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SECTION 5: HYDRAULIC ANALYSIS 

Sweat Canyon Wash is located in north central Maricopa County, Arizona. The total 
watershed encompasses approximately 15.5 square miles and generally flows in a 
southlsouthwesterly direction. The floodplain delineation covers Sections 19, 20, 29, 30, 3 1, and 
32 of Township 7 North, Range 2 East, Sections 5,6, 7, 8, 18, and 19 of Township 6 North, 
Range 2 East, and Section 24 of Township 6 North, Range 1 East as shown on 1:24000 scale 
Biscuit Flat and New River Quadrangle maps. A portion of the Sweat Canyon Wash was 
delineated as part of the New River From New River Dam to Rock Springs Maricopa County, 
Arizona Flood Insurance Study (FIS) prepared in 1987. Approximately three and a half miles of 
the Sweat Canyon Wash were delineated upstream of the confluence with New River. The Sweat 
Canyon Wash Flood Insurance Study incorporates thirteen additional miles of study area. 

The lower reach of Sweat Canyon Wash has an average slope of 0.005 fVf? increasing to 
0.013 ft/R in the upper reaches. The wash bottoms are gravely to cobbly with sparse vegetation. 
The embankments contain medium to thick amounts of vegetation, especially in months of 
substantial precipitation as was the condition in the spring of 1998. The vegetation is typical 
Sonoran Desert, lush with creosote bush, saguaro, cholla, prickly pear cactus, palo verde and 
mesquite trees, and native grasses. Much of the watershed has been used for rangeland. The 
degree of stream meandering was determined to be minor to negligible for most of the study area 
and an adjustment factor of 1.0 was applied. Several portions ofthe reaches had appreciable 
meandering and an adjustment factor of 1.5 was used. 

The floodplain analysis was modeled as a subcritical flow regime. The resulting water 
surface elevations revealed that approximately 25% of the cross sections defaulted to critical 
depth. Most of the cross sections that defaulted were isolated, showing some instability in flow. 
Cross sections were added in an attempt to stabilize the model. In most cases, the model 
continued to default to critical, showing that a hydraulic drop and subsequent jump occurs. Of 
the cross-sections that defaulted to critical, approximately 63% have Froude Numbers ranging 
from 0.8 to 1, indicating critical or supercritical flow. 

The HEC-RAS (River System Analysis System), Version 2.2, dated Septemeber 1998, by 
Haested Methods was used to develop the Water Surface Profile for Sweat Canyon Wash 
Topographic Mapping and Floodplain Delineation Study. The starting water surface elevation 
was selected from the existing Flood Insurance Study (New River Floodplain Delineation, from 
New River Dam Reservoir to Rock Springs, Coe & Van Loo, 1988). The first three (3) cross- 
sections (3.873-4.129) of this study were taken from the New River Floodplain Delineation Study 
(Ref 3). The starting water surface elevation for the study was selected as 1703.84' MSL at 
cross-section 3.873. However, the HEC-RAS program defaulted to critical giving a starting 
water surface elevation of 1704.1 1' MSL. This cross-section is beyond the mapping limits and is 
not shown on the Work Study Maps. The 100-year, 24-hour storm for this study produces a 
discharge of 13,677 cfs, which is greater than that (12,400 cfs) used for the New River Floodplain 
Delineation Study. However, the use of the new 100-year, 24-hour discharge from this study @ results in insignificant increases (less than 0.5') of computed water surface elevation at cross- 
section 4.019-4.129. Additionally, the differences in floodplain widths for the same cross-sections 
were also determined to be less than 10% of the effective FIRM map scale of 1"=1000'. Starting 
r:lodn~iman'0029\1eport~lm(129~tdn.do~ 1 



water surface elevations for tributary washes were based on the normal depth method as directed 
by FEMA. 

Representative 100 year 24 hour storm discharges at key locations within the study area are 
listed in Table 5.1.1. 

Peak 100 year-24 hour Discharges 
Table 5.1.1 

5.2 Work study maps 

This flood insurance study includes topographic mapping and floodplain delineation of the 
Sweat Canyon Wash and its main tributary, Doe Peak Wash. Two additional tributaries, South 
Fork Doe Peak Wash and East Fork Doe Peak Wash, collect flood waters from the contributing 
drainage area and confluence with the Doe Peak Wash. The 100 year 24 hour discharges from 
South Fork Doe Peak Wash is approximately 2,000 cfs, while East Fork Doe Peak Wash 
contributes approximately 1,500 cfs to the main stream of Doe Peak Wash. A general overview 
map of the study area (Figure 6) is shown on the following page. 

Figure 7 (Sheets 1 through 12) shows the location of the cross-sections, floodplainlfloodway 
boundaries, and the computed water surface elevations for the Sweat Canyon Wash Topographic 
Mapping and Floodplain Delineation Study. The full size (24" X 36") work study maps are 
located in the map pockets of this notebook. 



FIS OVERVIEW MAP 
FIGURE 6 
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5.3 Parameter estimation 

0 5.3.1 Roughness Coefiicients 

Manning's equation, also known as the slope-area computation, is a method of 
determining the depth of flow for open channel flow. The equation relates the area of flow, 
wetted perimeter, slope, and roughness coefficient to its velocity or flow rate. The main 
deficiency of this equation is the difficulty of determining a roughness coefficient, n, for a 
channel. 

The coefficient may vary depending on the bed material, vegetation type and size, depth 
of flow, channel meandering, and flow velocity. Additionally, the roughness coefficient will 
vary across the cross-section of a natural channel. Therefore, carehl consideration must be 
given to the effects that a channel's characteristics will have on the roughness coefficient. 

Hydraulic modeling of channels using HEC-RAS, requires three (3) values of the 
roughness coefficients. These values are for the main channel and the left and right 
overbanks. The coefficient values are determined for the time of peak flow through the 
cross-section. 

N values are usually calculated by establishing a base value for a typical channel and 
adjusting this value for channel characteristics. The base value can be determined by a 
comparison with typical values established through channel studies that are available in 
widely accepted references. 

The USGS published reference, EstimatedManning 's Roughness Coefficients for Stream 
Channels and Flood Plains in Maricopa County, Arizona, (Ref 2). was one source used . . 
determining the base values in this study. Another source was Comparison of Verified 
Roughness Coefficients for Gravel-Bed Stream, Blodgett (1986) (Ref 1). This method 
utilizes the hydraulic radius and the dso of the base material. A sensitivity analysis was also 
performed to establish the base n values. Several field investigations were conducted to 
determine channel characteristics for the study reach. Notes and photographs were taken to 
document the characteristics. 

Adjustments to the base value were made based on the equation presented in the USGS 
text as follows: 

Where: 
n = equivalent roughness coefficient 
m = correction factor for channel meandering 
nb = base value for straight uniform channel 
nl = correction for surface irregularities 
n2 =variations in channel shape and size 
n3 = corrections for obstructions 
n4 = correction for vegetation 



The values for each of the correction factors were determined using guidelines presented 
in Verification of Roughness Coefficients for Selected Natural and Constructed Stream 
Channels in Arizona, 1998 (Ref. 4). The equivalent value was rounded to the nearest 
511000th for inclusion in the HEC-RAS model. 

Surface Irregularities 

Surface irregularities are obstructions to flow in the channel that cause an energy loss in 
the flow. Irregularities are seen as sloughed, jagged, or eroded banks or side slopes. The 
adjustment factor ranges from .001 to .005 for slight irregularities, and from .011 to .020 for 
severe irregularities. 

Channel Shape Variations 

As flows travel in a channel through its watercourse, the channel may change shape and 
size as it is influenced by soil type, obstructions, tributary flow, and slope modifications. 
The degree or rapidity with which the channel changes size from large to small, or with 
which it shifts flow from one side to the other may cause an energy loss in the flow. The 
adjustment factor for channel variation ranges from ,001 to .005 for occasionally alternating 
cross-sections, and from .010 to ,015 for frequently alternating cross-sections. 

Obstructions to Plow 

Obstructions to flow may act as energy dissipators. Large boulders, exposed roots or 0 stumps of established vegetation, or permanently resting logs or piers can act as obstructions 
to flow. In addition. anvthing that may act to hold debris or impede the natural flow will . - - 
require an adjustment factor. The percentage of area influenced by obstructions and the 
spacing of the obstructions will influence the value of the adjustment factor. 

The adjustment factor for obstructions ranges from .000 to ,004 for nearly negligible 
obstructions affecting less than 5% of the flow area. Minor obstructions occupying from 5 
to 15% of the cross-sectional area have an adjustment factor ranging from .005 to .015. The 
adiustment for appreciable obstructions, from 15 to 50% of the cross-sectional area or with " A 

spacing close enough for several obstructions to share a sphere of influence, ranges from 
.020 to ,030. For closely spaced obstructions that create turbulence across the entire cross- - - 
section or for obstructions occupying more than 50% of a cross-sectional area, the 
adjustment ranges from .040 to ,060. 

Correction for Vegetation 

Vegetation exerts the most influence on flows having a depth that is less than or only 
slightly greater than the height of the vegetation. Vegetation with deep roots or that is well 
established will not become dislodged or uprooted in shallow flows. Deeper flows that 
submerge trees or large bushes should also have an adjustment for vegetation. 



The adjustment factor for vegetation ranges from .002 to .010 for weeds and grasses in 
shallow flows twice the height of the vegetation. For weeds, grasses, and dense bushes in 
shallow flows less than twice the height of the vegetation, the adjustment ranges from ,010 
to 025. For weeds or grasses in shallow flows roughly equal to the vegetation height, or for 
small bushy trees intergrown with weeds and brush, the adjustment ranges from .025 to 
.050. For flow depths less than the vegetation height for weeds or grasses, or for small 
bushy trees with dense undergrowth, the adjustment ranges from .050 to .loo. 

Channel Meandering 

Channel meandering, the variation from a straight channel to one with multiple curves 
and an elongated watercourse, will have the greatest impact on the adjustment factor for the 
n-value. A meandering channel magnifies all adjustment factors. 

The degree of meandering may be computed by calculating the ratio of the existing 
watercourse length to the minimum watercourse length. For meandering channels with a 
ratio of less than 1.2, the degree is minor and negligible. Appreciable meandering is seen in 
channels with a ratio of from 1.2 to 1.5 and an adjustment factor of 1.15 is applied. For 
channels with a ratio higher than 1.5, the effect is severe and an adjustment factor of 1.3 is 
applied. 

Determination of Adjustment Factors 

Determination of the degree of influence and the related values for the adjustment 
factors relies on experience and judgment. The process is aided by adequate assessment of @ the site. On-site inspection of the watercourse and selection of typical cross-sections aid in 
determining the values for the adjustment factors. 

Several field visits were made to Sweat Canyon Wash to determine base n-values and 
adjustment factors. Typical cross-sections were located and the conditions documented with 
photographs and field notes. Topographic data was gathered and reviewed as well to 
determine meandering and channel geometry variations. 

Cross-section locations, photographs of typical cross-sections, a map of the photograph 
locations, and the calculated n-values with adjustment factors are included in the Appendix 
E.1. The photographic documentation includes a view of the main channel soil sample, a 
view of the cross-section, and the vegetation found on the left and right overbanks. Each 
page represents a reach containing similar cross-sections. The location for each set of 
photographs taken is shown on a drawing located in Appendix E. 1. 

5.3.2 Expansion and Contraction Coefficients 

The expansion and contraction coefficients used throughout the study reach were 0.3 and 
0.1, respectively. There were no bridges or culverts in the entire reach. Generally, the 
washes consisted of gradual transitions with no major irregularities. 



5.4 Cross-section descriptions 

• Cross sections were generally placed 500 feet apart for the initial hydraulic run. Additional 
cross sections were added if warning messages resulted, warning that the energy equation was not 
solved in 40 attempts. Many of the warnings were removed by doing this, however, several cross 
sections continue to give warnings of conveyance ratio outside of range and energy loss greater 
than 1 foot. The orientations of several of the cross sections were changed after the initial run 
which showed the general flow direction. In several areas within the study, it became clear that 
substantial overbank flow was present, thus the changes in orientation. 

The cross section labeling represents the distance upstream of the mouth of New River (Sweat 
Canyon Wash) or, as the case is with the tributaries, the distance upstream of the convergence 
with Sweat Canyon Wash. The HEC-RAS results were examined to determine that the sections 
were representative of the reach and to remove non-effective flow areas. 

HEC-RAS requires that the cross sections created to depict a junction located upstream and 
downstream of the junction, unlike HEC-2 that requires one to be located at the junction. 
Therefore, two cross sections (where Sweat Canyon and Doe Peak join) that were originally 
spaced 500 feet apart, were removed. These two cross sections contained two thalwegs and 
HEC-RAS only recognizes one thalweg per cross section. The HEC-RAS program placed the 
junction at the Sweat Canyon thalweg, which is not an accurate representation of the junction. In 
addition, the floodway analysis could not accurately be represented with these two cross sections 
included in the model. 

An attempt was made to include separate cross sections along each of the two washes but 
vertical extension warnings resulted. The normal solution to this warning is to widen the 
conveyance area. However, doing so resulted in cross section lines overlapping which does not 
properly represent the junction. Once the cross sections were removed, the floodplain and the 
floodway boundaries were portrayed correctly. 

The majority of the cross sections were generated using AutoCad Softdesk (Ref 5). The 
resulting cross sections were checked and points added or deleted ifwarranted. A few cross 
sections were determined based off topographic contours. 

5.5 Modeling considerations 

5.5.1 Hydraulic Jump and Drop Analysis 

The floodplain analysis was modeled as a subcritical flow regime. The resulting water 
surface elevations revealed that approximately 25% of the cross sections defaulted to critical 
depth. Most of the cross sections that defaulted were isolated, showing some instability in 
flow. Cross sections were added in an attempt to stabilize the model. In most cases, the 
model continued to default to critical, showing that a hydraulic drop and subsequent jump 
does occur. When these portions of the wash are developed or improved, special precautions 

a will need to be taken to protect against erosion and flood protection. 



5.5.2 Bridge or  Culverts 

There were no bridges or culverts along the studied reaches. 

5.5.3 Levees and Dikes 

There were no levees or dikes along the studied reaches 

5.5.4 Islands and Flow Splits 

Islands, which show up as divided flow, were evident in approximately 19 of the 171 
cross sections. The 'islands' were not handled in any special way because of their impact on 
the total floodplain width. Because the islands were comparatively small, they were not 
removed from the total floodplain. The top width shown on the HEC-RAS output depicts 
the total flow spread minus the 'islands', not the floodplain width as shown on the drawings. 

5.5.5 Ineffective Flow Areas 

Cross-section 8.578 of Sweat Canyon Wash required the ineffective flow option. The 
block obstruction option was implemented for cross-sections 5.359 and 7.631 of Sweat 
Canyon Wash. This was to provide surface information extending the 100 year flood plain 
limit while limiting the conveyance area to the main wash and preventing flow in adjacent 
tributaries. 

5.5.6 Supercritical Flow 

Cross sections that indicated supercritical flow were sporadic in their location. Any 
flood insurance study should be modeled as subcritical and this study gave no indication to be 
modeled differently. Therefore, the water surface elevations at cross sections defaulting to 
critical depth were used to delineate the floodplain. 

5.6 Floodway modeling 

Encroachment on floodplains, such as artificial fill, reduces the flood carrying capacity, 
increases water surface elevations, and increases flood hazards in areas beyond the encroachment 
itself One aspect of floodplain management involves balancing the economic gain from 
development within a floodplain against the resulting increase in flood hazard. For purposes of 
the National Flood Insurance Program, the concept of a floodway is used as a tool to assist local 
communities in this aspect of floodplain management. Under this concept, the area of the 100- 
year flood is divided into a floodway and a floodway fringe. The floodway is the channel of a 
stream plus any adjacent floodplain area that are void of any encroachment in order that the 100- 
year flood can be conveyed without substantial increase in water surface elevations. Minimum 
federal standards limit such increases in water surface elevations to 1.0 foot, provided that 
hazardous velocities are not produced. 



The encroachment method utilized to define the floodway was Encroachment Method 4. 
This method determines stations that result in an equal loss of conveyance at each overbank. 
Target increases in water surface elevations of 0. 9', 1.0', and 1.1' were used for the first attempt. 
Encroachment Method I was used for the final analysis In addition to the maximum one ( I )  foot 
water surface elevation increase as required by FEMA, velocities and main channel Froude 
numbers were taken into consideration when choosing encroachment stations. The goal was to 
prevent velocities from increasing to erosive levels, approximately 10 filsec. In general, no 
encroachments were made for cross sections in which the velocity was 10 Wsec or greater 
naturally. Main channel Froude numbers were considered for cross section defaulting to critical. 
In general, no encroachments were made for cross sections that defaulted to critical depth and 
with main channel Froude numbers greater than 0.8. 

Other considerations when choosing encroachment stations included overbank depths, 
overbank velocities and upstream effects due to encroachment. In general, no encroachment was 
made if the depth ofwater in the overbank was greater then 3 feet and if the product of the 
velocity and the depth in the overbank was greater than 10. No encroachment was made if, by 
doing so, it caused problems for upstream cross sections such as a surcharge of more than one 
foot, a decrease in water surface upstream to less than zero (0), andlor increase of upstream 
velocities to erosive levels. 

5.7 Special problems encountered during the study 

5.7.1 Special Problems and Solutions 

The selection of roughness coeficients for this project involved several experts. David 
Evans and Associates, with advise from their consultant, Primatech Engineers and 
Consultants, proposed the first set of n values. These values were used in the initial HEC- 
RAS run that resulted in approximately 62% of the cross sections defaulting to critical depth. 

The Flood Control District of Maricopa County (FCD) questioned whether Sweat 
Canyon Wash and its tributaries were truly mixed flow watercourses. FCD specifically 
questioned the base values used in the analysis. Another expert with the FCD reviewed the n 
value report and suggested raising the values 0.002 to 0.005 across the board. The FCD also 
provided another consultant with the information and the response from West Consultants, 
Inc. was to add 0.005 to each value. West Consultants further recommended an equation for 
determining the base n value that is based on DSO and the hydraulic radius. Excerpts of the 
technical book are included in Section E. 1 of this manual. As a result, the n values used in 
this FIS are a consensus of several experts. The revised n-values resulted in the HEC-RAS 
defaulting to critical depth in approximately 25% of the cross sections. 

A comparison was made of the average depths and velocities between the hydrology and 
the hydraulic models. The method used to derive average depths from the HEC-I was to 
examine the stage-storage-discharge tables generated for each routing. Based on the value of 
flow routed through a particular reach, an elevation was determined. These values were 
compared to a Manning's analysis that used the routed flows and the &point cross section 

a used in the HEC-I model. The results were very similar. 



Another comparison was made between the average depth determined from the HEC- 
RAS model and a Manning's analysis. The HEC-RAS depths were based off peak discharges 

a at any given concentration point - not the lower routed discharge which HEC-1 used. The 
Manning's analysis used the 8-point cross section used in the HEC-1 model. Again the 
depths were comparable. 

The same method was used to compare the velocities between the HEX-1 and the HEC- 
RAS models. The method used to determine the velocity from the HEC-1 model was to 
calculate the conveyance area from the interpolated storage determined from the stage- 
storage-discharge tables and divide by the routed reach length. Then the continuity equation 
Q=VA was used to determine the average velocity. Again, the velocities were similar. The 
calculations are included in Section E.5 of this notebook. 

The Flood Profile data were taken directly from the HEC-RAS model. Scaling was a 
problem when inserting the HEC-RAS output into the AutoCAD drawings. Some 
manipulation was required to bring the HEC-RAS data in at the correct scale. 

5.7.2 Modeling warning and error messages 

A list of warnings indicated the need for additional cross sections. When a cross section 
was added midway between cross sections placed 500 feet apart, the messages remained with 
minor or no change in water surface elevations. Due to the length of the study, an average of 
500 feet between cross sections was maintained with a few exceptions. These exceptions 
include: changes in roughness coefficient, more detail required to correctly delineate 

a floodplain and floodway boundaries, indication of supercritical flow, etc. 

5.8 Calibration 
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5.10 Final Results 

5.10.1 Hydraulic analysis results 
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Sweat Canyon 4.629 13677 1744.24 0.00 9545.10 10435.96 690.66 1743.49 1744.94 1740.13 8546.82 3390.05 8.23 10.74 0.55 

Sweatcanyon 4.667 13677 1745.46 9407.02 10370.21 963.20 1745.46 1746.66 2039.10 10320.41 1317.50 10.01 8.76 0.71 

Sweat Canyon 4.667 13677 1745.46 000 9407.02 10370.21 963.20 1745.46 1746.66 2039.10 10320.41 1317.50 10.01 8.76 0.71 

Sweatcanyon 5.302 7174 1763.12 9780.65 10156.24 375.59 1763.12 1764.43 411.29 5751.66 1010.85 9.97 6.32 0.62 

SweatCanyon 5.302 7174 3763.12 0.00 9780.65 10156.24 375.59 1763.12 1764.43 411.29 5751.86 1010.85 9.97 6.32 0 62 
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where: 

Sweat Canyon Wash - n Value Determination 

h = m(nb +n1+  n2 + n3 + n4) 

n = roughness coefficient 
m = meandering factor 

'nb = base n value 
n l  = surface irregularities factor 
n2 = variation in shape and size factor 
n3 = obstructions factor 

'n4 = vegitation factor = 0.0008B - 0.0007 
B = % of flow blocked by vegetation 



Sweat Canyon Wash - n Value Determination 

 q qua ti on (9) from Verification of Roughness Coefficients for Selected Natural 
and Consfnnfed Sheam Channels in Arizona. USGS. 1998. 
?able 1. Base wtues of Mannina's n for slabte channels from EstimatedManning's 
R o u g h w  CDefficients for Sheam Channels amlFloodPbins in Mericopa County, 

USGS, l991, 
abon (14) from Verification of Roughness Coefficients for Selected Natural 
Constructed S h a m  Channels In Arizona, USGS. 1998. 



Doe Peak Wash - n Value Determination 
' no  m(nb+nI+nZ+n3+114) 

where: 
n = roughness coefficient 

m = meandering factor 
'nb = base n value 
n l  = surface irregularities factor 
n2 = variation in shape and size factor 
n3 = obshctions factor 
' n4 = vegitation factor = 0.00088 - 0.0007 

B = % of flow blocked by vegetation 



Doe Peak Wash - n Value Determination 

quatlon (9) frm V & a h  d R o y j m a u  Cwmcknb lor S W e d  Natunl % C r n M  S N t n  Charnwb In M ,  U S ,  1, 
)Ipbk 1. Baas values of Manninds n for stabk channeh from Estimated Mami@ 
Rouphnau Cosfficisnts fa Stream Channels and Fkcd Piaim h Madcop. County. 
~ r h 0 n a .  US-, 1m1. 
' ~ ~ u a t i o n  (14) fmm V w i m a h  of Rouphnau CoemClents fa Selded Natural 
and Consbucted S h a m  Channds In M o n a .  USOS. 1998. 



South Fork Doe Peak Wash 
n Value Determination 

' n =  m ( n b + n l + n 2 + n 3 + n 4 )  
where: 

n = roughness coefficient 
m = meandering factor 
' nb = base n value 

n l  = surface irregularities factor 
n2 = variation in shape and size factor 
n3 = obstructions factor 
' n4 = vegitation factor = 0.0008B - 0.0007 

B = % of flow blocked by vegetation 

'~auation 19) from VerHication of Roughness Coeficients for Selected Natural 
a r i  ~ons&tedStream Channels h ~ r i z o n a ,  USGS. 1998. 
vable 1. Base values of Manninds n for stable channels from Estimated Manning's 
Roughness Coefficients fw Sheam Channels and Flood Plains In Maricopa County. 
~rfz&a,  USGS, 1991. 
 quati ti on (14) from VerHcaNon of Roughness Coeficients for Selected Natural e d Consfructed Stream Channels in Arizona. USGS. 1998. 



East Fork Doe Peak Wash 
n Value Determination 

' n =  m(nb+n l+nZ+n3+n4)  
where: 

n = roughness coefficient 
m = meandering factor 

nb = base n value 
nl = surface irregularities factor 
n2 = variation in shape and size factor 
n3 = obstructions factor 
' n4 = vegitation factor = 0.0008B - 0.0007 

B = % of flow blocked by vegetation 

'~~uation (9) from VeriAco(ion of R w M n s u  Ccmtlicienb for Selected Natural 
and Conrbucted Stream Channek h ArizMa. USGS. 1998. 
?able 1. Base values of Manninds n for stable channels from Estimated Manning's 
Rwghness Coemcienls for Sbeam Channek and Flood Plains in Maricopa Coun(y, 
Arizona. USGS, 1991. 
3~quatlon (14) from V M c a t i ~  of Rwghne~s Coeffiients for Selected Natural 
and Combucted Stream Channek In Arizona. USGS. 1998. 
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A common method o f  se lect ing the roughness coe f f i c ien t ,  n, i s  t o  
f i r s t  s e l e c t  a base va lue  o f  n f o r  the bed mater ia l  ( tab le  1).  The base 
values o f  n are f o r  a s t ra igh t  u n i f o r m  channel o f  a g i ven  bed m a t e r i a l .  
Cross-sec t ion  i r r e q u l a r i t i e s ,  channel a1 ignment, obstructions, vegetation, 
and other f a c t o r s  i h a t  inc rease  roughness are accounted f o r  by adding 
increments o f  roughness t o  the base value o f  n. Ranges o f  adjustments f o r  
the factors  t h a t  may add t o  channel roughness are shown i n  tab le  2. 

Many a l l u v i a l  channels i n  Maricopa County have bed mater ia l  t h a t  
moves dur ing f loodf low. I n  addi t ion t o  the  changing channel geometry o f  
these channels,  t h e  roughness c o e f f i c i e n t  may change d u r i n  f loodf low 4 because o f  the changing form of t h e  channel bed i n  p a r t s  o f  t e channel 
c ross  s e c t i o n  (Davidian, 1984). Bedforms, such as dunes, antidunes, and 
plane bed have been observed during la rge  f l o o d s .  W i t h i n  a few minutes,  
dunes can appear, disappear, and reappear a t  d i f f e r e n t  locat ions across a 
large stream channel. The Manning roughness c o e f f i c i e n t  can double o r  
t r i p l e  when the  bedform changes from plane t o  dunes. A method o f  de f in ing  
r e l i a b l e  values o f  Manning's n f o r  unstable a l l u v i a l  channels i s  no t  ava i l -  
ab le .  A plane bedform i s  common dur ing la rge  floods, and f o r  t h i s  r e  o r t ,  ! plane-bed condi t ions are assumed where the roughness coe f f i c i en t  i s  r e  ated 
t o  t h e  s i z e  o f  t h e  channel mater ia l  and not  the form o f  the channel bed. 
Plane-bed condi t ions were assumed f o r  near ly a l l  i n d i r e c t  measurements o f  
peak discharge where the slope-area method was used. 

Table 1. --Base values o f  Harming's n f o r  stab le  channels 

[Modif ied from Aldridge and Garrett,  1973, tab le  11 

- - - 

Base n values 

Size o f  bed mater ia l  
Benson and 
Dal rympl e Chow 

Channel mater i  a1 Mi l l imeters  Inches (1967)' (1959)2 

....... ............ Concrete.. .0\( 
Rock cu t  - - - - - - -  .............. 
Firm s o i l  ............. ,020 - - - - - - -  .......... ,oY Coarse sand.. .CJ.3, 1-2 ,a  Fine ravel . .  .......... ,,,'$!.I - - - - ---  ................ ,5 Grave 9 .O>.p 2-64 

....... 1.5 Coarse gravel..  ....... ,:;'J." .............. 3" -9" Cobble.. ,03tl -,fi564-256 
11.5"- Boulder.. ............. ,O5-;Q-l >256 

'St ra ight  uni form channel. 
ZSmoothest channel a t ta inable i n  indicated mater ia l  . 

I 

1 
1 



N Value Sen 9 ivity Analysis 

I I I I I 1 I 
1 Comparison of Verified Roughness Coefficients for Gravel-Bed Streams, Blodgett (1986) 

(Range in D, = 0.033 to 1.5. Range in Manning's n = 0.020 to 0.150) 
I I I I I 



N Value Sen @ [vity Analysis 

Comparison of Verified Roughness Coefficients for Gravei-Bed Streams, Central Arizona 1 
/(Range in D,, = 0.28 to 0.36. Range in Manning's n = 0.030 to 0.038) 

p --- 
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152 Hydralegy and Hydravliea Pbnninp tor ch$ ChlUmacha Tribe 

i n c d  (iom +10.00 Lo + 
dusc  flooding in auh-areas 
drainage is ruarrantd. ass 

Scenario C 
This scenario emnla#ul 

conditions. tluwevcr, fhc 
orex the entice stitdy area 

This inuestigation s 
pumps w i d  hc app 
rwpecl lo llw panip 
i n  forced drjinage / ECOMMEMDATlONS 

This hcrtdy provrdes deci onntaking informalion to the Chitiimchas with 
respat to future develo tnenr. A key  consideration fo future deuetnpntcnl is 
follc~iving FEMA ny lions, spccikally developing arcorcling lo the FEhIA 
100-ywr BFL in ar r (0 parlicipatcin the NFIP. 

Thc current BF in the kludy aria is well abor-e naluml ground elevalion. 
Thus flood ru l~ t i t i  n 'nnpromcnts a n  warqantd. A 100-year hurricnne 
prafectim levee ' nwhssr). lo prevenl .>urge inundation. Horwvu. if tc,reC 
protation is pr i d 4  widwnt rmed ddrrinngc, thC BPE will increase in sub- 
areas C and D due fo interior pancling. Although lhc DFEs in sub-anas A 
and B wodd t r r a w  uithoul fomd clcxinage. fill roljuirrn~mlc wouid 
remain cccs ruhibitive. Thus. to erCeclively reduce the BFE. 25-year forcul 
drainage i rqu i rd .  b addition, 5-year gravity drainage is woinmendd to 
drain hi - .Ireguency evcnfs ro adace pump ilpratioo and rnaintennc~wSls. 

I 
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COMPARISON OF VERIFIED ROUGHNESS COEFFICIENTS 
fl $j< 

* w: 
FOR GRAVEL-BED STRECIMS - 

IN CENTRAL ARIZONA WITH OTHER AREAS OF THE * 
WESTERN BNtTED STATES cn T 

-1 ' 
b 0 z - 

Jeff V. Phillips and Todd L, lngersoll 
US. Geologicai Sumq c 

2 2 

- 
IHTRODUCIIDN 3: 

-4  0 
Manning's rougbnoss cuefflcient, n, wn~monly is usd  lo  represent flaw c 

0 c 
~'esiotanm for hflrxulic. can~putafioas of flow in open channels. The o 
prucedure h r  sctccting n valuw i s  subjmtive and requires .judgment and 
skill dewloped po'tnarily lhmugh experience. Ihe experilse necessary for $ r 
proper selection o f  n values can be obtained, in pad. hy examining 
characlerisfics nf channcls with known or verified mughnr~s coefficirnb. $ 

3 
I n  cooperation with the Rod Conlrol District nTMatjcopa Counfy. 

Arizona, the U.S. Geologiul Survey has sndmaken a two-phxe 
3 

I?: 
inu*Jligalion lo assas n values for stream channcls in m t r ; ~ l  Arizona. 
Thomsen nnd Hjal?aarsan (1991) concluded the $rsl phsse hy publirhing k? i 

0 ,  
guideli&'foi determining n values and pmeoied &timated n values for 4 + 

0 
16 stream channels is ccnlral Arizona. Pt~asc huo objwiives indude e c 

& c 
determining the validity o f  phase one results by verifying Manning's n w .  
for repsenlativc streams. 7 

C 

Th is  ppcc prrsenls v e r i f d  n values for 13 discharge measurements c 

a1 5 aelecled gnwl-bet1 streams in central Arizona and compares ihem 
with data fmm similar studies in other arcas oftbe western United States. 
The ve~ficalian data are used to develop an enrpirical rehlion belween 
Manuing's n, hydraulic radius, and mcdiao grain size. This relation can 
be used te transfer resulls to sin~ilar gravel-bed stream channels. 

DATA COLLECTlOIl 

Sie-sdcclian and da taa l l d ion  technique3 used i n  IRk dudy generally 
were selecled to at-, as dosely 3~ possible, criteria praented hy 1ar~ct  
and Pelsch (1985) for awur,ttc n-vc~if?cation measuremenis. Discharge 

e 



I S 4  Compdsan of VerUlcd Roughness CeeMcIen<s for Omval.Bed Stlsnm 

a n d  13r each of the verifiwliolt mezsureracnls war; oblaimcl by lhe 
arreM-meter mdhod or from a wcN-defined slage-dischaw relation. A 
wsndl-riladia sunSey wvas done n with naeh either at Ihr tinlo oftbe 
current-metec ntwsuretnent or soon after flow ~ x b s i M  lo obtain acprate 
wdcr-sudacc dcvafion and channol-gcormtry data A particlesix dislri- 
1)ulion of the kd nnlaterial was obtained by measuring the inl~tedimle 
axis o f  LOO panides selccrul a! random Fmn~ t k  s4udy r rad~  (&n.son and 
hiry~~tple. 1'161). These d m  we% bwerally obtain& aRer fluu.s m d  
usuI to darcnnit~e median gmin-sim diameter (d50) for each sac. 

Computation DI Mannings n 

The fundantentat quttiuns 011 which many operrchannel hydraulic 
cornp~aalions are bawl incl~tde the Manning, the continuity, and the 
energy quations. Thc ulmpvter prvgran~ NCALC, developed by iarrell 
and Rtscb (19\15], is  based on these rqualions irnd was used lo cornpule 
the v:ciuw of total mughncss (n) pceseiilul in this repoll (Tabk: 1). 

Tab/e 1. Summary of vefificalion measurements mduding the 
magnilude of fatal In) and 6ase (nd ~@~IBSS. the factors 
r e q u i d  t o  adegua(a/y describe flow resistance. and vmlous 

.. - .  channel and hydraulic prameters. - 
O . * D i h s g , " % 4 4 " , * " R  2 m. 

I%)-. rrrmrrlul-mk- 
7+n m,, e.03. COY 00)) m 0.- ~ 3 1  $ 0  'a am *1, 
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Components of Manning's n 
The general approach fw extimaling mislmce lo flow in  streani 

channels is lo lid &I a base value of n for f i e  bed n:aterial (Tbomsen 
and ltjalmarson, LW1). The base d u e  of Manning's 11 (nb) i s  
mpcwcn(cd by he si7.e and shape of the grains of the marerid thal form 
l l ~ e  rvd1c.d pcrimcter ant1 pmdnn a rclarding eftkt on flow (Chotv. 
1959). Cross-section irrc&~laciiicz (n#), chmnel alignn~cnf (n2), 
obstmdmns (I@. vegetation (ng), are then added 11, the hase value o l  n; 
aad thc n value i s  illen mullipliid by a corrcct i i  facroc for channel 
n ~ d e t i n g  {m). Bwausc clle sit- wwr: seleccd for rmeh and cmss- 
sectional uniformity (Jamat and Petseh, 1985), hdnn or components of 
n (n, throegh nq) a1 !he sites w a e  wnsidered to have no eKet an toel 
mughnas (Table I). 

Base Vakc of Manning's n for Gravel-Bed Stream 

In the ahseouc of wgetalioa and olher bank obdmcrrions, raughnesz 
in a unifarn gravel-bed s1mn1 generally d w r s n  with incmsing depth 
(see Table I). As flow approacha bankfitl stage, however. roughness 
may asympfolically approach r ctlnstmt ralue, sc shown by several 
previous invesliga(ions (Dlodgetl, 1986; Benwn nnd Dalrymple, 1967). 

Thc basic roughness coefficient for gnvcl-bed streanls should not 
vary b w t l y  with depth nf flaw if the elaliveroughness (ratio of 
hydiaulic rndiua, R. to in(ern~edia!e diameterif the streambed mate"al. 
dZo) is berween about 5 and 276 (Bensonand Dal~ymple, 1967). Existing 
&a indicale lrcnds between hydraulic radius, nledisn grain-size diameter, 
and verified bare values of n for gravel-bed streams in some regions of 
(he United Slalcs. For example. Blodgeti (1986) examined verified valum 
o f  n for 48 perennial gmurl-bed streams in  California. Colorado, Idaho. 
Monlana, and Washington. Blodgetl dcvelopcd an equation that relam 
Mannincls n lo hydraofic radius (wvmed lo spproximazc mean depth of 
flow) and median grain size of the bed nlatcrial (Table 21. A similar 
eqastinn was developed tor gmuel-bed streams in central Arizona. 

Table 2: Equations for the rebtion between base values of 
Manning's n, hydraulic radius (Rl, and m&n dbmeler o f  bed 

mareriuI for gmvd-bad streams. 

~ o v n  - ?ad ~ n q n  cOrrepn la- 
w,-+.. - 

E=%n e m  w R R  ($1 O1IU1Dl3 P m O W O l P  WtW -U3. 

/ f'wi m o l m ~ n * *  ,033301~5 0 ~ b 1 ~ $  (we 



Manning's n i s  plottad against mkalive roughness to compare d ~ t a  for 
:ravel bed strums in diRerent ,ires in the wvcdem U.S. (Figure 1). To 
x>nlp.ire the cqurtions devdaped (see 1'3$le 2). trendtinu: also arc: ptolllxi 
Fur d5,, v a l w  equal to 0.3 fcd and R values &tween 0.6 and I fW. 

DISCUSS~ON 

Althoug!~ severtl of the vsri l id n valw incurpordld into Dlodgcrt!s data 
jrl arc i n  FIVSC to lhc &A uhtained koln strwms in wntrrl 
Arizona (sa: Fiptce I), mest n values art: ~ubslanliiilly lar~er for sinlilltr 
dues ot- relative rouphncer. fl' (he equalions preseoled are ru be properly 
used as aids ill dctertnirdng ha.% vnhccs of X4anni11g's n, adeqaalc 
Ikxcriplianr ol. channel char~lwisl ia imm whirls tIx k t t a  wc~c  r&lainal 
musl hc pnsentul. This discusion. iherefi~re. prtxnts porenlial raclors 
that may account for the diHi.rences bei\veen lhu dala sets (Figure I). 

Ar no t4  by Btodgtll (1986). Ihe largz scatter in data l~ninls of the 
! verification nieasarernents usad to deieelop e4uarion I map reflect 

cxtrsnwas flow-rdntding ~<kcts iissociattd wirh irregnlaritics in kdnk 
clt:rl~c and chao&% in channel alignnlenl. Many of the sites usul by 
Blodgctt are louted in  relati\~lg prislinc i~lounlain ares where slranls 

It rre unhindered by human influences. Thrw. o f  the m b a t  Arizona siles. 
however. are jocated in rjver rr~chw: that have brrn channetiied. I n  

figure 1. Relation o/ Manning's n and relative roughness lo r  
gra vel-bed srrearn channels m cer8fral Arizona and the western 
United Scales. For simple comparison of eqlrations, the value of 
dS0 used to plot the CrerNIIines is canstar11 and equal to 0.3 feel. 
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addition lo sr;tbiliiy Ehannel banks. channelization projects generally 
tesd lo increase conveyance by slraightening rivers, potentially resalting 
in a dccrtrlse o f  flow-retarding effects associated with channel meanders 
and olha itrrgularities. Anthropogcnic effects 10 river sysiems, therefore, 
nlay be one explanation for the differences in the data sets (Figure I ) .  

Another explanatiotr niay be th31 the sdec(ed sites in ce~~tral Arizona 
lie a1 relatiwly large didanees fcom (he river's source, where the slream 
is considmxl hasc level. For bast-Jercl streanis, individual particle.% ma1 
be monder, and grain-size disfrib~~lions rnay refled bctler sofling and 
homogeneity than pa~icles in higher-gmclienl piedmont channel* ('Lmpold 
e l  nl.. 1964). Many streams used by Bladgell (1986) arc highef-gradient 
piedmont streants. As suggested by Lrnpuld d a[. (1964). l i ~ r  these lypcs 
of channds. ~tadidrzr {I& are .mbstmtialty l a r m  than the median can 
pfay nr  impox-la111 role in now rc%islancc by increasing local energy lossm 
and, can~pred to base-level streants wilb rinlilar values OF dH). greater 
turbulence nray occur near the cliannd bed. resulling in larger value of 
q,. Addilionally. Ihe ralge in median dion~aer of parliclcr lor streanis in 
central Arizona is n~ach narrower Ihan the nnge llsed to dwelop ihe 
quation for gravel-bcd drams locatrd in other data in the e a l e r n  
United States (see Table 2). The sites rwrh relatively large nudiim grain 
sim (boulder channels wilh values of dSQ i~ to 1.5 feet, for example) 
lhal were en~ployed in ihc devdopcnsnt of Blodsclt's equation niay bavc 

.had a dispmpnionate effrcl on mr~ghness, a consequence rnay skew 
& -wighl the fine of bed l i t  loward highei+alues oE n. 

A final explanation for the apparent shiR in relations may he found 
by examilriag pholographs and descriptions of Blodgetr's (1986) sites. 
A(chough somewha( coniccluml, the exanlinationr indicate thd [he flow- 
mlarctirg effects associaled with hank \egetation may have ~nnlribuled to 
tho crver;llE valtte of n. Several of lht: sites i n  queslion am presented in 
Barlles (1967). I f  Ihc crmlribr~tior~ of bank vegdation lo lolal tlo\v 
retardance war not eomidered at a suhslantial number o f  sites, the result 
could be an npparcnl tqrwVzrd shin for the relation between R. clSO, and n 
(set Figure 1). Sites used lo develop equation 2 for gravel-bed strwms in 
Ariznna+ however, were earehlly examined so lhal no extraneous flo\re- 
marding clenlents (such as hank vyetation) contributed co n,,. 

Whalcver the cause for l l ~ e  ditiecencrs in verified n 1.alu6 For the 
separate rqions 01 lhe Ui~ited Stales, tlre vertical difference belween 
Itendlines indicates the applicalion of Blodgetl's equation lo gravei-bed 
stwarns in ccnlral Arizona nray result in grms ovcrc~tinlatrs of n,, (see 
Figure 1). Fonunalcly, reenlly published guidciincs fur estjmaring n 
valutl i s  Marimpa Cl~unly suggrsl values of nb similar to those obtained 
fro111 cqk~ation 2 CThomscn and Hjalaarson. 1991). 
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SUMMARY AND C~NCLUSIQM 

'Thirlcen nkughnas coefficients de(erminrd Tor five telwte~l gravel-bul 
s+rca~?~ channels in central Arizona arc lrrrscntul hcrc. Con~pulcd 
mugltncss-coefficient values ranged icon1 0.030 to 0.038 and median size 
of  (kc S~KJ~IW malcnal ranged from 0.28 to 0.36 n. Hydraulic radius, 
n~ulian grain-size diarnder. and tln: verified n valucs owainul fmm 
strwnls in central Arizona were used to develop rn equation that a n  be 
applied to similarly charac~crirad slmmr. The data obtained ibr gravel- 
bed slreants in central Arizona are compared to dais gatbered for other 
sites in the western United Slates. Allbough the q t~a l ions  dcrived for the 
acptate regioms a n  similar in tbtm, the vrttiwl difference hcl~veelt 
trendlines suggests the application of Blcdgelt's equation lo gravel-twd 
stil;ltns in central Arizona ntay rcsult ill gmss ovccestimate.~ of nb. The 
dab set fro* which equation 2 i s  derived is Iintited in size and range ond 
caulion tnmsl be exercised if the q u a i o n  is applied to channel conditions 
sabstanlially hepond the range of  data. Further study is squired lo extend 
equalion 2 to larger flow depths similar to lhose a1 flood stages. 
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CONTINUOUS HYDROLOGlC AND NYDRAULIC MODELING I Fott r looDru lH  w*PPtw ,uorw mr w m  snrws 
I DUPAGE RIVER, DUPAGE COUNTY, ILL1 IS P ~~ 

Frank Lan, Steve Rogers and John 
Woodward-Clyde Cansonanfs 

Jeff Dailey 
OuPage Caunty Oepattmenl of Enviro 

using continuous- 
on the simulated peak stages 

was perfurmed for We West Br e River in Illinois. FEQ, a 
one-din1ensioo31 unsteady flow ode1 with flood rmting 

on hydmlogic model to 

unf of field suneyed 

peak slages and flow volumes to esiincate peak sbge exceedenc* 
pmbahililies. In addition. the nrodsl has been us& and will continue to he 



Sweat Canyon Wash, Soil and Vegetation Characteristics between Cross Section 4.222 and 4.602 (Location HI 

Main channel soil sample. Typical cross section. 

Left overbank vegetation. Right overbank vegetation, 



Sweat Canyon Wash, Soil and Vegetation character is ti^^ oetween Cross Section 4.602 and 4.728 (Location 

Main channel soil sample. 

Left overbank vegetation, 

Typical cross section. 

II 

I<ight overbank vegetation 



Sweat Canyon Wash, Soil and Vegetation Characteristics between Cross Section 4.728 and 4.741 (Location LI 

Lake Pleasant Road looking west Lake Pleasant Road looking east 



Sweat Canyon Wash, Soil and Vegetation Characteristics between Cross Section 4.741 and 4.790 (~ocat ion L. - 

Main channel soil sample. Typical cross section. 

Left o\~erbank vegetation. 
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Right overbank vegetation 



S d t  Canyon Wash, Soil and Vegetation Charasteristit rtwsen Cross Section 4.790 and 4.867 (Location D 

Main channel soil sample 

Left overbank vegetation. 

Typical cross section 

Right overbank vegetation 
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6 at Canyon Wash, Soil and Vegetation Characteristic retween Cross Section 4.867 and 6.2 1 1  (Location 

Main channel soil sample. Typical cross section. 

Left overbank vegetation. Right overbank vegetation 
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Sweat  Canyon Wash, Soil and Vegetation Characteristics between Cross Section 6.21 1 and 6 . 5 9 0  (LocaL~on G )  

Main channel soil sample 

Left overbank vegetation. 
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Typical cross section. 
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Right overbank vegetation. 
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sweat  Canyon Wash, Soil and Vegetation C h a r a c t e r i s ~ ~ ~ j  between Cross Section 6.590 and 7.821 ilocatiol. . I  

Main channel soil sample. 

Left overbank vegetation. 

Typical cross section. 
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sweat Canyon Wash, Soil and Vegetation Characterist~~s between Cross Section 7.821 and 8.891 lLocatiot. 

Main channel soil sample Typical cross section. 

Left overbank vegetation. 
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Right overbank vegetation. 
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bweat Canyon Wash, Soil and Vegetation Characterist,,, between Cross Section 8.891 and 9 .147  (Locatio~ 

Main channel soil sample. Typical cross section. 

Right overbank vegetation Let? overbank vegetation. 
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Sweat  Canyon Wash, Soil and Vegetation Characteristics betu  reen Cross Section 9.147 and 9.424 lLocatior1 ..I 

Main channel soil sample. Typical cross section. 

Right overhank vegetation. Left overhank vegetation 



,.$eat Canyon Wash, Soil and Vegetation Characterisi 

Main channel soil sample. 

. 

, between Cross Section 9.424 and 9.894 lLocatio1 

Typical cross section. 

Left overbank vegetation 
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Right overbank vegetation. 



Sweat Canyon Wash, Soil and Vegetation Characteristics between Cross Section 9.894 and 10.465 ILocation 1 u 0  

Main channel soil sample. Typical cross section. 

Left overbank vegetation. 
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Right overbank vegetation. 



Smeat Canyon Wash, Soil and Vegetation Characteristic: .atween Cross Section 10.465 and 10.623 (Locatio 

- - 

) 

Main channel soil sample. Typical cross section. 

Left overbank vegetation. 
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Right overbank vegetation 



Doe Peak Wash, Soil and Vegetation Charac 

Main channel soil sample. 

!n Cross Section 0.018 and 0.396 (Location L .  

Typical cross section, 

Left overbank vegetation Right overbank vegetation. 
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Doe Peak Wash ,  Soil and  Vegetation Characteristics oe tween  Cross Section 0.396 and 0.681 (Location P) 

Main channel soil sample Typical cross section. 

Left overbank vegetatlnn Right overbank vegetation 



Doe Peak Wash, Soil and Vegetation Characteristics between Cross Section 0.681 and 1.231 (Location 01 

Main channel soil sample. Typical cross section. 
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Left overbank vegetation. 
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Right ove~bank vegetation. 



Doe Peak Wash, Soil and Vegetation Characteristics between Cross Section 1.231 and 2.859 (Location R )  

Main channel soil sample. 

Left overbank vegetation. 
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- rn 
Typical cross section. 

Right overbank vegetation 



Doe Peak Wash, Soil and Vegetation Characteristics uetween Cross Section 2.859 and 3.804 (Location S)  

Main channel soil sample. Typical cross section. 

Left overbank vegetation. 
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Right overbank vegetation 



Doe Peak Wash, Soil and Vegetation Characteristics between Cross Section 3.804 and 4.279 (Location T) 
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Main channel soil sample. Typical cross section. 

Lefl overbank vegetation. 
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Right overbank vegetation 



d o e  Peak Wash, Soil and  Vegetation Characteristics be tween  Cross Sect ion 4.279 and 4.696 (Location UI 

Main channel soil sample. 

Left overbank vegetation. 

Typical cross section. 

Right overbank vegetatioil 



Eas. ,-ork Doe Peak Wash, Soil and Vegetation Characteris..ds between Cross Section 0.094 and 0.283 (Locatio.. \I) 
- 

Main channel soil sample. Typical cross section. 

Left overba~lk vegetation (typical for right overbank), 



E a s ~  ~ r k  Doe Peak Wash, Soil and Vegetation Characteris J between Cross Section 0.283 and 0.661 (Locatil J l  

Main channel soil sample Typical cross section 

Left overbank vegetation. Rigtht overbank vegetation 



Soul ~ r k  Doe Peak Wash, Soil and Vegetation Character s between Cross Section 0.102 and 0.271 (Locatic ) X 

Main channel soil sample Typical cross section 

Left overbank vegetation. Right overbank vegetation 



Soutra Fork Doe Peak Wash, Soil and Vegetation Characterisr~cs between Cross Section 0.271 and 0.555 (Locatlull Y )  

Main channel soil sample. 

Left overbank vegetation. 

Typical cross section 

Right overbank vegetation. 



Sout~l  rork Doe Peak Wash, Soil and Vegetation Character~s~~cs between Cross Section 0.555 and 0.745   lo cat^^.. Z) 

Main channel soil sample Typical cross section. 

Left overbank vegetation (typical for right overbank) 



Sout ~ r k  Doe Peak Wash, Soil and Vegetation Characteri :s between Cross Section 0.745 and 1.040 (Locat' AA) 

Main channel soil sample. Typical cross section. 

Left overbank vegetation. Right overbank vegetation 
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Sweat Canyon FIS 
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Sweat Canyon FIS 
River = Doe Peak Wash Reach = Reach-I RS = 0.774 
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E.4 Analysis of structures 

@ There are no existing structures within the work study area. 



' HEC-1 routed flow 
Peak flow at concentration points 
' FlowMaster using HEC-1 routed flow 
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