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ABBREVIATIONS USED FOR CITY OF PHOENIX
CAVE CREEK CHANNEL & BRIDGE PROJECT BR-860916

AEC - Amwest Engineering Company

Bellvue Sand and gravel mining excavated the Wash from 7th Ave

Channel to Grovers. Bellvue subdivision now adjacent.

BOR - Bureau of Reclamation Technical Guidelines for Computing
Degradation and Local Scour (Manual)

CcopP - City of Phoenix, Arizona.

Degradation - The 1long-term process by which stream beds are
lowered in elevation due to the removal of material by
flowing water.

DVE 12 - Deer Valley Estates Unit 12 (south of Union Hills Dr) and

Channel the excavation for future Cave Creek Channel.

EL - elevation in feet above mean sea level.

FCD - Maricopa County Flood Control District.

FIS — Flood Insurance Study authorized by FEMA.

FL - Flowline of Wash, channel, culvert, pipe, etc.

Input - (also coding) data entered into a computer to be used for
calculation of HEC-2 water surface elevations.

Model - The coded data entered in a HEC-2 computer program.

Q - Quantity of storm flow in cubic feet per second.

R/W - Drainage Right of Way dedicated to COP.

Scour - The enlargement of a flow section by the removal of
boundary material through the action of fluid motion
during a single discharge event.

Second - Area 5’* above bottom EL west of deep channel (see

Level typical cross section on page 2.)

SECTION - Cross section on location map shows deep bank, bottom
lower bank, 2nd level, higher bank.

UH DR - Union Hills Drive at north end of DVE 12.

WS - Water surface elevation of a specified storm flow.

Wash - Term used herein will relate only to Cave Creek Wash.

Note:

The location of these features are on Report Cover.
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ANALYSIS OF SEDIMENT PROBABILITY

The flow regime of the wash is intermittent with long dry periods.
This condition does not attain an equilibrium state found in
continuous flow streams where processes of degradation and
aggradation are relatively at a standstill. The state of stream
equilibrium is expressed by the following equation:

Qs0m = k QSp (1)
, Qs=k Qb (Sh

where: (Dm>
Bed material discharge
Effective diameter of bed material mixture
Water discharge to determine bedload transport
Slope of the streambed
anstant of proportionality

LI | | R { A |

Qs
Cn
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k

The Wash design slope is very flat at less than 0.001 in most
. reaches. The Dm for the wash is.3"t (75 mm). Therefore, Qs is small
in this area of very small Sb and large Dm ie Sb/Dm = 0.00005.

Many field investigations of the wash and realigned channels were
made from 1980 until 1994. Some sediment deposits were found at the
following locations marked on the map on the next page.

(1) Downstream Of the bend in the east bank where currents crossed
the main channel stream lines and developed eddies, ripples
and turbulence. Deposits 1’* deep occurred in the 200/t from
bend confluence to Bell Rd bridge.

(2) Curve in Wash south of Grovers where bottom got wider and 1’%
deep sediment collected from the slower velocity flow on the
inside of the curve.

(3) Sediment deposits were found after storm water dried in the
7th Ave dip at Grovers where Wash bottom width changed from
20’ to over 100’ on the pavement to 207%.

(4) Downstream of the UH DR pipe culvert where high velocity flow
through the culvert and over the road dip slowed quickly in
the 40’* wash bottom. COP maintenance crews grade the bottom
periodically and no sample of long term sediment is allowed to
collect.

All other reaches in the wash show no sediment on the large cobble
and boulder armor layer on the bottom. The four sediment locations
described above will be eliminated by this project.

(1) The bend in the east bank has been filled and the new channel
banks are straight. Flow stream lines no longer criss-cross
and disrupt the steady, tranquil current. The sediment load
will not deposit north of the bridge. Past storms have left
1.5’+ deposits of material under the bridge. The material is

(1)
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coarse gravel and small stones. Very little fine sand or silt
is on the surface indicating wash flow has carried away the
sediment and does not deposit new layers since the bend was
filled. ’ :

(2) The curve south of Grovers will not convey Wash flow after the
DVE 12 and Bellvue channels are open.

(3) The dip at Grovers will be filled for a level intersection.

(4) The UH DR bridge will replace the pipe culvert . and high
velocity flow will be directed straight into the DVE 12
channel with a smooth expansion to a steady, uniform flow
state. - .

Sheet flows across the wide area contributing storm water run-off
to the wash will carry colloidal silt but the steady, uniform flow
will transport the sediment load from UH DR to Bell Rd and is not
expected to deposit any significant layer of fines 'in this reach.

CHANNEL DEGRADATION PROCESS

The smallest particles transported :in Wash flow ‘from a previous
storm will settle in a thin layer on the bottom and will be picked
up by the next flow, leaving coarser material on the stream bed.
The type of bed material also dictates the approach used in
estimating the depth of degradation. The BOR manual explains the
two methods of calculations as follows:

“gituations where the streambed is composed of transportable material extending
to a depth greater than that to which the channel can be expected to degrade,
the approach most useful is that of computing a stable channel slope, the
volume of expected degradation, and then determining a three-slope channel
profile which fits these values. However, in situations where the bed
material includes a sufficient quantity of large size or coarse material
which cannot be transported by normal river discharges, the best approach is
to compute the depth of degradation required to develop an armoring layer.
The formation of the armoring layer usually can be anticipated to control
vertical degradation when approximately 10 percent or more of the bed mate-
rial is of armoring size or larger. This layer develops as the finer mate-
rial is sorted out and transported downstream. Vertical degradation occurs
at a progressively slower rate until the armoring layer is of sufficient
depth to inhibit the process.”

BED MATERIAL FACTOR IN DEGRADATION

In the Wash, the armor layer covers the bottom and similar material
is found 1.5’%t deep to the excavated design FL EL. A photo of a
typical area of Wash bottom at TAB A shows the armor layer that is
continuous throughout the Bell Rd to UH DR reach. A second photo
shows the same material at 1.5’% below the existing bottom. The
design FL EL is only about 1.5’* deeper than existing FL.
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The new channel from Wash to 7th Ave has already been excavated 77%
deep for a drainage outlet ditch west of the bridge detour. The TAB
A photo of the ditch bottom shows very coarse gravel and many
cobbles 6"t. The small amount of fine sand will be carried away
when the first flow occurs and leave only material larger than
transportable size. A second photo of the ditch shows that the bank
material has the same percentage of large cobbles as found on the
bottom. The design excavated FL is 4’t+ deeper than the ditch bottom
and the same gradation of very coarse gravel and cobbles is
expected on the final channel bottom.

The Bellvue channel bottom photo at TAB A shows the material
remaining after gravel mining for rock crushing. This bottom is
11/t below the ground surface on both sides. The design FL EL will
be cut 1/t deeper. Thewgradation-appears-to-have a higher percent
of larger rocks over 6". The'material on the bottom after the 1’%
excavation is expected to be the same. A second photo on the
Bellvue channel bank shows the same rocky surface.

The DVE 12 channel was also excavated by a gravel mining/rock
crushing operation and the material remaining on banks and bottom
is the same as Bellvue channel. Drainage from the subdivision has
ponded on the bottom at 1’ - 2’ deep many times in the 10 years
since the channel was completed and a layer of transportable
material has collected at 3"+ deep. The bottom will be cleared and
grubbed to remove the dense brush. The layer of dirt will be mixed
in with the bed material after the clear and grub is completed. The
project special provisions have a requirement to spread coarse
material on the bottom after the clear and grub operation and wheel
roll the surface to compact the gravel and cobbles by pneumatic
tire pressure. The coarse layer can be provided by the dike
removals at Grovers and south of Union Hills. (See Special
Provisions at TAB A). This layer of coarse material will make the
DVE 12 bottom similar to Bellvue channel.

The examples of bed material at the design FL EL shown in photos,
analyzed on field investigations and confirmed by soils reports is
homogeneous in the wash (gravel, cobbles, and boulders over 12").
The bed material in the realigned channel cut from Wash to 7th Ave,
the Bellvue Channel and DVE 12 Channel is also homogeneous with a
higher percentage of coarse gravel and 6"+ cobbles but not as many
boulders. BOR manual recommends "When the channel bed contains more
than 10% of coarse material which cannot be transported under
dominant flow conditions, armoring will develop." Wash bed material
gradation is 50% less than 1.5" (33.0 mm), 90% less than 4" (102
mm). Bellvue channel is 50% less than 1.5" (33 mm) and 90% less
than 3" (75 mm). The Table of Non-Scour Velocities after the photos
at TAB A classifies 0.6" material as medium gravel, 1" as coarse
gravel, 3" as small cobbles, 4" as also in the small cobbles range,
over 10" as boulders.
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STORM FLOW FACTOR IN DEGRADATION

Formation of an armoring layer at the maximum depth of degradation
is determined by flow, amount of armor material and controls to
prevent erosion lower than a fixed depth. This project has many
control features across the channel bottom. Starting downstream of
the Bell Rd bridge is an existing cut-off wall for rock lining in
Bell Rd Autopark. Upstream of the bridge will have a cut-off wall
at soil cement Drop No. 1. Another cut-off wall for soil cement
Drop No. 2 will be installed 400’% upstream. Cut-off walls 70’
downstream and 170’+ upstream of the 7th Ave bridge will protect
the edges of soil cement lining at Drop No. 3 and the rock patterns
across the bottom. Deep cut-off walls will be part of the bridge
concrete floor. The DVE 12 channel already has 3 existing concrete
drop structures. Cut-off walls north and south of the UH DR bridge
will be installed by a separate project. All these channel controls
limit the degradation process to a maximum of a few inches. The FL
slope between fixed EL controls at cut-off walls is 0.0009%+ and the
bottom EL only changes 0.1’ every 200 LF.

Other factors in degradation flow analysis are Q and V. The design
channel has a standard trapezoidal deep section with smooth
transitions of bottom width. Therefore, the flow regime is steady,
uniform unaccelerated flow except at drops where the channel is
lined to prevent erosion. Significant flow occurs only during large
storms and the channel will be dry most of the year. Both the
volume and distribution of the change in flow can be illustrated by
use of a flow duration curve. The flow duration curve is a
cumulative frequency relationship, usually used to represent long
term conditions, that shows the percent of time that specific
discharges were equalled or exceeded in a given period. The
approach described in BOR manual for computing degradation utilizes
the dominant discharge method for representing water discharge.

Dominant discharge is defined as the discharge which, if allowed to
flow constantly, would have the same overall channel shaping effect
as the natural fluctuating discharges as illustrated by the flow
duration curve. Theww.dominant .discharge = used - in - channel
stabilization work usually is considered to be either the bank full
discharge or that peak discharge having a recurrence interval of
approximately 2 years on an uncontrolled-stream. When stream flow
is regulated by an upstream dam, and releases from the reservoir
fluctuate considerably due to incoming floods, the mean daily
discharge derived from an operation study which is equalled or
exceeded on the average of once every 2 years can be considered as
the dominant discharge.

Cave Buttes Dam was built to control flow in Cave Creek by storage
of storm water to increase time of peak Q until rainfall intensity
was reduced. Dam release for a storm will not occur until the
reservoir storage is near capacity. The FIS hydrology accounts for
delayed time of peak to determine 100 year Q = 5,700 cfs and 10
year Q = 3300 cfs. There is no dominant discharge average 2 year
flow that has the same effect as a continual fluctuating discharge.
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A 2 year frequency flow can be determined but the flow is small and
intermittent.

Therefore, the bank full discharge will be used for dominant
discharge as a predetermined Q. The deepest flow area in DVE 12 and
Bellvue channels was designed to carry 2,000 cfs without overflow
on the second level. The results of input Q of 2,000 cfs in the
Cave Creek HEC-2 model are at TAB B. The results show the following
V at dominant discharge:

REACH V min V max#* Dominant
fps fps Discharge
I Bell Rd to 7th AVE 3.3 fps 4.1 3.7
1T Bellvue channel 3.6 fps 4.2 3.7
IITI N&S of Grovers 3.3 fps 5.0 4.0
Iv DVE 12 channel 2.9 fps 3.5 3.2

*V max in unlined channel, not at soil cement drops.
DEGRADATION CALCULATION METHOD

Two techniques, either the armoring.or limiting slope.method, are
recommended in BOR manual.“For general degradation, the armoring
method is tested first because a sediment transport study may not
be necessary with a resulting savings in time and cost for
computations. If the armoring method is not applicable, then the
stable slope method is used.

The previous information in the BED MATERIAL FACTOR IN DEGRADATION
section of this report determined that all reaches ‘are very coarse
grain sized. Therefore, only the armoring calculations are
necessary. BOR manual table 3, at TAB A defines limiting V for
material in this channel as 5 - 6 fps. The Wirth Report Master
Development Plan for Cave Creek adopted by the COP council in 1982
has a "TABLE XV, Maximum Permissible Velocity For Unlined
Channels", also at TAB A that shows 6.5 fps for this bed material.
One other table of non-scour velocities for Soils at TAB A (Table
17 in AEC Final Project Report, 1992) shows very coarse gravel at
dominant discharge ‘depth.between 4.7’ to 6.6/ will withstand V =
5.5 fps. BOR Manual Table 8 at TAB A also shows when depth of flow
is between 5 and 10/, the highly resistant coarse bed material will
stand V of 5:9 to 6.6 fps.

CALCULATIONS OF MATERIAL SIZE FOR ARMORING

When the channel bed downstream from a dam contains more than 10
percent coarse material which cannot be transported under dominant
flow conditions armoring will in time develop. BOR manual
recommends five methods to compute armoring grain size and then use
either an average of the five methods or a judgement decision on
the best method to calculate the probable vertical degradation
before stabilization is reached. The five methods are:
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Lt Meyer-Peter, Muller (bedload transport equation)

2. Competent bottom velocity

A Lane’s tractive force theory
4, Shields diagram

5’ Yang incipient motion

Each method results in a different armoring grain size for each
Reach. The average of all five results is used to calculate the
vertical degradation before an armoring surface stabilization is
reached. The calculations are also at TAB B. A summary of results
follows:

METHOD TO CALCULATE RESULTS FOR REACH (mm)
NON-TRANSPORTABLE GRAIN SIZE I IT I1T Iv

1. Meyer-Peter, Muller 13.7 12.7 18.4 12.6
2 Competent Velocity 25,7 25,7 30.0 19.2
3. Lane’s Force 22.0 23.0 33.0 25.0
4., Shield Diagram 15.3 15.9 27.0 18.7
B s Yang Motion 27«5 27.5 32.0 20.7
Average 20.8 21.0 28.0 19.2
Depth of degradation (inches)0.8 0.8 P 7 0.57

This insignificant degradation depth will only require one or two
large storms to complete armoring of the entire reach. Therefore,
volume of material removed by degradation is also insignificant.

CHANNEL SCOUR DURING PEAK FLOOD FLOWS

In most studies, two processes must be considered, (1) natural
channel scour, and (2) scour induced by structures placed by man
either in or adjacent to the main river channel. Natural scour
occurs in any moveable bed river but is more severe when associated
with restrictions in river widths, caused by morphological channel
changes, and influenced by erosive flow patterns resulting from
channel alinement such as a bend in a meandering river.

Only a few examples of scour were found during the many Wash
investigations from 1980 to 1994. A photo at TAB C shows some scour
at the east bank upstream of the Bell Rd bridge. The rocky bed
material has stopped the scour and only caused a slightly steeper
slope at the toe of the east bank. A 2’* deep scour hole formed at
the downstream end of the existing culvert under UH DR where only
a 4’t wide strip of concrete was poured on the bottom for scour
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protection. This problem is eliminated by the extensive concrete
and rock lining under the new UH DR bridge.

Although each scour problem must be analyzed individually, there
are some general flow and sediment transport characteristics to be
considered in making the judgmental decision on methodology. A
large sediment load on scour is characteristic of transport
associated with a high peak, short duration flood hydrograph.
Channel scour also occurs when velocities in portions of the
channel cross section transport the bed material at a greater rate
than replacement materials are supplied. Thus, maximum depth of
channel scour during the flood is a function of the channel
geometry, obstruction created by a structure (if any), the velocity
of flow, turbulence, and size of bed material.

The typical cross section of the design improvements for this
project shown on page 2 of this report can be described as, "a wide
bottom, trapezoidal channel, 4:1 side slopes, smooth transitions in
width, large radius curves, no meander bends and very coarse grain
bed material." Therefore, the design channel will not have any
locations where severe scour can be expected.

Because of the complexity of scouring action as related to
velocity, turbulence, and bed materials, it is difficult to
prescribe a direct procedure. BOR recommends to compute scour by
several methods and utilize judgement in averaging the results or
selection of the most applicable procedures. Separate methods are
used for channel scour and scour at mid-stream structures. Types of
scour are classified as:

Type A - Channel with restrictions and bends

Type B - Channel with bank line structure

Type C - Mid channel structures (bridge piers)

Type D - Hydraulic structures across channel (drops).

Scour is computed from the average channel hydraulics for a reach.
If a structure restricts the river width, scour is computed from
the channel hydraulics at the restriction. In all cases, scour
estimates should be based upon the portion of discharge in and
hydraulic characteristics of the main channel only. The 100 year
HEC-2 results at TAB C are used to select Q and V in the main
channel.

METHODS OF CHANNEL SCOUR CALCULATIONS:

The channel realignment has a standard cross section with smooth
transitions in width as described above. Width transitions at
bridges and at side drainage channels also feature bank and bottom
lining, ie concrete, rock or gabion banks and soil cement bottom.
The channel at Grovers has hydraulic conditions with the highest
possibility for scour. The conditions are:

(1) bottom width narrows from 131/ (HEC-2 SECTION 21.44) to 115’
(HEC-2 SECTION 21.39)

(8)



(2) FL slope is steeper than other locations at 0.0023.

(3) V = 6.49 fps at 6.42 depth at 100 YR Q.

(4) Gabions will be installed on the east bank.

(5) The bottom will not be lined but will have a 3" coarse gravel
layer embedded (see specifications at TAB A). Other reaches
have heavy armor bed material.

The natural channel scour shown on the typical section at TAB C is
not applicable to this project. All cross sections will be cut to
trapezoidal bottom where dm is constant across the main channel.
However, the methods to calculate scour are applicable. Scour
calculations are based on data from the 100 yr storm HEC-2 printout
at TAB C.

The four methods supplemented with BOR procedures are:

(1) Field measurements of Scour Method

(2) Regime Equations Using Survey Cross Sections Method
(3) Mean Velocity Using Survey Cross Section Method

(4) Competent or Limiting Velocity Control of Scour Method

Method (1) was developed to analyze scour for FL slopes 0.006%+ or
greater and wide, sandy bottom washes and is not applicable to this
project.

Method (2) by Neill requires cross section data, bank full Q and
flood depth. BOR manual has selected the basic equation expanded by
Lacey and Blench. The mean depth (Lacey) and zero bed sediment
depth (Blench) are multiplied by a Z factor from Table 7 to get

scour depth.

Method (3) uses the mean depth from HEC-2 results and the Lacey 2Z
factor for scour depth. BOR manual considers a calculated n factor
derived from bed material particle diameters and HEC-2 results
compared with known depth at measured Q. No depth has been measured
in the realigned channel.

Method (4) uses a graph derived by Neill to select competent
velocity (Vec) to start erosion for various flow depth and bed
materials. Scour depth is determined by an equation relating mean
velocity to Vc and HEC-2 mean depth.

Calculations of channel scour at Grovers (most possibility for
scour) are at TAB C. All other reaches have less possibility for
scour, ie constant width, flat FL slope, 1lower V, no bank
structures, more coarse bed material. The estimated average scour
at Grovers from TAB C is 1.32’. Scour in other reaches is estimated
to be half as deep. Channel scour will not be a problem for this
project because V in other reaches are closer to 5 fps and the
bottom is lined with soil cement where V = 7’1 at drops.
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METHODS OF BRIDGE PIER SCOUR CALCULATIONS

Numerous empirical relationships for computing scour at bridge
piers include hydraulic parameters of (b) pier width, (sk) skew,
(dm) flow depth, (V) velocity, (Dm) bed material size. The
calculation methods are grouped as (1) regime or (2) rational. The
diagram at TAB C, Sheet 7, shows the soil cement lining east and
west of the bridge concrete floor and 5’ deep cut-off walls. Scour
can not occur unless part of the soil cement is broken and pulled
out by force of flood flows. A heavy vehicle or dropped object
could crack the soil cement and cause a fracture large enough for
moisture to seep into the subgrade and weaken the support. A
depressed surface could open the crack enough for flow to pull at
the edges. This analysis is for the worst case of soil cement
lining failure. The results at TAB C are:

Average scour = 4.1’

Highest result (Rational Method) = 4.6’
5’ deep cut-off wall is adequate.
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Rock armor layer in bottom of existing Wash consists of coarse
gravel, cobbles and boulders.

Existing Wash bottom dug 1.5’ deep to show same mix of coarse
gravel, cobbles and boulders at design FL depth.



Bottom of 7’ deep ditch excavated from Wash to 7th Ave Bridge
detour. Material is coarse gravel and many cobbles 6"+. Same
material is expected at design F1l 4’-5’ deeper.

North bank of ditch west of 7th Ave. The 4:1 slope does not appear
to have a 7’ depth. Material has many 6"+ cobbles.



Bottom of Bellvue channel cut 11’% deep in 1986 for sand and gravel
mining. Many large cobbles and some boulders 10"+.

TOP OF
BANK

Lower bank of Bellvue Channel looking NW. The 4:1 slope at only 4’%
deep does not appear very steep. Very rocky surface.



SPECIAL PROVISIONS BID ITEMS
GRAVEL SPREAD ON BOTTOM

DVE 12 cChannel has been a retention area for the adjacent
subdivision storm water drainage for 10 years. The numerous
ponding/dry-up occurrences have deposited a 2"-3" layer of fine
grain material on the bottom. The clearing and grubbing operations
in the DVE 12 Channel will dig cavities where vegetation roots are
removed and disturb all areas in the bottom where the scrub brush
is roto-tilled or scraped out. Loading and haul off of cleared
vegetation will further contribute to mixing the fine material into
the natural bed material. A bed material gradation requires a
distribution of particle size in weight with 50% over 1.5" in order
to minimize degradation and scour. This bid item requires the
contractor to spread a 2" minimum layer of very coarse gravel 1"
minimum and cobbles to 8" maximum over all areas cleared in DVE 12
Channel from Grovers to the south side of drop structure No. 6.
Wheel roll the surface with heavy equipment to embed the coarse
material in the bottom by pneumatic tire pressure. Steel rollers
may also be used. No compaction testing is required. The bottom
surface will be inspected after the embedment process is completed
for smooth bottom surface, 4:1 toe of slopes on both sides and
minimal loose rock on the surface. The 1’t+ deep cut in the Bellvue
Channel bottom, the dike removal at Grovers and the dike removal
south of UH DR provide an adequate source of very coarse gravel and
cobbles for embedment.



A TABLE XV
MAXIMUM PERMISSIBLE VEL OCITIES PROPOSED BY
f FORTIER AND SCOBEY (1926)*

~Mean velocity, after Aging, of Canals

Wcrl'er
) ~ transporting
Water noncolloidal
Original materiai transporting silts, sands,
excavated for Clear water, colloidal gravels or
canals : n no detritus silt rock fragments
ft/sec  m/sec ff{sec m/sec ft/sec  m/sec
|. Fine sand (colloidal) .02 .5 0.46 2.50 0.7¢ 1.50 0.46
2. Sandy loam (non- : )
colloidal) .02 |.45 0.53 2.50 0.76 2.00 0.61
3. Silt loam (non-
colloidal) 02 2.00 0.61 3.00 0.91 2.00 0.61
4. Alluvidl silt when
noncolloidal 02 2.00 0.6l 3.50 {07 2.00 0.61
5. Ordinary firm leam 02 2450 0.76 3.50 | 07 2425 0.62
6. Volcanic ash .02 2.50 0.76 3.50 1.07 2.00 0.5l
7. Fine gravel .02 2.50 0.76 5.00 | 282 375 l.14
8. Stiff clay (very
colloidal) 025 215 [.14 5.00 .52 3.00 0.91
9. Graded, loam to
cobbles, when non-

colloidal .03 3.7 -l.la 5.00 ~ |.52 5.00 .52

10. Alluvial silt when*+*
colloidal .025 3.7 L4 5.00  1.52 3.00 0.9

SEE MATERIAL (12) & (13)
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Table XV (continued)
Maximum Permissible Velocities Proposed by
Fortier and Scobey (1926)*

Mean velocity, after Aging, of Canals

(d 3f1)
Water
transporting
Water noncolloidal
Original material ’ transporting silts, sands,
excavated for Clear water, colloidal gravels or
canals n no detritus silt rock fragments
ft/sec  m/sec ft/sec  m/sec ft/sec  m/sec
1. Graded, silt to**
cobbles, when

colloidal .03 4,00 1.22 5.50 [.68 5.00 1.52

Coarse gravel (non-

colloidal) .025 4.00  1.22 .83 €.50° 1.98
@Cobbles and shingles ~ .035 5.00 1.52 .68 8.5 .98

I4. Shales and hard pans  .025 6.00 183 6.00 |.83 5.00 .32

* Deveiope& in the Imperial Valley area of California.
** Cave Creek Wash soil types.
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Table 17. Nonscour velocities for soils.

[Modified from a report by Keown and others, 1977]

Approximate nomscour
_ velocities (feet per second).
Grain .dimensions ) Mean depth °
Kind of soil Millimeters Feet 113 ft 3.3 ft (6.6 £t 9 8/ft

For noncohesive soils

Boulders >256 >0.840 15.1 16.7 19.0 20.3
Large cobbles 256-128 0.840-0.420 11.8 13.4 15.4 16.4
Small cobbles 128-64 0.420-0.210 7.5 8.9 10.2 11.2
Very coarse gravel '64-32 0.210-0.105 5.2 6.2 8.2
Coarse gravel © o 32-16 0.105-0.0525 4.1 4.7 5.4 6.1
Medium gravel 16-8. 0.0525-0.0262 3.3 3.7 4.1 4.6
Fine gravel 8.0- & 0 0.0262-0.0131 2.6 3.0 3.3 3.8
Very fine gravel 4.0-2.0 0.0131-0.00656 2.2 2.5 . 2.8 3.1
Very coarse sand 2.0-1.0 0.00656-0.00328 1.8 2.1 2.4 2.7
Coarse sand 1.0-0.50 0.00328-0.00164 1.5 1.8 2.1 2.3
Medium sand 0.50-0.25 0.00164-0.000820 1.2 1.5 1.8 2.0
Fine sand 0.25-0.125 0.000820-0.000410 .98 1.3 1.6 1.8
For compact cohesive soils
Sandy loam (heavy) 3.3 3.9 4.6 4.9
Sandy loam (light) 3.1 3.9 4.6 4.9
Loess soils in the
conditions of finished
settlement 2.6 3.3 3.9 4.3

Effect of Alinement Changes on Channel Slope

Alluvial streams develop meanders that are confined in lateral movement by
nonerosive rock or other material at the valley boundary or by levees construc-
ted to prevent flooding. The degree of stream meandering is indicated by chan-
nel sinuosity, which is determined as the ratio of a reach length measured
along the channel centerline to the reach length measured as a straight line
between ends of the reach. A characteristic of all sinuous channels is the
migration of the meanders over a period of time. Eventually, the neck of the
meander loop may become so small in relation to the width of the channel that a
cutoff (referred to as a chute or neck cutoff) between meander loops occurs.
Associated with the cutoff is an increase in channel slope, and lateral erosion
of the banks at adjacent bends, with the length of reach affected by the cutoff
a function of the channel size.
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Table 3. - Comparison of Fortier and Scobey's limiting velocities
with tractive force values (straight channels after aging)
[inch-pound units (metric units)]

Water transporting
‘ For clear water colloidal silts
* Material Manning's VeTocity Tractive force VeTocity [ Tractive force
n ft/s (m/s) 1b/ft2 (g/ml) ft/s (m/s) | 1b/ft2 (g/ml)
Fine sand colloidal 0.020 1.50 (0.457) | 0.027 (132) | 2.50 (0.762) 0.075 (366)
- Sandy Loam noncolloidal 0.020 1.75 (0.533) | 0.037 (181) | 2.50 (0.762) 0.075 (366)
Silt loam noncolloidal 0.020 2.00 (0.610) | 0.048 (234) | 3.00 (0.914) 0.11 (537)
Alluvial silts noncolloidal| 0.020 2.00 (0.610) | 0.048 (234) | 3.50 (1.07) .15 (732)
Ordinary firm loam 0.020 2.50 (0.762)| 0.075 (366) | 3.50 (1.07) 0.15 (732)
Volcanic ash 0.020 2.50 (0.762)] 0.075 (366) [ 3.50 (1.07) 0.15 (732)
Stiff clay very colloidal 0.025 3.75 (1.14) 0.26 (1270) | 5.00 (1.52) 0.46 (2250)
Alluvial silts colloidal 0.025 3.75 (1.14) 0.26 (1270) | 5.00 (1.52) 0.46 (2250)
Shales and hardpans 0.025 6.00 (1.83) 0.67 (3270) | 6.00 (1.83) 0.67 (3270)
Fine gravel ‘ 0.020 2.50 (0.762) ] 0.075 (366) | 5.00 (1.52) 0.32 (1560)
Graded loam to cobbles 0.030 3.75 (1.14) 0.38 (1860) | 5.00 (1.52) 0.66 (3220)
when noncolloidal
Graded silts to cobbles 0.030 4.00 (1.22) 0.43 (2100) | 5.50 (1.68) 0.80 (3910)
when colloidal ,
Loarse gravel noncolloidal 0.025 4.00 (1.22) 0.30 (1460) _{?.OO (1.83) 0.67 (3270)
Cobbles and shingles 0.035 5.00 (1.52) 0.91 (4440) |15.50 (1.68)| 1.10 (5370)
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Table 8. - Tentative guide to competent velocities for erosion of
' cohesive materials* (after Neill, 1973)

Competent mean velocity
Low values - Hign values VE
Depth of flow easily erodible | Average values | resistant cfés
it - m material ft/s m/s material G&A\/tL
: : : Tt/s m/ s Ti/S m/ s
5-6‘7 1.5 1.9 0.6 3.4 1.0 %};9 1.8
107" 3 2.1 0.65 3.9 1.2 5.6 2.0
20 6 23 0.7 4.3 N 7.4 2.3
5 15 2o d 0.8 5.0 1.5 8.6 2.6

* Notes: (1) This table is to be regarded as a rough guide only, in
the absence of data based on local experience. Account must be taken
~of the expected condition of the material after exposure to weather-
ing and saturation. (2) It is not consideresd advisable %o reiztz the
suggestsd low, average, and high values to soil shear strangth or
other conventional indices, because of the predominating efftects of
weathering and saturation on the erodibility of many conesive soils.
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B7-88-94

51 1.858
X1 21.94@
Xz . 282
X2 18.00e
GR  1399.322
GR  1384.362
Xi 21.930
GR  14@0.000
GR  1420.020
NC 235
X1 21,948
GR  14R2.000
R 1399.008
Xi 2:.97@
Gk 1420.000
GrR 1480.02¢
X1 21.982
GR  14@2.02¢
N 845
NH 4. 082
b4 22.002
GR  1422.082
GR  1397.42@
GR  140z.002
GR  1394.500
GR  14083.00¢
NH 4.000
X1 22.820
QR 14B2.400
GR  14P@.802
GR  1400.0202
GR  1395.000
NC @43
NH 4. 008
X1 22.065
GR  1422.700
GR  1399.420
GR  142@.080
GR  1483.7@2
GR  1423.50¢
GR  1481.400¢

GR

1399. 408

B5:84:45

1,542
18.20e
.2ee

. 02
9908, 82e
18829.500

6.2e8
9922. 008
18@53.220

.85
7.008
9893, 022
10@41.282

7.208
9853. 228
18084, peg

4,882
9893, 00¢

835

.83
22.000
945¢.08¢
458,280
SE50. Bee
1084, 000
10116, 008

232
28.002
?51@. 00
965,008
9908, 822
12831, 060

8335

. 838
J5.0ee
956E. 600
9650. 200
9761.288
9829.223¢
2899. 062
9977.082
160102, 008

.
995¢.

4
i

il
508
228

. gee

1399,
1395,

9942,
1396.

Jea
2ea

202
200

. BEn

2732.
1194,
1428.

9934,
1394,
1421,

B35
222
eee
2202

oae
bea
gee

.22
.bee

235

9720,
9937,
1482,
1400.
1422.
1408,

. 0ea
. 222
. zae
500
2oz
. 223
602

222
228
4ae
2o
222
aee

833

9785,
9941,
1482,
1400,
1488,
14@3.
14@4.
1398.
1482,

20e
0ee
788
5@
18e
700
1eg
202
2@

200.020
1808437.502
1399.308
.20
9954.582
1B@41.5€82

10245, 000
9942, 2ae
. Bge

208
18051 .00¢
991E.2@2
18@72.002

100684, BRC
9922.0822
10894, 060

1210@.282
991B.282

. 382

. 845
19354, 022
515,000
9655. 202
992¢. 208
12034, 062
1€:17.068

043
10253. 208
9540.080
9480, 000
9957.008
10043, 000
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. B45
10eze. o2e
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29-28-94 25:04:45 PAGE
SECNG DEFTH CWSEL CRIWE WEELK EG HL OLOES  BANK ELEV
¢ OLCE QCH QRUE LOB ACH ARDE VoL TWA  LEFT/RIGHT
TIME VLOR VCH VROB XNL XNCH XNR WIN ELMIN E5TA
SLOPE XLOBL XLCH ALORR ITRIAL IDC ICONT CORAR TOPWID ENDST

*#PROF 1
ClHy= . 188 CEHv= . 382
*¥SECND 22,428
28.63 4.92 1348.20 0B 134B.28 134B.52 32 .28 .22 1357.12
zgee. 2. 2820, 2. 2. 440, g. 2. 8. 1356.38
) .22 4.54 .22 848 3335 .48 LOB8  1343.32 9950.48
JBEL748 2. e. 2. g 2 2 B2 1@4.95 1@@55.42
#EECNG 22,723
3381 HV CHANGED MORE THAN HVINS
J6E5 2@ TRIALS ATTEMRTED WSEL.CWSZL
J&92 PROBABLE MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED
2.73 3.1% 1352.37 1352.39 B3 1334.18 1.78 .98 4b 1352.40
2082, 2. 2008, 8. . 187, 2. &, 136:.0@
21 .28 12.72 .20 .42 .235 . 842 222  1347.20 9944.:C
L@12743 51€. 51z, 5z@. 20 B e it 33.32 10@19.54
ClHy= - 388 CEHv= . 328
*SECND 28.737
3685 22 TRIALS ATTEMPTED WSEL.CWSEL
3493 PROBABLE MINIMUM SPECIFIC ENERGY
3728 CRITICAL DEPTH ASSUMED
J495 OVERBANK AREA ASSUMED NON-EFFECTIVE.ELLEA= 1363.22 ELREA= 1363.88
208.74 J.62 1354.52 1334.52 B2 1356.34 1.83 .98 B2 1352.92
280@. . 2820, 2. 2. 184, 2. 4, 1. 133@8.92
82 .02 18.85 . B2 . B4E 835 D4 LEBZ  135D.90 994E.88
BL176L Ba. g2. 82. 20 19 2 .22 51.02 1@219.20

SPECIAL BRIDGE



89-88-94 B5:84:43

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL
5 GLoe QCH QROE ALOR ACH ARCE VoL
TIM VLOB VCH VRCE XNL XNCH XNR WTk
SLOPE XLOBL XLCH XLOBR ITRIAL  IDE TCONT

CORAR

OLOSS  BANK ELEV

LEFT/RIGHT

ELMIN E574
TOPWID ENDET

5227 DOWNSTREAM ELEV IS 1353.92 NOT  1354.52 HYDRAULIC JUMP OZCURS DOWNSTREAM (IF LOW FLOW CONTROLE!

8F XK XKOR COFG ROLEN EWC BRP BAREA ELCHU ELCHD
1.25 1.54 J.00e 108. 00 51.22 3.00 374.00 .pe 135i.e@8  13538.%2
*5ECMD 28,752
3381 HV CHANGED MORE THAN HVING
CLASS B LOW FLOMW
J428 BRIDGE W.S.=  1354.73 BRIDGE VELOCITY=, 11.83 LCULATED CHANNEL AREA=, 177,
EGFRS EGLWEC H3 QWEIR 0L0W BAREA  TRAPEZQID ELLC ELTRD
AREA
.82 1334.82 .02 2. 2002, 57&. 57, 1363.88  134&.08
3495 OVERDANY AREA ASSUMED NON-EFFECTIVE.ELLEA= 1364.20 ELREA=
.75 4,76 1385.78 . 88 BB 1356.82 1.85 .22 135%1.9¢
2822, g. 2008, f. 2. 244 2. . 1. 1351.26
Bz B2 8,21 .22 . 022 835 . 82 L228  1151.88 99:B.00
L BR4653 71, Tl i 2 @ 2 31.80 188.17.00
*BECND 28.819
715 MINIMUM SPECIFIC ENERGY
3728 CRITICAL DEPTH ABSUMED
3495 OVERBANX AREA ASSUMED NON-EFFECTIVE.ELLEA= 1366.9@ ELREA=
28.82 2.73 1359.23 1339.23 .08 1340.42 Lad? : 16 1356.58
2gea. 2. 2gea. 2. 2. 213. 8. . 2. 1356.52
22 .82 ?.39 .22 . 040 B35 . @40 @82 1356.58 9945.88
L12826 375 3&5. 345, 2 11 ] 20 12243.22
SPECIAL BRIDGE



29-0B-94 25184243 PAGE 12

SECNC DEPTH CWSEL CRIWS WEELK EG HY HL GLOSS  BANK ELEV
v OLOP QCH QROB ALCE ACH ARCE VoL TWa  LEFT/RIGHT
TIME VLG ViH VROE (NL A XNR WIN ELMIN 851

SL&PE XLOBL ALCH XLORR ITRIAL  IDC ICONT CORAR TGRWI ENDST

5227 DOWNSTREAM ELEV IS 1359.@4 (NOT  1359.23 HYDRAULIC JUMP CCCURS DOWNSTREAM (IF LOW FLOW CONTROLS)

S XK YKOR CuFd ROLEN BWC BWP BAREA 88 LCHY ELCHD
1.05 1.36 3.ee 122.00 77.38 J.3e 648,00 .82 1357.4@  1354.70

#5ECNG 2B.841
CLASS B LOW FLOW

3422 BRIDGE W.S.=  1759.88 BRIDGE VELOCITY=. 9.55 CALCULATED CHANNEL AREA=, 184,
EGFRS EGLWC H3 OWEIR OLOW PAREA  TRAPEZCID ErlC ELTRE
AREA
B8 1361.77 .20 2. 2ged. b4E, 292, 1365.48 1349.90@
3493 OVERZANK AREA ASSUMED NON-EFFECTIVE,ELLEA= 1367.92 ELREA= 1347.98
20.B4 2,47 136B.57 . 2E LBE 134177 .89 faid L80 1357.40
2802, 2. 2000. 2. 2. 2bb, 2. 7. 2o 133B.48
B3 g2 7.98 LBE .gee 835 . BE2 L@22 1357.40 9953.08
JB2EZ293 115, 115, 15, 2 ] 2 .22 78.2¢ 1@831.0¢

*EECNG 28,845

3683 28 TRIALS ATTEMFTED WSEL.CWSEL
3693 PROBARLE MINIMUN SPECIFIC ENERGY
3728 CRITICAL DEPTH ASSUMEL

28.84 4,68 1342.18 136218 .02 1363.36 1.18 19 14 1367.08
2eea. 2. 2002. g. 2. 23e. B. s 2. 136B.02
.23 .2 B.71 .22 843 . 062 . 845 L0828 1357.50 9942.41
L04BL13 i3, 15. 15, 20 11 e . 0e 97.@81 1@337.43

*5ECHD 28.847

J3E1 HV CHANGED MORE THAN HVINS

28.85 6.15 1362.55 .28 B8 1363.73 .20 .18 .29 1347.20
zeee. 2. 2eea. 2. g. 556. 2. S 2. 1348.00

.23 B2 J.68 .02 . B45 258 . 845 D28 1337.42 992B8.41

. BR2SEL 15 15, 15, 2 e g B2 112,38 10248.99



27-8B-94

SECNG
0
TIME
SLOPE

*SECNG 28
22.85
2008.

B4
.0@24E1

Clhy=
*SECNG 2@
28.B4
2e8e.
B4
. DBREBS

*#SECND 20
28.89
20ee.

25

. 2BR754

#5ECNO 28
22.91
2008,

)
- 8@R4EE

CCHY=
*GECNG 20

@5:@4:45
DEFTH CWSEL
QLOE QCH
VLOR VCH
XLOBL XLCH

. 858
6,22 1363.462
e. 2pe.
37 J.62
25¢ 23,

.18@ CEHv=
.Bbe
6.27
2.
.81
45,

.89
6.33

2.
.22
155

4
& s

912

b.4Z
e.
N
188,

. 382 CEHv=
728

265 DIVIDED FLOW

28.92
2eee.
B4

. 808576

#SECNG 22,

28.93
20ea.
24
.BR@22EL

3.29
2.
.82

2e.

932
5.78
2.
.22
28.

1363.67
2ee2.
.73
43,

1363.83
zeee.
J.42

i85

P u )

1363.9%
1548,
3.37
ige.

Bl

1363.79
1e72.
4.58
28.

1364.28
1494,
3.29
0.

CRIWS
QROE
VROE
XLOBR

.28

.0
25,

. 22

155,

.22
68.
1.28
iee.

.28
928.
6,78

2e.

WSELK
ALCE
XNL
ITRIAL

.22

@45

2.
043

[ ]

EG
ACH
XNCH
D¢

1363.82
553,
. 068

1364.21
585.
L3235

1364.09
576.
835

1364.26
234,
D62

136446
454,
262

2

HY
AROR
XNR
ICONT

(o8]

ESI [

. 845

[na}

) e

843

17
LY
@43

139.

.45

HL
VoL
WTN
CORAR

B4
7.
.2ea

«13
. 223
82

. 602

OLOSE

BANK ELEV

TWA  LEFT/RIGHT

ELMIN
TOPWID

.20

a
L

1357.4@
11@.82

.22
1337.42
184.85

.28

L
1357.52
135.86

14
3.
1358.58

134,56

.18

i !
i

1338.58

145.22

S8TA
ENDST

1363.28
1364.28

9929.34

1883%.37

1363.38
13&65.80

9932.33

19834.37

116430
1344.00

9932.65

10047,35

1364.98
1362.02

9934.73

10865.79

1365.88

1362.08
g938.27
10674, 47

1365.02
1364.0€

9233.64

18@78.84

-
(W]



29-88-74 05:@4:45

SECNG DEPTH CWSEL
0 QLOB QCH
TIME VLOB VCH
SLOPE XLOBL XLCH

ClRy= . 182 CEHv= . 382
#EECNG 28. 942

3265 DIVIDED FLOW

22.94 5.96 13b4.44
2008, 2. 199€.
.27 .22 otk
.001249 143, 143,

*ZZCND 28,968
28.94 6.85 1364.35

2008, 2. 208,
.28 .22 4,13
Nitpherd 71, 7.

*5ECNG 20, 980
22.98 £.28 13h4.48
2002. 2. 2eee.
.28 .82 4.1
JBR1z04 12e. iez.

#SECNG 21,208
21.28 .21 1364.8B1
20082, &. 2838,
.29 .2 4,85
081158 1a@. 1ee.

#5ECND 21,838
21.83 6,86 1345.86
200@. €. 1776.
.11 .28 3. 40
.20e758 14@. 168.

#5ECNG 21,834
21.04 6.B6 1343.84
2008, . 1994,
.11 .28 342
. 80E862 23, 23.

CRIWE
GROB
VROE
LLOER

.22

.32

.08
18€.

. &2
222,

2.87
158.

.28

W43
72.

WSELK
LOB

XNL

ITRIAL

343

.22
2.
845

€.
. 345

1364, 72
481,
835

1364.82
482,
833

1364.95
475,
835

Ly

ik
[
o
i
=
-~

494,
.33

1365.23
522,

. 835

2

1363.26
538.
035

e

HY
ARCE
XNR
ICONT

L 2h
13,
845
2

.
P
~a

o]

& Lo

27
.
043

+ 25
.
845

4,
L8435

HL
VoL
WTN
CORAR

24
14,
. 882
.Be

14,
. 222
.22

1&s
. 282
. 2@

[

. 208

.13
19,
. 208

OLOSE

BANK ELEV

TWd  LEFT/RIGHT

ELMIN
TOPWID

4,
1358. 62
103.09

.21
5.
1359. 00
144,54

ESTA
ENDET

1365.78
1345.0€
933, 4E

- 18146.95

1365.68

1365.28
9935.96
10848, 29

1366.28
1367.00

99356.18

1g@38.88

13t5.88
1365.00

9935.00

18@38.09

13468. 08

1364.08
9942.18
10087.24

1368.28
1364.70
9942, 48

: 1@i@L.52

14



29-88-94 @5:26:45

SECNC DEPTH CWSEL
0 QLOE GCH
TIME VLOE VCH
SLOPE XLOBL FLCH

*SECND 21, @60
21.0 5.98 1345.1
2eee. 2. 1998,
12 ) .64
. 209t tie. 142,

21.28 3.89 1385.29
2

2002, ¢ 1992,
.13 .08 J.68
.BERI2e 92. 12e.

#SECNG 21,108
21.12 3.88 1345.4@

2eee. 2. 1995,
14 B2 3.78
221010 98. 128,

*#SECNG 21.127
2313 3.77 1343.47

2eee. e. 2eea.
.14 .20 3.87
L2185z 76, 78,

CCHv= . 388 CEHy= 500
*BECND 21.13@

21.13 3.353 13h5.535
20ee. 2. 2008,
+13 .20 4,23
.8e3ese 35. 555

#BECNC 21,148
21,14 3.57 13653.57
2pea. 2. 2eee.
.15 .22 6.27
.B11391 Je. 3@,

CRIWS
GROZ
VROE
ALOBR

T
il

178,

o2
1.
.32

162,

.22

e.
.za
35.

WSELK
ALCE
XNL
ITRIAL

D45

. o8
2.
<243

.08

JB45

. 043

=)

EG
ACH
XNCH
IDC

1365.39
34E.
835

s
(3]
o
Ln

-
(=]

1365.82
473,
258

1366.18
319,
062

)]

H
ARCE
XNR
ICONT

HL
VOL
WTN
CORAR

11

Fx
e

.2e2
. 08

<12

-
4
4,

A%
. Qo

w19
26.
. 28D
.oe

CLOSS  PANK ELEV
TWA  LEFT/RIGHT
ELMIN E87

TOPWID ENDET

.20 136B.58

5. 1364.78
1359.28 9943.15
131.32 18Q74.44

B2 13467.00

b, 1364.40
1359.48 9944.13
14@. 44 10@84.57

.08 1367.02
6. 13£5.18
1359.63 9944.88

126.23 18072.23

.28 1379.:2

& 1366.0E
1355.72  9945.41
187.81 1825241

B2 1376.88
6. 1366.00
1368.82 9946.22
182,41 12648.64

A7 1378.58

&, 1366.00
1362.22 9941.00
83.70 10244.78@



29-28-94 25:@6:45 PAGE
SECNG BEPTH CWSEL CRIWS WSELK EG HY HL 0LOSS  BANK ELEV
v QLOB GCH QROB ALOE &CH AROP VoL TWA  LEFT/RIGAT
TIME VLOB VCH VROE XNL XNCH XNR WTH ELMIN SETA
SLOPE XLOBL XLCH XLOZR ITRIAL  IBC ICONT CORAR TOFWID ENDST
*5ECHG 21, 145
3381 HY CHANGED MORE THAN HVINE
21.15 3.97 1365.47 1365.44 L@88  1366.84 .37 .29 .38 1378.58
28ee. e. 20ee. 2. 2. 213, : 26. . 1345.80
.15 .22 2.39 .22 D43 . BLD . 845 L322 1361.58 9961.00
. 838497 12, 13« 28, & 9 2 .82 76,73 16@37.72
ClHy= . 208 CEHv= 428
*SECNG 21,150
J6BZ 2B TRIALS ATTEMPTED WSEL.CWESEL
3693 PROBABLE MINIMUM SPECIFIC ENWEREY
3728 CRITICAL DEPTH ASSUMED
21.15 3.18  1366.68 136L.60 B3 1347.%B 1.38 15 .20 1378.50
2eee. g. 2ege. 2. 2. 212, 2. 26, &, 1378.40
«13 .22 2.43 .22 228 822 .2z2 .B8@  13£3.5% 9951.23
LBR45LT S 13, 28. 2€ 15 e .22 78.8E 18039.82
SPECIAL BRIDEE
5227 DOWNSTREAM ELEV IS 13£3.7! NOT  (346.560 HYDRAULIC JUMP GCCURS DOWNSTREAM (IF LOW FLOW CONTROLS)
8B X« XECR CoFc RDLEN EWC BiP BAREA g8 ELLHU ELCER
.85 1.54 3.28 223.02 78.22 6.82 B&4. 00 L8 1363.02  13A3.50
*CECNO 21,162
3281 HV CHANGED MORE THAN HVINS
CLASS B LOW FLOW
3428 BPRIDGE W.8.=  1347.13 ERIDGE VELOCITY=. 9.63 CALCULATED CHANNEL AREA=, 154,
EGPRS EGLWC K2 QWELIR QLOW PAREA  TRAPEZIOID ELLC ELTRD
AREA
.08 1365.60 .82 8. 2008, 8&4. oe2. 1377.5¢ 1375.82

3493 OVERBANK AREA ASSUMED NON-EFFECTIVE.ELLEA=

1379.88 ELREA=

1379.02

16



29-28-74 25:@46245
SECNG DEPTH CWSEL CRIWS
0 (LOB QCH OROB
TIME VLOE VCH VROE
SLOPE XLOBL XLCH XLOBR
2l. 16 3.74 1368.74 .08
2paa. 8. 2002. e.
13 .02 7.41 .22
.Bzes2 11e. 118. 118.
CCHY= . 28@ CEHV= . 480
*#EECND 21,145
2117 3.51 136891 .22
2oee. 2. 2002, .
<15 .22 7.74 .82
L012787 58. 5e. 40,
*GECND 21.178
21,17 3.28  1345.48 .02
268¢e. 2. 2eeg. 8.
13 .22 7.47 .52
Lglzeet 42, 42, 42,
*¥5E0NO 21,175
3265 DIVIDED FLOW
217 3.34 1369.84 .22
2e8e. a. 20ee. g.
ST .22 1.77 .22
815372 8. Je. 3e.
#GECNG 21,160
3265 DIVIDED FLOW
3321 HY CHANGED MORE THAN HYINS
24,18 3,22 1373.83 22
Zgae. 2. 2228. 2.
sl .20 5.22 .00
BR515¢ 45, 45, 45,

WSELK
ALOE
XNL
ITRIAL

2.
843

.28

843

e.
. 845

EG
&CH
XNCH
Inc

1369. 60
278.
228

1369.84
258.
.24

2

1378.35
268,

. 842

2

1178.78
257,
048

&

1371.26
3E3.

. 043

2

HV
AROP
XNR
ICONT

.73
8.
845

2.
LB45

HL
VoL
WIN
CORAR

1.&
2%

N
@

w21
27
BBz
.08

Gl
27.
222

7
28.
020
e

OLOES
ThA
ELMIN
TOPWID

. B0

7.
13653.88
7e.0e

X
7.
1365. 4@

102,43 i

)

7.
1366.20
185,93

a3

-
fx

1366.5@
189.32

.18

1347, 458
135.11

PAGE

BANK ELEV

LEFT/RIGHT

5874
ENDST

1379.2
1379.88

9961.00

1@239.00

137z2.08

1372. 48
9938, 44
18042.39

1372.08
128712

9932.47
18047, 432

1372.8€
1371.82

2736

18%48.84

17



279-88-94 @3:B4:45

SECND DEPTH CWSEL
g GLOE QCH
TIME VLOR VCH
SLOPE XLOBL XLCH
*SECND 21,185
3263 DIVIDED FLOW

21.18 3.22 137B.B2

2gea. 2. 200€.
.16 .22 6.71
812535 28. pi'

CCHy= . 188 CErv= . 322
*SECND 21,190
21.19 2.B1 1371.41
.

2ee. eee.
.14 .28 5.19
.B24378 4e. 42,

*EECNG 21,195
21,19 3.85 1371.43

2eee. . 2008.
16 .22 4,78
. B3371 43, 45,

*GECNG 21.208
21.20 3.57 1372.27
2e28. 2. 2008.
.18 B 4,94
821973 288, 20a.

*SECND 21,232

21,2 1.83 1372.65
2eee. 2. 200@.
.19 .02 3.78

801563 208. 208.

*BECND 21,260
21.24 4,87 1372.97
2oeg. e. zeee.
.21 .08 3.55
Nvald 205. 208.

CRIW
QRGE
VRE
XLOBR

w

.2

.02
28.

2@

.28
288,

195.

WSELK
ALOR
XNL

ITRIAL

2
. B4

.84

)

ra

)

[l

EG
ACH
XNCH
IDc

1371.32
298,

. 548

@

T g
37252

496,
B35
(")

1372.87
529.

. 235

2

1373.16
564,
B35

2

HV
ARGE
XNR
ICONT

.78
2.
.45
g

«23
a.
Q45

2
Vs

2.
045

.28

. 845

HL
VoL
WIN
CORAR

«13
28.
. B2
.02

. 28
28,
. 202
22

LBEC

28
36.
. 222

oLOsE
Tia
ELMIN
TOPWID

.21
7.
1368.62

153. 14

.21
7.
1368. 68
156,34

.21

8.
1368.78
158,31

.22

%
1348.88
155.6%

.82

9%
1348.98
158,28

BANK ELEY
LEFT/RIGHT

SSTA
ENDST

1372.08
1371.8Q

9927.48

10@72.53

1372.02
1371.82
qgﬁﬂ ig

Lis i

18278.3¢

1372.02
137228

G9:3.47

18877.71

1372.18

1372.468
9920.33
10878. 64

1373.02
1373.22

9922.99

1@8€78.467

1373.282
1373.1@

0921.20

18875.49



2%-2E-94 B5:06:45

SECNG  DEPTH
Q LOB
TIME VLGE
SLOPE XLOBL

*EECNO Z21.308

21.38 4,12
2eee. L.
22 .56

LBRLIET 235,

*¥SECND 21,3232
21.33 4,16
282e. 1.

24 37
B011i3t 235,

*#ZZCND 21,343

21,34 3.99
2ege. 2.
.26 .81

Lg21151 235,

#SECNG 21,372

21,37 3.95
2028, 2.
2 .22
281217 &2,

*SECNG 21,388

21,36 3.82
206e. g.
.27 .82
.B@1556 8e.

CCHY= . 208 CEHV=
*5ECND 21,392

21.3% 3. 43
2008, 2.
27 .08

.pelels 28.

CWSEL

QCH

VCH
LCH

1373.22
1999.
3.43
2ee.

1373. 44
1999,
1.41
20e.

1373.75
2008@.
J.45
55

1373.82
200a.
J.ed
78.

400

1373.593
2eee.
4. 43
75.

CRIWS
QROR
VROE
XLOER

e.
81
165,

. B8

2.
.2
145,

.ae
2.
.Be
165,

.22

2.
.28
58.

.28
2.
.08

62.

2.
.08
&@.

WEELK
ALGCE
XNL
ITRIAL

. 2@

. B45

.22
2.
. 843

.
.45

EG
ACH
XNCH
inc

1373.41
58z,
835

1374.84
27,
B35

2

1374.23
451,
247

']

HY
ARCE
XNR
ICONT

.18

043

.18
2.
B3

“~J

[~ e
-

=: oW

.19
8.
843

HL
VoL
WTN
CORAR

«25
JE.
. 822

w23
41,
. 282

.87
4k,
N

.20z
.Be

14
4t
. 222
B2

DLOSE
THA
ELMIN
TOPWID

.02
1e.
1365, 10
163.73

.22

12,
1369.78
171.84

.22

12
1367.88
161.77

21
12.
1373.08

153.28

.23
12.
1372.38

14@.85 1

PAGE

BANK ELEV
LEFT/RIGHT
SETA
ENDET

1372.50
1373.28

2918. 1

10881.83

1372.72
1373.60

7917.94

10877.49

1373.50@
1374.10

728,25

10891.2!

1378.20

1374, 62
9923.87
12084, 84

1376.52
1275.08
9926, 11

18279.31

19



29-28-94 @5:25:45

SECNG DEPTH
0 QLOB
TIME VLCR

SLOPE XLOBL

*GECND 21.440

21044 3.94
2028, 32,
<29 2.72

- 825485 248.

CCHY= . 189 CEHV=
*EECND 21.484

21.48 4. 74
zgae. 42,
.38 2.45
.B03265 233.

*5ECNG 21.56@
21.36 3.41
2822, b,

32 Z.B6
.BB1EzE Jik

*SECND 21.570

21.57 b 44
20ea. 183.
.32 175

. 2Res99 28.

#BECND 21.576

CWSEL
GCH
VCH
XLCH

1374.86
1832.
5.2k
258,

. J2e

1375.96
1689.
4,83
258,

1376.81
1738.
4,18
J18.

137694
1615,
2«15

sl
Liie

CRIWS
GROB
VROE
XLOER

138.
J.47
268.

.20

3.29
247,

.02
286,
2.22

Jzé,

3321 HY CHANGED MORE THAN HVINS

3485 28 TRIALS ATTEMPTED WSEL.CWSEL

3692 PROBABLE MINIMUM SPECIFIC ENERGY

3722 CRITICAL DEPTH ASSUMED

21.38 6.37
2eee. 3.
.32 2.47

.B1750@ JE.

1383.87
1459,
7.6
Je.

1282.87

53é4.

B8.73

3e.

WSELK
ALOR
XNL
ITRIAL

.82
12.

@45

.22
21,

. B43

B43

.22
2

a1

843

>
ra

EG
ACH
XNCH

Inc

1376.38
375,

. 342

]

1377.85
419.
B4z

2

1377.88
376.
240

1361.B4
191.
D40

6

Hy
AROR
XNR
ICONT

W41
42,
843

.34
48.
845

24
ie2.

245

14
97.
. B45

.96
41,
D45

PAGE

HL OLOSS  BANK ELEY
VoL TWA  LEFT/RIGHT
WTK ELMIN S5TA

CORAR TOPWID ENDST

«99 .24 1372.48
49, 13, 1371.48
.BR%  1372.92 9927.55
.88 163.5@ 12@71.@5

1.83 Bt 1372.90
5i. 14, 1371.78
L0828 1371.28 9917.B6
B8 142,87 1086@.74

T4 81 1373.18
54, i5. 1373.88
Q82 1371.42 99B34.42
Be 203.4% iRiPB.24
B2 .81 1371.5@
35. 16,  1375.5@

.08@ 137@.58 9893.QZ
8@ 222,51 1@i16.53

.86 .25 1390.008
35, 16, 1375.€¢
000 1374.58 9911.47
08 122.208 18B34.95



27-28-94 83:84:45
EECNG DEPTH CWSEL CRIWS WSELK
] OLOB QCH (GROE ALCE
TIME VLOR VCH VROB XNL
SLOPE KLOBL XLCH XLOER ITRIAL
*SECNG 21.562
3381 HV CHANGED MCURE THAN HVINS
21.58 &.B4 13B1.84 .28 .ba
2008. 79 1539, ag2. 5@.
«23 1.37 2.97 1.64 845
JERRET2 13, 15. 15, 2
*3ECND 21,592
21.5% 7.27 13Bl.B7 .22 .82
2802¢. &3. 1723, 213, 1.
«33 1,33 2.92 1.44 @43
. RBBLEE 5@. 5@. 58. ¥
#5ECND 21.448
21,64 6.66 13BZ.26 .22 .22
@28, 63, 1644, 291. J9.
36 1.61 «33 1.85 045
.Bea9es 273. 278. 267, e
*EECND 21,450
21.645 7.25 13BZ.15 .22 . B2
2088, 188, 1686, 287, 77.
.36 135 Z.43 112 . 843
. 008332 28. 22. 28. 2
#SECND 21,669
3321 HY CHANGED MORE THAN HVINS
J4B5 28 TRIALS ATTEMPTED WSEL.CWSEL
3693 PROBABLE MINIMUM SPECIFIC ENERGY
3728 CRITICAL DEPTH ASSUMED
2167 5.83 13B4.B7 1384.83 .28
2gea. &, 1583, i1, 2.
.36 2.42 7.65 8.38 . B45

.B1EBLY 38. 38. Ja. 2e

EG
ACH
XNCH
IkC

1381.96
519.
242

2

1381.99
594,
842

e

I0° A%

138222
494,
. B4R

1385.77
207,
248

14

HY
ARCE
XNR
ICONT

157,
@45

LB45

.94
49,
245

)

e
g
[4a]
m

HL OLOSS  PANK ELEV
VoL TWA  LEFT/RIGHT
WTN ELMIN EETA

CORAR TOPWID ENDET

.83 B9 1377.22
35. 16 1375.88
282 1375.28 °9894.54

2
98 Z27.5@ 1@i:zz.e3

.23 .22 1377.e8
56. i&.  1375.5€
L28@  1374.48 9BEE.73

B2 229.43 1R118.16

21 .81 1378.10
i 17, 1374.48
L0282 1375.4@ 9B94.22

0@ 214,38 1@198.60

.21 81 1375.92

61 17 1374.9@
LB38 1374.90 9B92.:4

B2 221,61 1R111.BS

.23 .26 1384.0€
bl 18,  1379.4F
L2288  1379.98 9903.97
.82 13@.11 1@zls.ee

(8]



29-88-94

25:26:45

SECNO DEPTH
¢ QLCE
TIME V_OB
SLOPE XLCBL

*GECNG 21,688

CWSEL
GCH
VCH
XLCH

CRIWS
GROB
VROE
ALORR

J381 HY CHANGED MORE THAN HVINS

21.68
2008,
(]

. BBE7I5

*8ECNG 21.708
21,78
2eea.

T
.peerzz

*BECNG 21,742
21.74
2gee.

29
228992

#SECNG 21.74
2t.78
2002,

41
221458

()

#BECNG 21.770
21,77
2008.

Al
820421

*#5ECNG 21.782

6.76
8.
1.53
15,

5.99
g4

—ix

l.64

e
e
Lol

1.84

217,

b.26

1385.74
1636,

2 oc

La 70

&
13.

1385.20
179,
5 g0

Le

3e.

1385.99
1742,
3.29

-z
g 234

1386.346
1458@.
2.46
24,

.22
211,

1.58
5@.

289.
1.62

247,

)
(=]

292
2,37
213,

476,
1.49
24,

3381 HV CHANGED MORE THAN HVING

3485 20 TRIALE ATTEMPTED WSZL.CWSEL

WSELK
ALOE
XNL
ITRIAL

.a2
44,
245

)

=
o
=

-
=
£

[ LI

EG
ACH
XNCH
InC

1385.88
558.
Q42

&

3B85.92
592.

. 243

s

1384, 14
529,
LB4p

rma

1386. 41
442,
242

e

1386. 44
59¢.
@43

Hy
ARGE
XNR
ICONT

.15
124,
Q43

.88
J2e.
@45

HL
VOL
WTN
CORAR

26
72.
. 2822
.2

7e.
. 282
.82

0L0SE
TWA
ELKIN
TOPWID

1379.22
Z2B.45

.21
2e.
1Jge. 1@
191.61

138@. 18

222.18

Lils i

BANK ELEV
LEFT/RIGHT

55TA
ENDST

1381.28
1379.68

9888.34

18117.01

1381.32
1379.5@

9872.71

10119.71

1381.99
136@.82
9893.87

4 18119, 11

13B2.40
138e.3e

9898.7%

10092.39

1381.1@

1380. 1@
98%4. 46
18116.64



27-88-94 85:86:43
SECNG DEPTH CWSEL
0 QLOB 4CH
TIME VLB VCH
SLOPE XLOBL XLCH

J&93 PROBABLE MINIMUM SPECIFIC ENER@Y

3728 CRITICAL
2i.78
2808,

41
.B18177

*GECND 21.790

DEFTH ASSUMED

6.21
4,
2.40
ae.

1387.81
1545,
7T
3e.

CRIWS
GROE
VRCE
XLOBR

1387.81

451,
8.648
J2.

2321 HV CHANGED MORE THAN HVINS

*SECND 21.0500
21.82
2eee.

0L

. goaesee

#BECNG 21.B20
21.82
2eee.

X
. BeeE74

#5ECNG 21.848
21.84
20e8.

ah
. B2@924

#52CNG 21,870
21.87
Zpee.

.43
.BR109e

e
LA L ] e
R

7.13
72,

PR=pd

bt

6.94

73.
1.48
158.

£.78
.
1.78

155

1388.79

_____

1388.91
1967,

-
3.24

s

1389.24
1573.

3.22

158.

1389.18
162¢.
3.53
168.

362,
1.75

‘3
e Y

299,
1.93
168,

WEELK
ALDE
XNL
ITRIAL

.23
2

B45
28

.ee
4k,
.245

843

.20
4k,
@45

. 0@
47,
. B45

EG
ACH
XNCH
it

138E.82
199,
. 840

&

1389.85
481,
848

1389.18
474,
242

g

1389.35
468,

. 242

2

HY
ARDE
XNR
ICONT

.29
52.
. B45

14
207,
. @845

14
200,
845

VoL
WIN
CGRAR

B4
71,
. 282
8¢

.28
74,
. 08¢
.22

13
16
. 022

OLGSS  BANK ELEV
TWd  LEFT/RIGHT
ELMIN S5TA
TORWID ENDET
.27 1387.00
21, 13ez.ie
1381.6@ 9927.B4
124,34 18834.20
.89 13B4.1
2. 13gi.1e
1361.68 FWFL.IL
213,71 i@IBT.EZ
.28 1384.28
. i3mz.ze
1381.78 99@:.23

.22

2l

1381.98
218.5

.22

22,
1382.12
218,53

.01

23,
1352.4@
200.74

- 10189.81

1184, 48

11B2. 48
9982.49
18121.27

13B84.460
1382.460

992,29

1eiz@.82

1384.78
1382.90

99¢1.83

181@2.59



29-28-94 83:84:45
SECNG DEPTH CWSEL
Q QLOE QCH
TIME VLOB VCH
SLOPE XLOBL LCH

#GECNG 21.895

21.98 £.99 1389.29

2eea. 29. 1687.

4b 1.34 3.35

.0BRes: ?5. 90.
#SECND 21.902

21.92 6.33 1389.33

2008, 33, 1B81.

W47 1.5@ 3.5

.eaiesy &2, 68.

ClHY= . 388 CERy= .50e
*BECNG 21,918

21.91 7,17 1389.47

2gee. 434, 1468,

JA4E 1.55 2.86

. BeeIes 33. 78.

CCHv= . 308 CEAY= . 528

*BECNG 21.928

21.92 3.93 1389.33
2828, 2. 2eee.
.48 .28 5.18
.B@e35e Ja. Ja.
SPECIAL BRIDGE
SE XK XKGR COFG
1.85 1.56 3.ee

#GECND 21,940
CLASS A LOW FLOW

3428 BRIDGE W.G.=

CRIWS WEELK EG

GROB ALOR ACH

VROB INL XNCH

LOER ITRIAL  IDC
.22 .28 1389.44
284. 22. 584.
1.83 @45 . 042
9e. i )]
.82 .22 1389.51
B4. 23. 53z,
1.1t 345 842
&8. 2 2
.82 .88 1389.57
ig&. 222, 511,
1.67 835 835
£5. 2 g
.22 BE  1389.74
2. 2. 384,
.00 .22 222
38. 2 e

RDLEN BWC
200.ee 539.00

5.8

1389.71 BRIDGE VELOCITY=,

HV i 0L0SS
AROCP VoL TA
XNR WIN ELMIN
ICONT CORAR TOPWID
.15 .89 . 0@
155, 8e. 23.
845 .28 1382.33
] .28 196.21
.18 86 .8l
76. 8t. 24,
B3 022 13831.20
e B2 197.38
st l .84 .82
£3. Bz, 24,
835 .062 1382.38
(1 B¢ 168.38
42 .81 13
2. g3. 24,
L8228 QB2 13B3.48
e .08 71.26
BkP PAREA 58
6.08 877.82 1.0@
2 CALCULATED CHANNEL ARZA=,

LEFT/RIGHT

ELCHD
1383. 42

312,



87-08-94 @5:@6:45

SECND DEPTH CWSEL CRIWS
q GLOE QCH QRCE
TIME VLGB ¥CH VROB
SLOPE XLOBL Xt XLOER
EGPRS EGLWC H3 QWEIR
08 1389.99 .89

2493 QVERBANK AREA ASSUMED NON-EFFECTI

21.9% .12 1389.42 .22
2083, 2. 2228. 2.
.48 .02 £.83 .22

. 082259 i23. 123, 123,

*EECHG 21,958

21,95 4,39 1389.2% .22

200, 8. 2@ge. 2.

.48 it £.75 .83

LB213%¢ Je. 4@, 85
#SECNG 21,962

2485 28 TRIALS ATTEMPTED WSEL.CWSEL
3493 PROBABLE MINIMUM BPECIFIC ENERGY
J72¢ CRITICAL DEPTH ASSUMED

2i.98 2.52 1392.52 [392.32
22280, 2. 20ez. 2.
49 B2 8.55 .08
B13760 &8. &2, &3,

#SECND 21,978

338 HV CHANGED MCRE THAN RVINS

21.97 3.4 1393.93 .22
2e02. 2. 20082, a.
49 .22 3.39 .02

N 8e. 8e. 8e.

:399.3@ ELREA=

"
2 LN

[<¥]

w
TSI = I o~ |
(]

[ ARSI

- R ex

Ln

[>]

PAGE

BANK ELEV
LEFT/RIGHT

S5TA
ENDST

ELTRD

1397.28

1399.32¢2

1399.3¢

9964.7¢
7C.48 19035.24

9938.12
18@41.57

1394.03

14@0.00

7934.32
18858, 46



29-86-94 @5:046:45
SECND DEPTH CWSEL CRIWE
3y 0Lz QCH GROE
TIME VLOE VCH VROR
LGPE XLOBL XLCH XLOBR

*EELND 21.982
3485 2@ TRIALS ATTEMPTED WSEL.CWSEL

3693 PROBABLE MINIMUM SPECIFIC ENERGY

J728 CRITICAL DEPTH ASSUMED
21.98 195 1399.93 1399.93
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Soils reports for material particle size gradation by weight
east of 7th Ave (Bellvue and DVE 12 channels) were used for
calculations where Dm or D gp values were required. The
material in the channel west of 7th Ave has a more coarse
gradation of cobbles and boulders over 10". Therefore, the
degradation and scour results are conservative for the Wash
reach. The Amwest copy of the soils report west of 7th Ave
prepared for this project in 1990 has not been located in the
Cave Creek file. The secretary will search some related files
in storage to find the report. A new copy will be requested
from the soils engineer if necessary. A notice to all offices
that get this Degradation and Scour Analysis will be sent to
confirm that the project soils report has the same or higher
Dm or D 99 values.

Bill Leimkuehler %’}
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Meyer-Peter, Muller (Bedload Transport Equat1on) —
Bed1oad transport equations provide a method to compute a nontransportable %f
particle size representing coarse bed material capable of forming an armoring L
e — b — .____,_J._.__.__..___.L_.._._.____..;__._._..T_.._._._.___._._..._‘_. )

layer.

where:

ot o e ]

by weight is finer

Individual particle size in millimeters

0.19 inch-pound units (0.058 metric units)
Mean water depth at dominant discharge,ft (m)
Slope of- energy gradient, ft/ft (m/m)
Manning's "n" for bed of stream
Particle size in millimeter at wh1ch 90 percent of bed mater1a1
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Competent Bottom Velocity
Investigations show that the size of-a particle plucked from a streambed is
. The particle starts to
s ot

proportional to the velocity of flow near the bed
move at what is called the competent bottom velocity (Mavis and Laushey,
the mean channel velocity.
A Y __5I:E“jf::
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1948) which is approximately 0.7 times Vp
_‘_:I::_—:.__u_C:::.‘.?I_‘.:"_““_‘_T:Zl"w_.____.~
= 1.88 V2 inch-pound units

20.2 V2 metric units

R
P b e 2 i D ]

=+ where:
- Dc = Armor size, mm
e Vm = Mean channel velocity, ft/s (m/s) LR
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- Lane’s Tractive Force .

BOR manual Figure 4 on next pages shows the relatlonshlp of BN
critical tractive force vs the mean particle size diameter. o

Calculate the critical tractive force using channel hydraulics for i
Z.. dominant discharge and select the curve on Figure 4 where critical o &
- tractive force: intersects a line to the lower grain size limit of -

= nontransportable material , (Dc) BOR recommends use of the *curves -
T for canals with clear water" in coarse, non—cohe51ve materlang_ i

_-Lm_i*_L_m___ﬁ_____

] | Te = T,dS | (4) —
"l] where: . BE g

-— —I = 5 O

oind B Te = Critical tractive force, 1b/ft2 (g/ml) ‘ e
S Ty = Specific weight)(mass) of water, 62.4 1b/ft3 (1 t/m3) - how e A
_— - d = Mean water depth, ft (m) R
= -5 =Slope, ft/ft (m/m) - ; | S Sl
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Shields Diagram

proy ides a method for determ1n1ng an armor size.

el
*

boundary Reynold's number

Shear velocity +/S[Rg, ft/s (m/s)

Slope, ft/ft (m/m)

Hydraulic radius or mean depth for w1de channe]s ft
Acceleration due to gravity, 32.2 ft/s2 (9.81 m/sZ)
Particle diameter, ft (m)

— Ux
- SL
= R:

T R

g
D,
v

and - | .
i = L
& ('TS .- Tw) D

where:
Dimensionless shear stress ,
Critical shear stress 1b/ft2 (t/m2) equal to T,dS|

Specific weight (mass), 62. 4 1b/ft (1 t/m3)
Mean depth, ft (m)
Stope, ft/ft (m/m)

._g
x
[T L T T [ A |

— D*= Particle diameter, ft (m)
ol L LS T T j

i e X

Many investigators use the Shields diagram (Shields, 1936), figure s(nexf'Parej

to define the initiation of motion for various particle sizes. In the =z
o - process of armoring of a streambed for predominately gravel size material % o
iy >1.0 mm and high Reynold's number R«>500, the Shields parameter given below .

- := Kinematic vxscos1ty of water varying with temperature, ft/s ;54
— S (mefs) . (Ix1075) =

Specific weight (mass) of part1c1es 165. 4 1b/ft37(2.

o WIDES BOTTUIM -

(m) 1

;) oS

65 t/m3) T
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Yang Incipient Motion =

Yang (1973) developed a relationship between dimensionless critical velocity, .
Ver/w, and shear velocity Reynold's number, Rx, at incipient motion. :
P Under rough reg1me conditions where Rx>70,: the equation for incipient =
= motion which is considered applicable to bed matema] size 1arger than about :

“ Z mm by Reclamation is: iv
:"_- Vcr : ; ;
. e 2.05 ‘ ; : (6) :_
-'5 wﬁere: : : | 1'_:
— : +

ritical average water velocity at incipient motion, ft/s (w's) T

__- % Vcr C
- Terminal fall velocity, ft/s (m/s) : T

Z I
o The settling velocity by Rubey (1933) for material. larger than 2 mm in T
- diameter will approximate the fall velocity by: =

= w=6.01 Dcl/2 inch-pound units (7)

— ’ : w = 3.32 D1/2 metric units ' R
; ‘ Equations 6 and 7 can be combined to giver

D = 0.00659 V2 inch-pound units . (8)

= Dc = 0.0216 V2 metric units
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Depth to Armor and Vo]ume Computa’mons

After determining the size of the material required to armor the streambed,
from either an average of the five methods or a judgment decision on the best
.-~ - method, an estimate can be made of the probable vertical degradation before
2 stabilization is reached. The armoring computations assume that an armoring
= layer will form as shown on figure 6 by the equations:

i o Yz ¥- ¥ , (9)
—_— and ;
- Ya = (ap) ¥ (10)

- - which are combined to:

- | v =y (i_p1> ! | (11)

Y = Depth to bottom of the armoring loyer

A}

Yy = Depth of degrodation

Yo = Armormg'/ayer‘
— Or = Diameter of armor moaterial
i dp = Decimal percentage of original bed material
ER— _ ] larger than D,

;‘ E{Eé_c_[__} Figure 6. - Armormg deﬁmtmn sketch
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M ya = Thickness of armoring layer " 4 oty
Tz y = Depth from original streambed to bottom of the armoring layer .
o _ ¥g = Depth from original streambed to top of armoring 1ay=r or the —
o depth of degradation o
- - Ap = Decimal percentage of original bed material larger than the armor el
—y size, D¢ L
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This example of scour is at Bell Rd bridge looking north at east
bank. The armor layer of large rocks on the bottom has kept the
scour from cutting deeper than the FL. The flow has scoured the toe
of 4:1 slope about 1’ at about 1:1 slope. No significant scour is
expected at the design FL 1.5’% deeper in the Wash. The realigned
channel bed material has less boulders and large cobbles 6"+ and
possibility of scour is only analyzed in other reaches.
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Regime eguations supported by fiel

- obtaining field measurements in an
- bankfull discharge and hydraluics

-' This method has been expanded for f

T2 transport by Blench (1969) in- the

o d

- Oesign dwscharge,ft
; Lacey's silt factor
e grain size of bed

l}

I
-+ O
o n

- - s suggested by Meill {19737 on recommendations by Blench (1969)iinvolves

SIS SR ey 2O (A S T _ﬂ-—-——-_s‘,____ T S sy i W o i
d measurements method {2)¢This approach £ 2
incised reach of river from which the :”

- hydraulics in the. incised reach of river, the flood depths-can be computed, =

- — - regime equation by Lacey (1930) and the method of zero bed-sediment

Mean depth at des1cn d1$charge, ft (m) E;

can be determined. From the bankfull

S B i ;

Rec]anatlon use to include the empirical

form of the Lacey equation:

£ 0.47 (! )1/3 | (26)

/s (m3/s)
equals 1.76 (Dm)l/2 where D equal mean
material in millimeters - |

: :::é and the Blench equation for "zero bed factor": ::;
il de, = ——17— ' (27) x_
Tl ' - = W

o1 dfg = Depth for zero bed sediment transport, ft (m) ‘ T

o
Fho

Blench's "zero bed

Design f1ood discharge per unit- w1dth ft3/s per £t (m3/s per m) T

CHANNETI- -DATA- ON 3 5 S g mars i el flaglegi by
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D, MEDIAN DIAMETER OF BED MATERIAL (mm)
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y Mean velocity using Survey Cross Sections Method (3):
) No measured WS 1in the new channel alignment has been made to use
for a check on channel roughness coefficient n. BOR manual

recommends use dm from HEC-2 and apply Z.
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BED -MATERIAL GRAIN SIZE (mm)
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Figure 12. - Suggested competent mean velocities for significant bed movement

of cohesionless materials, in terms of grain size and depth of flow (after

Neill, 1973).
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" .. Equation Type C SCOUR AT BRIDGE PIER

- The numerous empirical relationships for computing scour at bridge -
. plers include one or more of the following hydraullc parameters:

-~ pier width and skewness, flow depth, velocity, and size of sediment
- - (Dm). Two different approaches (1) regime, and (2) rational are -
— . used. The regime approach is to use either equations 26, 27, 28, -_

;—f- or 30 and a Z value from table 7. An appropriate value to use for =
- piers is 1.0 to the Lacey equation 29. Use Table 7 value for Blench -

ﬁf; equation (30). -
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The rational equation selected for scour at piers is described by Jain (1981)  + -
in the form: 3 =

d_; L (403 (Fc>o.25 - | ) =

_‘:’ where:

dg = Depth of scour below streambed, ft (m)
= Pier size, ft (m)

Flow depth, ft (m) .
Ve/+/qd = Threshold Froude number o

_Z VC = Threshold velocity, ft/s (m/s) from figure 12 i
T g = Acceleration due to grav1ty, 32,2 ft/s (9.81 m/s?) g
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5720, 8. .S 47 2. 4R, 5s. ==, . 13e%.82
A8 B2 1BT7iv 8.4 LB45 (B2 . LB65 OE2 (361,52 9961.02
L8179i2 20 Ui A 2 e @ . .o@  18@.47 1@RLi.4T
R N AN S B
cov= 200 csv= o ame N\ A U
' $SECND 21,150 T (Wl
€ P\f\t
3301 HV CHANGED MORE THAN HVINS
3LES 28 TRIALS ATTENPTED WSEL, CWSEL
3693 PROBABLE MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEFTH ASSUMED
21,15 5.83 1369.35 1369.35 82 13721 2,77 il 42 1378.52
.570@. ... @ ~ 57®8. @ . .B.  4&27. . B 55. 9. 1378.48
<1 00 1335 .ew .2 B2 222 L2020 136352 9941.23 .
223937 12, 5.\ 28 o0\ 22 5 .00 78.20 10039.00
\N PN J
NUMPAD .
“GQQ
N

belugal b4 T s
SPECIAL BRIDES

S2Z7 DOWNSTREAM ELEV IS 13£7.%4 ,NOT

22 g.

1349.35 HYDRAULIC JUMP OCCURE DOWNSTREAM (IF LOW FLOW CONTR

8B XK XKOR . COFGQ RDLEN  BC 2P BAREA  SS ELCHU
1.25 1.56 3.2  202.22  78.22 6.22  B64.22 32 1345.20
*SECNO 21. 168 )
3301 KV CHANGED MORE THAN HVING
CLASS B LOW FLOW
2420 BRIDGE W.S.=  1379.85 BRIDGE VELOCITY=, 13,46 CALCULATED CHANNEL AREA=, °
et EGLuC -3 CWEZR Lo BARES  TRAPEZOID ELE BLTRE
4324
5722, &4, 980, 137750

137s.ee

© ELCHD
1363.52

353,

oy
=]
el f




07-11-94  ‘12:39:33 ' : Y PAGE 17
SECN0  DEPTH  CWSEL  CRINS  WEELK  E HV HL OLOSE  BANK ELEV . :
q Qo3 Qe QRCE  ALOZ  ACH ARCE VoL Twh  LEFT/RIGHT
TIME VLB VCH VROE XML INCH  XNR WTN LMIN SSTA
SLOPE  XLOBL  XLCH  XLOZR  ITRIAL 1IDC ICONT  CORAR  TOPWID  ENDST
3495 OVERRANK AREA ASSUMED NON-EFFECTIVE,ELLEA= 1379.8¢ ELREA= 1379.22 i
2,16 7.53 1372.52 .29 .28 137412 1,58 1.98 .22 1379.22
57¢2. e 57 ) O 2. S&S. 2. 56. 9. -1379.00 Y
41 g2 1 25“ TR . .222 222 .222 203 135,20 9%z O
JLei6E . 1i2. e, ) e, 2 2 2 .02 78.22 10039.22
Low= - .20 (V= 402 e 0 e i e -
$SECNO 21, 165 "
[ L7 =
J3B! HV CHANGED MORE THAN HVING "N
247 8.2 13732 /.2 22 137476 B S .16 1372.22
572, B. 5%z | @ B. £84. e. 57 9. 1372.28
14 1.3¢  7.07% .43 JBL5 42 843 .202 135= 42 9924.61
.283237 58 52. 42. ki 2 g 28 132.62 10255.23
| ASECND 21,170 - o
.47 .53 1.8 .02 22 1374.52 .78 .13 28 1372.28
- 5788. 1. 5499 192, 6. - TR 58. 9. 1372.42
A1 187 17 3.43 .45 242 .43 200 1366.20 9919.18
.283254 42. 42, 42, 2 e 2 .22 152.80 18071.98
#SEIND 21,173 ,
2,17 732 1373.82 .22 20 1374.63 .81 11 01 1372.%
5722. 13, 5546, 2. 7 765. 3. 58. 18, 1371.20
S S T I 5 A 843 -840 243 223 1366.50 99:3.72
.804313 3e. . 3. e e e B2 . 163.17 10076.89
#SECNO 21,182
2118 G.bk 1374.24 .22 .28 1374.83 .58 A5 B4 1372.20
5722, 19, 5529, 153, 12. g92. &¢. E5 18, 1371.69
e 185 &23 2.3k .35 242 L343 882 1367.62 9912.82
282799 5. Bs 45, 2 2 ¢ B2 199.24 19111.26
e RelR e
2118 469 137429 .22 22 1374.92 Y R v R
= - --5788. 22, 5182, - 326, 18. T | st Wt 1 i A
A1 2.8 b4 2,93 L2435 . 242 .245 822 1367.62 991186 e

TETTIM3498 28, T T8, T SRR T2 TR g T TR 231,63 10143, 49h—_~-"7



87-11-94 12:39

9 DEPTH
2 QLo
VLOB

XLOEL

CLRY= .18 CEHV=
#520ND 21,192

:32

CRIWE
QCH QROB
VCH VROB
XLOER

Loy

- ool

ALOB

EGC HY
ACH AROR
XNCH XNR
1nC ICONT

BT

g1
VoL
WIN
CORAR

OLOES

BANX ELEY

TWA  LEFT/RIGHT

ELMIN

-
TOPRID

"SETA
ENDST

2L.1% 3.87 1374.47 i 22 1375.82 54 w11 21 1372.02
5788. ! 2. 53879, 37¢. 1z, g7:. 147, &is 8. 1I7L.e2
12 - LT7E 6,13 ~2.82 <845 B33 L84S 282 1358.462 99il.11
JB2215% &2, 42, &2, 2 g s .28 248,32 1RIS14C
#8ECND 21.195 ; :
2l —5.98 -1374.58 ——-.20 A8 - 13151558~ .29 22 1372.88
57@e. 23, 5317, aLe. 13. ges. 155. 2. g, 1372.22
12 1.74 6.8¢ 2.32 B4 235 Q45 L2022 13£8.£2 99:2.88
082041 45 . 45, 43, i @ ] B2 251.28

$SECND 21,28
2128 6.26
572¢. 3.

3 1.62

_.ee1952 . 2ee.

*#520NG 21,232
21.23
5788. 17,

14 1.45

BRL555 2ea.

#SEONG 21,242

21,26 &.B8

. 5728. 22;

213 147

N pREL 28,

#6ECND 21.22

.32 &.54%
57ee. 42,
Jek -
DRLELT 235

1374.94 .22
5385, BS.
6.04 1.43
L

1375.42 .29

5389. 294,
5.354 1,599
288, v

1375.76 .22 .

5344, 333,
5.38 1.99
202, 195,

(37424 .28

5294, 385,
oo 2.22

i&
B4

R

=M.

.2

]
3

(=]

1376.47 R
12@9. 148,
835

e g

1376.43 .38
e, 182,
T A

=~ 2

2 2

-

% &3~

) e
[<5]

(]
(]

~m

+27
7.
. .028

.21
12.
1368.€2

~L0 44
248,14

18162.88"

1372.18
137248
95@5.55
18124.32

1373.23
1373.88
9911.32

124246

1373.28
1373.18
9909.94

. 101612



27-11-9&  12:39:33 A
SECNC  DEPTH  CWEEL  f$3IWS ! WeEmIX  EG B HL OLOSS  PANK ELEV
G - GLOB QCH GRCE - ALOR ACH AROB VoL Twh  LEFT/RIGHT
TIME VLOR VCH VROZ ML XNCH XNR WTN L MIN S5TA
SLOPE  IOBL  XLE L0ER:  ITRIAL  IDC ICONT  CORAR  TOPWID ENDET
¥SELNO 21,332 ’ : ' 2 -
21.33 .98 1376.28 .09 BB 1376.67 .39 24 .29 1372.78
5788, 43, 5333, 324, 26. 1034, 17e. 88. 16, 1373.48
17 1,47 5.13 1.5 . 243 xs 845 JBED 1359.38  9936.45
821217 215, 228. 165, { 2 2 €0 254.B4 18161.49
T #gECND 21,383 - 7 _ :
21,34 4.8 1374.53 .02 .28 137691 - .38 W26 L .09 1373.50
5708 27— ~543E. 215, 18, 1PEg. — 123, 93, 17, 1374,18
Li8 1.48 5.8 1.74 45 235 .45 .822 1369.78 9928.89
LB81197 235. 282, 145, 1 2 2 .82 251.5871R148.39
#SECNG 21,372 .
21.37 .77 1376.57- .22 .23 1376.99 W42 .27 .Bi 1378.22
57¢8. ‘@ 5575 175, 8.  18s8. 78. 95. 17 1374.68
.19 .22 5.27 1,53 245 B35 L @43 P22 1349.82 9911.75
201427 49, 55. 52. 2 2 2 82 232.14 1Bi43.89
#SECND 21,363
o238 4,63 1376.63 .22 .28 1377.13 .58 L1 B2 1376.58
5702, 2. 5817, 73, 2. 985, 47, 9b. 1B, ~1375.02
.17 .21 5.72 1.53 .B4s 235 L B45 .22 1372.22 9922.33
21913 g3. 78. £8. 2 8 g .02 225.4E 1@128.8!
CCHv= "~ .28 CEHV=  .422
#SECNO 21.398
21,39 . .42 137,72 .23 .08 1377.37 .43 .18 .06 1382.82
5708, 8.  5688. 92, 2. B4, 4. 98. 18, 1375.82
.19 .00 b.49 1.99 . 845 24D . 845 L0200 1378.32 9932.32
.883849 2. 75. &2, 2 8 @ .82 194,48 1@124.50
#SELND 21,443
21,44 £.70 1377.6% ) 28 137E. 16 .33 77 B2 1370.48
s7ee. 179, 4534, 588, 52L 7ie. 261, 184, 19, 1371.42
o2 R 5,38 .73 243 L343 L343 2z 5,52
aga:at 248, &2 % Z g gz =2

PAGE 19




97-+1-54 12:39:33

Chez
Q QLoR QlH
TIME VL3R VCH
SLOPE  XLCEL XLCH

EECND DEPTH

CCHY= 188 CERY= . 322
#SECND 21.484

CRIWS KEZLK
GROB ALDB
VROB XNL
XLCER ITRIAL

£e 578 =y

Vi

aCH ARDE - VOL
XNCH XHR WTN

106 ICONT

CCRAR

OLOCE  BANK EITV
TWA  LEFT/RIGAT
ELMIN SETA

TOPWID- ENDST

2048 7.15 {378.35 .22 22 1379.23 &8 .83 Q4 1372.52
5702, 262, 529, 949, t4, 434, 243, 129. 21, 137..72
22 3T Tt 400 L2453 042 .45 .220 137:.22 9989.2
2333 252. 247, 2 ) g .22 232,35 1£135.%5
#SEONO 21,562
2156 7,95 1379.39 .22 22 1375.88 — 49 B4 — —B2 1373.13
5788, 196, 416k, 133!, &2. 672, 37 116, 22, 1373.02
e S 001 TS I W2 gus L2432 245 822 1370.42 9894.34
882145 ik, TR 3g4. 1 2 © JB8 232,31 12128.47
#SZCNG 21.572
21,57  9.29 1379.59 .2 .22 1379.53 34 .23 .81 1371.59

572¢. 402, 43:2.
27 A9 54
081143 % 2.

#5ECNG 21.576

%98, 12

~2e.

2391 My CHANGED ®ORS THAN HVING

JLIT S TRTAT T ATTIMITTU coos
TASE 2B TRIALS ATTEMFRTED

¥ 4 H
AT i NSl

i
2LE. MINIHUM

*#SECND 21,582

ey .
3321 BV CHANEED MORT 71

-——aaZ

A1 rm—

BERTEYA e
SECIFIC ENEREY

pty }

1383. 17 .82
1243, 5.
7.48 LBEE
Ja. 22

na a0
~ ol

— .
By ics
2 %z nis
-3 - ER T
15 3
. <

836, 385,
842 RS
g il g

1184.83 1.46
7. 189,

. 242 845
e - -8

— - )
SLTS -
=it T asl

-3

2=

.28
118,

. 288

88

Cud

ia
s
.
P 2N
-
skl

Y -

22, 1375.58

1373.38 9869.14

. 238.52 18127.66

34 1368.29
&3, 1375.%22
1374.38 9928.14

217.98 12118.84




0-11-9%  12:39:33 SR : | ; PAGE 2t

SECND DEPTH CWSeEL CRIKE WEZLX HV HL OLOBS  BANK ELEV

Q cLez GCH QRO ALOB ACH AROE VOL TwA  LEFT/RIGHT

TIME VLOB VCH VROE  XNL XNCH XNR WTN ELMIN E87TA
LOPE . XLOBL XLCH XLOBR ITRIAL  IDC TCONT CORAR  TOPWID ENDET

m
K]
>

i ; : p

$CECNO 21,592
21,59 9.97 1384.57 ;
5589, 277, 4@6E. 1S4, 1B

26 263 &S5T DAE L3 2 LB 222 1374.63 5674.30

. B2293E 32. 32. se. 2 2 g .28 253.23 10129.53

22 .23 1384.8B4 , .2 .25 .82 1377.22
5. E98. 436, 12e. 23, 1375.52

¥SECNG 21,640 ,
1,66 9.42 1384.82 .22 .82 1385.13 .30 .28 B 1378.10

—5588,-——319, 3605, — 1375, - - Lt TTT. 482, 1€, 6, 1376.40 =
25 2.8 4.0 3.2 245 242 245 L8223 1375.42 9EBL.72

21146 273 272.. 247, ! e ' B2 247.&% 12129,37 :

¥EEONG 21,552
21,45 12,23 1364.93 Iz .22 1385.15 .22 22 .21 1375.92
55@..  395.  4D4@. 1045, 155, 977. 462, 129. 25, 1374.90
25 2,53 4,13 2.3t . 243 342 043 .222 1374.50 ©881.90
.2eRsE8 28, 2¢. 2. 2 ) 2 .88 238.52 12:28.4%

#EECND 21,659

Al

3301 HV CHANGED MORE THAN HVINS

3483 28 TRIALS ATTEMPTED WEEL,lWSZL
3493 PROBAZLE MININMUM BPECIFIC ENEREY
3722 CRITICAL DESTH ASEUMED A
21,67 7.51 138.91 1386.9% .22 13BE.41 1.58 .85 3% 138422
5508. 9. 447D, 934, 21, 432, 126. 132. 25.  1375.48
26 465 18,35 . 7.42 845 262 .45 L2832 1379.23 9893.82
212370 ae. 3. 3e. 22 16 2 22 216.54 18112.3&

#5COND 21,683 -
3381 HV CHANCED MORE THAN HVINS

2 21,68 9.28 1ZmE.2g .2 .28 13E8.57 .28 2% 12 138L.22

zEnn o —ope i ian — s e -- -
g 3% SN 94, SEEC. PRGHS PR AR Saas *=%t. PRSTIN LoT5EE
=z ~ BE 4 T 2o QLS A5 ~re 235 oy L
= == *aia . 3 W=2 L= P EEo  LUG TS %
R 20T ‘T e e - ~ fe) an rme=: E=
sedildl -z w2 N = o (2 sio B AR o




87-11-94

AR R S
#2ZOND 21,772

12:39:33 - PAGE 22 -
SECNG  DEPTH  CWSEL  (RINS  WSELK  EG HY B OLOSS . PANK:ELEV
Q QLO3 QCH QROB ALOB ACH AROB VoL TWA  LEFT/RIGHT
TIME LOB VCH VROB ANL XNCH XNR WIN ELMIN S5TA
SLOPE  XLOEL  XLCH XLOBR  ITRIAL  IDC ICONT  CORAR  TOPWID ENDST
#SECNG 21,720 - -
© 21,72 9.37 1388.37 .72 .28 1388.62 .28 85 7 .23 1381.53
5508. 49, 4RLD. 1111, 153. 99, 428. 13z, 25. 1379.5@
el 2.28 4,49 2.63 JB45 242 245 .220  1379.20 9812.17
201002 8. 2. 52, 2 2 2 02 371.92 18134.8%
*CEONG 21,782 : .
S B.60 1388.42 .02 .82 1388.92 310 2B .82 1381.90
-55@2. 234, - 4RL7. - 1202, — 5 - 822,414 — 140, 27, 13EQ.BE - ——— — - ———
.28 2,77 4.95 2,92 .B45 242 845 302 1380.22 9879.24%
821245 252, 2=, 247, 2 2 g .08 255,42 1@134.55
#CICND 21,768 _ ) e )
21.74 8.76 13BB.85 .20 BB 1389.24 .38 .3 .22 1382.42
55e2. 298,  3e%e. 1312 94, 718. 389. 146, 28. 136@.3@
.29 3.17 5,48 3.38 LB55 . 248 L8435 L2208 1382.18 9EE5.49
B01444 217, 215, 213. 2 2 B8 247.77 18133.26
*SECNO 21.772 _ 7 A
21377 8.98 1387.28 .22 .82 1389.29 .28 B2 .02 1381.18
552@. 36, 3528, 1678, 131, B48. 597. 146, 28. 13e2.18
.29 2.41 4,26 2.81 .45 . 840 .45 .222 1382.13 9EE2.88
.2eese2 24, 24 24, 2 2 g 02 248.49 18123.37
#5ECNO 21,782
3381 HV CHANGED MORE THAN HVINS
3685 28 TRIALS ATTEMPTED WSEL,CWSEL . X = .
3453 PROBAELE MINIMUM SPECIFIC ENERGY
J722 CRITICAL DEPTH ASSUMED
21.78 8.37 1367.97 1385.%7 B2 1391.49 1.52 .25 .39 1387.82
55ee. 106,  43gs, 1@28. 23, 428, 134, 147, 28,  1382.10
.29 448 123.43 7.51 .B43 L343 L8435 L3086 1381.423 9898.76
012158 2. 3e. 8. 22 12 2 .82 215.12 12113.8%




g7-11-94

332t

21,79
35282,

an
e

LQB10E7 -

DEPH
QLoB
VLOB
XLOEL

12:39:33

CWEEL
QCH
VCH
XLCH

139:1.36

3728,

9.74
337,

2.58 -1
3. 15,

CRIWS
QRrRO2
VROR
XLOBR

HV CHANGED MQRE THAN HVINS

an b
Uil 3

2
1413, 117,

WEELK
LOE

XNL

ITRIAL

3.29 . O4S
2. 3

EG
ACH
XNCH
1D

RV
AROR
XNR

ICONT

)
-6

.
[ B w o
R ol

& i -

L % 0Loss
voL TuA = LEFT/RIGHT
WTN ELMIN  SSTA

CORAR  TOPWID  ENDST

472 458
138412
1

18, 28, 1382.12
(202 1381.42 5E85.73
22 234,72 16120.46

BANK ELEV

——#ZE0NC 21,823

21.80
35ee.
.32
821193

*SECNC 21.822
21.82
55¢8.

i e d@ oy

B@81167

#EECONG 21,048
21.84
3528,
Sl

LRLITE

#5ECNG 21.872

21.87

- 9502. -
32
201276

S n9R

345, -

9.72 1391.42
31, 3745,
2.89  5.@5
b6.

1391.72
3618,
4,98

152,

9.62

i’
383

i32.

9,58 139:.90
3675
3.83 5.13
==, 168.

9.78 1392.22

N TCaw

Ty = =7

o -raT
s ~n
Fas T

.29
1474,
3.23

1e7.
. 845

bé. 2

.22 2
1565, 189
=32

=

s

.22 .22
1557. 112.
3.2 s
152. 2

.29
. - - 114,
3.23
168.

1488

.22

243

1391.74
T3k

242
2

1391.83
729,
043
2

1392.83
727,
oA

LR and

e

1392.23
716.
848

.
2
2 os

.32
sez.

845

33
498,

L=
843

.21 {3B4.28
4 L

15g. 24, 18270
.020 138:.79 9892.15

.82 226.38 12118.73

e .22 1384.42

1382.42
g891.81

<
18173.85

132,
..B0@ . 1381.98

242,24

.22
162, -
. 222

1384.98
1362.98

9573.93

12123, 18

3.
138243

27ﬁ b2

(e o




0-11-95  12:39:33 _ - PAGE 24
CSECND DEPTH  CMSEL  CRINS  WSELK  EG v ML OLOSS  BANK ELEV s 3
Q QOB GCH QRO ALOE  ACH AROE  VOL THA  LEFT/RIGHT ‘
TIME . VLOB  VCH VROE XL XNCE XNR WIN L ELMIN SETA
SLePE XLOBL XLOH XLOBR ITRIAL  IRC ICONT  CORAR  TOPWID  ENDST
NSECNG 21,5980 - ; 7 -
.92 925 139225 .28 .80 1392.44 .39 .28 .20 1386.28 )
sSEE. 197, 447, . gsa, 78, E27. 295, ik~ 32 1IET.68
C.33 0 2.5 533 298 @45 3D 25 .2 LTI 992435
281399 £2. ¢2. &2. 2 e ¢ 82 218,97 12123.28
TTUUCCHV= U222 CERV= T 53 - B T T
¥SECND 21.910 ' ; :
- 20,91 9.9 1392, .22 .28 -1392.53 .38 e T AT e = ST
| sseR. 1395, 3604, S@i. 4B, 736 189, 1e8. 3D, . 138400
4 326 698 2,97 .@35 .835 .23 .02 138038 9863.93
802703 %5, 7. &s. 2. 2 @ .08 217.91 10981.84
Lov= L322 CEHv= .52
SECNG 21,922
3301 HV CHANGED MORE THAN HVINS
.92 B8.26 1391.5 .22 .22 139347 1.5t .23 B 1359.32
ssog. .  ssee. 2. ) 2. 19 . 1399.30
.34 .20 9.8 .82 .20 .220 . .02 .200 1383.42 9961.95
801378 3. 3. . 2 AR 88 76.11 18938.05
SFINIAL BRIDGS
S OMK XKOR COFQ ROLEN 4G BP BAREA S5 ELCHU  ELCHD
1.85 1.56 .20 200.28 59.09 5.0 877.80 128 1364.40  1383.40
2SECNO 21,948 k o , o
CLASS A LOW FLOW ' ' - -
3420 BRIDGE W.S.=  1391.29 BRIDGE VELOCITY=, 1.1z CALCULATED CHANNEL AREAS, 413,
EGPRS EGLHC S QWEIR QLM BAREA 210  ELTRD
22 ixI e 2. ==, g77, 700 LI
3495 OVERBANK AREA ASSUMED NON-EFFECTIVE,ELLEA=  1399.30 ELREA= 399,30 — —




07-11-9  12:39:33 S £ PAGE

S=CNe LERTH CABEL CRIWE = WBELK EG HY HL OLCSS  DANK ELEV ¢
Q QLOB QCH QROE ALOE ACH AROE VoL -ThA  LEFT/RIGHT

. TIME VLOB VCH VROE XNL XNCH XNR WTN ELMIN 5574
SLOPE XLOBL XLChH LOER ITRIAL  IDC - ICONT CCRAR TOPWID ENDST

20,56 B.B! 139231 .28 82 1393.89  1.58 .73 82 1399.30 ;

ssee. ¢.  s5ee. 2. . @ S, 8. 178 32, 1399.38 ,

.34 22 12.10 .28 .22 .82 .28 .290 1384.30 9961.52 '
220527 123, 123, 13, g ¢ 2 B 76.56 10€38.48

#5ZCNC 21.922

21.93 7.36 1392.3% .23 .82 1393.98 1.62 .27 82 1394.28
S5ee. e 33ee. a. a. 339. 2. 1% 32, 1399.00
IE 0 .2 - lEZD .28 32 @28 o222 . L2220 - 1385.29 9950.27

BeL784 Ja. 43, 35, 1 2 2 .82 §7.31 1@e37.57

$SECND 21,942
3LES 28 TRIALS ATTEMPTED WSZL,CWSEL
393 PROBASLE MINIMUM SPECIFIC ENERGY
3728 CRITICAL DEPTH ASSUMED

21.96 78 1394.78 1394,

78 20 195,72 1.9 22 b 1394.82

5500, ;. S, 2.
20
s

1l 487, €. 7l 33, 1399.92
835 . _..@35 . .-.@35 082 1398.23 9514.76

123,57 18Q4B.32

e RN, (B I b (.72 T

I~
[~=)
-
2
[~
(5]

L18714 62, &2, &, 10848, 33
3CECND 21,578
3305 HY CFANGED NORE THAN HVING
ST &.1F 139449 .20 .28 1357.48 - 42 .34 139,20
ssee. 1%, 53en 2. 5e. 29, 8. 173 T 14en.e

+33 4,23 7.27 - .08 833 835 .233 822 1392.3@ 9929.82
BE3i56 Eg. 82. g2. & & ] .82 141.02 1887C.84

#EEINCG 2:.9862
I381 HV CHANGED MORE THAN HVINS

J685 20 TRIALS ATTEMPTED WEZL,CWSSL
3693 PROBABLE RINIMUM SPECIFIC ENERGY

=TeR smeTems Ame- ¥l

LR R VRV SR W

¥ ftier] 2 SRS 23 i e 4 &= o b e |

PO gt - - - - ST - o =7 =8 43 S 1ia R e TCo s wd
==an o el ETT ] i s sipe =2
——t < C - o = da - - TEasad

31 .ee - .§35_  .935 . .835 . .00 1394.88 9917.14
TETTARTT TR T 20 T 1T TR T (B2 143,065 19080, 79




12:39:33 : : i ‘AGE

a1

0r-11-94 :

SECND  DEPTH  CWSEL  CRINS  WSELK  EG HY HL LOSS  PANK ELEY
Q@ QuoB GCH QRO2 ALOR ACH AROB VoL TWA  LEFT/RIGHT
TIME VLOR VCH RO XNL XNCH R WTN ELMIN 8sTA
SLOPE  XLOBL  XLCH  iXLOZR  ITRIAL InC ICONT  CORAR  TOPWID ENDST
CCHV= .38 CEWV=  .Se2 : | -
1499 NH CARD USED , '
¥SECNG 22.022¢ '
3265 DIVIDED FLOW
3301 WV CHANGED MORE THAN RVINE T 1 o T
~—---3485 28 TRIALS ATTEMPTED WEE.,CWSEL . e
3693 PROPABLE MINIMUM SPECIFIC ENERGY
_ I72% CRITICAL DEPTH ASSuMen -
22,83 5.51 1422.21 1422.2% 22 1401.14 1,13 .98 .16 142,12
5582, 2914, 2584, 2. 7. 282. 2. 174, 3. 1s02.00
i 7.3 .22 .22 232 23 .275 222 139£,30 559,37
.2e53E2 7. - 120, 100, i 14 2 .82 275,53 1Q24E.22
1492 NH CARD USED
. #5ECNO 22.028
3265 DIVIDED FLOW
I301 HV CHANGED MORE THAN HVINS
2.2 4,54 1421.74 .22 22 421,78 ol 38 W22 142,22
SE22. . J]E.  2iD. 2. &5, 272, z. 178, 34 14@2.02
.35 5.3z 5.83 .22 .23: .235 .235 L8020 1394.78 9543.34

283813 &e. iga. 12e. 3 J56.47 10249.18

CCHV= 108 CEHV=
1450 NH CARD USED
SECND 22,065

.30 ' e )

3265 DIVIDED FLOW

22,27 5.92 1431.72 ] L83 1422.62 .89 .18 120 142401
sga. - SBEL: T £75, S . i K LRZE.2Z
: 6.33 .83 32 WK 245 L322
Ry T8 182, ey 2LT, & 2 z 22




- P19 12:39:33 S , . pAzE 27 -

SECNG  DEPTH  CWSEL  (RIWE  WEELK  EG . RV i OLOSS BANK ELEV ‘
Q Qo3 QCH QROE  ALOE  ACH  _ARDE  YoL TWA  LEFT/RIGHT
TIE  VLOB  vCH VROE XML XNCH  XNR WTN ELMIN gST
SLOPE  XLOBL  XLCK  XLOBR  ITRIAL  IEC ICONT  CORAR  TOPWID  ENDST
145% Ne CARD USED , =

#EZOND 22,293

3265 DIVIDED FLOW

2.2 7.4 uRTh 20 .32 1423.28 Sz .63 D4 142092
See. . 33,7, 292 @ 617, 3. 8. 182 36, 144,02
7B ek e @30 e3s LBAS .86 1395.38 Ghizes T m— e
;o .EE2951  1%e. 158, 15e. 2 ] ] .02 371.92 10242,33




