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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 ~echnical ~uidelines for Computing 
Degradation and Local Scour (Manual) 

COP - City of Phoenix, Arizona. 

Degradation - The long-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 5'5 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. 



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: 

QS = Bed mater ial  discharge 
D, = Ef fec t ive  diameter of bed mater ia l  mix ture  
Q, = Water d ischarge  to  determine bedload t r a n s p o r t  
Sb = Slope of the streambed 

k = Constant o f  proport ional  i t y  

The Wash design slope is very flat at less than 0.901. .in most 
reaches. The Dm for the wash is,311+ (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 f deep occurred in the 200f f from 
bend confluence to Bell Rd bridge. 

(2) Curve in Wash south of Grovers where bottom got wider and If+ 
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 
20ff to over 100f on the pavement to 20'2. 

( 4 )  Downstream of the UH DR pipe culvert where high velocity flow 
through the culvert and over the road dip slowed quickly in 
the 40ff 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'f deposits of material under the bridge. The material is 
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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 filfed 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 butthe 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. 

The smallest particles transported sin 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: 

It$i t uahons  where the streambed- i s  composed of t r anspor tab ie  materi a1 extending 
to  a depth g rea te r  than t h a t  t o  AicK the channel can be expected t o  degrade, 
the approach most useful i s  t h a t  of computing a s t ab le  channel slope,  the 
vol m e  of expected degradation, and then determining a three-s1 ope channel 
p rof i l e  d i c h  f i t s  these values.  However, in s i tua t ions  h e r e  the bed 
material includes a su f f i c ien t  quanti ty o f  7 arge s ize  or coarse material 
which cannot be transported by normal r iver  discharges,  the  best approach i s  
t o  compute the depth of degradation required to  develop an armoring layer.  
The formation of the  armoring layer usual 1y can be anticipated t o  control 
ve r t i ca l  degradation when approximately 10 percent or more of the bed mate- 
r i a l  i s  of  armoring s ize  o r  1 arger.  This 1 ayer develops as the f i ne r  mate- 
r i a l  i s  sorted out and transported downstream. Vertic al degradation occurs 
a t  a  progressively slower r a t e  unt i l  the armoring layer i s  of s-ufficient 
depth to i nh ib i t  t h e  p r o c e s ~ . ~  

BED MATERIAL FACTOR IN DEGRADATION 

In the Wash, the armor layer covers the bottom and similar material 
is found 1.5'f 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 1.5'2 deeper than existing FL. 



The new channel from Wash to 7th Ave has already been excavated 7'f 
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"i. 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'f deeper than the ditch bottom 
and the same gradation of very coarse grave1 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 
1lf+ below the ground surface on both sides. The design FL EL will 
be cut ltf deeper. ~ . % ~ h & ~ h e ~ i - p ~ ~ r n  
%3i5$%.9s&sge2-a.0~k5 --eve --- gem. a-f ter the 1 A 

wcavation is expected to,hs the same. A second photo on the 
Bellvue channel bank shows che 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 lt - 2/ deep many times in the 10 years 
since the channel was completed and a layer of transportable 
material has collected at 3"f 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 

agGLof-.coarse-gravel and 6"+ cobbles but not as many 
manual recommends "When the channel bed contains more 
cloa-rse material which cannot be transported under 

dominant flow conditions, armzring 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. 



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'f upstream. Cut-off walls 70'+ 
downstream and 170f+ 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-of f 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. &&&&a -+IE;ZS,&~~ i-&...i.; z c--1 
stabilization work- u~uaA.L.y--2s~- cms:idesed,*+t-o"- be ,either the bank full 
&ischarg~- - a- th~t-'pek&..dd:s[~:&ar*~ hawing t~ recurrence - intervwl- of 
appr~xinatel.y-L~gew&,m,. an un~o~trolleckstream~. 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. 



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 

I Bell Rd to 7th AVE 
I1 Bellvue channel 
I11 N&S of Grovers 
IV DVE 12 channel 

V min 
f PS 

3.3 fps 
3.6 fps 
3.3 fps 
2.9 fps 

V max* 
f PS 

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

Dominant 
Discharge 

DEGRADATION CALCULATION METHOD 

Two techniques 
recommended in 
method is test 
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 o s report determined that 
gmain -- si Therefore, only the 
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 

BOR Manual 

-.---- 

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: 



Meyer-Peter, Muller (bedload transport equation) 
?a 

Competent bottom velocity 
i 
e Lane's tractive force theory 
"ir 
Shields diagram 

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 
NON-TRANSPORTABLE GRAIN SIZE I 

RESULTS FOR REACH (mm) 
I1 I11 

1. Meyer-Peter, Muller 

2. Competent Velocity 

3. Lane's Force 

4. Shield Diagram 

5. Yang Motion 

Average 

Depth of degradation (inches)0.8 

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, Tnatural 
channel scour, and (23 #Scour induced by structures pfaced 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'f deep scour hole formed at 
the downstream end of the existing culvert under UH DR where only 
a 4'+ wide strip of concrete was poured on the bottom for scour 



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:l 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) 



(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 0.0062 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 Z 
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 (Vc) 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, lower 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'f at drops. 



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. 





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 7f deep ditch excavated from Wash to 7th Ave Bridge 
detour. Material is coarse gravel and many cobbles 611+. Same 
material is expected at design F1 4'-5' deeper. 

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



Bottom of Bellvue channel cut 111+ deep in 1986 for sand and gravel 
mining. Many large cobbles and some boulders lon+. 

TOP OF 
BANK 

Lower bank of Bellvue Channel looking NW. The 4:l slope at only 4'f 
deep does not appear very steep. Very rocky surface. 



SPECIAL PROVISIONS BID ITEMS 

GRAVEL SPREAD ON BOTTOM 

DVE 12 Channel 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:l toe of slopes on both sides and 
minimal loose rock on the surface. The If+ 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. 



TABLE XV 
MAXIMUM P WISSIBLE VELOCITIES PROPOSED BY 

FORTIER AND SCOBEY ( 1926)* 

- Mean velocity, after Aging, of Canals 
(d 3 f t )  

Water 
transporting 

Water noncol loidoi 
Original material transporting silts, sands, 
excavated for Clear water, colloidai gravels or 
canals n no detritus silt rock fragments 

ft/sec m/sec ftlsec m/sec ft/sec m/sec 

I. Fine sand (colloidal) 

2. sandy loam (non- 
colloidal) . 

3. Silt loam (non- 
colloidal) 

4. Alluvial silt when 
noncol loidal 

5. Ordinary firm loam 

6.  Volcanic ash 

7. Fine grave4 

8. Stiff ciay (very 
colloidal) 

9. Graded, loam to 
cobbles, when non- 
colloidal 

10, Alluvial silt when** 
col loidal .025 3.75 

SEE MATERIAL ((2)&C13) 



Table XW (continued) 
Maximum Permissible Velocities Proposed by 
Fortier and Scobey ( 1 926)* 

Mean veiociiy, after Aging, of Canals 
(d 3 f t )  

Water 
transporting 

Water noncoi loidal 
Original material transporting si 1 ts, sands, 
excuvated for Clear wcrfer, colloidal gravels or 
cunais n no detritus silt rock fragments 

ft/sec m/sec ft/sec m/sec ft/sec m/sec 

I I. Graded, silt to** 
cobbles, when 
colloidal .03 4.00 1.22 5.50 1.68 5 .OO 1.52 

@ :$yjrsa-avei ("on- 
.025 4.00 1.22 a 1.83 @ _ I  .98 

@ Cobbles and shingles .035 5.00 1.52 @ 1.68 a 1.98 

14. Shales and hard pans .025 6.00 1.83 6.00 1.83 5.00 1.52 

*' Developed in the lmperiai Valley area of California. 
** Cave Creek Wash soil types. 



Table 17. Nonscour velocities for soils. 

[Modified from a report by Keown and others, 19771 

Approximate nonscour 
velocities (feet per second). 

Grain dimensions 
Kind o f  soil . Millimeters Feet 

For noncohesive so5ls 
$ 

Boulders >256 ;o. 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, 

i 

Coarse gravel 32-16 0.105-0.0525 4.1 4.7 5.4 6.1 

Medium gravel 16-8.0 - 
Fine gravel 8.0-4.0 
Very fine gravel 4.0-2.0 
Very coarse sand 2.0-1.0 
Coarse sand 1.0-0.50 
Medium sand 0.50-0.25 
Fine sand 0.25-0.125 

Sandy loam (heavy) 
Sandy loam (light) 
Loess soils in the 
conditions o f  finished 
settlement 

For compact cohesive soils 

E f f e c t  o f  Alinement Changes on Channel Slope 

A l l u v i a l  s t reams develop meanders t h a t  a r e  conf ined  i n  l a t e r a l  movement by 
noneros ive  rock  o r  o t h e r  m a t e r i a l  a t  t h e  v a l l e y  boundary o r  by l e v e e s  cons t ruc-  
t e d  t o  p reven t  f l ood ing .  The degree  of  s t ream meandering is  i n d i c a t e d  by chan- 
n e l  s i n u o s i t y ,  which i s  determined a s  t h e  r a t i o  of  a  reach  l e n g t h  measured 
a long  t h e  channel  c e n t e r l i n e  t o  t h e  reach  l e n g t h  measured a s  a  s t r a i g h t  l i n e  
between ends of t h e  reach.  A c h a r a c t e r i s t i c  of a l l  s inuous  channels  i s  t h e  
mig ra t ion  of  t h e  meanders ove r  a  pe r iod  of  t ime.  Even tua l ly ,  t h e  neck of t h e  
meander loop  may become s o  s m a l l  i n  r e l a t i o n  t o  t h e  wid th  of  t h e  channel  t h a t  a  
c u t o f f  ( r e f e r r e d  t o  a s  a  chu te  o r  neck c u t o f f )  between meander loops  occurs .  
Assoc ia ted  w i t h  t h e  c u t o f f  i s  a n  i n c r e a s e  i n  channel  s l o p e ,  and l a t e r a l  e ros ion  
o f  t h e  banks a t  a d j a c e n t  bends,  w i th  t h e  l e n g t h  of r each  a f f e c t e d  by t h e  c u t o f f  
a  f u n c t i o n  of  t h e  channel  s i z e .  



Table 3. - Coniparison of For t i e r  and Scobey's 1 i n i t ing  v e l o c i t i e s  
w i t h  t r a c t i v e  force  va lues  ( s t r a i g h t  channels a f t e r  aging) 

[inch-pound ' u n i t s  (me t r i c  u n i t s )  J 

Ma t e r  i a1 

Fine sand col 1 oid,al 
Sandy Loam noncol lo ida l  
S i l  t loam noncol lo ida l  
Al luvia l  s i l t s  noncolloidal 
Ordinary f i rm loam 
Volcanic ash 
S t  i f f  c l  ay very  co l lo ida l  
Al luvia l  s i l t s  co l lo ida l  
Shales  and hardpans 
Fi'ne gra;el 
Graded loam to  cobbles 

when noncol lo ida l  
Graded s i l t s  t o  cobbles 

wtien col lo ida l  
.Coarse qravel  noncol lo ida l  
Cobbl e s  and sh ingles  - 

Manning' s  
n 

0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.025 
0.025 
0.025 
0.020 
0.030 

0.030 

0.025 
0.035 

For 
Velocity 

f t l s  (rnls) 

1.50 (0.457) 
1.75 (0.533) 
2.00 (0.610) 
2.00 (0.610) 
2.50 (0.762) 
2.50 (0.762) 
3.75 (1.14) 
3.75 (1.14) 
6.00 (1.83) 
2.50 (0.762) 
3.75 (1.14) 

4.00 (1.22) 

4.00 (1.22) 

c l e a r  water 
Trac t ive  force 
l b l f t 2  (g/m2) 

0.027 (132) 
0.037 (181) 
0.048 (234) 
0.048 (234) 
0.075 (366) 
0.075 (366) 
0.26 (1270) 
0.26 (1270) 
0.67 (3270) 
0.075 (366) 
0.38 (1860) 

0.43 (2100) 

0.30 (1460) 

Water t r anspor t ing  

5.00 (1.52) 

c o l l o i d a l  
Veloci ty 

f t l s  ( d s )  

2.50 (0.762) 
2.50 (0.762) 
3.00 (0.914) 
3.50 (1.07) 
3.50 (1.07) 
3.50 (1.07) 
5.00 '(1.52) 
5.00 (1.52) 
6.00 (1.83) 
5.00 (1.52) 
5 . 0 0 ( 1 . 5 2 )  

5.50 (1.68) 

(1.83) 

s i l t s  
Trac t ive  f o r c e  
l b / f t 2  (c~lrn2) 

0.075 (366) 
0.075 (366) 
0 .11 (537) 
0.15 (732) 
0.15 (732) 
0.15 (732) 
0.46 (2250) 
0.46 (2250) 
0.67 (3270) 
0.32 (1560) 
0 . 6 6 ( 3 2 2 0 )  

0.80 (3910) 

0.67 (3270) 
0.91 (4440) (1 .68)  1.10 (5370) 
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Table 8.  - Tenta t ive  guide t o  competent ve loc i t i e s  f o r  erosion of 
cohesive materials* ( a f t e r  Neil1 , 1973) 

Depth of flow 
it , m 

Competent mean ve1oc i . t~  
Low values - 

eas i  1 y erod ib 1 e Average values 
materi a1 f t /  s 

i I m/ s 

*  not?^: (1) This t a b l e  i s  t o  be reaarded as a rough guide only, i n  
the absence of data  based on local experience. k c o u n t  must be taken 
of the expected condition of t5e material a f t e r  exposure t o  welther- 
in! and s a tu r a t i on .  ( 2 )  i t  i s  n o t  considered advisable :J r e l i ~ e  tne 
suggesttd low, average, and h i g h  values t o  s a i l  shear strsno;h or 
other conventional indices ,  because of the predcminat in~ e f fec rs  o f  
weathering and saturation on the  eradibil  i t y  o f  mmy c3nesive s a i l  s .  
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SECNO DEPTH CWSEL CRiWS WSELK EG HV Hi OLOSS EANK ELEV 
0 OLOE OCH QROB ALOE ACH AROE VOL TWA LEFT/RIGHT 
TIME ROE VCH VRl3B XhiL XNCh XNR WTN ELMZN SSTA 
SLOPE XLOSL XLCi XLOEER ITRIAL IDC ICON? CORA3 TOPWID ENDST 

CCHV= .10g CEHV= .300 
*SECNO 20.628 

20.63 4.9E 1348.20 .OO 1348.20 1348.52 .32 . 80 .00 1357. /E 
2000. B. 2EBB. 8. 0. 440. 0, 0. 0. 1356.30 . ea .0a 4.54 .a0 . 040 .a25 ,040 .nee 1343.32 9950.48 

.0&1740 Pi. 0. 0. E 0 B .Of4 104.95 10055.43 

330! HV CHANGED !?ORE TkAN HVINS 

3685 20 TR l ALS ATTEMTTD WSEL. CWSEL 
3693 PROEABLE MZFXMUM SPEC IF: C ENERGY 
3720 CRITICAL DEPTe ASSUMED 

26.73 5.19 1352.39 1352.39 .&a 1354.18 1.78 1,?0 .44 i368.40 
200E. 0. 2000. 8 .  8. lE7. 0. 4. 1. i3ti.00 
.31 .OO 18.72 .OO ,040 .035 . 040 .@BE 1347.20 9966.22 

,012743 51E. 5"' LL.  520. 28 8 0 .0E 53.32 10019.54 

CC$= ,300 CEYV= .50E 
SSECN!:, 33.737 
3685 28 TRIALS ATTEBPTED WSEL, CiSEL 
3693 PROEAELE E!KIBUM SPECIFIC ENERGY 
3728 CRITICAL DEPTH ASSitMED 

3495 !?VERBAN!! AREA ASSit?lED NO%-EFFECTIVE+ELLEA= i363.00 ELREA= 1363.00 

SPECIAL BRIDGE 



SECWO DEPTH CWSEL CRIWS WSELK EG HV H t  OLOSS EANK ELEV 
Q QLOE QCH OROB ALOE ACH AROB VOL TWA LEFT/RIGHT 
TIHE VLOE VCH VROE XNL XNCH XNR WTk ELMIN SST A 
SLOPE XiOEL XLCH XLOBR ITRIPlL IDC ICONT CORfifi TOPWfD ENDST 

9227 DVKNSTREP!! ELEV I S  1353.96 ,NQT 1354.52 HYDR4;liIC JUMP OCCURS D$W:JSTREAE ( I F  LOW FLOW COlc'TEX-5) 

SB XK XKOR COFQ RDiEN EWC SWP EAREA SS  ELCHV ELCHD 
i.25 1.56 3.08 106.00 51.0@ 3.00 576.00 .OO 1351.06 1358.9P 

33E1 HV CHANGED MORE THAN HVINS 

CiASS E LOW FLOh 

3426 BRIDGE W.S.= l354.73 ERIDCE VELOCITY=, l i .  EZ CALCULATED CHANNEL AREA=, 177. 

EGF'RS EELKC H3 QEiEiR IILOIJ BAREA TRAPEZOID ELLC EiTFiD 
AREA 

.@B 1356.82 .0Q 0. 2060. 57'15. 576. 1363.EE 136t.@B 

3 4 8  OVEiiBAVK AREA ASSUMED No%-EFFECTIVE, ELLEA= 1364.38 ELREA= 1364.23 

*SECW 20.819 
71E5 MiNIRUM S R Z I F I C  EFiERGY 
372E CRITICAL DEPTH ASSl!?lEO 

3495 OVERBANif AREA ASSMED SON-EFFECTIVE, ELLEA= 1366.90 ELREA= 1366. 98 

SPECIAL BRIDGE 



SECNO DEPTH CNSEL CRIWS USELK EG HV HL GLOSS EAWA ELEV 
0 OLOF QZH DROB ALOF ACH AROB VOL TWA LEFT/RiGHT 
TIRE VLGE VCR VRGF: XWL XWCH XNR WTN ELK I N SSTA 
SLOPE XLOBL XLCH XLOBR ITEIAL IDC ICOXT CORAR TC?dID ENDS? 

5227 DOUNSTREAM ELEV I S  1359.04 ,NO: 1359.23 FYBKAULIC JUMP OCCURS D@#gS?RE&M ( IF  LOW FLOW COp;iROLS) 

S3 XK XKOR mFQ RDLE3j yi.1Z BWP EAREA SS ELCHU ELCHD 
:.05 1.56 3.00 106.0E 77.30 3.30 648.00 0 1357.40 1356.70 

+SECNO 20. E4! 
CLASS E LOW FLOU 

34'20 BRIDGE W.S.= 1359.98 BRIDGE VELOCITY=, 9.55 CALCULATED CHANNEL AX!+=, 184. 

EGPRS EGLWC H3 QWEIR QLIW EAPEA TRAPEiCID ELLC ELTRD 

AREA 
.0E 1361.77 . E0 e. 20EE. 648. 592. 1365.40 139.90 

3475 Oi$EZ3AW! AREA kSSJ3EZ %ON-EFFECTIVE, ELLEA= 1367.90 ELREA= 1367.92 

20.84 3.47 1362~57 . 02 .BE 1361.77 .89 1.17 .00 1357.40 
21% 0. 2000, 0. 0. 264. 0. I. 2. 139E.4E -. 
'03 .BB 7.58 .BE .BEE . a 3  . m a  . eae i357.40 9~53.0~ 

.@.5293 115. 1i5. 115. @ 2 0 .00 7E.Z i6031.8D 

*SECHO 26.845 
3625 20 TRIALS ATTEMFTED WSEL, CWSEL 
3693 PROEAELE BINIMV!5 S?ECf F IC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

20.84 4.68 1362.18 1362.13 .0E 1363.36 1.16 .19 .14 1367.00 
ZEEB. 0 me&. 0. e. 23a. 0. 7. 2. 1368.0~ 
.03 .1 6.71 .00 ,045 ,060 .045 ,000 1357.50 9940.41 

.04E: 13 15. 25. 15. 20 1 I 0 '08 97.01 10037.43 

3301 HV CHANGED MORE THAN HVINS 
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SECNCt DEFT2 CWSEL 
Q N O E  QCH 
TiME ViOE VCH 
SLOPE XLOEL XLCH 

CRIWS 
QROB 
VROS 
XLOER 

WSELK EG 
ALOE ACH 
XNL XNCti 
ITRIAi IDC 

HV 
AROE 
XNR 
I CCiNT 

HL OLOSS BANK ELEV 
VOL TWA LEFT/RIGHT 
WTN E L K  R SSTA 
CORAR TOPWID ENDST 

3265 DIVIDED FLOW 



SECNO DEPTH CWSEL 
0 QLOB QCH 
TIME VLOB VCH 
SLOPE XLOEL XLCH 

CRIWS 
UROE 
VROE 
XLOER 

WSELK EG 
ALOE ACH 
XNL XNCH 
ITRIAL I3C 

HV 
AROE 
XNR 
I CONT 

HL 
VOL 
WTN 
CORAR 

OLOSS BANK ELEV 
TWA iEFT/RIGYT 
EiHiK SST A 
TOPWID ENDST 

3265 DIVIEED FLOW 

.13 
it .  

.Baa 
. E0 



SECNO DEPTH CWSEL 
0 QLOE QCH 
TIME VLOB VCH 
SLOPE XLOBL XLCH 

CRIWS 
QROB 
VROE, 
XLOBR 

GlSELK EG 
ALOS ACH 
XNL XNM 
ITRIAL IDC 

HV 
AROS 
XNR 
I CON? 

HL GLOSS EANK ELE'J 
VOL TWA iEFT/R!GiT 
WTN E M I N  SSTA 
CORAR TQPWID ENDST 



SECNO DEPTH CWSEL CRIk5 WSELK EG HV Hi OtOSS EANK ELEV 
0 QLOE QCH PROE ALOE ACH AROE VOL TWA LEFT/RIGk!T 
TIME VLOB VCH VROE XNL XMCH XMR WT# ELMIN SSTA 
SLOPE XLOBL XLCtf XLOSR ITRIAL IDC ICON? CORAR TOPWID ENDST 

3301 HV CHAWGED M3RE THAN HVINS 

CCHV= .20P; CEHV= ,430 
*SEC?lO 21.15B 
368' 20 TRIALS ATTEYPTED GEL, MSEL 
3693 PROZAELE MINIMUM SPECIFIC ENERGY 
3720 CRITI CAi DEPTH ASSVMED 

21.15 3.10 1366.60 1366.60 .B0 567.96 i.38 .15 .OO 1378.53 
290B. B. 2(22B. 0. E. 212. B. 26. 6. 1378.48 
.15 .0B 9.43 . Fie ,628 .028 .029 ,000 l3 i3 .3  4961.23 

. BE4567 r 3  
I - .  15. 23% 2E 15 8 .B3 7E.EE 13E39. BE 

SF, R< XKCR CCIFQ RCLEN EWC EWP EAREA SS ELMU ELC;HC 
i.05 i.56 3.00 233. fl0 76.30 6.00 864.00 .Q0 1365.08 1363.50 

3301 HV CHANGED t1!?4E THhN HVINS 

CLASS E LOK FLOW 

3426 ERiDGE U.S.= 1367.13 BRIDGE VELOCITY=$ 9.63 CCiiCULATED CHANNEL AREA=, 154. 

EGFRS EGLWC H3 WEIR OLOW EAREA TRAPEiOID ELLC ELTRD 
AREA 

.BE 136c.60 . 0Z. 0. 2OB0. 864. 900. 1377.5E 1375.E2 

3495 OVERBAW AREA ASSOME9 NOFI-EFFECTIVE, ELLEA= 1379.00 EL?EA= 1379.00 



SECNO DEPTH CGiSEL CRIWS WSELE EG HV HL O L O S S  EANK ELEV 
Q Q i O B  QCH QROE ALOE ACH AROE VOL TWA L E F T / R I G H T  
TlME VLOB VCH VROE XNL XNCH XNR l jTN E L R I K  S S T A  
SLI!?E XLtlEL XLCH XLOER I T R I A L  IDC ICONT CORAR TDPWID ENDST 

Zi.15 3.74 1368.74 .00 .00 1369.60 -85 1.51 .OO 1379.00 
2000. 0. 2000. 0. e. 278. 0. 27. 7. 1379.00 
.I5 .08 7.41 .OO ,000 ,020 .008 ,000 1355.00 9961 .OO 

.00208i? ria. 110. 110. 0 0 0 .oz 78.6~ ie039.0~ 

CCHV= ,200 GEHV= .400 
*SECNO 21.165 

21.17 3.51 1368.91 .03 -08 1369.84 .93 .21 .83 1372.08 
2060. 0. 20ee. 0. 0. BE. 0. 27. 7. 1372.20 
.15 .BE 7.74 .a01 ,045 ,040 .045 .00B 1365.40 9943,16 

.El2767 58. 5B. 4&. 0 0 E .00 182.43 10@45.60 

*Sf CNO 21. I75 

3265 D I V I D E D  FLOW 

3381 Y$ CHAF4GE3 MORE T%Fi HiJ!NS 



SECNO DEPTR CWSEL C R W S  WSELK EG HV HL OLOSS BANK ELEV 
O OLOE QCH OROE ALOE ACH AROE VOL TWA LErT/RIGHT 
TIME VLOE VCH VROE XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOEL XLCH XLOER ITRZAL IDC ICONT CORAR TOPWID ENDST 



SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS EA?tt< ELEV 
0 Q!OE QCH QROE ALOE ACE AROE VOL TWA LEFTIRIGHT 
T I K  VLOB VCH VROB XNL XNCH XNR WTN EL3 i N SSTA 
SLOPE XLOBL XLCH XLOER ITRIAL IDC ICONT CORAR TOPWiD ENDST 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV wL FLOSS EANK ELEV 
Q QLOE QCH QROE ALOE ACH AROB VOL TWA LEFT/RIGHT 
TIME VLOE VCH VROE XNL XNCH XMR WTN ELH I N SST A 
SLOPE XLOEL XLCH XLOBR ITRIAL !DC ICON? CORAR TOPWID ENDS? 

332: HV CHANGED MORE THAS tiV!NS 

3685 2E TRIALS ATTEMPTED WSEL, CWSEL 
3693 PROZAELE MINI MVR SPECIFIC ENERGY 
3728 CRITICAL DEPTH ASSUMED 

21.58 6.37 1383.87 1380.87 .00 1381.84 .9E .36 .25 1350.00 
2080. 5. 1459. 536. 2. 191. 61. 55. 16. 1375.PiE 

.32 2.47 7.63 8.73 .045 ,040 ,045 ,000 1374.56 991 1.67 
.El7500 3'2. 30. 30. 20 6 0 .0@ i23.28 10834.95 



SECNO DEPTH CKSEL GRiUS WSELK EG HV HL O-OSS EANE ELEV 
0 QLOE QCY QROE ALOE ACH AROB VOL i d A  LE=T/RIGHT 
TInE  VLOB VCH VROE XNL XNCH XNR UTN ELEiN SSTA 
SLOPE XLOBL XLCH XLOER ITRIAL IDC ICONT CORA2 TOPWiD ENDST 

3301 HV CHANGED NORE THAN KdINS 

3301 HV CHANGED MORE THAN HVINS 

3685 20 TRIALS ATTEMPTED USEL. CWSEL 
3693 PROEkELE MINIE'JM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

21.67 5.83 t384.83 1384.83 .OO 1385.77 .94 .03 .26 1384.0E 
2090. 4. 1585. 41:. 2. 2B7. 49. 61. 18. 1377.41I 

.36 2.42 7.65 8.38 .045 .a40 .045 .000 1379.00 9903.97 
.0i80!7 30. 30. 30. 2E 14 0 .OO 13B. 11 19234.08 



SECNO DEPTH CWSEL CR!WS WSEiK EG HV HL OLOSS BANK ELEV 
Q R O B  QCH QROB ALOE ACH AROB VOL TWA LEFT/RIGHT 
TIME VLOE VCH VROE X N L  XFlCH XE!R WTFE ELMIF! SSTA 
SLOPE XLOEi XLCH XLOER ITRIAL IDC ICONT CORA? TOPWID ENDST 

3381 HV CiiANGED MORE THAN HVIEjS 

*SECNO 21.700 
21.76 6.22 1385.80 . @is .O& i385.92 . I2  .04 -00 1381.50 
2000. 85. 1709. 211. 54. 592. 141. 63, 18. 1379.50 

.37 1.47 2. 89 1. 50 .045 .043 ,045 ,000 1379, QB 9872.71 
.BE5722 5E. 50. 50. 2 0 0 .OO 247.00 10119.71 

3301 HV CHAMGED MORE THAN HVIKS 

3685 20 TRIALS ATTEKPTE3 WSELI CljSEL 



SECNr) DEPTH CWSEL CRIWS USELK EG HV HL OLOSS EANK ELEV 
0 GLOB QCH QROE AtOE ACH AROE VOL TkiA LEFT/RIGHT 
TIME VLOE VCH VROE XNL XNCH XNR HTF! ELK W SSTA 
SLOPE XLOEL XFCH XLOER iTRIAL IDC ICONT CORAR TOPWID EN3ST 

3693 PROEAELE MINIRUE SPECIFIC ENERGY 
3720 CRITICAL DEFT6 W.Sill4ED 

21.78 6.21 1387.81 1387.81 .00 1388.83 .99 .04 .27 1387.06 
2000. 4. 1545. 451. 2. 199. 52. 71. 21. i382.10 

.41 2.40 7.77 8.68 .045 .a40 .045 .006 1381.60 9909. 86 
.'318:77 30. 30. 3P. 28 6 0 .EE 124.34 i0E34.2E 

3 3 1  HV CEAN6EB MORE Ti&% HVlNS 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS EANK ELEV 
Q QLOE QCH QROE ALOE ACH AROE VOL TWA LEFT/RIGH? 
TIBE VLOE VCH VROE XNL XNCH XWR GITN ELPIIN SSTA 
SLOPE XLOEL XLCH XLOEil ITRIAL IDC ICONT COEAE TOPWID EMIS? 

SPECIAL EiifDCE 

SE XK XKOR COFO RDLEN EWC EWP EVAREA S S  ELCHU ELCHE 
I.E5 1.56 3.00 200.0E 59.0E b.00 877.EE 1 .BE 1384.40 1383.48 

*SECMO 21.94% 
CLASS A LOW FLOG 

342" ERID6E W.S.= 1389.71 Ei?:CEE VELOCITY=, 5 , 8 5  CALCULATE:! CHAKNEL AREA=, 310. 
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SECNO DEPTH CWSEL CRiWS WSELK EG HV HL OiOSS BANK ELEV 
fJ QLOB QCH OROE ALOE ACH AROE VOL TWA LEFT/RI WT 
TINE VL03 VCH VWE XNL XNCF XWR WTN ELM IN SST A 
SLOPE XLOBL XLCH XLOER ITRiAL IDC ICON: COP&!? TOPWIE ENDST 

EGPRS EGLWC H3 QUEIR QLoU EAREA TRAPEZOID ELLC ELTffO 
AREA 

.00 1389.99 .09 0. 2000. 877. iEi2. 1399.3B 1397.00 

3495 OVEREAT< AREA ASSUKD WON-EFFECT'IVE,E1~LEA= :399.30 ELRE& 1399.30 

+SECK!> 21,958 

2:,W 4.39 1399.39 . BE 58 1390. la . 7 i  .04 . E3 1376. 00 
2@%0. 0. 2&&&. B. 8, 2%. E .  84. 24. :395'.0& 

.48 .ee 0.75 .OB ,020 ,020 . e;a .E~BE iaes. ~0 scs7.0i 
.~e.13$4 3 ~ .  4 ~ .  55. L 0 0 .00 75 .~9  iEoaz.sa 

*SECNO 21.960 
3685 20 TRIALS ATTEMPTED K E L T  CWSEL 
3693 PROBAP.LE MiNIMUM SPECIFIC ENEEGY 
3720 CRITICAL DEPTH ASSVMEP 

2i.96 2.52 1392.52 1392.52 .86 !3?2,66 1.13 .20 .21 1394.05 
2800. 0. 2006. 0. 0, 234. 0. 84. 24. 1399.68 

-49 .03 8.55 .00 .035 .035 ,035 .000 139B.0B 9938.12 
.0!3760 6B. 62. L5. 20 I I 0 .@E 183.45 l094i.57 

3301 HV CiiASC-ELI MORE TRAF! E'JiWS 



SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS BANK ELEV 
0 OLOB QCH QROE ALOE ACH AROB VOL TWA LEFTt'RICHT 
TIRE VLOE VCH VROE XNL XNCH X N R  WTN ELR I N SSTA 
SLCPE XLOBL XLCH XLOER ITRIAL IDC ICON? CORA2 TOPWID ENDST 

*SECNO 21.98& 
3685 20 TRIALS ATTWPTED USEL, CWSEi 
3h93 PROBCBLE RINIMUE SPECIFIC ENERR 
3720 C X T I  CAL DEPTfi ASSUMED 

2i.98 1.95 1395.95 1395.95 .OO 1396.85 .91 .13 .23 1402.E2 
2000. 0. 2000. 0. C 242. 0. 85. 25. 1401.50 

.49 .08 7.64 .08 ,535 ,035 .a35 .0B0 1394.08 9927.35 
.0 14782 20. 25. 20. 20 I1 0 .BB 144.81 1B071.86 

CCHV= .300 CEHV= .500 
i47E NH CARD USED 
i E i N c  22.05f3 

3265 DlVIDED FLOW 

3665 20 TRIALS ATTMPTED WSEFt CWSEL 
3073 PROBABLE MINIKFK SPECIFIC ENEREY 
3720 CRi T I  CA! DEPTH ASSGHED 

22.00 3.97 1398.47 1396.47 .BO I 297.25 -77 1.14 .P+ :4aa.ie 
2006. 701. !2$?. @. 130. 167. &. 85. 25. 1402.&2 

.49 5.45 7.88 .00 ,331 .@35 .035 .B00 i394.50 9555.71 . e '; FEBS :e. lee. ree. 20 14 e .8Z 190.58 lEB44.18 

1496 W CCPRD USED 
*SECNO 22. C2E 

3255 DIVIDED FLOW 

3265 DIVIBED FLOW 

7185 MiNiMJM SPECIFIC ENERGY 



SECNO DEPid CWSEL CRIWS WSFLK EG HV EL OtOSS B A W  ELEV 
a QLOB QCH QROE ALOE ACH AROE VOL TWP LEFT/R:GHT 
TIRE VLOB V M  VROE XNL XNCH XNR WTN ELKIN SSTA 
SLOPE XLOBi XLCti XLOER ITRIAL IDC ICCNT CORM TOPWID ENDST 

372@ CRITICAL DEPTH ASWMED 
22.07 4.31 1400.11 1400.11 .OO 1400.82 .71 .84 .I2 1404.10 
2060. 1446. 554. 0. 211. 86. 0. 88. 26. 1402.00 

.51 6.86 6.45 .0E ,036 .035 ,035 ,000 1395.88 9595.34 
.@07080 16@. 241. 26E. 4 12 0 .80 213.83 iB8;4,35 

14% NH CARD GSED 
*SECNC 22.090 

3265 DIVIDED FLOW 





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 90 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 values. 

Bill Leimkuehler 7 
A%? 





- - - - 7 . - - - -  -- - 7 -  ----.-.-- -i ----- - -.-,--A - - , - -  - - -  - - -  
I -1- ---Z--L - - 

~ e ~ e r i ~ e t e r ,  Mu1 l e r  (Bedload Transport Equation) - - 
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pa r t i c l e  s i ze  representing coarse bed material capable of forming an armoring - 
--L - - - . - - - L - - - - - d  _(.-,--- L - - - i - - + - - - . - - - -  .---. .- 

5 I 1 ayer. - - .- t- - - - -4 - - - - .--A- i-~I-g L----+---l--- 4 - L- -- --.-- I . 
- 

dS 
- .L- - -  - - I i - ( 2  
- - -  

I - - -Dc 3 /2 L -2 - . - 
- - - --- - - 
- 8 -  - -- - where: -- 

-.+ - - 
- Dc = Individual p a r t i c l e  size in mi l l imeters  r _ l ~  - 
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Competent Bottom Veloci ty  - - - - 
-- - - 
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- proportional t o  the  vel oc i ty 'o f  flow near the bed. The p a r t i c l e  s t a r t s  t o  - 
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- Lane's Tractive Force 

- d = M e a n  wa te r  d e p t h , f t  (m) 
- S = S lope ,  f t / f t  (m/m) 

-7------7- 
A -- ----A 
A-- ----L 

.- -.-- 
---A 

, - i- ---, 

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



Figure 4 .  - Tractive force versus transportable sediment size ( a f t e r  Lane, 
1952 ) . 



- - - - - - .  - -  -.- - -- -.- --- - .__ _ _ _ _  ---_ - -- - -- - - - - - - - -. - 
- Shields Diagram -- - 
- -- .- 
-- 

- - 
- .  Many invest igators  use the Shields diagram (Sh ie lds ,  1036), f i g u r e  ~ ( f l e % t p a ~ e ~ ~ -  

t o  define the i n i t i a t i o n  of motion fo r  various p a r t i c l e  s i zes .  I n  the A _ - 
- 

-. process of arrnoring of a  streambed fo r  predominately gravel s i ze  material 
- .  

-. r -. >1.0 mrn and high Reynold's number R+>500, the  Shields parameter given below :-- -.  i 
- .  proy ides a  method fo r  determining an armor s i z e .  
. - 7 -- -- 

R* = boundary Reynold8 s  number -. - - 
- U* -= Shear ve loc i t y  m, f t / s  (ds) . -  - - 

SL = Slope, f t / f t  ( d m )  -- 
4 - - - R , =  Hydraulic radius O r  mean depth for  wide channels, f t  ( m )  - 4 - 

- 
-- g = Acceleration due t o  gravi ty ,  32.2 f t l s 2  (9.81 m / s 2 )  FC 
-+ D i =  Pa r t i c l e  diameter,  f t  ( r n )  
- /I-_ - - vi= Kinematic v i s c o s i t y  of water varying with teiperature, f t 2 / s  12 
-- (m2/s) cr- - ( 1 x 1 0 - 5 )  -?- 
-- 

and -. 
- -  - - Tc !-- T* = I- - - - 
- 0 C 5) +- 

- (TS -- -i- 
vhere: 

- - 
- -  - -. - T* = Dimension1 ess  shear s t r e s s  

Tc = Cri t i ca l  shear s t r e s s  1b / f t2  (t/rnZ) equal t o  T@SL 
L,- 

- - 
- - r 

Ts = Specific we!ght=(mass) of p a r t i c l e s ,  165.4 l b / f t 3  ( 2 . 6 5  t/rn3) t A  - .- -- 
I - TW = Specific weight (mass) ,  62.4 l b / f t 3  (1 t/rn3) 'T - - - .. d = Mean depth, f t  ( m )  bz 

- - S L  = Slope, f t / f t  ( d m )  - - - - 
- - -  D ' =  Pa r t i c l e  diameter,  f t  (m) & 

.- - .-t - 
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F u l l y  deve loped 
t u r b u l e n t  

v e l o c i t y  p r o f i l e  

- - - 

Turbu len t  
boundary 

layer 

- - - 
-- 
- 

-. 

-- ' S h ~ e l d s  C u r v e  -- 

luo r n o t ~ o n  
- - - 
- - 
- - 
- - 
- - 

- 
- - 
- - 

I I  I I ! j l l  I I 

I j 1 ! I l l 1  I I  I I I I I I .  

I I 1  l l l l  I I 1  I I 1 1 l l l 1  

Sym 
0 

x 
+ 
+ 
o 

S a n d  ~n a i r  ( ~ h l t e )  2.10 
S t e e l  s h o t  ( W h i t e )  7 . 9  

- 
- 
- 
- 
- 

----- 
= ' f e R ~  

F i g u r e  5 .  - S h i e l d s  d iagram f o r  i n i t i a t i o n  o f  bed m a t e r i a l  movement 

I i I I I I I I I  

D e s c r ~ p t ~ o n  

A n i b e r  
L i g n l t e  ( S h r e l d s )  
G r o n ~ t e  
B o r l t e  
S o o j  ( C o s e y )  
S o n d  ( K r a m e r )  
Sacd ( U  S.w E . S . )  
S a n d  ( G i l b e r t )  

1 

Y S ,  4 / c m 3  

1.36 
1 . 2 7  
2 . 7  
4.. 2 5 
2 .65  
2 .65  
2 . 6 5  
2.6 5 

4 

I 1 I I II#: I 
- 
- 
-- 
v- 

I  ! I I I I  I I 
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- Y ang Incipient-  Motion - - 
- i- 
-- 

- 
- .. L 

Yang (1973)  developed a  re1 a t ionship  between dimension1 e s s  c r i t i c a l  ve loc i ty ,  r- 
V c r / w ,  and shear v e l o c i t y  Reynold's number, R*, a t  i n c i p i e n t  motion. . - - L - 

-. Under rough regime cond i t i ons  where R*>70,- t h e  equat ion f o r  i n c i p i e n t  t- 
- .  - 
- .- motion h i c h  i s  considered appl icable  t o  bed ma te r i a l  s i z e  1 arger  than about 

2 mm -by Recl anat ion i s :  - - - - : - - - - - . - - 
- Vcr - - = 2.05 (6 ) A - W -- 
- - 
- where: ! - - - I I - F- 

-- - 
V c r  = C r i t i c a l  average water v e l o c i t y  a t  i n c i p i e n t  motion, f t / s  ( d s )  L - - - - .  - - 

- - w = Terminal f a l l  v e l o c i t y ,  f t / s  ( d s )  - - - - - - -- 
The s e t t l  ing vel o c i t y  b y  Rubey (1933) f o r  mater ial .  1  a rger  than 2 mm in .- - .- i -- + - 

d iameter wi  11 approximate the fa1 1  vel o c i t y  by: -- - - - - - - - - - 
- w = 6.01 D , ~ / Z  inch-pound u n i t s  ( 7  L i- 
- - 

- ,  - w = 3.32 D , ~ / Z  metr i c  u n i t s  -- 
I - - 

. - Equations 6  and 7 can be combined t o  give:  F - - ... r :  
- 

I (8 1 
L & . .. 0, = 0.00659 v,,Z inch-pound u n i t s  - I - - - - - - Dc = 0.0216 v C r 2  metric u n i t s  j-- 

- 
.- f -  
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. - 
- - Depth t o  Armor and Volume Computations 
- - 
- - 
- - After determining the s i z e  of the material required t o  armor the streambed, 

- from either: an average of t he  f i v e  methods o r  a judament decision on the best - 
- .- method, an estimate can be made of the  probable ve r t i c a l  degradation before 

-. * 

- - s tab i l  izat ion i s  reached. The armoring computations assume that  an armoring - - 
- .- layer will form as shown on f i gu re  6 by the  equatrions: 
- - -- - 

- -- 
.- - which are  combined t o :  

-- - 
-- - - - -  - - ! - - -- - -- 
- YO - ya (& - 1) i (11) 

- - - 
---L -.--- -+- ~ . - - - J - - L - - - T - T - L - ~ - ; - - - ~ ~  -----. -~--LL--  L_ 
- .- 

- Thickness of armoring layer  
I -- 

-7- Ya - --- 
y = Depth from or iginal  streambed t o  bottom of the armoring layer - - - - -  -- - - yd = Depth from or iginal  streambed to  top of armoring layer or the - -- 

depth of degradation 
-- 

-- - - - -.- .- - - Ap = Decimal percentage of original  bed material I arger than the armor 
- - si ze, Dc L,_ 
- -  - r r 

. .- 7 
- 

. - .- 
FLOW r Orlginol  s t reambed  

Degraded s f reambed  
5 . .  : : u  I 

Y . -  Depth t o  b o f f o m  o f  t h e  armorrng loyer 

, Yd = D e p t h  of degrodo f ion  
- -. 

yo = Armorrng loyer 
4 

Op = Dec~rnal  percentage of o r ~ g ~ n a l  bed m o t  e r ~ i ? l  
l a rge r  than  D, 

.- - - - Figure 6. - Armoring def in i t ion sketch. 
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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:l slope about l'f at about 1:l slope. No significant scour is 
expected at the design FL 1.5'f 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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D ,  MEDIAN DIAMETER OF 9 E D  M A T E R I A L  (ft) 

CHART FOR ESTIMATING Fb, (AFTER B L E N C H )  

F i g u r e  9. - Char t  f o r  e s t i m a t i n g  Fbo ( a f t e r  Blench, 1969)  
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BED-MATERIAL GRAIN SIZE f mm\ . 

BED-MATERIAL GRAIN SIZE ( f t  ) 

Figure 12. - Suggested competent mean velocities for significant bed movement 
of cohesionless materials, in terms of grain size and depth of flow (after 
Neil 1, 1973). 
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------ 

in the form: 

d s  = Depth o f  scour be low streambed, f t  ( m )  
b = Pier s i ze ,  f t  ( m )  
d = Flow depth, f t  ( m )  

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

- - -  
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Q QLOB QCH QROB P.iO2 A W  ARO3 VOL T44 LEFT/FiIEHT 
TIE VLOE VCH VROE XNL XNM XNR i KT% ELYIN SSTA 
SLOPE X L O X  XLCH XLOBR li4;Ai I D C  ICCSf ' COAAR TOBWID mST 

ZEt HV CHANGED llOM THAN HVINS 

3595 2a TXXLS &TE??TEd LSCL+ C i S K  
3693 PR93MLE KIXERUI1 SPEC;F;C ENEZGi 
3723 CRITICAL DEPTH ASSVY3 

2C.73 E.% 1356.24 :15t.34 .08 !255.2? 3-26 l.X .79 182.42 
5 7~0. E. 5720. a. a. ~ t .  z. 9. . 1 3 1 . 0 ~  
-81 . X4.m .88 .0&8 ,635 ,840 ,iEi3 1347.20 9999.2'1 

.0:2704 5:E. 5iZ. 5 X .  .-ln ..& .- 2 .E2 67.X :22ZS.5:. . 8  

3685 23 TRIALS ATiEIIPTE3 E E L 9  C'R'SF- 
3693 PROB@LE MINiFHlFt SWCIFIC ENERGY 
3720 CRITIW DEPTH ASSURED 

-3495 O W N K  AREA -ASSUMED NM-EFFECTIVE, P'E4= 1363.00 ELEk 1363. 0E 

. w3a a. ee. s3 . a 15 8 .00 51.30 I%~:=.EE 



SECNO DE?N "SP C?iWS K EE HV HL OL3SC FAN3 F E d  
P QLO3 QCH QWB ALOE AM A203 VOL TKA E / R : K  
TIRE W E  VCH, VROE XNL XNCfl XX4 WTN ELtliN SSTA 
S L O P E  XLCEL X L C ~  XLOER I7fiIPL I D C  ICOKT COSBR TO?WID ENDST 

. PAGE 11 

52 XK XKCR :SF:; E-ES BUC EE ? MEEA SS ELCW E,Y> 
1.25 - -- - 1.56 3.21 1Q3.82 51.a= 3.E2 576.68 .a 1251.25 1352.72 

EGPRS EGLLZC F3 QkT!R QLOW EASE& TRf??EZr):D ELLC EiTn 
AREA 

1362.73 .oo e. s;rce. 576. 576. 1363.~2 1306.~ 

- 3495 OVERERW AREA ASSuTED NM-EFFECTIVE, UEA= - 1366.90 ELREA= 1.366.90 



SEC!X. cC;iSii CB;:: zsy-x " ~3 z ?$ hl pr nee Z&>;K E'-EV 
,LL,-Y 

0 QLOB QCH QROE ALOE AC3 AROB VOL TWA LEF/RIFr(7 
T I E  VLOS VCH VXB XNL XgCH XNR k '  UMIW SSTA 
%WE XLCEL XLCM XLOBR ITiiIK I3C ICOkT CCnRAil TOFKD EX3ST 

E E P E  EEWC 23 QKIR @LOW EAfEA TRAPEZOID ELL: ELTEC ' 

ARE4 
1364.24 i366.13 .E0 0. 5722. 64E. 592. 1365.40 1369.4E 

28.84 6.98 1364.3E .%% 
57?ia. 2. 57m. 2. 
. a: .EB 12.63 .PC 

.nbrl - - d m  1 +: iiz. - .'+ -2. 

*SECSO 2.E4Z 
7iE5 ZINI&;'FZ Si?EiIFiC EiE'IGY 

3720 CRITICAL DEiiH ASSUME3 
2kE4 7.12 1364.62 1364.62 
57~2. e. 57ee. e. 

.22 -2: ii.69 ,in 
.a3336 4 L .-. 15. 15. 



SEC8 DE?? C W S E  CR;G LELK EG 

Q CLOZ CC3 QRGS ALOE ACH 
TIHE VLOE VCH VROE XML XXCH 

- SLOPE X i X t  XLCH XiOE? IT3IK 1 :LC 

EV HL C L C S  B P S i  ELN 
ARGE VOL i LEFT/i7!W; 
XNR WTN ELKIN SSTA 
:COEE CO9A2  TOP!iID ENIIST 

*SE.%O B. E93 
28.e~ 9.76 1367.26 .m . ~ 2  1367.75 .5a .!9 .CCI 1364.22 
5 7 ~ ~ .  E .  567.2. 3. te. lee:. -. 2. 3. 136t.a~ 

-64 1.41 5-67. .ea .a45 . & A  "3< . ~ 4 5  .0aa 1357.53 9919.17 
_ * _  .Ei31125 155. . 155. 155. 2 0 G .02 142.12 1QC61.29 



2EN0 DEPTki GEL C3lKf 
Q QLOE Qcii Q R O ~  
TIME VLOB VCH VROE 
SLOPE X L ~ X  XLCH XLOER 

PAGE 1L 



S Z N C  DEPTH 

. Q CLGE 
TIrx VLOE 
SLOPE XLUBL 

*SEENU 21.062 
21.36 9.65 
5706. Pi. 

.09 .9 
.0Ei028 115?. 

cLse 
QCH 
vm 
XLM 

pr-r :  *s*& 

pilo3 
VRCB 
XLCSR 

E5 
A i t i  
XNCH 
IDC 

6 

ARC2 
XNR 
ICXT 

j2l ' 
I i  

VOL 
WTN 
~$69 

OLCSS SANK ELEV 
TEA LEFT/R;GdT 
ELP? i N SSTA 
TOPWID ENDS; 

,. 3201 !?V W.N= !?OE THAN HVINS 

-, .!. 
L.. if 7,;; :3&7,;; -- -,+ ,-.-Fa ..-, . dii r m  i.ii C i l '  i r i  .--u Lilz.:.2 , ' 7  A. L C  ' 2  ..a '-- 

5722. 2. 5 2 2 ,  - .  $. ::tj,22 - - c * m. .. , - c- i i  A!. -- : d... --. 55. 
. - 1 %  .... 0 6  ..B.58 5.81 .a45 ,963 ,645 .Be3 1362.88 996i.80 - - . - . -. - -. 

- T - ~ ~ B ~ . - J ~ - - - - - J B  . . 'I - ... - - 3 --:. - -- - - - .- .- - -. - - .. . . ... . . . .  - 2 - ;. @ - - 0 -  - .@0 113.4210074.42 
- - . 

. - 

. . . .  
~. ..... - 

--.- . .  .....-........... . .  . 
- - - .- . - .  . . .__ ._:. -- .L.. -. . =.. . . . . . . . .  -- ----. ...... .--- 

. . ~  
.. ~- ~ . - - - - - .- - - - . - - 

.- .- - - 
~ -- - . . - . . . . . . .  . .. ...... --.". . . .  ....... . -- - -- - .- - - ....... ... ...-.... --- -- - . .-. . . . ~ ~  ~ 

- .  
~. . - ~  - - - -. - 

- -- .- 
~ ~ 

.. .-- 



* SECNO DEJTE CzIgs WSYW EE 
Q CLCB QCH QEC3 ALOB ACH 
TIPS: VLOS VCE VROB XhL XEiCH 

f 
%OPE XLOX - XLCl-I XLC'IR 1TR;AL IDC 

HV P.L CLOSS EC\Ni( EiEv = 

AROS VGL NA L E / R I K K  
XNR - WTH EL??IN SST A 
ICONT CORAR TOPWID Ems? 

3CE5 2E TRIALS A?TEi?PTEil N E E ,  C S F i  
3?3 FROBAELE RIblIXR S?ECiFIC EXE?.GY 
3720 CRITICAL DE?TH ACSUKD 

21.15 5.85 1369.35 1,769.35 .03 LJ72.13 2.77 .A' < 1 .42 1373.53 

SE XK XKOR . COFQ ROLEN E X  PGiP EAREA SS ELCHU : ELCtiD 
1 . a ~  1.56 3.00 288.80 78.33 0.23 ~ir4.z~ .aa 13~5.a~ 1363,~a 

3381 HV CMOZ M 3 E  ?RAN HVZNS 

CLASS E LOU ROW 



OEChQ 23EJTI.: CiSr?, CRZWS WSU Efi Hlt hL OFOSS BAXK ELEV 
Q ~ ~ 2 3  QC+ Q R 3  K32 ACH ARC2 VCL TA LEFT/R:SdT 
TINE VLOB V M  VROE XNL XNM XNR WTN FLYIN SSTA 
%OPE ~ C I E L  XLCH XLOSR iT2iA- I9C ICOh7 CCORAii T C P ~ E )  EFiGST 

8 

3495 OVER?#? AREA ASSGfED h W L J F E C T I V E ,  E M =  1379.0& ELPEA= 1374.6% 

2i.16 7.53 1312.53 . BZl .OR IJiL.:! 
57EZ. 0. 565. 

---- e o -- --- 

<%'= *=a;? EL!+ ,Lpz - 

*%CNO 21.165 
! ff '  3 

2 3 1  HV C K A N S a  MORE 73hN kFX%S ' ' \, ,>v, \ , 
3. 

* ECNO 21. :? 
21.17 7.33 1373.52 . aa .EO 1374.63 .EI .11 .a! 1372.88 
576~. 13. 5566. 12:. 7. 765. 3. re. I&. 1~71.2e 
.I: 7.27 3.35 ,045 ,840 .%45 .0E3 i366.53 99:3.7; 

.~%4313 38. 30. 32- 0 0 0 .B0 l63.!7 10076.89 
-- -- - 



87-11-94 12:39:33 PAGE 13 

C--L,r Ytw-3  DETH WSEL CfiIklS - k f c i (  EE W KF KG'S SANK E L 9  6 

Q Q L O ~  QGH QROE &LOB &?it &ROE VOL iW LFTfRiG'iFT 
T I E  VLOE VCH VWE XM XNCH XNR UTN ELM IN SSTP 
SLSf XL~BL XLCH XLOER IT?.!& IDC ICONT CCW2 TO.CE!D MST 

i 

C C W  . X2 CEHV= .503 
*SEC?iO 21.198 

I 
21.14 3.87 1374.U . Tt0 .a 1375.i32 .54 . ii .a1 1372.i~ 

,- , , le. : a i : . ~ s  s7a. ; ** Li. sae?. 3 7 ~ .  12. 67:. L + ~ .  ti. 

.I2 . 1.73 6-13 '2.52 -249 s Q 5  --is45 ,003 I368.&0 99!1.11 . Eg149 4z. 42. 48. 2 0 e 2401.22 ;0:5:.43 

*SEW0 2!.WSI 
21.32 6.94 :37&.2& .ail .El 1376.43 .3E . ii YF .R X 2 . 5 8  
5 7 ~ ~ .  42. 5294. 565. a, rear. ler. BZ. 15. 1373.28 
. - -  L r  
- L  -.d- 

= .y  -. -b 222 z -  - ..-. 7 7 C  ,245 ,:z~ "LO ' 0  --n' --- .-'. -7't":: 
vn- - * -  97s -1. . -= T 7 --- 

.Y'---. hb-. -bL. - --. 2 .d L .2? -1:';: : 2 : = - . 2 -  



SECNC GECTi: CSJSEL Z g  EE k?i' HL OL03S EAVY p-3 
Q GLOB QM G?CB ALrlOf: A i H  M O B  VOL T '  LET/RIG%? 
TIM MOB VCH VRSE XNL XNCP XWR MN ELKIN SSTA 
%O?E X-OZt XLCH X ~ 3 B i i f  I T X A L  :3C I<CNT CO3AR TOPWID E,W\IT 

. ea 
nx 

1,55 
te. 

.02 1276.58 
IS. -/375.@B 

3372.26 9902.33 
225.6E 10128.E! 



SECsQ EEJr+  C;;EEL 

U ' QL9B QM 
T I E  KriE VCH 
SLOPE kxa~ XLM 

K F - K  E5 
&'LOB ACd 
XNL XXCi 
I72IAL 15C 

W- :l2L 
A 2 0 2  VOL 
XNR WTN 
I C O K  CCRAR 

Oi3SC EP.$K r-3 
TUA L-Ti/fiIE?T 
€.IN 
TOPWIC E?ilST 



SiC?ir) DEPTK C W S L  C R Z K  
9 GLOB QCH Q3GS 
TIME VLOB VW VROE 
SLCPE - XLFBL XLCH XLDX 

GEEL.( Ef C k~ 
ALOE ACH ARC3 
XM XNCtl YNR 
I T X A L  I D C  - !I CGXT 

HL OLOS.5 E M K  E E V  
VOL WA L F i / R I m T  
W T N  EWlN S T A  
COiiAR Tt)FWID E?1397 



P A E  22 r 

SECNO DEPTH CWSFL CRIWS WSEiK EG HV KL OLOCS . EA%L€&F&' 
Q Q L O ~  QCH QROEI ALOS ACii AROZ VOL T !  LEFT/RICliT 
TIE VLOE VCH VROB XNL XNCH XKR Kt4 L Y I N  SSTA 
%CITE- XLOEL XLCH XLOZR ITRIAL IDC ICONT CCiiAR TOPUID ENDST 

3381 HV WKGEIl MORE THAh iiV:hS 

3685 28 TRIALS Al lEHPlX3  IJSEF, CbEEL 
3693 PRGBAELE 3INIMUH SPECIFIC B E W  
3728 CRITICAL DE5TFi P.SSt'FE3 

21.78 8.37 1367.97 13E9.97 
558E. 180. 43Eb. 10E8. 
.R &.AS ia.45 7.5: 

,012158 JZ. 3i?. 30. 



SECNO- DE32i CEISEL CFZWS KELK EG HV F i i  ' OLOSS B4YK FJV 
Q QLOE QM QROa ALoE ACY AROE VCL Nlz L';r;/RIGHT 
T I P  R O E  VCH VROE XNL XNCH XNR k3-N ELMIW SST4 
%OPE X L O W  X L W  XLOBR I T X X i  IDC ICON: C09AR i O ~ ~ j f 3  E?JDS7 



*SEfrNI! 21.963 
21.98 9.95 
5520. 197. 

.33 2.5L . en1399 oa. 

PCH 
VCH 
XLiH 

CP.iKs 

OR02 
VROE 
XLOM 

I;SELK EG 
M E  A& 
XNL XNM 
ITR:4L IIIiC 

HV OL!]ES B A K  EE'i 

AR03 VOL TWA LEFT/RIGilT 
XNR WY . ELKIN SSTA 
ICON; C3M2 TO?I;TD E?SST 

.39 .0e .a1 13~6 .2~  
275. 166. - 32. 12Ei.62 

m e -  . Cs: . XZ! t 3 ~ 3 . m  95'3.35 
e .ea 218.92 re:23.28 

. ---- --- - --1_ _I__--- _- --- - -I I_̂ - l_-_____-__I___I--I__ ---- 
CC'nl= .223-Cf.fV= .5W 
*SECNO 21.910 

21.91 9.94 !392.2& . E2 .BE 135'2.52 .3& .27 .82 1382.32 - -- 

551. 1395. 3604. 5 C I s  42E. 7 3 .  169. la. 22. 1B4.65 
-26 ~ 2 6  k . 9 ~  2.97 . a 3  .a35 . ~ 5  .aea 13sz.z~ 9663.93 

.QE67E3 55. 7E. 85. 2 5 5 .BB 2i7.91 1008!.84 

3361 !4U CCCANGD B O X  %AN HVINS 

21.92 8.26 1391.56 .f?2 .23 1293.17 1.51 .23 .60 1377.3Q 
5500. 8. 552a. a. 0. 55 9. 5. 169. 32. 1399.36 

.34 .c5 9.85 .GO 3 . azo . oze . aae 13s3.4a 9961.95 
. e ~ ; 3 7 ~  32. 3e. 32. 2 8 -  e .ea 76.1: I ~ Z B . B ~  

E.S?Z ECAC n,: G'&X 17: W-L, ;'8 BARE; i.TR&zEZi>I3 , .- - .  .. u L  EL!Ja 

ARE4 
-5 .:=-: '". t r  1 ern- C-- . m. C. .?PC :" ""',;= I L L  &k.-.i. . u- L.  -IUC-. ". . * La--. -. . . . w- -k. 



SEdD 

Q 
- TIFE 

SLOPE 

""72 
ld= i : .  . C 8 f i  
CLOE QCH 
'3-03 VCH 
XLOBL XLCK 

c3;jis = 
QRCE 
VROE 
XLOER 

WSELK EG 
ALOB ACH 
XNL XNCH 
ITRiAL I3C - 

HV 
AROE 
XNR 
I CONT 

QLCs3 SANK r HL 
VOL TI;A tEFT/fiI&T 
tdTN Fit+!iN SSTA 

i 
CCRAA TOPWID ENDS: 

*%a0 2!. 9t2 
36E5 28 TRZPLS ATTEYFXP USE, C i E L  
3t?3 PROSA3i.E Fl1N;rZUM S?EZFlC ENERG'? 
3720 CRITiCAii DEPTH ASSCNED 

21.46 4.78 1394.76 1294.7E .0B 1395.72 1.94 .21 . ! A  179kE6 
5580. 38. 5462. 0. 11. 467. E. :7:. 33. 1399.88 

1----~-.._.34 .-3.55 11.22 -.I .035 _-_. f 3 3 5 . - ~  .%35 .0E0 1390.1 9914.76 
.E:5714 6E . 62. 65. 23 i 4 E .02 :21,57 i2542.33 

3,135 23 7;:kLs ~ i r ~ y p ~ 3  kg=-, 

3693 PRGBAs"LE MINIWLR SPECIFIC ENEm - 

--Cq ............... .--.I..>-. . , 
v r l "  U.7- L I&,*- TZ: l?. !+;a,. .;* 

.., -- . - -  
& - a  ' d  

- 2, -. ; * :2?T2:: ;z?;'-; zz '--- - '  
. - 

s .>?T.GZ 1.22 ? - ... , - , +; :&ZT, 23 
c=,7r. - =:-- n 
--LC.. L. -_i.., ,z x E .  ---. a. = 77 . -- , . - . .d. -- _ . m a  . . 

u-. . :-L..:: 
-- ..-. - -35 -..,08 16.31 -1 _~,_9135 ,035 - . ,635 ..... .Ma 1394.66 9917.14 

. -- ....... ....... --- . . '7C - - . 1 . '  .......... - 
.. -.  . ... 

.1 -1363.65 10EEE.79 



SECXO DEP- RE!. !r,s:ws 
Q Q L O ~  G C ~  QRO2 
TIME V1-02 VCH I VROE 
%OPE XLOBL XLC? iX;OZi( 

C Z V =  . 3 e  CMV= - .5% 
1490 kK! CARE USED 
*SEC?J.C 22.G~ 

t 

- - - - 
3381 HV CirANE!3 KORE THi4  HV!MS 

- - - 36af 22 TX:PLS ATiPFTEC XfEI T;SzI. 
3693 PROEBLE FIIE!IFd!! SPECIFIC E?;EW 
3 2 8  C?iT:CAL CEP-4 AASUVEE 

2.B3 5.51 1422.2i 14B.a: 
55E8. . 29:b. 2564. 0. 

.35 7 . 3  9.22 .a . RLFZEZ 7t. 1EF. l f 8 .  

149E W C A E  UCE2 
2, - *SECNO 22.020 

BE1 HV CHANGE2 MORE WAN HVIKS 

- C a w =  --.IICEHV= .3m 
- 1490 W ChRD USED 

*C,iCXO 22.a5 

'-'3265 DIVIDE FLVi 

MSEif( EE HV HL OtOSS BB#?( Er$ 
ALOE ACH AROB VOL T&A LE=T/RIG'HT 
XF!L XNM XNR UTN E R I N  SSTA . 
ITRIAL IEC - ICONT CORAR TO?W:D m S T  

.@a 1482.62 .89 -78 .I2 :434,i0 
:-E ,:. e 
- 4 - .  r - 7 .  6. '7: * ' . .  f= .?.c.-:-.r 

i d .  r7r-.cC 

r.-- -3:: . a s  .945 -,-- *L;c >Z95.,22 5ZL6,Zf 
- - 2 m., 

0 ,LC :ci77is:: L 



SEi%9 DDTE CKSZ CKZSS WCEU ~5 HV= HL OLOS M ~ K  REV 
4 QLO3 QCH QRO3 ALOB ALLi . AROE VGL TWA LLrT /RIKT 
TIM VLOB Vw VROE XEL XNCH XNR L!N ELKIN SSTA 
%OPE XLOI  XLE XiGB2 I T R i k  i O C  i iONT CORAR TOFUID LWST 


