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I. INTRODUCTION 

This report was prepared by Simons, Li & Associates, Inc., as part of the Flood Insurance 

Study (FIS) of Rainbow Wash (Contract No. FCD 90-66) for the Flood Control District of 

Maricopa County. Rainbow Wash is a tributary of the Gila River and is located approximately 

10 miles southwest of Buckeye, Arizona. The study limits for the Rainbow Wash FIS begin at 

the Gila River floodplain and continue along the main channel for approximately 3 miles 

upstream of State Route 85; and along the tributary of Rainbow Wash for approximately I mile 

upstream of State Route 85. A site map showing the limits of the Rainbow Wash FIS is provided 

on Figure 1. 

The purpose of this report is to present the results of a detailed analysis to define Manning's 

roughness coefficients for Rainbow Wash and is intended to provide supplementary technical 

documentation for the development of a detailed hydraulic model. 

The "Hydrologic Design Manual" (9) states that precipitation in Maricopa County can 

typically be divided into two seasons: summer and winter. The summer precipitation season 

occurs approximately from June through October, whereas, the winter precipitation season occurs 

from December through March. Major storms generally occur during these two seasons. 

The manual categorizes storm patterns into three generalized types: general winter storms, 

general summer storms, and local storms. General winter storms are characterized as "low 

intensity, long duration, and large areal extent "(9). General summer storms "consists of a band 

of locally heavy rain cells within a larger area of light to moderate rainfall" and "are more 

localized along a southeast to northwest band of rainfall" (9). Local storms more frequently 

occur during the summer months and are associated with intense, local downpours with lightning 

and thunder. 

The implication of precipitation season and storm type in regards to determination of 

Manning's coefficients will be presented in Section 111. 

sla Simons, Li & Associates, Inc. 
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11. METHODOLOGY 

Values for the Manning's roughness coefficient, "nu, may be assigned for conditions that exist 

at the time of a specific flow event, for average conditions over a range in stage, or for 

anticipated conditions at the time of some future flow event. The Manning's "nu values 

developed in this study for the Rainbow Wash FIS were developed for the 100-year peak flood 

discharges (1). 

Several sources of data were utilized to develop the "nu values presented in this report. The 

information available included: 1) two separate sets of aerial photo contact prints (Cooper Aerial 

- December, 1990; Kenney Aerial - October, 1991); 2) ground level photographs; and 3) video 

tape of the study reach. The ground level photographs and video tape were obtained during a 

field reconnaissance trip conducted January 15,1992. The photographic documentation presented 

in this report were taken during the field reconnaissance trip. 

The "nu value assigned to a stream reach should represent the factors that tend to impede 

flow. Two procedures will be used to develop the "n" value for the detailed hydraulic model. 

The first procedure assigns a base "n" value that represents the surface roughness for a straight 

uniform channel of a given bed material (2). Vegetation, channel shape and irregularity, stage, 

discharge, and other factors that increase roughness are accounted for by a multiplication factor 

or by adding increments of roughness to the base "nu value. 

The second procedure assigns an "nu value horizontally for the subdivided segments of a 

specific cross section. The hydraulic model (HEC-2) then computes the average "n" value for 

the specific section (3). This procedure was utilized to define the average "n" value where 

vegetation or other obstructions significantly effect the conveyance of a defined portion of a cross 

section. 

Once the composite "n" values were assigned for the various reaches using one or a 

combination of the methods stated above, the "nu values were compared with channels having 

I Simons. Li & Associates. Inc. 
,+,,,cr r,"s",,rc,.> * C , " ! ,  S , , * , , > % C , ~ , , C  C,,,,$ ,,I, ,,,, 
I 



Page 4 

similar characteristics. Several references (4,5,6) were used to verify the range of "n" values 

that were developed for the Rainbow Wash FIS. 

Rainbow Wash is a sand bed channel which transports significant sediment load during flow 

events. Resistance to flow varies greatly in sand bed channels because the bed material moves 

easily and assumes different bed configurations or bed forms. The channel bed form is a 

function of flow velocity, grain size and other variables. Photograph 1 illustrates remnants of 

bed forms that existed during recent flows. However, Photograph 1 may not represent the bed 

forms that would be present during the 100-year peak flood discharge. The base "nu values 

developed for sand bed channels assume the natural channel to be in the upper flow regime. If 

the natural channel is in the lower or transitional flow regime, the base "n" value will be much 

larger as a result of the bed form roughness. Therefore, the flow regime was estimated for 

representative reaches to confirm the applicability of the base "n" values. 

PHOTOGRAPH 1. Remnants of Bed Forms. 
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The base "nu value for Rainbow Wash was assigned for flood flows in sand channels with 

moveable beds. Photograph 2 illustrates typical bed material found in the main channel of the 

mainstem and tributary of Rainbow Wash. The bed material can be characterized as medium to 

coarse grain sand. Close-up photographs of the bed material of Rainbow Wash were compared 

with a detailed example in reference 2, Waterman Wash above Eagle Mountain Road. Waterman 

Wash and Rainbow Wash are located in the same general area of Maricopa County. Close 

examination of the bed material photographs indicate a representative base "nu value for Rainbow 

Wash would be 0.025. 

To check the applicability of the base "n" value, single section hydraulic models of the 100- 

year peak discharge were developed for 11 cross sections to represent the mainstem and tributary 

of Rainbow Wash. The hydraulic parameters calculated by these single section models were 

utilized to determine stream power for the reaches which the cross sections represent. A median 

bed material size of 0.8 mm was used for the comparison. The computed stream power was 

compared with the value necessary to cause upper regime flow by entering Figure 1 of reference 

4. It was estimated that a minimum stream power of 1.7 foot-pounds per second would be 

necessary to maintain upper regime flow conditions for the 100-year peak discharge. When the 

hydraulic conditions for the representative reaches approached the minimum stream power 

threshold, a minimum overall "nu value of 0.035 was applied to the main channel (7) to account 

for bed form roughness. 

The base "n" values for the overbanks were assigned considering stable channels conditions 

(2). Review of photographs of the overbanks provide little evidence of bed material movement 

except in locations where small channels have formed in the overbank. Comparison of base "n" 

values for the overbanks of Waterman Wash with the overbanks of Rainbow Wash indicate that 

the bed material can be considered "firm soil." Therefore, a base "nu value of 0.025 was 

assigned to the overbanks for Rainbow Wash. 

I sIa Sirnons, Li & Associates. Inc. 
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PHOTOGRAPH 2. Typical Bed Material 

Significant lengths of overbank along Rainbow Wash are wide active and inactive cultivated 

fields. The field reconnaissance indicates that these fields are planted with cotton. Since it is 

impossible to predict the time of year when a 100-year flood might occur, it was assumed for 

the purposes of this study that the 100-year flood would occur during the growing season for 

cotton at a time when the cotton fields were fully mature. The single section hydraulic analyses 

indicate that the depth of flow for inactive cultivated overbank areas would generally be shallow 

(i.e. 1 to 2 feet). A value of 0.040 was selected for inactive cultivated overbanks due to the 

depth of flow and orientation of the cotton field with respect to the flow lines. A value of 0.15 

was selected for active cultivated overbanks (see page 18, Section V). 

I n 
sla Simons. Li & Associates, Inc. 
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IV. AD.TUSTMENTS TO THE BASE VALUE 

The base "n" value (n,) must be adjusted accordingly for factors such as depth of flow, 

channel irregularities, obstructions, vegetation, changes in channel shape, and degree of 

meandering. An accepted method of arriving at the overall "n" is to add increments of roughness 

to the base "nu for each condition that increases the roughness (2). The base "nu values used 

in this study generally apply to average conditions rather than the smoothest reach attainable for 

a given bed material (4). Therefore, the base values require smaller adjustments than do the base 

values defined in other procedures (5). 

Channel irregularity can have a great impact on the overall "n" when the width to depth ratio 

is small. The width of the main channel of Rainbow Wash is relatively large in comparison to 

the depth. Therefore, only minor adjustments have been applied to the base "n" value to account 

for channel irregularity (n,). Several overbank reaches include small channels parallel to the 

main channel. Under these conditions a minor increase to the base "nu was included as a 

component of the overall "n". A minor adjustment due to channel irregularity was also included 

for the Rainbow Wash tributary. 

Obstructions are physical objects which disturb the flow pattern and increase the "n" value. 

The amount of increase depends upon the channel slope, shape of the obstruction, the size in 

relation to the cross section, and the number, arrangement, and spacing of obstructions. 

Engineering judgement and experience was applied when assigning adjustments to the base "n" 

value for obstructions so as not to duplicate conditions considered for other adjustment factors. 

The adjustment for obstructions (n,) was considered to be relatively small throughout the 

Rainbow Wash study reach. 

Several factors impact the extent to which vegetation affects the base "nu value. The 

percentage of wetted perimeter covered by vegetation, the density of vegetation below the high 

water line, the degree to which the vegetation is flattened by high water, and the alignment of 

vegetation relative to the flow all impact the value assigned to the vegetation adjustment factor 

I 
Simons, Li & Associates, Inc. I 
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(n) .  Vegetation is the primary factor that affects "n" for portions of a number of reaches of 

Rainbow Wash. Therefore, some parts of the channel or flood plains were assigned "n" values 

for the vegetation rather than for the material in which it is growing. A majority of the main 

channel which remains in a natural state had a large growth of trees (e.g., palo verde, mesquite) 

along the banks. The density of vegetation in the overbanks varied from relatively dense growths 

of tall brush (e.g., creosote) and trees to sparse brush and weeds. 

The extent to which the depth of flow, channel shape, and degree of meandering impact the 

"nu value were evaluated for Rainbow Wash. In general, these factors were considered when 

assigning adjustment factors for the components listed above. Several main channel reaches of 

Rainbow Wash are divided at normal and lower flow stages by small in-stream islands. These 

braided reaches were considered as a single channel for determining the overall "n" values. 

I L sla Simons. Li & Associates. Inc. 
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V. DETAILED ANALYSES 

Eleven cross-sections of the mainstem and tributary were developed from the Rainbow Wash 

FIS topographic mapping for the detailed evaluation of typical "n" value characteristics. The 

representative cross sections were then divided into subsections, where applicable, primarily 

based on major breaks in cross section geometry. Each of these subsections were evaluated in 

detail to systematically define the "nu value for the subdivided portions of the cross section. The 

preliminary flow regime models indicate generally shallow, wide flow depths for the 100-year 

peak discharges. Composite "n" values were computed by using values weighted by wetted 

perimeter for each segment of a subsection to account for the roughness attributed to low-lying 

boundary material. Photographs are used to illustrate typical channel and overbank features and 

characteristics for each of the 11 cross-sections. The channel and overbank features depicted in 

the photographs can be applied to the particular cross-section as well as to the reach of the stream 

for a distance both upstream and downstream of the cross-section. Results from the detailed 

analysis for each of the 11 cross sections follows: 

I Simons. Li & Associates. Inc. 
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CROSS SECTION 0.19 

Location of cross section: 

The mainstem of Rainbow Wash at river mile 0.19, approximately 1,000 feet upstream of the 

confluence with the Gila River and 2,000 feet downstream of the Gila Bend Canal. 

Descriution of channel: 

The main channel bed consists of medium to coarse grain sand and has the capacity to convey 

the entire 100-year peak discharge. Erosion is evident along both banks of the main channel. 

The flow depth is approximately 4 to 5 feet and the little vegetation existing in the channel 

would be flattened by the flood flows. 

Portion of area 
or wetted perimeter of 

subsection from left end Comuonents 

Weighted and 
composite 
valnes 

I Sirnons, Li & Associates. Inc. 
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HORIZONTAL DISTANCE FROM L E F T  BANK, I N  FEET 
V E R T I C A L  S C A L E  E X A G G E R A T I O N  X 20 

FIGURE 2 Cross section of Rainbow Wash near 
the confluence w i t h  the Gila River 
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PHOTOGRAPH 3. Looking upstream at Rainbow Wash from the confluence with the Gila River. 
Selected n = 0.030 due to little vegetation and only small scattered brush. 
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-.7 

PHOTOGRAPH 4. Close-up of the finest bed material upstream of the confluence 
with the Gila River. A base "nu of 0.025 was assigned. 

PHOTOGRAPH 5. North bank of main channel near the confluence with the Gila River. 
Relatively tall eroded banks. 
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CROSS SECTION 0.38 

Location of cross section: 

The mainstream of Rainbow Wash at river mile 0.38, approximately 1,800 feet upstream of 

the confluence with the Gila River and 1,100 feet downstream of the Gila Bend Canal. 

Description of channel: 

The main channel bed consists of medium to coarse grain sand and has the capacity to convey 

the entire 100-year peak discharge. Erosion is evident along both banks of the main channel. 

The flow depth is approximateIy 6 feet. Vegetation consists of palo verde trees, shrubs and 

weeds. Five percent of the flow area was estimated to contain significant obstruction by 

vegetation. Most, if not all, of the smaller vegetation would be flattened by flood flows. 

Portion of area 
or wetted perimeter of 
subsection from left end Components 

Weighted and 
composite 

values 

Simons. Li & Associates, Inc. 
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HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET 
V E R T I C A L  SCALE EXAGGERATION X 2 0  

FIGURE 3 Cross section of Rainbow Wash near the Gila Bend Canal 
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PHOTOGRAPH 6. Looking upstream towards the Gila Bend Canal at the vegetation 
within the main channel. 

n PHOTOGRAPH 7. Looking upstream towards the Gila Bend Canal. The vegetation 
is assigned an overall "nu value of 0.060 for the estimated flow depths. 

n a[m 3rnonr.- - 
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PHOTOGRAPH 8. Looking downstream towards the confluence 
with the Gila River. The overall "n" assigned 
to this reach is 0.033. 
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CROSS SECTION 1.36 

Location of cross section: 

The mainstem of Rainbow Wash at river mile 1.36, approximately 4,000 feet upstream of 

the Gila Bend Canal. 

Descriwtion of channel: 

The main channel consists of medium to coarse sand that has been bulldozed over the banks 

to increase channel conveyance. The resulting banks are higher than the surrounding 

overbank areas. Little or no vegetation exists in the main channel. Both overbanks 

experience shallow flooding (i.e. 1 to 2 feet) and are active cropland planted in cotton. The 

estimation of the roughness coefficient for the left and right overbanks was based on the 

recommendations provided in reference 2 (pages 10 and 11). Since the time (seasonality) of 

a storm event is unpredictable, it was assumed that the overbank areas were fields of fully 

developed mature cotton plants instead of defoliated cotton. "Fields of mature cotton plants 

are comparable to dense brush in summer" (ref.2) and were assigned an "nu value of 0.15. 

Portion of area 
or wetted perimeter of 
subsection from left end 

Main Channel 

Left and Right Overbanks 

Comwonents 

Weighted and 
composite 

values 



HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET 
V E R T I C A L  SCALE EXAGGERATION X 20  

FIGURE 4 Cross section of Rainbow Wash where main channel 
is graded and the  overbanks are cropland 
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PHOTOGRAPH 9. Looking upstream at the bulldozed banks of the main channel. 
The main channel was assigned n = 0.03. 

PHOTOGRAPH 10. Looking upstream at the right overbank. Active cropland planted 
in cotton with shallow flooding likely. Assigned n = 0.150. 

I sla Simons, Li & Associates, Inc. 
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PHOTOGRAPH 11. Looking at the south bank and the channel 
irregularities caused by bulldozing material 
out of the main channel. 
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CROSS SECTION 2.02 

Location of cross section: 

The mainstem of Rainbow Wash at river mile 2.02, approximately 8,000 feet upstream of 

the Gila Bend Canal. 

Descri~tion of channel: 

The main channel consists of medium to coarse grain sand with flow depths ranging from 3 

to 4 feet. The main channel is in a natural condition with relatively large palo verde and 

mesquite trees lining the banks. Five percent of the flow width is estimated to be obstructed 

by vegetation. Both overbanks experience shallow flooding (1 to 1.5 feet) and are cropland, 

planted with cotton. 

Portion of area Weighted and 
or wetted perimeter composite 

subsection from left end Com~onents values 

Main Channel n, =0.025 
n,=0.001 
n,=0.002 
n, =0.002 

0.95 x n =0.030 - 0.030 - 

Left and Right Overbanks n,=O. 150 n=0.150 
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HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET 
V E R T I C A L  SCALE EXAGGERATION X 20  

FIGURE 5 Cross section of Rainbow Wash natural main 
channel and overbanks are cropland 
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PHOTOGRAPH 12. Typical natural main channel with large palo verde 
and mesquite lining the banks. Assigned an overall 
main channel n = 0.033. 
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CROSS SECTION 2.63 

Location of cross section: 

The mainstem of Rainbow Wash at river mile 2.63, approximately 11,000 feet upstream of 

the Gila Bend Canal. 

Descri~tion of channel: 

The main channel consists of medium to coarse grain sand with flow depths ranging from 3 

to 5 feet. The main channel remains in a natural condition with relatively large palo verde 

and mesquite trees lining the banks. Vegetation is estimated to obstruct 5 percent of the flow 

width in the main channel. Both overbanks experience shallow flooding (ie. 1 to 2.5 feet) 

and the right overbank is cropland planted in cotton. The left overbank remains in a natural 

state with a relatively dense growth of creosote, sage, small palo verde trees, and cactus. 

Portion of area 
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subsection from left end 

Main Channel 

Left Overbank 

Right Overbank 
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HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET 
V E R T I C A L  S C A L E  EXAGGERATION X 20 

FIGURE 6 Cross section of Rainbow Wash with natural main 
channel and one overbank, cropland in other overbank 
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PHOTOGRAPH 13. Relatively dense growth in the right overbank. 
Assigned an overall n = 0.050. 

n PHOTOGRAPH 14. Natural main channel with large trees on both banks. 
Assigned n = 0.033 for the overall main channel. 
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CROSS SECTION 4.25 
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Location of cross section: 

The mainstem of Rainbow Wash at river mile 4.25, approximately 19,000 feet upstream of 

the Gila Bend Canal and 10,000 feet downstream of S.R. 85. 

Descrivtion of channel: 

The main channel consists of medium to coarse grain sand with flow depths ranging from 3 

to 5 feet. The main channel in this reach of Rainbow Wash is braided with several small 

islands. Fairly dense stands of vegetation line the banks and stabilize the islands. The 

subordinate channels of this braided reach were analyzed as a single channel. Therefore, no 

overbanks were subdivided out of the total cross section. 

Portion of area Weighted and 
or wetted perimeter of composite 

sr~bsection from left end Comvonents values 
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HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET 
V E R T I C A L  SCALE EXAGGERATION X 20 

FIGURE 7 Cross section of Rainbow Wash braided channel 



PHOTOGRAPH 15. The subordinate channels of this braided reach were analyzed 
as a single channel. The overall "nu value assigned is 0.040. 

PHOTOGRAPH 16. The subordinate channels of this braided reach were analyzed 
as single channel. The overall "n" value assigned is 0.040. 
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CROSS SECTION 4.56 

Location of cross section: 

The mainstem of Rainbow Wash at river mile 4.56, approximately 21,000 feet upstream of 

the Gila Bend Canal and 8,000 feet downstream of S.R. 85. 

Description of channel: 

The main channel consists of medium to coarse grain sand with flow depths ranging from 3 

to 5 feet. This reach of Rainbow Wash presents a typical transition between main channel 

and overbank flow to a braided stream with several small islands. The main channel is 

generally lined on one side with large palo verde and mesquite trees. Typical flow depths 

in the overbanks range form 1 to 3 feet. Vegetation in the overbanks generally consist of 

creosote, brush and cactus. 

Portion of area Weighted and 
or wetted perimeter of composite 

subsection from left end Components values 

Main Channel 

Left Overbank 

Right Overbank 
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H O R I Z O N T A L  D ISTANCE FROM LEFT BANK,  I N  FEET 
V E R T I C A L  SCALE E X A G G E R A T I O N  X  20 

FIGURE 8 Cross sect ion of Rainbow Wash t rans i t ion  
f r o m  overbank t o  braided channe l  
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PHOTOGRAPH 17. Main channel of Rainbow Wash looking upstream towards the left bank. 
Typical transition reach from overbank and main channel flow to a braided stream. 
Assigned n = 0.040. 



PHOTOGRAPH 18. Left overbank looking upstream. Assigned n = 0.040. 
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PHOTOGRAPH 19. Left overbank looking upstream. Assigned n = 0.040. 
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CROSS SECTION 4.48 

Location of cross section: 

The mainstem of Rainbow Wash at river mile 4.48, approximately 6,500 feet downstream 

of S.R. 85. 

Descriation of channel: 

The main channel consists of medium to coarse grain sand with flow depths ranging from 4 

to 5 feet. The banks of the main channel are lined with large, dense palo verde trees and 

shrubs. Vegetation is estimated to influence around 10 percent of the main channel flow 

width. Flow depths range between 1 and 3 feet in the overbanks. The density of vegetation 

in the left overbank is substantially greater than the right overbank. Vegetation in the 

overbanks generally consist of creosote, palo verde, and brush. 

Portion of area Weighted and 
or  wetted perimeter of composite 

subsection from left end Comaonents values 

Main Channel nb=0.025 
n,=0.001 
n,=0.002 
n3=0.002 
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Right Overbank 
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PHOTOGRAPH 20. Main channel looking upstream and downsteram. 
Assigned n = 0.035. 

PHOTOGRAPH 21. Main channel looking upstream and downstream. 
Assigned n = 0.035. 
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CROSS SECTION 7.02 
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Location of cross section: 

The mainstem of Rainbow Wash at river mile 7.02, approximately 5,500 feet upstream of 

S.R. 85. 

Descri~tion of channel: 

The main channel consists of medium to coarse grain sand with flow depths ranging from 6 

to 8 feet. The banks of the main channel are lined with large, dense palo verde trees and 

shrubs. Vegetation is estimated to influence around 10 percent of the main channel flow 

width. Flow depths range between 1 and 3 feet in the overbanks. The density of vegetation 

in the left overbank is greater than in the right overbank. Vegetation in the overbanks 

generally consist of creosote, palo verde, brush and cactus. 

Portion of area Weighted and 
or  wetted perimeter of composite 

subsection from left end Com~onents values 

Left Overbank 

Right Overbank 
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PHOTOGRAPH 22. Main channel of Rainbow Wash upstream of S.R. 85. Banks lined with palo verde and brush. 
Assigned n = 0.035. 
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PHOTOGRAPH 23. 
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Left bank erosion and vegetation. 
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PHOTOGRAF'H 24. Right bank vegetation is relatively dense. 
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CROSS SECTION 0.29 

Location of cross section: 

The tributary of Rainbow Wash at river mile 0.29, approximately 1,600 feet upstream of the 

confluence with the mainstem and 2,100 feet downstream of S.R. 85. 

Descriution of channel: 

The main channel is medium to coarse grain sand with flow depths probably limited to the 

top of the left bank elevation. The maximum flow depth within the main channel is 

approximately 5 feet. A normal depth analysis indicates that the main channel does not have 

the capacity to convey the 100-year peak flood flows. The width of the main channel ranges 

from 50 to 80 feet. The banks are generally densely lined with brush and palo verde. The 

left overbank falls away from the main channel indicating potential split flow conditions. 

Flow in the right overbank may be non-existent. 

Portion of area 
or wetted perimeter of 

subsection from left end 

Main Channel 

Left and Right Overbanks 

Weighted and 
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HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET 
V E R T I C A L  SCALE EXAGGERATION X 20  

FIGURE 11 Cross s e c t i o n  of Rainbow Wash t r i b u t a r y  d o w n s t r e a m  of S.R. 85 
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PHOTOGRAPH 25. Rainbow Wash tributary looking upsteam from the 
confluence with the mainstem. 

PHOTOGRAPH 26. Rainbow Wash tributary looking upstream. 
Banks are typically lined with vegetation. 
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PHOTOGRAPH 27. 

Rainbow Wash tributary main channel showing remnants of bed forms. 
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PHOTOGRAPH 28. Rainbow Wash Tributary typical bank vegetation. 
The main channel was assigned n = 0.040. 
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CROSS SECTION 0.88 

Location of cross section: 

The tributary of Rainbow Wash at river mile 0.88, approximately 1,000 feet upstream of 

S.R. 85. 

Description of channel: 

The main channel is medium to coarse grain sand with fine material intermixed. The main 

channel is relatively narrow with a dense growth of palo verde and brush lining the banks. 

Main channel flow depths range from 2 to 7 feet. Overbank flow depths vary from 1 to 3 

feet. Creosote and brush typically cover the overbanks. 

Portion of area 
or wetted perimeter of 

st~bsection from left end 

Main Channel 

Left and Right Overbanks 
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PHOTOGRAPH 29. Rainbow Wash tributary upstream of S.R. 85. Large 
bushes and trees line the banks. Assigned n = 0.040. 

PHOTOGRAPH 30. Rainbow Wash tributary upstream of S.R. 85. Large 
bushes and trees line the banks. Assigned n = 0.040. 
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PHOTOGRAPH 31. Close-up of the Rainbow Wash tributary bed 
material. Fine material intermixed with sand. 
Assigned base n = 0.025. 
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VI. SUMMARY 

Results from the "n" value analysis were used to define "nu values for the cross sections 

incorporated in the detailed hydraulic model. The assignment of "n" values for subsections of 

each individual cross section was accomplished utilizing aerial photographs and the "n" values 

established in the detailed "n" value analysis. The location of each cross section and the factors 

which affect the overall "no value were compared on the aerial photographs with the cross- 

sections developed in the detailed "n" value analyses. 

The contraction and expansion coefficients assigned to each cross section were typically 0.1 

and 0.3, respectively (3). Contraction and expansion coefficients for braided portions of the 

study reach were assigned values of 0.2 and 0.4, respectively, to account for the small in-stream 

islands in the channel. At bridges and culverts values of 0.3 and 0.5 were assigned to the 

contraction and expansion coefficients (3). 

The channel reach lengths were measured along the channel thalweg developed from the 

digital terrain model. The channel thalweg is defined as the hydraulic baseline for the Rainbow 

Wash Flood Insurance Study. The overbank reach lengths were measured along the anticipated 

path of the center of mass of the overbank flow (3). 

The "n" values, contraction and expansion coefficients, and reach lengths assigned to the 

cross sections for use in the detailed hydraulic model are presented in Tables 1 and 2 for 

Rainbow Wash and it's tributary, respectively. Slight adjustment to the values presented in Table 

1 and Table 2 may be required during the detailed hydraulic analysis of Rainbow Wash. 
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APPENDIX A 

Photographic Record of Hydraulic Structures 



PHOTOGRAPH 32. Looking upstream at the S.R. 85 bridge 
over the mainstem of Rainbow Wash. 

PHOTOGRAPH 33. Looking downstream at the S.R. 85 bridge 
over the mainstem of Rainbow Wash. 
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PHOTOGRAPH 34. Looking downstream at the main channel of Rainbow Wash from S.R. 85. 



-- - Page 62 

1 

PHOTOGRAPH 35. Upstream photos of the Rainbow Wash 
tributary triple box culvert. 

PHOTOGRAPH 36. Downstream photos of the Rainbow Wash 
tributary triple box culvert. 
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PHOTOGRAPH 37. Looking downstream at the Rainbow Wash tributary from the box culvert at S.R. 85. 



APPENDIX B 

Cropland Mapping by A.S.C.S 
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