * t l l f I  1 HEC2 RELEASE OATEO NOV 76 UPOATfO nAY 1 9 8 6  
ERROR CORR - 0 1 . 0 2 . 0 3 . 0 4 , 0 5 , 0 6  

?AGE ! 

THIS R l k  EXECUTED iG-O!-Q@ 

, . . . . 

nOGIFICATION - 50,5 ! ,52 ,53 ,56 ,55 ,56  ( 18M-PC-XI VERSION AUGUST 1985 
I l f f i t t f * * t * * * t * l . t * * l t t * * l t t * * t * * * * l * l l * l t * f * * t t *  

1 I 1  HIORAULIC I SCOUR ANALYSIS FOR S l i t  AVENUE BRIDGE AT SKUMK CREEK 
IflPROVED CHANNEL WITH THE NEU BRIDGE IN-PLACE, MODEL SK3E. ik  

I :: SKUNK CREEK AT 5 1 3 1  AVE SUPER-CRITICAL, EXISTING !OO-YEAR EVEN' 

J1 ICHECK I N Q  NINV I O I R  S I R 1  METRIC HVINS Q USEL FO 

J 2 N P R O F  IPLOT PRFVS XSECV XSECH F N  ALLOC iBd C ~ N I ~  ITRACE 

, 0 0 0  - 1 . 0 0 0  , 0 0 0  , 0 0 0  , 0 0 0  - 1  OOC , 0 0 0  , 0 0 0  ,000 

1 1 5  LPRNI NUMEC '*"*""REQUESTED SECTION NUMBERS"'"""" 

X1 1500.000 , 0 0 0  , 0 0 0  , 0 0 0  100.000 190.000 i 0 0 . 0 0 0  000 - . 2 5 0  , 0 0 0  

I X l  1'00.000 6 . 0 0 0  9 8 3 5 . 0 0 0  I C 1 6 5 . 0 0 0  1 0 0 . 0 0 0  100.000 !00 .000 , 0 3 0  , 0 0 0  , 0 0 0  
GR 309.200 9 8 3 5 . 0 0 0  2 8 9 . 2 0 0  9 8 9 5 . 0 0 0  2 8 9 . 2 0 0  10 !05 .000 3 0 9 . ? 0 0  10165.0 IO COO , 0 0 0  

Ll 13,,000 6 . 0 0 0  9 8 3 5 . 0 0 0  1G!60.000 1 0 0 . 0 0 0  13C.000 1 0 0 . 0 0 0  000 , 0 0 0  , 0 0 0  
GR 3 0 8 . 6 5 0  9 8 3 5 . 0 0 0  2 8 8 . 6 5 0  9895.000 2 8 8 . 6 5 0  10080.000 3 0 8 . 6 5 0  10160.000 ,000 , 0 0 0  



,000 ,000 .OOO 60.000 00.000 60.000 ,000 -. 800 ,000 
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