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A. PURPOSE

This report has been prepared at the request of the Town of Paradise Valley.
It is intended to provide a basis for preparation of final designs and drawings
for construction of a broad depressed unl ined channel for Indian Bend Wash
to control the flow from a 100 year storm and permit the recovery of some
land ar~as now in the flood pIa in. It defines the rYlinirnurn channel require

ments to satisfy the stated needs of the Town.

I All hydraulic matters in this report and related drawings were prepared by
\!Vater Resources Associates under the direction of John R. Erickson, P. E.

I B. CRITERIA

1--- As the basis of design certain criteria were established by the Town as
follows:

I 1 . The existing drop structure in Camelback Country Club Golf
Course wi 11 rema in.

I 2. No changes will be made within the golf course property (east of
a line one quarter mile east of Invergordon Road).

3. As a general criteria, the basic design width would be a maximum
of 800 feet at the top with 20:1 side slopes.

5. No study or consideration is to be given to means of disposal of
excess excavation.

6 ..A. comparatively small pilot channel will be constructed in the
channel to handle small flows.

7. Culverts will be provided at the crossing at Invergordon Road
and Double Tree Ranch Road. The culverts are to be capable of passing
up to 1000 cfs without the flow overtopping the road. Concrete box culverts
will not be used.

I
I

I

I '7Jt-~ y\, ' 4. So far as practicable the channel will be largely in cut section.
6J 11" There will be no dikes and the edges of the flood plain wlll be filled only to

~... the extent there will be little or no interference with side drainage.

I

I
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8. It will be assumed there will be no improvem ents in the City of
Phoenix north of the Town limits.

9. The Corps of Engineers' 4 foot contour interval topography will
be used for all design work without additional surveys. For investigative
purooses, City of Phoenix topography was used north of the Town limits
as Corps topography in that area eVidently does not exist.

C. SUMf\..t\.ARY AND CONCLUSIONS

1. A channel section with a 600 foot bottom width and 10:1 side slopes
wi 11 handle 21 ,000 -fs flow establ ished by the Corps of Eng ineers for a 100 )s-o
year flood. For the most part the depth of the main channel would be about ~. e.
5 to 6 feet below existing ground. The edges of the bottom would be about
0.75 foot higher than the center. The top width would be somewhere around
700 feet.

2. 20: 1 side slopes could be provided if desired but this would add
about 100 feet to the right-of-way width required without significantly changing
other characteristics.

3. Stage construction is feasible only if started at the downstream end
because this des ign contemplates lowering the water surface. If an iiltermediate
section were to be built util iZing the eXisting unimproved cross section as the
outfall, the present theoretical water surface would not be lowered appreciably.

4. If the channel is to be constructed in stages, a temporary trans i
flon section about 1, 000 feet long will be needed to connect the excavated
section to natural ground.

5. The transition slope will be comparatively steep and in the event of
a flood there will be scour in the transition section and possibly upstream.
In addition there probably will become deposition in the fully excavated channel.
This condition wi II exist to some degree no matter what the length of the
transition. Consequently this is the price of stage construction.

6. Unless some type of drop structure is provided for the local washes
entering the channe l, these washes will SCOur ultimate ly to a grade connecting
to the bottom of the channel.

7. Because of a lack of head and because of the heed to handle varying
sizes of floods, it is not feasible to construct a completely satisfactory culvert
at the two road crossings and the connecting pilot channel.
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8. The skew crossing of the channel of the two main road crossings
requires comparatively long culverts. The culverts cannot be turned to
cross the roads at right angles because of the adverse influence on large
floods. The crossing of Invergorden Road skews about 320 from 900 • If
the required culvert crossing is 14 feet each lane plus two 6 foot shoulders
the centerline length of 50 n wide culverts would be about 48 feet to provide
40 feet at right angles, in other words the culvert length will be increased
about 1/4 from the normal. Similarly, the crossing of Double Tree Ranch
Road (which is about 640 from a right angle) for the same criteria would
require 95 feet of culvert or about 2-1/2 times the right angle distance. In
addition extra pipe is needed to compensate for the pipe angles at the end.

9. The selected culverts are 31 11 x 50 1I corrugated metal arch pipe
culverts with a paved invert. Each crossing will require 16 pipes.

10. Consideration should be given to relocating the alignment of Double
TI~ee Ranch Road so the culverts will not Cross the road at such a flat angle.
A relocation of this rQad probably would result in significant savings in the
order of $39,000.

11. Uti Hties must be relocated at both of the culvert crossings, i. e.
Double Tree Ranch Road and Invergordon Road. A Lso a 12 II water line on
56th Street must be rebuilt. Whether the cost of these relocations must be
borne by the Town or by the utilities requires a legal determination.

12. An ex isting City of Phoenix sewer line at the northern limit of
Paradise Valley (Mountain View Road) must be lowered. Because of grade
problems a pump lift must be constructed. How the cost of this reconstruc
tion and the pump lift is to be handled must be determined.

13. The total excavation required costs of 1 ,350,000 cubic yards.
The excavation cost at $ .30 per cubic yard is estimated to be $405,000
This estimate does not include disposition.

14. Approximately 350,000 cubic yards of material can be used in the
filled areas east and immediately west of Invergordon Road. The cost of
placing and compacting this material is not included as it can be construed
as a property improvement presumably by the owner.

15. The costs for the street crossings are estimated as follows
including 28 feet of paving, flush curbs serving as cutoff walls and slope
paving of the outlet side.
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Double Tree Ranch Road

Street
Culvert
Armoring Sewer

Invergordon Road

Street
Culvert

Total

$ 38,000
72,000
5,000

$ 25,000
39,000

$179,000

I If the Alternate Road alignment crossing the channel at right angles
can be used the cost for Double Tree Ranch Road would be as follows:

I Double Tree Ranch Road

I
I

Street
Culvert

$ 44,000
32,000

$ 76,000

I
This would reduce the total of the road crossings to $140,000. These costs
do not include any costs of utd ity relocations nOr roads at 56th Street on
Mountain View Road.

15. The total estimated cost excluding util ities and disposition of
excavation is as follows:

16. The channel al ignment has been selected to place the channel in a
location as near as practicable to the natural center of the channel. A lateral
displacement of the channel from that shown will have little effect hydraulically
but may affect construction quantities.

I
I
I
I
I

Excavation
Roads
Engineering &

Contingency 15%
Total

$405,000
179,000
61,000

$645,000

I
I

17. The selection of the channel location indicated on the drawings does

not mean there are not other locations which could be equally justified for
public policy or legal reasons.
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18. Within limits the channel alignment may be altered without having
a significant effect on costs.

19. A minor modification of the aligrlment of the channel centerline
proposed within the Phoenix City Limits (north of Mountain View Road) by
its consultants will be necessary to provide a smooth curve to connect to
the alignment suggested herein.

D. HYDRAULICS

The hydraulic analysis for an entrenched soft bottom chanrlel within a 700
foot floodway in Paradise Valley was based on a flood plain in close agreement
with an unpubl ished study made by the Corps of Engineers, dated June 1974.

In developing the invert slopes for a stable sub-critical flow for a discharge
of 21 ,000 cfs, the Corps of Engineers' criteria was also used. This resulted
in a trapezoidal channel with a base width of 600 feet and side slopes of 1 on
10. No channel improvements were considered within the Camelback Golf
Course, and the point of beginning the downstream excavation is at Station
78+50 which is at the west edge of the golf COUrse one quarter mile east of
Invergordon Road.

Three water surface studies were completed. The first water surface profile
was based on present conditi.ons with Manning's coefficient Ifn " values of .035
and .043. The second profile was developed for the design conditions of the
entrenched trapezoidal channel with an I'n lf value of 0.35. The third profile
was a normal depth study 'to determine the greatest depth that could be
generated with an IInll value of .04. The depth and velocities of the last
two profiles were consistent with the proper parameters of design.

The water surface of the first profile or existing conditions as compared with
the second profile Or design conditions was compatible with the requirements
of the Arizona 'vVater Commission as indicated in the Flood Plain Delineation
Cr iter ia and Procedures, Report No.4, dated October -, 973 .

The profile was drawn to a horizontal scale of 1 11=500' and a vertical scale
of 1 1'=5 1

• The invert slopes and grade changes are shown on the water surface
computation for the i.mproved chanrlel based on normal depths.

As the design progressed to Cl. more final ized stage of completion, a new
profi.le with a horizontal scale of 1 1/=200' and a vertical scale of -I "=5 1 was
completed.
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The new profile indicates the final invert slopes of the main channel as well
as theinvert slopes of the depressed low flow channel. The variations in
depth of the low flow channel are in response to the culverts that must be
accommodated.

The required discharge for the low flow Or pilot channel is to be 1000 cfs.
It would have a base width of 108 feet and side slopes of 1 on 4. The normal
depth for this discharge is approximately 2.00 feet, but the excess excava
tion is necessary due to the dip crossings at Invergordon Road and Double
Tree Ranch Road. These crossings will take sixteen 31" x 50" corrugated
metal arch pipes. This battery of culverts will require a head of 3 feet
which can be achieved with a high headwall and by extending earth tra ining
dikes on the upstream side of each roadway for a distance of approximately
500 feet. Because of the low velocities .involved and the desirability that
they wash out for larger flows, these dikes should be constructed on the most
economical basis possible.

The downstream terminal point of the low flow channel is an existing depres
sion which. is an extension of a side drain approaching Indian Bend Wash from
the north at approximately Station 78+50. Downstream for a distance of
about 50 feet from this despression, there is another parallel depression that
extends the full width of Indian Bend Wash with a depth of approximately 15
feet.

In all cases, however, the hydraulic control for water surface profiles is the
existing drop structure in Camelback Country Club at Station 65+50, with a
base width of 700 feet and crest elevation of 1308.0 to 1309.0.

The upstream alignment of the main channel from Double Tree Ranch Road
to Shea Boulevard was based on the proposed location of the Shea Boulevard
bridge, the existing topography and the extended downstream reach. The
City of Phoenix Master Drainage Study indicates a centerline for Indian Bend
Wash that is east of our centerline and a flat curve immediately north of
the Phoenix City Limits would be needed to provide a smooth transition.

The presentation of this project as described above in Paradise Valley is our
recommended design for a feasible floodway from the existing drop structure
in Camelback Country Club Golf Course, Station 65+50, to a point apprOXimately
1000 feet downstream from Shea Boulevard Station 195+00, a distance of 12,950
feet or 2.45 miles. That part north of Mountain View Road lies in the City of
Phoenix and presumably will ultimately be excavated under the jurisdiction of
that city.
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E. CHANNEL ALIGNMENT

Essentially the proposed chan:!el was located following the low area of the
cross-section. In other words the channel was located as near as practicable
to the same general area where a comparitively small flow would run. This
locatio:! was made on the assumption that this would be the proper location
for the channel. The basic reason is that under :!atural conditions water would
flow most often in this location so it is also the property most affected by
the existing wash. Where the existing channel cross-section is uniform
(i. e. where the side slopes have the same slope), this would be in the center
of the flood plain. However, if the bottom is not in the center or the flood
plain the constructed channel would be offset.

The recommended location within Phoenix adjacent to Paradise Valley was
selected in this manner. However, just before the channel enters Paradise
Valley a flat curve is needed to connect to the channel similarly selected
in Paradise Valley. There is a 50 foot difference in the top widths of the
two cha:!nels, i. e. 650 feet more or less for Phoenix and 700 feet more Or
less for Pi?radise Valley. The differences in channel widths can readily be
accommodated by an appropriate tr·ansition.

In establishing the channel location as shown herein it should be emphasized
the location was based on topography alone. We deliberately avoided looking
into ownerships so we do not know who is involved or what the sizes of the·
parcels are. The final location can be adjusted laterally to accommodate
the various conditions assuming the property owners involved are in agree
ment. The hydraulics will not be affected by such changes, although excava
tion quantities might, assuming there are no radical or abrupt changes. A
legal opinion on the appropriate location would be in order.

Similarly if for legal pol icy or other reasons a change of alignment is desired
from that shown herein, the hydraulic gradient will be affected very little.
Unless radical changes are made, the design proposal herein will be affected
very little, if at all.

F. CULVERTS

Each of the road crossings would require long culverts.

Those on Invergordon show about 32 0 from a right angle crossing and those
on Double Tree about 640 .
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A llowing for two 14 foot traffic lanes: 6 foot shoulders and 12 If headwalls
the total pipe lengths for each pipe at the two roads would be about 54 feet
and 102 feet respectively. Because of the expense of the headwalls, it
would not appear desirable to build the culverts to other than a permanent
width.

31 fI deep by 50 fl wide corrugated metal arch pipe culverts with paved inverts
would require about a 3 foot drop in water surface through the culverts with
1000 cfs passing through the 16 sections required.

To accommodate the loss at Invergordon it would be necessary to construct
the upstream headwall about 3 feet higher than the road surface. Earth

I training dikes wou~d need to be built on a diagonal upstream to train the water
rI \ to reach the cuIverts without crossing the road. These dikes probably would

'3.ef!, wash out ,if mOre than 1000 cfs flowed in the channel and in fact they should

r
'~' ?' be a minimum size so they would wash out. It should be recognized that if

they suddenly broke there might be some hazard for a vehicle which happened
to be crossing the channel at that time.

I
I

I~-

I
'1,

At Double Tree Ranch Road the headwall could not be quite so high on one
end as on the other but it would need to be constructed level from the high
end so water would not spill across the road before 1000 cfs was running.

I
In both cases it should be recognized that brush may accumulate at the up
stream end of the cuIverts so there would be no guarantee they would carry
1000 cfs.

I
I

Because of the extra length of culvert required for Double Tree Ranch Road,
consideration should be given to real igning the road to provide a crossing
more nearly at right angles.

G. ROADVVAY SECTION - WASH CROSSINGS

/I,

(\... ("The two roadway crossings (Invergordon and Double Tree) would be built to

I
t match the level of the channel bottom as nearly as practicable except at the

it) culvert. An 18 f1 deep curb section flush with the pavement should be provided
')/ v at each edge of the pavement to prevent it from being scoured. Pavement

should also be placed between the edges of the pavement and the culvert
headwalls. On the downstream side a short section of the pi lot channel should

- be paved to protect against scour. Small vertical pipes or markers should
be placed along the headwalls at intervals as warnings and by appropriate
striping as depth indicators.

1

I
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$38,400
$39,000

$25,920
9,000
1,200
2,280

$14,760
10,400

$25,160

$25,000

$48,900
16,000

2,000
4,680

$71,580
$72,000

$22,320
16,000

$38,320
$38,000

Say

Say

Say

Say

Culverts - 864 LF 50" x 31 II CMP
@ $30.00

Headwa11s - 45 CY @ $200
Compaction - 300 CY @ $4.00
Aprons - 3800 SF @ $0.60

Total

Total

Culverts - 1630 LF 50" x 31" CMP
@ $30.00

Headwalls - 80 CY@ $200

Compaction - 500 CY@ $4.00
Aprons - 7800 SF @ $0.60

Total

Total

Street Replacement
1300 LF-- 28' width pavement

41 00 SY @ $3. 60
2600 LF curb & cutoff wall @ $4.00

Street Replacement
2000 LF - 28' width pavement

6200 SY @ $3 . 60
4000 LF curb & cutoff wall @ $4.00

Invergordon Road Crossing

Double Tree Ranch Road Crossing

Without benefit of specific soil tests at the crossings but based on tests in
the general area, it appears the base course will be 10" as per Ci.ty of
Phoenix Standards for major streets. The width will in part be subject
to the width prescribed for the culverts.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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1200 LF Armoring of existing 15 ft

sewer @ $4.00

Double Tree Ranch Road Alternate Alignment

Culverts - 672 LF 50" x 31" CMP
@ $30.00

HeadwaIls - 45 CY @ $200
Compact ion - 300 CY @ $4.00
Aprons - 3300 SF @ $0.60

Total

Street Replacement
2300 LF - 28' width pavement

71 50 SY @ $3 . 60
4600 LF curb & cutoff wall @ $4.00

Total

.J. UTI LITIES

Say

Say

Say

$ 4,800
$ 5,000

$20,160
9,000
1,200
1,980

$32,340
$32,000

$25,740
18,400

$44,140
$44,000

I
I
I
I
I
I
I

At each of the road crossings existing utilities will need to be lowered.
These include telephone, water and a TV cable. A determination should be
made to determi.ne who will be responsible for the relocations.

5
There is a 21 ft diameter sewer at the Double Tree crossing. If the datum of
the topography and of the sewer is the same, the culverts will barely clear
the sewer.

The only other utility crossing known is the City of Phoenix sanitary sewer
on the Mountain View Road alignment. This sewer is comparatively shallow
and must be lowered substantially. Unfortunately this cannot be done without
the use of a sewage pump. The means of handling this relocation should also
be determined.
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K. STAGE CONSTRUCTION

Obviously it would be advantageous to develop the channel in stages.
Preferably any single property owner should be able to develop his property
independently of the others. This essentially is the manner in which
Scottsdale was able to construct its greenbelt channel.

The Scottsdale portion of Indian Bend Wash, however, has a significantly
different design concept; i.e., the hydraulic gradient (water surface) was
not changed appreciably from the preconstruction cond it ion. Thus it was

possible for any single property to be developed without affecting the water
leve1 on the neighboring properties.

In the manner specified for this study the hydraulic gradient has been lowered
to ground surface so far as practicable. This means that to be effective the
property downstream has to be developed first or concurrently. Otherwise
the water surface at the downstream end of any development would be at the
preconstruction level and the new channel would be of little benefit.

-
It also is evident that the water surface immediately upstream from a new
portion of the channel would also remain at its preconstruction level. Thus
there would be a drop of several feet in the level of the water surface. Ideally
a transition several thousand feet long would be needed to connect the excavated
portion to natural ground. A long slope would not be greatly different from
the bottom slope of the excavated section so there would be similar velocities
in the two sections.

As a practical matter, a long slope could affect several property ownerS and
would probably not be feasible.

A transition of 1000 feet in length would more than double the bottom slope
and scouring velocities could be expected. At least part of the eroded material
probably would be deposited in the finished channel section where the velocities
are lower. So long as it is clearly understood that a transition length of
1000 feet may result in scouring and deposition, we feel this is a practical
approach. Further it is entirely possible there would not be sufficient flow
to create a problem before the channel is completed.

As another alternative a concrete drop similar to that in the Camelback Golf
Course could be built. However, the expense of this structure would be
prohibitive, and if these were required, we see little opportunity of constructing
the channel.
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L. SIDE DRAINAGE

There are a number of washes and swales which empty into the present
Indian Bend channel. These will continue to do so with the added problem
that the excavation of the channel will create a substantial drop where each
swale Or wash enters. This drop will create erosive velocities which
ultimately wi 11 result in substantial deepening of the present washes and
swales. Ultimately the deepening will work its way upstream until the
channel is again stabilized.

It i.s recommended that drop structures be constructed at the ends of these
drainageways where they enter the main channel. Although these have
been specifically excluded from the present planning we feel they are
necessary and should hot be deferred indefin itely.

M. FILL AREAS

The only area contemplated to be filled is that on the east side and immediately
west of Invergordon Road. While the details of how that fill is to be placed
should remain with the ultimate developer of that property, the general state
ment can be made that filling within the limi.ts indicated will permit the
recovery of property in the present flood plain without detriment to other
owners. In fact it will be advantageous in that it will help create a more
uniform flow in Indian Bend Wash. Needless to say such filling must be
done in such a manner that side drainage flowing through the property to be
filled will not be blocked. Specifically channels will need to be provided so
that water entering the property from each wash will reach the main stream.
No purpose will be served by specifying at this time the manner in which the
side flows are to be carried through the property. This will be controlled
in part by the manner in which the property is developed.

N. DRAWINGS AND COMPUTATIONS

The following drawings and computations are submitted with this report and
are to be considered part of the report.

1. Floodway Plan - 3 sheets
2. Profile
3. Cross Sections
4. Computation Sheets
5. Cross Sections showing profiles for Invergordon Road, Double

Tree Ranch Road, 56th Street and Mountain View Road. (Proposed
street profiles for the last two streets are not indicated.)
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Note: Items 1-5 were prepared by "Vater Resources Associates under
the direction of John R. Erickson, P. E.










