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1. BACKGROUND

The Pima County Regional Flood Control District (District) has promulgated three primary
technical policies as aids in constructing safe structures to be placed in floodway fringe areas
(hereinafter referred to as “overbanks”) and sheetflow areas located within unincorporated
Pima County, Arizona. These technical policies are:

Technical Policy 003, Minimum Construction Requirements for Manufactured Home
Foundations in Floodway Fringe Areas;

Technical Policy 006, Erosion Protection of Fill Pads in Floodway Fringe Areas; and

Technical Policy 014, Erosion Protection of Stem Wall Foundations in Floodway Fringe
Areas.

A key element contained in each of these three technical policies is the established procedural
steps for determining the default local scour depth(s) at and near the footprint(s) of the planned
structure(s).

The basis for these three technical policies is rooted in the recognition that flows that occur in
the unincorporated Pima County region contain some of the highest annual sediment yields,
and thus erosion rates, in the nation. The following figure illustrates the severity of annual
sediment yield in the unincorporated Pima County region.

1,600

Desert Shrub~1-sf———— Grassiand —————fe—Forest

1400}

—— From records atlarge area sedi-
ment stations

1,200

— == From surveys of reservoirs
draining small areas

\

1,000+ ' \ For The Unincorporated Pima County Region,

</Average-Annual Precipitation. = 11.59 inches

800}

ANNUAL SEDIMENT YIELD, IN TONS PER SQUARE MILE

400f

200f ;

10 20 30 40 50 60 70
EFFECTIVE PRECIPITATION, IN INCHES

Sediment Yield, as Affected by Climate (Langbein and Schumm, 1958)

@ Tetra Tech, INC.



Procedure for Determining Local Scour Depths in Overbanks and Sheetflow Areas Page 2 of 16
January 2012

As the preceding figures indicates, for the unincorporated Pima County region the predicted
annual sediment yield is essentially at the apex of each of the two graphs depicted. This is due
to an average-annual precipitation of 11.59 inches (NWS, June 2011)—which is not quite
enough precipitation to provide sufficient ground cover to mitigate erosion, yet more than
enough precipitation to create significant erosion issues.

Given the severity of erosion issues in the unincorporated Pima County region, the District
recognized that there was a need to select appropriate methodologies that would enable the
magnitude of erosion to be quantified both properly and adequately. Many methodologies are
available in the technical literature for quantifying erosion, including specific procedures for
determining scour at a point location (e.g., local scour depths caused by obstructions such as
bridge piers and abutments). These latter types of procedures are important for quantifying
local scour depths at structures located not only in floodways and channels, but in overbanks
and sheetflow areas as well. These are the procedures that the District relied upon during its
development of the three primary technical policies it now recommends be used to predict
local scour depths—with its preference being to select methodologies, when available, that
were developed for semi-arid conditions similar to those of Pima County.

As its basis for predicting local scour depths, the District ultimately selected the methodologies
presented in Chapter 6 of the City of Tucson Drainage Standards Manual. In addition, these
selected methodologies were supplemented with results from two-dimensional (FLO-2D)
model studies that were conducted to assess localized flow patterns at structures. Once the
methodologies were selected, the District chose both specific and variable hydraulic
parameters for use in quantifying the magnitude of local scour depths. The District relied
upon a fixed Manning n-value and a range of longitudinal slopes observed in local overbanks
and sheetflow areas in order to create an established envelope of flow depths and flow
velocities that would encompass the array of flow conditions anticipated to occur in overbanks
and sheetflow areas located within unincorporated Pima County, from which local scour
depths could then be predicted in a straightforward manner.

However, subsequent to adoption of the referenced Technical Policies it became clear that the
available scour equations for piers and abutments (used for determining local scour at stem
walls or fill pads in overbanks and sheetflow areas) are time independent, and thus are based
on the precept that the local scour depth created by such an obstruction will attain its
maximum predicted depth for the specified flow, regardless of flow duration. The District
recognized that the problem with applying this precept to overbanks and sheetflow areas in the
unincorporated Pima County region is that most, if not all, of the time due to the short
duration of such flows there is a significant overestimation of the amount of local scour that
would occur when applying time independent scour equations to overbank/sheetflow areas.

There are several reasons for this overprediction of local scour. First, overbanks contiguous
to riverine flows only experience flooding when the discharge is high enough to cause flows to
be “out of bank.” The typical time period that a peak discharge occurs on a majority of the
watercourses within the unincorporated Pima County region is less than 30 minutes—and in
many cases the duration is less than 10 minutes. Consequently, enough time simply does not
exist for local scour at a pier or abutment (for stem walls or fill pads) located in an overbank
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area to attain its maximum predicted depth calculated using the time independent engineering
formulas found in the technical literature. Furthermore, the character of soils in overbank
areas often differ from the character of soils in the active streambed of a watercourse. The
presence of clays or caliche lenses close to the ground surface, as well as desert pavement at
the ground surface, can retard the normal process of local scour that would otherwise occur if
the flow were in the streambed of a watercourse comprised of active sands and gravels.

For the most part, the same reasoning that applies to overbanks contiguous to riverine flows
can be applied to sheetflow areas located in the unincorporated Pima County region. That is,
flow durations for sheetflow areas are typically short—thus the flow durations of peak
discharges are even shorter. Furthermore, as with riverine flows in overbank areas the
character of surface soils in sheetflow areas often can differ from the character of soils in the
streambed of a watercourse comprised of active sands and gravels. Thus, the District
recognized that time independent scour-prediction equations for piers and abutments (for stem
walls or fill pads) are likely to overpredict scour depths for flows within overbanks and
sheetflow areas of unincorporated Pima County. Accordingly, the procedure contained within
this document was developed to provide a means for predicting the amount of time dependent
local scour that will occur at piers and abutments (for stem walls or fill pads) that are located
in overbanks and sheetflow areas in the unincorporated Pima County region.

II. LITERATURE SEARCH

Prior to development of the procedure for determining local scour in overbanks and sheetflow
areas, an extensive literature search was conducted. After obtaining and reviewing the
literature, the contents of many documents were found to be inapplicable, given hydraulic
conditions in overbanks and sheetflow areas in the Pima County region. With this in mind,
following is a listing of all the literature obtained and reviewed for data and information in
anticipation that such literature might provide technical guidance and/or insight into predicting
local pier or abutment scour in overbanks and sheetflow areas in the Pima County region.

e A. Melih Yanmaz and H. Dogan Altinbilek, ASCE Journal of Hydraulic Engineering, Vol.
117, No. 10, 1991. Study of Time-Dependent Local Scour around Bridge Piers.

e A. Melih Yanmaz, Can. J. Civ. Eng. 33: 1098-1102 (2006). Temporal Variation of Clear
Water Scour at Cylindrical Bridge Piers.

e A.Bateman, M. Ferndndez, and G. Parker. No date. Morphodynamic Model to Predict
Temporal Evolution of Local Scour in Bridge Piers.

e Abdul Karim Barbhuiya and Subhasish Dey, Sadhana Vol. 29, Part 5, October 2004.
Local Scour at Abutments: A Review.

e Ahmad Shukri Yahaya and Aminuddin Ab Ghani, 2005. A Comparative Study of Models
Jor Predicting Local Bridge Pier Scour Depth.

e Arizona Department of Transportation, 1988. Report Number: FHWA-AZ88-802.
Analysis of Flows on Alluvial Fans—State of the Art.

o Barbara A. Miller and Harry G. Wenzel, ASCE Journal of Hydraulic Engineering, Vol.
111, No. 12, 1985. Analysis and Simulation of Low Flow Hydraulics.
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e Colorado Department of transportation, 2001. Report No. CDOT-DTD-R-2000-9.
Calculation of Bridge Pier Scour Using the Erodibility Index Method.

e FEMA, 2009. Erosion, Scour, and Foundation Design.
e Florida Department of Transportation, 2010. Bridge Scour Manual.

e Giuseppe Oliveto and Willi H. Hager, ASCE Journal of Hydraulic Engineering, Vol. 128,
No. 9, 2002. Temporal Evolution of Clear-Water Pier and Abutment Scour.

e Giuseppe Oliveto and Willi H. Hager, ASCE Journal of Hydraulic Engineering, Vol. 131,
No. 2, 2005. Further Results to Time-Dependent Local Scour at Bridge Elements.

e Hao Zhang and Hajime Nakagawa, 2008. Scour Around Spur Dyke: Recent Advances and
Future Researches.

e Iowa Department of Transportation, 2000. Guidelines for Preliminary Design of Bridges
and Culverts, Appendix C, Scour.

e J. Sterling Jones and D. Max Sheppard, 2000. Scour at Wide Bridge Piers.

e Jau-Yau Lu, Zhong-Zhi Shi, Jian-Hao Hong, Jun-Ji Lee, and Rajkumar V. Raikar, ASCE
Journal of Hydraulic Engineering, Vol. 137, No. 1, 2011. Temporal Variation of Scour
Depth at Nonuniform Cylindrical Piers.

e Maryland State Highway Division, Office of Bridge Development, 2007. Bridge Scour

Program, Chapter 11, Appendix A, Part 1: Derivation of Methodology, ABSCOUR Users
Manual.

e Maryland State Highway Division, Office of Bridge Development, 2007. Bridge Scour
Program, Chapter 11, Appendix D, Scour Countermeasures for Piers and Abutments.

e Meville, BW., and Chiew, Y-M, ASCE Journal of Hydraulic Engineering, Vol. 125,
No. 1, 1999. Time Scale for Local Scour at Bridge Piers.

e Michigan Tech, 2009. Estimating Scour at Bridges.

e National Cooperative Highway Research Program, 2011. NCHRP Report 682. Scour at
Wide Piers and Long Skewed Piers.

e Oscar Link, 2006. Time Scale of Scour around a Cylindrical Pier in Sand and Gravel.
Presented at the “Third Chinese-German Joint Symposium on Coastal and Ocean
Engineering National,” Cheng Kung University, Tainan.

e P.F. Lagasse, P.E. Clopper, and L.W. Zevenbergen, 2009. Impacts of Debris on Bridge
Pier Scour. Presented at 33rd IAHR Congress: “Water Engineering for a Sustainable
Environment.” International Association of Hydraulic Engineering & Research.

e Pierre Y. Julien, James F. Ruff, Un Ji, 2006. Alternative Designs of Pier-Scour
Protection for the Gupo and Subway Bridge on the Lower Nakdong River.

e R.J. Garde and U. C. Kothyari, PINSA 64, A., No. 4, July 1998, pp. 569-580. Scour
Around Bridge Piers.

e State of Arizona, Department of Water Resources, Engineering Division, 1995. State
Standard for Identification of and Development within Sheet Flow Areas.

e Stephen Benedict and David Mueller, 6th Annual Technical Forum, Geohazards in
Transportation in the Appalachian Region, 2006. Envelope Curves for Assessing Scour in
South Carolina.

@ Tetra Tech, INC.



Procedure for Determining Local Scour Depths in Overbanks and Sheetflow Areas Page 5 of 16
January 2012

e Thamer Ahmed Mohamed, Megat Johari M. M. Noor, Abdul Halim Ghazali, and Bujang
B. K. Huat, American Journal of Environmental Sciences 1 (2): 119-125, 2005.
Validation of Some Bridge Pier Scour Formulae Using Field and Laboratory Data.

e U.S. Army Corps of Engineers, Hydrologic Engineering Center, 2000. HEC-RAS
Hydraulics Reference Manual, Chapter 10, Estimating Scour at Bridges.

e United States Bureau of Reclamation, 1984. Computing Degradation and Local Scour.

e United States Department of Transportation, Federal Highway Administration, 2004.
Publication No. FHWA-RD-99-156. Enhanced Abutment Scour Studies for Compound
Channels.

e Unites States Department of Transportation, Federal Highway Administration, 2001.
Publication No. FHWA NHI 01-001. Hydraulic Engineering Circular No. 18, Evaluating
Scour at Bridges, Fourth Edition.

e USGS, 2004, Scientific Investigations Report 2004-5111.  Evaluation of Pier-Scour
Equations for Coarse-Bed Streams.

e USGS, 2004. Report No. 2002-5213. Potential-Scour Assessments and Estimates of
Scour Depth Using Different Techniques at Selected Bridge Sites in Missouri.

e United States Department of Transportation, Federal Highway Administration, 2005.
Publication No. FHWA-RD-03-052. Field Observations and Evaluations of Streambed
Scour at Bridges.

e USGS, 2008. Scientific Investigations Report 2008-5161. Estimation of Potential Bridge
Scour at Bridges on State Routes in South Dakota, 2003-07.

e Wen-Yi Chang, Jihn-Sung Lai, and Chin-Lien Yen, ASCE Journal of Hydraulic
Engineering, Vol. 130, No. 9, 2004. Evolution of Scour Depth at Circular Bridge Piers.

e Willi H. Hager, and Giuseppe Oliveto, ASCE Journal of Hydraulic Engineering, Vol. 128,
No. 5, 2002. Shields’ Entrainment Criterion in Bridge Hydraulics.

e Willi H. Hager and Jens Unger, ASCE Journal of Hydraulic Engineering, Vol. 136, No.
10, 2010. Bridge Pier Scour under Flood Waves.

e Yuan Zhai, 2010. Time-Dependent Scour Depth under Bridge-Submerged Flow. Civil
Engineering Theses, Dissertations, and Student Research, University of Nebraska—
Lincoln, 2010.

III. FLOW CHARACTERIZATION

Characterization of flow in overbanks and sheetflow areas is most efficiently accomplished,
with accuracy, by using a one-dimensional backwater model, such as HEC-RAS; though for
complex flow conditions, it may be more appropriate to use a two-dimensional flow model,
such as FLO-2D. Typically, model selection (i.e., 1D or 2D) is made on a case-by-case basis.
One major difficulty in characterizing flow in overbanks and sheetflow areas is determining
the top-width of the active flow conveyance portion of a flood plain. The problem becomes
more acute in sheetflow areas, where there often is a lack of channel definition for which the
area of primary flow conveyance can be identified. In very broad sheetflow areas, where the
floodplain width can be thousands of feet, or more, a flow top-width/widths, for the active
conveyance area/areas becomes even more difficult to determine. Accordingly, in broad
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overbanks and sheetflow areas it is important to be able to predict, in an accurate manner, the
unit discharge occurring at any particular point in a flood plain during a design flood. Unit
discharge is simply the product of the depth of flow times the velocity of flow (= yV).

Absent computer-modeling results that can definitively characterize flow in overbanks and
sheetflow areas, “rule-of-thumb” techniques must be applied. These techniques are described
below. However, whenever the bed/energy slope is steep, such that supercritical conditions
would otherwise be calculated, it is presumed that, instead, critical depth is always maintained
along the alluvial flow path.

When only limited data (e.g., discharge and generalized topographic data, such as USGS quad
maps) are available, unit discharge, depth, and velocity of flow in overbank/sheetflow areas
encompassing the primary flow conveyance area can be approximated using the following
“rule-of-thumb” relationships (Note that these relationships should only be used when a
backwater analysis cannot be conducted in a reasonably efficient, cost effective manner).

g = 0.0830"® when flow is near critical (F- = 0.86).
g = 0.0550"°, when flow is subcritical (Fr < 0.86).

Yy = 0.177(Se/n*) Q" and V = 0.469(S./n*)">Q"**, when flow is near critical (Fr = 0.86).
y = 0.138(S/n*) Q% and V = 0.398(S-/n*)*>Q"**, when flow is subcritical (F» < 0.86).

The preceding equations were derived based upon a presumed range in hydraulic geometry for
wide, shallow flow. First for flow at or near critical conditions (when minimum energy
dissipation occurs), with a typical width/depth ratio of 200 when F = 1.0 (high erodibility);
and second for flow well below critical conditions, also with a typical width/depth ratio of
200, but when F = 0.35 (low erodibility).

Examples

In a sheetflow area, the 100-year peak discharge is predicted to be 1,000 cfs, the topographic
slope is 0.013 ft/ft, and the estimated Manning n-value is 0.030. Flow is near critical
conditions, so predicted depth of flow is 0.96 feet, and the predicted velocity is 5.48 ft/sec.

In a sheetflow area, the 100-year peak discharge is predicted to be 1,000 cfs, the topographic
slope is 0.008 ft/ft, and the estimated Manning n-value is 0.045. For this subcritical flow
condition, predicted depth of flow is 1.10 feet, and the predicted velocity is 3.15 ft/sec.

IV.  APPLICABLE TIME INDEPENDENT EQUATIONS

The Literature Search provided guidance regarding use of the appropriate fime independent
equations for predicting maximum pier scour and abutment scour. Accordingly, the following
equations have been determined to be the most appropriate fime independent abutment scour
and pier scour equations to use for the unincorporated Pima County regions, and come from
HEC-18 (Fourth Edition) published by the FHWA in 2001. The equations are:
L' 0.43

Jsa _ 227K K, (—J F 11 for Abutment Scour (Equation No. 1a)
Va

a
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Yy =2.0K,K,K ;K b7 yZ‘ﬁFrZ“B for Pier Scour (Equation No. 1b)

Where, for Abutments,

Fr« = Froude Number of the approach flow, upstream of the abutment = F,, = v , from
uniform flow or backwater model 8a

Kia = Coefficient for abutment shape = 0.55 for spill-through abutments

K2 = Coefficient for angle of embankment to flow = (8/90°) (8 < 90° when abutment
embankment points downstream); typically = 1.0 (assumes abutment normal to flow)

L' = Length of active flow obstructed by abutment embankment, in feet (value of parameter
should not exceed one-half of the width of the building foundation or fill pad)

V= Approach velocity of flow, in feet/sec

ya = Depth of flow on the floodplain directly upstream of the abutment, in feet, from

uniform flow or backwater model

ysa = Scour depth at abutment, in feet (except that the maximum Ysa < 2.24Y4"°¢."> + ya)

+1 = Safety factor to envelope 98 percent of the measured data

Where, for Piers,

b = Pier width, in feet (“b” should include added width to account for debris pile-up)

Fr» = Froude number directly upstream of the pier, from uniform flow or backwater model
K: = Correction factor for pier nose shape

K> = Correction factor for angle of attack of flow

Ks; = Correction factor for bed condition

K+ = Correction factor for armoring of bed material

Yp = Flow depth on the floodplain directly upstream of the pier, in feet, from uniform flow

or backwater model
ysp = Depth of scour at pier, in feet
Note: For round nose piers aligned with flow, maximum scour depth is limited as follows:
ysp < 2.4 times the pier width (a) for Fi» < 0.8
ysp < 3.0 times the pier width (a) for Fi» > 0.8

For ease of use, the Equation No. 1a and Equation No. 1b were transformed to eliminate the
Froude number as a required variable. The transformation is based upon:

F _ Qa/p

ralp = @ (Equation No. 2)
Where,
Frap = Froude number of approach flow upstream of abutment (a) or at the face of a pier (p)
qap» = Unit discharge of approach flow upstream of abutment (a) or at the face of a pier (p)
g = Acceleration due to gravity

Yap = Depth of approach flow upstream of abutment (a) or at the face of a pier (p)
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Time Independent Abutment Scour Equation

Typically, for the unincorporated Pima County region it can be assumed in Equation No. la
that Ki« = 0.55 (spill-through), that K2« = 1.0 (abutment is normal to flow), and that L' =
0.5Lp (where Lr = length of elevated building pad).

Given that Ki« = 0.55; K2« = 1.0; and L' = 0.5Lp, and substituting Equation No. 2 into
Equation No. 1a, the following transformed equation for abutment scour results:

Yoapiy = 0.3214 L35y 058 ¢200 4y (Equation No. 3)

a

Time Independent Pier Scour Equation

Typically, for overbanks and sheetflow conditions within unincorporated Pima County, K:
through K+ in Equation No. 1b are assigned the following values:

K: = 1.1 (this factor assumes a square-nosed shape, which also accounts for the possibility
of debris pile-up).

K> = 1.0 (this factor assumes a cylindrical pier shape, which is invariant to flow direction).

K5 = 1.1 (assumes the occurrence of small dunes or anti-dune flow).

K+ = 1.0" (assumes that, for overbanks and sheetflow conditions, Dso is smaller than 2.0 mm

and Dos is smaller than 20 mm).

"Note: Should Dso be larger than 2.0 mm in size and Dos be larger than 20 mm in size, then
HEC-18 (Fourth Edition) should be consulted for the procedure to use to determine the
appropriate value for Ks.

Thus, adopting the preceding values and incorporating them into Equation No. 1b, and also
substituting Equation No. 2 for Fy, the time independent equation for computing maximum
pier scour for overflow and sheetflow conditions can be simplified as follows:

Yy = 1.150)*%@,)" " @q,)"* (Equation No. 4)

The boundary condition for Equation No. 4 is that the maximum scour depth is limited as
follows:

ys < 2.4 times the pier width, b, for F» £ 0.8
ys < 3.0 times the pier width, b, for Fr, > 0.8

(In the preceding two equations, “b” should include added width to account for debris pile-up)
For most overbanks and sheetflow conditions within unincorporated Pima County, F,» < 0.80,

so the fime independent scour, Ysei), should not exceed 2.4 times the pier width, b, which
includes accounting for debris pile-up, as applicable.

Thus:

g < 5.50)"%(b)"1. (Equation No. 5)
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Should F» > 0.80, the fime independent scour, ys@), should not exceed 3.0 times the pier
width, b, once again noting that pier width should account for debris pile-up, as applicable.

Thus:
g < 9.3(yp)"%(b)"*1. (Equation No. 6)

Consequently, for a specific pier width, b, per Equation No. 5 and Equation No. 6 the unit
discharge, gy, used to compute maximum time independent pier scour depth in Equation No. 4
must not exceed 5.5(y»)*%*°(b)**"* when F,» < 0.80, and must not exceed 9.3(y,)"**¢(b)**"* when
Fp» > 0.80. Otherwise, set ys = 2.4 times the pier width, b, for Fp <0.8; and set ys = 3.0
times the pier width, b, when Fi» > 0.8.

Note that when applying scour procedures for overbanks and sheetflow areas, it is intended

that Equation No. 3 should replace Equation No. 6.9, and that Equation No. 4 should replace
Equation No. 6.11, found in the City of Tucson Drainage Standards Manual.

Examples

For an abutment

In a sheetflow area where slope = 0.0085 ft/ft and the Manning n-value = 0.060, a depth of
flow = 1.5 feet, with a velocity = 3 ft/sec, approaches a building pad 50 feet in width. Note
that the effective width of the abutment is 25 feet (0.5Ly); since this value equals, but does not
exceed, one-half of the width of the building pad. The unit discharge, g., = 4.5 cfs/ft.

Applying Equation No. 3 yields:
Vsai) = 0.3214(50)°%(1.5)°*(4.5)*°" + 1.5 = 5.3 feet [2.24(1.5)*°(4.5)"” + 1.5 = 6.0 fi]

Vysawi) = 5.3 feet is the fime independent abutment scour depth for this example, since the fime
independent abutment scour is less than the maximum allowable abutment scour depth of
2.24ya°°q"> + ya = 6.0 feet.

For a pier

In a sheetflow area where slope = 0.0085 ft/ft and the Manning n-value = 0.060, a depth of
flow = 1.5 feet, with a velocity = 3 ft/sec, approaches a pier with an effective width of 2 feet
(i.e., a 1-foot-diameter pier with 0.5 feet of debris extending outward on either side, since
effective pier width = 2 feet). The unit discharge, gp, = 4.5 cfs/ft.

For this example, F, = 0.43, < 0.80, and Equation No. 5 yields g = 5.5(1.5)*%(3)*#* =
17.76 cfs/ft. Thus, Equation No. 4 is applicable, and:
Yspiy = 1.150)*%(y,)"*(q,)"* = 1.152)**(1.5)**(4.5)*% = 3.1 feet.

Yspei) = 3.1 feet is the time independent pier scour depth for this example.

When checked with Equation No. 5 or Equation No. 6 in order to establish an upper limit for
pier scour, Equation No. 4 is a straightforward relationship that can be used to compute time
independent maximum pier scour depth for overbanks and sheetflow conditions.
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V. TIME DEPENDENT REDUCTION FACTORS

The literature search also provided guidance regarding use of the appropriate time dependent
reduction factors to apply to the time independent equations for predicting maximum pier
scour and abutment scour in overbanks and sheetflow areas. Accordingly, using the guidance
obtained from the literature search conducted the following table of time dependent reduction
factors were developed. These time dependent reduction factors should be multiplied times the
time independent abutment and pier scour equations presented in Section II of this document.

TABLE OF REDUCTION FACTORS (Rr’s) FOR
TIME DEPENDENT SCOUR AT ABUTMENTS AND PIERS'

Ty (1.27tVelyan): | Ry (Vis/Ve = 1.25)"| Ry (Vus/Ve = 1.50) | Ry (Vus/Ve = 2.00) | Ry (Vus/Ve = 2.50)"
1800 0.36 0.35 0.32 0.24
2400 0.40 0.39 0.35 0.27
3000 0.43 0.43 0.38 0.30
3600 0.46 0.45 0.41 0.33
4200 0.48 0.47 0.43 0.35
4800 0.50 0.49 0.45 0.37
5400 0.52 0.51 0.46 0.38
6000 0.53 0.52 0.47 0.39
6600 0.54 0.54 0.49 0.41
7200 0.56 0.55 0.50 0.42
7800 0.57 0.56 0.51 0.43
8400 0.58 0.57 0.52 0.44
9000 0.59 0.58 0.53 0.45
9600 0.60 0.59 0.54 0.46
10,200 0.61 0.60 0.54 0.47
10,800 0.61 0.61 0.55 0.47

21,600 0.71 0.70 0.64 0.56
43,200 0.81 0.80 0.73 0.66
86,400 0.91 0.90 0.83 0.75
172,800 1.00 1.00 0.92 0.84

*All units are dimensionless.

*The value of "#" in the Time factor, Ty, is the rise time of the computed flood hydrograph when using the Pima
County Flood Hydrograph Procedure. Note that the methodology for converting from watershed time of
concentration to rise time when using the Pima County Flood Hydrograph Procedure can be found in Section
4.5 of the City of Tucson Drainage Standards Manual. The resultant value of "1.27¢" represents the time, at a
constant peak discharge, to produce an equivalent volume of runoff as that produced by the actual flood
hydrograph. In 77, Ve = velocity at which incipient motion begins for the Dso size of the sediment gradation
representative of the project study area (assumes Dso = 1 mm [i.e., no sediment affect] when b/Dso = 50).

TShould 77 be less than 1800, use 7y = 1800 as the minimum default value. In addition, should V/V. < 1.25,
use 1.25 as the minimum default value. Finally, should V/V. > 2.00, use 2.00 as the maximum default value.
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Examples

Abutment Scour

A flow depth of 1.5 feet with a velocity of flow = 3 ft/sec approaches a building pad 50 feet
in width. Note that the effective width of the abutment is 25 feet (0.5Lp); since this value
equals, but does not exceed, one-half of the width of the building pad. The unit discharge, g,
= 4.5 cfs/ft. The rise time of the flood hydrograph, #, is computed to be 26.5 minutes (1590
seconds). Using these conditions, the fime dependent reduction factor for abutment scour is
computed in the following manner.

From the example on Page 9, ysawi) = 5.3 feet for time independent abutment scour.

Since no sediment particle size distribution curve is available for the site, and it is highly likely
that b/Dso = 50, it can be assumed that the median size of sediments, Dso, = 1.0 millimeter.

Then, the velocity at incipient motion can be computed from the following equation:
Ve = 1.66(Yap)"°(Dso)'" (Equation No. 7)
Thus Ve = 1.66(1.5)"%(1.0)"” = 1.78 feet/sec.

Now, we have:
Vis/Ve = (3.0)/(1.78) = 1.69, and
1.27t:Ve/yap = 1.27(1590)(1.78/1.5) = 2400.

From the preceding table, for 7r = 2400, Ry = 0.39 for Vu/Ve = 1.50, and Rr = 0.35 for
Vius/Ve = 2.00. Thus, for Vus/Ve = 1.69, Rr = 0.375 (interpolated).

Accordingly, for this example time dependent abutment scour is predicted to be:

Yspied) = 0.375(5.3) = 2.0 feet.

The predicted time dependent abutment scour of 2.0 feet represents more than a 60% reduction
in the predicted time independent abutment scour of 5.3 feet.

Pier Scour

A flow depth of 1.5 feet with a velocity of flow = 3 ft/sec approaches a pier with an effective
width of 2 feet (i.e., assumed to be a 1-foot diameter pier with 0.5 feet of debris extending
outward on either side). The unit discharge, gp, = 4.5 cfs/ft. The rise time of the flood
hydrograph, #, is computed to be 26.5 minutes (1590 seconds). Using these conditions, the
time dependent reduction factor for pier scour is computed in the following manner.

Applying Equation No. 4, on Page 8, yspri) = 3.1 feet for fime independent pier scour.

Since no sediment particle size distribution curve is available for the site, it will be assumed
that the median size of the sediments, Dso, = 1.0 millimeter.

Then, the velocity at incipient motion can be computed from Equation No. 7, as follows:
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Ve = 1.66(yan)"(Ds)"”
Thus Ve = 1.66(1.5)"%(1.0)"* = 1.78 feet/sec.

Now, we have:
Vis/Ve = (3.0)/(1.78) = 1.69, and

1.276:Ve/yap = 1.27(1590)(1.78/1.5) = 2400.

From the preceding table, for 7r = 2400, Ry = 0.39 for Vi/V. = 1.50, and Ry = 0.35 for
Vius/Ve = 2.00. Thus, for Vus/Ve = 1.69, Rr = 0.375 (interpolated).

Accordingly, for this example fime dependent pier scour is predicted to be:

ysped) = 0.375(3.1) = 1.2 feet.

The predicted time dependent pier scour of 1.2 feet represents more than a 60% reduction in
the predicted time independent abutment scour of 3.1 feet.

The preceding examples reveal that the predicted abutment scour and local pier scour depths
will be significantly less for short-duration time dependent flows in overbanks and sheetflow
areas within unincorporated Pima County than would otherwise be predicted for time
independent flows.

VI. Additional Scour Component

Due to the character of the flows, the only additional scour component likely to be present in
overbanks and sheetflow areas during passage of a flood event is “contraction scour,”
typically caused by the presence of support piers underneath an elevated structure, such as a
mobile home, which causes some contraction of the flow as it passes underneath the elevated
structure. For a typical supporting pier configuration, a reasonable contraction of flow would
be 20 percent (0.2) of the otherwise wide-open area located underneath an elevated structure.
For this typical supporting pier configuration, contraction scour is estimated to be 20 percent

of the approach depth of flow (i.e., Yes = 0.2ys).

Accordingly, total scour at a pier located in overbank or sheetflow areas would be the sum of
time dependent pier scour plus contraction scour, Or:

Vs(to) = Ysp(td) + Yes. Equation No. 8

Thus, in the case of the preceding example Yston = 0.375(3.1) + 0.2(1.5) = 1.5 feet. This
value represents the predicted total scour at a pier during passage of a flood in an overbank or

sheetflow area that has a depth of flow = 1.5 feet, a velocity of flow = 3 ft/sec, and a unit
discharge = 4.5 cfs/ft.

Note that when applying scour procedures for overbanks and sheetflow areas, it is intended
that Equation No. 8 for total scour should replace Equation No. 6.3 found in the City of
Tucson Drainage Standards Manual.
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VII. Manning N-Value

In overbank and sheetflow areas within unincorporated Pima County, the Manning n-value can
vary significantly. This variation, in turn, can affect the localized depth and velocity of flow
that are used to compute unit discharge and, subsequently, abutment scour and pier scour.
Accordingly, the maximum and minimum default Manning n-values for use in urbanizing
areas to compute abutment scour and pier scour in overbanks and sheetflow areas are set at
0.060 and 0.030, respectively. Note that the lower n-value of 0.030 is often typical of areas
where significant amounts of vegetation have been cleared near the location of an abutment or
pier in order to provide an area within the property that is appropriate for urban land uses.

Given the preceding, from a sensitivity standpoint for an assumed constant bed slope and depth
of flow, varying the Manning n-value from 0.060 to 0.030 will result in a doubling of the
localized velocity of flow. The implications for scour as a result of this magnitude of localized
change in hydraulic parameters, particularly the to the velocity of flow and corresponding unit
discharge, are provided in the examples to follow, and are discussed in Section VIII, below.

Examples

Using the previous examples of this report, and assuming an identical flow depth but assigning
a Manning n-value of 0.030 instead of 0.060, the following results are obtained.

Abutment Scour—Time Independent

For a sheetflow area where slope = 0.0085 ft/ft and the Manning n-value = 0.030, a depth of
flow = 1.5 feet, with a velocity = 6.0 ft/sec, approaches a building pad 50 feet in width.
Note that the effective width of the abutment is 25 feet (0.5L,); since this value equals, but
does not exceed, one-half of the width of the building pad. The unit discharge, g, = 9.0
cfs/ft.

Applying Equation No. 3 yields:
0.3214(50)°*(1.5)*(9.0)*°" + 1.5 = 7.2 feet [(2.24)(1.5)°%(9.0)°* + 1.5 = 7.2]

Vsati)

Vsawi) = 7.2 feet 1s the time independent abutment scour depth for this example, since the time
independent abutment scour equals the maximum allowable abutment scour depth of
2.24ya°°q"> + ya = 7.2 feet.

Pier Scour—Time Independent

In a sheetflow area where slope = 0.0085 ft/ft and the Manning n-value = 0.030, a depth of
flow = 1.5 feet, with a velocity = 6 ft/sec, approaches a pier with an effective width of 2 feet
(i.e., a 1-foot-diameter pier with 0.5 feet of debris extending outward on either side, since
effective pier width = 2 feet). The unit discharge, gp, = 9.0 cfs/ft.

For this example, F, = 0.86, > 0.80, and Equation No. 6 yields g = 9.3(1.5)"%%(9.0)*%* =
73.45 cfs/ft. Thus, Equation No. 4 is applicable, and:

Yspiy = 1.150)°%(,) " (q,)* = 1.152)°(1.5)°*(9.0)** = 4.1 feet.

Yspei) = 4.1 feet is the time independent pier scour depth for this example.
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Abutment Scour—Time Dependent

From the time independent example on Page 13, a flow depth of 1.5 feet with a velocity of
flow = 6.0 ft/sec approaches a building pad 50 feet in width. Note that the effective width of
the abutment is 25 feet (0.5Ly); since this value equals, but does not exceed, one-half of the
width of the building pad. The unit discharge, go, = 9.0 cfs/ft. The rise time of the flood
hydrograph, t, is computed to be 26.5 minutes (1590 seconds). Using these conditions, the
time dependent reduction factor for abutment scour is computed in the following manner.

From the example on Page 13, ysa@i) =7.2 feet for time independent abutment scour.

Since no sediment particle size distribution curve is available for the site, it will be assumed
that the median size of the sediments, Dso, = 1.0 millimeter.

Then, the velocity at incipient motion can be computed from the following equation:

Ve = 1.66(Yap)"*(Dso)'” (Equation No. 7)
Thus Ve = 1.66(1.5)"%(1.0)'" = 1.78 feet/sec.

Now, we have:

Vus/Ve = (6.0)/(1.78) = 3.37 (but since > 2.00, use the default maximum value of 2.00), and
1.27t:Ve/yap = 1.27(1590)(1.78/1.5) = 2400.

Thus, from the table on Page 10, for 7y = 2400, Rr = 0.35 for Vus/Ve = 2.00.

Accordingly, for this example time dependent abutment scour is predicted to be:

Yspied) = 0.35(7.2) = 2.5 feet (not including contraction scour).

The predicted time dependent abutment scour of 2.5 feet represents about a 65% reduction in
the predicted time independent abutment scour of 7.2 feet. (Note, though, that when there is a
high Vus/Ve ratio (> 2.00), and higher unit discharge, there are also correspondingly higher
amounts of sediment transported into the scour hole from the upstream flow. Accordingly,
there are conditions where this circumstance might actually cause the time dependent scour
depth at an abutment to be slightly less than the fime dependent scour depth at an abutment
subjected to the same depth-of-flow, but where a lower unit discharge occurs.)

Pier Scour

A flow depth of 1.5 feet with a velocity of flow = 6.0 ft/sec approaches a pier with an
effective width of 2 feet (i.e., assumed to be a 1-foot diameter pier with 0.5 feet of debris
extending outward on either side). The unit discharge, g», = 9.0 cfs/ft. The rise time of the
flood hydrograph, -, is computed to be 26.5 minutes (1590 seconds). Using these conditions,
the time dependent reduction factor for pier scour is computed in the following manner.

From Page 13, yspri) = 4.1 feet for time independent pier scour.

Since no sediment particle size distribution curve is available for the site, it will be assumed
that the median size of the sediments, Dso, = 1.0 millimeter.
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Then, the velocity at incipient motion can be computed from Equation No. 7:

Ve = 1.66(Yap)"*(Dso)'"

Thus Ve = 1.66(1.5)"°(1.0)"” = 1.78 feet/sec.

Now, we have:

Vis/Ve = (6.0)/(1.78) = 3.37 (but since > 2.00, use the default maximum value of 2.00), and

1.27t:Ve/yap = 1.27(1590)(1.78/1.5) = 2400.
From the preceding table, for 7r = 2400, Ry = 0.35 for Vus/Ve = 2.00.

Accordingly, for this example fime dependent pier scour is predicted to be:
Yspea) = 0.35(4.1) = 1.4 feet (not including contraction scour).

The predicted time dependent pier scour of 1.4 feet represents about a 66% reduction in the
predicted time independent abutment scour of 4.1 feet. (Note, though, that when there is a
high Vus/V. ratio (> 2.00), and higher unit discharge, there are also correspondingly higher
amounts of sediment transported into the scour hole from the upstream flow. Accordingly,
there are conditions where this circumstance might actually cause the time dependent scour
depth at a pier to be slightly less than the fime dependent scour depth for a pier subjected to
the same depth-of-flow, but where a lower unit discharge occurs.)

For equivalent slopes and depths of flow, depending upon the differences in Manning n-value
it cannot be automatically guaranteed that the predicted abutment scour and local pier scour
depths will be greater for short-duration time dependent flows in overbanks and sheetflow
areas within unincorporated Pima County than would otherwise be predicted for short-duration
time dependent flows with a higher Manning n-value. In fact, the opposite might actually true.
Each circumstance is unique. See Section VIII of this report for additional guidance.

VIII. CONDITIONS OF USE
Nonuniform Flow Distribution

Based upon the results of the examples provided in Section VII, it is important to recognize
that within areas where overbank and sheetflow conditions occur, flow is likely to have a
highly nonuniform distribution due to localized changes in the slope, the Manning n-value, the
depth, and the velocity, each and all resulting in sometimes large variations in unit discharge
(i.e., the product of depth and velocity) across the flood plain. This is due to the typically
large aspect ratios (top width/depth)—that is, the broad nature of flows associated with such
conditions—which occur over topography that can vary significantly when measured along a
cross-section oriented normal to the direction of flow. Thus, it is absolutely necessary when
determining maximum abutment or pier scour for overbanks or sheetflow areas that the depth
of flow, the velocity of flow, and the unit discharge be properly adjusted to account for
nonuniform flow conditions. Based upon typical topographic conditions for overbank and
sheetflow areas in unincorporated Pima County, both the depth of flow and the velocity of
flow can vary significantly, thus these hydraulic parameters—and corresponding unit
discharges in particular—should be adjusted by an appropriate safety factor to account for such
conditions at the locations of abutments or piers where localized scour is to be determined.
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For example in many sheetflow areas the average depth may be 1.0 foot and the average
velocity may be 1.75 feet/sec; but an erosion rill, or gully (as opposed to a low-flow thalweg),
might form over time that could potentially double the local flow depth near the abutment or
pier, thus increasing the localized depth of flow to 2.0 feet. Consequently, with all other
conditions remaining more or less the same (e.g., no change in the Manning n-value), a
doubling of the flow depth would result in a corresponding increase in the localized velocity of
the sheetflow near the abutment or pier that would be equal to 1.6 times the average velocity,
which would be an increase to 2.8 feet/sec. A change in the unit discharge would likewise
occur, increasing from 1.75 cfs/ft to 5.6 cfs/ft (i.e., [2]+[2.8]), which would be 3.2 times the
unit discharge for “average” sheetflow conditions. Such a localized increase in unit discharge
would in turn cause a localized increase in scour at the abutment or pier, as well as an increase
in contraction scour. Accordingly, in order to account for the likely occurrence of nonuniform
flow distributions, an assessment of the potential maximum unit discharge should be conducted
each time that abutment or pier scour is determined for overbank and sheetflow areas. In this
regard, historic aerial and topographic information can be very useful for determining
nonuniform flow distributions.

With regard to a reduction in abutment scour or pier scour to account for time dependent flows
of short duration, when using the scour procedure for overbanks and sheetflow areas no safety
factor should be applied to the calculated local scour depth, since the safety factor is implicitly
included in the time independent estimate for abutment or pier scour as a consequence of
adjusting the flow depth, the flow velocity, and the resultant unit discharge to accommodate
conditions where a nonuniform flow distribution exists.

The term “abutment,” as used herein, is intended to represent the effective obstruction to flow
caused by a building foundation or a fill pad located within the flood plain. The effective
width of the abutment, or L', is defined under Equation No. la as “the length of active flow
obstructed by the abutment embankment, in feet.” As stated at the top of Page 2 of this
document, for overbank flow or sheetflow conditions L' is equivalent to 0.5L,, which assumes
that that L’ does not exceed one-half of the width of the building foundation or fill pad, under
the conditions that flow passes around all sides. In this regard, it is noted that Equation No. 3
is derived based upon the presumption that a spill-through (sloped) fill will exist at the edge of
the pad. If the flow does not go around both sides of the pad, the effective width of the
abutment, L', must be adjusted accordingly. In addition, if the edge of the pad is vertical,
then the numerical coefficient “0.3124” in Equation No. 3 must be multiplied by the factor
1.8182 to increase the value of the numerical coefficient to “0.5680,” which then accounts for
the amount of time independent abutment scour predicted to occur at the edge of vertical fill.

Debris Pile-Up

For overbank and sheetflow areas located within unincorporated Pima County, the potential
for debris pile-up on piers should be accounted for by assuming an effective pier width that
incorporates the impact of debris when calculating local scour depths. In this regard, it is
recommended that the typical value to use in Equation No. 4 for the maximum effective width
of a pier located in overbanks or sheetflow areas be 2 feet, and that the minimum value to use
for the effective width of a pier not be less than 1 foot. However, in the event that the
physical width of the pier exceeds 2 feet, then the actual width of the pier should be used in
Equation No. 4 to compute time independent and time dependent local pier scour depth.
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