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1 Roadwav Crossings 

1 .I Introduction 

From downstream to upstream (west to east), the following roadways cross the Sonoqui 
Wash channel alignment: Higley Road, the south access road for the Bridges at Gilbert 
subdivision, Recker Road, Ocotillo Road, Power Road, Sossarnan Farms field access 
road, Via del Jardin, Sossaman Road and Chandler Heights Road. Each of these road 
crossings is unique and each was considered in terms of its existing or future impact to 
the project and what improvements would be necessary with the Sonoqui Channelization 
project to accommodate the roadway. 

Per the Sonoqui Channelization Scope of Work, all-weather crossings were envisioned 
at Higley, Ocotillo, Power and Chandler Heights Roads but the design and construction 
of these structures would be done by separate future projects apart from the Sonoqui 
Wash channel work. The Town of Gilbert will construct the future Higley Road structure. 
The Town of Queen Creek will be responsible for future structures at Ocotillo and Power 
Roads. MCDOT is currently conducting a corridor study for Ocotillo Road from Alma 
School Road to Power Road. The Ocotillo Corridor Study will establish typical sections 
and basic design criteria but will not include any specific profile or geometric analysis. 
MCDOT is planning to construct the all-weather bridge for Chandler Heights Road as a 

I stand-alone proiect funded by MCDOT. . . 

Recker and Sossaman Roads were envisioned in the original Sonoqui scope of work as 
being low-flow culvert crossings combined with roadway dip overflow. Sossarnan Road 
currently has a low flow pipe and dip overflow design. Recker Road is presently a dirt 
road with a dip crossing at Sonoqui Wash and no low-flow culvert. The Via del Jardin 
crossing and the Sossaman Farms field access roads were envisioned in the Sonoqui 
scope as dip crossings only with no culvert because that is what they were prior to the 
project. 

The Bridges at Gilbert development adjoins the north side of the Sonoqui Wash channel ' 
from Recker Road west for a distance of one half mile. Originally, that project planned to 
construct a low flow culvert 1 dip crossing similar to the Recker Road concept at the 
north-south mid section line which would correspond to the 172"~ Street alignment. This 
crossing location and design concept was later changed. The current location of the 
Bridges crossing is % mile west of Recker Road (174'~ Street alignment) and the low- 
flow concept has been replaced with an all-weather multi-barrel box culvert configuration 
tentatively sized by the Bridges' civil consultant as a 6 barrel 8' wide by 6' high concrete 
box culvert. The final configuration of the culvert and roadway will be designed and 
hydraulically modeled by the Bridges consultant and will include any modifications to the 
channel that become necessary. The roadway typical section and right-of-way width for 
the Bridges at Gilbert south access road are unknown at this time. 

The road crossings at Recker, Power, Sossaman Farm field access road, Via del Jardin, 
Sossaman and Chandler Heights Roads will be reconstructed as necessary with the 

Y Sonoqui Channelization project. The Higley Road structure will be designed and 
constructed by the Town of Gilbert at the same time or prior to the Sonoqui Wash 
channel. The Bridges south access road, Ocotillo Road and the ultimate all-weather 
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access structure at Power Road are all future projects that will be constructed anywhere 
from perhaps one to ten years in the future, depending primarily on funding and the pace 
of land development. 

The all-weather access structure at Chandler Heights Road will be a bridge structure 
that will be designed and constructed by MCDOT. When the Sonoqui Channelization 
project started, the Chandler Heights Bridge was not funded for construction in the 
County's CIP and its construction date was not anticipated within the next 5 years. 
MCDOT's in-house design would be taken to a 40% level then put on the shelf until 
funding was available. As of this report, however, the bridge project appears to have 
funding, has reached the 70% level of design and is anticipated to be constructed at the 
same time or prior to the channel project. 

The project location and vicinity maps are included on the following page. 
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'a Figure 1-1: Location Map 
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1.2 Roadway Replacement Obligations 

Typically, where roadway modifications are necessary because of the Sonoqui Wash 
Channelization, the project will only replace the existing roadway in-kind. However the 
future ultimate improved roadway typical section was considered in establishing the 
channel and roadway design to reduce the chance of conflict between the channel and 
future roadway improvements. Typical roadway sections depicting the ultimate roadway 
improvements were collected from various sources and are included in the roadway 
appendix at the back of this section. 

The geotechnical report prepared by sub-consultant AMEC contains pavement section 
design recommendations for the future ultimate improved roadways using data collected 
in their geotechnical investigation for the channel. An excerpt from the AMEC 
geotechnical report containing their pavement design recommendation is contained in 
the roadway appendix at the back of this section. 

AMEC did not perform any pavement corings to determine what the existing pavement 
sections are. That effort was not included in the final scope of work for the Sonoqui 
Wash Channelization project. It is possible that all existing pavement was constructed to 
older Maricopa County standards and may not meet current design requirements. 
Again, this project is only obligated to replace the existing pavement section. 

Recker Road is currently not paved and has no culvert. It is a gravel road with a dip 
configuration. The Sonoqui Wash Channelization project will construct a culvert at 
Recker Road and it will be designed to accommodate the future ultimate condition 
roadway geometrics, profile and typical section. The roadway itself will be reconstructed 
with the Sonoqui project as a temporary gravel surfaced dip within the project corridor. 
Permanent future roadway improvements for Recker Road will be designed and 
constructed as a separate project or projects. Ultimate future Recker Road 
improvements from Sonoqui Wash north for a distance of about % mile will be designed 
and constructed by the Bridges at Gilbert development. 

The roadway improvements necessitated by the channelization project at Power Road 
and at Chandler Heights Road are interim improvements. Future bridge structures are 
planned at these two crossings. These future bridge projects will also reconstruct 
several hundred feet of pavement profile to the ultimate typical section. If the bridge 
projects are constructed in the near future, it would make the interim roadway 
improvements per the Sonoqui Wash project essentially throw away improvements. 

AMEC did not investigate, analyze or propose any temporary pavement design sections 
for the interim improvements at Power and Chandler Heights Roads because this was 
not in their scope of work. The pavement sections for these two roads reflected in the 
90% roadway typical sections are not based on any specific level of service or assumed 
service life. The proposed pavement structural section that will be used at Power and 
Chandler Heights Roads is 3" AC over 10" base. This is less than the permanent 
pavement section recommended by AMEC and constitutes a compromise design agreed 
to by the project team. 

Y The minimum typical travel lane width for Recker, Power, Sossaman and Chandler 
Heights Roads is 14 ft. This width is based on typical MCDOT section line road 
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standards and either equals or exceeds the existing travel lane width of these roads. 
Although only a residential collector road, Via del Jardin will also have a minimum typical 
travel lane width of 14 ft. The Via del Jard~n pavement section will have the permanent 
configuration recommended by AMEC. This is 2" AC over 9 base. 

The Sonoqui project is obligated to reconstruct pavement in-kind at Sossaman Road. 
However, unlike Power and Chandler Heights Roads, there is an opportunity for the 
Sossaman Road improvements to be permanent or some portion of the permanent 
ultimate future roadway. Based on input from the project team following the 30% 
submittal, it was decided that the pavement structural section for Sossaman Road would 
be the full ultimate thickness per the AMEC recommendation. This is 4" AC over 12" 
base. 

It was also decided by the project team that the reconstructed Sossaman roadway would 
follow the existing roadway centerline alignment and not the monument line or centerline 
of the right-of-way. The east edge of reconstructed Sossaman Road will be considered 
permanent. Any future widening of Sossaman Road will be accomplished by adding 
pavement to the west. 

I .3 Hydraulic Structure Selection 

According to the Sonoqui Wash Channelization scope of work, a hydraulic structure 
selection report was to be performed at Higley, Ocotillo and Power Roads. The 
objective of this effort was to determine preliminary hydraulic sizing of structures that 
could potentially be constructed at these crossings in the future as separate projects. 
The Sonoqui project team wants reasonable assurance that the channel, once 
constructed, will not require any significant reconstruction at these crossing locations to 
accommodate future bridge or culvert structures. Conversely, it is desirable to not 
create a channel design that would necessitate extraordinary future hydraulic structure 
and roadway design or associated expense. 

The hydraulic structures at Higley, Ocotillo and Power Roads all must have the 
necessary vertical clearance to accommodate equestrian use with horse and mounted 
rider being able to pass under the structure. The generally desirable vertical clearance 
is 12 feet from the channel bottom to the underside of the structure. The equestrian 
underpass dimensions generally desired by the Sonoqui project team are illustrated in a 
Town of Gilbert typical detail included in the roadway appendix at the back of this 
section. An alternative minimum vertical clearance of 10 feet was also considered. 

The future bridge structure planned by MCDOT at Chandler Heights Road is targeting 
the 12-foot equestrian clearance. The equestrian vertical clearance requirements 
potentially result in channel depths that are greater than necessary to meet minimum 
hydraulic requirements and roadway profiles that are significantly above existing grades. 
The total vertical dimension for a standard concrete girder bridge with a 12-foot 
equestrian clearance could approach 17 to 18 feet from the channel bottom to the top of 
roadway. There is also concern about making the structures wide enough to meet 

0 equestrian needs and for the surface of the channel to be earth or other equestrian 
compatible material. 
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The hydraulic analysis for the structure selection at Higley, Ocotillo and Power Roads 
was conducted in HEC RAS at the same time that the preliminary channel design was 
being performed for the 30% submittal. A number of different configurations were 
considered starting with a culvert of minimum hydraulic size. Different culvert 
configurations were modeled that would meet minimum hydraulic needs, initially without 
any initial regard to equestrian requirements. Typically, a three barrel 10- or 12-foot 
wide by 8-foot high concrete box culvert would be all that is necessary at these three 
locations to pass the design discharge and maintain 100-year freeboard upstream. This 
culvert configuration generally has the potential to be slightly surcharged at the culvert 
entrance (inlet control) at all three locations but generally had a free water surface inside 
the culvert barrel@). 

It soon became apparent that equestrian criteria would result in a larger structure than 
needed to meet minimum hydraulic design. To meet equestrian vertical clearance 
requirements, it was envisioned that one or more of the culvert barrels in the above 
configuration could be made with a 10- or 12-foot high vertical dimension. Other 
configurations that were also conceptually considered included: a) non-standard 
culverts with single spans up to about 36 feet; b) multi-barrel non-standard culverts with 
spans up to about 20 feet; c) culverts with multiple arch configuration sized hydraulically 
similar to a) and b) above; d) bridges that had single spans ranging from about 40 feet 
up to multi-spans equal to the channel top width. 

According to the Sonoqui project's intergovernmental agreement (IGA) between the 
Flood Control District and the Town of Gilbert, the structure at Higley Road, which is in 
Gilbert's jurisdiction, will be designed and constructed by Gilbert on a schedule that will 
parallel the Sonoqui channel. Stanley Consultants assisted Town of Gilbert engineering 
staff in preparing and presenting concept structure alternatives to the Gilbert Town 
Council to obtain their input and direction at Higley Road. Figures depicting the 
alternatives that were presented to the Gilbert Town Council are presented in the 
roadway appendix at the back of this section. Of the concept alternatives that were 
presented, the Town Council selected a 40-foot span slab bridge structure with a 12-foot 
vertical clearance and an earth floor. This configuration is a template that could be 

; considered at future Ocotillo and Power Road crossjngs. 

MCDOT has developed 70% plans for their Chandler Heights Road bridge which reflect 
a triple span structure with the middle span spanning the entire bottom width of the 
channel. It is currently anticipated that the Chandler Heights Road Bridge will be 
constructed by MCDOT beginning not earlier than January 2007. 

Both the project and future condition HEC RAS models for the final design reflect a 
single 40-foot span structure at Higley Road since this is the configuration selected by 
the Town of Gilbert. A three-barrel 10- or 12-foot wide by 8-foot high concrete box 
structure will work hydraulically at Ocotillo and Power Roads. This is what is reflected in 
the future HEC RAS model for final design since this represents the worst-case hydraulic 
scenario. 

It is intuitively apparent that a 40-foot span bridge will out-perform the hydraulics of the 
triple barrel box structure so no hydraulic mode! has been prepared for that scenario as 

Y of the 30%, 60%, 90% or final plan submittal. specific hydraulic modeling will need 
to be done with each of the future structure designs at Ocotillo, Power and Chandler 
Heights Roads. 
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0 1.4 Roadway Geometric Analysis and Hydraulic Needs 

As part of the Sonoqui Wash Channelization project, an evaluation of existing roadway 
geometry at all existing paved roadway 1 Sonoqui Wash crossings was performed to 
determine whether existing roadway geometry meets current AASHTO criteria. This 
included Power, Via del Jardin, Sossaman and Chandler Heights Roads. The same 
AASHTO criteria used to evaluate existing paved dip crossings was also used to 
develop proposed roadway profiles at Power, Sossaman and Chandler Heights Roads. 
In addition, Recker Road, although not paved, was analyzed to make sure that the future 
designed roadway dip would work with the culvert. The following assumptions were 
made in evaluating the geometric configuration for roadways crossing the Sonoqui Wash 
channel: 

Current AASHTO standards for sight distance, allowable rates of 
vertical curvature apply. Lighted conditions will be assumed for 
Recker Road only. 

The design speed for all roadways is the posted speed limit plus 5 
mph. The various posted speed limits within the project vicinity are 
illustrated on a figure in the roadway appendix at the back of this 
section. 

For overflow crossings, the limits of reconstruction, i.e., the amount of 
existing roadway that must be reconstructed will be minimized by 
setting the sag elevation of the dip as high as possible while still 
meeting hydraulic objectives. 

According to the existing condition geometric analysis, it was found that the paved 
roadway dips at Power, Via del Jardin, Sossaman and Chandler Heights Roads would 
not meet current horizontal or vertical alignment design criteria (or both horizontal and 
vertical in some cases). Therefore, it was the conclusion of the Sonoqui project team 
that reconstruction of these roads to accommodate channelization needs must 
'completely meet current horizontal and vertical alignment requirements - even if only a 
portion of the roadway had to be reconstructed to meet project hydraulic needs. 

Hiqlev Road is an existing 2-lane paved road that crosses Sonoqui Wash at grade in a 
straight north-south alignment. There is presently no culvert or bridge of any kind at this 
crossing. The existing road profile is essentially flat to grade and there is essentially no 
channel or distinguishing hydraulic feature conveying Sonoqui Wash flows. The existing 
Sonoqui Wash channel essentially ends just east of Higley Road and flow would spread 
out and cross Higley Road as sheet flow. Higley Road is the only paved road that 
crosses the Sonoqui Channel alignment that meets current horizontal and vertical 
roadway design criteria. It will be reconstructed as an all-weather bridge crossing as 
mentioned previously. 

Recker Road presented a significant challenge to evaluate the future roadway profile at 
the Sonoqui channel because of the proximity of the road crossing to the future 
intersection with Ocotillo Road. First, the approximate future profile grade for Ocotillo 
Road had to be estimated as a starting point. This grade was assumed to be 
approximately 12 to 18 inches above existing grade at the centerline of the intersection. 
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The nearest posted speed limits are 35 mph where Recker Road is paved to the north 
and south of the channel. Using the design criteria stated previously and a design 
speed of 40 mph, it was not possible to create a low enough profile for Recker Road so 
close to the intersection that would allow for the majority of design discharge to go over 
the road and still meet freeboard requirements. A number of configurations were 
evaluated for the 30% design but the best combination was found to be a triple 10' wide 
by 6' high concrete box that would pass most of the design discharge below the road 
with a small portion of the flow overtopping the road. 

For the 60% design and beyond, this was changed to a four-barrel 10' wide by 5' high 
concrete box to create greater clearance over the structure to accommodate the future 
roadway improvements. This configuration may not meet normal freeboard 
requirements at the design discharge of 2,400 cfs. The existing condition flow rate of 
2,100 cfs will generally be contained within the project and road right-of-way limits. The 
sag point in the roadway profile was set just north of the channel centerline to increase 
the distance from the intersection with Ocotillo Road achieving a longer vertical curve 
with a lower sag point. 

Ocotillo Road horizontal and vertical geometrics are not included in the current scope of 
work. However, a brief analysis was performed to conclude the feasibility of a future 
Ocotillo Road alignment that will: a) assure that a reasonable horizontal and vertical 
alignment can be designed in the future; b) establish preliminary right-of-way 
configuration as Ocotillo Road shifts its alignment to the north as it crosses the channel; 
and c) minimize the skew angle crossing the channel and subsequently the size of the 
future structure. 

Assuming a maximum super elevation rate of 4%, the minimum curve radius is 930' 
based on a design speed of 50 mph. It was found that an alignment with a reverse 
curve arrangement with curve radii of 3000' would be more than adequate to 
accommodate the current proposed Sonoqui Wash alignment while achieving a nearly 
perpendicular roadway-to-channel crossing. Figure 28 in the appendix at the end of this 
section illustrates the horizontal alignment described above. Based on the proposed 
Sonoqui channel profile and assuming a 40' single span slab bridge and 12' vertical 
equestrian clearance, the roadway profile would probably need to be about 2 to 4 feet 
above existing grade to each side of the channel. 

Power Road is currently a two-lane road with a dip crossing of the existing channel and 
a single small diameter low flow culvert under the road near the low point of the dip. 
Power Road presented a design challenge because the existing dip does not meet 
vertical geometric criteria and because of the realignment of the channel a few hundred 
feet south of the existing crossing. It was not possible to design a new dip immediately 
south of the existing dip that would meet vertical design criteria. Even if it were possible 
to create a new dip and leave the old one, it would be undesirable to have two dips so 
close together. 

The proposed Power Road profile was developed from a hydraulically established low 
point elevation. This is about the highest elevation that will still keep the existing 
condition discharge of 2,100 cfs contained within the project and road right-of-way limit. 
From this low point, a sag vertical curve was introduced near the proposed Sonoqui 
channel alignment approximately 350' south of the existing channel alignment. This low 
point is situated a little over 100' north of the new channel centerline to minimize the 
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overall length of roadway reconstruction because this is an interim improvement. The 
minimum K values for a design speed of 50 mph were established from AASHTO 
Exhibits 3-76 and 3-79 included in the roadway appendix at the back of this section. 
Minimum curve lengths are equal to 3 times the design speed. A design speed of 50 
mph was used assuming the posted speed would be reduced from 50 mph to 45 mph 
which is the posted speed for Power Road north of Ocotillo Road. 

The roadway profile at the existing dip will be raised slightly to make a single dip at the 
new channel alignment that will meet current design criteria. Since Power Road is an 
interim improvement until a permanent all-weather bridge or large culvert is constructed, 
only a small interim culvert will be constructed. A three-barrel 24" diameter culvert will 
be placed under the new dip to pass irrigation tail water and minor nuisance flows. 

Sossaman Farm field access roads are located between Power Road and Via del Jardin. 
There are currently two dirt roads that cross as dips with no culverts. Discussions with 
the farm owner I operator took take place between 30% and 60% plan phases to 
determine the farm's needs for these roads. Based on input from the farm owner, a 
replace-in-kind approach will be used to reconstruct the northem-most of the two 
existing dips. The southern dip will not be reconstructed. 

The reconstructed dip alignment is skewed to the new Sonoqui channel to increase the 
length of run. This is necessary because the new channel is deeper than the existing 
one and it was necessary to keep the longitudinal slope of the road at or below the 

i current slope which is about 6H : 1V. The maximum slope of the reconstructed farm 
road is about 10H : 1V. This is a private road and reconstruction will not be designed to 
meet public standards. The sag point of the reconstructed f a n  road essentially 
matches the new channel bottom. The new dip will not have low flow culverts. 

Via del Jardin is an existing two-lane local residential street with a dip crossing and no 
low flow culvert. Although the posted and design speeds are low, 25- and 30 mph, 
respectively, this road will not meet either vertical or horizontal design criteria. The new 
channel grade is approximately 3.5 feet lower than the existing low point of the roadway. 
Three options were initially considered at this crossing. Option 1 involved leaving the 
road as-is and constructing a low flow culvert under it along with some form of hardened 
grade control structure downstream to protect the road. Option 2 involved reconstructing 
the road at a lower low point elevation to match the new channel grade with no low-flow 
culvert. Option 3 involved eliminating the crossing altogether and dead-ending the road 
on either side of the channel. 

Leaving the road as-is would result in a slightly higher water surface profile in the 
channel upstream within the Ranchos Jardines subdivision. Reconstructing the road at 
the lower channel elevation and meeting AASHTO and Town of Queen Creek design 
standards will potentially impact grades and access for the two existing residences on 
either side of the channel and may want to consider slightly re-aligning the road to the 
north to straighten it out and lengthen out the run from existing driveways west of the 
channel to the new edge of road. Dead-ending the road would have the greatest 
hydraulic benefit to the channel but this benefit is not a major advantage. 

Y The Town of Queen Creek engineering staff presented these three options to area 
residents and Town Council between 30% and 60% design phases to obtain their input 
and direction. The Town of Queen Creek, between the 60% and 90% submittals, chose 
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Option 2 for design. The roadway profile dips down essentially even with the bottom of 
the new channel. 

Sossaman Road is an existing combined low flow dip and small diameter culvert at 
Sonoqui Wash. It is super elevated at the dip and goes through a reverse curve 
h~rizontal alignment shift south of the channel. It also transitions from three lanes north 
of the dip to two lanes south of the dip. There are extensive improvements immediately 
north of the dip on the east side of the road including vertical curb and gutter, 
landscaping with mature trees, detached 5-foot sidewalk, electrical and water utilities, 
catch basins and an 18" storm drain. The new Sossaman Road profile was designed to 
minimize impacts to these existing improvements. This was accomplished by shifting 
the sag curve low point approximately 100' south of the channel centerline crossing. 

The Sossaman Road profile low point was developed from a hydraulically established 
low point permitting significant flow overtopping the road. The Sossaman Road 
pavement section is super elevated at the Sonoqui Channel crossing where the low 
point in the profile becomes the edge of pavement on the high (east) side of the road. 
From a design speed of 50 mph and a horizontal curve radius of 1000', a super elevation 
rate of 4.0% was established from AASHTO Exhibit 3-21 in the roadway appendix at the 
back of this section. The existing culvert is a double 24" CMP with headwalls. This will 
be upgraded to a triple 24" RGRCP (with new headwalls). 

Chandler Heiahts Road is a two-lane dip with no low flow culvert where it crosses 
Sonoqui Wash. Both sides of the existing dip will not meet current profile design criteria. 
The dip is also under-sized hydraulically and acts as a choke point in the upstream 
direction causing flow to back up and overtop the west bank of the floodplain. The new 
channel profile is approximately 6 feet below and approximately 200 feet west of the low 
point of the existing dip. This channel alignment and profile are necessary to 
accommodate the future bridge planned by MCDOT at this location. 

A number of hydraulic scenarios were investigated. It was found that reconstructing the 
dip using a longer sag at essentially the same existing low point elevation coupled with 
minor excavation upstream would meet hydraulic objectives. Thts would also allow the 
channel to end just north of the road and still create a reduction in 100-year design water 
surface and eliminate the floodplain breakout upstream from the road. 

A 40-foot slab bridge similar to what is envisioned downstream at Higley Road was 
modeled at Chandler Heights Road with the proposed channel grade and cross section 
hypothetically extended upstream. This was found also to have a design 100-year water 
surface upstream that would eliminate the floodplain breakout along the west bank with 
little or no additional channel excavation upstream. The 40-foot slab bridge is a 
hydraulically more restrictive worst case scenario when compared to MCDOT's 70% 
configuration. 

The Chandler Heights profile was established by introducing a sag vertical curve 
approximately 50' west of the proposed Sonoqui channel alignment. A hydraulically 
established low point was used to develop the roadway profile. The minimum K values 
for a design speed of 50 mph were established from AASHTO Exhibits 3-76 and 3-79. 
Minimum curve lengths are equal to 3 times the design speed. 
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As of this report, it is anticipated that the MCDOT bridge project at Chandler Heights 
Road would be constructed starting no earlier than January 2007. However, since this 
was not 100% certain, the channel project has been designed to stand alone from the 
MCDOT bridge project. The channel project will achieve hydraulic objectives without the 
bridge being constructed. Although this is currently only a dip crossing, a low-flow 
culvert consisting of a 3-24" HDPE pipe will be constructed at Chandler Heights Road. 

1.5 Guardrail Considerations 

The 2002 AASHTO Roadside Design Guideline was used to evaluate barrier warrants 
along the project. There are four locations where Guardrail placement was considered; 
Recker Road with a 40 rnph design speed, Power Road with a design speed of 55 rnph 
(based on a worst case scenario existing posted speed of 50 rnph), and Sossaman and 
Chandler Heights Roads with a design speed of 50 mph. Traffic projections were not 
available for some of these locations. For this reason the barrier warrant analysis was 
based on the largest ADT (average daily traffic) bracket used in the AASHTO Roadside 
Design Guide. This should provide a conservative estimate of the clear zone, especially 
for Power and Chandler Heights Roads which will be completely reconstructed with 
bridges in the future. 

There is currently no posted speed on Recker Road where it is a dirt road from about 

I 
114 mile north of the channel to Brooks Farm Road about % mile south of the 
channel. From previous discussions, Recker Road will probably be posted at 25mph or 
less as long as it remains gravel, or, it will be barricaded. The assumed design speed, 
however, is 40 rnph which is 5 mph greater than the nearest posted speed of 35 mph. 
Based on AASHTO Roadside Design Guide 2002 Table 3.1, the required clear zone 
from edge of roadway to obstacle is 7 ft to 10 ft. This is based on a design speed of 
40mph or less, an ADT of 750 or less and 4:l foreslope. 

The clear zone provided at Recker Road is about 19 ft from the edge of road to 
the nearest face of the 4-10' x 5' cbc headwall. There will be a handrail on top of the 
headwall for pedestrian safety because of the drop off which is about 6.5ft on both 
upstream and downstream ends of the culvert from the top of the headwall to the culvert 
invert. The handrail would not be intended to stop or deflect a vehicle. Recker Road is 
currently well below an ADT of 750 vehicles per day (vpd) and will be until it is paved in 
the future. There is no reason to add the hazard of a guardrail at this time. The need for 
guardrail should be revisited when the roadway is paved. The box culvert at Recker 
Road has been designed just long enough to accommodate a traffic barrier between the 
back of curb and sidewalk based on the ultimate roadway typical section. 

The posted speed for Power Road between Ocotillo Road and Chandler Heights Road is 
currently 50 mph. However, as mentioned in Section 1.4, the posted speed may be 
reduced to 45 mph. To be conservative, the design speed for guardrail warrant is 55 
mph, 5 rnph greater than the current posted speed limit. Based on the 2002 AASHTO 
Roadside Design Guide, a clear zone width of 22 A to 24 ft is required for a 6: l  
foreslope. The foresiope design at Power Road was actually changed from 4:l in earlier 
design to 6:l to provide a lesser clear zone requirement. The current roadway design 
provides 26 ft of clear zone before encountering the flaired end section for the 3-24" 
HDPE culvert. Guardrail is not warranted at this location. 
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The posted speed limit for Sossaman Road is 45 mph between Ocotillo Road and 
Chandler Heights Road. A design speed of 50 mph was used to analyze the need for 
guardrail. There is a 1000 ft radius curve where the Sonoqui Wash channel crosses 
Sossaman Road so a curve correction factor is needed to determine the required clear 
zone width. Based on the 2002 AASHTO Roadside Design Guide a clear zone width of 
18 ft to 20 ft is required for a 6:l foreslope. A curve correction factor of 1.4 is needed for 
the outside of the curve based on a 50 mph design speed and 6:l foreslopes. This 
means a clear zone width of 25 ft to 28 ft is needed if guardrail is not provided. 

The clear zone width provided was calculated assuming a half pavement width of 21.5 ft 
which includes the "future" widening improvements for Sossaman Road. As mentioned 
previously in this section, the east edge of pavement that will be constructed with the 
Sonoqui Channel project will be considered permanent alignment and any future 
widening will take place to the west. The current roadway design provides more than 20 
ft of clear zone on the west side of the future widened road and more than 28 ft on the 
east (outside curve) side of the road before encountering the 3-24" RGRCP culvert 
headwall. Guardrail is not warranted at this location. 

The posted speed for Chandler Heights Road between Sossaman Road and Hawes 
Road is currently 45 mph. The design speed is 50 mph, 5 mph greater than the posted 
speed limit. Based on the 2002 AASHTO Roadside Design Guide, a clear zone width of 

1 
24 ft to 28 fl is required for a 4:l foreslope. The current roadway design provides 35.5 ft 

'a of clear zone before encountering the flaired end section for the 3-24" HDPE culvert. 
Guardrail is not warranted at this location. 

Table I - Clear Zone Guardrail Summary 
Roadway Design ADT Foreslope Required Clear Zone 

Speed Clear Zone Width 
Width Provided 

AASHTO Roadside Design Guide 2002 Table 3.1 is included in the appendix at the back 
of this section. 
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I 
TABLE 3.1 (Cont'd) 

[U.S. Customary Units] 

OVER6000 

Copyright 2002 AASHTO. All rights resewed 
Duplication is a violation of applicable law. 

mph 

DESIGN 
SPEED 

40mph 

BACKSLOPES 

18-20 

DESIGN 
ADT 

UNDER750 

FORESLOPES 

24-28 1 (I* I 14-16 1 18-20 1 20-22 

* Where a site specific investigation indicates a high probability of continuing clashes, or such occurrences are indicated by crash 
history, the designer may provide clear-zone distances seater than the clear-zone shown in Table 3.1. C l w  zones may be limited to 
30  fs for practicality and to provide a consistent roadway template if previous mpelience with similar projects or designs indicates 
satisfactory peliormance. 

**Since recovery is less likely on the unshielded, traversable 1V:3H slopes, fixed objects should nM be present in the vicinity of the toe 
of these slopes. Recovery of high-speed vehicles that encroach beyond the edge of the shoulder may be expected to wcur beyond the 
toe of slope. Determination of the width of the recovery area at the toe of slope should take into consideration right-of-way 
availability, environmental eonewns, economic factors, safety needs, and crash histolies. Also, the distance between the edge of the 
through Uaveled lane and the beginning of the LW3H slope should influence the recovery area provided at the toe of slope. While the 
application may be limited by several factors, the foreslope parameters which may enter into determining a maximum desirable 
recovery area are illusvated in Figure 3.2. 

750- 1500 
1500-6WO 
0VERMX)O 

1V6H 

or Flatter 

1 k 3 H  

10- 12 

16- 18 

7-10 1 7 - 1 0  1 7-10 

1V:3H IV:5HTO 

1V:4H of flatter 

5s mph 

a - 2 6  
28-32' 
30-34' 

7 - 1 0  1 7 - 1 0  1 *i) 

IV:5HTO 

1V:4H 

14- 18 
20 - 24 

UNDER750 
750-1500 

28-36* 
34-42 '  

38-46*  

*a 

** 
12-14 

16- 18 

** 
** 
a* 

8- 10 

10- 12 

10- 12 

14-16 

12- 16 

16-20 
22-24 

18-20 
22 - 24 

26 - 30 

20-22 

26-28 

28-30 
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. ,,Exhibit 3.76. ~esigh ~ d n t k l s  for Stopping Sight Distance and for Crest 

( ~ ' .  
.P Chwes 

+. 
The values of K derived above when S is less than L also can be used without significant 

. 

Metrlc 
. . Stopping Rate of vertical 

~ e s b n  sight - cuwature, Ka 
speed 'distance 
(Kmh) (m) ~alculabd . Design 

20 20 . . 0.6 i 
30 , 3 5 . .  . '.1.9 2 - 40 5 0 .  . : 3.8 4 
50 65 6.4 7 
60 65 11.0 , 1.1 
70 105. 16.8 17 
80 . 130 25.7 26 
90 160 38.8 3 9 . .  

100 185 . . .  52.0 52 
110 . 220 73.6 74 

. 1 2 0  250 95.0 95 
130 285 1254 124 

. . ' 

error where S is greafer than L. As Showh iriExhibit.3-75, extension of the diagonal lines to k e t  
'the vertical l i i s  for mhimum,lengths.of vertical curvks results in appreciable differences from 
the theoretical only where . A . is small and little or no additional cost is involved in obtaining . . 
10n~er'vertical cun;es. ' , ' 

. . 

US Customa'ty 
Stopping Rate of vertical 

Design sight curvature, Ka 
speed distance 
(mph) (ft) Calculated Design 

1 5  80 ' 3.0 3 
20 115 6.1 7 
25 155 ., . 11 .! I? . ,  

. ,,.. .95: :;: , ,., ... -.  ::: . '.. -::200,, i:.;h5b :..: :'.; . T '  . 9 . I  .5g .o . .$$)  .$ 
29 ' 

. .. 

40 305 43.1 44 
61 

.: ,204 9 

55 495 1 13.5 114 
60 570 150.6 151 
65 645 192.6' 193 
70 730 246.9 247 
75 820 311.6 . ' 312 
80 91 0 383.7 384 

, , 
Fq night driving o n  highways. without eghting, the length of visible, roadway is that 

:roadway that is &ectly.'illuminatedby &eheadlights of the vehicle. For certain conditions, the 
minimum stopping siglit distance values used for design exceed the length of visible roadway. 
'kist, vehicle heagh t s  have limitations on,the'distaice over which they can project the light 
knsit jr  levels that needed for visibiiity- When headlights & operated on low beams; the 
itdiiced candlepower at the source plus the dawnward angle significantly restrict the 
length of visible roadway surface. Th~s,~paaicularly for high-speed conditio&, stopping sight 
distance'ualues exceed road-surface viskility distances afforded by the low-bew headlights 
regardless of whether the roadway profde is lev61 or curving vertically. second, for crest vertical 
curves, the area forward of the headlight beam's point of tangency with the roadway surface is 
shadowed and receives only indirect illumination. 

. 

Since the headlight mounting height (typically about 600 mm 12 ft]) is lower than the driver 
eye height used for design (1,080 mm f3.5 ft]), the sight distance to an illuminated object is 
controlled by the height of the vehicle headlights rather than by the direct line of sight. Any 
object within the shadow zone must be high enough to extend into the headlight beam to be 
directly illuminated. On the basis of Equation (3-43), the bottom of the headlight beam is about 

Rate of. vertical curvature, K, Is the length of curve per perdent algebraic difference .. in 
intersecting grades (A). K .= UA 
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pr&cal, but spkcial attention tb.drainage should be exercised where values of K in excess of 51 
[I671 are used. 

Minimum lengths of "ertical ekes for flat gradients also are recognized for sag conditions. 
The values determined for ckst conditions appear to be generally suitable for sags. Lengths of 
sag vertical curves, shown as vertical lines in Exhibit 3-78, are equal io 0.6 times the design speed 
in lrmm [three times the design speed in mph]. 

Sag vertical curves shorter than the lengths computed fromExhibit 3-79 may be justified for 
economic reasons in cases where ah existing feature, such as a s t ~ c t w e  not ready for 

. replacement, controls the vertical profile. In certain cases, ramps may also be designed with 
shorter sag vertical c ~ s .  . ~ied-source . .  lighting i s  desirable in such cases. For street design; 
soqeengineers acceptdesign of a sag or crest where A is about 1 percent or less'without a length 
of calculated vertical curve:'However, field modifications during construction usually result in- 
constructing the equivalent to a vertical c.urve, even if short. 

. .  , 
. 

. . 

. . i 

Metrlc US Customary 

Stopping Stopping 
Design sight Rate of vertical , ' Design sight Rate of vertical 
speed distance curvature, Ka . speed dis.jance curvature, Ka. . - 
(kmh) (m) Calculated Design (rnph) (ft) , Calculated Design 
20 20 2.1 3 15 80 9.4 10 
30 35 5.1. 6 20 115 16.5 . 17 
40. 50 .8.5 9 25 155 25.5 26 

. 50 65 12.2 13 *;. ,. J. . . . ..,: ,30. :\ ,+ ..?< q.9: 20@*!7 .,<.;:.;:..:3v@:;,.>,:. .:.:'!:: :gpp. 
60' 85 i7,3 18 . 35 250 ./ 49.0 49 - .  

70' 105 22.6 '23 40 305, 63.4 " 64 
80 130 29.4 30 45 ... .. 78.1. . .--.ST 
90 . 160' 37.6 38 ,,5;... .. , . ~ . .  42% '.,.'. :.,, ..::g,5g, " , -.!. g@;.<; 
1.00 185 44.6 . 45 55 495. 114.9 . 115 
110 220 54.4 55 ' 60 570' 135.7 '1 36 
120 250 62.8 -63.' 65 645 156.5 1.57. . 
'I30 . . 285 

.. . . . 
72.7 73 - 70 730 180.3 181 

. . . . . .  . . . .  
. . .  75 , 820 . :  205.6 .. 206 . 

. . .  . '80 910 - bl.0 231 
. . 

a Rate of vertical curvature, K, is the length of curve,(m) per percent algebraic difference '.. 

intersecting . . grades (A). K = U A  

, ' 

. 
. 

I :- .+ 
. 

' .- 

' 

' 

. .  , ~xlkbit.3-79. Design controls for sag ~ e i e a l  c u k e s  . . . . : . . 

Sight Distance at undercrossings 
. . . . 

. . . . .  
Sight distance on the highwiy through a grade separation should be at leastas long as&e 

minimum stopping sight distance andpreferkbly longer. Design of the vertical alignment is the 
same as at any other point on the highway except in so* cases of sag vertical curves 
underpassing a.structure illustrated in Exhibit 3-80. W e n 0 t . a  frequent..problem, the structure 
fasciamay cut the line of sight and firnit the sight distance to less that otherwise is attainable. It is 
generally practical to provih the minimum length of sag vertical curve dikssed above at gride 

280 

.. .. 

u 
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6 MOVNG L M S  

. A CMICRETE 
I. CURB; M.AG. S T I W D ~ ~ ~ D  OETM 220 TYPE A NL CONCRETE M.AG.STD. SPEC. CLAS "B.' 
2. SIDEWALK; MAG. STLWff lO OETM 230. N L  CONCRETE M.AG.STD. SPEC. CLASS '8" 

B. PAVING 
1 AGGREGATE BASE COURSE: 

A THICKMSS' TOWN W &BERT STAWPRO DETUL 33 
B MATERN: COWORUNG TO SECTION 702.2 M.AG.STA'lDfflD SPECIFICATIONS 

2. ASPHALTIC CONCRETE: 
A THICKNSS. FWR (41 NCH MNlWM K I C E D  IN TWO LFTS 
B. MAIEWIV. CONFORLUNG 1 0  M.AG. STAM)fflD SPECIFICATIONS 7X) IWITHOUI LIME1 

BASE COURSE: 2 V 2  ' - A 1112 " FIX 1 5.0T O L  
SURFACE COURSE; 1112 " . D V 2  MIX 1 6.0% 011 

C. sLOEwALKS: 
SM 161 FOOT,MLX I'IN XI'MEIWDERING WNKWAY,OETACHEO FROM ChG NO LESS THAN THREE 
(31 FEET. NON-REPETITNE DESIGN 

L 
0 .-. 4y; AC. 

/ 2)/2" - A 1'/< 6LC. 
to 
0 

- - .- 

TOWN OF GILBERT 



34' C/L TO F/C 

LANE STRIPED LANE LANE 
MEDlAN MIN 

I 
% I 4 

4 MOVING LANES 

A. CONCRETE 
1. CURB: M.A.G. STANDARD OETNL 220 P P E  A. ALL CONCRETE M.A.G. S1D.SPEC. ClASS "0" 
2. SIDEWALK: MAG. STANDARD DETAIL 230 ALL CONCRETE M.A.G. STD. SPEC. CLASS V" 

B. PAVING 
1. AGGREGATE BASE COURSE: 

A. THICXNESS: TOWN OF GILBERT STANDARD DETAIL 33 
8. MATERIAL: CONFORMING TO SECTION 702.2 M.A.G. STANDARD 

2. ASPHALTIC CONCRETE 
A. THICKNESS FOUR (4") INCH MINIMUM PLACED IN TWO LlFlS 
8. MATERIAL: CONFORMING TO M.A.G. STANDARD SPEClFlCATlONS 

BASE COURSE: 2 1/2" A-25mm MIX/5.0% OIL 
SURFACE COURSE: 1 1/2" A-12.5rnrn MIX/6.0% 

SPECIFICATIONS 

; 710-  (WITHOUT LIME) 

OIL 

C. SIDEWALKS 
SLX (6) FOOT. MAX 1' IN 10' MEANDERING WALKWAY, DETACHED FROM C&G NO LESS THAN THREE 
(3) FEET, NON-REPETITWE DESIGN 

1 1/2" A-12.5mm A.C. MIX 

2 1/2' A-25rnrn A.C. MIX 

e@+b 

~ ~ . t , i / o  Rb (option 1) MIX DESIGN PER EAST VALLEY ASPHALT COMMITTEE 

MINOR DETAIL NO. 
ARTERIAL STREET / REVISED 5/16/01 1 ?.;I TAIL NO. 
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TOWN OF GILBERT 
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- 8  1L 5.5' -* 11'  LANE 12' STRIPED 11' U N E  ' 55' -4 1 ,. 8 I 

A. 'CONCRETE 
1. CURB: M.A.C. STANDARD DETAIL 220 N P E  A. ALL CONCRETE M.A.G. STDSPEC. ClASS "8" 
2. SlDEWALK: M.A,G. STANDARD OETAfL 230 ALL CONCRETE M.A.G. STD. SPEC. GLASS 8" 

0. PAVING 
1. AGGREGATE BASE COURSE: 

A.-THICKNESS: TOWN OF GILBERT STANDARD ORAIL 34 
B. MATERIAL: CONFORMING TO SECTION 702.2 M.A.G. SlANOARD SPECIFICATIONS 

2. ASPHALTIC CONCRETE: 
A. THlCKNESS TWO AND A HALF (2 1/2") INCH MINIMUM P U C E 0  IN  TWO L I f l S  
B. MATERIAL: CONFORMING TO M.A.G. STANDARD SPECIFICATIONS 7 1 0  (WITHOUT LIME) 

BASE COURSE: 1 1/2" R-19mm MIX /5.5% OIL 
SURFACE COURSE: i" R-12.5mm MIX 16% OIL 

C. SIDEWALKS 
SIX (6) FOOT. MAX 1' IN 10' MEANDERING WALKWAY, DETACHED FROM C&G NO LESS THAN THREE' 
(3) FEET. NON-REPETITIVE DESIGN 

1" R-12.5mrn A.C. MIX 

1 1/2" R-19mm kc. MIX 

gtzcw P.WB 
ut~-vrsk= TYPl&3L 

I 

I MIX DESIGN PER EAST VALLEY ASPHALT COMMITTEE 

Re&er Rh 
MAJ 0 R DETAIL NO, 

COLLECTOR STREET I REVISED 5/16/01 ( 7 7  
E X A ~  NO. 
7 7  

TOWN OF GILBERT 
STANDARD DETAIL 
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in curve. 



Final Geotechnical Investigation Report 
Sonoqui Wash Channelization 

/ PCN #480-04-31 
I ! Gilbert and Queen Creek, Arizona 

AMEC Job NO. 5117-001097 
25 October, Zm., . 

5.4 Excavation 

The soils encountered at the site are predominantly moderately finn in the upper five feet 
increasing to firm to very grm with depth, with occasional hard zones. Based on the predominantly 
firm to very firm nature of the soils, it appears that typical construction equipment will be able to 
excavate to the full depth required. 

5.5 Slopes ' . 

5.5.1 Temporary Slopes 

It is recommended that temporary cut slopes be no steeper than 1.5H:lV w~thin the natlve 
granular soils. These recommended slopes are based on the uncemented materials 
encountered in the borings and OSHA requirements (OSHA, 1990). Steeper temporary 
excavations, including those to employ trench shoring, should be made only if based on stability 
analyses by a registered geotechnlcal engineer. The analysis should take into account the 
slope angles, trench geometries, and any surcharge load~ngs due to equipment and spoil piles. 

Y 
, ~ 

; 5.5.2 Permaneat Slopes 

It is recommended that perminbnt cut or embankment slopes be no steeper than 3H:qV. These 
recommendations are based primarily on the aesthetics of the project and to minimize rilling and 
slope erosion. However, it is still anticipated that some rilling will occur on unprotected slopes. 

5.6 Pavements 

Pavement design analysis was performed for the proposed crossings of Sonoqui Wash at 
Higley Road, Power Road, Via del Jardin. Sossaman Road and Chandler Heights Road. For 
the purpose of the current project it is assumed that dip crossings are planned at these 
locations. The existing structural section at each location is unknown. An attempt was made to 
determine the existing structural section through as-built plans but the as-builts could not be 
located. 

The structural section at the dip crossings was determined using the Town of Gilbert Pavement 
Design Charts (Design Charts). The input parameters required for use of the Design Charts are 
the plasticity index and the percent passing the No. 200 sieve of the subgrade, and the 
classification of the road. Samples adjacent to the proposed dip crossing locations were 
obtained during the field investigation and were tested to obtain the required information. The 
subgrade information and roadway classification at each dip crossing are presented in the 
following table: 
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Boring 

Using the information in the above table and the Design Charts the following conventional 
-asphaltic concrete over granular base pavement structures were determined. 

Location - 
Higley Road 
Power Road 
Via del Jardin 
Sossaman Road 
Chandler Heights Road 

r 1 Asahaltic Concrete 1 Granular Base Course 1 

Subgrade Information 
I Percent Passing Roadway 

*Boring done as part of previous investigat~on for proposed Chandler Heights Bridge. 
NP = nonplastic. 

Location 
8-2 
8-14 
8-18 
8-22 

SM-I* 

5.6.1 Materials Quality and Construction Requirements 

Location 
Higley Road A' 

Power Road 9' 

Via del Jardin 
Sossaman Road 
Chandler Heights Road 

The materials quality and construction requirements should conform to the following sections of 
the current "Uniform Standard Specifications for Public Works Construction" sponsored and 
prepared by the Maricopa Association of Governments: 

Plasticity Index 
8 
6 

NP 
NP 
NP 

Item - 
Untreated Base 
~ituminou's Prime Coat 
Asphaltic Concrete 

(inches) 
4 
4 
2 
4 
4 

Sectionfs) 

310 & 702.2 
315 

321 & 710 

No. 200 Sieve 
77 
64 
35 
34 
34 

(Inches) 
12 
12 
9 
12 
12 

The type of seal coat should be determined based on construction performance. 

Classification 
Major Arterial 
Major Arterial 

Major Collector 
Major Arterial 
Major Arterial 

5.6.2 Asphaltic Concrete 

A type C19 mineral aggregate or approved alternate shoufd be utilized. The job mix formula 
should be established using the Marshall method of mix design (ASTM D1559), with design 
parameters determined by MAG Section 710. The following criteria should be used in the mix 
design: 
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/' 
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I PCN #480-04-31 
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' AMEC lob No. b l l i ~ l 0 9 7  
25 October, 2004 

Oil Type - PG70-10 
Number of blows, each end of specimen - 75 
Stability, pounds - 1,800 minimum 
Percent air voids - 3 to 5 
Percentvoids in mineral aggregate - 14 minimum 
lnde'x of retained strength, % - 60 minimum 

The stripping potential of the job mix formulation should be determined in accordance with MAG 
Section 710. The type and quantity of anti-strip additive, if required, should be assessed to 
meet local agency specification requirements. 

5.7 Pipe Corrosion Potential 

The corrosion potential of five selected soil samples recovered in the vicinity of the dip crossings 
was estimated. The locations were characterized for the use of prospective corrugated metal 
pipe (CMP) utilizing laboratory pH and electrical resistivity testing, performed in accordance with 
Arizona Test Method 236. The locations were also characterized for the prospective use of 
concrete pipes utiJzing sulfate testing, performed in accordance with Arizona Test method 733. 

'a Results'of the corrosion potential testing are presented in Appendix B. 

The laboratory pH values ranged from 8.1 to 8.3. and the resistivity values ranged from 2,925 to 
6,241 ohm-centimeters (ohm-cm). Figure 203.01-5 of the Preliminary Engineering and Design 
Manual (ADOT, 1989), as shown in Figure.3, indicates that there are no'restrictions on the type 
of pipe that can be used. 

Total soluble sulfate values ranged from 14 to 29 parts per million (ppm). In the case of the 
sulfate tests, the test result is the water-leachable or "available" sulfate content These results 
were compared to Table 4.3.1 (Requirements for Concrete Exposed to Sulfate-Containing 
Solutions), specifically the "Sulfate (SO4) in water, ppm" column in the table in Section 4.3 of the 
American Concrete Institute (ACI) Manual of Concrete Practice (ACI 318/318R, 2001). All test 
results were found to be "negligible" in terms of sulfate exposure, indicating that Type I or Type 
II Portland cement would be adequate for concrete pipes in contact with these materials. - 
5.8 Preliminary Soil Cement Design 

Soil cement is planned to be used at drop structure locations and varlous other locations to 
protect the channel from eroslon. Drop structures are anticipated upstream of Higley Road, 
Recker Road, Power Road. Via del Jardin, and Sossaman Road. Other locations that may 
require soil cement are at welr outfall locations near the Queen Creek Wash and the planned 
retention basin at the northeast corner of Chandler Heights Road and Sossaman Road. It is 
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Trail ~ e s i g n  (Off-Street)' 
o All facilities shall be constructed in compliance with Ule A.D.A. (Americans With Disabilities 

.. Act of 1990) Accessibility Guidelines for Building and Facilities, 1998. : 

o All stopping sight distances, horizontal and vertical cuweredii and grades will meet 
A A ~ ~ ~ 0 ( A m e r i c a n  Association-of State Highway and Transportation Officials) guid6ihes. 

Equestr ian Path 
The purpose o f  this section is  t o  provide standards t o  the designer, trai l  . . 

planners and the Town of  Gilbert, for the construction of the equestrian path and 
other related facilities. 

Minimum tract1 easement width = 25' if adjacent to public right-of-way. 
Trail = I 0  'wide minimum (12' preferred). . . 
Surface = 3" minimum depth, stabilized decomposed granite (114" minus), color = gold. 
(Saturate and compact native soil sub-base to.95% compaction within 1' of surface). 
Use a non-selective herbicide to prevent. vegetative growth under the path: 
No edge treatment is required but a 21 horizontal clearance (minimum) to obstruc~onsl 
vegetation is required at edge of path. A decomposed granite color change along with the 
size gradation.will help define the paths edge.' 
A 10' vertical clearance (minimum) is required. 

o Comply with Approved Plant List - Figure 3, for, plants that can and cannot be pianted 
.. adjacent to the equestrian path. 

o Equestrian paths shall not encroach within 6'.of any canal or irrigation tail waterditch 
except at canal brfdge crossings. (See Detail TR - 5). 

o No equestrian paths shall parallel an active railroad track. 
o S e e  Details TR - 11213 for more information. 
.o Comply with the Maintenance Schedule, set forth in Figure 2. 

~. 

Shared Use Trail 
The purpose of this section is  t o  provide standards to the designer, trail 
planners and the Town o f  Gilbert for  construction o f  shared use trails and other 
related facilities. 

o Minimum tract! eisement wldth = 25'. 
o Shared Use Trail must be 10 'wide minimum (12' preferred). 
o SuFface = 3" (minimum) 3,000 psi concrete or hot mix asphalt (saturate and dbmpact native 

- . soil sub-base to 95% compaction, minimum 12?depth). ~ . 

a Use a non-selective herbicide to prevent vegetative growth under the trail. 
o Gradients: Maximum horizontal grade = 5%. Minimum cross slope is 2% per AASHTO to 

allow for proper drainage. 
o White paint striping should be used to delineate two-way travel, a'nd it shduld occur at the 

edge and at centerline of the shared use trail (See Detail TR -4). . 
a An 8.5' vertical clearance (minimum) is required. A 2' horizontal clearance (minimum) to 

obstructions and vegetation is required at edge of trail. 
0' Facilities shall be designed in compliance with the A.D.A. ~c~essibil i ty Guidelines for 

Building and Facilities, 1998. 
o, All stopping sight distances, horizontal and vertial curve radii and grades will meet 

AASHTO guidelines. 
o Prohibit motorized use on all Shared Use Trails, with the exception of authorized repair, 

maintenance and emergency vehicles. 
o Emergency or public telephones should be installed at all major nodes, trailheads and all 

areas wheie the public's safely is in question; 
o Removable bollardsare only to be used at nodal areas if non-approved . . motorized 

encroachment is occurring on a regular basis (See Detail TR - 22). 
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GENERAL NOTES? FLOOD WNTEUt DISTRICT NOTES 6&&%!~ 
CONSTROCTION SPECIFICATION - UARICOPA ASSa:IATION OF WYERNMENTS [MAGI UNIFORM STANDARD ALL CONSTRUCTION W W N  FLOOD CONTROL DISTRICT IDISTRICTI RIGHTS-OF-WAY 
SPECIFICATIONS FOR PUBLIC WORKS CONSTROCTON. I1998 EDITION. INCLUDING REVISIONS THROOGH X04- S H U  CONFORM TO THE LATEST MARICVPA ASSOClATlON OF WYERNMENTS' [MAGI LEmER OR NUWER DENOTING 

CPFCIFIDITIONS. n / r ~ ~ ~ ~ ~  OR DETAIL - -. . . . . - 
DESIGN SPECIFICATIONS - -0 STANDARO SPECIFfCATION.5 FOR HIGWAY B R I M S ,  Rth EDITION. 2032. uun mTNN NEcESSARl PERMIT TO muENCEMENT A53T BRIDGE AND ESIGN DETAILING MANUAL. 19%. AS APPLICABLE. M H T O  STANDARD SPECIFICATIONS 
FOR STRUCWRAL SUPPORTS FOR HIGHWAY SIGNS, LUMINAiRES AND T M C  SIGNALS. 4TH EDITION. OF CONSTRUCTION WITHIN DISTRICT RIGHT-OF-WAY AND MAINTAlN A WF'Y OF 

* THE PERMIT ON THE PROJECT SITE AT ALL TIMES. 
WHERE NOTED. REFERENCES ARE ALU) UALE TO THE A~UZONA DEPARTMENT OF TR4NSPORTATION 

DWG NO. WHERE SECTMN OR DETAIL 

STANDARD SPECIFICATIONS FOR ROAD AND BRIDGE CONSTRUCTION. Z060 EDITION. NOTIFY THE DISTRICTS PERMITS INSPECTOR AT 602-506-4727 OR €02-506-4723 IS SHMYN OR REFERRED. S-SERIES 
AT LEAST 48 HOURS PRIOR TO ANY WORK BEING PERFORMED IN THE DISTRICTS UNLESS NOTED OTHERWISE. BLANK 

DEAD L@D - DEAD LOAD INCLUDES ALLOWANCE FOR 25 FWNDS PER W A R E  FCOT TOTAL FOR FUTURE RIGHT-OF-WAY. IF SHOWN ON SAME SHEET. 

WEARING SURFACE. 
CONTRACTOR PERFORVNG EXCAVATION OPERATIONS IS  RESPONSIBLE FOR 

L@DING CIA55 - HSm-44 LOCATING AND PAOTECTlG ALL UNDERGRCUND UTILITIES. 

SEISUIC PERFORMANCE - CATEGDRY A lAcc = 0.03 gl ALL COUPACTION AND =FILL WLTHIN DlSTRICrS RIGHT-OF-WAY W 
WNFORM TO THE LATEST MAG SPECIFICATIONS UNLESS STIPULATED 

REINFORCNG STEEL SHALL CONFORM TO ASTM SPECIFICATION Pb15/A615M-%A. ALL REINFORCING STEEL OTHERWISE IN THE DISTRICTS PERMIT. 
SHALL BE FURNISHED AS GRADE 60. 

ANY W A G E  TO THE DISTRICTS STRUCTORES. EWIPMENT. MATERIALS. 
ALL BENM AND HOOKS SHALL MEET THE REWIREMENTS OF /L4SnTO ARTICLE 8.23. ALL BEND DIMENSIONS YEGETATIW. AND/OR PAOPERT7 SHALL BE REPLACED AND/OR REPAIRED 
FOR REINFORCING STEEL SHALL BE CUT-To-OX OF &WE. PL~CEMEKT DIMENSIONS FOR REINFORCING IN-KIND TO THE SATISFACTMN OF DISTRICT. 
STEEL SHALL BE TO CENER OF BARS UNLESS NOTED OTHERWISE. 

IN AXVl?LWCE WITH MAG SPECIFICATIOIV SECTION 206. STRUCTURE EXCAVATION 
ALL REINFORCING STEEL SHALL HAVE 2 INCHES UEAR WVER UNLESS XOTED OTHERWISE. AND BACXFILL SHPU NOT BE PAID AS SEPERATE BID ITEMS BUT S W  EE 
REINFORCING STEEL IN CONCRETE PLACED DIRECTLY .GUNST EARTH SHALL HAVE 3 INCHES CLEAR COYER. WNSIDERED SUBSIDIIARl TO THE BID ITEM PORTLAND CEMENT OONCRETE CU(SS 64. 

STRESSES* CONCRETE STAINING NOTES 
SUPERSTRUCTURE (INCLUDING SIDEWALKS ON SUPERSTRLCNREI CLASS AA---.---.---.f'c = KKX? PSI 
ABOTMENTS & DRILLED SHAFT DIP BEAMS CLASS PA .................~..S.S.-..---.-..---- f 'c = 4000 PSI 

THE FOLLOWING EXWSED CONCRETE SURFACES WALL BE STAINED2 
ABUTMEUS AND WINGiVALLS, TOP OF WALLS. ENOS OF WALLS AND 

WINGWAUS. APPRWH SUIBS. SaWR FLWR & CUTOFF WAUS ............----.------- -- f ' c  ' 3033 psi 
DECK ............................................................................................ fc = I600 PSI 

FROM FACE FROM TOP OF WALL 

GRADE 60 REINFOfXING ............................................................................ f s  = 24000 PSI 
TO mp OF CONCRETE FLCOR SLAB. SIDES AND 80m SURFACE OF 

CONCRETE SUPERSTRUCTURE. 

WLL ,WPETE P A L L  6E MAG CUSS A CR A4 gNLESS NOTED OTEREISE. 

CHAMFER ALL EXPOSED CORNERS Jk' UNLESS NOTED OTHERWISE. 

THE FOLLOWING CONCRETE SURFACES SHALL BE EXCLUDED FROM STAINING* 
SEWLVKS. CURES, TRAFFIC SUE OF COXCETE EARRIERS AWD 6RiE'E 

DECK ROADWAY SURFACE. 
PRECAST CONCRETE PYLON W. 

DIMENSIONS SHALL NOT BE SCALED FROM ORAWINGS. CONCRETE STAIN SHALL BE THE FOLLOWING DECORATNE WATING CUSTOU MLOR OR APPROYED EWAL: 
=5zm. WARUTH. DILUTED er ~5%. B r  FRAZEE PAINT CoYpANr, PHOENIX. AZ. 

ALL STATIONS AND OFFSETS ARE MEASURED WITH RESPECT TO THE HIGLEY ROAD M f. 

THE STRUCTURE BACKFILL WALL WNFORM TO THE REWIREMENTS OF THE MAG ST0 SPECIFICATIONS. 
THE STAINING PROWCT SPECIFIED AEWE SHALL BE APPUED AFTER L23NCRETE HAS ----\,-- 

CURED /WD ~ I N G  TO PiWPER PREP PER MANUFACTURER*S WRITTEN RECOMMENDATIONS. 
THREE FEET OF STRUCTURE BACKFILL MATERIAL WALL EE PLACED AGAINST THE ABUTMENT BACKWALL. 
WINGWALL AND RETNNING WALLS. THE aKOR SHALL CONFORM TO THE OLOR REWIREMENTS WITH RESPECT TO HUE 

AND CHROUA. A 5-FOOT BY 5-FWT TEST PANEL SHALL BE MALE AND THE COLOR SHAU 
EE APPBIYEO BY THE ~~E ARCHfTECT OR EhGINEER PRIOR m USE. THE 
COST OF THE CONCRETE STAIN AND CONCRETE TEST PANELS SHALL BE CONSIDERED 
iNCIDENTAL AND INCLUDED IN THE PRICE OF CONCRETE STROCTURES. 
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DRILLED SHAFT NOTES: 
I. aRIUED SHAFTS S H U  BE IN WRDANCE WITH THE SPECIAL PROVISIONS. 

3. IF  THE TIP OF THE DRILLED SHAFT IS  EXTENDED MORE THAN 3 ' - 0  BELOW THE ELEVATON 
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SOlL STABILIZATION OR THE USE OF TEMWRARY CASING. SEE GEOTECHNICAL ENGINEERING 
REPORT FOR THIS PROJECT BY.MEC EARTH & ENVIRONMENTAL. DATED AUGUST 31. 2005. 
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a 2 Hvdroloclv and Local Inflow 

2.1 Channel Design Hydrology 

The Flood Control District of Maricopa County performed the hydrologic analysis for 
Sonoqui Wash to establish discharges for the main channel hydraulics and sediment 
transport analysis and provided Stanley with the necessary HEC-1 hydrologic model for 
the project. This model was based on a 100-year, 24-hour storm distribution. The 
model initially provided by the District (model QCSWHMPR) approximated a discharge 
of 3,200 cfs that essentially did not change from the upstream end of the project to the 
downstream end. 

A design discharge of 3,200 cfs was applied over the entire project design reach 
throughout most of the pre-design phase of this project. Near the end of the pre-design 
phase, the project team discovered some errors in the upper Pinal County portion of this 
model. The District revised the HEC-1 files to accurately reflect the hydrology in Pinal 
County and, at the same time, added an off-line detention basin at Chandler Heights and 
Sossaman Road. This HEC-1 model was called SOSSBASEX. 

The detention basin, referred to as the "Stage Stop" Basin, is named afler the historic 
stage stop ruins that exist on the site. The Stage Stop Basin is an off-line detention 
basin that was the lower-most of three basins recommended from the Queen Creek / 
Sanokai Wash Hydraulic Master Plan (HMP) which was completed by consultant Huitt- 
Zollars for the Flood Control District of Maricopa County in September, 2000. 

The Huitt-Zollars HMP is the predecessor of the Sonoqui Wash Channelization Project. 
In the HMP, the Stage Stop Basin is referred to as the Sossaman Detention Basin and 
had an excavated volume of about 184,000 cubic yards (about 114 ac-ft) and an 
effective storage volume of about 77 ac-fl. The concept level plan and profile sheet from 
the HMP depicting the detention basin is included in the appendix at the back of this 
section. 

The SOSSBASEX model has two distinct peaks in the hydrograph corresponding to the 
two primary contributing sub-areas of Sonoqui Wash, the Main Channel and the East 
Branch. The first peak corresponds to the contributing area of the shorter more local 
Main Branch. It has a relatively sharp configuration and smaller volume compared with 
the second peak. The second peak corresponds to the East Branch which has a longer 
much larger contributing area. 

The first peak is approximately 2,2006s at concentration point CP-C~X (at Chandler 
Heights Road near the upstream end of the project) and occurs at about hour 14 of the 
24-hour storm., The second peak is approximately I ,900cfs at that location and occurs 
at about hour 26 of the 24-hour storm. The SOSSBASEX hydrograph at concentration 
point CP-C7X is included in Section 4 of this report. Section 4 covers the hydrologic and 
hydraulic unsteady flow analysis of the Stage Stop Basin. 

The Stage Stop Basin concept design in the SOSSBASEX model was to divert enough 
main channel hydrograph volume (about 26 ac-fi) to reduce the flow by approximately 
350 cfs, bringing the new peak discharge in the channel down to 1,850 6 s  just 
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downstream from the basin's lateral weir. The 26 ac-ft corresponds to the volume in the 
SOSSBASEX hydrograph at CP-C7X above the discharge of 1,850 cfs (combined 
volume of both peaks). The results of the unsteady flow analysis in Section 4 indicated 
that a volume greater than 26 ac-ft in the Stage Stop Basin is necessary to achieve the 
desired discharge reduction. This is because it is not possible to instantly divert only the 
26 ac-ft once the discharge in the channel reaches a flow of 1,850 ds. 

The hydrograph from the unsteady flow analysis corresponding to the Stage Stop Basin 
outlet was imported into the SOSSBASEX HEC-1 model downstream from the basin to 
check how its lagging peak time would influence peak discharges at downstream 
concentration points. It was found that the basin would not only reduce the peak 
discharge in the main channel by 350 d s  at the basin but that the peak discharges at 
each concentration point downstream were essentially the same or less than without the 
basin. 

This conclusion considers both the first and second peaks of the SOSSBASEX 
hydrograph. The first hydrograph peak at CP-C7X is higher and more concurrent with 
local sub-basins downstream. The second peak is more concurrent with the lagging 
discharge from the Stage Stop Basin downstream. 

From this analysis, it was concluded that; 1) the Stage Stop basin achieved its 
hydrologic goals; 2) the simple diversion step corresponding to the basin in the 
SOSSBASEX model is valid; and, 3) the SOSSBASEX model can independently 
represent project hydrology without having to be linked to the outlet hydrograph from the 
unsteady flow analysis. 

100-year peak flows and flow change locations for channel design were established 
durina a meetina held with Stanley and District staff on Auclust 28, 2004 at Stanley's 
offices. ~esi~n-discharges within-the project limit do not tend to change significaitly 
from the upstream end of the project to the downstream end. This project is at the 
downstream end of a sizeable contributing area. The local tributaries that enter the 
channel within the project limit represent only a small portion of the overall contributing 
area and have somewhat different peak times compared to the main channel flow. ; 

The design discharge from the upstream project limit to the downstream side of the 
Stage Stop Basin inlet lateral weir was set at 2,200 ds. From the downstream side of 
the weir to the basin outlet pipe, a discharge of 'l.850 d s  is used. Just upstream from 
Sossaman Road, the discharge increases to 2,100 d s  from local tributary flow entering 
the channel. The discharge remains 2,100 cfs until just upstream of Via del Jardin 
where the design flow increases to 2,300 ds. The design flow remains 2,300 d s  until 
Recker Road. From Recker Road to the end of the project, a design flow of 2,400 cfs 
was used. 

According to the regional hydrologic models for Queen Creek and the East Maricopa 
Floodway, the Sonoqui Wash hydrograph peak time@) are essentially concurrent with 
the peak flow in the Queen Creek Wash channel which Sonoqui Wash flows into. 

The SOSSBASEX HEC-1 input model is included on the final deliverable CD. The HEC- 
1 model schematic flow diagram from the Huitt-Zollars Hydraulic Master Plan is included 
in the back of this section. This schematic corresponds in structure to the SOSSBASEX 
HEC-1 model. 
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2.2 Hydrographs for Sediment Transport Analysis 

The SOSBASEX model provided by the District is a modified version of the "future 
condition" HEC-1 model (QCSW-HMP.DAT) prepared for the District by Huitt-Zollars in 
support of the Queen Creek I Sanokai Wash HMP and East Maricopa Floodway 
Capacity Mitigation Study (November 2000). The SOSBASEX model was created to 
reflect channelization of the main branch of the Sonoqui Wash from Higley Road to 
Riggs Road. In addition, the model was used to approximate the size of an off-line basin 
located just downstream of Chandler Heights Road. However, unlike the HMP HEC-1 
model, the SOSBASEX model was based on an existing land use condition for sub- 
basins located in Maricopa County. 

As part of the Sonoqui Wash Channelization design, a sediment transport analysis was 
required. To accomplish this, sub-consultant WEST Consultants (WEST) utilized the 
Corps of Engineers' HEC-6T program. HEC-6T is a one-dimensional sediment transport 
model that is used to calculate water surface and sediment bed surface profiles by computing 
the interaction between sediment material in the streambed and the flowing water-sediment 
mixture. In order to run the HEC-6T program, inflow hydrographs are needed for 
various return frequencies. By modifying the SOSBASEX HEC-1 model, Stanley was 
able to provide WEST with hydrologic models for the 2-, lo-, 25-, 50- and 500-year 
return frequencies. WEST was then able to extract the appropriate HEC-I computed 

, hvdroaraohs for use in the HEC-6T model. , " a  

To generate HEC-1 models for the required return frequencies, and to ensure that 
these models utilized sub-basin time of concentration (Tc) and storage coefficient (R) 
values corresponding to each return frequency, Stanley chose to utilize the District's 
Drainage Design Management System for Windows (DDMSW) program. DDMSW 
facilitates data management and computational procedures required for drainage 
analysis in Maricopa County. 

The DDMSW model was created by Stanley by importing DOS based hydrologic 
parameters (SNQ-FUT.SBR), which were provided by the District, into the DDMSW 
program. However, unlike the assumption of existing land use conditions used in the 
SOSBASEX HEC-1 model, the SNQ-FUT.SBR data reflected a fully developed land use 
condition for sub-basins located within Maricopa County. 

Once the DDMSW model was created using the SNQ-FUT.SBR data, the 
SOSBASEX.DAT HEC-1 model was imported into the DDMSW model. The 
SOSBASEX.DAT model was then updated to generate the 2-, lo-, 25-, 50- and 500- 
year return frequency HEC-1 models. Minor modifications to the SNQ-FUT.SBR data 
were necessary in order to update this data in the DDMSW model. For example, 
imported soil data, which was not listed in the DDMSW default soils table, was modified 
before updating could occur. 

While the newly generated HEC-1 models for sediment transport have appropriate sub- 
basin Tc and R values corresponding to each required return frequency, hydrologic land 
use parameters were modified from an existing to a future condition for sub-basins 
located within Maricopa County. Although this change in land use condition does not 



Sonoqui Wash Channelization Final Design 
FCD 2002C037 

1 
correspond to the original SOSBASEX HEC-1 model, computed hydrographs from each 
HEC-1 model are within an acceptable tolerance for use in the sediment transport 
analysis that was performed by WEST Consultants. 

2.3 Local Inflow and Associated Hydrology 

The predominant direction of land slope and drainage in the project area is from east to 
west. The lower reach of the Sonoqui Channel from Queen Creek Wash to about '/4 mile 
west of Power Road has little or no natural local contributing area since it flows almost 
exactly in line with the predominant land slope and local drainage. The upper reaches of 
the wash channel that are slightly diagonal to the land slope do receive local tributary 
flow from the east but typically little or no tributary flow from the west. 

These observations, supported primarily by field reconnaissance and review of recent 1- 
ft and 2-ft contour topography, were reviewed in the context of the more regionally based 
SOSSBASEX HEC-1 model. In many cases it was not easy to relate a specific tributary 
inflow location from the HEC-1 model to observed field locations. Regional models 
typically focus on large scale hydrology and contain limited local detail. 

Tributary inflow represented by a single concentration point in the regional model may 
actually reflect a number of smaller inflow points that enter the main channel over a 
given sub-reach. Confluence points identified in the regional model may not represent 
flow that actually enters the main channel but flow in the adjoining overbank as in the 
wide shallow floodplain of the lower reach of Sonoqui Wash below about Power Road. 
Land development and other improvement projects currently being constructed or 
planned in the near future are impacting the local drainage. 

In the lower reach, land use is changing. Residential development is progressing at a 
rapid pace. Stormwater retention and detention will be incorporated in the adjacent 
residential and commercial I retail developments, roadway improvement and municipal 
projects such as the Town of Gilbert water recharge facility north of the channel east of 
Higley Road and the multi-jurisdictional water treatment plant on the south side of the 
channel between 172"~ and 174" Streets. Development and adjacent improvements will 
change the character of local inflow in the lower reach. In some cases, historic local 
inflow points may be eliminated or moved and new inflow points will be created. 

Much of the existing lower reach of Sonoqui Wash is a man-made ditch with a shallow 
cross section and earth berms built up on one or both sides. The earth berms along the 
wash channel combined with the predominant land slope tend to limit the locations of 
inflow to the lower wash channel. Although agricultural land use in the lower reach has 
been on the decline, there are still a number of locations where irrigation tailwater 
facilities convey flow into the Sonoqui channel. These tailwater facilities would also 
convey stormwater into the channel. The local farm irrigation practices adjacent to the 
lower reach also tend to limit the magnitude of local s t o n  runoff. 

Existing roadside ditches drain stormwater into the channel at Power Road, Via del 
Jardin, Sossaman and Chandler Heights Roads. Sossaman Road has the one and only 
storm drain system in the project area that discharges into the Sonoqui Wash channel. 
The storm drain appears to be an 1 8  pipe with a few small catch basins on the east 
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curb of Sossaman Road north of the channel. No plans or as-built drawings were found 
for this storm drain. 

Aside from irrigation tailwater and roadside ditches which have readily identifiable inflow 
locations, there are only a handful of other specific local inflow points that are large 
enough be identifiable and significant enough to be accommodated in the project design. 
These locations are addressed in later parts of the Hydrology Section. 

lrriaation Tailwater 

In the lower reach, local inflow points are typically in the form of ditches or small 
diameter irrigation tailwater pipes from the north and south located at field breaks. As 
mentioned, these tailwater facilities would also convey stormwater. When this project 
began, there were only about six active tailwater inflow locations observed below Via del 
Jardin which is the upper extent of active or former adjacent agricultural land use. 

Much of the agricultural land adjacent to the lower reach is no longer farmed and is 
actively being developed with residential land use. Much of the former farm land was 
fallow prior to the start of the project including Trilogy at Power Ranch, Vacquero 
Estates, Marbella Vineyards, Shamrock Estates and the parcel on the south side of 
Sonoqui Wash between 172"~ and 174'~ Streets. Agricultural land use which was active 
on the Bridges at Gilbert property when the project began ended with the cotton crop 
harvested in the fall of 2004. The only property actively farmed is the Sossaman Farm 

I from 180'~ street (114 mile west of Power Road south of Ocotillo Road) to Via del Jardin. 

In times past, when agriculture was the predominant land use and the area was actively 
farmed, the lower Sonoqui Channel was used as a tailwater waste outfall. Tailwater 
could be conveyed all the way downstream to the Queen Creek Wash channel west of 
Higley Road. As-built data and field observation reveal the presence of small pipe 
culverts under Higley Road at the Ocotillo Road alignment and to the south that used to 
convey tailwater. These culverts would also have conveyed stormwater. 

Interviews were conducted with the, local irrigation districts and farm operators to , 

determine whether there was still any active tailwater conveyance function that would 
need to be preserved with the Sonoqui Wash channel project. Meetings were held with 
the Queen Creek, Ranchos Jardines and San Tan Irrigation District representatives and 
with Steve Sossaman of Sossaman Farm. 

From this, it was determined that the Sossaman Farm operation is the only irrigation 
activity that needs to continue the routine practice of discharging tailwater into the 
Sonoqui Channel. From the research and interviews mentioned above, it did not appear 
that there was ever any practice of recovering tailwater for use downstream. In any 
event, there are no remaining downstream agricultural water users along Sonoqui Wash 
so there is no conveyance function necessary. Tailwater conveyed into Sonoqui Wash 
by Sossaman Farm simply ponds in the channel near the outfall point. 

Roadwav Ditch Drainaqe 

Typically, roadside drainage facilities consist of shallow earth or gravel ditches. Some of 
the roadside ditches only convey very local roadway drainage and some potentially 
intercept significant offsite contributing areas. Existing ditches range in size and 
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capacity but even the largest ditches will not convey very much flow. There is no 
apparent first flush detention function that was observed with any of the existing ditches 
and there was no design documentation found. 

There are existing roadway ditches along Higley and Recker Roads but they are nearly 
flat in longitudinal grade being essentially perpendicular to the predominant land slope 
and do not currently discharge any runoff into the Sonoqui Channel proper. There is 
essentially no Sonoqui Channel at Higley Road because it simply diminishes in size and 
ends just east of Higley Road. The channel at Recker Road is buffered by earth berms 
built up on each side so storm runoff does not drain directly into the channel. 

Existing ditches on each side of Power Road drain into the Sonoqui Channel from the 
north and south. This location corresponds to concentration point C10 in the regional 
HEC-1 model with local agricultural contributing drainage area from Sub-basins N4 and 
C10. These sub-basins produce 100-year peak discharges of 72- and 183cfs, 
respectively. 

According to the existing condition floodplain delineation for Sonoqui Wash, there is 
ootentiallv sianificant main channel overflow upstream from Power Road so there would . - 
be a significant component of overbank flow.' This channel overflow will be eliminated 
with the channel improvements. But there is a chance that local drainage alone from 
Sub-basins N4 and C10 will overtop the existing ditches along Power Road since they 
are only capable of conveying minor local roadway drainage. This situation may be 
mitiaated in the future when the Sossaman Farm property is developed and onsite . .  - 
ret&tion is provided. 

There is a small ditch on the south side of Via del Jardin that drains roadway and local 
tributary drainage into Sonoqui Wash from the east. This corresponds to HEC-1 
diverted hydrograph RN3W with a 100-year peak discharge of 263cfs. The existing ditch 
can only convey a fraction of this flow. Local grades immediately west of the Sonoqui 
channel at Via del Jardin slooe away from the channel so there is essentiallv no offsite 
drainage into the wash from ihe wesi at that location although the regional HEC-1 model 
schematic might suggest otherwise. 

Sossaman Road has shallow roadside ditches on both sides of the road that drain very 
local right-of-way drainage into the Sonoqui channel from the south. Drainage from the 
north enters the Sonoqui channel via ditch on the west side of the road and vertical curb 
and gutter and a small (18" diameter) storm drain system on the east side of the road. 
The regional HEC-1 model associates routed hydrograph RN3S with this flow at 
Sossaman Road. This hydrograph has a 100-year peak discharge of 96s. 

At Chandler Heights Road, local grades immediately west of the Sonoqui Channel slope 
away from the channel so there is essentially no drainage into the wash from the west at 
that location. From the east, there is potentially significant drainage that would approach 
the Sonoqui Channel as the regional HEC-1 model would indicate. The HEC-1 
hydrograph that most closely approximates this flow is RD3W with a 100-year peak 
discharge of 1706s. Although the ditches on either side of Chandler Heights Road are 
probably the largest encountered adjacent to the Sonoqui Channel Project, they are only 

e capable of conveying a fraction of the regional discharge. 
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Since regional and local flow rates are typically orders of magnitude greater than existing 
ditches can convey, the general approach for the Sonoqui Wash Channelization Project 
will be to replace existing ditches in kind. This replace in kind approach was also 
applied to roadway drainage and storm drain facilities. There was typically no hydrologic 
or hydraulic analysis performed to evaluate ditch capacity, flow spread, dry lane, first 
flush or retention. 

2.4 Drainage Plan for Local Inflow 

Queen Creek Wash Confluence to Hiqlev Road 

From the confluence with the Queen Creek Wash channel to Higley Road there is 
essentially no existing inflow. The vacant property north of the channel slopes 
predominantly to the west toward Queen Creek. When developed in the future, this 
property will be required to retain its runoff as will the Shamrock Estates residential 
subdivision which is currently under construction to the south. 

Hiqlev and Ocotillo Road Improvements 

Full width improvements of Higley Road are currently being designed from Ocotillo Road 
north. This roadway project will be required to have at least first flush retention and the 
current 90% Higley Road plans have small storm drain systems that outfall into the 

I improved Sonoqui Channel just upstream from Higley Road. This drainage system will 
be constructed as part of the road project. Higley Road improvements will be 
constructed at the same time or prior to the Sonoqui Channel project. 

Ocotillo Road, when improved in the future, may also have outfall storm drain pipe into 
the improved Sonoqui Channel. Outfalls may be needed at perhaps three to six 
locations along its length adjacent to the channel from at least the north half of the right- 
of-way. Drainage from the south half of the Ocotillo right-of-way may be required by the 
Town of Gilbert or Town of Queen Creek to be retained in the adjacent future 
developments to the south. Any drainage outfalls from Ocotillo Road may require first 
flush retention incorporated in the design. Ocotillo Road improvements will be a 
separate future project(s). 

Hiqlev Road to Recker Road 

The property associated with the Town of Gilbert Water Recharge Project north of the 
Sonoqui Channel east of Higley Road has been pre-excavated and does not presently 
discharge into the Sonoqui Channel. When constructed in the near future, the recharge 
project will retain its own onsite runoff. Opposite the recharge project on the south side 
of the Sonoqui Channel is the Marbella Vineyards residential subdivision project which is 
currently under construction. Marbella Vineyards is designed to retain all of its onsite 
runoff. 

The vacant, former agricultural parcel on the south side of the Sonoqui Channel between 
172"~ and 174" Streets that will be a future water treatment plant does not currently 
drain into the channel. It will be designed in the future with onsite retention. Therefore, 
no inflow from that parcel is anticipated. 
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Between 174'~ Street and Recker Road on the south side of the channel, there are a 
number of private residential parcels. some with residences and some vacant. These 
parcels predominantly drain to the west but may have a small component of offsite runoff 
that could concentrate along the Ocotillo Road alignment. These parcels currently do 
not appear to discharge runoff directly into the Sonoqui Channel. Therefore, no 
provision has been made to accept flow into the channel from the south in this reach. 

The Bridges at Gilbert development on the north side of the channel from 172""treet to 
Recker Road is currently being constructed in its northern phases. It has been designed 
with onsite retention and, therefore, no inflow is anticipated into the Sonoqui Channel 
from that project in the future completely developed condition. Two temporary irrigation 
inlet drains have been included in the Sonoqui Channel project at Stations 48+50 and 
62+00 (Lt) to replace existing drains that functioned when the Bridges property was 
actively farmed. 

It is recommended that these drains be retained in the project and constructed even 
though the property is no longer farmed. Until the southern portion of the Bridges is 
constructed or at least re-graded, it will produce storm runoff that will concentrate at 
these outfall locations. Although the temporary irrigation drains are only intended to 
replace existing facilities in kind and have only minor capacity, they will provide a 
controlled inlet for local runoff that might otherwise severely erode the channel bank if 
not constructed. If the southern phase of the Bridges at Gilbert subdivision is improved 
prior to the Sonoqui Channel project, these two drains could be deleted from the project. 

a Recker Road itself will have small roadside ditches that will essentially drain only the 
Sonoqui project right-of-way into the channel. Future Recker Road improvements will be 
designed to retain the drainage from the road right-of-way both to the north and to the 
south of the channel right-of-way. 

Recker Road to Power Road 

The Trilogy at Power Ranch residential subdivision extends from Recker Road to Power 
Road along the north side of the channel. This is formerly agricultural land that may 
have had some form of tailwater outfall to the Sonoqui Channel when it was farmed. 
The Trilogy subdivision is currently under construction adjacent to the Sonoqui Channel. 
Most of the development will retain its onsite runoff. 

However, according to the development's approved drainage report, the southwest 
corner of Trilogy will discharge runoff into the Sonoqui Channel immediately east of 
Recker Road via open channel. First flush retention has been incorporated into this 
drainage outfall. The 100-year discharge rate at this outfall location has been estimated 
at about 200cfs by the project's engineering consultant Wood Patel. 

This location corresponds to the regional hydrology HEC-I model concentration point I 
Sub-basin N5. The 100-year discharge at this location estimated by the regional HEC-1 
SOSSBASEX model is 202cfs. Excerpts from the Wood Patel drainage report 
documenting the estimated 2006s are contained in the appendix at the back of this 
section. A grouted riprap sloping down-drain will be constructed at this location. 
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( a The future residential subdivision parcel known as Vacquero Estates is located on the 
south side of the Sonoqui channel I future Ocotillo Road and stretches from Recker 
Road east for a distance of about % mile. It is currently vacant and was formerly 
agricultural land but has been fallow since before the channelization project began. 

The Vacquero Estates parcel slopes predominantly from east to west, although when it 
was farmed, it may have been irrigated from south to north. It does not have any 
apparent tailwater channel or pipe outfall into the Sonoqui Channel and is buffered from 
the channel proper by an earth berm. No provision has been made to receive any 
tailwater or storm runoff from this property. When the subdivision is developed in the 
future, it will be required to retain its onsite runoff. 

East of Vacquero Estates and south of Trilogy is the Sossaman Farm which extends 
both east and west of Power Road. Included in the Sossaman Farm property is the 
quarter section of land at the southwest comer of Power and Ocotillo Roads. This parcel 
is bisected by the existing Sonoqui Wash channel. 

South of the existing Sonoqui Channel this parcel is currently farmed. North of the 
existing channel there is an adobe brick manufacturing plant. The farm land south of the 
channel is irrigated from south to north and tailwater currently enters the Sonoqui 
Channel at the downstream extent of the farm (about % mile west of Power Road) via 
small diameter pipe. Stornl runoff from the adobe plant generally flows west and 
southwest and is intercepted by the existing Sonoqui Channel. 

The Sonoqui Channelization Project will re-align the channel to the south of the existing 
channel. The existing channel will be abandoned. The project will also replace the 
existing Sossaman Farm tailwater drain with a new one at Station 102+00 (Rt) which will 
serve the property south of the new channel alignment as long as it is farmed. The 
Sossaman property south of the new channel is planned for future single family 
residential development. When this development occurs, the subdivision will be 
designed with retention of onsite runoff and the tailwater drain at Station 102+00 could 
potentially be abandoned or removed. 

' 

The Sossaman Farm parcel north of the new channel alignment is planned for future 
commercial I retail shopping center. According to the farm owner I operator, that portion 
of the parcel between the existing and new channel alignments will no longer be farmed 
after the new channel is constructed. As long as it remains furrowed in the north-south 
direction, storm runoff will be directed to the north and will enter the existing 
(abandoned) channel along with runoff from the adobe plant north of the old channel. 

Any future interim grading or earth fill on that portion of the Sossaman Farm property 
between the old and new channel should be designed to drain north into the old channel. 
About 200 feet of the old channel next to the new channel will be filled and blocked off to 
contain the new channel. Storm runoff that enters the old channel will simply pond until 
it percolates or evaporates. When the commercial I retail parcel is developed in the 
future, the old channel will be filled in and onsite retention will be provided. 

Power Road to Via del Jardin 

This reach is the other portion of the Sossaman Farm mentioned previously, is also 
bisected by Sonoqui Wash and is also currently under agricultural land use. Shallow 
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replacement roadside ditches along each side of Power Road will be graded with the 
Power Road improvements as part of the channelization project. These ditches will 
drain into the new channel from the north and the south the same way they currently 
drain into the old channel. Roadside ditch drainage from the west side of Power Road 
north of the old channel will drain into the old channel. 

Irrigation tailwater currently enters the old channel from the north and from the south just 
east of Power Road. New drains will be constructed at the new channel alignment just 
east of Power Road at Station 135+00 (Lt and Rt) to accommodate the current tailwater 
needs. The old channel will be filled just east of Power Road level with grades to the 
north and south so that the farm owner I operator can construct a new tailwater ditch 
from the field north of the existing channel to the new tailwater drain on the north side of 
the new channel. 

Generally, it will be the farm owner I operator's responsibility to cut new tailwater ditches 
connecting to the new tailwater drains provided by the channelization project. As long 
as this is done and the agricultural land use is continued, tailwater and storm runoff will 
be controlled to the current extent and nominal flow will only enter the channel at 
designated locations. 

One other new tailwater drain will be constructed within this reach of the channelization 
project at Station 158+00 (Lt). This will replace the existing drain a few hundred feet 
north of Via del Jardin on the east side of the existing channel. 

As with the Sossaman Farm west of Power Road, the property east of Power Road is 
planned for development. The property south of the new channel will be residential and 
the area north of the new channel will be commercial I retail. When this development 
takes place, the old channel will be filled in and onsite retention will be incorporated into 
the design. 

Via del Jardin to Sossaman Road 

As mentioned previously, Via del Jardin has a ditch along its south side that conveys 
flow from the east into the existing Sonoqui Channel. This ditch is crossed by 
driveways, some having small diameter culverts. As mentioned in the "Roadway Ditch 
Drainage" portion of previous Section 2.3, this location corresponds to the regional HEC- 
1 model hydrograph RN3W with a 100-year peak discharge of 263cfs. The existing ditch 
cannot convey anywhere close to this flow rate and will only be replaced in kind. 

A few hundred feet upstream from Via del Jardin on the north side of the channel there 
are a couple of minor inflow points for very local offsite drainage. These locations are 
much too small to have been incorporated individually in the regional HEC-I 
SOSSBASEX model. These locations correspond approximately to stations 174+00 (Lt) 
and 176+00 (Lt). 

These locations are thought to be old local tributary washes that pre-date the Ranchos 
Jardines subdivision. The contributing drainage areas to these inflow points consist of 
no more than the adjacent back yards and would not be more than a few acres each at 
most. The local drainage at these locations will be accommodated by dropping the top 
of bank profile down in a "V" configuration to match existing grade. Bank erosion from 
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local inflow at these two locations will be mitigated by placement of plain dumped riprap 
and the continuous channel bank lining. 

The next inflow point upstream in the Ranchos Jardines subdivision is at the bend in the 
channel near station 185+00 (Rt). According to U.S.G.S. topography, this location 
appears to be either a significant local tributary or an old remnant channel of Sonoqui 
Wash. Local drainage originating south of Chandler Heights Road potentially drains to 
this location. In the regional HEC-1 model, this local drainage corresponds to routed 
hydrograph RC8N with a 100-year peak discharge of 34 cfs. 

Under existing conditions, the local 100-year discharge estimated at this location in the 
regional HEC-1 model is overshadowed by flow that, according to the existing condition 
floodplain delineation prepared by consultant Entellus for the Flood Control District of 
Maricopa County, splits from the main channel near Chandler Heights Road. Entellus 
estimated a discharge of 830 cfs for use in delineating this breakout branch of Sonoqui 
Wash. 

However, the Sonoqui Wash Channelization project will eliminate the main channel 
breakout near Chandler Heights Road from occurring. Further, the Town of Queen 
Creek plans to construct a local drainage project that would eliminate the local flow split 
at concentration point "C8 (out)". The Town of Queen Creek project consists of a 
detention basin at the Southeast corner of Cloud and Sossaman Roads and a channel 
that would take half the discharge from the detention basin outlet north along Sossarnan 
Road and discharae it directlv into the Sonoaui Wash channel immediatelv uostream 

I . . ~- from Sossarnan ~ o a d .  w 
The regional SOSSBASEX HEC-1 model that serves as the hydrologic basis for the 
Sonoqui Wash Channelization project reflects the local Town of Queen Creek Cloud 
Road  asin in project. The combined Sonoqui Channelization and Cloud Road Basin 
projects, then, will significantly reduce the contributing drainage area and discharge that 
enters Sonoqui Wash near Station 185+00 (Rt). The only remaining contributing area 
will be the area bounded by the Sonoqui channel on the north, Sossaman Road on the 
east and the Ranchos Jardines subdivision to the south. , 

Based on a Rational Method analysis, this local drainage area produces a 100-year 
existing land use condition peak flow of 456s. This discharge is greater than the HEC-1 
discharge and will therefore be used to design the local inflow structure at Station 
185+00 (Rt). The Rational Method analysis and hydraulic design for the inflow structure 
are included in the appendix at the back of this section. 

Local inflow with plain dumped riprap erosion protection will be provided at about Station 
187 from the south. This is for a very small local drainage area. 

Sossaman Road to Upstream Proiect Limit 

As mentioned in the previous Section 2.3, "Roadway Ditch Drainage", the existing 
roadside ditches and storm drain along Sossaman Road and the existing roadside 
ditches along Chandler Heights Road will be replaced in kind. 

The channel from the future Town of Queen Creek local detention basin project at Cloud a and Sossaman Roads mentioned in the "Via del Jardin to Sossaman Road" portion of 
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1 this section will enter the Sonoqui Channel from the south just upstream from Sossaman 
Road near Station 201+50 (Rt). The 100-year discharge at the Sonoqui Channel 
associated with this project is estimated in the SOSSBASEX HEC-1 model to be 200cfs 
corresponding to routed hydrograph RC6N. 

A corridor within the Stage Stop Detention Basin parcel along the east side of Sossaman 
Road has been reserved for a future channel that will convey 200cfs to the Sonoqui 
Channel. The right bank of the Sonoqui Channel will require reconstruction to 
accommodate this future channel. It may also be worth considering additional low flow 
24" diameter culvert barrels under Sossaman Road when the Town of Queen Creek's 
future Cloud Road PFbjeQ is constructed to provide a capacity of 200 cfs under the road. 

Local inflow with plain dumped riprap erosion protection will be provided at about Station 
200 from the north. This is for a very small local drainage area. 

Local drainage will enter the Sonoqui Channel from the west at Station 204+30 (Rt). 
This drainage corresponds to that portion of HEC-1 Sub-basin C7A east of the Sonoqui 
Channel. The 100-year HEC-1 discharge for this sub-basin is 79cfs. This sub-basin 
does not recognize the flood irrigation that exists but does recognize (as a future 
condition) the on-lot stormwater retention that exists in the recently constructed 
subdivision at the northwest corner of Chandler Heights and Hawes Roads. Not 
recognizing the flood irrigation that exists in Sub-basin C7A will probably result in a 
conservatively high discharge estimate. 

The peak flow for design of the local inflow structure at Station 204+30 was estimated to 
be 57 cfs by taking the simple proportion of the contributing area of Sub-basin C7A to 
the east of the Sonoqui Channel to the overall contributing area and multiplying by the 
SOSSBASEX peak discharge. Hydraulic analysis for this location is included in the 
appendix at the back of this section. 
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2.5 Appendix Section 2 - Hydrology & Local Inflow 



OCO7ILLO RD. 







a- e-- 
Local Inflow Spillways 
NDV 7/13/05 

Note: 
- Design Q sources vary by locabon, see appendix for material 
- Flow depths,Froude Numbers, and velocities from Flowmaster, n = 0.035 
-Channels to be composed of grouted nprap, 1.25 feet in thickness 
* Discharge reduced from HEC-1 output per accompanying sheet 

* 4,rn for  C7A = 35 ch 
H-wer Seret& We&. s C7A ~ r b \ 0 9 s * t r  r . lY 
C-+=+-. ?0<+;- TS *+&.=A CPC 't-k.3. 7~ ~ ~ l $ + w n  P~~+;- ;S * 1 3  90 04 4 4  kCI! 5t.b \w;sIC CI"C+ 

. 
9, SW 1 & \ ~ 3  ac* St.. 20q~30 = 74 (0.7~7) '-- f l e q 5  . . 



RATIONAL FOR WINDOWS 
Flood Control District of Maricopa County Rational Method 

Project Information 

Project Name: Sonoqui Wash 16955 Project Description: Local Inflow from Dogleg - Future Condi 

Drainage Point: Sta 185+00 Location: Sonoqui Wash "Dogleg" 
- 

Drainage Basin Data 

Water Course Length: 1299.74 f t  Basin Area: 18.875 acres 

High Elevation: 1367.70 fl Low Elevation: 1364.40 f t  

Average Slope: 0.0025 Wft Roughness, Kb: 0.0625 (B) 

10-Year Runoff Coefficient: 0.400 

10-Year 6 Hour Rainfall Depth: 1.90 inches 

Hydrological Summary Table 

cqutd by: Nathanad Vaugban. Stanlay Conrulfanu. lnc 
Tuad.y,July I1 200s 9;03:53 a 

File: Q:il69~iO.D~i~~~-HHmdS~D~dCOMP~Ol2HYdr~iLaealInfloivw%Wag~~~Dogb~RatianaI.mf 

Parameter 

Q (cfs) 

C 

Tc (min) 

i (in/hr) 

Authar FanX M. Gu. P.E. 
Email: guhk@~boo.mrn 
URL h~tp:lhvww.kn~u-csdrr/tiiii1.h1rnl 

5-Year 

16 

0.400 

26.7 

2.2 

2-Year 

11 

0.400 

30.9 

1.5 

RATIONAL FOR WlNWWS - Vm8ian 1.0 RcgLlercdlo Stsnlry Conaultant~. Inc 
2929 EailCamclkk Road Slcllc 110. Phocnix.M.85016 

IO-Year 

20 

0.400 

24.8 

2.6 

25-Year 

28 

0.440 

22.7 

3.3 

50-Year 

37 

0.480 

21.1 

4.0 

100-Year 

45 

0.500 

19.9 

4.7 



F L W D  HYDROGWHFACKAGE W G I )  . * U.S. ARMY CORPS OFENGlNEERS 
NN 1998 . * N Y D R O L ~ O ~ C E N G ~ B ~ G C E N T E R  

r VERSION41 609SECONDSTRSET ' 
DAVIS, c A L l r n m  91616 + 

RUN DATE 08IUU3 TIME W 4 7 4 7  * (916)156.1104 

XXX)(MMXXXXXXY X 
X X X  X X  xx 
X X X  X X 
)W(XXXXm X m x x  
X X X  X X 
X X X  x x  X 
X X XXXXXXX XXXXX XXX 

THIS PRMiRAMRBPLACESAU PReVlOUS YERSIONS OFHEC-l I(NOWNAS HECl (IAN 4). HECIGS, HEClDB.AND HECIKW. 

THk DEFINIIIONSOFVARWII+-RTIW.(P-D.RTIOR IlAVl C ~ U F D F R O I ( 1 1 1 0 S 1 . U S k l ~  W l n l  IHE 1 3 7  STYLTbTW STRI:<,TIIKk 
THCDkNNnLONOF-Ab(SW(- ON RM-CARD WAS CILANGSD \11Il1RPVISIONS D A l t O 2 8 > E P  dl I H l i  ISTIIF. tCHTKANI7 \ L : S I <  \ 
NEW OPTIONS: DAMBRPAKOIITFIIIW SUBMORGENCG. SING13 EVNrDAhLRCGC.ULlRATIl>V. DSS WRlTOSTAGPPWQUTNcY. 
D S S W T L V O S E R I E S A T  DESIIUDCALCIILATIUN I N I G R V N  LOSS RAlf GRSEN RNDAMPI INIILIKI\IIOP. 
KINEMATIC W A V E  Nl iW ilNlII! DIf?PWKNCCNC~!Cl1Ibl 

I HEC-I INPUT PAGE 1 

....... ....... ....... ....... ...... ....... ....... ....... ....... ...... LINE ID 1 2 3 4 5 6 7 8 9 I0  

File: CPC8.DAT 

Ihis is an e x t r e n l e l y  truncated bcrslon of SOSllASCX D t i l  wirh one blnn, C8 
C8 is routed lllrnugh a 50150 flow splil ('IX'X) and a channel (RC'XK) also 
c o p i c d  direct ly  fmnl SOSBASEXDAT. This nl&lcl represe l l l s  t l ~ r  local runofl 
entering Sonoqui Wash from the "dogleg" area (CP-~8). 
Created by NDV with SCI on 7/8/05 

............................................................................ 

FILE: SOSBASEX.DAT 

TIllS FILE WAS KEVLSED BY CWK ON 08/25/04. 11 WAS RI:VISIiI) 'TO KEFl EC'I' 
CHANNELIZATION OF 1WE MAIN BIWNCII OFSONOQUI WAS11 FKOhl iil(il.hY '1'0 KlCiu'S ROAI?. 
EXISI'INGC'ONDITIONS LAND IISI: IS ASSUMED FOK'IHV WAEI(S1lED. THli PURPOSI: O F  
THlS MODEL WAS TO DETERMINE AN APPROXIMATE OFF-LINE BASIN SIZE AT SOSSAMAN 
AND CHANDLER HEIGHTS ROAD TO REDUCE THE FLOWS THROUGH THE RANCHOS DE JARDM 

~ - ~ - ~. -~ ~ 

SUBDIVISION FOR THE SOKOQUI WASII CllAh'NEI.IZATION PROJECT (QIIkEN CR1:E.K '10 JUSI' 
U P S T W  OFCHANDIFR H&l(illTS ROAD. THk. BrZSN IS MCLIJDED M THIS MODE1 AS A 
SMPLE DIVERSION OF FLOWS AtJOVE 1850 CE. 

THlS UPDATE WAS WRITTEN BY CWR ON 08/26/04. THE MODEL WAS KE-RUN ON 8/26/04 
HOWEVER THERE WERE NO MODIPICATIONS TO THE MODEL MADE ON THlS DATE OTHER 
THAN THIS WRITE-UP. 

............................................................................. 

FILE: SOSSNORdDAT 

TIllS FILE WAS MODIFIED BY CWR ON 07.20101. IT WAS REVISEI) TO WI:LE(Il' 
CHAhNELLZATlON OP SONOQUI WhStl  FROM IllGLEY TO CHANDLER IITS ONLY. THli 
DNERSION AT D K 2  HAS BI:I:N KEMOVFD SITC'E C5 XOW DKAIUS TOC16. AI.I.OT11FR 

THlS UPDATE WRITTEN BY CWR 7/22/04 
............................................................................ 
FILE: SOSSNOR5.DAT 



THIS FILE WAS M0DLFII':D liY CWRON 07119.04. SULI-f3ASMS I:I A N )  1.2 A!<P 
MODffIED'~OWI.ECTTI1I7 REVWI(D WATkI<SItlID CONUll'lUNS DfIVEIUPtD BY IIN'l'tLLUS 
IN MAY 2004 FORTHE SONOQUI WASH 1:I)S. 

THlS UPDATE WFUTTEN BY CWR 7119104 
............................................................................ 

FILE: SOSSNOR4.DAT 

THIS F1I.P. WAS MODIFIED RY CWR ON 02110104. IT CHANGES THE BASM AREA AT ...... . ~ .  . ~- ~~ ~ 

CPK6 FllO\l6.56SQ-Ml(MCLUDEE SIJH-HASMS S14 a Sl5)'l'O 3U0 SQ.MI VIA T H E  
THE I1C RI((:OIW. THlS MOl)tl. WAS TIIE FINAL. MOIIEL I1SkI)'I'O ISI'IMI\TC T111. VOLUME 
NECDliD FOR A RASM AI'SOSSAMAN ANI) CLOUD TO f<f T)IJ(:l? I'lIE I I.OW.5 10 4UO CFS 

THlS UPDATE WRITTEN BY CWR 210104 ............................................................................ 
FILE: SOSSNORZ.DAT 

THlS PI1.P. WAS MOnfflED RY CWR ON 0209104 TO DETERMINE THE SIZE BASM WHICH ........ -. - .~ ~ - ~. ~ ~ ~ 

WOULO UP NItIiDEDATSOSSAMAN AND(:IUUI) KDTO KEFJ' Fl.OWS A'l' I'HLi 2 CHANNIfIS A'I' 
2 0 0 ~ ~ s  EACH. THIS ANALYSIS WAS PREPARED ATTIIF R E Q U E S T O F ~ I C  TOWN of: 
QUkF.3 CREEK. THIS MODLUNG ASSUMES Aii OFF-I.INt Ur\SM 

THlS UPDATE WRITTEN BY CWR29104 ............................................................................ 

FILE: SOSSNORI.DAT 

THlS FILE WAS MODIFIED BY CWK ON Olr08101. IT CIIANGFS TILE kl.O\V SPLIT AT 
SOSSAMAN AND CLOUD RD (*T)C6). IN THIS MODELI'III< FlnW IS SI'LI'I' FQIIAI.LY 
BtnVFEN n l E  FUIURE SOSSAMAX CIIANNELrWD TllF EXISTING CIOUI) RD CIIASNEI. UNTIL 
THE FLOW TO THECLOUD RD CHANNEL EOUALS 300 CFS. THEN, ALL ADDITIONAL FLOW 
IS SENT DOWN THE SOSSAMAN CHANNEL. 

THlS UPDATE W m N  BY CWR29104 
............................................................................ 

THIS FILE WAS PREPARED BY DJD ON 12/17,03 ATTHli KFQUIST OPI'HE I'OWN 01: 
OWEN CRIiFKTO EVALUATE 11IE EFI1X"ISOFZ CHANGES I N  TllE WA'I'I:I<SHEI) ON rI.OWS 
64 SONOOlJl WASH: ~ - ~- 

I)sLB-&!sM& IS COhllllNlil) WlTHC16 AND RC2 ATHAWIS KI)Al'CPC16. (.5 
NO LONGER COMBINES WI'IH SW-BASIN C6 AT SOSSAM,\N KD AS M THE PREVIOUS 
MODEL. 

2) PLOWS AT SOSSAMAN AND CLOUD RI) ARE I)IVERTPI) WITH IOOJ(:I'S (MAX) I)O\VN 
SOSSAMAN M A  CllANNEL TO SONOOUI WASH. NO FL.OWS ARE SENT WESI' 
W THE EXISTING CLOUD RD CHANNEL. 

THIS UPDATE WNTTEN BY CWR219104 ............................................................................ 
TSANI.DAT 

This is a modification of QCSWHMPRdat (future). The Signal Bulte, Riggs, & 
Sossaman basins have been removed from the model. This model was also 
modified to show existing land use wnditions for the Sanokai Wash and East 
Branch sub-basins onlv. i ~ u e e n  Creek sub-basins were not revised.) . .. 
I h c  mutings for East Branch reflect existing conditions (no chin11cli7ation) 
Thc mutingr lor the Main Branch of lldc Ssnokai Wash 
continue to rcflcct the fiturc conJitiuus (,nth channeliwtios) 

This model was modified by the H&H Branch (CWR) of the Engineering Division 
of the FCDMC for PIS of the PPM Division on: 
October 8,2002 

...................................................................... 
PROJECT: Queen CreekISanokai Wash Hydraulio Master Plan & 



East Mariwpa Floodway Capacity Mitigation Study 
PREPARED FOR: Flood Conhol District of Marico~a Countv 

DATE: Nov. 2000 

This modcl is for lltr 100-year, M-hr future cnntl~tions went 
for the Queen CrrtWSanoloi Wash Hydr=olic Master Plan (QCISW m1P) 
Level 111 Prcthmd Altemativa The mn.i~l lnrludes the wdturshcd 
tributary to Q ~ c e n  Creek and Swokai Wuh. In addition, walenhcd 
areas tributar) to the Fast Maricopa I'lwdway south of Rittenhntlsc 
Rd. and approximtcly nunhof Hun1 Highway arc also includrd. 
However, they are have not been investigated or reviewed as part 
of the QCISW HMP and thenfore the routing and combination 
hydrographs should be investigate prior to use in these areas. 

This model was consbucted fromprevious study models and updated 
for future land use conditions. Previous studies included the 
Queen Creek ADMS and the Sanokai Wash FIS. 

Future land-uses for the sub-basins were estimated from Maricopa 
County, Pinal County and local municipality General Plans. 

For sub-basins located within Maricopa County, the 100-y, 2-hr 
retention volume was estimated for each subbasin under future 
land-use conditions. ?he "ultimate" retention volume for a sub- 
basin was determined by running the future conditions model for 
the 100-y 2-hr rainfall and obtaining the total volume of runoff 
for each sub-basin. The "ultimate" retention volume was then ~~~ 

reduced by rslimntes oftheperceni uf'eti'ectivc" retentinn vo l~n r .  
'lhc effective retention was used as lhc esnmalc ofthe actual 
suh.basin retention volume and divertcd lrom the suh.bnsin 
hydrographs. For details on determining effective retention f a  
Maricopa County sub-basins, refer to the QUSW HMP report. 

For sub-basins located in Pinal County, a different methad was 
used to simulate Pinal County's pre vs. post development h i n a g e  
criteria. Pinal Countyrequir& that posideveloument flows 
should not exceed ~r~d&elooment'flows for a iv  new develo~ment 
'To simulate this requinmmt, lhecxistinp land use (along with 
the existing land-use sub-basin p3ranrtm) mas used for 311 
sub-basins located in Pinal County to mde l  the future developmt 
conditions. 

This model ir the Level 111 M i m e d  Altematlve model for Ole 
QUSW HMP. Routing chmga have been mide to approximate the hydrologic 
inlpact oipru;lored channel improvements, srdimentaiionlcrosi~~n control 
features and for changes in the wash confluence locations. 
In addition, off-line detention basins are included that 
divert flow into basins adiacenl to the watercourses. The routine - 
mclhudulogy along Queen Creek, up,hcam of any propos4 channel 
improvrmenls, has been changed from the Muclo'ngurn Method to lhc 
N o m ~ l  I)eptln Method at the request of lhe District. 

The Level 111 Preferred Alternative consists of: 
* channel improvements along Queen Creek from the 

EMF to appmximately Hawes Road. 
* channel improvements along Sanokai Wash from h e  

EMF to the county line (along both branch of 
Sanokai Wash) 

* Sanokai wash detention basins located in the 
vicinity of Sossamanlchandler Heights (Sossaman 
Basin), Riggs Rd. -0.5 mi l s  east of Hawes along 
the East Branch of Sanokai Wash (Ring8 Basin), 
and Signal Butte Rd. along the ~ $ 1  G n c h  of 
Sanokai Wash (Signal Butte Basin) 

* Relocating the EMFtQueen Creek confluence to a 
location just south of Queen Creek Road 

* Relocating the EMF/Sanoltai Wash confluence to a 
location approximately at the alignment of 



Ocotillo Road. .~~ ~~~~ 

* Queen Creek sedimenls!~~n bmn lor! prior lo Fhl t  (nd! in iuodrl) 
Sanokii Wash sedimentauon basin jusl prior to EhlF (nu! i r  model) 

* Channcl l inin~olthe hlain Hnnch af Sanoka~ Wash 
south of ~ i e g s - ~ o a d  uu 

* Drop Slru~lurcs along Ulwtn C I C C L  a! tldcTril~gy 31 
Kanch Poucr Ranch bridge, Puwr  Rnad and Sosssmn Koad 
Dror, Srmc!ures along Sanoknt W;rh at- Via del kdrd~n, 

~ossiman Road, and along the East Branch at -Signal Bulte Road. 

RUNOFF SUMMARY 
FLOW IN CUBIC FEET PER SECOND 

TlME IN HOURS, AREA IN SQUAREMILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TlME OF' 
OPERATION STATION F W W  PEAK AREA STAGE MAXSTAGE 

+ 6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
t C8 82. 12.33 17. 4. 1. .I5 

DIVERSION TO 
+ DDC8 41. 12.33 8. 2. I. .I5 

IWDROGRAPH AT 
+ *DC8 41. 12.33 8. 2. 1. .I5 - ------._ 

ROUTED TO 
t RCBN 34. 13.08 8. 2. I. .I5 

m 
I \ 

*** NORMALEND OF HEC-I *** .I 



.......................................... 
* * 
* FLOOD HYDROGRAPH PACKAGE (HEC-I) 
* 
I JUN 1998 
I VERSION4.1 * 
* 
* RUN D A E  13JULOS TIME 10:07:23 " * * 
......................................... 

X X XXXXXXX XXXXX X 
X X X  X X  XX 

....................................... 
* 

* US. ARMY CORPS OF ENGINEERS 

* HYDROLOGIC ENGINEERPlG CENTER * 
* 609SECONDSTREET * 

* DAVIS, CALIPORNIA 95616 * 
* (916)756-1104 * 

% * 
***************I**********%**********.. 

THlS PROGRAM REPLACES ALLPRPVIOUS VERSIONS OF HEC-I KNOWN AS HECl (JAN 73), HECIGS, 
HECIDB, AND HECIKW. 

THE DEFINITIONS OF VARIABLES -WIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WlTH THE 
1973-STYLE INPUT STRUCTORE. 

THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE 
FORTRAN77 VERSION 

NEW OPTIONS DAMBREAK OUTFLOW SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION, 
DSS WRlTE STAGE FREQUENCY, 

DSS READ TIME SERIES AT DESIRED CALCULATION INTERVAL LaSS RATE GREEN AND AMPT 
INFILTRATION 

KINEMATIC WAVE NEW FINITE DE'EERENCE ALGORlTHM 

I HEC-I INPUT ' PAGE 1 

LME ID ..... :.I ....... 2 ....... 3 4 ....... 5 ,..,... 6 .,,,... 7 ....,.. 8 ..,.... 9 ...... I0 

1 ID 
2 ID FILE: SOSBASEX.DA'I 
3 ID 
4 m THIS FII E WAS REVISEL BY CWR ON 0812s.04 IT WAS KI(VISED m R I ~  FCI' 
5 11) CIIANNl'LIZATION OF TllE MAIN BIV\NCH OF SONOUUl WAS11 FROM HIGLEY TO RlGGS ROAD. 
6 ID EXISTING CONDITIONS I.AND USE IS ASSUMEDFOR%E WATRRSHED. THEPURPOSEOF 

11 ID SIMPLE DIVERSION OF FLOWS ABOVE 1850 CFS. 
12 m 
13 IU n I l S  UI'I)AIE WAS WRI~TEN BY CWRON 08~26104. 1.1IE \IODEL. WAS N-RCM ON 826104 
14 w HOWEVER, TIERS WERE NO MOI)IFICATIONS TO n1E  MODEL MADE ON THIS DATE OIHFR 
15 ID THAN TlllS WRI'IZ-W. 
16 W 
17 ID 
18 ID ' *****X**************************I '************************************ 

19 ID FILE: SOSSNOR6.DAT 
20 ID 
21 ID THIS FILE WAS MODIFII?n RY CWR ON 07120104. IT WAS RP.VREn TO RFF7.ECT ~- ~ ~ ~ . .  . ~ ~~~ 

22 ID CHANNCLIZAl'ION OFSONOQUI WAS11 FROhl HIGLEY TOCtlANDI Elt II 'E ONLY. THC 
23 ID DNERSION AT DDC2 IlhS HbEN RliMOVED SINCE CS NOW DRAINS TO C16. ALL OTIlER 
24 11) hlODlFlCATlONS A m  AS NOTED IN 'THE 1)FSCRll'TIONS HEI OW. 1HE INTENTOF 'IlIE 
25 ID MODEL IS TO REFLECT THE EXISTING CONDITIONS LAND USE WlTH THE PROPOSED 
26 W CHANNELIZATION FROM HIGLEY TO CHANDLER HTS AND THE PROPOSED BASIN AT CLOUD 



7.- L 

+ 5 2 2 8  44. I .  4. I o1 @ ZWQ/ 
HYDROGRAPH AT 

+ DClO 2319. 14.50 1824. 1422. 539. 67.31 

ROUTED TO 
RClOW 2313. 14.75 1823. 1421. 539. 67.31 

4 COMBINED AT 
CP-NS 2385. 14.67 1829. 1440. 550. 64.79 

ROUTED TO 
W 5 W  2374. 15.08 1829. 1439. 550. 64.79 

HYDROGRAPH AT 
N6 183. 13.08 53. 13. 4. .43 

4 COMBINED AT 
CP-N6 2434. 15.00 1835. 14M. 560. 65.22 

HYDROGRAPH AT 
DNSAN 0. .OO 0. 0. 0. 65.22 

2 COMBMED AT 
CODUMI 751. 14.17 371. 129. 44. 66.94 

HYDROGRAPH AT 
SUB322 876. 12.75 184. 57. 19. 1.13 

DNERSION TO 
RETDN 876. 12.75 159. 43. 14. 1.13 

HYDROGRAPH AT 
RETAIN 260.1342 45. 14 5. 1.13 

HYDROGRAPH AT 
SUB328 871. 12.50 149. 46. 15. 1.00 

DNERSlON TO 
RETDIV 871. 12.50 133. 36. 12. 1.00 

HYDROGRAPH AT 
+ RETAIN 207. 13.17 32. 10. 3. 1.00 

ROUTED TO 
+ R0329 91. 14.25 31. 10. 3. 1.00 

2 COMBINED AT 
+ EMFQCN 207. 13.58 72. 23. 8. 2.13 

ROUTED TO 
+ R0333 174. 14.33 69. 23. 8. 2.13 

HYDROGRAPH AT 
+ SUB330 766. 12.67 140. 42. 14. .97 

DNERSION TO 
+ RETDN 766. 12.67 110. 30. 10. .97 

2 COMBINED AT 



. 

c e R A P H A T  C7A .+----- 79 12.67 29. 8. 3x - ---/. 
MY DROGRAPH AT 

+ C8 82. 12.33 17. 4. 1. .I5 

HYDROORAPH AT 
S13 2051. 12.42 

ROUTED TO 
RS13 1308. 13.33 

HYDROGRAPH AT 
WI 216. 12.33 

2 COMBMED AT 
CP-W1 1322. 13.33 

DNERSION TO 
DDWl 661. 13.33 

HYDROGRAPH AT 
*DW1 661. 13.33 

ROUTED TO 
RWI 507. 14.25 

HYDROGRAPH AT 
S14 1352. 12.42 

HYDROGRAPH AT 
S15 1894. 12.42 

ROUTED TO 
RS15 1220. 13.92 

2 COMBMED AT 
CP-SI4 1363. 12.42 

DNERSION TO 
DDSl4O 681. 12.42 

HYDROGRAPH AT 
'DS14A 681. 12.42 

DIVERSION TO 
DDS14B 285. 12.42 

HYDROGRAPH AT 
*DS14B 396. 12.42 

DIVERSION TO 
DDS14C 114. 12.42 

HYDROGRAPH AT 
*DS14C 282. 12.42 

ROUTED TO 
RSI4E 240. 17.25 

HYDROORAPH AT 
W2 166. 12.42 

HYDROGRAPH AT 
DWI 661. 13.33 

ROUTED TO 
RWlW 557. 13.92 

3 COMBMED AT 
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3.0 HYDROLOGY 

1 The onsite hydrology was calculated using the Rational Method. TheDrainage DesignMenu System 

( D D ~ S )  pvided by the Hood ~o=trol District of ~ a r i c o ~ a  county was utilized to compute 10,50 . . 

and 100-year flowmtes throughout the site. Prior to calculating the flowmtes, various parameters are : 
required to be entered into the program. These parametem include watershed area, average runoff . . ~ 

. 

I . .  ,coefficient for the watershed, the 10-year 6-hour point rainfall depth, flow length, and high and low 

' point elevations within the watershed. 

To determine the input data for the DDMS program, drainage sub-basins were delineated based on 
. ~ 

the lot layout and gradingplan. Concentration points wereidentified, and the flow at the lowpoint of 

each watershed was determined. Refer to Plate 3, the Proposed Drainage Plan, for watershed 

I . ,  

. delineation and associated concentration points. The 10-year, 6-hour point rainfall depth was 

determined to be 1.90 inches. This value was derived from the Flood Control District of Maricopa . .. 

1. County 10-year, 6-hour precipitation graph in the Drainage Design Manual for Maricopi County, 

Arizona, Volume 1, Hydrologv.(Ref. 4). The 100-year weighted runoff coefficients were calculated 

for the various watersheds within the site. Resulting 10-year coeEcients were calculated by dividing 

the ,100-year value by 1.25, as outlined in the Drainage Design Manualfor Maricopa County 

Arizona, Volume I ,  Hydrologv. High point elevations where taken as the highest. pad elevation 

1 within the respective sub-basin. Low points were taken as the gutter elevation at the low point ofthe 

sub-basin. 
I 
! 

i 
. ~ ~ , D D M S  hydrologic reports for each.%atershed, as well as a summary ofthe results, are included 

. . > .  . , 
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Sonoqui Wash Channelization 

Section 3: Channel Hydraulics 



(a 3 Channel Hydraulics 

3.1 Introduction and General Modeling 

The channel was designed using HEC-RAS software developed by the Corp of Engineers. The 
term "channel hydraulics" encompasses all of the aspects of channel design that were modeled 
with HEC-RAS including the main channel, confluence with the Queen Creek Wash channel, 
culvert and bridge hydraulics at the roadway crossings and the hydraulic aspect of the unsteady 
flow model used to design the Stage Stop Basin and it's lateral weir (see Section 4 of this 
report). 

Generally, two hydraulic models were developed for this project beginning with the 30% 
submittal. The first model, referred to as "(30-60-90)project.prj", reflects just those channel, 
roadway and culvert improvements that will be built with the Sonoqui Wash Channelization 
Project. The second model referred to as "(30-60-90)future.prj" reflects channel, roadway and 
culvert improvements that will be constructed with the Sonoqui Wash Channelization Project but 
also reflects future or separate project construction of the all-weather bridge I culvert structures 
at Higley, Ocotillo, Power and Chandler Heights Roads as described in Section 1.3 of this 
design report. 

As the project evolved, these two models were updated to reflect revisions in channel geometry 
and profile, culverts, roadway crossings, the weir at the Queen Creek Wash channel confluence 
and the sediment basin between the Queen Creek Wash channel and Higley Road. Both 
models were run assuming steady state conditions. Cross sections were developed from the 
current (30%. 60%, 90% or final) design. The channel design typically incorporated landscape, ' aesthetic and multi-use input from sub-consultant Logan Simpson Design. 

Hydraulic sections were generally cut every 100 ft using INROADS software and imported into 
HEC-RAS. Cross sections were then added at weir, bridge 1 culvert and drop structure 
locations. The standard channel section has a 60 ft bottom with side slopes that vary from just 
steeper than 4:l to just flatter than 8.1. 

A larger bottom width (up to about 160 ft) was used in the sediment basin between the Queen 
Creek Wash channel and Higley Road to accommodate its sediment trapping function (refer to 
Section 5. Channel Stability and Sediment Transport). A slightly narrower bottom width of 50 ft 
was used in the narrow reach within the Ranchos Jardines subdivision between Via del Jardin 
and Sossaman Road in order to fit the channel within the project corridor without having to 
acquire new right-of-way. 

Natural existing hydraulic sections are used in the reach south of Chandler Heights Road from 
the upstream limit of project channelization and grading to the upstream limit of mapping. 
Hydraulic sections in this reach incorporate the HEC-RAS ineffective flow option to block out 
areas associated with old remnant channels and tributary channels that do not contribute to 
conveyance. This is similar to what was done by consultant Entellus in the existing condition 
floodplain delineation submitted to FEMA. The reach upstream from the upstream limit of 
channel and grading improvements south of Chandler Heights Road also uses the same 
roughness coefficients as the Entellus study. 

Standard expansion and contraction coefficients of 0.30 and 0.10 (respectively) were used for a' all hydraulic models on all reaches with the exception of culverts and bridges where these 



coefficients were adjusted to 0.60 and 0.40 (respectively). The flow rates for design were taken 
from the HEC-1 model provided by the District as detailed in Section 2.1 Hydrology and Local 
Inflow. 

Both the "project" and "future" hydraulic models were run with two sets of Manning "n" values for 
typical channel reaches. A roughness coefficient of 0.045 was typically used to reflect the high 
end of the ultimate future landscaped condition. A smoother coefficient of 0.035 was typically 
used to model the low end of the future landscaped condition. The hydraulic model using the 
0.045 roughness coefficient was used to evaluate the water surface profile and freeboard 
whereas the smoother coefficient of 0.035 generally produced slightly higher flow velocities and 
was used to evaluate scour and sediment transport. 

An interim hydro-seeding condition will occur with construction and this will remain until the 
permanent landscaping is established. A general channel "n" value that would be appropriate 
for the freshly hydro-seeded condition would be in the range of 0.025 to 0.030. A roughness 
coefficient of 0.030 was introduced into a working HEC-RAS model to check the interim flow 
velocities. This model indicated flow velocity that ranged from about 0.01- to 0.59 Wsec higher 
than the 0.035 model. These flow velocities were simply used as a check and were not used to 
design any structures or to evaluate any channel stability. 

HEC-RAS models reflecting the lower typical channel roughness coefficient use the same file 
name convention as the models using the higher "n" value with the addition of a "low n" in the 
file name. Documentation for the selection of "n" values is contained in the following section. 
Documentation for weir coefficients used at weir structures and roadway overflow sections is In 
the appendix at the end of this section along with a summary printout of the 0.045 and 0.035 "n" 
value models. 

3.2 Manning's Roughness Coefficients 

3.2.1 Introduction 

Estimating roughness coefficients ("n" values) for open channel hydraulics can be somewhat 
subjective with a range of potential values and associated outcomes depending largely on the 
approach and experience of the individual modeler. In most cases involving floodplain analysis, 
precise calibration of selected roughness coefficient is difficult because of the lack of observed 
data from which to substantiate results. In order to reduce subjectivity and increase 
consistency, many engineers use standard reference tables and other documentation to narrow 
the range of outcome. 

3.2.2 Roughness Coefficients 

The Sonoqui Wash project uses a combination of methodology and references to estimate 
roughness coefficients. The two primary references are: 

1 "Estimated Manning's Roughness Coefficients for Stream Channels and 
Flood Plains in Maricopa County, Arizona" by B.W. Thomsen and H.W. 
Hjalmarson, Prepared by the U.S. Geological Survey, April 1991. 



2. "Drainage Design Manual for Maricopa County, Arizona - Volume II, 
Hydraulics" January 28,1996. 

The methodology in the U.S.G.S. reference involves estimating a base "n" value that reflects the 
channel bed material then adds adjustment factors to account for surface irregularities, 
obstruction and vegetation. This reference incorporates examples primarily involving larger 
natural watercourses as opposed to engineered channels with designed landscaping. However, 
since Sonoqui Wash is intended to be a natural looking channel with native vegetation, the 
U.S.G.S. reference should help provide an adequate basis of estimate. Judgment will still be 
necessary to interpret and apply this reference to the project. 

The Sonoqui Wash channel will be relatively straight and uniform with little or no obstruction 
with the exception of roadway crossings at Sossaman and Power Roads that are elevated 
above the channel bottom. Hydraulics for roadway crossings is discussed in Section 3.6 of this 
report. The most significant adjustment to base roughness per the U.S.G.S. reference will be 
due to landscaping. The key to selecting the appropriate roughness coefficient will be in relating 
the type of plant material, its placement, density and state of anticipated maintenance to a 
representative value. To accomplish this, photographs were taken of existing channels with 
similar anticipated landscape character and then compared to the photo examples in the 
U.S.G.S. reference. 

The Sonoqui Wash project will only construct the channel and primary hydraulic structures. 
Hydro-seeding will be provided as construction is completed to help reduce soil loss, bank rilling 
and dust until the final landscaping is provided by the Towns of Gilbert and Queen Creek and by 

i adjacent developers. It may be months or even years until the project is formally landscaped. 
Sub-consultant Logan Simpson Design prepared a Landscape Master Plan that will serve as the 
basis for future landscaping. In addition to using the Landscape Master Plan as a design guide, 
photos of comparably landscaped channels are presented at the back of this section to provide 
a visual image of what the future landscape design may look like. 

Based on Logan Simpson Design's Landscape Master Plan and using the U.S.G.S. reference, 
roughness coefficients for typical channel reaches fall in a range between 0.035 and 0.045. To 
help assure that the final constructed and landscaped channel is consistent with this range of 
"nu values and that the landscaping and irrigation system (if one is used) is appropriate for the 
application, the following suggestions and observations are offered: 

1. It is anticipated that most of the landscape plant material will be placed on or 
above the constructed banks of the channel. Vegetation on the channel bottom 
will be limited to native grass and small shrubs with relatively wide spacing. The 
density and size of plant material will increase as it moves up the channel slopes 
(i.e. the larger plant material and higher density groupings should be located in 
the upper half of the bank). 

2. Generally, trees can be planted on the channel banks but it is recommended that 
they be limited to single trunk specimens and placed no closer to the toe of slope 
than 3 feet above the adjacent channel flow line as identified in the channel plan 
and profile sheets. It is recommended that no cacti or succulent plants be placed 
on the channel bottom or within the lower half of the channel bank. It is also 
recommended that trees and large shrubs not be placed within the drop 
structures, weirs or within immediate proximity (say 50') of culverts or bridges. 
Roughness coefficients for cross sections associated with weirs, drop structures 



and within the proximity of roads will generally reflect lower "n" values than for 
longer typical reaches between structures. 

3. Any trees or large shrubs that are planted within the lower bank where there is 
continuous channel bank lining should restore any penetration of the bank lining 
material and filter fabric. Because of the potential for scour it is recommended 
that no permanent irrigation system such as PVC pipe be used lower than about 
3 or 4 feet above the channel invert. A thin surface layer of decomposed granite 
or rock mulch if incorporated in the future landscape improvements will not have 
an appreciable impact on "n" value. 

4. It is anticipated that "volunteer" native grass and small shrubs may become 
established on the drop structures themselves. However, this will be somewhat 
limited because there will only be a shallow layer (12") of native soil placed over 
the riprap for aesthetic purposes. Because of the relatively steep local hydraulic 
slope of these drop structures, it is anticipated that most or all of the native soil 
will be scoured away by any significant flow leaving mostly exposed rock surface 
below. This is the condition assumed for purposes of estimating "n" values at the 
drop structures. The Towns of Gilbert and Queen Creek will replace the soil 
cover at the drop structures that is lost due to scour in accordance with the 
project maintenance plan. 

5. It is critical at certain locations that final landscaping is established and 
maintained within the limits of anticipated roughness. The two most critical 
locations where lack of maintenance would impact project performance are: a) 
the narrow reach within the Ranchos Jardines Subdivision from Station 170+00 
to Station 185+00 (upstream from Via del Jardin for a distance of about 1,500 
feet), and b) adjacent to the Stage Stop Detention Basin lateral weir just north of 
Chandler Heights Road. 

The U.S.G.S. reference was used primarily to estimate roughness for the longer typical channel 
design reaches from structure to structure. Roughness coefficients for at-grade roadway dips, 
culverts and bridges, weirs and other similar features are based primarily on Sections 4 and 6 of 
the Drainage Design Manual. Tables 4.1 and 6.11 from the Drainage Design Manual are 
included at the back of this section. 

At some locations, such as bridges, "n" values reflect a composite value based, for example, on 
an earth floor and concrete abutments. Typically, however, the "n" value analysis for the 
designed channel reaches was not broken into a composite of bed and bank but is simply a 
single value from top of bank to top of bank. Although "n" values are assigned for overbanks, 
they are typically not effective since flow is contained within the channel. An exception to this is 
discussed in Section 3.7 on freeboard. 

All "n" values were developed based on the anticipated flow conditions for a 100-year event. 
100-year "n" values were not adjusted for use with other discharge frequencies. "nu values also 
assume a fixed bed condition even though it is anticipated that some scour of the channel bed 
will occur in places and there may be minor loss of bank material and exposure of the 
continuous channel bank lining as described in Section 5.0. 
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3.2.f "n" Values from Previous Studies and Design Projects 

Other orevious studies and desisns of similar oroiects were referenced to comoare estimated 
roughn'ess coefficients. Some of'ihe observed coefficients from other studies and designs were 
adopted for use with the Sonoqui Wash project. For example: 

1. A roughness coefficient of 0.030 was used for the future Queen Creek Wash 
channel downstream from the Sonoqui Wash project. This is the same 
roughness coefficient used by Kirkham Michael in the design of the Queen Creek 
Channel that was part of the Chandler Heights and Rittenhouse Road Detention 
Basin project. 

2. The reach upstream from the upper limit of channelization and grading above 
Chandler Heights Road uses the same roughness coefficients as the Sonoqui 
Wash existing condition floodplain study that was prepared by consultant 
Entellus for the Flood Control District of Maricopa County. These roughness 
coefficients are 0.068 and 0.056 for the left and right overbank respectively and 
0.065 for channel. 

Roughness coefficients were reviewed from the Queen Creek & Sanokai Wash Hydraulic 
Master Plan (HMP) prepared by consultant Huitt-Zollars. The HMP is a concept level master 
plan that serves as the basis for the Sonoqui Wash Channelization project. It contains a 
concept level HEC-RAS model. The HMP was not scoped to perform a detailed analysis of 
roughness coefficients. The "n" values from the HMP envisioned some level of landscaping and 

i vegetation in the channel. The following is a summary of the channel "n" values from the HMP: 

Downstream from Higley Road - "n" = 0.035 
@ Higley, Power, Sossaman & Chandler Hts Road crossings - "n" = 0.025 
Higley Road to Power Road - "n" = 0.042 
@ Recker Road and Ocotillo Road crossings - "n" = 0.042 
Power Road to Chandler Heights Road - "n" = 0.035 
@ Via del Jardin Road crossing - "n" = 0.035 
Upstream from Chandler Heights Road - "n" = 0.042 

Based on the above "n" values, the HMP apparently anticipated that large structures (bridges or 
large concrete box culverts) would be constructed at Higley, Power, Sossaman and Chandler 
Heights Roads while the hydraulic sections at roadway crossings corresponding to Recker, 
Qcotillo and Via del Jardin reflect the predominant "n" values of the reach where they are 
located. Roughness coefficients from the design report prepared by consultant Dibble and 
Associates were reviewed for the recently designed channel improvements in the Queen Creek 
Wash channel from Sossaman Road to Hawes Road. Dibble "n" values were typically in the 
range of 0.028 to 0.030 for reaches at or near the bridge crossings at Sossaman and at Hawes 
Roads. Two "n" values were typically used for the channel reach between these two bridges. 
The channel was subdivided into two or three sub-sections with a 0.039 typically used in the 
center and 0.044 used along the banks. 

3.2.2 Representative Photographs 
The photos on the following pages are presented as representative of the character and density 
of landscaping described in the above section. 
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Photo Plate 1 - Urban channel with native landsca~ina. Location unknown. This densitv and . - 
type of landscaping would correspond to a roughness coefficient in the range of 0.030 to 0.b35. 

Fnuru rlare r- uruan cnannel Mnrn narlve landscaping. Location unknown. I nls lanascapi~ 
similar to that in Photo Plate 1 and appears to be regularly maintained. 
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Photo 
Although this channel is smaller in scale compared to so;;oqui Wash, the landscaping is 
in plant type, placement and density to that envisioned for the Sonoqui. 

'late 2. 
similar 

. - 
Rd in Trilogy. This density and type of landscaping would correspond to a roughness coefficient 
in the range of 0.045 to 0.055 and does not appear to be regularly maintained. 



trapezoidal section, a bottom of coarse sand and vegetation primarily lodated on the channel 
bank. Channel would correspond to a roughness coefficient of 0.040 to 0.045. 

3.3 Weir Coefficients 

Weir coefficients were calculated for all roadway crossings which behave as.overflow structures. 
To do this, the ratio between the depth of flow over the road and the length of the crest along 
the roadway was calculated. If this ratio is greater than 0.15 figure 5.17 (a) in the Flood Control 
District's Drainage Design Manual is used to estimate the weir coefficient. If the ratio is less 
than or equal to 0.15 Figure 5.17 (b) is used. 

All of the ratio values for Sonoqui Wash crossings were greater than 0.15 so figure 5.17 (a) was 
used. All of the roadways along the project are paved with the exception of Recker Road. In 
the "with project conditions" model, the weir coefficient for Recker Road reflects a gravel 
surface. In the "future condition" model, a paved surface is assumed. The weir coefficients for 
the project ranged from 2.72 to 3.05. Figure 5.17 from the Hydraulic Design Manual is included 
in the Hydraulic Section Appendix. 

3.4 Sonoqui Wash I Queen Creek Wash Confluence Analysis 

The starting water surface in the Queen Creek Wash channel at the downstream end of the 
project was initially established in the 30% design hydraulics as a known elevation (with an 
adjustment for the difference in vertical datum). This water surface elevation was taken from 
the Chandler Heights Basin project final HEC-RAS corresponding to 100% plans done by 
Kirkham Michael dated January 2004. Between 30% and 60% design, this approach was 
replaced by an improved analysis. 



8 ' 
To assess losses at the Queen Creek I Sonoqui Wash confluence and to develop the starting 
water surface elevation for the Sonoqui Wash channel, the Sonoqui Wash HEC-RAS hydraulic 
model was appended to a portion of the steady flow HEC-RAS hydraulic model for the proposed 
Queen Creek Wash as part of the Chandler Heights Detention Basin design (Kirkham Michael, 
2003 - 2004). To combine the models it was necessary to adjust the elevation datum of the 
Queen Creek Wash analysis by + I  .624 ft. 

In addition, combining the steady flow models assumes that the peak discharges in Queen 
Creek and Sonoqui Wash coincide (in time). This appears to be a reasonable assumption 
based on the combined regional HEC-1 model for the East Maricopa Floodway (EMF) including 
Queen Creek and Sonoqui Wash. It was assumed that revisions I corrections in Sonoqui Wash 
hydrology performed by District staff (as mentioned in the Hydrology and Local Inflow Section) 
would not alter this assumption. 

Both the Energy Equation and the Momentum Equation were considered when assessing 
confluence losses. The Momentum Equation, however, factors in the confluence tributary reach 
angles and proved to be the most conservative approach and therefore was used for the 
analysis. Confluence angles of 0 degrees and 90 degrees were used for Queen Creek and 
Sonoqui Wash respectively. The results indicated a slight increase in water surface elevation of 
0.25 ft above the Energy Equation approach and virtually no difference in hydraulic performance 
or efficiency for different confluence skew angles. 

1 1  
3.5 Sonoqui Wash Sedimentation Basin Hydraulics 

An in-line weir across Sonoqui Wash at the Queen Creek I Sonoqui Wash confluence forms the 
Sonoqui Wash sediment basin. The sediment basin is essentially a wider, flatter reach of the 
Sonoqui channel downstream from Higley Road. A level weir crest elevation was set at 1305.40 
ft w~th side slopes of 4H : 1V. 

Weir lengths varying from 10 ft to 100 ff were considered and all found to contain flow within the 
Sonoqui Wash channel upstream from the weir. A 6 0 4  long weir crest was selected as the 
length that would provide a reasonable balance between hydraulic function, upstream water 
surface profile, construction cost and sediment trapping. The weir elevation was also developed 
after reviewing a range of heights. The crest elevation of 1305.40 was considered to be the 
highest that would not trap or deposit sediment to a profile that would interfere with the hydraulic 
function of the bridge at Higley Road. 

As one worst-case scenario, it was assumed that the entire channel upstream from the weir had 
been filled with sediment up to the elevation of the weir. A model was created to reflect this 
assumption and checked for water surface elevation and freeboard. It was found that this 
assumption had little impact on the water surface elevation due to the backwater produced by 
the in-line weir itself and the design was found to still meet freeboard reauirements. Since the 
sediment basin is designed to fi l lkith silt, the channel geometry upstream and below the weir 
crest elevation has been modeled in all models as ineffective. 

In a related effort, sub-consultant WEST also performed a with-sediment backwater analysis. In 
WEST'S model, the starting condition was assumed to be the ending condition from their 100- 
year sediment model that actually has a channel profile higher than the weir crest due to 



sediment deposition. The WEST model also concluded that the 100-year flow was contained 
with freeboard within the sediment basin reach. 

3.6 Roadway Crossing Hydraulics 

Roadway crossing hydraulic analysis was modeled in HEC-RAS. While explicit clogging factors 
were not applied to culverts or bridges, culvert diameters within HEC-RAS were reduced by one 
standard diameter size (24" reduced to 18, etc) to account for clogging. Reduced culvert flow 
increases overtopping flow depths at dip crossings and generates a more conservative 
upstream water surface profile. 

Since there was no guardrail found necessary to construct with the Sonoqui Channel project, 
there was no need to reflect this as obstruction. However, it is recommended that this 
assumption 1 issue be reconsidered with each future roadway improvement, particularly at 
Recker Road. 

Typically there is no obstruction considered for handrails on top of any of the headwalls 
constructed with this project. Handrails are generally open rail type design. At Recker Road, 
the depth of overflow is less than the height to the lowest rail. At Power and Chandler Heights 
Roads, the culvert end treatment will be a flaired end section with no headwall or handrail. The 
culvert at Sossaman Road will have a headwall and handrail but these are set far enough back 
and low enough from the roadway controlling section and are relatively minor features in the 
overall cross section geometry that they were not considered obstructive. 

Between 60% and 90% plans an intermediate HEC-RAS model was created to reflect 
ineffective flow area below the roadway overtopping elevation at Power, Sossaman and 
Chandler Heights Roads. This was done as a conservative hydraulic approach and to match 
the approach that was used in the Entellus existing floodplain delineation study recently 
completed and submitted to FEMA for review. As expected, the ineffective flow approach 
produces a slightly higher water surface profile upstream from these roadway crossings. The 
CLOMR model uses Entellus existing condition flow rates which are generally slightly less than 
the channel design flow rates. 

The project.prj HEC-RAS models generally only reflect improvements to be included with the 
Sonoqui wash project. However, a 40-foot clear span bridge is modeled at Higley Road 
because this was the configuration selected by the Town of Gilbert and the bridge project has 
now moved into the design phase. Per the design IGA. the Town of Gilbert is responsible for 
building the bridge at Higley Road and it will be constructed during or prior to the Sonoqui 
Channelization project. 

Recker Road was originally envisioned as a dip crossing with small low flow culverts under it. 
Due to geometric constraints of the roadway profile, a four-barrel 10 ft wide by 5 ft high box 
culvert was needed instead of a low flow culvert. With this configuration the culvert is 
surcharged and the water surface is approximately 6 inches to 1 foot above the roadway during 
a 100-year event. Because surcharge and overtopping is possible, it is recommended that the 
future improved roadway have a dip in the profile over the culvert so that overflows will continue 
downstream in the historic ~a th .  The Town of Gilbert aareed to Dav for the increased cost of a 

a box culvert over the originai low flow pipe culvert concepi. 



Power Road is modeled as a culvert with a dip crossing above it. Three 2 4  diameter HDPE 
pipe culverts are modeled. These culverts are temporary and will be removed when a new 
bridge or large all-weather culvert is constructed in the future. The new channel alignment has 
been shifled south of the existing channel alignment at Power Road to accommodate the future 
commercial retail centers south of Ocotillo Roads on either side of Power Road. The roadway 
will overtop by approximately 4fl during a 100-year storm event. 

The design of the crossing at Via del Jardin was undecided as of the 60% submittal (see 
Section 1). For this reason it was assumed that the existing dip would remain and three 18-inch 
diameter low flow culverts would be constructed under the road. With this configuration, Via del 
Jardin would have overtopped by about 4 feet at its lowest point. Between the 60% and 90% 
submittals the Town of Queen Creek chose Alternative 2 which would reconstruct the roadway 
lower by about 3.5 fl to more closely match the profile of the new channel. This condition is 
what is reflected in the final plans. Because this is purely a dip crossing and the roadway 
improvements are considered permanent, MAG standard detail 552 cutoff wall will be 
constructed at Via del Jardin. 

Sossaman Road will be reconstructed as a low flow crossing with small low flow culverts 
underneath. For the 60% plans and prior, this culvert configuration was a triple 30-inch 
diameter RGRCP. That configuration was larger than the existing double 24-inch diameter 
culvert and also has greater head at the inlet which will give it much greater capacity at the 
overtopping threshold. 

After the 90% submittal, this culvert was changed to a multi-barrel CMP arch culvert with a 
height of no more than 24" to help accommodate a profile conflict with a future Town of Queen 
Creek 18" diameter gravity sewer line that will cross the Sonoqui Channel within the roadway 
prism. A 3-barrel 24" RGRCP was used for final design. The roadway crossing overtops by 
approximately 3.5 ft during a 100-year event. Any future roadway improvements at Sossaman 
Road such as widening or curb and gutter or the addition of culvert barrels as suggested at the 
end of Section 2.4 should consider hydraulic impacts upstream to be sure that the Stage Stop 
Basin unsteady flow analysis is not affected. 

A culvert crossing and dip is modeled at Chandler Heights Road. A three-barrel 24-inch HDPE 
temporary culvert was modeled. The dip configuration assumes the existing low point in 
Chandler Heights Road is moved and the dip widened to the west. With this configuration the 
flow overtops Chandler Heights Road by approximately 2.5 ft. The existing (old) channel 
immediately downstream from Chandler Heights Road must remain open until the future Bridge 
is constructed by MCDOT (see Section 1). 

Future Culvert and Bridae Crossincls 

The proposed future improvements HEC-RAS model is called 90future.prj and takes into 
account the future improvements by the Town of Gilbert, Town of Queen Creek and MCDOT. 
This model was developed to assure that the future improvements will work with the Sonoqui 
wash project improvements. Higley Road, Recker Road and Sossaman Road are the same as 
in the "with project" HEC-RAS model. 

A culvert is included in the future conditions model to accommodate Ocotillo Road when it is 
built. The location of the Ocotillo crossing was approximated using a concept layout for the 
future commercial / retail parcel at the southwest corner of Ocotillo and Power Roads provided @ by consultant Wood Patel B Associates. 



The structure is a triple cell 12-ft wide by 10-ft high box culvert. During a IOOyr event, the 
culvert will not be surcharged. A smaller culvert could have been used at Ocotillo Road. 
However a 10- or 12-ft minimum height will be necessary to accommodate equestrian traffic. 
The desired minimum height for equestrian access is 12 A. The future model will accommodate 
a 1 2 4  high culvert at Ocotillo but the 10-ft high culvert was left because it is hydraulically more 
conservative. 

The Power Road crossing will eventually have a bridge or culvert crossing. A 10-A wide by 10-ft 
high box culvert was modeled to be hydraulically conservative and leave future improvement 
options open. The same equestrian standards apply to this crossing as at Ocotillo Road. 
Chandler Heights Road will eventually have a 4 0 4  minimum slab bridge crossing Sonoqui 
Wash (MCDOT's revised 70% plans actually have a much larger structure). The future 
improvement model includes a bridge centered at the channel crossing. The 100-year water 
surface is contained upstream of Chandler Heights Road with the bridge option. 

I 3.7 Results and Freeboard 

Methods outlined in the District's Drainage Design Manual - Hydraulics were used to calculate 
the channel design freeboard. The dtstrict requires a minimum freeboard of 1 ft or that 
calculated by Equation 6.10 of the Hydraulics Manual, whichever is larger. Equation 6.10 
includes a super elevation element due to channel bends. There are several reaches where 
super elevation is included in the freeboard calculations. Since subcritical flow is dominant for 

a the channel, super elevation was calculated using Equat~on 6.9 in the Hydraulics Manual. 

Values for the channel velocity (V,) and water surface elevation (WSE) were based on the n = 
0.045 project HEC-RAS model. The channel top w~dth (T) was also taken directly from the n = 
0.045 project model. This value was based on the actual affective top width and does not 
include ineffective flow areas. The freeboard was calculated for both lefl and right sides of the 
channel at every cross section. The greater of the two freeboard required values was applied to 
analyze if the channel freeboard requirement is met. 

Design freeboard was generally measured based on the top of bank left and right from the 
channel design. However, in some cases the top of bank was chosen outside the channel 
proper at a higher elevation within the landscaped mounded area. In all cases the top of bank 
elevation was chosen at a location within or at the project limit or within the roadway right-of- 
way that crosses the channel. 

The Freeboard Table in the appendix at the back of this section gives the required and provided 
freeboard at every cross section. In the freeboard table, left and right banks are oriented 
looking downstream per normal HEC-RAS convention instead of looking up-station per design 
plans. Lines in this table with bold text indicate where the freeboard requirement is not met. 

There is a short reach of the channel located in the narrow portion of the Ranchos Jardines 
subdivision between Stations 171+00 and 180+00 that does not meet design freeboard 
requirements within the project limits. The south (left) top of bank in this reach meets or 
exceeds freeboard requirements. The north (right) bank does not. The existing ground 
elevation at the project limit (adjacent rear yard property line) on the north side of the channel 



was used for the top of bank elevation in the freeboard table for this reach in Ranchos Jardines. 
Only one cross section in this reach (Sta 176+00) does not meet minimum freeboard of 1.0 foot. 

This is a reach that has had significant constraints identified as early as the Hydraulic Master 
Plan because it is so narrow. A number of alternatives were explored in concept design 
including vertical sides to improve hydraulic performance and hence freeboard. However, it was 
concluded that the reach would just not be able to meet design freeboard objectives. 
Furthermore, both the design and existing condition water surface could not be contained within 
the project limits at two locations. 

All of the other locations where freeboard requirements are not met are at or near roadway 
crossings, in particular, Power, Sossaman and Chandler Heights Roads. The situations at 
Power and Chandler Heights Roads are temporary and will be corrected with future bridge 
projects. The freeboard deficiency at Sossaman Road cannot be met because of site, roadway 
profile and utility constraints. The freeboard at Sossaman and just upstream of Chandler 
Heights Roads at least meets a minimum 1 foot requirement. 

HEC-RAS output files for the channel are included in the appendix at the back of this design 
report section. HEC-RAS input files are on the CD in the back of this report. 
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freeboard table-final045.xls Freeboard (n=-,045) I o f 6  



freeboard table-final045.xls Freeboard (n=-,045) 20f6  



freeboard table-final045.xls Freeboard (n=-.045) 3of6 



freeboard table-final045.xls Freeboard (n=-,045) 4 o f 6  



freeboard table-final045.xls Freeboard (n=-,045) 5 o f 6  



1. All Geometry and Flow files can be found in HEC-RAS file SW-Final.pi. 
2. "Lev and "Right' are oriented looking downstream per HEC-RAS standard. 
3. Top of bank eievations may be at locations beyond the channel proper but at or within the projed limits or within the roadway riw. 
4. Sta 199+20 - 201+00: Roadway overtopping causes high freeboard requirements in this location - Raw is contained within the channel, although the roadway iimits the ability to meet freeboard criteria. 

freeboard tabie-final045.xls Freeboard (n=-,045) 6 o f 6  
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(A) Discharge Coefficient for 
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Figure 5.17 
Discharge Coefficient and Submergence 

Factor for Roadway Overtopping 
(USDOT, FHWA, HDS-5, 1985) 
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. . 

Catherine Regester - FCDX 
. . ~uchana' n, Scott [ ~ ~ ~ h a n a n ~ c o t t @ s ~ a n l e y ~ r o ~ ~ . c o m ]  . ' From: 

Sent: Wednesday, December21,2005 1256 PM 
To: Catherine Regester - FCDX . . 

. , 

Cc: ' , Joy, Charles; Vaughan, Nathanael; Don Rerick - FCDX 
Subject: Sonoqui Wash Updated Stage Stop Basin Unsteady Flow ~ n a l ~ s i s  

Cathy, , .. 

This is to document our earlier telephone conversation regarding the 
updated unsteady flow analysis for the Stage Stop Detention Basin. As 
you know, we made a few last minute adjustments to hydraulic cross 
section orientation.and geome.try per your recent comments.' One of the 
locations where this occurred was at Sossaman Road. And one of the 
adjustments we made at that location was to reflect the high edge bf 
superelevated pavement in the culvert geometry 'instead of the centerline ~ . 

ofthe roadway profile as we hadpreviously done. 

As expected, this changed the water surface profile upstream. We found 
that the water surface increased by almost one half foot just above 
Sossaman Road and about a Quarter foot at the Stage Stop Baisn lateral 
weir. Additional hydraulic section geometry adjustments were made at. 
Chandler Heights Road (again,per your earlier review comments)and the 
new water surface profile above Chandler Heights Road actually decreased 
a little from previous models. 

, . 

However;because the water surface proiile inckeased a little at the 
Stage Stop Basin weir, we~were concerned that thismight change the 
hydrologic performance of the weir', basin and outlet pipe. So, we 
updated the unsteady HEC PAS model with the-new geometry and re-ran it. 
That updatedmodel is included on the CD I brought down to you on Dec 13 
which is now in the final design report. The design, CLOMR and unsteady 
HEC RAS models all share the same updated geometry. The results of the 
updated unsteady f1.0~ model actually indicate better hydrologic 
performance than before i.e. lower discharges downstream from the basin. 

, . 

~ u t - a s  I told you on the phone, we did not update Section 4 of the 
design repolt to reflect this update with new discharge and summary 
output tables. Please print a copy of this email and insert it into 
your copies of the design report as a preface to Section 4 and I will do 
the same at my end. This will serve as the documentation for what we 
did to update the analysis. Thanks, Cathy. Please call me to dlscuss 
any questions or concerns and / or to confirm that this covers what we 
discussed. - -Scott 
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a 4 STAGE STOP DETENTION BASIN ANALYSIS 

4.1 Introduction 

This section discusses the development of the unsteady flow hydraulic analysis used for 
the design of the Stage Stop Detention Basin since the 60% Design submittal. For 
details on the alternative development and previous optimization efforts, please refer to 
the 60% and 30% Design Reports. 

The Stage Stop Detention Basin is an off-line detention basin designed to attenuate the 
100-year peak discharge in Sonoqui Wash downstream of Chandier Heights Road. The 
basin will be constructed along the east side of Sonoqui Wash between Sossaman Road 
and Chandler Heights Road. A lateral weir located immediately downstream of Chandler 
Heights Road will divert flow into the basin once the water surface elevation in the wash 
exceeds the basin's lateral weir crest elevation. An outlet, located downstream of the 
lateral weir, will control discharge from the basin and drain detained water back into 
Sonoqui Wash. 

4.2 Design Criteria 

In general, the primary objective of the Stage Stop Detention Basin is to sufficiently 
attenuate flow in Sonoqui Wash downstream of Chandier Heights Road to ensure flow is 
adequately contained within the proposed channelization of Sonoqui Wash. To meet that 
objective, the initial design criterion for the basin was to attenuate the peak discharge in 
Sonoqui Wash immediately downstream of the basin to a maximum 100-year peak 
discharge of 1850 cfs. This criterion was established by the FCDMC and based upon an 
initial HEC-1 hydrologic analysis that diverted all flow in excess of 1850 cfs from Sonoqui 
Wash at Chandler Heights Road into a detention basin. The "topped resultant 
hydrograph, when routed downstream, sufficiently reduced peak discharges along 
Sonoqui Wash to meet the FCDMC requirements for the proposed channelization. 

4.3 Hydrology 

The HEC-1 model for the 100-year, 24-hour Sonoqui Wash hydrology was provided by 
the FCDMC. Hydrographs from the model were imported into HEC-RAS unsteady flow 
models for the analysis of design alternatives for the Stage Stop Detention Basin. 

4.3.1 Sonoqui Wash Hydrograph at Chandler Heights Road (CP-C7) 

The 100-year hydrograph for Sonoqui Wash is used as the upstream boundary 
hydrograph for the HEC-RAS unsteady flow hydraulic analyses (Figure 4-1). The 
hydrograph has two distinct peaks that result from the confluence of the Main Branch 
Wash and the East Branch of Sonoqui Wash in the vicinity of Riggs Road. To meet the 
initial criterion of limiting the maximum peak discharge immediately downstream of the 

Y detention basin to 1850 cfs it would be necessary to detain portions of both peaks. 
However, due to the significant difference in timing between the peaks, it is only 
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necessary to attenuate the first peak to below 1850 cfs in order to meet the primary 
objective of reducing peak discharges downstream of basin. If the basin were sized 
solely to attenuate the first peak discharge, the basin would remain essentially filled upon 
the arrival of the second peak, allowing the second peak discharge to bypass the basin 
unattenuated. While this would briefly exceed the 1850 cfs target discharge criterion, it 
would not result in higher peak d~scharges downstream and would reduce the required 
basin storage capacity. It is believed that by meeting the primary objective of reducing 
downstream peak discharges the result would be acceptable to the FCDMC. 

Figure 4-1: 100-Yr Hydrograph for:Sonoqui Wash at Chandler Heights Rd (CP-C7) 

4.3.2 Inflow Hydrograph to  Sonoqui Wash at Sossaman Road (CP-C7X) 

To properly model the hydrologic model in the unsteady flow hydraulic model, a 
combination hydrograph, CP-C7X, was added to the H E G l  model. CP-C7X simply 
combines all outlying hydrographs entering Sonoqui Wash at Sossaman Road. This 
hydrograph is then imported into the HEC-RAS model at Sossaman Road where it 
combines with the upstream hydrograph from Sonoqui Wash. 

4.4 HEC-RAS Unsteady Flow Models 

While the hydraulic design of the channelization of Sonoqui Wash is based on HEC-RAS 
steady flow analyses, the design and analysis of the Stage Stop Detention Basin is based 
upon HEC-RAS unsteady flow hydraulic analyses. 
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The operational characteristics of the Stage Stop Detention Basin were analyzed using 
HEC-RAS (Version 3.1.2) unsteady flow hvdraulic models. The unsteadv flow models 
extend from approximately Via del ~ard i ies  to Chandler Heights ~oad :  The model 
geometry is essentially truncated geometry from the steady flow model with some 
modifications necessary to model the detention basin system. The hydraulic model input 
parameters are summarized below. 

Geometric Data 

Cross Sections. Cross sections are cut from a digital terrain model (DTM) of the 
proposed channelization of Sonoqui Wash. In the vicinity of the lateral weir, the 
left overbank was generated from final plans. 

Lateral Structures. A lateral weir which diverts flow from Sonoqui Wash into the 
Stage Stop Detention Basin is located just downstream of Chandler Heights 
Road. 

Another lateral structure is placed along the channel further downstream to model 
the detention basin outlet. This structure is necessary only because the outlet 
pipe must be associated with a lateral structure in HEC-RAS to drain the Stage 
Stop Basin into the channel. Elevations at the top of the structure conform to the 

I 
left channel bank which separates the channel and basin. 

a Detention Basin. A stage-storage curve was developed based upon the grading 
plans for the Stage Stop Detention basin. 

Sedimentation. Sedimentation and erosion assessed or considered in the 
unsteady flow analysis. 

Bridae and Culvert Cross Sections. Sossaman Road is a dip crossing with 
culverts to pass low flows. 

Bank Stations. Bank stations are generally set at the top of the channel. 

Levee Options. Not relevant. 

Ineffective Flow Areas. Ineffective flow areas are established in the model to 
prevent inappropriate routing of flow to isolated channels. 

Ex#ansion/Contraction Coeficjents. Contraction and expansion coefficients of 
0.1 and 0.3 are used, respectively for the main channel. At the Sossaman Road 
transitions, contraction and expansion values of 0.4 and 0.6 are used, 
respectively. 

Manninq's Rouahness Coefficients. Two roughness scenarios are incorporated 
into the 90% unsteady flow model. The first, with a base Manning's 'n' value of 
0.045, models the final, landscaped project roughness of the channel. The 
second, with a base Manning's 'n' value of 0.035, models the channel conditions 
immediately after construction. 
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a Pilot Channels. Due to the presence of a drop structure in the channel and a lack 
of flow at the beginning of the storm event, a pilot channel is used to stabilize the 
analysis. Pilot channels are a HEC-RAS modeling option that can help stabilize 
hydraulic calculations in the model at low flows. The pilot channel area and 
conveyance is used during periods of low flow but when flow rates and channels 
depths increase, the area and conveyance of the pilot channel are ignored. 
Therefore, they do not impact the hydraulic results in the channel once flow rates 
are sufficient to enable hydraulic calculations to converge on a solution. The use 
of a pilot channel is the source of some initial anomalies in the water surface 
profile at the beginning of the analysis such as a water surface profile below the 
channel invert. Similar anomalies are evident in the output hydrographs. These 
anomalies do not impact the design analysis results. 

Unsteady Flow Data 

Downstream Boundary Condition. A downstream boundary condition is required 
to establish initial starting water surface elevations for unsteady flow calculations. 
The normal depth option which sets the starting water surface at the calculated 
normal depth of the channel is used for the downstream boundary condition. 

Upstream Boundary Condition. The upstream boundary condition is a hydrograph 
(CP-C7) imported from the HEC-1 100-year, 24-hr hydrology model for Sonoqui 

I Wash. 

Inflow Hvdroqra~h Boundaw Conditions. To account for inflow into Sonoqui 
Wash at Sossaman Road, an additional concentration point (CP-C7X) was 
included in the HEC-1 hydrologic model to obtain a hydrograph of all runoff 
entering Sonoqui Wash at Sossaman Road. This 100-year, 24-hr hydrograph is 
imported in to the HEC-RAS model just upstream of Sossaman Road at cross 
section 191 00. 

Initial Flow Conditions. To perform hydraulic calculations, HEC-RAS requires a 
non-zero initial conditions flow value at the beginning of the simulation. A nominal 
value of 15 cfs was input as the initial flow conditions. 

lnifial Sforaqe Conditions. The initial basin water surface elevation for the Stage 
Stop Basin is set at the bottom of the detention basin. 

4.5 Model Development 

The Sonoqui Wash, the Stage Stop Detention Basin, lateral weir and detention basin 
outlet are all interrelated structures that function as a system to attenuate flow in Sonoqui 
Wash. Each structure not only has an effect on attenuation in Sonoqui Wash but it also 
influences the design and effectiveness of other structures. Consequently, modification 
of parameter may have wide-ranging effects. 

To assess alternatives for the detention basin design, a series of alternative analyses 
were performed to determine how each structure would impact the overall system. 
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Based upon these alternative analyses, a preferred design alternative was developed. 
The approach used for alternative development and optimization was presented in the 
30% and 60% design reports with details of the alternative results. A similar effort was 
undertaken for the 90% and final design but, detailed documentation and presentation of 
non-recommended alternative results are not provided in this report. Details of the 
recommended alternative are presented in Section 4.6. 

4.5.1 Roughness Scenarios 

Two roughness scenarios have been created to model stages of development within the 
channel. A base Manning's 'n' value of 0.035 models the post-construction condition of 
the channel before the establishment of vegetation, while a base Manning's 'n' value of 
0.045 represents the final, landscaped channel condition. Stage Stop Basin performance 
was modeled for each scenario individually and compared with the design criteria 
established by FCDMC. 

4.5.2 Sossaman Road Overtopping 

While c~~lverts adequately convey low-flows, overtopping of Sossaman Road occurs 
during both peaks of the inflow hydrograph. Flow over the roadway controls backwater 
upstream of Sossaman Road and influences the amount of flow diversion into the Stage 
Stop Basin. Comparison between the 60% and 90% unsteady flow models indicate that 
the extent of downstream attenuation, due to diversion influence, is sensitive to the 
parameters used to calculate the depth of flow over the roadway. Modeling parameters 
for the Sossaman Road overtopping condition have been refined since the 60% 
submittal. Rating curves used during the 90% and 60% unsteady flow analyses are 
shown in Figures 4-2 and 4-3. Differences between the interpolated curve used for the 
computations and the actual curve have been reduced for discharges in the range of the 
peak discharges. As shown in Table 4-1, the improved rating curve improves 
dowrrstrearn peak flow attenuation. Final design is essentially the same as 90%. 
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Figure 4-2: Sossarnan Road Rating Curve used during 90% Model 
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Figure 4-3: Sossaman Road Rating Curve used during 60% Model 
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I ,  

a Table 2: Downstream Discharges for 60% and 90% Sossaman Road Rating Curves 

I I I I 

Downstream Discharges Downstream Discharges 
(60% Rating Curve) (90% Rating Curve) 

Description 

Chandler Hts-Sossarnan 
At Sossarnan 
Sossarnan-Via del Jardin 

At Chandler Heights 
(ds) 

At Via del Jardin 
Via del Jardin-Power 
At Power 
Power-Recker 
At Recker 

~ 4.5.3 Basin Stage-Storage 

- 
2078 
2068 

I 

The design for the Stage Stop Basin provides a maximum storage capacity of 
i approximately 42.5 acre-ft at the weir crest and 62.25 acre-ft at an elevation of 1368 feet 

(see Table 4-2 for Stage-Storage Rating Data). Stage-Storage data from the 60% design 
is included to show the magnitude of changes. The basin includes a 160 foot lateral weir 
at a weir crest elevation of 1366.50. The basin drains back into Sonoqui Wash just 
upstream of Sossaman Road through a single 80 foot long, 2 4  RGRCP. Analyses have 
been conducted to assess the effects of a directional flow control feature (flap gate) at the 
outlet. The inclusion of a flap gate reduced the basin stage by approximately 0.25 feet 
during interception of the first peak of the hydrograph, but had no effect on peak basin 
stage during interception of the second hydrograph peak. 

(cfs) 

2247 
2237 
2306 
2294 
2364 

The overall layout of the Stage Stop Detention Basin is shown in Figure 4-4. For more 
detailed design information regarding the Stage Stop Detention Basin and Sonoqui Wash 
channelization see the final plans. 

2239 
2227 

Recker-Higley 

(cfs) 

2408 
2401 
2470 
2454 
2527 

(cfs) 

1988 
1976 

2344 

2113 
21 02 

2156 
2146 
2213 
2202 
2273 

At Higley 

2281 
2272 
2341 
2328 
2398 

2509 
2403 

2255 2378 
2571 2313 2440 
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a Table 3: Stage Stop Detention Basin Stage-Storage Curves 



Figure Stage 
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Stop Basin Overall Layout 
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4.5.4 HEC-1 Analysis Results 

A hydrograph from the HEC-RAS unsteady flow model, located just downstream of the 
basin outlet and just upstream of Sossaman Road, was exported to the Sonoqui Wash 
HEC-1 model to determine the impact of the basin design on peak discharges 
downstream of the Stage Stop detention basin. The HEC-1 model was modified to divert 
all flow upstream of Sossaman and replace it with the hydrograph output from the HEC- 
RAS unsteady flow models. Individual results were generated for each roughness 
scenario and are shown in Table 4-3. 

The results of the analyses along and the results from the FCDMC initial design criteria 
(diverting all flow in excess of 1850 cfs at Chandler Heights Road) are shown in Table 4- 
3. The summary shows that for both roughness scenarios, the preliminary basin design 
produces peak discharges downstream of Sonoqui Wash of approximately the same 
magnitude as those resulting from the initial design criteria established by the FCDMC. 
Higher discharges from the n = 0.035 scenario owe to reduced backwater at the lateral 
weir which results in a lesser diversion into the Stage Stop Basin. 

Table 4: Summary of HEC-1 1 Stage Stop Unsteady Flow Discharges 

HEC-RAS and HEC-1 models corresponding to this analysis are found on the CD in the 
pocket at the back of this report. 
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4.7 Appendix Section 4 - Unsteady Flow Analysis 







Based upon the analyses, a lateral weir coefficient value of 2.1 is within the acceptable range of values 
calculated for the coefficient and was used for the final analysis of the Stage Stop Detention Basin. 
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a 5 Channel Stability and Sediment Transport 

5.1 Introduction 

This section covers the issue of continuous channel bank lining, armor protection of 
proposed structures such as drop structures and weirs, sediment transport analysis and 
evaluation of the sediment basin downstream from Higley Road. 

5.2 Continuous Channel Bank Lining (Concept Development) 

The Queen Creek & Sanokai (now spelled Sonoqui) Wash Hydraulic Master Plan (HMP) 
was a concept plan prepared by consultant Huitt-Zollars in September 2000 and serves 
as the ba~is ' fordes i~n of this project. The HMP was based on preliminary data 
and a limited scope of work. The HMP came to the following conclusion and 
recommendation with regard to continuous channel bank lining (pg 31 of the HMP): 

"A general recommendation was made to provide bank protection along essentially 
the entire length of both washes. Since extensive bank protection is not consistent 
with the aesthetic / multi-use concept along the washes, any future analyses should 
try to minimize the need for bank protection by reducing channel velocities to within 
the allowable channel velocities specified for each reach. This may be accomplished 
throuah arade control structures (milder slooes): wider and shallower channels; and I - - 

a or allowing more bank vegetation'(higher "n;' value)". 

The recommendations in the last sentence above have been followed to the extent 
possible within the constraints of right-of-way, aesthetics and multi-use objectives and 
project cost but the design flow velocities still exceed the maximum permissible velocity 
by a good margin. This is somewhat unavoidable given that the maximum permissible 
velocity is only about 2 ftlsec based on the results of the geotechnical analysis. 

The Sonoqui Wash Channelization project picked up where th,e HMP left off with regard 
to the issue of continuous bank lining for the entire length of the project. The project 
team did not desire continuous bank lining as expressed at the Sonoqui Wash 
Channelization project scoping and kickoff meetings. Again, this was primarily for 
reasons of aesthetics, concern over the compatibility with equestrian use and perceived 
lack of public acceptance. Cost was also a consideration. 

Therefore, the approach initiated with the Sonoqui Wash Channelization project would 
be to provide scour protection at culverts, drop structures and weirs and perhaps toe 
protection at the outside of bends or other specific anticipated scour locations but not 
continuously along the entire project. The Towns of Queen Creek and Gilbert were both 
willing to accept the additional maintenance and repairs that might be necessary for an 
unlined channel. 

Accordingly, there was no concept of continuous bank lining presented to the PAAC or 
to the public at the first public information meeting. There was also no continuous 

i8 
channel bank lining presented in the 30% plans andcost estimate that was submitted in 
January of 2005. 



Sonoqui Wash Channetlzation 
FCD 2002C037 

The fall of 2004 and winter of 2005 rainfall well exceeded normal amounts to the point 
where runoff produced a significant flow in the Queen Creek Wash channel in February 
2005. This flow caused damage to the reach from Hawes Road to Sossaman Road. At 
the same time, there was no significant flow in Sonoqui Wash downstream from Riggs 
Road. The damaged reach of Queen Creek Wash was in the final stages of constructed 
channel improvements that included drop structures and some bank lining in the form of 
plain riprap. However, there was no continuous bank lining on the Queen Creek Wash 
channel for reasons similar to those described above at the beginning of the Sonoqui 
Wash Channelization project. 

Damage from the February 2005 flow in Queen Creek Wash consisted of bank erosion 
at unlined reaches, scour of the channel bottom, scour of a linear bench along the toe of 
one slope, loss of newly pianted landscape vegetation and irrigation system, 
undermining of foundations for outlet wing walls and of multi use concrete and masonry 
structures. Much of the damage was due to the construction not having been 
completed, including hydro-seeding that had not yet been applied or had a chance to 
become established. 

The short reaches in the Queen Creek Wash Hawes to Sossaman project that had been 
lined with plain riprap received little or no damage. Downstream, the landscaped reach 
in the Power Ranch Trilogy development from Power to Recker Road and the older man 
made channel reaches downstream from Recker Road also did not appear to have 
received any significant damage. 

The February flow in Queen Creek Wash and the damage it caused was timely and 
revealing. It caused the project team to reconsider the need for continuous bank lining @ in Sonoqui Wash. Although a specific design for continuous bank lining was not 
reflected in the Sonoqui 60% plan submittal made in March of 2005, the 60% quantity 
and cost estimate was amended at the last minute to include continuous bank lining. 
The lining was assumed to be D,, 6" plain riprap with a height and toe-down to protect 
from a 100-year flow. This added significant cost to the project compared to the 30% 
estimate. 

The 60% cost estimate for continuous bank lining was $3,335,875 based on an 
estimated 74,575 CY and a unit cost of $45. Conceptually, the riprap would be buried 
with 8" to 1 2  of native soil to address the aesthetic concerns but this raised concerns 
over equestrian use compatibility if the riprap eventually became exposed. A 6" D50 
was considered a conservative last minute estimate for the 60% submittal. The actual 
stone size was later calculated and found to be smaller. 

A number of preliminary alternatives to those reflected in the 60% cost estimate were 
considered and are summarized below. 

Alternative 1: 100-year RiDrap 

This alternative would involve a 6" thick layer of 3 DS crushed granite or similar stone 
that would be acceptable aesthetically. It would have a similar look and characteristic to 
the stone used by ADOT to cover its urban freeway embankments except using larger 
stone. A 3" D,, is calculated based on current channel hydraulics using incipient motion 
analysis per the County's Drainage Design Manual. It would be placed to the finished 
channel surface instead of buried. It would rise up the bank to a height equal to the 100- 
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year water surface (ranging up to about 6.5 fl) and toed down to the 100-year scour 
depth (preliminary estimate was 3 ft). With the proper gradation or a thin surface layer of 
1/4" - minus decomposed granite, this material could be hydro-seeded and with the 
correct gradation and placement, could be traversed by pedestrians and equestrians. 
Alternative 1 is intended to meet current 100-year design criteria. A volume of up to 
about 30,000 CY would be required and the unit cost is estimated at $50. If possible, 
the gradation of this material would be designed in a way to avoid the use of filter fabric. 

Estimated Cost - $1,500,000 

Alternative 2: 10-year Riprap 

This alternative would be a compromise to the 100-year design criteria but would provide 
some level of permanent protection to the toe of the channel bank. The toe is the most 
critical point of scour attack and accrued the most obvious damage in the Queen Creek 
Wash February 2005 flow. This alternative would be very similar to Alternative 1. It 
would use a 6" thick layer of riprap except only a 2" D,, stone is needed. It would be 
placed to a height on the bank equal to the 10-year water surface (about 3.5 fi) and toed 
down to the 10-year scour depth (preliminary estimate is 1.5 fl). Alternative 2 is intended 
to meet current design criteria but for a 10-year flow instead of a 100-year flow. The 
estimated volume would be about 18,000 CY and the same unit cost is assumed. 

Estimated Cost - $900,000 

Alternative 3: Extra Hydro-seedinq (includino temporary water) 

This alternative would combine the common hydro-seeding applied to all disturbed 
surface of the project with a specifically designed hydro-seed mix that includes more 
deep-rooted scour resistant plant species applied to the toe of bank on both sides of the 
channel. Irrigation water would be applied for a short period of time to help get the 
seeds to germinate and grow to a point where they would be considered established. 
This irrigation water would be applied by water truck at regular intervals for up to about 2 
to 3 months or it could be provided by a temporary throwaway irrigation system. A 
shallow grader trench could be dug along the toe of each bank slope to catch irrigation 
or storm runoff and concentrate it to provide additional moisture that would help 
establish the hydro-seed. The cost of water truck versus temporary irrigation system is 
anticipated to be about equal. This is a compromise solution that would be intended to 
provide a minimal level of interim protection until permanent landscaping could be 
established and the channel could naturally "season" itself. It should be noted that a 
landscaped, mature, seasoned channel will resist scour and erosion better than a freshly 
constructed channel but will still not meet maximum allowable flow velocity criteria. 

Estimated Cost - $100,000 

5.2.1 Recommended Alternative 

The above alternatives were discussed at length with the project team at the 60% 
comment review I coordination meeting held on April 14, 2005 and again at a separate 
meeting held on April 20, 2005. The project team selected a compromise design using 
the buried plain riprap concept for continuous bank lining. Buried riprap was the concept 
that was presented to the public at the second public information meeting. Burying the 
riprap was still the team choice because of concerns over aesthetics and public 
acceptance. More commonly available lower cost river-run material could also be used 
if it were buried. 
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a The recommended continuous channel bank lining alternative is summarized as follows: 

1. The height of buried riprap will be designed as a uniform dimension 
above the channel flow line. The height could be as much as about 5 f i  
which is the average overall 10-year depth using the 60% high 'n' value 
(0.045) model. However, an estimate will also be made of the minimum 
average height, above which HEC-RAS 1 0-year velocity distribution 
(using the low 'n' value model) indicates there is less than about 3 ft per 
second right along the bank line. Three feet per second was the 
velocity that was considered what a 'seasoned', landscaped channel 
could withstand. Based on preliminary results, this height could be more 
in the range of 3 ft. Therefore, the height was chosen to be the mid point 
-4fi. 

2. The minimum D50 riprap for 10-year and 100-year average flow velocities 
are 2" and 3 ,  respectively, based on incipient motion calculations. A 
minimum default Ds0 of 3" is recommended. The cost differential between 
2" and 3" should be very small and this would give that aspect of the 
design a 100-year status. 

3. The minimum layer thickness for 3" stone is 1.5 times D50 or 4.5". The 
recommended minimum layer thickness in HEC-11 is 12" for practical 
constructability. The recommended compromise minimum layer 
thickness is 6". 

4. The design will incorporate a mass trench volume of 3" D50 riprap along 
the toe of bank corresponding to the 6 layer thickness and a 10-year 
general scour depth estimated from the (then current) 60% HEC-RAS 
model at 3.8 ft. No safety factor is used. 

5. The riprap specification will use lower cost rounded river cobbles as 
opposed to fractured or angular stone. If possible, the gradation specified 
would be designed to eliminate the need for bedding or geofextile fabric. 
Geotextile fabric would potentially interfere with future landscape planting 
and irrigation systems. However, geotextile fabric is incorporated in final 
design to ensure that the riprap would have a stable bed. 

6. It was decided not to have any bank lining within the sediment basin 
reach because: a) the sediment basin is wider and has lower flow 
velocity, b) there is significant buffer on either side of the basin from any 
future improvements, c) this reach is designed to fill with sediment which 
would mitigate bank erosion. 

7. All riprap is covered by a minimum thickness of native soil. Topsoil will 
not be specified. The minimum thickness of native material cover is 12". 
All finished surfaces will be hydro-seeded and a performance-based 
specification will be written for hydro-seed vegetation to ensure that it 
grows and gets established. It will be the contractor's option to use a 
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water truck or temporary irrigation system or whatever means are 
necessary to meet this performance specification. 

5.3 Continuous Channel Bank Lining (Design) 

Continuous channel protection was designed following the procedure outlined in the 
Arizona Department of Transportation's Roadway Design Guidelines (RDG). Several 
design events were considered, including the 10-year and 100-year return events. 
Comparison of average channel velocities indicated relatively little difference in required 
riprap stone size between the events, so the 100-year design flow was selected with a 
base channel n-value of 0.035. From HEC-RAS, an average channel velocity of 
approximately 5 fUs was determined for typical cross-sections during the 100-year event. 

While the RDG uses a velocity-based approach to riprap sizing, a number of factors 
accounting for sinuosity, bank slope, and the ratio of maximum to average shear stress 
also contribute. A "C" factor, the ratio of maximum shear stress to average shear stress, 
of 1.5 accounts for variability in shear along the cross-sections. The "D" factor, a 
correction for channel sinuosity was established at 1.1 as an average channel condition. 
Finally, the stability number, following RDG guidelines, was set at 1.4. Combined, these 
factors provide a conservative estimate of the required riprap median diameter. A table 
showing stone sizing factors for the 10 and 100-year flow events is included in the 
appendix at the end of this section. 

Depth of toe protection was estimated using general scour calculation methods outlined 
in "Computing Degradation and Local Scour" published by the U.S. Bureau of 
Reclamation. The average general scour depth was determined using the USBR 
method, although the Lacey Equation, and Blench equation were also considered. A 
fourth method, the competent velocity approach, was discounted due to extreme values. 
Parameters used in the equations were generated using HEC-RAS for the 10 and 100- 
year recurrence events based on the low "nu = 0.035 model. The maximum, mean, and 
minimum general scour depths for all typical sections are shown below for the 10 and 
100-year flow events. 

Estimated Depth of General Scour 

(ft) I (ft) 
I Maximum / 4.68 5.33 

Vertically, bank protection extends four feet from the toe of bank based on the 
recommended alternative described in Section 5.1. Above the extent of bank protection, 
velocities during the 100-year flow event ("n" = 0.035) are less than 3 ftls. Permissible 
velocities for the soil types found in Sonoqui Wash, as noted in the Channel Stability 
Analysis by WEST Consultants, are on the order of 2 ftls. This suggests that some bank 
erosion may occur above the continuous channel lining during the 100-year flow event 
based on bare soil. Hydroseed and the permanent future landscaping should mitigate 
this. Plots of velocity distribution along typical cross sections are included in the 
appendix at the end of this section. 

Average I 4.36 4.92 
Minimum I 3.31 3.64 
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5.4 Revised Drop Structure Slopes 

Between 60% and 90% plan submittals the drop structure slopes were revised from a 
slope of 20:l to a slope of approx 10:l. This was done primarily to save cost. Additional 
design details for the drop structures were developed at this stage. Drop structures will 
all use grouted riprap and 12 inches of native soil cover over the grouted riprap between 
the vertical concrete sills. The grout specification will leave 2 inches from the top of 
stone to the grout which will give the finished surface some texture but not too much that 
it would be difficult to traverse when exposed. An apron of plain dumped riprap will be 
placed downstream from the lower sill and upstream from the upper sill on the channel 
bottom and up the banks. It will be placed on filter fabric and covered with a minimum of 
12 inches of native soil. 

5.5 Drop Structure Protection 

Revetment at channel drop structures was designed on a per-structure basis. Structure 
length and slope, as well as upstream and downstream conditions affected the 
revetment design. During the 60% phase of the project, high velocities on the structures 
indicated conventional dumped riprap would be cost-prohibitive and grouted riprap was 
selected for use on all of the structures. 

Velocities immediately above, below, and on the structures were determined using a 
I steady-state HEC-RAS simulation (with mixed flow). Interpolated cross sections were 

added to the HEC-RAS model ("n" = 0.035) at 5 foot intervals for the continuum between 
the station immediately downstream of the drop structure and the station immediately 
upstream (see Figure 1 below). The 10 and 100-year recurrence events were modeled 
and maximum velocities on the structures were found to be split between the events 
(maximum velocities on structures 3 and 4 occurred during the 10-year event). Further, 
a future bridged condition at Power Road was included to account for a reduced 
backwater effect at Structure # 5. Higher velocities at structure 5 were generated using 
the bridged condition. 
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Figure 5-1: HEC-RAS Interpolated Cross Section Extents at Drop Structures 

I Above and below the structures, the same evaluation process was used. Higher 
velocities occur above (upstream) of the structures than below (downstream), generally 
due to acceleration at the head of the drop and the formation of hydraulic jumps on the 
structures. Dumped riprap was sized for application at the apron locations using the 
equation in the Arizona Department of Transportation's Roadway Design Guidelines. 
With velocities ranging from 8.4 to 4 Ws, the median stone diameter upstream of the 
structures varies from 3 to 18 inches. Below the structures, velocities are in the range of 
the typical-section average velocity (=5 Ws). 

As HEC-RAS is unable to model the extent of jump formation, the formation of hydraulic 
jumps on several structures suggests a large potential for scour below the structures. 
For this reason, a median stone diameter of 12 inches is recommended below the 
structures. 

On the structures, grouted riprap layer thickness was determined following guidance in 
Hydraulic Engineering Circular No. 11 - Design of Riprap Revetment (HEC-11) by the 
Federal Highways Administration. Peak velocities in the range of 17 ft/s require a 
grouted riprap layer approximately 2 ft thick, while velocities below 9 Ws require a 1 foot 
layer thickness. Following these guidelines, structures 2, 3, 4, and 5 have thicknesses 
of 2 feet, while structures 1 and 6 are one foot thick. A detailed table is provided in the 
appendix at the end of this section. 

Between the structures and dumped riprap aprons, cutoff walls define the upstream and 
downstream boundaries of the rigid structure. The primary component of design for 
cutoff walls is wall depth which is determined by the anticipated depth of scour near the 
wall. Two independent scour analyses were used to estimate the scour depth and 
subsequent cutoff wall design depth. 
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Analysis by WEST Consultants (see Section 5.5) for structures of similar composition to 
the drop structures generates toe scour depths ranging from 1.4 feet at Structures #5 
and #6 to 3.5 feet at Structure #4. WEST'S analysis did not incorporate the future 
condition at Power Road (a bridge or major culvert) so the anticipated future scour at 
Structure #5 will likely be greater than the 2.8 ft that was estimated. Assumptions for the 
analysis include a toe protection apron of dumped riprap (DsO = 1 2 )  and a 4:l 
longitudinal slope on the structures. Having flatter longitudinal slopes (10:l) for the 
Sonoqui Wash structures suggest that estimated scour depths are conservative. On the 
other hand, the methodology does not deal with what happens if a hydraulic jump were 
to occur on the apron. 

HEC-RAS plots of channel Froude number show the development of supercritical flow 
on Structure #s 2, 3, and 4 during either the 10 or 100-year recurrence event. Using the 
future condition of a bridge crossing at Power Road, supercritical flow also develops at 
Structure # 5. On all structures, flow returns to subcritical conditions before reaching the 
toe of the structure, however, HEC-RAS does not explicitly model hydraulic jump 
formation or dynamics. As mentioned previously, extension of protection below the 
structure is recommended to prevent erosion due to possible jump formation on the 
structure. A plot of Froude number versus station is shown below. 

U l n C h n n  D1.nr,l, 

Figure 5-2: Froude No. vs Station (Qlo with bridge at Power Road, n = 0.035) 

General scour calculations performed by Stanley Consultants based on methods in 
USBR's "Computing Degradation and Local Scoui' for typical channel sections using the 
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low "n" value 0.035 HEC-RAS model and 100-year flow event indicate an average depth 
of scour of 4.9 feet (without safety factor, see table above). Velocities at the upstream 
edge of the drop structures exceed both those below the toe and at typical channel 
sections (velocities for the 10 and 100-year flow events above and below the structures 
are presented in the appendix at the back of this section). However, the general scour 
calculation does not account for riprap protection which will be provided in the form of a 
dumped riprap apron at the top of each drop structure. 

Based on the above analyses, a minimum depth of 5 feet was adopted for both 
upstream and downstream cutoff walls at all drop structures. This will exceed the 
average general channel scour depth by a small margin and the analysis by WEST 
Consultants by almost 1.5 feet. Although a safety factor is not directly computed, the 
presence of dumped riprap upstream of the structures will limit erosion at the upstream 
boundary and eliminate the need for a safety factor. 

5.6 Weir Structure Protection 

Staqe Stop Basin ~ateral'weir Cutoff Walls 

Cutoff walls along the channel-side of the lateral weir extend 5 feet to the average 
general scour depth for the 100-year discharge. To maintain weir function during 
scouring events, a dumped riprap apron extending 15 feet from the weir toe will limit 
scour in the vicinity of the weir and act as an erosion retardant. In case of backflow 
events (flow draining over the weir from the basin into the channel) greater scour is not 
anticipated on the channel side of the structure than for the general scour condition due 
to the concurrent presence of water in the channel. 

Queen Creek Confluence Weir Cutoff Walls 

Upstream cutoff wall depth (within the sedimentation basin) has been established at 6.5 
feet, which is the general scour depth with a safety factor of 1.3. As the sedimentation 
basin is expected to fill over time and require maintenance to remove accumulated 
sediment, a riprap apron was deemed inappropriate for this location. Additional scour, 
such as from backflows over the weir crest (flow from Queen Creek into Sonoqui Wash), 
are not anticipated at this location. 

Downstream cutoff wall depth (on the Queen Creek side of the weir) has been 
established at 5 feet. Although the analysis by WEST Consultants did not include a 
scour estimate at the toe of the confluence weir, the analysis was based on a study of 
spillways of similar (4:l) slope. Due to the similarities between the confluence weir and 
the spillways in the original study as well as the drop structures in Sonoqui wash, 
anticipated scour depths at the toe of the confluence structure are expected to be similar 
to those at the drop structures. A dumped riprap apron similar to the ones used at the 
toe of the drop structures will be used at the confluence weir. Also similarly, the depth 
of the cutoff wall at the downstream toe of the confluence weir will be set at 5 ft. 
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m 5.7 Sediment Transport and Sediment Basin Design 

Note: Section 5.7 was contributed by WEST Consultants. 
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@ 1. Permisrible Velocity Analysis 

WEST Consultants provided a channel stability analysis for an unlined channel. This analysis 
was based on permissible velocities as specified in Section 10.3 of the Consultant Guidelines. 
The soil gradation data obtained by AMEC was evaluated and utilized to predict permissible 
velocities for Sonoqui Wash project reach. 

AMEC obtained soil samples at twenty-five locations throughout the project area. Table 1 
shows the location and sampling depths, USCS soil class and description, and maximum 
allowable velocities based on U.S. Army Corps of Engineers' Engineering Manual EM 11 10-2- 
1601 (USACE, 1994), the maximum allowable velocity based on Fortier and Scobey (1926), and 
the maximum allowable velocity predicted using ARS Publication 667, "Stability Design of 
Grass Lined Open Channels" (ARS, 1987) . 

The gradation plots of the AMEC data are shown in Figure 1. It can be noted that the gradations 
are relatively well clustered in the upper right corner of the plot with the exception of five 
samples. Three of these five samples have significant amounts of gravel while the other two 
samples contain primarily sand with few fines. These five samples are highlighted in Table 1 
and consist of three samples taken in the 14.5 to 16 ft. range, and one sample taken in the 20 to 
21.5 ft. range. 

I Of the coarser samples, two are predominately sands and three have significant amounts of 
r e 1  These samples, highlighted in Table I, were taken at depths below the expected 
excavation depth for the channel and therefore were not used in the analysis. 

Based on the soil samples obtained for the Sonoqui Wash project reach, the maximum 
permissible velocity is on the order of 2.0 fps for the channel and banks. This permissible 
velocity is significantly lower than the design velocities in the channel indicating protection may 
be required. It may be possible to use smaller materials and armor the surface of the bed or 
banks so as to reduce erosion and not interfere with plantings and landscaping in the channel and 
on the banks. 
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Figure 1. Soil Gradations for Sonoqui Wash Samples 
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a 2. Sediment Transport Analysis 

Sediment transport modeling (HEC-6T) was performed for the purpose of evaluating the overall 
stability of the proposed Sonoqui Wash channel and to evaluate the performance of the proposed 
sediment basin located downstream of Higlev Road. The HEC-6T model was developed from 
the 90% Project HEC-RAS model provided b; Stanley Consultants on May 18,2005. The HEC- 
RAS model included the location and configuration of the six proposed grade control structures. 
These structures were identified as hard points for the HEC-6T modeling of Sonoqui Wash. The 
geometry of this model included a sediment basin with a 60 foot wide weir at the Queen 
CreeWSonoqui Wash confluence and basin bottom width up to 160 feet. 

2.1 Hydrologic Data 

Stanley Consultants provided the HEC-1 input files fiom which the 2-, 5-, lo-, 25-,50-, and 100- 
year event hydrographs were generated. The 100- and the 10-year events were utilized in the 
sediment transport analysis. Analysis was conducted to distribute the flows of the 100-year event 
at four local inflow locations along the study reach. The hydrologic points of interest identified 
from the HEC-1 model to adjust the 100-year hydrographs for local inflow were the flow 
concentration points CP-C7, CP-C7A, CP-D2, CP-N5 (Figure 2), and the detention basin at 
Sossaman Road. The flow adjustment was conducted in the downstream direction at the local 
inflow points. Over the hydrologic time period, the detention basin hydrograph (peak flow of 
1850 cfs) ordinates were subtracted from those of CP-C7, and CP-C7A to establish two sets of 
local inflow discharges. Next, the flow ordinates of CP-D2 were subtracted from CP-C7A, and 
subsequently, the flow ordinates of CP-NS were subtracted from the upstream concentration 
point CP-D2 to generate two more sets of local inflow discharges. These local inflows were 
incorporated within the HEC-6T hydrologic record for the 100-year event. The only 10-year 
event hydrograph generated was located in the upstream end of the study reach, requiring no 
additional effort to distribute flows along the study reach. 

2.2 Sediment Transport Model 

The HEC-6T sediment transport model was developed from the HEC-RAS model provided by 
Stanley Consultants. Gradation data provided by AMEC (Figure 1) was used for the analysis. It 
can be noted from Figure 1 that the gradations are relatively well clustered in the upper right 
corner of the curve with the exception of five samples. Three of these five samples have 
significant amounts of gravel while the other two samples contain primarily sand with few fines. 
These five samples consist of three samples taken in the 14.5 to 16 ft. range below the surface, 
and one sample taken in the 20 to 21.5 ft. range below the surface. Yang's Stream Power 
function was the chosen transport function because the function is suitable for most sand bed 
conditions of the Southwest, and based on the related project experience. The movable boundary 
limits for the Sonoqui Wash channel were defined from top of the left bank to the top of the right 
bank. Tailwater rating curves were developed for 100-year and 10-year events using the HEC- 
RAS model. The rating curves were used to establish the downstream water surface elevation. 
Local inflows were introduced in the HEC-6T model at the flow change location cross sections: 
20300,19300,15600, and 6600 (Figure 2). 



I 

......,.... ,., Sonoqui Wash Channelization 

Figure 2. Local Inflow Locations 



The equilibrium bed material load at the upstream reach of the model was calculated for a range 
of constant discharges up to 3,200 cfs to develop a sediment-water discharge rating curve. The 
sediment re-circulation option in HEC-6T was used to accomplish this task using the upstream 
cross sections 21800,21700,21600,21500,21424,21400,21300,21240,21216,21200,21100, 
21000, 20900, 20800, 20700, and 20600. It is desirable to run the re-circulation option at an 
upstream segment of the river reach where the bed slope (along thalweg) remains uniform. The 
aforementioned cross sections immediately downstream of Chandler Heights Road were suitable 
for this purpose. 

The re-circulation model simulation was initiated with zero sediment entering the model. The 
simulation was repeated for several events representing a single discharge. The calculated 
sediment concentrations for the first event were used as the sediment inflow for the second event 
and so forth. This procedure was continued for each constant discharge until the sediment 
concentration converged. The fractions for the different types of materials from very coarse to 
very fine sand were collected for each constant discharge as the inflowing sediment load, and 
used as the inflow at the upstream end of the model. The sum of the fractions for each discharge 
total one (1). The same sediment load and fractions were input at the local inflow locations. It 
is noted that running a constant discharge over a period of time in the HEC-6T recirculation 
option essentially attempts to make linear a nonlinear phenomenon, and therefore can result in 
some oscillation in the total incoming load at low and high flows for a given bed slope and cross 
section geometry. 

2.3 Sediment Transport Results 

Based on the channel configuration and associated HEC-RAS model, sediment transport 
analyses were conducted for a single 100-year event, and a single 10-year event. The 100-year 
and 10-year peak discharges are 2,400 cfs and 1,180 cfs, respectively, at the sediment basin. The 
HEC-6T models reflect a Manning's n value of 0.035. 

The relative stability of the proposed Sonoqui Wash channel is shown in Figures 3 and 4. Figure 
3 compares the initial average bed elevation with the average bed elevation following the routing 
of a 100-year hydrograph through the system. The results of the sediment transport analysis for 
a 100-year event show the proposed channel to be relatively stable with minor degradation in the 
vicinity of Via del Jardin and between Power Road and Recker Road. Figure 4 compares the 
initial average bed elevation with the average bed elevation following the routing of a 10-year 
hydrograph through the system. The results for the 10-year event also indicate the proposed 
channel to be relatively stable with little variation in average bed elevation within the project 
reach. 

The sediment basin located downstream of Higley Road was evaluated and the volume of 
sediment deposited for the 100-year and 10-year event estimated by the HECdT sediment 
transport analyses. The volume of sediment deposited within the proposed sediment basin was 
estimated using the "$VOL A" command in HEC-6T. This command, when introduced in 
the .T5 input file just before the $$END command, generates a table (titled "Vol 1") in the .T6 
output file showing the accumulated sediment volume deposited at a 'reach' in cubic yards. The 

@ 'reach7 is defined by half the distance to a cross section on either side (upstream and 



downstream). The volume is computed within HEC-6T from sediment passing each section in 
tons (also shown in the "Vol 1" table), and the units are converted from weight to volume using 
the specific weight of bed material. HECdT does not associate the change in volume with the 
actual cross sections for this computation. Table 2 lists the volume in cubic yards at the 
depositing 'reach' (defined by the cross sections) in the sediment basin, and the total volume for 
a 100-year event and a 10-year event. These values were taken directly from the "Vol 1" table in 
the HEC-6T .T6 output file for each event. The negative numbers in the "Vol 1" table refer to 
erosion and the positive numbers refer to deposition in the particular 'reach'. 

Table 2 provides a summary of the estimated volume of sediment deposited for each condition 
evaluated. The volume is estimated to be 17,435 cubic yards for a single 100-year event, and 
5,412 cubic yards for a single 10-year event. 

Table 2. Volume Deposited in Sediment Basin 

Cross Section No. 
2027 

+ 

The relative efficiency of the sediment basin can be obtained by comparing the total sediment 
passing a cross section upstream of the sediment basin with the total sediment passing the cross 
section at the downstream end of the sediment basin at a given time in the hydrologic record. 
For the sediment basin configuration proposed, the results of the HEC-6T modeling indicate that 
during a 100-year event 89% of the sediment conveyed to the basin will be deposited and during 
a single 10-year event more than 99% of the sediment conveyed to the basin will be deposited 
within the basin. 

- - - -  I 
. .. - - 

Since deposition within the sediment basin increases the bed elevation and modifies flow 
conditions downstream of Higley Road, HEC-RAS was updated for the post 100-year event to 
evaluate the channel capacity and resulting change in water-surface profiles due to these changes. 
HEC-RAS was updated based on the bed elevation obtained from the HEC-6T analysis 
following a single 100-year event. The HEC-RAS results for the post 100-year conditions @ indicate that no overtopping of the banks would occur. 

Volume (cubic yards) 
100-Year Event r 10-Year Event 

181 

6 1200 

162 

Total 17,435 5,412 1 318 



3. Scour a t  Grade Control Structures 

Scour for the six grade control structures in the study reach was estimated using a method 
developed for the Arizona Department of ~rans~ortation (ADOT, 1983) for sloping sills. There 
are a number of different methods available for estimating scour at grade-control / drop 
structures. Many of these methods are for either a vertical drop or a 1 vertical to 1 horizontal 
(1V:H) i l l .  The ADOT method is for a 1 vertical to 4 horizontal (1V:4H) sill. The grade- 
control structures proposed for Sonoqui Wash include sloping sills of 1 vertical to 10 horizontal 
(1V:lOH). 

The ADOT equation for estimating scour for sloping sills is as follows: 

d s = D s - ~ n  
where, 

ds =depth scour below the stream bed, ft  
DS = depth of scour measured from downstream tailwater, ft  
Yc = critical depth, ft 
Yn = normal depth in downstream channel, ft 
dm = size of material being scoured, f t  
dm = size of riprap material along the sloping sill or grade control structure, ft 

The grade control structures proposed for Sonoqui Wash have a grouted riprap sloping sill with a 
riprap apron at the toe of the sloping sill. When protection is provided in the form of a riprap 
apron at the toe of the sill, dm is the median size of the material used for protection. It is 
recommended that the apron extend about 20 feet with a layer 1-l/2 or 2 stones in thickness. 
From the 90% plans developed by Stanley Consultants for Sonoqui Wash, both dm and dm are 12 
inches or 1 foot. Table 3 provides a summary of scour depths at the grade control sites. Scour 
calculations are included in the appendix. 

Table 3. Seour at Grade Control Structures 

Location of Grade Control Structure 
Upstream of Sossarnan Road 

Upstream of Power Road 
Upstream of Recker Road 

Between Higley and Recker Roads 
Upstream of Higley Road 

Downstream of Higley Road 

Scour, d,, in feet 
2.6 
2.8 
2.9 
3.5 
1.4 
1.4 



a 4. Summary 

This section vrovides documentation for the permissible velocity analysis for channel 
stabilization, and sediment transport analysis to help establish the volume and configuration of 
the sediment basin located at the downstream end of the pro-ject. The maximum permissible 
velocity is on the order of 2.0 fps for the channel and banks. This permissible~vel~cit~ is 
significantly lower than the design velocities in the channel indicating protection may be 
required. 

A sediment basin with a maximum bottom width of 160-feet was evaluated and the volume of 
sediment deposited within the basin estimated for the 100-year and 10-year events. The volume 
is estimated to be 17,435 cubic yards for a single 100-year event, and 5,412 cubic yards for a 
single 10-year event. The relative efficiency (i.e., sediment deposited vs. sediment conveyed to 
basin) of the proposed sediment basin was determined to be 89% during a single 100-year event 
and 99% for a single 10-year event. Inspection and maintenance of the sediment basin will be 
required with sediment removed immediately following any large event such as a 100-year event. 
The sediment basin should be inspected after each significant event. 

A scour analysis was conducted for each of the six grade control structures. The ADOT method 
used for this purpose typically gives conservative results and is based on a sloping sill of 1V:4H. 
The Sonoqui Wash structures have a sloping sill of 1V:lOH. Therefore, no safety factor was 
added to the scour depth calculated. 
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Figure 4. Average Bed Elevation Profile for 10-year Event 
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.1 General Scour Equations 81 Parameters 
- 

Common Parameter Values and Descriptions 

B = Channel width (ft) 
q = QIB, Design flood discharge per unit width, f131slft 
d, = Scour depth below streambed, fl 

0.1 D,, = particle size at which 50 percent of bed material by weight is finer, mm - 
dm = Mean water depth at design discharge, ft 
V, = Mean flow velocity at design discharge, ft 

Q = Design discharge (cfs) 

USER Method 
d, = 2.45qU.z4 

Lacev Eauatlon 
d, = Zd, 
d,, = 0.47(Qlf)"~ 
d,, =Mean water depth at design discharge, ft 
f = Lacey's silt factor equals 1 .76(D50)1'L 

Z = Multiplying factor, Table 7 
D50 0.075 

f 0.482 
Z 0.5 

Blench Eauation 
d, = Zd,, 
dro = q"d/~b,lr" 

d, = Depth for zero bed sediment transport, f l  
Fbo = Blench's "zero bed factor" in ftli' {Figure 9) F, vs. D 

D = Median Diameter of Bed Material 
D = 'I mrn {conse~ative assumption based upon soil samples) 
Fbo 1.8 {Figure 9 for D=lrnm) 
Z = Multiplying factor Vable 7) 
Z 0.6 

Reference: Pemberton, Ernest L, and Joseph M. Lara, 'Computing Degradation and Local Scour': 
Technical Guideline for Bureau of Reclamation, Denver, Co., Jan 1984. 
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General Scour Calculations along Sonoqui Wash Channel (1 00-Year) 

Scour Estimates-Final.xls 

Min. 
Average 

Max. 

100-Year General Scour 

I 
Equations 

Calculated Scour Depth, ds 

3.6 
4.9 
5.3 

Specific 
Discharge 

q 
(cfslfl) 

Average 
(ft) 

USBR 
( ft ) 

3.7 
3.9 
4.0 

River 
Station 

I I I 

Discharge 
Q 

(cfs) 

Hydraulic 
Depth 

R 
(ft) 

Lacey 
(fi) 

1.5 
3.5 
4.3 

Top 
Width 

B 
(ft) 

Blench 
(ft) 

2.9 
4.1 
4.5 



General Scour Calculations along Sonoqui Wash Channel (1 00-Year) 

i 

i 
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General Scour Calculations along Sonoqui Wash Channel (100-Year) 
Hydraulic Top Specific Equations 

Depth Discharge Width Discharge Calculated Scour Depth, ds 
River R B a USBR 1 Lacev I Blench I Average 

Scour Estimates-Final.xls 100-Year General Scour 



Note: Hydraulicdata born HEC-F'.AS model SW-VDM.PRJ 
Reference: Pemberton, Ernest L, and Joseph M. Lara. "Computing Degradation andLocal Scou?, 
Technical Guideline for Bureau of Reclamation, Denver, Co., Jan 1984. 
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General Scour Calculations along Sonoqui Wash Channel (10-Year) 

Scour Estimates-Final.xls 10-Yr General Scout 



Note: Hydraulic data from HEC-RAS model SW_Linlng.PRJ 

General Scour Calculations along Sonoqui Wash Channel (10-Year) 

- - 

~eferenre:  Pemberlon. Ernesf L ,  end Joseph M Lard. ..Computing Dcgradatiun and Local S C O J ~ :  

Technical Guideline for BureaL olKeclarnation. Den\,er, Cu.. Jan 198.1. 

Scour Estimates-Final.xls 10-Yr General Scour 

Top 
Width 

B 
(ft) 

Discharge 
Q 

(cfs) 
River 

Station 

Hydraulic 
Depth 

R 
(ft) 

Specific 
Discharge 

'4 
(cfslft) 

Equations 
Calculated Scour Depth, ds 

USBR 
(fi) 

Average 
(fi) 

Lacey 
(ft) 

Blench 
(ft) 





D = IO(CD(SN)) "5 v ~ / ( K ( G  s - l )  "5 R " Proposed Bank Protection 

Reference: Section 613.3, ADOTRoadway Design Guidelines, May 1996. Material Thickness = 6" and D5, = 3" 
Where: 

D, = Median Stone Diameter (mm) 
C = Ratio of maximum to average boundary shear (Figure 613.3) 
D = Ratio of maximum boundary shear in a bend to average boundaly shear (C = 2 . 6 5 i ( r l ~ ) ~ ~ )  (R=radius at CL, W=top width) (D=l for riw>7) 

K = Ratio of the criticai boundary shear force (CBSF) on side slope to CBSF on channel bed (K=(l-sin2~lsin2B))(~=SS angle. B=Riprap angle of repose) 

SN = Stability number (1.25 for culverts or ditches, 1.40 for channels or culverts. 1.6 for bddges) 
V = Average channel velocity (mls) 
R = Hydraulic Radius (m) 
G, = Specific gravity of rock 

Notes: 1. Riprap sizing procedure follows ADOT Roadway Design Guidelines, 1997 

2. Riprap Angle of Repose assumed at 37 degrees, side slope assumed at 6:l. K= for determining K 
3. Bank side slope assumed at 6:l for determining K 
4. Median values are considered more representative than average values 

and therefore are preferred in sizing material (average V & R do not correlate well) 

5. Extremely high velocities (i.e. at drop structures & road crossings) have been removed 
as they are non-representative of general channel conditions 

Channel Bank Riprap Size 



Sonoqui Wash Channel Velocities and Hydraulic Radii for Riprap Sizing 

Note: 1. Extremely hlgh velocities (i.e. at drop structures & road crossings) have 
been removed as they are non-representat~ve of general channel conditions 

2. Date from HEC-RAS analysis SW-Lining.prj 

a 
AveRlprap-Final.xls HEC-RAS Data 

Summary ot Data 

Storm 
Event 
2-Year 
10-Year 
100-Year 

Hydraulic Radius, R 
Average 

(ft) 
2.30 
3.37 
4.35 

Velocity 
Median 

(ft) 
1.76 
3.01 
4.08 

Average 
(ws) 
2.44 
3.62 
4.64 

Median 
(fils) 
2.78 
3.99 
4.94 



HEC-RAS Data 





HEC-RAS Data 



HEC-RAS Data 



Project No. Stanley Consultants IK --- Page No. __- 
Subject -&*&LI+~.Z_% p..-r--.- 

Computed by 3: . - .. Date _..Lo&!D.< . -  Q ~ ~ r ~ ~ - - . _ S ~ r L L C 3 - B ~ ~ - L t ! ~ ~ ~ .  
Checkedby Date . ... _..-_-.--_--....._..-..-_..,..~-p-~-.....~ 



Notes: 
1. Velocities from HEC-RAS analysis. V,,and V,, represent the highest velocity on the drop of the structure. 
2. Riprap thickness fmm FHWA-HEC-11, Figure 57 
3. Max median stone size of 213T from FHWA-HEC-11 

I Drop Structure Riprap-Final.xls Grouted Riprap Sizing 



Drop Structure Dumped Riprap Sizing 
Above Structures 

I Velocities' I Hydraulic Radius' Bottom Ave. Flow Dumped Riprap D,, 
Drop Structure 'Jio v,oo Vmax 'Jm R R Width, B Depth. d 

No. I Location (ws) (HIS) (ws) (mls) (ft) (m) (ft) (ft)   id c D SN K G, (mrn) I (in) 

Below Structures 

DSo = IO(CD(SN)) '.5 v3/(K(G -1) " R  a.5 

Reference: Section 613.3, ADOT Roadway Design Guidelines, May 1996. 
Where: 

D,, = Median Stone Diameter (mm) C = Ration of maximum to average boundary shear (Figure 613.3) 
Bld, =Average WidthIAverage Depth -used to detemline C G, = Specific gravity of rock 
V = Average channel velocity (mis) 
R = Hydraulic Radius (m) 
D = Ratio of maximum boundav shear in a bend to average boundary shear (C = 2.65/(r/w)".') (R=radius at CL, W-top width) (D=1 for dW7) 
K = Ratio of the critical boundary shear force (CBSF) on side slope to CBSF on channel bed (K=(I-sin2Nsin"B))(A=SS angle (9.5'). B=Riprap angle of repose(37')). K-0.96 
SN = Stability number (1.25 for culverts or ditches. 1.40 for channels or culverts, 1.6 for bridges) 

Drop Structure Riprap-Final.xls Dumped Riprap Sizing 



a ummary of Raw HEC-RAS Data 

Note: Data from HEC-RAS model SW-VDM.PRJ. 
Hydraulic radius (R) and depth (D) correspond to the maximum velocity value 
Upstream & downstream parameters used to size dumped riprap u/s & dls of drops 
Parameters "On the Drop" are used to size grouted riprap on the drop structure itself 

Drop Structure Riprap-Final.xls Sum of Raw Data 4// D 





Drop Structure Riprap-Final.xls Raw HEC-RAS Data 



Drop 

- 

HEC-RAS Data for Drop Structure Riprap Analysis 

Structure Riprap-Final.xls Raw HEC-RAS Data 4 



HEC-RAS Data for Drop Structure Riprap Analysis 

m 

Drop Structure Riprap-Final.xls Raw HEC-RAS Data 5 



HEC-RAS Data for Droo Structure Riaraa Analvsis 

Drop Structure Riprap-Final.xls Raw HEC-RAS Data 6 

- - . . - 

Structure 

10-Year 
River 

Station Velocity 
(Ws) 

Hydraulic 
Radius, R 

(f0 

100-Year 
Flow 

Depth 
(ft) 

Flow 
Depth 

(ft) 
Velocity 
(Ws) 

Hydraulic 
Radius, R 

(fl) 
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onto a surface. In the pa .t, me term 'gunite'was commotlly used to designate dry-mix 
mortar shotcrete. The term is currently outdated and 'shotcrete' has become the trade 
name for all pneumatically applied dry-mix or wet-mix concrete or mortar. 

ACI 506R (1985) discusses the properties, applications, materials, reinforcement, 
equipment, shotcrete crews, proportioning, batching, placement, and quality control of 
the shotcrete process. 

As a channel lining,.shotcrete is an acceptable method of applying concrete with a 
general improvement in density, bonding, and decreased permeabiiity. The same design 
considerations.discussed in Sections 6.5.2.1 to 6.5.2.6 apply in the design of shotcrete , 

. 

channels. , 

6.5.3 Riprap Lined Channels 

Graded riprap can be an effective lining material if properly designed and constructed. 
The choice of riprap usually depends on the availability of graded rock with suitable 
material properties and at a cost that is competitive with alternative lining systems. 

Riprap design involves the evaluation of five performance areas. These areas include the 

a evaluation of: 

riprap quality; 
riprap layer characteristics; 
hydraulic requirements; 
site conditions; and 
river conditions. 

&.Arizona, site requirements and-river conditions are important factors in the protection 
of bridge structures and floodcontrol'channels. . . ' ' 

6.5.3.1 Itiprap Quality:, Riprap quality determination refers to.  the physical . . 

characteristics of the rock particles that make up the bank protection. ~ u a l w e s  ' , 

determined to  be most important 'include dknsity, durability, and shape. Requirements .. 

for each of these properties are summarized in this section. 

Specifi Gravity (Density): The design stone size for a channel depends on the particle 
weight, which is a function of the density or specific gravity of the rock materid. A 
typical value of specific gravity in Maricopa County is 2.4. All stones composing the 
riprap should have a specific gravity equal to or exceeding 2.4, following the standard 
test ASTM C127. 

Durubility: Durability addresses the in-place performance of the individual rock 
particles, q d  also 'the transportation of riprap to the cons@cti6n site. 1n-place 

6.38 . . ' January 28,1996 
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deterioration of rock particles can cccur due ro cycles of freezing and thawing, or can 
occur during transportation to the site. The rock particles must have sufficient strength 
to withstand abrasive action without reducing the gradation beiow specified limits. 
Qualitatively, a stone that is hard, dense, and resistant to weathering and water action 
should be used. Rocks derived from ignq~us qnd metamorphic. sources provide the most 
durable riprap. 

Laboratory tests should be conducted to document the quality of the rock. Specified tests 
that should be used to determine durability include: the durability index test and 
absorption test (see ASTM C127). Based on these tests, the durability absorption ratio 
(DAR) is computed as follows: 

DAR = 
Durability Index 

Percent Absorption + 1 

The following specifications are used to accept or reject material: 

1. DAR greater than 23, material is accepted; 

2. DAR less than 10, material is rejected; 

3. DAR 10 through 23: 

a. Durability index 52 or greater, material is accepted; and, 

b. Durability index 51 or less, material is rejected. 

Shape: There are two basic shape criteria. First, the stones should be angular. Second, 
not more than 25 percent of the stones should have a length more than 2.5 times the 
breadth. The length is the longest axis through the stone, and the breadth is the shortest 
axis perpendicular to the length. Angularity is a qualitative parameter which is assessed 
by visual inspection. No standard tests are used to evaluate this specification. 

6.5.3.2 Riprap Layer Characteristics: The major characteristics of the riprap layer 
include: characteristic size; gradation; thickness; and filter-blanket requirements. 

Characteristic Size: The characteristic size in a riprap gradation is the d,,. This size 
represents the average diameter of a rock particle for which 50 percent of the gradation 
is finer, by weight. 

Gradation: To form an interlocked mass of stones, a range of stone sizes must be 
specified. The object is to obtain a dense, uniform mass of durable, angular stones with 
no apparent voids or pockets. The recommended maximum stone size is 2 times the d5, 
and the recommended minimum size is one-third of the d,,. 
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Table 6.4 
Riprap Gradation Limits 

(USDOT, FHWA, HEC- 11) 

The gradation coefficient, G, should equal 1.5. 

G = 0.S(d,/d5,+ d,,ld,,) (6.14) 

 able 6.4 provides design gradations fcir riprap. As a practical matter, the designer , i 
.should check with local quanies and suppliers regarding the classes and quality of riprap --- 

available near the site. 

Percent of Gradation 

100 

85 
- 

50 

15 

Stone Size Range 

1.5 d,, to 1.7 d,, 

1.2 dm to 1.4 d,, 

1.0d,, to l.lSd,, 
- 

0.4 d,, to 0.6 d,, 

Thickness: The riprap-layer thickness shall be the greater of 1.0 times the d,, value, or 
1.5 times the d,, value. But the thickness need not exceed twice the d ,, value. The 
thickness is measured perpendicular to the slope upon which the riprap is placed. 

Stone Weight Range 

3.0 W,, to 5.0 W,, 

2.0 W,, to 2.75 W,, 

1.0 W,, to 1 5 W,, 

0.1 W,, to 0.2 W,, 

FiUer Blanket Requirements: The purpose of granular filter blanketsunderlying riprap 
is two-fold. First; they protect the underlyingsoil from washing .out; and, second, they 

. . provide a base on which the riprap will rest. The need for a filter blanket is a function 
of particle-size ratios between the riprap and the underlying soilwhich comprise the 

. I  channel bank. The inequalities that must be satisfied are as follows: 
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L 

In these relationships, "filter" refers to the overlying material and "base" refers to the 
underlying material. The relationships must hold between the filter blanket and base 
material and between the riprap and filter blanket (USDOT, FHWA, HEC-15, 1988). 

If the inequalities are satisfied by the riprap itself, then no filter blanket is required. If 
the difference between the base material and the riprap gradations are very large, then 
multiple filter layers may be necessary. To simpli3 the use of a gravel filter layer, Table 
6.5 outlines recommended standard gradations. 

The Type-I and Type-II bedding specifications shown in Table 6.5 were developed 
using the criteria given in Equations 6.15a and 6.15b, considering that very fine grained, 
silty, non-cohesive soils can be protected with the same bedding gradation developed 
for a mean grain size of 0.045 mm. The Type-I bedding in Table 6.5 is designed to be 
the lower layer in a two-layer filter for protecting fine grained soils. When the channel 
is excavated in coarse sand and gravel (i.e., 50 percent or more by weight retained on 
the No. 40 sieve), only the Type-I1 filter is required. Otherwise, two bedding layers 
(Type-I topped by Type-11) are required. For the required bedding thickness, see Table 
6.6. 

Pilfer Fabric Requiremenfs: The design criteria for filter fabric are a function of the 
permeability of the fabric and the effective opening size. The permeability of the fabric 
must exceed the permeability of the underlying soil, and the apparent opening size 
(AOS) must be small enough to retain the soil. 

The criteria for apparent opening size are as follows: 

1. For soil with less than 50 percent of the partJcles, by weight, passing a No. 200 
sieve, the AOS should be less than 0.6 rnrn (a No. 30 sieve). 

2. For soil with more than 50 percent of the particles, by weight, passing a No. 200 
sieve, the AOS should be less than 0.3 mm (a No. 50 sieve). 

Filter fabric is not a complete substitute for granular bedding. Filter fabric provides 
fitering action only perpendicular to the fabric and has only a single equivalent pore 
opening between the channel bed and the riprap. Fiter fabric has a relatively smooth 
surface which provides less resistance to stone movement. Tears in the fabric greatly 
reduce its effectiveness so that direct dumping of riprap on the filter fabric is not 
allowed and due care must be exercised during construction. The site conditions and 
specific application and installation procedures must be carefully considered in 
evaluating fiter fabric as a replacement for granular bedding material. Filter fabric can 
provide an adequate bedding for channel linings along uniform mild sloping channels 
where leaching forces are primarily perpendicular to the fabric. 

Numerous failures have occurred because of the improper installation of filter fabric. 
Therefore, when using filter fabric it is critical that the manufacture's guidelines for 
installing it be followed. 
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Table 5.5 ..... 

- . , . .. - 
Gradation for Gravel Bedding 

(Sirnons, Li and Associates, 1989) 

i (1) Percent passing by weight 

Table 6.6 
Thickness Requirements for Gravel Bedding 

Fine Grain Native Soils 

30" 4 '  8 
. . 

10 

36" ' 4  8 10 ' .  

. . . . 

. . 
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- 
6.5.3.3 Hydraulic Design ~e~uirements: .. . b..'. 
, .  General: Channel linings constructed of placed, graded riprap or wire enclosed rock to 
control channel erosion have been found to be cost effective where channel reaches are 
relatively short (0.25 mile or less) Ad where a nearby source of quality rock is 
available. 

Situations where riprap or wire enclosed rock (gabion basket) linings may be 
appropriate are: 

1. Major flows are found to produce channel velocities in excess of allowable 
non-eroding values; 

2. Channel side slopes at 3:l for riprap and 2:l for enclosed rock linings; and 

3. Where rapid changes in channel geometry occur, such as channel bends and 
transitions. 

This section presents design requirements for graded riprap, while Section 6.5.5 contains 
additional design considerations specifically related to wire enclosed rock. Both 
Sections are valid only for subcritical flow conditions where the Froude Number is 0.86 
or less. 

Riprap Sizing: Several reference sources are available for design procedures. Two 
recommended sources are: 

1. Design of Riprap Revetment (Federal Highway Administration, Hydraulic 
' Engineering Circular No. 11, Publication No. FHWA-IF'-89-016, March 1989) 

2. Hydraulic Design of Flood Control Channels (Corps of Engineers, EM-1 110-2- 
1601,1991) 

The riprap sizing method presented here is from HEC-11, for a complete discussion on 
this method the designer is referred to the original source of this method. This method 
is based on tractive force (shear stress) theory but with velocity as its primary design 
parameter. This is a blend between the two approaches of permissible velocity and 
permissible tractive force. The hydraulic assumptions are uniform, steady, subcritical 
flow. However, adjustments to the design equation are provided for other regimes and 
conditions such as gradually varying flow and approaching rapidly varying flow. In this 
method, the riprap size is selected such that the flow induced tractive force does not 
exceed the critical shear stress of the riprap. The critical shear is based on Shield's 
relationship, a function of specific weight of water, specific weight of the riprap 
material, the median rock size (d,,,), Shields parameter, and a factor that is a function of 
the bank angle and riprap's material angle of repose. The average shear stress or tractive 
force exerted by flowing water is the product of unit weight of water, energy grade line 
slope and hydraulic radius. These two equations are combined to develop the design 
tractive force relationship in terms of a stability factor (SF). The stability factor is 
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. . 
' i defined as the ratio of the average tractive force exerted by ths flow field and the riprap ... . 

. materials critical shear stress. Therefore if the stability factor is greater than 1.0, the -. 

critical shear stress is greater than the flow induced tractive stress and theriprap is 
considered stable. 

For the HEC-11 method the d,, (ft) is determined by: 

Where V, (ftls). is the' average velocity in the main channel, D,,, (ft) is the average flow 
depth in the main channel, and K, is the bank angle correction factor. The bank angle 
correction factor is determined using'equation 6.17. 

.. . 

Where 0 is the bank angle with the horizontal, Qt is the riprap material's angle of repose. 
The bank angle correction factor can also be determined using Figure 6-9. The riprap .- . 

material's angle of repose can be determined using Figure 6-8. 

Equations 6.16 is based on a rock riprap specific gravity of 2.65, and a stability factor 
of 1.2. Equations 6.18 and 6.19 present correction factors for other specific gravities 
and stability factors. 

Where S, is the specific gravity of the rock riprap 

. .. Where :~l? ' is  the stability factor to be applied. Table 6.7 presents guidelines for the 
selection of  an appropriate value for the stability factor. . 

. 

The correction factors computed using equations 6.17 and 6.18 are multiplied together ..., . 

to form a single correction factor C. This correction factor is then multiplied by the 
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riprap size cumpu,-d from equation 6.16 to arrive at a stable riprap size. 

The stability factor is used to reflect the uncertainity in the hydraulic conditions at a 
particular site. Equation 6.16 is based on the assumption of uniform or gradually varying 
flow. In many instances, this assumption is violated or other uncertaintes come to bear. 
For example, debris and/or ice impacts, or the cumulative effect of high shear stresses 
and forces from wind and/or boat generated waves. The stability factor is used to 
increase the design rock size when these conditions must be considered. Table 6.7 
presents guidelines for the selection of an appropriate value for the stability factor. 

The minimum thickness of riprap linings shall be the greater of 1.0 times d,, or 1.5 
times d,,. 

Table 6.7 
Stability Factors 

(USDOT, FHWA, HEC-11,1989) 

. . 
. . 

January 28,1996 6-45 , 

. . Condition 

Unifonn Flow: Straight or mildly curving reach (curve radiuslchannel 
width > 30); Impact from wave action ahd floating debris is minimal; 
Little or no uncertainty in design parameters. - 
Gradualij VruyingFlow: Moderate bend curvature (30 >curve . . 
radiuslchannel width > 10); Impact from wave action and floating 
debris is moderate. 

Approcichingrapidly v'qingflow: Sharp bend curvature (10 >curve 
radiuslchannel width); Significant impact potential from floating debris 
and/or ice; Sighiicant wind and/or boat generated wave3 (1-2 ft); High 
flow furbulence; Turbulently mixing flow at bridge abutments; 
Significant uncertainty in design parameters. - 

~kbi i i ty   actor 
Range 

1.0 - 1.2 

1.3 - 1.6 

1.6 - 2.0 
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MEAN STONE SIZE (DS0) I N  FEET 

45 
- 
- 

Example 0,,=1.0 f t . ; Angular R i  prap 
i-41' 

Figure 6.8 .. 

.Angle of Repose of Riprap in Terms of Mean Size and Shape of Stone- 
.(USDOT, FHWA, HEC-11,1989) .... 

1. 

'' I 1 

CrushedLedge Rock 
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8 - Bank angle wim 
horizontal 

4 - Material angle of 
repose 

Example 
. . Given: Find: Solution: 

g -2:l 
I K ,-0.73 

Very Angular 
4 -41' 

Figure 6.9 . . 

. . Bank Angle Correction Factor,. K, 
(USDOT, FHWA, HEC-11,1989) 
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6.5.4 Grouted Rock 

6.5.4.1 General: Grouted rock is a structural lining comprised of a blanket of rock that 
is interlocked and bound together by means of concrete grout injected into the void 
spaces to form a monolithic revetment. The grout must extend the full thickness of the 
rock blanket. With the face rocks exposed for a maximum of one-fourth to one-third of 
their depth. 

Grouted rock provides a stable lining similar to concrete with the added advantage of 
a higher roughness factor due to the rock surfaces projecting above the grout layer. 
However, it is a rigid revetment that does not conform to changes in bank geometry due 
to settlement, and is susceptible to failure from undermining and the subsequent loss of 
the supporting bank material. 

6.5.4.2 Materials: 

Rock: Rock for grouting should conform to the property requirements described in 
Section 6.5.3.1. Graded riprap should not be used for grouting, as the smaller rock in a 
graded mix occupies the void spaces to be filled with grout. Figure 6.10 illustrates the 

a relationship between the design velocity and the required riprap blanket thickness for 1, 

grouted rock designs. The median rock size should not exceed 0.67 times the blanket 
thickness and the largest rock used should not exceed the blanket thickness. A class of 
riprap from Table 6.5 may be specified, with the requirement that rock smaller than the 
d,, size be removed. Additional details on grouted rock may be found in Chapter 7. 

Grout: The grout mix should be specified to provide the strength and durability required 
to meet the specific application. The minimum 28-day compressive strength shall be 
2,000 psi and the slump shall be within a range of 4 to 7 inches. The stone aggregate 
should conform to the gradation requirements of Size Number 8 course aggregate (318 
inch to No. 8) as specified in ASTM C-33. A maximum of 30 percent of the cementous 
material may be fly ash (ASTM C-618, Type C or F). Fiber reinforcement may be added 
to the grout to provide additional control of shrinkage and cracking. 

6.5.4.3. Design Considerations: Since grouted rock is a structural lining similar to 
reinforced concrete, it is subject to the same design considerations. Rock must be sized 
for the anticipated hydraulic design conditions. Foundation conditions must be evaluated 
and provisions made for underdrainage and seepage control. If only bank protection is 
to be provided, the grouted rock protection must extend below the channel invert to a 
depth below the estimated depth of total scour. Determination of estimated depth of total 
scour requires specialized analyses that are beyond the scope of this manual. References 
are listed at the end of this chapter. For more detailed analysis of grouted rock, refer to 
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VELOCITY, IN VICINITY OF BANK 
(ftlsec) 

Figure 6.10 
Required Blanket Thickness of Grouted Rock 

(USDOT, FHWA, HEC- 1 I ,  1989) 

6.5.5 Wire Enclosed Rock (Gabion Baskets) 

6.5.5.1 General: Wire enclosed rock refers to rocks that are confined by a wire basket 
so thatthey act as a single tinit. The wire mesh enclosed rock units are also known as 

. . gabionbaskets or gabion mattresses. one of the major advantages of wire enclosed rock 
. . . is that it povides an alternative in situations where available rock sizes are too small for 

?rdinary riprap. Another advantage is the versatility that results from the. regular 
geometric shapes of wire enclosed rock. The rectangular blocks and mats can be 
fashioned into almost any shape that can be formed with concrete. The durability of wire 

. ' enclosed rock is generally limited by the service life of the galvanized binding wire 
. which, d e r  normal conditions, isconsidered to be about 15 years. Water carrying silt, 

sind or gravel can reducethe service life of the wire. Also, water which rolls or 
otherwise moves cobbies add large stones breaks the wire with a hammer .and anvil' 
tiction and considerably shortens the life of the wire. The wire has been found to be 
'susceptible to corrosion by vsrious chemical agents and is particularly affected by high. 
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sulfate soils. If corrosive agents q e  known to be in the water or soil, a PI tstic coated* 

i wire should be specified. - 

Wire enclosed rock is not maintenance free and must be periodically inspected to 
determine whether the wire is sound. If breaks are found while they are still relatively 
small, they may be patched by weaving new strands of wire into the wire cage. Wire 
enclosed rock installations have been found to attract vandalism. Flat mattress surfaces 
seem to be particularly susceptible to having wires cut and stones removed. It is 
recommended that, where possible, mattress surfaces be buried, where they are less 
prone to vandalism. Wire enclosed rock installations should be inspected at least once 
a year under the best circumstances and may require inspection every three months in 
vandalism prone areas in conjunction with a regular maintenance program. Mattresses 
on sloping surfaces must be securely anchored to the surface of the soil as discussed in 
Section 6.5.5.3. 

6.5.5.2 Materials: 

Rockand Wire Enclosure Requirements: Rock filler for the wire baskets should meet 
the rock property requirements for ordinary riprap. Rock sizes and basket characteristics 
should meet the manufacturer's specifications. 

Bedding Requiremenfs: Long term stability of riprap and gabion erosion protection is 
i strongly influenced by proper bedding conditions. A large percentage of all riprap '\ 

failures are directly attributable to bedding failures, which is particularly disturbing in .. - -+.. 

light' of the fact that over half of all riprap installations experience some degree of failure 
within 10 years of construction. Refer to Section 6.5.3.2 for gravel bedding or filter 
design. 

6.5.5.3 Design Considerations: The geometric properties of wire enclosed rock permit 
placement in areas where ordinary riprap is either difficult or impractical to place. 
Proper design and construction is important to successful operation and lifetime 
performance. 

Slope Maftress Lining: Figure 6.1 1 shows a typical configuration for a gabion slope 
mattress channel lining. Mattresses and flat gabions on channel side slopes need to be 
tied to the banks by 1-inch diameter steel pipes driven 4 feet into tight, solid soil (clay) 
and 6 feet into loose soil (sand). The pipes should be located at the inside corners of 
basket diaphragms along an upslope (highest) basket wall, so that the stakes are an 
integral part of the basket. The exact spacing of the stakes depends upon the 
configuration of the baskets, however the following is the suggested minimum spacing: 
stake every six feet along and down the slope, for 2: 1 slopes and every 9 feet along and 
down the slope for slopes flatter than 2: 1. Channel linings should be tied to the channel 
banks with gabion counterforts'(thickened gabion sections that extend into the channel 
bank) at least everv 12 feet. Counterforts should be keved at least 12 inches into the . 
existing banks with slope mattress linings to counteract longitudinal movement. 

6-50 January 28,1996 
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The basin spillway should accom- 
' lodate. flows greater than the 

clr nominal" design flow. The de- 
emination of the spillway de- 
sign criteria should be based on 
an assessment of the potential 
consequences of failure of the 
system. 

6-13 - Bank Protection 

moring protection which would be 
damaged by overtopping should 
have freeboard provided for the 
design flow. Where the protec- 
tion can withstand inundation and 
the remaining unprotected 'bank 
can resist the erosive effects of 
the current, the elevation of the 
bank protection should be select- 
ed as appropriate for the site. 
In all cases, the bank protection 
system must .. be viable for the . 
environment in which it is situa- 

613.1 - General 
Bank protection should be provid- 
ed to direct flows and protect 
banks, channels, spur dikes, lev- 
ees and roadway embankment from 
scour. Bank protection ahall not 
be used in 1i.e~ of adequate foua: 
dation embedment for new bridges. 
Remedial bank protection may be 
necessary at ' existing bridges. 
The selection of bank protection 
is to be guided by the function 
'Je protection is to provide. * ctionally, armor is used to 
sist the force of the stream 

flow, retards are bsed to reduce 
the force of the flow, while jet- 
ties and guide dikes are used to 
divert the force of the stream. 

613 -2 - Design Consideratiosrr 
Bank protection should be design- 
ed to accommodate and withstand 
the effects of the design flow. 
Scour ahd velocity should be com- 
puted for conditions which can 
cause the largest value of each 
considering the site conditions. 

The foundation or bottom limits 
of the bank protection should 
extend sufficiently below the 
channel'thZlweg to be stable for 
the anticipated scour. 

Thq top limit of armoring should 
pelected with consid6ration of 
effects of overtopping. Ar- 

ted. Thus, plain wire-tied sys- 
tems should not be used in. a cor- 
rosive environment. 

613.3 - Riprap Design Principles 
A) Riprap layer characteristics. 
The major design characteristics 
OF the .riprap layers include a 
cfiaracteristic siie, the grada- 
tion, its thickness and .the re- 
quirements for a filter blanket. 

1)  The characteristic size in 
a riprap classification or grada- 
tion is the Dm. This size repre- 
sents the average diameter of a 
rock particle for which SO per- 
cent, by weight, of the gradation 
is finer. The characteristic size 
of installed riprap must at least 
equal the specified size. 

2 )  TO form km interlocked mass 
of stones, a range of stone .sized 
must be specified. -A dense, uni- 
form mass. of durable, angular 
stones with no apparent voids or 
pockets is the obfective. Design 
sra&tions for specified riprap 
classifications s e  presented. in 
Table 613.3A. In qelecting an 
appropriate riprap classif ica- 
tion, the designer must check 
with Material Geotechnical Ser- 
vices regqrding the classes of 
riprap available to the project 
site. 

M E T  R I.C M E T R I C  M E . T R ' I C  
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Table 613.3A ' . 
Design Gradations for Riprap Classifications (D,) 

Gradat ion Riprap Classification (D,,) . . .  

% Passing Size 150mm 200mm 300Gm 450mm 60Omm 750mm 9OOmm 

1.00-90 2. OD,, ' 300 400 600, 400 1200 1500 1800 

3) The riprap-layer thickness 
should equal or  exceed 1.5 times 
the Dl, value but not exceed twice 
the  D,, value. The thickness is 
measured perpendicular t o  the 
slope upon which the riprap is 
placed. 

4) The need for a f i l t e r  layer 
or blanket is a function of par- 
t i c le - s ize  rat ios  between the 
r iprap and the underlying so i l s  
t ha t  comprise the channel bank. 
The f i l t e r  layer should be a high 
survivabili ty type f i l t e r  fabric 
as defined i n  the ADOT Standard 
Specifications. 

B) Determination of Characteris- 
t i c  size. Riprap bank protection 
for major channels .where the de- 
s ign flow is greater than 30 9 s  
o r  where the riprap is a c r i t i c a l  
element . f o r  safety should be 
based upon a rigorous analysis. . 

For small channels, a simplified 
method based on the f o m l a  pro- 
posed by Anderson, et. a1 .9 (as 
shown below) may be used t o  de- 
termine the  design value. f o r  the 
r iprap classi'f ication. 

Where : 

Dm = Median s ize  of material 
( in  mm) fo r  which 50 
percent (by weight) of 
the part icles  are  fin- 
er. 

C = Ratio of maximum t o  
average boundary shear; 
see Figure 613.3. 

D = Ratio of maximum bound- 
ary shear i n  a bend t o  
average boundary shear; 
see formula below. 

K = Ratio of the c r i t i c a l  
boundary shear force on 
s ide slope t o  c r i t i c a l  
boundary shear force on 
channel bed; see formu- 
l a  below or Table 
613.3B. 

SN = Stab i l i ty  number; see 
discussion below. 

V = Average channel veloci- 
ty ,  4s .  

R = Hydraulic radius, m. 
G~ = Specific gravity of 

rock. . 

M E T R I C  . M'E T *  I 'C -.-: 
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C = R8lo Of Maxlmrm To Average Barndary Shear 
S = b3ftm Wdth Of Trapezddal Charm9 
d = &pth Of Trupezddd Channel 
z = HwIzmtaI To V&llml Ratlo Of Slde S l w  

T,rMAXJ = Uaxlmm, Boundary S h w  
j = urn we/@ of water 
R = Wdraullc Radlus Of'  Trapzddal 'Secfim 

So = Channd S l w  

"C" FACTOR 
FOR RIP RAP DESIGN 

M E T R I C  M E T R I C  FIGURE 613.3 
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The specific gravity of the,rock' . . K Factor: 
! material used in determining Dm 

ci - 

 sin*^ 0 5 K= (I--) - should be assumed to be 2.40 un- 
sln2B less site-specif ic information 

supports.the availability of den- 
Where : ser natural rock. 

. A  = Side slope angle 
B = Riprap angle of repose. The channel shape and roughness 

' coefficient must be assumed for 
Riprap should be angular rock the first iteration of the'DS, 
with an angle of repose of 40' or formula. The value of Dm should 
greater. The values of "K". for a be recalculated if ' the channel 
40' angle of repose and typical shape and roughness coefficient 
side slopes are given in. Table need to be adjusted after each 
613.3B. iteration to reflect the Dm val- 

ue. 

Table 613.3B . 

.Kn Factors for Riprap Design 614 - Prnno Stations . 
Riprap, Angle of Repose of 40' 

614.1 - General 
. . 

- channel Side K For a depressed roadway,. where 
Slope (V:H) gravity .drainage is infeasible, a 

pum@ station with a storaqe res- 
1:2 0.72 ervoir should be provided. The 

. . 1:2.5 0.82 purpose of the reservoir is to 
123 - 0.87 reduce the peak discharge to be 
1:4' 0.93 pumped and to reduce initial cap- . 

1:5 0.95 ital and long-term operational 
. 1:6 0.97 costs of the pump station. 

Design of the pump station should . 
be based .upon the Eianual for 

D Factor: Highway Storm Water Pumping Sta- 
tiondo. 

P- 2.65' (z) 0.5 Off-site flows should be inter- 
w ' cepted and directed away from the 

depressed roadway. The catchm~t 

where : area for the pump station is to 
r = Radius of channel at be minimized. A large storage 

ceriter line (m) reservoir can reduce the pump 
w = Channel top width (m) station cost but at what may be a 

sisnificant cost 50r the reser- - 
.Note: D = 1.0 for r/w > 7 . 0 .  voir. The size and location of 

the storage reservoir should be 
Riprap should have a stability. carefully investigated to provide 

number (SN) equal to or greater the most cost-effective design 

than 1.25 for culvert outlets and for both the storage reservoir 

ditches: 1.4 0 for roadway embank- and pump station. 

ments &d channels; and-1.60 for .@: ban* protection at bridges. 
. M E T R I C  M E T R I C  M E T R I C  

. . 
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6.14.2 - Storage ~eservoirs 614.5 - Fump Stations 

e torage can be accommodated with- n enlarged collecting drains lo- 
cated near or under the outside 
shoulder, or in the depressed 
infield of an interchange. Storm 
drains of depressed roa.dways must 
flow into the reservoir by gravi- 
ty. Maximum use of surface stor- 
age, sinstead of underground stor- 
age, is desirable for minimizing 
storage costs. volumes of cross 
pipes, inlets, maqholes or catch 
.basins should not be considered 
as part of the available storage 
reservoir volume. 

614.3 - Inflow Hydrographs 
The minimum design of the pump 
station and storage reservoir is 
to be- based .on- design frequencies 
given in Table 603.2A. An ,in£ low 
hydrograph for the design of the 
'-torage reservoir should be de- 

using a hydrograph-based 
thod in accordance with the 
OT Hydrology Manual. 

Generic. plans and specifications .\ - . .. . . > 

for a-pump station are available. i 

Pump capacity should be determin- 
'ed for each time increment during 
the storage reservoir routing 
based on the water level in the 
storage reservoir. It is more 
economical to size the pumps ac- 
cording to the performance charts 
of those that are readily avail- 
able. 

614.4 - SCorage Reservoir Routing 
The size of storage reservoir 
will be determined through reser- 
voir routing by successive trials 
until the most appropriate re- 
sults .are obtained. 

Maximum storage will be determin- 
ed from the accumulated inflow 
and outflow curves. The maximum 
water level in. surface storage 
can not exceed the level of 0.6m 
'belew the lowest pavement eleva- 
tion. The volume contained in 
the wet well can be counted as 
storage. The design solution 
should be documented through in- 
'flow and outflow hydrographs and 
accumulated inflow and outflow 
e w e s  together with site layout 

preliminary cost estimates 
ly in the design process. 

The use of HEC 1 is not appropri- 
ate for the design of pumping 
stations. A real-time procedure 
which routes the design inflow 
hydrograph using pump on and off 
elevations and actual pump per- 
formance curves must be used. 

614.6,-  Layout of Pump Stations 

The site layout should consider 
adequate access to refill fuel 
tanks, remove pumps and genera- 
tors, and provide adequate aes- 

'i 
7 

thetics and mitigation of on-site 
noise. 

M E T R I C  ' M E T R I C  
. . 
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6.3 GROUTED ROCK 

Grouted rock revetment consists of rock slope-protection having voids filled with 
concrete grout to form a monolithic armor. See section 2.5 for additional descriptive 
informat ion and general  performance characteristics fo r  grouted rock. Sample 
specifications for components of grouted rock revetments are provided in appendix A. 

6.3.1 pesian Guidelines fo r  Grouted Rock 

Components of grouted rock riprap design include layout of a general scheme or 
concept, bank preparation, bank slope, rock size and blanket thickness, rock grading, 
rock quality, grout quality, edge treatment, filter design, and pressure relief. 

General: Grouted riprap designs are  rigid monolithic bank protection schemes. When 
complete, they form a continuous surface. A typical grouted riprap section is shown in 
figure 56. 

Grouted riprap should extend from below the anticipated channel bed scour depth 
to the design high water level plus additional height for freeboard (see section 3.6.2). 
The longitudinal extent of protection should be as described in section 3.6.1. 

During the design phase for a grouted riprap revetment, special attention needs to 
be paid to edge treatment, foundation design, and mechanisms fo r  hydrostatic pressure 
relief. Each of these items is discussed below. 

Bank and Foundation Preaaration: The bank should be prepared by first clearing all 
trees and debris from the bank, and grading the bank surface to the desired slope. In 
general, the graded surface should not deviate from the specified slope line by more 
t h a n  six i n  (15.2 cm). However,  local  depress ions  larger  t h a n  th is  can  be 
accommodated since in i t ia l  placement of f i l t e r  material  and /or  rock f o r  the 
revetment will fill these depressions. 

Since grouted r i p r a p  i s  r ig id  but  n o t  extremely strong, suppor t  by the  
embankment must be maintained. To form a firm foundation, i t  is recommended that 
the bank surface be tamped or lightly compacted. Care must be taken during bank 
compaction to maintain a soil permeability similar to that of the natural, undisturbed 
bank material. The foundation fo r  the grouted riprap revetment should have a 
bearing capacity sufficient to support either the dry weight of the revetment alone, or 
the submerged weight of the revetment plus the weight of the water in the wedge 
above the revetment for design conditions, whichever is greater. 

Any large boulders or debris found buried near the edges of the revetment should 
be removed. 

Bank Sloae: Bank slopes for grouted riprap revetments should not exceed 
1.53. 

Rock Size and Blanket Thickness: Blanket thickness and rock size requirements fo r  
grouted riorav installations are  interrelated. Fiaure  57 illustrates a relationshiv 
iietween the design velocity and the required riprap blanket thickness for grouted 
riprap designs. The median rock size in the revetment should not exceed 0.67 times the + 
blanket t h w  
blanket thickness. 



/ COMPACTED, VEGETATED BACKFILL 

GROUTED RlFfiAP 

NON-GRWTED RlFfiPP 
TOE PROTECTION 

BEUm SCW3 OR 
TO BEDROCK 

GROUT PENETRATION (MIN) 

'$\ 
r EXTENT OF PROTECTW 

DESIRED 

T 2T 

FILTER LAYER w 
2T 

MIN 

Figure 56. Grouted riprap sections: (a) section A-A; 
(b) section B-B; and (c) section C-C. 

(refer to figure 39 for section locations) 
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VELOCITY IN VICINITY OF BANK 
(ft/sec) 

Figure 57. Required blanket thickness as a function 
of flow velocity. 

Rock Grading: Table. 6 provides guidelines fo r  rock gradation in grouted riprap 
installations. Six size classes are listed. 

Rock Ouality Rock used in grouted rock slope-protection is usually the same as that. 
used in ordinary rock slope-protection. However, the specifications for  specific 
gravity and hardness may be lowered if necessary as the rocks are protected by the 
surrounding grout. 

In addition, the rock used in grouted riprap installations should be free of fines 
in order that penetration of grout may be achieved. 

Grout Grout should consist of good strength concrete 
using a maximum aggregate size of 314 in  and a slump of 3 to 4 in (7.6 to 10.2 cm). 
Sand mixes may be used where roughness of the grout surface is unnecessary, 
provided sufficient cement is added to give good strength and workability. 

The volume of grout required will be that necessary to provide penetration to the 
depths shown in  table 6: 

The finished grout should leave face stones exposed for one-fourth to one-third 
their deoth and the surface of the grout should expose a matrix of coarse aggregate. . 



i 
0 

i 

b 

HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL 

SLOPING RIPRAP CHANNEL DROP 

DESIGN CHART 

NOTES: 
1. See F igure  1102 f o r  d e f i n i t i o n  o f  symbols. 
2. q = Uni t  d i scharge  = VnYn, where Vn = a v e r a g e  

channel v e l o c i t y  and Yn = normal depth o f  t h e  
upstream channel .  

3. So = Longitudinal  channel s l o p e  expressed  i n  f e e t  
h o r i z o n t a l  p e r  f o o t  v e r t i c a l .  

4. Dr = Depth o f  r i p r a p  b lanke t  i n  f e e t .  
5. Dm = Depth o f  r i p r a p  b l a n k e t  a t  t h e  downstream f a c e  

of t h e  c r e s t  wal l  and i n  upstream apron. 
6. Rock s i z e ,  Dr,and Dm s l ~ a l l  be t h e  same t h r o u g l ~ o u t  

t h e  d rop  s t r u c t u r e .  
7. Chute and clrannel s i d e  s l o p e s  s h a l l  n o t  be  s t e e p e r  

than 4: l .  
8. Haxin~um a l lowable  drop = 3.0' 
9. See Sec t ion  700 f o r  r l p r a p  g rada t ion ,  c l a s s l f l c a t l o n  

and bedding requirements .  
10. This  c h a r t  is f o r  o r d i n a r y  r i p r a p  s t r u c t u r e s  on ly .  

Other  types  o f  drop s t r u c t u r e s  r e q u l r e  t h e i r  own 
h y d r a u l i c  a n a l y s i s .  

11. See Table 1104 t o  c a l c u l a t e  P. 

R,"f,,O" Rot, 

wRC REFERENCE:  USDM, DRCOG, 1969 
ENGINEERING I ( w i t h  modif icat ions)  T A B L E  1 1 0 2  





SONOQUI CHANNEL LANDSCAPED EARTH BERM GRADING 

@ *LANDSCAPED EARTH BERM OMDING = FILLVOLUME 

STATION FILL FILL GRADING PLAN 
FACT VOLUME PERSHEET SHEET 

CY CY # 



SONOQUI CHANNEL LANDSCAPED EARTH BERM GRADING 

STATION FILL 
FACT 

1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

FILL 
VOLUME 

124 
128 
147 
143 
148 
151 
160 
161 
152 
144 
121 
111 
110 
109 
109 
87 
68 
67 
70 
82 
100 
108 
99 
91 
119 
149 
126 
99 
102 
133 
125 
84 
70 
63 
55 
39 
25 
32 
37 
79 
135 
131 
109 
75 
39 
33 
45 
62 
65 
29 

GRADING PLAN 
PER SHEET SHEET 

C28 
C28 
C28 
C28 
C28 
C28 
C28 
C28 
C28 

3757 C28 
C29 
C29 
C29 
C29 
C29 
C29 
C29 
C29 
C29 
C29 
C29 
C29 
C29 
C29 
C29 
C29 
C29 
C29 
C29 

2060 C29 
C30 
C30 
C30 
C30 
C30 
C30 
C30 
C30 
C30 
C30 
C30 
C30 
C30 
C30 
C30 
C30 
C30 
C30 
C30 

1332 C30 



STATION FlLL 
FACT 

1 
1 
1 
1 
1 
1 
1 

SONOQUI CHANNEL LANDSCAPED EARTH BERM GRADING 

FlLL 
VOLUME 

3 
5 
7 
9 
11 
20 
27 
24 
17 
17 
15 
0 
0 
7 

28 
28 
23 
27 
24 
24 
26 
44 
67 
107 
147 
118 
74 
61 
55 
58 
61 
77 
101 
136 
151 
129 
118 
106 
66 
50 
66 
67 
67 
63 
65 
80 

GRADING PLAN 
PER SHEET SHEET 

C31 
C31 
C31 
C31 
C31 
C31 
C31 
C3 1 
C31 
C31 
C31 
C31 
C3 1 
C31 
C31 
C31 
C31 
C31 
C31 

316 C31 
C32 
C32 
C32 
C32 
C32 
C32 
C32 
C32 
C32 
C32 
C32 
C32 
C32 
C32 
C32 
C32 
C32 
C32 
C32 

1752 C32 
C33 
C33 
C33 
c33 
C33 
C33 



SONOQUI CHANNEL LANDSCAPED EARTH BERM GRADING 

STATION FILL 
FACT 

94+00.00 1 
94+50.00 1 
95+00.00 1 
95+50.00 1 
96+00.00 1 
96+50.00 1 
97+00.00 1 
97+50.00 1 
98+00.00 1 
98+50.00 1 
99+00.00 1 
99+50.00 1 
100+00.00 1 
100+50.00 1 
101 +oo.oo 1 
101+50.00 1 
102+00.00 1 
102+50.00 1 
103+00.00 1 
103+50.00 1 
104+00.00 1 
104+50.00 1 

FILL 
VOLUME 

56 
54 
63 
48 
57 
73 
56 
32 
16 
29 
42 
35 
24 
11 
3 
0 
0 
0 
2 
6 
8 
8 
8 
7 
11 
16 
16 
13 
13 
23 
42 
49 
35 
24 
37 
42 
34 
21 
4 
0 
19 
19 
98 
98 
0 
0 
0 
0 
0 
0 

GRADING PLAN 
PER SHEET SHEET 

C33 
C33 
C33 
C33 
C33 
C33 
C33 
C33 
C33 

1154 C33 
C34 
C34 
C34 
C34 
C34 
C34 
C34 
C34 
C34 
C34 
C34 
C34 
C34 
C34 
C34 
C34 
C34 
C34 
C34 

246 C34 
C35 
C35 
C35 
C35 
C35 
C35 
C35 
C35 
C35 
C35 
C35 
C35 
C35 
C35 
C35 
C35 
C35 
C35 

522 C35 
C36 



STATION FlLL 
FACT 

119+00.00 1 
119+50.00 1 
120+00.00 1 
120+50.00 1 
121+00.00 1 
121 +50.00 1 
122+00.00 1 
122+50.00 1 
123+00.00 1 
123+50.00 1 
124+00.00 1 
124+50.00 1 
125+00.00 1 
125+50.00 1 
126+00.00 1 
126+50.00 1 
127+00.00 1 
127+50.00 1 
128+00.00 1 
128+50.00 1 
129+00.00 1 
129+50.00 1 

SONOQUl CHANNEL LANDSCAPED EARTH BERM GRADING 

FlLL 
VOLUME 

0 
1 
1 
2 
6 
5 
0 
0 
0 
0 
1 
2 
2 
1 
0 
0 
0 
2 
6 
4 
0 
0 
1 
4 
9 
10 
6 
4 
8 
0 
0 
2 
2 
0 
0 
0 
0 
0 
0 
4 
6 
4 
15 
66 
130 
112 
42 
22 
21 
11 

GRADING PLAN 
PER SHEET SHEET 

C36 
C36 
C36 
C36 
C36 
C36 
C36 
C36 
C36 
C36 

16 C36 
C37 
C37 
C37 
C37 
C37 
C37 
C37 
C37 
C37 
C37 
C37 
C37 
C37 
C37 
C37 

47 C37 
C38 
C38 
C38 
C38 
C38 
C38 
C38 
C38 
C38 
C38 
C38 
C38 
C38 
C38 
C38 
C38 

111 C38 
C39 
C39 
C39 
C39 
C39 
C39 



SONOQUI CHANNEL LANDSCAPED EARTH BERM GRADING 

• STAT'0N FACT 
FILL GRADING PLAN 
VOLUME PER SHEET SHEET 

7 C39 
3 C39 
0 C39 
0 C39 
0 C39 
0 C39 
0 C39 
0 C39 
0 C39 
0 C39 
10 C39 
52 410 C39 
102 C40 
122 C40 
75 C40 
17 C40 
7 C40 
9 C40 

26 C40 
74 C40 
149 C40 
221 C40 



STATION FlLL 
FACT 

172+50.00 1 
173+00.00 1 
173+50.00 1 
174+00.00 1 
174+50.00 1 
175+00.00 1 
175+50.00 1 
176+00.00 1 
176+50.00 1 
177+00.00 1 
177+50.00 1 
178+00.00 1 
178+50.00 1 
179+00.00 1 
179+50.00 1 
180+00.00 1 
180+50.00 1 
181 +oo.oo 1 
181 +50.00 1 
182+00.00 1 
182+50.00 1 
183+00.00 1 
183+50.00 1 
184+00.00 1 
184+50.00 1 
185+00.00 1 
185+50.00 1 
186+00.00 1 
186+50.00 1 
187+00.00 1 
187+50.00 1 
188+00.00 1 
188+50.00 1 
189+00.00 1 
189+50.00 1 
190+00.00 1 
190+50.00 1 
191 +OO.OO 1 
191 +50.00 1 
192+00.00 1 
192+50.00 1 
193+00.00 1 
193+50.00 1 
194+00.00 1 
194+50.00 1 
195+00.00 1 
195+50.00 1 
196+00.00 1 
196+50.00 1 
197+00.00 1 

SONOQUI CHANNEL LANDSCAPED EARTH BERM GRADING 

FlLL 
VOLUME 

0 
0 
0 
0 
1 
0 
0 
0 
1 
2 
2 
3 
0 
0 
0 
0 
0 
0 
0 
0 
9 

60 
130 
155 
98 
37 

223 
490 
558 
452 
416 
460 
427 
433 
453 
461 
453 
465 
494 
482 
523 
619 
703 
613 
341 
170 
122 
72 
0 

195 

GRADING PLAN 
PER SHEET SHEET 

C42 
C42 
C42 
C42 
C42 
C42 
C42 
C42 
C42 
C42 
C42 

546 C42 
C43 
C43 
C43 
C43 
C43 
C43 
C43 
C43 
C43 
C43 
C43 
C43 
C43 
C43 
C43 

1202 C43 
C44 
C44 
C44 
C44 
C44 
C44 
C44 
C44 
C44 
C44 
C44 
C44 
C44 
C44 
C44 
C44 
C44 

8523 C44 
C45 
C45 
C45 
C45 



SONOQUI CHANNEL LANDSCAPED EARTH BERM GRADING 

STATION FliL 
FAGS 

197+52.00 1 

TOTAL 

FILL GRADING PLAN 
VOLUME PER SHEET SHEET 

104 C45 
0 C45 
1 C45 
1 C45 
0 C45 
28 C45 
83 606 C45 
132 C46 
158 C46 
165 C46 
164 C46 
126 C46 
93 C46 
82 C46 
40 C46 
36 C46 
108 C46 
259 C46 
379 C46 
378 C46 
346 2466 C46 
276 C48 
171 C48 
68 C48 
8 C48 
12 C48 
30 C48 
33 C48 
29 C48 
29 C48 
30 C48 
30 C48 
48 C48 
67 C48 
68 C48 
73 972 C48 
47 C49 
16 C49 
6 69 C49 



SONOQUI CHANNEL EARHWORK REPORT 

*Channel Girding = Cut Volume 

STATION CUT CUT CHANNEL PLAN 
NUMBER FACT VOLUME GRADING VOL. SHEET 

PER SHEET # 



SONOQUI CHANNEL EARHWORK REPORT 

'Channel Grading = Cut Volume 

STATION CUT CUT CHANNEL PLAN 
NUMBER FACT VOLUME GRADING VOL. SHEET 

PER SHEET # 



SONOQUI CHANNEL EARHWORK REPORT 

*Channel Grading = Cut Volume 

STATION CUT 
NUMBER FACT 

CUT CHANNEL PLAN 
VOLUME GRADING VOL. SHEET 

PER SHEET # 
1915 C7 



SONOQUI CHANNEL EARHWORK REPORT . *Channel Grading = Cut Volume 

STATION CUT CUT 
NUMBER FACT VOLUME 

90+50 00 1 1255 
91 +OO.OO 1 1242 
91 +50.00 1 1240 
92+00.00 1 1274 
92+50.00 1 1324 
93+00.00 1 1373 
93+50.00 1 1393 
94+00.00 1 1399 
94+50.00 1 1427 
95+00.00 1 1450 
95+50.00 1 1461 
96+00.00 1 1484 
96+50.00 1 1534 
97+00.00 1 1623 
97+50.00 1 1694 
98+00.00 1 1719 
98+50.00 1 1746 
99+00.00 1 1748 
99+50.00 1 1743 
1 oo+oo.oo e 100+50.00 

1 1760 
1 1828 

101+00.00 1 1960 
101+50.00 1 2213 
102+00.00 1 2472 
102+50.00 1 2526 
103+00.00 1 2503 
103+50.00 1 2496 
104+00.00 1 2446 
104+50.00 1 2398 
105+00.00 1 2376 
105+50.00 1 2369 
106+00.00 1 2384 
106+50.00 1 2395 
107+00.00 1 2403 
107+50.00 1 2414 
108+00.00 1 2410 
108+50.00 1 2399 
109+00.00 1 2382 
109+50.00 1 2371 
110+00.00 1 2373 
1 10+50.00 1 2371 
11 1+00.00 1 2372 
1 1 1 +50.00 1 2393 

CHANNEL PLAN 
GRADING VOL. SHEET 
PER SHEET # 

C10 
C10 
C10 
C10 
C10 
C10 
CIO 
CIO 
C10 
C10 
C10 
C10 
C10 
C10 
C10 
C10 

2841 8 C10 
C11 
C11 
C11 
C11 
C11 
C l l  
C11 
C11 
C11 
C11 
C11 
C11 
C11 
C11 
C11 
C11 
C11 
C11 
C11 

45243 C11 
C12 
C12 
C12 
C12 
C12 
C12 
C12 
C12 
C12 



SONOQUI CHANNEL EARHWORK REPORT 

[ 

*Channel Grading = Cut Volume 

STATION CUT CUT CHANNEL PLAN 
NUMBER FACT VOLUME GRADING VOL. SHEET 

PER SHEET # 
113+50.00 1 1974 C12 



SONOQUI CHANNEL EARHWORK REPORT 

i 
@ 'Channel Grading = Cut Volume 

STATION CUT CUT CHANNEL PLAN 
NUMBER FACT VOLUME GRADING VOL. SHEET 

PER SHEET 
1 1877 
1 1812 
1 1839 
1 1852 
1 1852 
1 1848 
1 1833 
1 1841 
1 1803 31009 
1 1660 
1 1471 
1 1340 
1 1321 
1 1362 
1 1382 
1 1387 
1 1397 
1 1415 
1 1428 
1 1414 
1 1435 
1 1438 
1 1452 
1 1383 
1 1366 
1 1466 
1 1503 25620 
1 1589 
1 1692 
1 1744 
1 1732 
1 1756 
1 1748 
1 1581 
1 1235 
1 971 
1 983 
1 1155 
1 1413 
1 1684 
1 1775 
1 1692 22750 
1 1656 
1 1674 
1 1712 
I 1742 



SONOQUI CHANNEL EARHWORK REPORT 

' *Channel Grading = Cut Volume 

STATION CUT CUT 
NUMBER FACT VOLUME 

160+00.00 1 1755 
160+50.00 1 1744 
161+00.00 1 1722 
161+50.00 1 1703 
162+00.00 1 1705 
162+50.00 1 1741 
163+00.00 1 1811 
163+50.00 1 1802 
164+00.00 1 1736 
164+50.00 1 1543 
168+00.00 1 0 
168+50.00 1 484 
169+00.00 1 521 
469+50.00 1 536 
170+00.00 1 703 
170+50.00 1 798 
171+00.00 1 862 
171+50.00 1 955 
172+00.00 1 1050 
,72+50.00 I 1210 
173+00.00 1 1310 
173+50.00 1 1059 
174+00.00 1 857 
174+50.00 1 907 
175+00.00 1 887 
175+50.00 1 832 
176+00.00 1 820 
476+50.00 1 848 
177+00.00 1 850 
177+50.00 1 839 
178+00.00 1 868 
178+50.00 1 908 
179+00.00. 1 931 
479+50.00 1 909 
180+00.00 1 970 
180+50.00 1 1069 
'181+00.00 1 1050 
181+50.00 1 1045 
182+00.00 1 871 
182+50.00 1 859 
183+00.00 1 1109 
183+50.00 1 1265 

CHANNEL PLAN 
GRADING VOL. SHEET 
PER SHEET # 

C18 



SONOQUI CHANNEL EARHWORK REPORT 

I 

*Channel Grading =Cut Volume 

STATION CUT CUT CHANNEL PLAN 
NUMBER FACT VOLUME GRADING VOL. SHEET 

PER SHEET # 
186+00.00 1 2083 C2 1 
186+50.00 1 2204 C21 
187+00.00 1 2205 C21 
187+50.00 1 2095 C21 
188+00.00 1 1986 C21 
188+50.00 1 2028 C21 
189+00.00 1 2020 C2 1 
189+50.00 1 1940 C21 
190+00.00 1 1995 C2 1 
190+50.00 1 2074 C21 
191+0000 1 1951 C21 
191+50.00 1 2014 C21 
192+00.00 1 2158 C21 
192+50.00 1 2069 C21 
193+00.00 1 1982 C21 
193+50.00 1 1910 C21 
194+00.00 1 1602 C21 
194+50.00 1 1387 C21 

I 195+00.00 1 1343 39038 C21 



SONOQUl CHANNEL EARHWORK REPORT 

@ *Channel Grading = Cut Volume 

STATION CUT CUT CHANNEL PLAN 
NUMBER FACT VOLUME GRADING VOL. SHEET 

PER SHEET # 
210+50.00 1 1775 C23 

TOTALS 642496 642496 



STAGE STOP BASIN EARTHWORK REPORT 

1 

Grading For Sheet C45 

Triangle Volume Report 

Original Surface: dtm 
Design Surface: propchandrnound 

Mode: Selected Shapes 
Cut Factor: 1.0 
Fill Factor: 1.0 

Level: 53, Color: 4 

~g@~~&d~g*.~g,g;~~g:$g:;$~J;,sg 
k~&dGt*b.~ ,>.. ~~ ,.,* a *>,* , <.,=,. 4*..*&?h.*,<..d 



STAGE STOP BASIN EARTHWORK REPORT 

@ Grading For Sheet C46 

Triangle Volume Report 

Original Surface: dtm 
Design Surface: propchandmound 

Mode: Selected Shapes 
Cut Factor: 1.0 

. Fill Factor: 1.0 

Level: 53, Color: 7 



STAGE STOP BASIN EARTHWORK REPORT 

i 

Grading For Sheet C47 

Triangle Volume Report 

Original Surface: dtm 
Design Surface: propchandmound 

Mode: Selected Shapes 
Cut Factor: 1.0 
Fill Factor: 1.0 

Level: 53, Color: 9 



STAGE STOP BASIN EARTHWORK REPORT 

Grading For Sheet C48 

Triangle Volume Report Sheet C48 

Original Surface: dtm 
Design Surface: propchandmound 

Mode: Selected Shapes 
Cut Factor: 1.0 
Fill Factor: 1.0 

Level: 53, Color: 3 

.. . . . -  
' L .  . :;. . .. . . % . ~  Cut: 11543.3~~ yy a 

, 

' 



STAGE STOP BASIN EARTHWORK REPORT 

i 

@ Grading For Sheet C49 (Basin) Grading For Sheet C49 (UIS Chandler Heights) 

Triangle Volume Report Triangle Volume Report 

Original Surface: dtm Original Surface: dtrn 
Design Surface: propchandmound Design Surface: propchandmound 

Mode: Selected Shapes 
Cut Factor: 1.0 
Fill Factor: 1.0 

Mode: Selected Shapes 
Cut Factor: I .O 
Fill Factor: 1.0 

Level: 53, Color: 2 Level: 53, Color: 2 

~+&@~~@g~8ygf~p~$gfgq&~J${~ 
L:r? " 5  ' ,- . '(~ld*~h~.~ll),aa%~*~.~~~;>>.~r:~~~ Cut: 15742.7 cu yd 

ACCOUNT FOR EXTRA GRADING: 5w:- il,*~-eF:.FF:FFF-F" ,-*F,., - - .  ,v3;:24.kf,:8fiesq 
$f~yf~$$~j&a~~ii&&9~;$~~:~~~~$~~~s~$;~$g# 
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CHANNEL CST e 
60'-0 

'L2. (OOWNSTREeM) 1 .L2' (DOWNSTREMI) TOP OF WING (TYP) 
'L3' (UPSTREPMI - 30'-0 30'-0 -0- (UPSTREAM) , 

CUTOFF WALL 

CUTOFF WaCL 

GROUTED R I P W  
CHNNEL CST E PROFIE  G W E  

TOP P-ID OF CUTOFF TYPIWJ. CUTOFF WALL SECTION il 
W A L I  MUST BE FORMED PLAIN DUMPED R I P W  

N.T.S. 01 

ROUTED R I P W  

FILTER FABRIC 

GROUTED R I P W  
a DROPS 2 a 4 . 5  

REINFORCED CONCRET 
CUTOFF WALL (UMIT OF 1'-6 

I 
GROUTED R I P W )  

DROP STRUCTURE DATA TrisLE 



DOWNSTREAM REINFORCED 

T CONCRETE CUTOFF W P U  



Sonoqui Wash (SCI #I 6955) 
: 90% Drop Structures Table 

9/21/2005 
Q:\16955\10-Design\03Uuant CostM4-100%Fina~IO0% Dmp Strd Table, revUO.& 



Sonoqui Wash (SCI #16955) 
90% Drop Structures Table 

II Volume CY e CY 

Q:\l6955\10-Design\03-Quanf Cost\04-100%Fina1\100% Drop Strct Table, rev00.xIs 
9/21/2005 

~- 
UPSTREAM 

Total Cutoff 
Wall Volume 

(cu ft) 

11 96.8 
1192.8 
1031.6 
1064.0 
1195.1 
1199.9 

Upstream 
Sideslope 

Length 

(ft) 

33.7 
26.6 
25.7 
23.6 
34.8 
35.2 

DOWNSTREAM 

Drop 
Structure 

No. 

1 
2 
3 
4 
5 
6 

Total Cutoff 
Wall Volume 

(CV) 

44 
44 
38 

39 - 
44 - 
44 

Downstream 
Channel 

Cutoff Wall 
Depth 

(ft) 
5 
5 
5 
5 
5 
5 

Cutoff 
Wall 

Thickness 
(ft) 

1 
1 
1 
1 
1 
1 

Average 
Upstream 
Sideslope 
Cutoff Wall 

Depth 
lft l 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 

Downstream 
Channel Cutoff 
wall volume 

(cu ft) 

300 
300 
300 
300 
300 
300 

Downstream 
Sideslope 

Length 
(ft) 

39.0 
45.7 
26.9 
33.0 
37.8 
38.0 

Upstream 
Channel 

Cutoff Wall 
Depth 

(ft) 
5 
5 
5 
5 
5 
5 

Upstream 
Sideslope Cutoff 

Wall Volume 
(cu ft) 

276.7 
217.8 
210.7 
193.3 
285.5 
288.5 

Channel 
Width 

(ft) 

60 
60 
60 
60 
60 
60 

Average 
Downstream 

Sideslope 
Cutoff Wall 

Depth 
lft) 
4.1 
4.1 
4.1 
4.1 
4.1 
'4.1 

Upstream 
Channel Cutoff 
Wall Volume 

(CU ft) 

300 
300 
300 
300 
300 
300 

Downstream 

Cutoff 
Volume 
tcu ft) 
320.1 
375.1 
220.9 
270.7 
309.6 
311.4 



Account For Grouted Riprap Thickened Edge (See Attached Detail D2) 

Q:\16955\10-Design\03-Quant Cost\04-I 00%Fina1\100% Drop Strct Table, rev00.xls 
9121 12005 



Q:\16955\10-Design\03-Quant Cost\04-100%Fina1\100% Drop Strct Table, rev00.xls 
9/21/2005 

I 
1 

3/? 
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! 
v , '4. i u.0, 10, ! P ! ' W E  / W E  ! 

! 

THICKENED EDGE I T Y I  
PER WiO STD.DEI.ZOf TYPE 'A. ' 

CWPACIED S V B G W E  

POWER ROADlWICALSECnON 
ST* 146000 TO SrA 2A65.W 

N I S  

tV , W!OTH@ W,DTH@ , fV 
T W F I C  I T W F l C  

UWE ! W E  

iHlCYENED EDGE (TIP, 
PER MAG STD D E i  201 TYPE -A' 

SOSSAMAN ROAD TYPICALSECTlON 
I T A  Il+OD.OO TO S i A  26*7O.W 

NTE 

NOTES: - 
@ SEE GEOMEiRlC C W R O L  SHEET FOR G NWMENT. 

@ A W i H  - Il. Hiow ST* Il+W.OO TO S i A  ZIW0.00 
8. WIOT~ FWRS ON~FOWY FROM 1' 0 STA 22m.00  i o  ZS. 0 s i ~  zs+~o.oa 

@ SEE ROADWAY PUW IWO PRCSjLE DW(i CSS d C16 FOR EDOE OF PVHT OFFET.EEV. 

! .................. 
-~~ 

.. 9 niRr;adnF TO R F  muPACFS,3 PER WAG ST/WD/WD SPECIFICATION 301, 

XNESS W U  BE PER iYPlCX SECTIONS 
STPNDIVID SPEOF!OLTICN 7022 #Ail SPEClN 

....--.. - .....-.........-- 
ASPHALTIC CONCREIE.V/ 

THICKENED EDGE 1TYPJ 
PER MA410 SID.OEIZOl TYPC 'A' ? IIGCREOIIE BASE COWiSE iHiC 

/WD S H U  CONFORM TO MA8 : 
PROLTSdON 310, 

COMPACTED S U B O W E  3, 4U AC PAVEMENT OVITERW SH 
SPEClHUiiiDN T I L )  AC S H W  & 
2. MAWMOM ii". 

4. A PRESERVAnVE S e a  CDIii  S W U  BE AWOEO TO U NEW A9P"fiT 
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SEC A: UPPER CONCRETE CUTOFF WALL \VOLUME CY 
75+?A 1 3 

L3 
26 
22 
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75+34 
185+00 
204+30 

L1 
0 
15 
15 

W 
15 
5 
5 

CALCULATIONS: 
((((1.25'1+4.1*1.25)'2)+15*1.25)'31.4)/27 
((((1.25*1 +4.Ia1 .25)'2)+5*1.25)*31)/27 
((((I .25*1+4.1*1.25~2)+5*1.25)*42.7)/27 
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31 
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(Oi(18+1 5)+1 Oi5+1 0*5)'2/27 
(1 5*(18+5)+10'5+10*5)*2/27 
(1 5*(1 8+5)+1On5+1 0*5)'2127 

LOWER DUMPED RIP RAP APRON D=12" 
75+34 
185+00 
204+30 

Total Concrete 
. . .  . . . .  . . ' c .  . .  . . . .  75+34.- ' . . .. . . .  

. . .  . . . . . . . . . .  . . .  185+00. . ' '. 

VOLUME CY 
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33 
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. . 7 . . *  
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Sonoqui Wash Channelizafion Final Design 
FCD 2002C037 

I 
7 Maintenance Plan 

7.1 INTRODUCTION 

This project will reconstruct about 4.25 miles of the lower reach of Sonoqui Wash 
located in the Town of Gilbert (Gilbert) the Town of Queen Creek (Queen Creek) and 
Unincorporated Maricopa County (County). Sonoqui Wash is a tributary of Queen Creek 
Wash which is subsequently a tributary to the East Maricopa Floodway (EMF). 

The downstream limit of the project is the Queen Creek Wash channel about 1,000 feet 
west of Higley Road in Section 15, Township 2 South, Range 6 East. The upstream 
project limit is about 800 feet south of Chandler Heights Road Section 29, Township 2 
South, Range 7 East. 

The channel in the downstream half of the project runs east-west adjacent to the Ocotillo 
Road alignment. The upper half of the project alignment angles southeasterly to the 
upstream project limit. Location and vicinity maps are provided on the following page. 

This project consists primarily of an open earth channel constructed in two phases. 
Phase 1 extends from Queen Creek Wash to Higley Road and will be constructed with 
the Queen Creek Wash and Chandler Heights Detention Basin Improvement Project. 
Phase 2 will be constructed from Higley Road to the upstream project limit. 

/ 

The channel project crosses the arterial road alignments of Higley, Recker, Ocotillo, @ Power. Sossaman and Chandler Heights Roads; one local road, Via del Jardin; and two 
private roads on the Sossaman Farm between Power Road and Via del Jardin. Gilbert 
jurisdiction applies to the rights-of-way at Higley and Recker Roads. Queen Creek 
jurisdiction applies to the rights-of-way at Power Road and Via Del Jardin. And 
Maricopa County Department of Transportation (MCDOT) jurisdiction applies to the 
rights-of-way at Sossaman and Chandler Heights Roads. 

In a separate but related project, Gilbert will construct a bridge across Sonoqui Wash at 
Higley Road at the same time or prior to the channelization project. The Ocotillo Road 
crossing will not be reconstructed with the channelization project but will see an all- 
weather crossing constructed by Queen Creek in the future. Permanent all-weather 
crossings will also be constructed in the future at Power and Chandler Heights Roadsby 
Queen Creek and MCDOT, respectively. The larger future all-weather structures, like 
the structure at Higley Road, will be constructed with a vertical clearance from the 
channel invert to the low chord that will accommodate equestrian use. 

Numerous water, irrigation and sewer utilities as well as electric power, telephone, 
television and natural gas utilities will be relocated. Utilities are situated primarily along 
the roadway corridors. In addition to the open channel, an off-line detention basin 
(Stage Stop Basin) will be constructed near the upstream end of the channelization 
project between Chandler Heights Road and Sossaman Road. An on-line sediment 
basin will be constructed at the downstream end of the project between Higley Road and 
the Queen Creek Wash channel. 
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Other significant project features include: 

a 10-ft wide asphalt maintenance access road from Ocotillo Road to 
Chandler Heights Road 
10 maintenance access ramps 
6 hardened drop structures 
a reinforced concrete lateral weir at the Stage Stop off-line detention 
basin 
a reinforced concrete on-line weir at the confluence with Queen Creek 
Wash 
numerous local inflow facilities 
4-10'x5' reinforced concrete box culvert at Recker Road 
3-24" diameter HDPE pipe culverts and a low-flow dip crossing at 
Power and Chandler Heights Roads 
3-24" diameter RGRCP culvert and low-flow dip crossing at 
Sossaman Road 
24" diameter drain pipes at the off-line detention basin and the on-line 
sediment basin 
continuous bank lining along both sides of the channel from Higley to 
Chandler Heights Road 
native hydroseeding of finished earth surfaces 

The roadway, culvert and dip crossings at Power and Chandler Heights Roads are 
considered temporary until the permanent all-weather crossings mentioned previously 
are constructed in the future. The culvert crossings at Recker and Sossaman Roads are 
considered permanent. The Sonoqui Channelization project will construct a single new 
field access road in place of the two Sossaman Farm roads. 

The bottom width of the on-line sediment basin ranges up to about 150 feet and will be 
constructed flat from one side to the other. The bottom width of the new channel above 
: Higley Road is generally 60 feet except for a short reach within the Ranchos Jardines 
Unit One subdivision where the bottom width is 50 feet. The center of the channel 
bottom will be constructed 6 inches lower than the toe of the side slopes to help center 
low flows and keep them away from the sides. Channel side slopes range from about 
4H to 1V (steepest) to about 8H to 1V (flattest). The channel depth ranges from about 7 
feet to over 12 feet. 

The project was designed to receive and convey up to a 100-year storm. Except for two 
small locations within the Ranchos Jardines Unit One subdivision, the post-project 100- 
year floodplain is contained entirely within the project limit which averages about 200 
feet in width. The 100-year design discharges range from about 2,200 cfs at the 
upstream limit to about 2,400 cfs at the confluence with Queen Creek. Local inflow 
discharges at defined concentration points range from just a few cfs to about 200 cfs. 

The project will be constructed primarily within the incorporated limits of the Towns of 
Queen Creek and Gilbert. The unincorporated Maricopa County land within the project 
is situated in either Queen Creek or Gilbert planning jurisdiction and will be incorporated 
by one or the other Town in the near future. Remaining MCDOT right-of-way will also 
eventually be taken over one or the other Town. 
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Gilbert's jurisdiction generally includes the channel and the land to the north and south 
from Recker Road west. Between Recker and Power Roads, Gilbert is to the north of 
the channel and Queen Creek is to the south. Most of the channel itself in this reach is 
physically located in Gilbert. At the first bend in the channel situated about 1,500 feet 
west of Power Road, the channel turns south and from that point upstream it is situated 
within Queen Creek jurisdiction. 

The Flood Control District of Maricopa County (District) is the lead agency for the 
Sonoqui Wash Channelization project. Gilbert and Queen Creek are project partners. 
An inter-governmental agreement (IGA FCD 2002A002A) between the District and the 
Towns was drafted for the project and approved by all three parties. This IGA defined 
responsibilities regarding design and land acquisition. 

The District acquired one private parcel of land for the project located between Higley 
Road and the Queen Creek Wash channel. Queen Creek and Gilbert are acquiring 
rights-of-way and temporary construction easements for the remainder of the project 
through fee purchase and dedication by adjacent land owners I developers. 

A second IGA, FCD 2004A015, between the District and the Towns was drafted and 
approved which defined responsibilities regarding utility relocations, Corps 404 permit, 
construction, construction management, operation and maintenance of the ~ro iect  and 
further defined rights-of-way responsibilities. Copies of both IGA's are attached in 

I 
Appendix A at the back of this maintenance plan. 

@ As lead agency, the District will advertise, award and construct the project. The District 
is funding 50% the total project cost. Gilbert is funding 20% of the cost and Queen 
Creek is funding 30%. When project construction is completed, the District will convey 
the parcel it acquired west of Higley Road to Gilbert. 

When completed, the Sonoqui Wash Channelization project will be entirely owned by 
Queen Creek and Gilbert. The Towns will also be responsible for routine maintenance 
of the completed project within their respective jurisdiction?. 
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! 
7.2 MAINTENANCE RESPONSIBILITIES 

When the Sonoqui Wash Channelization project is constructed, Queen Creek and 
Gilbert will each be responsible for routine maintenance within each of their respective 
jurisdictions. The District will shoulder primary responsibility for major repairs and 
extraordinary maintenance in the event of large or sustained flows as defined in IGA 
FCD 2004A015. 

The Towns will be responsible for maintaining their respective roadway and utility 
improvements that cross the channel. Similarly, MCDOT will be responsible for 
maintaining their roadway crossings until that right-of-way is taken over by the Towns. 
Queen Creek will need to establish responsibility for maintaining the Sossaman Farm 
field access road with the farm owner. Each of the individual utility companies and 
irrigation districts that own pipes, cables and other facilities within the channel will be 
responsible for maintaining and repairing their facilities. 

Gilbert's responsibility for routine maintenance will cover the channel reach from the 
confluence with Queen Creek Wash to Recker Road. From Recker Road to the first 
bend, the split jurisdictions described in the previous section would suggest some kind of 
split maintenance responsibilities to be determined between the two Towns. Upstream 
from the first bend (south of Ocotillo Road) to the upstream limit of project 
improvements, routine maintenance is the responsibility of Queen Creek. This includes 
the Stage Stop off-line detention basin at the northeast corner of Sossaman and , Chandler Heiahts Roads. ., 

Routine maintenance includes the following activities: 

trash and debris deposit removal 
weed control 
landscape maintenance 
graffiti removal 
re-painting of hand rails and bollards 
filling in smaller bank rills and erosion damage 
repair of minor damage to hard structures such as drops and weirs 
minor repair to continuous channel bank lining including riprap and 
filter fabric 

In addition to the initially constructed project features, the Towns will have responsibility 
for maintaining any future multi-use or aesthetic public improvements including 
landscaping and pathways constructed within their respective portions of the project 
corridor. This responsibility holds regardless whether the improvements are constructed 
by the Town or by adjacent land development projects. 

The Towns may be able to assign some of their routine landscape and cleanup 
maintenance responsibilities to adjacent land developers or homeowner associations. 
However, the Towns will still have underlying responsibility for routine maintenance. 

Through IGA, the District will retain the right to maintain the project in place of Gilbert 
and Queen Creek's routine responsibility if their responsibility is not being met (after @ appropriate notification of the deficiency by the District). 
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a 7.3 MAINTENANCE PLAN 

Althouqh Sonoqui Wash has a significant contributing drainage area, flow events 
by upper and middle tribitary areas historicdly only rarely reach the lower 

main channel. When major flow events occur, they are not expected to last more than 
one or two days. On the contrary, the local adjacent tributary areas are expected to 
produce more frequent flow events in the main channel. Although these flow events are 
typically small and short in duration, their frequency may create maintenance issues. 

The new Sonoqui channel is designed with a meandering centerline, varying side slopes 
and an earth surface in an attempt to make it appear like a natural desert wash. When 
the permanent landscape improvements are done, native plants will be used exclusively. 
The project corridor is expected to experience significant equestrian use so there was a 
desire to minimize use of hard surfaces and exposed riprap. 

Most of the erosion protection features consist of either dumped or grouted riprap. Most 
of the larger channel erosion protection features like drop structures and continuous 
bank lining are covered by a 12-inch layer of native soil. Most of the erosion protection 
features that are expected to convey frequent local flows such as grouted riprap inflow 
structures and roadway ditch drains are not covered by native soil. 

Overall, the channel has been designed with a relatively flat longitudinal slope and 
nominal flow velocities. Even so, the existing bare native soils cannot withstand a flow 
velocity of more than about 2 ft 1 sec. Flow velocities higher than the predominant 

i channel velocities are expected near drop structures and at culvert outlets. 

Based on the sed~ment transport model developed by sub-consultant WEST 
Consultants, the channel is generally aggrading. However, local scour is expected in 
certain locations like beyond the riprap aprons downstream from drop structures and 
culverts. Based on maximum permissible velocity analysis, the entire 12-inch native soil 
cover is essentially sacrificial. 

There may be significant accumulations of sediment in the :sediment basin. This 
sediment may accumulate over a long period of time from a number of flow events or it 
may accumulate from a single large event. Because there will not be any initial 
comprehensive landscaping, the newly constructed channel may be susceptible to bank 
rilling from very local runoff generated from within the project limits. 

Both Gilbert and Queen Creek will need to follow this maintenance plan for the channel 
to function properly as designed. For example, permanent landscaping, once 
established. will need to be maintained in a state that will produce a channel hydraulic 
roughness within the design range in order for flow depths and velocities to be in the 
range estimated in design. 

Each of the Towns should develop an inspection plan that establishes a routine 
minimum frequency of inspection along with more frequent inspections that would be 
performed, for example, after any flow event. It is recommended that more frequent 
general inspections be conducted with higher and more frequent rainfall. Specific areas 
such as small diameter culverts, headwalls and local inflow structures will require 
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/ 
i detailed inspection. Larger structures such as box culverts, drop structures, and weirs 

will require less frequent inspection and maintenance. 

Each Town is encouraged to adopt a specific maintenance plan. The following are 
suggested activities that should be included as part of a routine maintenance plan. 

1) lnspect the outlet pipes from the sediment basin to the Queen Creek 
Wash channel and from the Stage Stop detention basin to the 
Sonoqui channel to make sure they are not clogged with debris or 
sediment. Clean the trash rack at the Stage Stop basin outlet. 

2) lnspect the multi-use I maintenance path crossing the sediment basin 
and remove sediment and debris that may have accumulated on top 
of it. 

3) lnspect the depth of sediment in the sediment basin using the depth 
gauges installed with the project for that purpose. If more than 1 foot 
of sediment has accumulated, it should be removed. 

4) lnspect the channel floor under the bridge at Higley Road for any 
accumulation of sediment and maintain a vertical clearance of 12 feet. 

5) lnspect drop structures and channel banks for loss of native soil and 
exposure of the riprap erosion protection. Replace and compact 
native soil as necessary. 

6) Backfill any scour holes that may form along riprap aprons at drop 
structures, local inflow structures and culverts. 

7) lnspect the grouted riprap and cutoff walls at drop structures and local 
inflow structures. Fill any cavities in the riprap with grout. Backfill any 
voids around the structures with compacted soil. 

8) ln'spect the small diameter pipe culverts at roadway crossings and 
clean out any debris or sediment. 

The maintenance access road that will be constructed with the project from Ocotillo to 
Chandler Heights Road will only be the first phase of such access facility. Initially, it will 
be the only hard surface path for use by maintenance crews. There is a gravel surfaced 
path adjacent to the Queen Creek Wash channel that will cross through the Sonoqui 
sediment basin. 

Additional surfaced maintenance roads and hard surfaced multi-use paths will be 
constructed with future landscape improvements and adjacent roadway projects. Until 
these facilities are constructed, maintenance crews will need to establish appropriate 
access routes. Access ramps have been provided at ten locations along the channel 
although the grades and slopes along the project are nominal and should not inhibit 
access by maintenance crews. 
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i The following paragraphs and photographs are presented from Section 3.2 of the 
Sonoqui Wash Design Report entitled "Manning's Roughness Coefficients" to help 
illustrate some of the routine maintenance considerations relative to landscaping. 

The Sonoqui Wash project will only construct the channel and primary hydraulic 
structures. Hydro-seeding will be provided as construction is completed to help reduce 
soil loss, bank rilling and dust until the final landscaping is provided by the Towns of 
Gilbert and Queen Creek and by adjacent developers. It may be months or even years 
until the project is formally landscaped. Sub-consultant Logan Simpson Design 
prepared a Landscape Master Plan that will serve as the basis for future landscaping. In 
addition to using the Landscape Master Plan as a design guide, photos of comparably 
landscaped channels are presented at the back of this section to provide a visual image 
of what the future landscape design may look like. 

Based on Logan Simpson Design's Landscape Master Plan and using the U.S.G.S. 
reference, roughness coefficients for typical channel reaches fall in a range between 
0.035 and 0.045. To he$ assure that the final constructed and landscaped channel is 
consistent with this range of "n" values and that the landscaping and irrigation system (if 
one is used) is appropriate for the application, the following suggestions and 
observations are offered: 

6. It is anticipated that most of the landscape plant material will be 
placed on or above the constructed banks of the channel. Vegetation 
on the channel bottom will be limited to native grass and small shrubs 
with relatively wide spacing. The density and size of plant material 
will increase as it moves up the channel slopes (i.e. the larger plant 
material and higher density groupings should be located in the upper 
half of the bank). 

7. Generally, trees can be planted on the channel banks but it is 
recommended that they be limited to single trunk specimens and 
placed no closer to the toe of slope than 3 feet above the adjacent 
channel flow line as identified in the channel plan and profile sheets. 
It is recommended that no cacti or succulent plants be placed on the 
channel bottom or within the lower half of the channel bank. It is also 
recommended that trees and large shrubs not be placed within the 
drop structures, weirs or within immediate proximity (say 507 of 
culverts or bridges. Roughness coefficients for cross sections 
associated with weirs, drop structures and within the proximity of 
roads will generally reflect lower 'h" values than for longer typical 
reaches between structures. 

8. Any trees or large shrubs that are planted within the lower bank where 
there is continuous channel bank lining should restore any penetration 
of the bank lining material and filter fabric. Because of the potential 
for scour it is recommended that no permanent irrigation system such 
as PVC pipe be used lower than about 3 or 4 feet above the channel 
invert. A thin surface layer of decomposed granite or rock mulch if 
incorporated in the future landscape improvements will not have an 
appreciable impact on 'h" value. 
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9. It is anticipated that "volunteef' native grass and small shrubs may 
become established on the drop structures themselves. However, 
this will be somewhat limited because there will only be a shallow 
layer (123 of native soil placed over the riprap for aesthetic purposes. 
Because of the relatively steep local hydraulic slope of these drop 
structures, it is anticipated that most or all of the native soil will be 
scoured away by any significant flow leaving mostly exposed rock 
surface below. This is the condition assumed for purposes of 
estimating "n" values at the drop structures. The Towns of Gilberf and 
Queen Creek will replace the soil cover at the drop structures that is 
lost due to scour in accordance with the project maintenance plan. 

10. It is critical at certain locations that final landscaping is established 
and maintained within the limits of anticipated roughness. The two 
most critical locations where lack of maintenance would impact project 
performance are: a) the narrow reach within the Ranchos Jardines 
Subdivision from Station 170+00 to Station 185+00 (upstream from 
Via del Jardin for a distance of about 1,500 feet), and b) adjacent to 
the Stage Stop Detention Basin lateral weir just north of Chandler 
Heights Road. 

The photos on the following pages are presented as representative of the character and 
density of landscaping described in the above section. 

annel with native landscapi Location unknown. 
density and type of landscaping would correspond to a roughness coefficient 
range of 0.030 to 0.035. 

This 
in the 
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Photo Plate 9 - Queen Creek channel with native landscaping looking upstream from 
Recker Rd in Trilogy. This density and type of landscaping would correspond to a 
roughness coefficient in the range of 0.045 to 0.055 and does not appear to be regularly 
maintained. 

- .  
defined trapezoidal section, a bottom of coake sand and vegetation primariiy located on 
the channel bank. Channel would correspond to a roughness coefficient of 0.040 to 
0.045. 
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m 7.4 Appendix Section 7 - Intergovernmental Agreements 



CLERK OF THE BOARD 

BASKET PICK UP 

Intergovernmental Agreement 
For the Design of the 

SANOKAI WASH IMPROVENIENTS 
(QUEEN CREEK WASH TO POWER ROAD) 

Among 
The Flood Control District of Maricopa County, 

The Town of Gilbert 
and 

The Town of Queen Creek 

XGA FCD 2002A002. 

Agenda Item C-69-02-104-2-00 

This Agreement is entered into by and between the Flood Control District of Maricopa County, 'municipal 
corporation and political subdivision of the State of Arizona, acting by and though its Board of Directors 
hereinafter called the DISTRICT, the Town of Queen Creek, acting by and through its Council, hereinafter called 
QUEEN CREEK and the Town of Gilbert, acting by and through its Council, hereinafter called GILBERT. 

This Agreement shall become effective as of the date it has been executed by all parties. 

DATE FILED WITH MARIcoPA COUNTY RECORDER I_ w a. aom. 
STATUTORY AUTHORIZATION 

The DISTRICT is empowered by Arizona Revised Statutes Section 48-3603, as revised, to enter into this 
Agreement and has authorized the undersigned to execute this Agreement . . on behalf of the DISTRICT. 

QUEEN CREEK is empowered by Arizona Revised Statutes 11-952 to enter into this Agreement, h d  ha$ 
,authorized the undersigned to execute this Agreement on b e h ~  of QUEEN CREEK. 

GILBERT is empowered by ArizonaRevised Statutes 11-952 to enter into this Agreement, and has authorized 
the undersigned to execute this Agreement on behalf of GILBERT. 
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When Recorded Return to: 
Flood Control District of Maricopa County 
2801'West Durango Street 
Phoenix, AZ 85009-6399 

Intergovernmental Agreement 
for the Design of the 

SANOKAI WASH IMPROVEMENTS 
(QUEEN CREEK WASH TO POWER ROAD) 

Among 
The Flood Control District of Maricopa County, 

The Town of Gilbert 
and 

The Town of Queen Creek 

IGA FCD 2002A002 

Agenda Item C-69-02-104-2-00 

This Agreement is entered into by and between the Flood Control District of Maricopa County, a municipal 
corporation and political subdivision of the State of Arizona, acting by and through its Board of Directors 
hereinafter called the DISTRICT, the Town of Queen Creek, acting by and through its Council, hereinafter called 
QUEEN CREEK and the Town of Gilbert, acting by and through its Council, hereinafter called GILBERT. 

This Agreement shall become effective as of the date it has been executed by all parties. 

DATE FILED WITH MARICOPA COUNTY RECORDER 

STATUTORY AUTHORIZATION 

The DISTRICT is empowered by Arizona Revised Stahltes Section 48-3603, as revised, to enter into this 
Agreement and has authorized the undersigned to execute this Agreement on behalf of the DISTRICT. 

QUEEN CREEK is empowered by Arizona Revised Statutes 11-952 to enter into this Agreement, and has 
authorized the undersigned to execute this Agreement on behalf of QUEEN CREEK. 

GILBERT is empowered by Arizona Revised Statutes 11-952 to enter into this Agreement, and has authorized 
the undersigned to execute-this Agreement on behalf of GILBERT. 

. 
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Overall the purpose of this project is to design, conshuct, operate and maintain a conveyance channel capable of 
containing a 100-year storm event within the ex~sting natural alignment of Sanokai Wash from Power Road 
westerly to the confluence with Queen Creek Wash west of Higley Road fora length of approximately 2.25 miles. 
hereinafter referred to as the Sanokai Wash Improvements Project (PROJECT). This IGA covers only the 
development of design for the PROJECT. 

The Sanokai Wash Floodplain Delineation Study from Higley Road to Riggs Road indicates that significant 
ponding and breakouts of flood flows occur along the wash. Results from the Queen Creek & Sanokai Wash 
Hydraulic Master Plan for Queen Creek and Sanokai Washes indicate that the most feasible solution to contain 
breakouts from Sanokai Wash is to increase the cross section of the wash to contain the 100-year flood flows. 
The project will eliminate the potential 100-year flood hazard and reduce and/or eliminate potential flood 
damages along the PROJECT reach. 

The design phase of this PROJECT consists of the design of channel improvements, improved road crossings, 
channel stabilization, channel surface treatments to reduce andlor e l i n a t e  erosion and sediment transport, 
appropriate side drainage inlet structures and connections and appropriate landscaping. 

The limits of the Sanokai Wash Improvements Project are as defined in Exhibit A. 

PURPOSE O F  THE AGREEI!Xl3N'I' 

The purpose of this Intergovernmental Agreement is to identify and define the responsibilities of the 
DISTRICT, QUEEN CREEK, and GILBERT (collectively PROJECT PARTICIPANTS) for the design for 
the PROJECT. 

l 
TERMS OF AGREEMENT 

1. The DISTRICT shall: 

1.1. Be the lead agency responsible for design of the PROJECT. 

1.2. Perform the following activities for design of the PROJECT: 

1.2.1 .Advertise for design only upon execution of this Agreement and approval to advertise by each of 
the PROJECT PARTICIPANTS. 

1.2.2.Incorporate into the design the following features: 

1.2.2.1. A floodwater conveyance channel which collects and contains the 100-yeari24 hour, existing 
. .  . . .  . .  . ,.. .? . . .. conditions storm event runoff, and provides dry maintenance access .and appropriate 

freeboard under 100-year124 hour storm future conditions Power Road to Queen Creek 
Wash. 

1.2.2.2. Provide for direct discharge of design storm waters that exceed the 5-yearC2-hour storm 
event into the PROJECT from lands adjacent to the PROJECT. 

1.2.2.3. Provide for the hydraulic design of roadway crossings, either at-grade or culverts as 
a ~ ~ r o ~ r i a t e  across the PROJECT at Higley Road, Recker Road and Ocotillo Road and/or - *  - - .  
where crossings of the existing Sanokai Wash cunently exist. Crossings at mid-section lines 
are not included in the PROJECT. 
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1 
1.2.2.4. Connect drains currently discharging to the existing Sanokai Wash into the PROJECT 

i through new outlet structures into the PROJECT as long as NPDES permit requirementsare 
met. 

1.2.2.5. Accommodate existing drainage and irrigation facilities and access for existing farming 
operations that will continue to operate both during and after construction of the PROJECT. 

1.2.2.6. The design of the PROJECT will accommodate multi-use amenities within the guidelines of 
the DISTRICT'S Landscape and Aesthetics Policy. 

1.2.2.7. Include additional features requested by the PROJECT PARTICIPANTS, to be constructed 
as part of the PROJECT if those features are defined prior to the finalization of sixty percent 
(60%) plans. All costs for the design of these additional features, if not directly related to the 
flood control function of the PROJECT, requested by other PROJECT PARTICIPANTS 
shall be reimbursed by the requesting PROJECT PARTICIPANTS, one hundred percent 
(100%) at the completion of the design. 

1.2.3.Provide to the PROJECT PARTICIPANTS the thirty percent (30%), sixty percent (60%), ninety 
percent (90%) design plans and allow three (3) weeks for review and comment and the 100% 
design plans at the completion of design. The DISTRICT shall incorporate PROJECT 
PARTICIPANTS comments into the plans as appropriate. 

1.2.4.Provide to the PROJECT PARTICIPANTS, for their internal use only, the cost estimate for 
PROJECT construction at completion of design. 

( 
1.2.5.Budget within its Capital Improvement Program $700,000 for the design costs and receive 

reimbursement of fifty percent (50%) of the design cost from the PROJECT PARTICIPANTS. 

1.3. Cost share fifty percent (50%) of the PROJECT design costs as follows: 

1.3.1.Fund an amount, estimated at $350,000 for the PROJECT design. 

1.3.2.Invoice GILBERT thirty-seven and one-half percent (37.5%) of the PROJECT design cost 
estimated to be $262,500 upon Notice to Proceed to the design consultant. Invoice GILBERT, 
upon completion of design, thiay-seven and one-half percent (37.5%) of any additional costs for 
change orders approved during the design process. 

1.3.3.Invoice QUEEN CREEK twelve and one-half percent (12.5%) of the PROJECT design cost 
estimated to be $87,500 plus twelve and one-half percent (12.5%) of any additional costs for 
change orders approved during the design process upon completion of design, 

1.4. Conduct all public involvement activities for the PROJECT 

2, QUEEN CREEK shall: 

2.1. Provide to the DISTRICT during the design process any aesthetic improvements desired for culverts, 
fencing, and landscaping for features of the conveyance channel to be incorporated into the design. The 
cost for such im~rovements will be shared in accordance with the PROJECT cost share and the 
DISTRICT'S landscape and Aesthetics policy. 
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I 2.2. Cost share the PROJECT design; twelve and one-half percent (12.5%) of the PROJECT design cost 
estimated to be $87,500. Pay the DISTRICT within thirty (30) days of receipt of an invoice from the 
DISTRICT upon completion of design. 

2.3. Cost share, twelve and one-half percent (12.5%) of any additional costs for change orders approved 
during the design process: Pay theDISTRICT within thirty (30) days of receipt of an invoice from the 
DISTRICT upon completion of design. 

2.4. Review design plans and specifications for the PROJECT and retum comments within three (3) weeks 
of receipt of the plans and specifications for review. Review, approve and sign the cover sheet of the 
final project plans within two weeks of receipt of the final 100% plans. Such approval and signature 
shall not be unreasonably withheld. 

3. GILBERT shall: 

3.1. Provide to the DISTRICT during the design process any aesthetic improvements desired for culverts, 
fencing, and landscaping for features of the conveyance channel to be incorporated into the design. The 
cost for such improvements will he shared in accordance with the PROJECT cost share and the 
DISTRICT'S Landscape and Aesthetics Policy. 

3.2. Cost share the PROJECT design, thirty-seven and one-half percent (37.5%) of the PROJECT design 
cost estimated to be $262,500. Pay the DISTRICT withm thirty (30) days of receipt of an invoice from 
the DISTRICT upon Notice to Proceed to the design consultant. 

I 3.3. Cost share thirty-seven and one-half percent (37.5%) of any additional costs for change orders approved 
during the design process. Pay the DISTRICT within thirty (30) days of receipt of an invoice from the 
DISTRICT upon completion of design. 

3.4. Review design plans and specifications for the PROJECT and retum comments within three (3) weeks 
of receipt of the plans and specifications for review. Review, approve and sign the cover sheet of the 
final project plans within two weeks of receipt of the final 100% plans. Such approval and signature 
shall not be unreasonably withheld. 

4. All the PROJECT PARTICIPANTS shall participate in public involvement activities, as appropriate, 
conducted by theDISTRKT at no cost to the PROJECT. Any public involvement costs will be included as 
part of the total PROJECT design cost. 

5. All the PROJECT PARTICIPANTS may, with mutual written agreement of all parties, delegate 
.responsibilities to another party. Any delegation, however, shall not relieve the delegating party of its 

, ~ . , . . .  
original responsibilities as defined herein. , . . . . . . 

6. Each of the PROJECT PARTICIPANTS to this Agreement (indemnitor) shall, to the extent permissible by 
law, indemnify, defend, and save hamless the other (indemnitees) including agents, officers, directors, 
governors, and employees thereof, from and against any loss or expense incurred as a result of any claim or 
suit of any nature whatsoever, which arises out of indernnitor's negligent or wrongful acts or omissions 
pursuant to this Agreement. Such indemnification obligation shall encompass any personal injury, death or 
property damages resulting from the indernnitor's negligent or wrongful acts or omissions, as well as 
reasonable attorney's fees, court costs, and other expenses relating to the defense against claims or litigation 
incurred by the indemnitee. 

@I .i ~ . .  . 
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7. Each PROJECT PARTICIPANTS shall a ss ip  a person to represent that PROJECT PARTICIPANTS for any 
coordination activities as necessary for design activities. 

8. All notices or demands upon any party to this agreement shall be in w i g  a d  shall b& delivered in person 
or sent by mail addressed as follows: 

. . 
Flood Control District of Maricopa County 
Attn: Chief Engineer & General Manager 
2801 West Durango Street 
Phoenix, AZ 85009-6399 

Town of Queen Creek 
httn: Town Manager 
22'350 S. Ellsworth Rd 
Queen Creek, AZ 85242 

Town cf Gilbert 
Attn: Town Manager, 
1025 S. Gilbert Road 
Gil'omt., AZ 85296 

9. Each PKOECT PARTICPANTS to this Agreement will pay for, and not seek reimbursement for, its own 
personnel and administrative costs associated with this PROJECT, including but not limited to the following 
unless specifically identified otherwise in this Apreement: design, rights-of-way acquisition, inspection, 
public invoiveinent, permitting, management and administration, and operation and maintenance. 

! 
. 10. This Agreement shall expire five (5) years from the date of recording with the Maricopa County Recorder or a upon final payment of all financial obligations outlined in this Agreement, whichever is the first to occur. 

Iiowever, by mutual written agreement of all parties, this Agreement may be amended or terminated. If this 
PROJECTis terminated for any reason, funds already paid to the DISTRICT and not contractually obligated 
for the PROJECT, shall be reimbursed to the appropriate parties. 

11. This Ageenlent is subject to cancellation by any party pursuant to the provisions of ArizonaRevised Statutes 
Section 38-511. 

12. Attaclled to this Agreement or contained herein are the written determinations by the appropriate attorneys for 
the parlies to this Agreement that these agencies are authorized under the laws of the State of Arizona to enter 
into this Agreement and that it is in proper fom.  

13. If legislation is enacted after the effective date of this Agreement, which changestherelationship, or structure 
. . . . . . _  of one or more parties to this Agreement, the parties agree that this Agreement shall be renegotiated atthe 

written requestof any party. 

14. This agreement does not create a joint venture, partnership or similar relationship with the other PROJECT 
PARTICIPANTS. Each PROJECT PARTICPANTS shall be solely responsible for its acts and the acts of 
its agents, employees and contractors during the performance of the Agreement. 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
A Municipal Corporation 

Recommended by: 

Michael S. Ellegood, P.E. ate 
Chicf Engineer and General Manager 

Approved and Accepted: 

By: do3 

Attest: 

b ~ ~ C l e  of the Board Date 
OUIWL. 

The foregoing Intergovernmental ~ k e e m e n t  IGA FCD 2002A002 has been reviewed pursuant to Arizona 
Revised Statutes 11-952, as amended, by the undersigned General Counsel, who has determined that it is in 
proper form and within the powers and authority granted to the Flood Contcol District of Maricopa County 
under the laws of the State of Arizona. 

/A- L: l' 
. . \,. , >4~2;~7?7, (yi@mU3 . . ,T,&d C. C- _ : 

.&e/neral Counsel - / date' 

. . 
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TOWN OF QUEEN CREEK 

0 TOWN OF QUEEN CREEK, a Municipal Corporation 

By: 
~ v n t h g  dedlhammer 

u 

Attest: 

Date 

The foregoing Intergovernmental Agreement IGA FCD 2002A0002 has been reviewed pursuant to Arizona 
f Revised Statues 11-952. as amended. by the undersimed attorney who has determined that it is in proper . . 

form and within the power and authority granted to the   own of Queen Creek under the laws of the State of 

BY 
Date 

, . 
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TOWN OF GILBERT 

0' 
Town of GILBERT, a Municipal Corporation 

By: 

Attest: 

By: 

The foregoing Intergovernmental Agreement IGA FCD 2002A002 has been reviewed pursuant to Arizona 
Revised Statues 11-952, as amended, by the undersigned attorney who has determined that it is in proper 

I 
- form and within the power and authority manted to the Town of Gilbert under the laws of the State of 

TOW; Attorney 2 Date ' 

ENCLOSURES: 

EXHIBlT A: Site Map IGA FCD 2002A002 

IGA FCD 2002A002 PCN 480-04-31 Page 8 of 9 



EXHIBJT A: Site Map IGA FCD 2002A002 ' 

East Mar~copa Floodway 
Queen Creek 
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WhenRecorded Return to: 
Contracts Branch 
Flood Control District of Maricopa County 
2801 West Durango Stxeet 
Phoenix, A 2  85009-6399 

A ~ N D M E N T  - 
FCD 2002A002A 

TO 

INTERGOVERNMENTAL AGREEMENT . .  . 

FCD ZOOZAOOZ 

SONOQUI WASH IMPROVEMENTS 
(QUEEN CREEK YVASH TQ POWER ROAD) 

. . among the . 
Flood Contro\Ditrict of Maricopa County, 

To% of Gilbert 

. . &d the 

, Town of Queen Creek 

IGA FCD 2b02A002A 

Agenda Item: C-69-02-104-2-01 

. . 

.,. Thia~mendment, Intergovernmental Aviement (1GA)FCD 2002A002A to IGAFCD 2002A002 is entered 
into by and between'the Flood ControlDisIrict of Maricopa County, a municipal corporation 'and political 
subdivision' of the State of Arizona, acting by and through its Board of Directors hereinafter called the 
DISTRICT, the Town of Queen Creek, acting by and through its Council, hereinafter called QUEEN CREEK 

. . and the Town of Gilbert, acting by and through its Council, hereinafter called GILBERT. 

This Amendnient IGA FCD 2002A002A to IGA FCD 2002.4002 shall become effective as of the date it has 
; been,ex&uted by all parties. . . 

, . 

(I)) DATE FEED WITH +RICOPA COrJNTY RECORDER 
:., 
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When Recorded Return to: 
Conbacts Branch 
Flood Control District of Maricopa County 
2801 West Durango Street 
Phoenix, AZ 85009-6399 

AMENDMENT 
FCD 2002A002A 

]INTERGOVERNMENTAL AGREEMENT 
FCD 2002A002 

SONOQUI WASH IMPROVEMENTS 
(QUEEN CREEK WASH TO POWER ROAD) 

among the 
i a Flood Control District of Maricopa County, 

Town of Gilbert 

and the 

Town of Queen Creek 

IGA FCD 2002A002A 

Agenda Item: C-69-02-104-2-01 

, . . This Amendment, Intergovernmental Agreement (IGA) FCD 2002A002A to IGA FCD 2002~002 is entered 
:into by and between the Flood Coiltrol District of Maricopa County, a municipal corporation and political 
subdivision of the State of Arizona, acting by and tluough its Board of Directors hereinafter called the 
DISTRICT, theTown of Queen Creek, acting by and through its CounciL hereinafter called QUEEN CREEK 
and the Town of Gilbert, acting by and through its Council, hereinafter called GILBERT. 

This Amendment IGA FCD 2002A002A to IGA FCD 2002A002 shall become effective as of the date it has 
been executed by all parties. 

DATE FILED WITH MAFUCOPA COUNTY RECORDER 
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. . 
i STATUTORY AUTH~RIZATPON 

The DISTRICT is eqowered by Arizona Revised Statutes Section 45-1603. as revised, to enter into this 
Amendment and has authorized the undersigned to execute this Amendment on behalf of the DISTRICT. 

QJJEJPl CREEK is empowered by Arizona Revised Statutes 11-952 to enter into this Amendment, and has 
authorized the undersigned.to execute this Amendment on behalf of QUEEN CREEIC. 

GILBERT is empowered by Arizona Revised Statutes 11-952 to enter into this Amendment, and has 
authorized the undersigned to execute this Amendment on behalf of GILBERT. 

The Sonoqui Wash Improvements (Queen Creek Wash to Power Road) was authorized by IGA FCD 
2002A002 and recorded on July 29,2002. The original purpose of this project is to design, construct, operate 
and maintain a conveyance channel capable of containing a 100-year storm event within the existing natural 
alignment of Sonoqui Wash from Power Road westerly to the confluence with Queen Creek Wash west of 
Higley Road for a length of approximately 2.25 miles, hereinafter referred to as the Sonoqui Wash 
improvements (PROJECT). The original IGA covered only the development of design for the PROJECT. 

The Sonoqui Wash Floodplain Delineation Study from Higley Road to Riggs Road indicates that significant 
ponding and breakouts of flood flows occur along the wash. The Sonoqui Wash Delineation is significantly 
wide at the Power Road crossing of the wash, requiring extensive wing dikes or other structures. Extending 
the channel improvements farther upstream to the crossing of either Sossaman Road or ChandlerHeights Road 
will significantly reduce the need for wing dikes This will increase the length of the improvements by 
approximately 1.5 miles for n total of approximately 3.75 miles. 

This Amendment shall extend the length of the PROJECT and authorize the acquisition of certain rights-of- 
way for the PROJECT. 

The estimated cost of the PROJECT design and acquisition of these rights-of-way is $1,500,000.00. 

The limits of the Sonoqui Wash Improvements Project are as defined in Exhibit A 

PURPOSE OF THE AGREEMENT 

The purpose of this Amendment is to recognize the increased total PROJECT length, authorize the acquisition 
of certain rights-of-way, .and to adjust the cost share responsibilities for the DISTRICT, GILBERT, and 

. . : QUEEN CREEK. . 
. . 

TERMS OF AGREEMENT 

1. The DISTRICT shall: 

1.1. Incorporate into the design a floodwater conveyance channel which collects and contains the 100- 
year/24 hour existing conditions storm event runoff and provides dry maintenance access and 
appropriate freeboard under 100-year124 hour storm future conditions from approximately Chandler 
Heights Road to Queen Creek Wash. 

IGA FCD 2002A002A PCN 480.04.31 Page 2 of 8 



1.2 Provide for the hydraulic design of roadway crosshgs, either at-&de or culverts as appropriateacross 
the' PROJECT at Higley, Recker, Ocotillo, Power, Sossaman, and Chandler Heights Roads and/or 
where crossings of the existing Sonoqui Wash currently exist. Crossings at mid-section lines are not 
considered in the PROJECT. 

1.3 Cost share fifty percent (50%) of the PROJECT design costs as follows: 

1.3.1 Fund an amount estimated at $1,000,000 for the project design. 

1.3.2 Invoice GILBERT twenty-five percent (25%) of the PROJECT design cost, estimated to he 
$250,000, upon Notice-to-Proceed to the design consultant. Invoice GILBERT, upon 
completion of design, twenty-five percent (25%) of any additional costs for change orders 
approved during the design process. 

1.3.3 Invoice QUEEN CREEK twenty-five percent (25%) of the PROJECT design cost, estimated to 
be $250,000, plus twenty five percent (25%) of any additional costs for change orders 
approved during the design process upon completion of design. 

2. QUEEN CREEK shall: 

2.1. Cost share twenty-five percent (25%) of the PROJECT design cost, estimated to be $250,000, 
plus twenty-five (25%) of any additional costs for change orders approved during the design 
process. Pay the DISTRICT within thirty (30) days of receipt of an invoice from the 
DISTRICT upon completion of design. 

i 
3. GILBERT shall: 

3.1. Cost share twentv-five aercent (25%) of the PROJECT desim cost, estimated to be $250,000. - 
Pay the DISTRICT wi;hiu thi& (30) days of receipt of an invoice from the DISTRICT upon 
Notice-to-Proceed to the design consultant. Cost share twenty-five percent (25%) of any 
additional costs for change orders approved during the design process. Pay the DISTRICT 
within thirty (30) days of receipt of an invoice from the DISTRICT upon completion of the 
design contract. 

4. The DISTRICT, GILBERT, or QUEEN CREEK may acquire rights-of-way necessary for a proposed 
sedimentation basin, approximately 12 acres located near Higley and Ocotillo.Road, required for the 
PROJECT (seeExhibit A). The cost, estimated to be $500,000 for such acquisition will be cost shared in 
the same percentage as the design for the PROJECT (50%. 25%, 25%). The PROJECT partner acquiring 
the rights-of-way shall be credited accordingly its share of the acquisition cost. 

.. , . 

5. This Amendment governs where terns conflict with the original IGA FCD 2002A002. However, the 
original IGA FCD 2000A002 is applicable unless specifically changed by this Amendment. The 
paragraph numbering in this Amendment is coincidental and is not intended to indicate that these same 
numbered paragraphs in the original IGA FCD 2000A002 are being replaced in their entirety. 

6. This Amendment shall expire five (5) years from the date of recording with the County Recorder or upon 
completion of thePROJECT and after all funding obligations and reimbursements have been satisfied in 
accordabce with this Amendment, whichever is the first to occur. However, by mutual written ageement 
of all parties, this Amendment maybe amended or terminated. If this PROJECT is terminated for any 
reason, funds already paid to the DISTRICT and not contractually obligated for the PROJECT, shall be 
reimbursed to the appropriate parties. 
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I 7. ThiB Amendment is subject to cancellation by any party pursuant tothe provisions of Arizona Revised 
Statutes Section 38-511. 

8. Attached to this Amendment or contained herein are the written determinations by the appropriate 
attorneys for the parties to this Amendment, that these agencies are authorized under the laws of the State 
of Arizona to enter into this Amendment and that it is in proper form. 

9. If legislation is enacted after the effective date of this Amendment, which changes the relationship or 
structure of one or more parties to this Amendment, the parties agree that this Amendment shall be 
renegotiated at the written request of any party. 
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
A 1CIunicipal Corporation 

Recommended by: 

P 
date - 

Chief Engineer and General Manager 

Approved and ~ c c e ~ t e d :  

Attest: 

"i 

The foregoing Amendment IGA FCD 2002A002A has been reviewed pursuant to Arizona Revised Statutes 
11-952, as amended, by the undersigned General Counsel, who has determined that it is in proper form and 
within the powers and authority granted to the Flood Control Dismct of Maricopa County under the laws of the 
State of Arizona. 

. . a,,;-?? f&i&.&m .,?,h<h3 
g l e r a l  Counsel 1 ! ~ i t e  
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TOWN OF QUEEN CREEK 

TOWN OF QUEEN CREEK, a Municipal Corporation 

By: 

Attest: 

The foregoing Amendment IGA FCD 2002A0002A has been reviewed pursuant to Arizona Revised Statues 
11-952, as amended, by the undersigned attorney who has determined that it is in proper form and within the .i p o w  and authority granted to the Town of Queen Creek under B e  laws of fie State of Arizona. 

By: 
Queen Creek ~ t t o r n e ~ ~  Date 

. . . . . . . . . . . 
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TOWN OF GILBERT 

Town of GILBERT, a Municipal Corporation 

By: 3 

Attest: 

By: 

i The foregoing Amendment IGA FCD 2002A002A has been reviewed pursuant to Arizona Revised Statues 1 I- 
952, as amended, by the undersigned attorney who has determined that it is in proper form and within the a power and authority granted to the Town of Gilbert under the laws of the State of Arizona. 

Town Attorney 

Attachment: Exhibit A: Site Map IGA FCD 2002A002A 
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PICK UP 

N A R I C O P A  C O U N T Y  R E C O R D E R  
H E L E N  P U R C E L L  - 

2005-0418682 0 4 / 0 1 / 0 5  16:32 

INTZRGO~RNMENTAL AGREE~NT 
for the 

Utility Relocation, Rights-of-way Acquisition, Construction, Construction Management, 
Operation and Maintenance 

of the 

Sonoqui Wash Channelization - Queen Creek Wash to Chandler Heights Road 
among the 

Flood Control District of Maricopa County, 

Town of Gilbert 
and the 

Town of Queen Creek 

FCD 2004A015 

Agenda Item C-69-05-100-2-00 

This Ageemcut is'entqe6,intoby,-md between the Flood-Con~ol DisCrict of Maricopa County, amueic@al 
icorporatios a r i d - . p ~ ! i t ~ c a ~ : ~ u b  6f he State of Arizona, acting by wdtbfough its Board gf-l>.i$eq$ss 

'., . . i ~ ~ ~ & ~ ~ ~ & ~ ~ h .  ~~.&.D~TRLc.T,  the Tswn.of ~ i & ~ ' & & & ;  &&g:by &idthrough its eiun&, hei.&h&ey : 
&lid Q m  CREEK, &d the Town of Gilber$i&j by &d &rough its ~ o w c i 1 , h e r e ~ a f t e ~ ' ~ a ~ e d  

. ,  . , GILBERT. 
, . :  . . 

. . ,  . 
This Agewent : sbal~~b~come@ff~itive . . . . .  as ?$ thedate . . . . .  it. has been executed by auparties. 
. . .  :. . . .  . , , .. . . . . .  . . . . 

, , 
. . 

. . . . 

. . . .  : . . :DATE :FILED.VITH~RICQ~A . . COUNTY RECORDER. . . . . . .  . . .  
. . .  , . .  . . .  

. , 

. . 
. . .  

. . 
. , 

. . 
. . .  . . . . 

STATUTORY AUTHORIZATION , . 

. . .  . . 

day ~ n ~ m a ~ ~ ~ i ~ ~ d  section 18-1601, ievisd, .ritiinto thy ' ' . ' 
A~.@rneot and bas authorized the undersigned to execute this Agreement on behalf of the 



I 
2. QUEEN CREEK is empowered by Arizona Revised Statutes Section 11-952, to enterinto this Agreement 

and has authorized the undersigned to execute this Agreement on behalf of QUEEN CREEK. 

3. GILBERT is empowered by Arizona Revised Statutes Section 11-952, to enter into this Agreement and 
has authorized the undersigned-to execute this Agreement on behalf of GILBERT. 

BACKGROUND 

4. The Sonoqui Wash Channelization project Resolution FCD 2001R001, was adopted by the Board of 
Directors on March 21,2001 (C-69-01-061-6-00). Intergovemmeutal Agreement (IGA) FCD 2002A002, 
was approved by the Board of Directors on June 10, 2002 (C-69-02-104-2-00) authorizing the project 
from the Queen Creek Wash confluence to Power Road. IGA amendment FCD 2002A002A approved on 
May 21,2003 (C-69-02-104-2-01), extended the project upstream from Power Road to Chandler Heights 
Road, for a total of approximately 3.75 miles of channelization. 

The Sonoqui Wash Floodplain Delineation Study from Higley Road to Riggs Road indicated that 
significant ponding and breakouts of flood flows occur along the wash. Results from the Queen Creek & 
Sonoqui Wash Hydraulic Master Plan indicated that the most feasible solution to contain the breakouts 
from Sonoqui Wash was to increase the conveyance cross-section to contain the 100-year flood flows. 
The project will include channelization of Sonoqui Wash from Queen Creek Wash to approximately 800' 
south of Chandler Heights Road; basin at northeast comer of Sossaman Road and Chandler Heights Road; 
Sediment basin at northwest comer of Higley and Ocotillo Road and associated improvements as shown 

i in Exhibit 1, hereinafter called the PROJECT. The PROJECT will eliminate the 100-year floodplain and 

a reduce the potential for flood damage along the PROJECT reach. 
- 

5. GILBERT will design and construct a bridge crossing across the Sonoqui Wash at Higley Road at no cost 
to the PROJECT. GILBERT is purchasing rights-of-way using its funding along the Ocotillo Road 
comdor within County unincorporated areas, which will be included in a total PROJECT cost and will be 
cost shared amongst the DISTRICT, GlLBERT and QUEEN CREEK, hereinafter called the PROJECT 
PARTNERS. A majority of the PROJECT rights-of-way within GILBERT will be dedicated or donated 
by the adjacent landowners and will not be included as a PROECT cost or credited to GILBERT as a 
PROJECT cost share. 

6. QUEEN CREEK owns or retains easements over a majority of the rights-of-way from Via Del Jardine 
Road to Sossaman Road, which will be provided to the PROJECT at no cost to the PROJECT. QUEEN 
.CREEK is currently in the process of purchasing rights-of-way for the basin at the northeast comer of 
Sossaman Road and Chandler Heights Road as well as rights-of-way south of Chandler Heights Road 

.. .: . . .. .. ' - using it's funding, which will be included in a total PROJECT cost and will be cost shared amongst the 
PROJECT PARTNERS. Other rights-of-way within QUEEN CREEK will be dedicated or donated by 
the landowners and will not be included as a PROJECT cost or credited to QUEEN CREEK as a 
PROJECT cost share. 

7.  The current floodplain is approximately one-half (112) mile wide from IJigley Road upstream to Chandler 
Heights Road and impacts areas of both towns and unincorporated county. The current 100-yrfloodplain 
will be reduced from approximately 800 acres to the channel width upon completion of the PROJECT. 

8. The PROJECT ranks as one of the highest priority flood control projects for GILBERT and QUEEN 
CREEK. QUEEN CREEK submitted the PROJECT to the DISTRICT for consideration in its FY 

. *: 2002103 Capital Improvement Program Prioritization Procedure process. The PROJECT scored well and 
. . 
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f' 
was recommended by the Flood Control Advisory Board for inclusion into the DISTRICT'S Five-year 
Capital Improvement Program. 

PURPOSE OF THE AGREEMENT 

9. The purpose of this IGA is to identify and define the responsibilities of the PROJECT PARTNERS, for the 
rights-of-way acquisition, utility relocations, 404-pennit mitigation, construction, construction 
management, and operation and maintenance of the PROJECT. 

TERMS OF AGREEMENT 

10. The PROJECT PARTNERS shall share in the costs for utility relocations, rights-of-way acquisition, 404- 
permit mitigation, construction and construction management, hereinafter called the total PROJECT 
COST, estimated to be $10,000,000. 

10.1. Construction management shall be assigned a value of eight percent (8%) of the actual construction 
cost of the PROJECT plus actual costs for materials testing and survey work associated with 
construction management. If construction management services are accomplished under contract, 
the construction management costs shall be the actual cost for the conuacted construction 
management services plus the actual costs for materials testing and survey work. 

10.2. The PROJECT COST shall include landscaping and aesthetic features as allowed by the 
DISTRICT'S "Policy for the Aesthetic Treatment and Landscaping of Flood Control Projects" 

[ (Policy). Additional landscape features and park amenities, if compatible with the PROJECT 

0 function, may be included in the PROJECT construction at the request of GILBERT andlor QUEEN 
CREEK, and solely at the requesting PROJECT PARTNER'S cost plus the associated construction 
management costs. 

10.3. The PROJECT may be phased as described in paragraph 12.12 below and cost share 
reimbursements will be phased accordingly. The PROJECT PARTNERS may determine that the 
schedule for construction of a particular phase of the PROJECT can be accelerated, in advance of 
available funding from a PROJECT PARTNER(S), in which case the cost share reimbursement(s) 
could be delayed to no later than the end of fiscal year 200612007. 

11. GILBERT and QUEEN CREEK will implement h e  1,andscaping and multi-use improvements within the 
PROJECT 1;stts $on completionand acceptance of rhePROECT. 

. .  , .  . . .  . . ,: . . . .  . , . .  



share for rights-of-way acquired by the DISTRICT and utilities relocated to date. The 
DISTRICT shall invoice the PROJECT PARTNERS for the costs for requested non-flood 
control or landscaping features, as described in paragraphs 12.2.2 or 12.2.3. PROJECT 
PARTNER costs shall be reduced by the credit due the PROJECT PARTNER for rights- 
of-way they have purchased for the PROJECT in accordance with the cost share 
percentages. 

12.2.2. Nan-flood control feahlres, if compatible with the PROJECT function, may be included 
in the PROJECT at the request of GILBERT and/or QUEEN CREEK, with the associated 
construction and construction management costs paid solely by the requesting PROJECT 
PARTNER. 

12.2.3. Landscaping, aesthetic features and park amenities, in addition to those allowed by the 
DISTRICT'S Landscape and Aesthetic Policy and if compatible with the PROJECT 
function, may be included in the PROJECT construction at the request of GILBERT 
and/or QUEEN CREEK, with the associated construction and construction management 
costs paid solely by the requesting PROJECT PARTNER. 

12.2.4. Upon completion and acceptance of construction of the PROJECT, prepare a final 
accounting including change orders and construction management costs not previously 
paid, and invoice GILBERT and QUEEN CREEK for the remainder of their cost share 
for construction, construction management, rights-of-way acquired by the DISTRTCT and 
utilities relocated. The DISTRICT shall invoice the PROJECT PARTNERS for the 
remaining costs for requested non-flood control or landscaping features, covered by 
12.2.2 or 12.2.3. PROJECT PARTNER costs shall be reduced by any remainingcredit 
due the PROJECT PARTNER for rights-of-way they have purchased for the PROJECT. 

12.2.5. Participate in the fmal inspection of the constructed PROJECT with GILBERT and 
QUEEN CREEK. 

12.3. Provide to GILBERT and/or QUEEN CREEK rights-of-way acquired for the PROJECT upon 
completion and acceptance of the PROJECT. Any land and/or property purchased by the 
DISTRICT and conveyed to the PROJECT PARTNERS shall be for specific flood control 
purposes, and should that land and/or property cease to be used for flood control purposes, said 
land and/or property shall revert to the DISTRICT. Said reversion shall be effectuated through 
judicial proceedings instituted by the DISTRICT in a court of general jurisdiction in the State of 
Arizona. 

. ,  . 12.4. Coordinate utility relocations required for the PROJECT, Utilities without priorrights shall be 
relocated at the owner's expense. Costs for those relocated utilities with prior rights Shall be a 
PROJECT cost. 

12.5. Obtain any additional rights-of-way and/or temporary construction easements not acquired by 
GILBERT and/or QUEEN CREEK prior to advertisement for construction. 

12.6. Credit each PROJECT PARTNER their cost share for rights-of-way purchased by thePROJECT 
PARTNER in accordance with the PROJECT cost share percentages. 

12.7. Include construction of the portion of the PROJECT from Queen Creek Wash to Higley Road 
with the DISTRICT'S Queen Creek Wash Improvement Project if it is deemed appropriate and to 
the benefit of the PROJECT. 

. .. . . . . . . , . . . , . . , . . . . . . . . . 
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I 
12.8. At the request of GILBERT, include construction of the Higley Road bridge at Sonoqui Wash 

with the construction of the PROJECT. 

12.8.1. Invoice GILBERT for theconstruction and associated conshuction management costs of 
the bridge at Higley Road at the Notice-to-Proceed of the construction contract, based on 
the low bid amount associated with the bridge. 

12.8.2. Invoice GILBERT for any changes orders related to the consbxction and any remaining 
construction management costs related to the construction of the bridge atHigley Road at 
the completion and acceptance of the PROJECT. 

12.9. After completion, final inspection and acceptance of the PROJECT by the PROJECT PROJECT 
PARTNERS, convey to the PROJECT PARTNERS that portion of thePROJECT and associated 
rights-of-way located within their respective jurisdictions. The PROJECT PARTNERS shall be 
responsible for operation and maintenance of that portion of thePROJECT within theirrespective 
jurisdictions. 

12.10. The DISTRICT may participate with GILBERT and QUEEN CREEK in an annual inspection of 
the PROJECT. Any deficiencies relating to flood control, and for which GILBERT and/or 
QUEEN CREEK is responsible, shall be corrected by the appropriate agency within the thirty (30) 
calendar days. If GILBERT and/or QUEEN CREEK have not taken corrective action within this 
time, the DISTRICT reserves the right to perform the corrective action, and will invoice 
GILBERT and/or QUEEN CREEK for all actual costs incurred by the DISTRICT. 

12.1 1. The DISTRICT reserves the right to review and comment on the design andlor construction of any 
future changes or modifications to the PROJECT that may affect the hydraulic function of the 
PROJECT. 

12.12. The PROJECT may be phased as described below in order to provide coordination with other 
projects and to minimize disturbance within the project area: 

12.12.1. Construction ofthe Sonoqui Wash from the confluence of Queen Creek Wash to just 
downstream of the Higley Road Bridge in fiscal year 200512006. This phase of 
construction may be combined with planned improvements lo Queen Creek Wash to be 
constructed by the DISTRICT. 

. . . . .. . . . . . . . . . . . . . .. , . . . . . . . . . . . . . . . , . . . . . . 
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12.13.1. The DISTRICT will fund $80,000 and make payment to GILBERT no later than in 
fiscal year 200512006, 

12.13.2. QUEEN CREEK will fund $48,000 and make payment to GILBERT no later than in 
fiscal year 200512006, 

12.13.3. GILBERT will fund the remaining $32,000 of the cost for mitigation. 

13. GILBERT shall: 

13.1. Fund twenty percent (20%) of the PROJECT COST, estimated to be $10,000,000, making 
GILBERT'S estimated share to be $2,000,000. 

13.1.1. Reimburse the DISTRICT within thirty days (30) of receipt of an invoice in accordance 
with paragraph 12.2.1 through 12.2.4. 

13.1.2. GILBERT'S funding will be provided from its general fund. 

13.2. Implement final design and construction of Landscaping and Aesthetic features of the PROJECT 
within their jurisdiction upon completion and acceptance of the PROJECT. 

13.3. Participate in all public involvement activities for the PROJECT. 

13.4. Acquire rights-of-way for the PROJECT as agreed to between the PROJECT PARTNERS. 
GILBERT shall be credited the cost of the purchased PROJECT rights-of-way in accordance with 
the overall PROJECT cost share percentages. 

13.4.1 Provide all purchased PROJECT rights-of-way acquisition documents, title reports, 
appraisals, certification packages, final orders and settlements, etc., to theDISTRICT for 
DISTRICT'S review. 

13.5 Provide all GILBERT owned and controlled rights-of-way necessary for the PROJECT, and not 
specifically purchased for this PROJECT, at no cost to the PROJECT. 

13.6 Be responsible for ail operation and maintenance ofthe PROJECT within its jurisdiction after 
acceptance ofthis PROJECT bythe PROJECTPART.NBRS: 

. . .  . . : , . . . . . . . . . . . . . . . .  . . . .  . . . . . . .  . . . . . .  . . 
i . .  , . . .  . . <. .,: ., .:. > 

. . .... U.h.1. The n+(epance a ~ t i v i t i e s t o b ~ ~ ~ r f ~ ~ ~ ~ d i ~ ~ 1 ~ d ~ : b ~ t . a ~ ~  . . . . . . . . .  . . . . . . . . . .  not!imitedtb . . , . . .. , maintaiingthe. . . , . 
. . . . . . . .  . . . . . . . . . .  . . . .  . . . . . .  : .  ' ,  ~I flood.control furicti6.9 o~the~.~~~~~~,i~~l.udin~:sdiment~emo~al,l.v~~etation ..... rimb;al, . . :. . . . . . . . .  

. . . . 
. . . .  iny..;a"d . . . .  . : . . :  all aesthetic; . . . . . . .  :pi@, in$ public ,:.use f e w & ;  . . . . . . . . .  I&aint&anie . . .  . . . . . . . . . . . . . . .  :bf l&ds$iping, 

. . . . . .  . . $  . . irrigation; mu1,ti-use trails and be~ms,jer&val:of trash.~n~d.debris, electricity andother 
. . .  . . . . . , .. 

. . .  . . 
. . . .  . . . . . .  .... : ope.ration.,~osts . . . . . . . . . . . . . . . . .  for the faci~ities,~andali..~ repiii.and r&ir pf flopdkontrol shu&tGres.. . . .  . . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . : . . . . . . . .  . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . : .  . . .  . . .  '<. 

. . . . .  . . . . .  : . . . . . .  .:, <,." . . .  . , : 1 :.. .. ,. 1 13i6.2. . . :GILBERT shill be r~s~onsible  to s'ihedule &d invite  DISTRICT to p&icipat&&:an . : 
. . . . .  

. . . . . . . . . .  . . 
. . . .  . . . . . . . .  . . .  . . 

. . ,  . . . , , .:.: . - ..annualins~ection~fthe PROJECT; ~~~:deficie*cieirel~tin~~t6 flood co$fol f q  . . ,  which ,. , . :.. 

. . . . . . . . . .  . . . .  . . .  . . GILBERT is responsibl.eshall be corrected by GILBERT within jhirty (30) calendardays.. 
. . . .  

. , . :  . , , : . Jf GaBERT has.not:taken qnective action within this h e  ,the D I S m C T r e s e ~ e s  the. . , . 
. . .  

. . .  . . .  . . . . . : . . . . .  . . : . . .  gght to perfow the c~qectiva action and GILBERT s h a l l ~ ~ b u r s e t h e  DI$TRICTfor .: . . .  
all actual costs incurred by the DISTRICT withinthirty (30) calendar d.ays of receipt of . :' . . 
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@ 13.7 Obtain DISTRICT'S review and comment on the design and/orconstruction of any future changes 
or modifications to the PROJECT that may affect the hydraulic function of the PROJECT and 
resolve andlor incorporate theDISTRICT's comments into the future PROJECT modification. 

13.8. Cause to be relocated at no cost to the PROJECT all utilities within its jurisdiction that are in 
place by permit andlor without prior rights. 

' 14. QUEEN CREEK shall: 

14.1. Fund thirty percent (30%) of the PROJECT COST, estimated to be $10,000,000, making. 
QUEEN CREEK'S estimated share to be $3,000,000. 

14.1.1. Reimburse the DISTRTCT within thirty (30) days of receipt of an invoice in accordance 
with paragraph 12.2.1 through 12.2.4. 

14.1.2. QUEEN CREEK'S funding will be provided from its general fund. 

14.2. Implement final design and construction of Landscaping and Aesthetic features of the PROJECT 
within their jurisdiction upon completion and acceptance of the PROJECT. 

14.3. Participate in all public involvement activities for the PROJECT. 

14.4. Acquire rights-of-way for the PROJECT as agreed to between the PROJECT PARTNERS. 
QUEEN CREEK shall be credited the cost of any purchased PROJECT rights-of-way in 
accordance with the overall project cost share percentages. 

14.4.1 Provide all purchased PROJECT rights-of-way acquisition documents, title reports, 
appraisals, certification package, final orders and settlements, etc., to the DISTRICT for 
DISTRICT'S review. 

14.5 Provide all QUEEN CREEK owned and controlled rights-of-way necessary for the PROJECT, 
and not specifically purchased for this PROJECT, at no cost to the PROJECT. 

14.6. Be responsible for all operation and maintenance of the PROJECT within its jurisdiction. 

16.1; The maintenanceactivities to beperfonned-include but are not.ljmitqd.to maintaining the 

. . . . . . . .  . . .  
, : , . flood cbntrol function,oftbe . . . .  . PROFCT, in'cludin'g.~kdim~n~removal, vege.tationrem~val 

. $ .  . . . . . . . . .  :. ....... : . . .  
. , . .  

. . . .  . . . . .  : : ' % ~ d  any and:all: aes?l~etic,';~a~k, and,:public:<se'fea&r&, maintenance of;l&ds&$ing,: 
. . .  . . .  . . .  . . .  . . .  . . . . .  . .  . . 

. . .i'kigation,'.multi-use..triils . ~ :  . .  and be~%s,.i&koval . . . ,  of trish and aebhs, &ectrbityand, . : . .  other 
',:6peration .costs fort& facilities, . . vandalism . . repair and repair df flood . . . . . . .  coqtrol structures;' 

. . . .  . . . . . . . . .  . . . . . . .  . . . . . .  . . . . . . . . . .  . . . . . . .  . . . . . . .  
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. . ,: . , . ,  : " . ,  
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i 14.7. Obtain DISTRICT'S review and comment on the design andlor construction of any future changes 
or modifications to the PROJECT that may affect the hydraulic function of the PROJECT and 
resolve andlor incorporate the DISTRICT'S comments into the future PROJECT modification. 

14.8 Cause to be relocated at no cost to the PROJECT all utilities within its jurisdiction that are in 
place by permit and/or without prior rights. 

15. Any local permits required for the PROJECT shall be issued by the appropriate PROJECT PARTNER at 
no cost to the PROJECT. 

16. Any party to this Agreement may with mutual written agreement of all parties delegate responsibilities to 
another party. Any delegation, however, shall not relieve the delegating party of its original 
responsibilities as defined herein. 

17. In the case of any dispute over any items in this Agreement, the parties agree to use their best efforts and 
enter into good faith negotiations to resolve the disputed matters. However, this shall not limit the rights 
of the parties to seek any remedies provided by law. 

18. Each party to this Agreement shall take reasonable and necessary actions within their authority to ensure 
that only storm water or irrigation water is discharged into the PROECT, and that such discharges into the 
PROJECT comply at the point of discharge with any applicable requirements of the Clean Water Act, 
Arizona Pollutant Discharge Elimination System (AZPDES) or any other applicable discharge 
requirements, including any permit requirements. 

19. Each party to this Agreement (indemnitor) shall, to the extent permissible by law, indemnify, defend and 
save harmless the others (indemnitees) including agents, officers, directors, governors and employees 
thereof, from and against any loss or expense incurred as a result of any claim or suit of any nature 
whatsoever, which arises out of indemnitor's negligent or wrongful acts or omissions pursuant to this 
Agreement. Such indemnification obligation shall encompass any personal injury, death or property 
damages resulting from the indemnitor's negligent or wrongful acts or omissions, as well as reasonable 
attorney's fees, court costs, and other expenses relating to the defense against claims or litigation, incurred 
by the indemnitee. Indemnitee shall be liable for their own negligence or wrongful acts as provided by 
law. 

20. All notices or demands upon any party to this Agreement shall be in writing and shall be delivered in 
person or sent by mail addressed as follows: 

Flood Control District of Maricopa County 
Chief Engineer and General Manager 
2801 West Durango Street 
Phoenix, AZ 85009-6399 

Town of Gilbert 
Attn: Town Manager, 
50 East Civic Center Drive, 
Gilbert, AZ 85296 

Town of Queen Creek 
Attn: Town Manager, 
22350 South Ellsworth Road, 
Queen Creek, AZ 85242 

21.Each party to this Agreement will pay for and not seek reimbursement for its own personnel and 

'@ 
administrative costs associated with this PROJECT, including but not limited to the following unless 
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a specifically identified otherwise in this Agreement: construction, construction management, operation, 
maintenance, permitting, management and administration. 

22. This Agreement shall expire in ten (10) years from the date of recording with the Maricopa County 
Recorder, or upon completion of the PROJECT and after all funding obligatibns and reimbursements have 
been satisfied in accordance with this Agreement, whichever is the first to occur. The operation and 
maintenance I-esponsibilities of this Agreement shall survive expiration of the Agreement. However, by 
mutual written agreement of all parties, this Agreement may be amended or terminated. 

23. This Agreement is subject to cancellation by any party pursuant to the provisions of Arizona Revised 
Statutes Section 38-51 1. 

24. Attached to this Agreement or contained herein are the written determinations by the appropriate attorneys 
for the parties to this Agreement, that these agencies are authorized under the laws of the State of Arizona 
to enter into this Agreement and that it is in proper form. 

25. If legislation is enacted after the effective date of this Agreement, which changes the relationship or 
structure of one or more parties to this Agreement, the parties agree that this Agreement shall be 
renegotiated at the written request of either party. 

. . . .  . . . . . . .  
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FLOOD CONTROL DISTRICT OF MAIPBCOPA COUNTY 
A Municipal Corporation 

Recommended by: 

Timothy S. Phillips, P.E. Date 
Acting Chief Engineer and General Manager 

Approved and Accepted: 

BY: 10.5 

Attest: 

By: 

The foregoing Intergovernmental Agreement FCD 2004AO 15 has been reviewed pursuant to Arizona Revised 
Statutes 11-952, as amended, by the undersigned General Counsel, who has determined that it is in proper 
form and within the powers and authority granted to theFlood Control District of Maricopa County under the 
laws of the State of Arizona. 
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TOWN OF GILBERT 

Steven M. Berman, Mayor Date 

Attest: 

The foregoing Intergovernmental Agreement FCD 2004A015 has been reviewed pursuant to Arizona Revised 
i Stahles 11-952, as amended, by the undersigned attorney who has determined that it is in proper form and 

withim the power and authority granted to the Town of Gilben under the laws of the State of Arizona. 

./' 

By: 
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TOWN OF QUEEN CREEK 

TOWN OF QUEEN CREEK, a Municipal Corporation 

By: 
Date 

Attest: 

The foregoing Intergovernmental Agreement FCD 2004A015 has been reviewed pursuant to Arizona Revised 
Statues 11-952, as amended, by the undersigned attorney who has determined that it is in proper form and 

'a within the power and authority granted to the Town of Queen Creek under the laws of the State of Arizona. 

. . . .  . . ... . . ~ . . .  . 
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