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__‘ : 19 Yost and Gardner Engineers
L OO 2619 North 3rd Street
Phoenix 4, Arizona

June 18, 1964

William Price, State Highway Engineer
State Highway Department

1739 West Jackson Street

Phoenix, Arizona

Dear Mr. Price:

In accordance with Agreement #64-9, Project I-17-1-201, herewith
our report on Drainage Studies of the Phoenix - Cordes Junction Highway
in the Deer Valley Area.

The report discusses hydrology, estimates flows, summarizes flow
conditions near the Black Canyon Highway and recommends a drainage
program,

Construction of the highway has to some degree changed, or re-
stricted flow, in much of the area. Drainage problems range from mere
nuisance to the potential of major damage and some work should be done.
The report recommends that some of the structures crossing the Black
Canyon Highway be added to - that collecting channels be built along
the west side of the highway - that (a) from north of Greenway Road
the water be taken to a future channel paralleling the Arizona Canal
(b) near Bell Road and Union Hills Drive channels be built west to
the Skunk Creek (c) near Beardsley Drive and Deer Valley Drive
channels be built west to the Little Skunk Creek.

More particular description is given in the report concerning
cost estimates of the recommended work, which aggregates $2,583,000,

Table of contents and list of maps, tables, and appendices
follow. Aerial photographs and other material and work sheets not
included in the report are available in our office for reference.

It is hoped the report gives you the information upon which you
may base the future drainage program for the Black Canyon Highway
between the Arizona Canal and Little Skunk Creek.

Respectfully submitted,

YOST AND GARDNER ENGINEERS

O .
Bt 0 Dese
‘ ! Leigh 0, Cardner

LOG:vr
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Agreement #64-9
Project I-17-1-201
Our Job #4166

Drainage Studies

Phoenix - Cordes Junction Highway

(Deer Valley Area)
Purpose - This report discusses flood water drainage along the Black Canyon
Highway from the Arizona Canal to, but not including, the Skunk Creek. The

general area is along the Phoenix - Cordes Junction Highway north of Phoenix

and in Deer Valley.

The extent to which construction of the Black Canyon Highway may have

affdcted the drainage pattern in the area was to receive particular comment.

Scope - The work consisted of¢
(1) Sufficient field levels and reconnaissance - along with aerial
photos furnished by the State - to delineate and define the various
existing drainage areas,
(2) General hydrologic studies
(3) Office mapping and calculations to determine the flows of the con-
tributing drainage areas and of the highway itself.
(4) Preparation of a flow sheet (tables) consolidating the above
information,
(5) Suggestions as to handling such flows, and
(6) Comment on any diversions, or changes in flow, due to highway
construction; comments on areas of possible damage; recommendations for

immediate and/ or long range programs which should be undertaken.

The results of the work of items (1) to (4) above are incorporated in

the first portion of the report.




HYDROLOGY
General.

The area studied is about 9 miles long along the highway and extends from
the Arizona Canal on the south to near the Skunk Creek on the north, The
eastern boundary of the drainage area is the boundary, or divide, of Cave
Creek drainage. Area drainage is to Skunk Creek or the New River on the

west.

Elevations range from 1,230 feet above sea level in the lower farm and
subdivision lands to over 2,300 feet in the foothills defining the northern
and northeastern area boundary, Land slopes range from 4° per thousand
upward to 20 ft. or more near the hills, A vicinity map follows which shows

general features,

Soils range from clay loam to sandy loam near the hills and the foothills

are predominately greenstone (metamorphic).

Subdivision, commercial, and industrial development has been rapid over

the past 10 years and such developments will continue.

Such documents as the "Interim Report on Survey for Flood Control -
Phoenix, Arizona and Vicinity (including New River)" prepared by the U. S.
Army Engineer District, Los Angeles, Corps of Engineers dated January 15,
1964, and our own "Flood Control Survey Report for Northeastern Maricopa
County ~ Area III" prepared for the Flood Control District of Maricopa
County in September, 1962 should be referred to for discussion of the

surrounding areas.

-2-
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The above reports also give detail concerning climatology, infiltration
in soils, and other hydrologic data. This report will usually discuss

such matters only in general.

Rainfall.
A rainfall intensity-duration-frequency chart is attached applicable to
Phoenix, Arizona. Primarily this is from U, S, Weather Bureau Technical

Paper No. 28 which also gives data for other areas of the state.

The Arizona Highway Departments "Drainage Table™ includes "Isohyetal"
charts prepared from the same weather bureau paper and yields essentially

the same rainfall results.

In the use of the attached rainfall intensity - duration - frequency
chart two points must be kept in mind, first that this is for a point
intensity and rainfall would be somewhat less over larger areas and second,
that the chart applies to Phoenix and intensities are greater at higher
elevations. The first point is minor as shown by curve 1 on the attached
chart showing area - depth curves for central Arizona storms. The second
point indicates (from Weather Bureau Paper #28) that about 10% higher
intensities should be used in the Deer Valley vicinity and both factors have

been considered and included in our tables of flow calculations.

Estimates of Flow.

While the U. S. Army Corps of Engineers in their report previously
mentioned applies standard project flood isohyetals (a Queen Creek storm
of August 19, 1954) to each area under consideration and develops hydro-

graphs considering net rainfall (rain less infiltration), time of travel,
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channel storage and other factors we have developed a formula method of

estimating run-off.

This formula yields results comparable (usually less) with the Army
methods and comparable (usually greater) with the formula included in the
Arizona Highway Department "Drainage Table' if appropriate constants are
selected from such "Drainage Tables". A comparison of our formula with
that of the '‘Drainage Table'" is made later - an explanation of our formula

and methods follows:

If the rate of runoff were equal to the rate of supply, that is if
there were no losses or storage, the relation between runoff and supply
could be expressed by the formula

Q=1IA
Where Q is the rate of runoff in cubic feet per second
I is the rate of rainfall in inches per hour

A is the contributing area in acres

and the constant of proportionality is nearly equal to 1 (difference neglected)
with the above stated units. In order to account for losses the sustained
infiltration rate of soils, called f., is deducted from the supply in the

case of pervious areas and a loss rate of 0.2 inches per hour is deducted

in impervious areas such as street paving. It is further observed that such
things as channel storage, depression storage, evaporation, and surface
detention work toward reducing the peak flow rate. Therefore the runoff -

rainfall relationship is expressed as




Q = 0.8 4, (Ia - f) + 0,9 Ai (Ia - 0.20)
where

N = design runoff rate in cubic feet per second

Ap = pervious portion of the drainage area in acres

Aj = impervious portion of the drainage area in acres

Ia = average rainfall intensity over the area in inches per hour
fc = final or sustained infiltration capacity of the soil in the

pervious area in inches per hour

In any location the pervious and impervious area (present or future types)
contributing in a "time® can be determined. The rainfall rate during the
"time' period is determined for any design recurrence interval or frequency
from the Rainfall-Intensity-Duration curves (corrected upward 10% for Deer
Valley) and adjusted downward to correct for area coverage versus the point

intensity obtained from the rainfall curves.

Infiltration rates are determined from soil maps, comparison with other

soils, or by other means.

The storm duration or time’ period essential to reading the rainfall
curves is that least period required for all increments of the area to
contribute flow., In many cases portions of a total area being studied will
produce greater flows because water can be collected in a shorter ftime of
concentration? and the partial area therefore receives greater rainfall
intensities. The designer must seek out such areas and this is similar to
hydrograph methods of centering the storm where it will produce the greatest

rate of outflow,




. This collecting period, storm duration, or time above referred to is
called *time of concentration® in this report and was calculated as follows:
In natural drainage basins the time of concentration calculations were

made from the formula

Vs
= L2 />
te = 5.5 {; )

Where t, = Time of concentration, minutes
L = Channel length, miles

8 = Slope, feet per foot

At any point under consideration the means of flow to the point were

considered. If travel is over streets or in man made channels and conduits

the velocity was estimated and the associated time of concentration arrived
at, Future improvements in an area are apt to change flow travel time
and thereby time of concentration., The tabular calculations reflect these

considerations and show the final chosen times,

It will be very helpful when more actual flood hydrographs or yunoff
data is collected in the Phoenix area. While both the above formula and
synthetic hydrograph methods produce good estimates the proper determination
of loss rates such as infiltration is very difficult. On storms of high
intensity, such as 2 inches per hour, the choice of an infiltration rate
varying between 0.5 and 0.6 inches per hour could only make 8% difference
in the result vhile the same choice of loss rates could make an infinite
difference if. the storm being considered was one of 0.6 inches per hour

intensity. Caution and judgement must be exercised in the determination

of design flows but application of basic principles will yield results




more consistent and more truly comparable with similar areas than the use
of empirical methods or judgement only. Reference is made to our "Phoenix
Storm Drainage Report" for a more detailed description and the studies

and observations leading to use of the formula method.

Storage requirements, such as that in the underpasses, have been
computed from the entire areas net runoff (total rainfall less total in-
filtration) without the further reductions to peak flow rates deemed

applicable and indicated by the formula.

Appendix I and II are estimates of flow for each area for 50 year and

5 year frequency rainfall intensities. Such tables also show in a few

instances calculations for other frequencies of occurrence, change in future .

conditions such as added subdivision roads, and other minor investigations.

As previously mentioned estimated flows using the above formula and the
highway department's YDrainage Table" are comparable, The highway formula
isa=¢? gigrwﬁhere

A = Required opening in sq. ft. at 10%/sec. velocity

M = Area in acres

C

NKIY x f0u
WK = The rainfall factor from the Tablefs Isohyetal Charts

"CH = A factor summing conditions of vegetative cover C,and

slopes C, and shape of drainage area 03.




' ' Area Description Acres TFactor Rain Factor  Coeff.  Opening

/

M ne T c ' A
°A'  Arizona Camal 153  €3=0.20
to Peoria C2=0,10
03=0.20
50 year storm 0,50 1.2 0.60 26.1
10 year storm 0.50 0.9 0.45 19.6

This compares 261 vs. 310 and 196 vs. 213 c.f.s. as determined
by us in Appendix I.

Bt Above Thunderbird 135 Cl=0.20

Cp=0.10

03=00 30
50 year storm 0.60 1.2 0.72 28,6
10 year storm 0.60 0.9 0.54 21.5

This compares 286 vs. 316 and 215 vs. 218 c.f.s. as determined
by us in Appendix I.

« PK¥ Above Union Hills 2,230 Cy=0.20

C2=°‘ 10
50 year storm - 0,40 1.2 0.48 156
10 year storm 0.40 0.9 0.36 117

This compares 1,560 vs. 1,550 and 1,170 vs. 769 c.f.s. as determined
by us in Appendix I.

Pt Little Skunk Creek 5,770 (C3=0.20

C2=0.23

(Use Formula A = 8 C {M ) C3=0,20
50 year storm 0.63 1.2 0.76 452
10 year storm 0.63 0.9 0.57 346

This compares 4,520 vs. 5,660 and 3,460 vs. 3,080 c.f.s. as determined
by us in Appendix I.




' The above comparisons show the highway tables to usually result in
lower flows for the 50 year storm and higher for the 10 year storm. However,
if flows are estimated using a highway table C factor of 0.2 (which seems to
be allowable practice) then of course the results are only 1/3 to 1/2 of

what we consider reasonable estimates of flow.

In passing it is noted that ratio of flow estimates for various periods

of occurrence are about as follows:

Flood Recurrence - Ratio to 50 Year Storm

Source 100 Yr. 50 Yr, 25 Yr. 10 Yr. 5 Yr.
Base

Preliminary rept.
of Corps of Engrs.,
(Some North Phx.

Areas) 1.35% 1.0 0.70¢ 0.45% 0,30~
Highway Tables 1.0 0.90+ 0.75-
Appendix I (Y&G) 1.25% 1.0 0.8% 0.6 * 0.4%

~12~




WATERWAYS

Natural Channels.

With the exception of Little Skunk Creck (or Scatter Creek) and an

adjacent wash there are no well defined courses crossing the highway.

There are numerous natural waterways near the foothills but then the
water spreads over the land and sheet flow occurs. Road, or street building
affects the sheet flow depending on the size of roadside ditches or the

height of the barrier made by the road itself.

Road/systems within the contributing drainage area will usually have

little affect on big storms or major flows since most such roads are near

natural ground levels., This is not true of the highway itself since it

is a distinct barrier.
Conduits .

Appendix III is a table evaluating the conduits crossing the highway.
Some of the capacities are difficult to evaluate either because the conduit

isn't constructed at this time or final available head is hard to determine.

It is suggested that the "Drainage Tablef of the highway department®s
Head-Velocity Table be revised to base obtainable velocities on the head
over the top of the conduit (rather than the center) since this will yield

more nearly correct results at low available heads.

Pumps,

Pumps are installed at each of the grade separations to care for

interior drainage,




Total

Discharge Rated Capacity

Location Pumps Pipe Pumps ~ C.F,S,
Peoria Two 8,000 G.P.M. 16" pipe each 35.6
Cactus (Q) Two 8,000 G,P.M, 16" pipe each 35.6
Thunderbird Two 10,000 G.P.M, 18% pipe each 44,5
Greenway Two 9,000 G,P.M, 18" pipe each 40,0
Bell Two 12,000 G.P,M, 20" pipe each 53.5
Union Hills Two 8,000 G.P.M, 16" pipe each 35.6
Beardsley Two 9,000 G.P.M, 18% pipe each 40,0
Deer Valley Two 12,000 G.P.M. 20" pipe each 53.5

Summary of Pumps & Conduit Capacities.

Preliminary examination of the flows estimated in Appendix I and II
and the conduit capacities in Appendix III indicated that the 5 year storm

would provide a good basis of comparison.

In the case of the pumps the high peaks to be expected from short,
heavy storms can not be handled. With some storage in the cross-road
roadway, only interfering with such traffic and not access ramps or main
highway travel, it appears the pumps should handle about the 10 year storm,
This is demonstrated in the following table ~ and storage capacity of 1/2

acre foot or more is reasonably available.

The following analysis is self explanatory except note that net rain
or net runoff is gross rain less the average infiltration rate which is
considered to be 0.2 inches per hour on impervious surfaces and 0.6 to 0.7

inches per hour on earth or pervious surfaces.

~14-




Analysis of Underpasses and Pumps Based
On The 10 Year Storm

Storage
Area Rainfall Net Inflow Inflow Pumped  Reg®d.
Underpass in Inches Rain Rate Total Ac. Ft. (Approx.)

& Pumps Acres Per Hour  Runoff C.F.S. Ac. Ft. (Approx.) Ac. Ft.

Peoria 17 imperv. 10 min, = 4.44 4,14 95.4 1.32 0.49 0.83

35.6 cf's pumps - 6 perv, 30 min, = 2,33 2.03 46.7 1.95 1.48 0.47
60 min, = 1.45 1.15 26.4 2,20 2,96 0

Cactus 18 imperv. 10 min. = 4,44 4,17 91.9 1.28 0.49 0.79

35.6 cfs pumps 4 perv, 30 min, = 2,33 2.06 45.3 1.89 1.48 0.41
60 min., = 1.45 1.18 26.0 2,16 2.96 0

Thunderbird 15 imperv., 10 min, = 4.44 4,03 129.,0 1.79 0.62 1.17

44,5 cfs pumps 17 perv. 30 min, = 2,33 1.92 61.4 2.56 1.85 0.71
60 min, = 1,45 1.04 33.3 2,78 3.7 0

Greenway 15 imperv. 10 min. = 4.44 4.13 86.9 1.20 0.56 0.64

40 cfs pumps 6 perv, 30 min, = 2,33 2.02 42.4 1. 77 1.67 0.10
60 min, = 1.45 1.14 23.9 1.99 3.33 0

Bell 14 imperv. 10 min. = 4.44 3.91 160 2.22 0.74 1.48

53.5 cfs pumps 27 perv. 30 min, = 2,33 1.80 73.8 3.07 2.23 0.84
60 min. = 1.45 0,92 37.7 3.14 4.45 0

Union Hills 13 imperv. 10 min., = 4.44 4,12 70 0,97 0.49 0.48
35.6 cfs pumps 4 perv. 30 min, = 2,33 2.01 34.2 1.42 1.48 0
60 min. = 1.45 0,93 15.8 1,32 2,96 0

Beardsley 16 imperv. 10 min, = 4,44 4,19 75.5 1.08 0.56 0.49
40,0 cfs pumps 2 perv, 30 min, = 2,33 2,08 37.4 1.56 1.67 0
60 min. = 1.45 1,20 21.6 1.80 3.33 0

Deer Valley 12 imperv, 10 min, = 4,44 3,95 114 1.59 0.74 0.85
53.5 cfs pumps 17 perv. 30 min, = 2,33 1.84 53.3 2,22 2,23 0
60 min, = 1,45 0,96 27,8 2.32 4.45 0

-15-




From tHé above table it appears the underpasses will handle the approx-
imately 10 year storms with storage (short time of flooding) for the shorter
high intensity storms. The northermost three underpasses appear in better

shape than the others.

Information in regard to each area is given in the following table, and
thereafter further described in the text. Area description, amount of water
reaching the east side of the highway, cbnduit capacity crossing the highway,
and situation as flows (in some cases combined with pumps) leave the west
side of the highway, all are shown in the table. The table and maps accompany-

ing the descriptions are usually based on the 5 year flow estimates,

This is the preliminary or background information essential to plans

of what should be done as discussed in the final sections of the report. The

work recommendations are usually based on 10 yr. or greater flows.




Summary of Flow Conditions Adjacent
(East_and West) to the Black Canyon Highway

50 ¥r, 5 ¥r. Station _Description

Outlet
Approx. Contrib, Dstimated Approx,
Highway Area Flow -CFS  Highway
Area location Station _Acres
A Ariz, Canal to Peoria 153 310 168
Highway Center Drain 15 53 33
B Peoria to Cactus 77
Upper portion (part) 43 108 42
Peoria Underpass 23 106 71
i‘,”--‘C’D Cactus to Thunderbird 83
! - Upper half or D% (part) 78 193 97 492+21
Cactus Underpass 22 103 69
West side highway 105 210 115
E Thunderbird to 0.4 mile north 135 316 173 546+27
- Thunderbird Underpass 32 139 93
F 0.6 mile south to Greenway 148 345 191 561+27

Outlet
None

36% pipe to
Ariz, Canal

None

Two 8,000
gpm pumps

Two 58"36%
Arch CiP
Two 8,000
gpm pumps

Ditch?
Two 6x3
Box Culv.

Two 10,000
gpm pumps

Two 6x3
Box Culv,

Outlet
Capacity
CFS

Remarks

46

35

1082

35

250

44

120

Drains to swale north of -
Ariz, Canal and will over-
flow into canal.

Drains east to Cave Creek
Drains south thence east
to Cave Creek

Ditch west about 500 ft.
to end ‘

CiiP capacity may be less
not comstructed to date

Ditch ends about 5507
west

Ditch to west about 650
ft. to two 6'x3 box cul-
verts then ditch to day-
light or into road ditch

Culv. limited by head



' Outlet
Approx, Contrib. Estimated  Approx. Outlet
Highway. Area Flow - CFS Highway Outlet Capacity
Area Location Station _Acres 50 ¥r. 5 ¥r, Station _Description CFS Remarks
West side highway ' 152 355 197 None ? Construction not com-
pleted. No ditch west
G Creenway to 0.4 mile
north 249 440 227 599+27 Two 623 204
’ Box Culv.
Greenway Underpass : 21 96 65 _ Two 9,000 40
&gpn pups
West side highway 270 488 255 Ditch Ditch to west about
6507 then into small
road ditch ’
i H 0.6 mile south to
& Bell Road 300 538 282 614+20 Three 10x3 700  Culv. limited by head
' box culv,
West side highway 304 545 288 None ? Construction not com-
: pleted. No ditch west
I Bell Road, from ' o
north and east 1,617 1,175 420 652+27 Two 6x3 200 Culv, limited by head
box culv,
Bell Road Underpass 41 172 116 Two 12,000 53
gpr pumps
West side highway . 1,658 1,250 436 Ditch ? Ditch west about 300

ft. to two 6x3% box
culv, that cross Bell
Rd, Const. not complet-
ed. No ditch south or
west.,



Area Location

M

0.5 niile south to
Union Hills and
from east

West side highway

Union Hills
from north & east

Union Hills Underpass

West side highway

North of Union Hills
0.7 mile

West side highway

0.2 mile south to
Beardsley Drive

West side highway
Beardsley Drive to

0.3 mile north

Beardsley Drive
Underpass

Approx. Contrib. Estimated
Highway Area Flow - CEFS
Station __Acres. S0 ¥r, 5 ¥r.
694 670 266
696 672 269
2,230 1,550 455
17 78 53
2,255 1,575 469
720+93 123 268 146
to
735+03
126 276 154
85 178 95
89 189 101
199 387 204
18 85 57

Qutlet
Approx. Outlet
Highway Outlet Capacity
Station _lDescription CFS
667+37 50%x31% Arch 30
CiP
one
703+97 Three 10x3 500
box culv,
Two 8,000 . 35
gpm pumps
Concrete ditch
720+93  507%31% Arch 10
CL.P
?
735+03 Two 24% CIP 4
758400 Two 43"x27% 50
Arch CiP
Two 9,000 40
gpm pumps

Remaxks .
CMP - limited by depth.

Construction not com-
pleted. No ditch west.

Culv, limited by head. .

Ditch west about 600
ft. to end,

- CMP - limited by

depth.

Construction not com~
pleted. Ho ditch west.

ClP limited by depth.

Bladed ditch west to
daylight



Outlet
Contrib. Estimated Approx. Outlet
Highway Area Flow -CFS Highway Outlet Capacity
Area Location Acres 50 Yr, 5 ¥r, Station _Description CFS Remarks
West side highway 221 443 237 Conc. Ditch Ditch ends 630% west
of pumps.
G - 0.3 to 0.5 mile north 336 374 158 767+50 36%x22%" Arch . 5 CiP limited by depth.
of Beardsley and CiP
northeasterly
West side highway 339 377 160 None? Construction not com-
: : pleted, No ditch west.
P 0.5 to 0.8 mile north 101 189 98 774100 50"x31% Arch 15 CiP limited by depth.
of Deardsley Drive CiP
West side highway 109 207 108 None? Construction not com-
o pleted. HNo ditch
e west.
Q 0.2 mile south to Deer 75 180 98 791+80 65%x40% Arch 50
Valley Drive C1P
West side highway 78 189 103 Hone? Dumps into small swale
: 125¢% x 1.0bearing WSW
R Deer Valley Drive 322 447 227 806+59 6x3 box 160
to 0.3 mile north culv,
-Deer Valley Underpass 29 124 83 Two 12,000 53
&pm pumps
West side highway 355 524 287 Conc. Ditch Ditch ends 350'west
of pumps
R-R 0.3 to 0,5 mile north 114 328 120 813+88 65%"x40" Arch 90 CMP limited by depth

of Deer Valley Drive

QP



Outlet
Approx. Contrib, Estimated Approx. Outlet
Highway Area Flow - CFS Highway Outlet Capacity
_Area Location Station _Acres 50 ¥r. 5 ¥r, Station _Description . __CIS Remarks
West side highway 118 237 123 Hone ? Construction not completed.
- Drains into small wash
bearing S.W. to Little
Skunk Creck,
S 0.5 t0..0,7 mile 1,222 1,107 530 831+50 o6Wx7¢ 480 Culv, capacity with
north of Deer Valley box culv, maximum major ponding.
. Drive
West side highway 1,226 1,117 534 Channel west to Scatter
Creek (Little Skunk
Creek)
T Little Skunk Creek 5,770 5,660 2,118 840+50 Two 8x7 1,000
(or Scatter Creek) box culv.
Yest side highway 5,795 5,698 2,130 Creek
1
T
v
"SEPARATE MINOR HICHWAY INTERIOR AREAS DRAINING WEST
443+00 to 0.7 3 2 443+00 29vx18n 22t Based on 10 minute storm.
Arch CiP
452+00 to 4,1 18 12 452+00  29Wx18" 22 Based on 10 minute storm.
Arch CMP
461+00 to 1.7 6 4 461+00  29"18% Arch 22t Based on 10 minute storm.
Cup
498+50 to 5.0 22 15 498+50 29x18" Arch 22*  Based on 10 minute storm.
cMp
509+50 to 7.0 21 14 509+50 29%x¢18% Arch 22f Based on 16 minute storm.

CP



PRESENT AND PAST CONDITIONS EAST OF HIGHWAY

AREA WAW

Water will flow south aiong the east side of the northbound access road
to the Arizona Canal. When it reaches a depth of about 1,0 ft) it will _} break
over the north bank of thé cadal at a péint about 125 feet edgt of the north-
bouﬁd access road. However iaef'ore this hai)pens the watér will reach a depth
of about six inc’h%es (6%) along ‘the.eaéf toe of the northbound actess road

and back up to the north and east appfoﬂmately 400 feet.,

The finished grade of the horthbound access road at the Arizona Canal

is about the same elevation as the old highway completed in 1948,

Before the 1948 construction, flows would reach the north bank of the
Arizona Canal at about the same location, then flow west. However; the
highway construction has prevented this and caused the water to pond on the

east side of the highway. Original drainage area and present drainage area

are about the same,




AREA gt
Water will flow along the east side of the northbound access road,
south to Peoria Ave. then easi: infco bave Creek, Should the water reach
a depth of about six inches (6") it will spill over into the grove and

thén flow east into Cave Creeki

The grové ndw occupying the land between the highway and Cave Creek
drains easti However from aerial photographs taken in 1940 we find that

this area originally drained west.

No provisions were made during the 1948 construction for handling flows
from the east. The finish grade of the northbound access road is about

1.5 feet higher than the 1948 construction.

Considering that the south half of this area now drains east and the
contributing area is small, (even smaller than the original area), it is
unlikely that any major flood damage will be caused by the construction of
either the old or new highway. However the fact remains that before either
highway was built the flows in the upper half of the area were southwesterly

and never reached the lower half of the area, therefore any flood damage

caused, might be charged to the highway construction.




o AREA ¥C & DV

. The water will flow along the east side of the northbouxid access road,
south to tio 58" x 364 arch culverts at Sta, 492 + 2, appi‘oxima’cely 1,000

féet north of Avenue Q (Cattus Rdad).

The subdivision, north éf’ Avenue Q, and between the highway and. Céwe

Creek, now drains east into Cavé Ci‘eek’. However this was not the natural
condition. From aerial photographs taken in 1940, a fair sized wash crossed

the area now occupied by the highway about 2,000 feet north of Ave. Q.

Under the 1948 construction a 66"x38%" arch culvert was installed at the inter-

section of Avenue @ and the Black Canyon Highway, and was fed from an open

ditch from the east. Due to the fact that in 1948 Area C & D had about

twice the contributing area - that is the area now occupied by the subdivision

was then contributing -~ this culvert was uﬁdoubtedly inadequate, However

flood waters could sheet flow south across Avenue Q and even west across the

Black Canyon Highway before any appreciable damage was done,

Considering that the paved street on the north side of the subdivision
drains east into Cave Creek, probably a considerable amourt of the flows
from area "D'' will be taken care of in this street although some will go

south through the subdivision,

Even though the construction of the Black Canyon Highway has caused
a change in the natural flows from the north and east in this area, the size
of the area, combined with the revised fall of the land, indicates that no

appreciable damage should be caused by flooding.
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AREA WEM

Water will flow along the east side of the northbound access road south
to two 67 x 37 box culverts at Sta. 546 + 27. Due to the fact that these
culverts aré ioca‘té& aia'pi"o’ximately 1 ,300 feet north of "cixe- solth bnd of the
di‘ainagé area, (Thunderbird Rsad) » part of the water w111 i‘eagh the cqlverts
by its natural flow and part of the water will reach the culvefts thrdﬁgh a
chdnnel cbnstructed along the east side of the northbound access road, from
Thunderbird Road north. A dike is to be constructed between the channel and
the access road. Should the water reach a height of approximately 2.5 feet
above the inside top of the culverts, it will overflow the dike at the
N.E. corner of Black Canyon Highway and Thunderbird Road. Some of this
overflow water will go into the underpass and some of it will flow across
Thunderbird Road and into area "C* and "D%, Before this condition occurs

however a considerable area will be under water,
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AREA YF™

Water will flow along the east side of the nortHbound dccess road,
south to two 67 x 3% box culverts at Sta. 561 + 27. ‘When tHe water reaches
a helght of approkmately the same elevatlon as the inside top of the culverts,
it w111 break over the existing field road about 100 feet south and flow into
area “E", However, before this occurs, an area approximately 600 feet north

and 600 feet east of the culvert will be under water,

During the 1948 construction, an 8% x 3% box culvert was installed to
handle the flows from the north and east. The finished grade of the highway
was raised about 1.5 feet above the existing road. The finish grade of the

new highway will be another 2 feet higher,

From 1940 aerial photographs, a wash from the north east crossed the
area now occupied by the highway at approximately Sta.561 + 00, It is
apparent from the photographs that the original drainage area for this wash

was considerably larger,

The construction of the old highway definitely restricted flood flows
in this area. The new construction can only add to this condition as it

will be even higher,
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‘ AREA #Gi

Water will flow along the east side of the noii'thboi:hd access road, south
to two 6% x 3% box éul‘\‘;é:xfts at Sta 599 + 27. Due to the fact that these
culverts are 1ocated épﬁrbxiniétely i 4200 feet fotth of the southi end of the
drainage area (Gréé;nvay Road), part of tHe watér will reach the culverts by
its natural flow and part will reach the culverts through a channel to be
constructed along the east side of the northbound access road, from Greenway
Road north. A dike is to be constructed between the channel and the access

road.

Under the 1948 construction an 8t x 3¢ box culvert was installed near
the intersection to handle the flows from the north and east. The finished
grade of the highway at that time was raised about 1,5 feet above the
existing ground. The finish grade of the new construction will be approxi-

mately the same elevation.

The 1948 construction as well as the new construction has definitely

restricted flood flows in this area,

Should the water reach a height of about 2.5 feet above the inside top
of the culverts it will overflow the dike at the N,E, corner of Black Canyon
Highway and Oreenway Road., Some of this overflow water will go into the

underpass and some of it will flow across Thunderbird Road and into area 'F",

Before this condition occurs however, an area approximately 1,300 feet
north and 800 feet east of the dike along the access road and along Greenway

Road will be under water,
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() AREA s

Water will flow south and west to three 10% x 3% box culverts at Sta.
614 + 20, Should the water reach a height of about 1 foot above the inside
top of the culverts it will break over the existing farm road about 50 feet

south of the culverts.

Before this happens however, an area about 500% x 200% will be under

water.

During the 1948 construction two 10f x 3¢ box culverts were installed to
handle flows from the north and east. At that time the finished grade of the
road was raised about 2 feet above the existing ground. The finished grade

of the new highway will be about the same elevation.

It is quite possible that a good portion of the flows from area WIW

could overflow Bell Road and reach this area,

The construction of the old as well as the new highway has definitely

restricted the flood flows in this area.




AREA WI"

Water will flow along the east side of the northbound access road
south to two 6% x 3% box culverts at Sta., 652 + 27, Due to the fact that the
culverts are located about 1,100 feet north of the south end of the drainage
area, (Bell Road), part of the water will reach the culverts by its natural
flow and part will reach the culverts through a comparatively small channel

constructed east of the northbound access road.

No dike will be built between channel and access road. Water will
flow over Bell Road infco area YHT and will also overflow into Bell Road

underpass.

During the 1948 construction an 8% x 3% box culvert was installed at
the intersection to handle the flows from the north and east. The old highway
was raised about 2,0 feet higher than the existing ground., The finished

grade of the new highway will be approximately another 1,0 foot higher.

The old as well as the new highway has definitely restricted flood flows

in this area.




. AREA g

Water will flow from the northeast to a 50" x 31" arch culvert at
Sta., 667 + 37. The flow line of the culverts is about 1,5 feet below
natural ground. Without some provisions made at the culvert to create a
ponding area the majority of the flows from this area will continue south

to area 9%,

During the 1948 construction a 52" x 30" arch culvert was installed
to handle flows from the north and east. Also a dike extending 100 feet east was
was installed to keep the water from going on south., The finished grade of
the old highway was raised about 2 feet above the existing ground. The

finished grade of the new highway will be about another 1,0 foot higher,

The construction of both the old and the new highways has restricted

the natural flood flows in this area.
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. AREA WKs

Wéter will flow from the north and east to three 10 x 3’;box culverts
at Sta. 703 + 97; Because these cﬁlVerts aré ioc':ated, about l;OOO‘feet
north of the south end of the drainage arkaj part of the water will re#ch
the culverts by its nétu%al fiow and part will reach the culverts through
a ci'xa.nnel constructed east of the northbound access road, A dike is to be

constructed between the chammel and the northbound access road.

Should the water reach a height of about the same elevation as the top
inside of the culvert it will break over into Union Hills Drive about 900
feet east of the Black Canyon Highway, (around the east end of the dike),

and go into the underpass.

Before this happens however an area of about 800 x 900f will be under

water,

During the 1948 construction two 10% x 3% box culverts were installed
at Sta., 694 + 60 to handle the flows from the east, Also a dike was
installed extending 400 feet east to keep the water from going on south,
The finished grade of the old highway was raised about 3 feet above the
existing ground at Sta. 694 + 00, The finished grade of the new highway

will be about another 2.0 feet higher.

The construction of both the old and new highways has restricted the

natural flood flows in this area,




AREA "L#

Water will flow from the northeast to a 50" x 31" axrch cuivert at

Sta, 720 + 93, East of this culvert there is an approach ditch,

Should the water reach a height of about 1,7 feet below the top of the
culvert it will break over the field road just south of the culvert and go
into area "K%. Before this happens however an area about 200! x 2007 will

be under water.

During the 1948 construction a 529 x 30" arch culvert was installed at
Sta. 720 + 95 to handle flows from the east., Also a dike was installed
extending 100 feet east to keep the water from going on south. The finished
grade of the old highway was raised about 2.0 feet above the existing

ground. The new highway will be about another 2.0 feet higher.

The construction of both the old and new highways has restricted the

flood flows in this area.




AREA 0

Water will flow from the north and east to two 24% culverts at Sta.
735 + 03. Unless provisions dre made té create a ponding aféa, water will

flow on south ihto area YL,

During the 1948 construction two 24" culverts were installed to handle
flows from the east. Also a dike extending 100 feet east was installed to
keep the water from going on south. The finished grade of the old highway
was raised about 2.0 feet above the existing ground. The finished grade of

the new highway will be about another 1,0 foot higher.

The construction of both the old and new highway has restricted the

flood flows in this area.
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AREA wyw

Water will flow from the north and east to two 437 x 27 culverts at
Sta. 758 + 00, Because the culverts are located about 1,100 feet north of
the south end of the drainage area, part of the water will reach the culverts
by its natural flow and part will reach the culverts through a channel
constructed east of the northbound access road. A dike is to be built

between this channel and the northbound access road.

Should the water reach a height of about 1,0 foot above the top of the
culvert, it will break over the dike at the N.E, corner of Black Canyon
Highway and Beardsley Road and go into the underpass. Before this happens

however, an area of about 800% x 800f will be under water.

Under the 1948 construction a 52% x 30% arch culvert was installed to
handle the flows from the north and east. Also a dike was installed
extending 100 feet east to keep the water from going on south., The finished

grade of the old highway was raised about 2.5 feet above the existing ground.
The finished grade of the new highway will be about the same elevation,

The construction of both the old and the new highways have restricted

the natural flood flows in this area.




AREA #OW

Water will flow from the east to a 36" x 22t arch culvert at Sta.
767 + 50, Unless provisions are made to create a i)onding area of the east

end of this culvert the water will {low south into area %N,

Under the 1948 .construction a 30" culvert was installed to handle the
flows from the east., Also a dike running 100 feet east was built to keep
the water from going on south,

In 1948 the finished grade of the old road was raised about 2.5 feet
above the existing ground., The finished grade of the new highway will be

about another 2,0 feet higher.,

The construction of both the old and new highway has restricted the

natural flood flows in this area.




AREA 7P

Water will flow from the north and east to a 36" x 22% arch culvert at
Sta. 774 + 00, Should the water reach a height of about 0,7 foot below the
top of the culvert it will break across the existing roadb about 30 feet
south of the culvert and flow into area #Won However before this happens

an area of about 200% x 300 will be under water.

Under the 1948 construction a 52% x 30" arch culvert was installed to
handle the flows from the east. Also a dike running 100 feet to the east
was installed to keep the water from flowing on south. The finished grade
of the old highway was raised about 3.0 feet above the existing ground.

The finished grade of the new highway will be about another 2.0 feet higher,

The construction of both the old and the new highway has restricted

the natural flood flows in this area.




AREA ﬂQﬂ

Water will flow from the north and east to a 65" x 40" arch culvert
at Sta. 791 + 80, Should the water reach a height of about 0.4 foot below
the top of the culvert it will break over a natural ridge about 300 feet
south of the culvert, However, before this happens an area of about 200% x

200¢% will be under water,

Under the 1948 construction a 66% x 38%" arch culvert was installed to
handle the flows from the east. Also a dike running 100 feet east was
built to keep the water from running south, The finished grade of the
old highway was raised about 1,0 foot above the existing ground and about
3.0 feet above the bottom of the existing channel that crossed the highway
at this station. The finish grade of the new highway will be about another

2,0 feet higher,

The construction of both the old and new highway has restricted

natural flood flows in this area.




AREA WRM

Water will flow from the north and east to a 6% x 37 box culvert at
Sta. 806 + 59, Because the culvert is located about 600 feet north of the
south end of the drainage area (Deer Valley Drive), part of the water will
reach the culvert by its natural flow and part will reach the culvert
from the south through a chamnel constructed east of the northbound access
road. No dike is to be constructed. The top of the concrete lined ditch

is flush with the natural ground.

There is little or no ponding area. Should the ditch fill up and over-
flow it will spill over into the underpass. The water level will be about

2 feet above inside top of culvert when this occurs.

Under the 1948 construction, a 66" x 38% arch culvert was installed at
Sta. 799 + 00 to handle the flows from the east. Also a dike was built
extending 100 feet east to keep the water from going on south. The finished
grade of the old highway was raised about 2,0 feet above the existing ground
and about 4 feet above the bottom of the existing wash that crossed the
highway at Sta. 799 + 00, The finished grade of the new highway will be

about another 2 feet higher,

The construction of both the old and the new highway has restricted the

natural flood flows in this area.
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AREA "R-R®

Water will flow from the north and east to a 65" x 40" arch ouivert at
Sta, 813 + 88, Should the water reach a height of about the same elevation
as the top of the culvert, it will break across the existing road about
40 feet south of the culvert and into area R. Before this happens however,

an area of about 200f x 300' will be under water,

Under the 1948 construction, a 66" x 38% arch culvert was installed at
Sta. 813 + 88 to handle the flows from the east., Also a dike was built
extendint 100 feet to the east to restrict the flows from going on south,
The finished grade of the old highway was raised about 2,0 feet above the
existing ground and about 4 feet above the bottom of the existing wash
that crossed the highway at this station, The finished grade of the new

highway will be about another 3.5 feet higher.

The construction of both the old and the new highway has restricted the

natural flood flows in this area,
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‘ AREA NGt

Water will flow ffom the north and east, through an existing wash from
the east f:o a 6% x 7% box culvert at Sta. 831 + 50. Should the water reach
a heéight of about 3 ‘fetet above the top inside of the culvert the water will
break over a natural ij‘idgé about 350 feet south of the culvert and flow into
areéa "R-R¥ Béfor§ this’ happens However; ’i:ﬁ‘e watér will Be already breaking
over the natural ridge aboﬁt 750 feet to the north betweeh fhis area: and

area “'T7,
Should this condition occur, considerable land will be under water,

During the 1948 construction the finished grade was raised above
4 feet above the. existing ground and about 1l feet above the bottom of the
existing wash that crossed the highway at this station, The new construction

will be about another 2 feet higher,

The construction of the old highway as well as the new has restricted

the natural flood flows in this area.
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AREA W

Water will flow from the north and east to two 8' x 7' box culverts at
Sta. 840 + 50, This station is the natural channel of Little Skunk Creek
(Scatter Creek). An ai)p'roaéh ditch from the north is to be constructed east
of the northbound access road to collect the water and facilitate the flows

to the culvert,

Shouid tixé water reach 4 héight of dbout 1 foot above the top inside of
the véix]‘.\“r_iei"t,' it i1l break over the natural ridge about 300 feet south of
culvert. However ; before this happens a considerable area will be under

water.

During the 1948 construction the box culverts were instilled to handle
the flows from this wash, The finished grade of the old highway was ré.iééd
about 4.0 feet above the existing ground and about 8 feet above the bottom
of the existing channel, The finished grade of the new highway will be

about another 2 feet higher,

The construction of both the old and the new highway has restricted the

natural flood flows in this area,
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® EXISTING CONDITIONS WEST SIDE OF HIGHWAY
AREA ®AW
No appreciable amount of water will reach the west side of the highway.
Water that falls on the highway will be carried into the Arizona Canal by

pipes installed in the median,
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AREA WRw

No flows from the éast will reach the west side of the highway. The
only water reaching the west side is what is collected and pumped out of
the underpass and water that falls on the highway for about 3,200 feet
north, This water will be dischargéd into a concrete lined ditch running
from the pumps about 500 feet west. There it will flow into the existing
inadequate'roaé ditches and ﬁe carried west, There is a 16" outlet into

the Arizona Canal at 43rd Avenue that may help dissipate some of this water.

There are 20 x 18" arch ¢ulverts placed about 1,460 feet n&ftﬁ, 2,300
feet north, and 3,200 feet north of Peoria Avenue to handle water falling
between the southbound lane and the southbound access road. These culverts
discharge west and principal flow will be south along the west side of the
southbound access road and enter the north end of the concrete lined ditch,

mentioned above, at Sta, 439 + 50.
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AREAS %Ch & spet

The combined flows of the east side and what is pumped out of the
underpass will be carried west thrOugh a concrete llned ditch that runs
from the pump alscharge about 550 feet west; At thlS point it w111 ‘go into
the existing suba1v1s1on frontage rodd; will be carried west to 35th Avenue
and then dumped into the existing road ditch. Because the water on the east
side of the highway drains into Cave Creek, the amount of flows reaching

the west side are less as compared to similar underpasses.

The existing road ditches will not handle the combined flood flows
of the east and west sides of the highway, however, it does not seem as
though the highway has added much beyond its pumps to the condition. They

are responsible for water that will be pumped out of the underpass.

There are 297 x 18% arch culverts placed about 1,600 feet north and
about 2,800 feet north of Avenue "Q'* to handle water that falls between
the southbound road and the southbound access road. These culverts dis-
charge west into fields and commercial property. Because of the size of the
drainage area, it is doubtful if they would cause much damage, but at least

it is a nuisance.
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AREA WE®

Combined flows from the éast and what is pumped out of the undérpass
will be carried west through a concrete lined channel that runs from the
pump discharge about 650 feet west. At this point it will go into the
existing inadequate road ditch. The water will continue west to dbout 3lst
Avenue and beyond and then it will enter the old natural swale and flow

south ahd west throigh thé existing subdivision.

The drainage study indibates that the highway has not added mch to, or
changed this condition appreciably, but proﬁably will get blamed for it

anyway particularly on atcount of pumping from the underpass,
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AREA ¥F¥#

Water from the east will reach the west side of the highway through
two 6% x 3¢ box culverts at Sta. 561 + 27, No ditch or channel has been
constructed west from the west end of the culvert., However, should it be
left in its present condition considerable damage could be done to the
subdivision west of this culvert. At the pfesent it discharges into the

back yards of two houses about 150 feet away.

It is understood the Highway Department is to turn the water south in
a channel and dumb it into the alley on the south side of the subd:.v:Lsmn

then “let it go where it wants to".
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AREA wGH

The {lows {rom the east side of the highway together with water that
is pumped out of the underpass will be carried west through a concrete
lined ditch, This ditch runs from the pump discharge approximately 600
feet west. At this point the water will enter the inadequate existing

road ditches and will probably cross the road and flood a few houses,
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AREA W

Flows from the east side together with that which falls on the highway
jtself will reach the west side through three 10% x 37 box culverts
at Sta. 614 + 20, At the present there is no indication of how the flows
are to be carried west away from the highwair. There is a large recirculation
suip abdut 1/ 2 mile wést that can handle quité a bit of water, Ho‘we#ér,
flows fhom Adea WI® will probably drain into this sump also (see map of
flows leavifig west side of highway). Part of the water will be stored
in this sump and part will go west into the natural swale, then south and
west into inadequate existing road dltches on Creenway Road. It is possible
that at this point the flows from Area #Git, WH®, and "I might combine.
Under the present construction no provision is made for a ditc¢h of channél

running west to handle the flows from this culvert.

~50~




AREA w1

Flows from the ‘east side together with water is pump;d out of the
underpass will reach the west side through a concrete lined chafmel. ‘I‘ilis
channel runs south and west to two 6% x 3¢ bo:i culverts that cross Beli'
Road about 900 feet west of the centerline inedian of the Black Canyon
Highway. From here the water is dumped into an opeh field and then flows
southwest to the recirculation sump described in Area "H', The field
(above the sump) that this water wiil flow through, has been leveled.
However a natural wash some 1,300 feet west of the Black Canyon Highway
did run through this area as indicated by the 1940 aerials. It looks
like considerable damage cotild bé cased to the field if it i$ left in
its presernit condition, It is understood that the Highway Department was
to run a channel from the south end of the box culvert crbssing Bell Road,
west about 600 feet to the natural swale. Hoive\'rer,‘as yet they donft have

any R/W so they can't do anything except let the water go out into the field.

The County submitted a plan to run the water from the box culvert
crossing Bell Road back southeasterly and thence south for 1/2 mile thence

west (see area NW),
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AREA #J

Flows from the east, together with water that falls on the highway for
about 1/2 mile north, will reach the west side of the highway, through a

50% x 31% arch culvert located at Sta. 667 + 37,

Under the present contract no ditch or channel to the west has been
provided to handle these flows. There is no indication of a natural |
channel. However this water should sheet flow south and west about 1/4
mile and enter a natural swale, It will then ije carried southwest and join

with the flows from Area I9,

There is no deveiopment in this area at present,
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AREA WKW

Flows from the east together with water that is pumped out of the
underpass will discharge to the west through a concfete lined channel that
ends about 600 feet west of the pump discharge. The existing road ditch
from the end of the concrete lined ditch cannot possibly handle the
expected flows in this area. Unléss provisions are made to carry éhis

west to Little Skunk Creek extensive damage could be done to fields, groves

and farm houses,
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AREA #L#

Flows from the east together with water that falls on the highwéy for
about 1/4 mile north will reach the west side through a 50" x 31" arch
culvert located at Sta. 720 + 93, Under this contract no channel or ditch
is to be provided to handle the flows from the west end of the culvert,

The water will flow west along the north side of an éxisting cohcréfe lined
irrigation ditch. THis ditch is about a foot Sr so above the existing
fields and ruﬁs about 600 feet westi At this point the watér will sheet
flow éouth and west across op.’en fieids and probably eventually reach

Union Hills Roads
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AREA i

Flows from the east, together with water that falls on the highwa} for
about 1/4 mile north, will reach the west side through two 24¢ corfugated

metal pipes located at Sta. 735 + 03,

The water will discharge directly into an old inadequate ifrigation
ditch and be cirried west about 800 feet: There it will dump 6ut next to
the concreté lined ifrigation ditch described in area "N" and be taken

south possibly as far as Union Hills.

The land west of the highway at one time was under cultivation,
Consequently there is a low area adjacent to the concrete lined ditch as

a result of terraced fields,

There is no development at present in this area.
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AREA e

Flows from the east together with water that falls on the higﬁway will
be discharged to the west through a concrete lined ditch that eiids about
650 feet west of the pump discharge. There it will go into the inadequate
existing road‘ditches and be carried west to Little Skunk Creek. Unless
some prdviéions aré made to keep the water in ﬁhe road ditches on Beardsley
Drive;, it will Bréak over ihté_a low area on the south side of Béardsley
Drive; at the west end of the concrete lined ditch and flow south along

the east side of a concrete lined irrigation ditch,

The existing road ditches will handle some of the watef from this
area, but they can not handle the combined flows from areas ¥N", ¥Q0" and

WPt and this condition could quite conceivably happen.
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AREA t0n

Flows from the east together with water that falls on the highway for
about 700 feet north, will reach the west side through a 36% x 22% arch

culvert at Sta. 767 + 50,

Water will sheet flow across theé open fields to the west. Under the
preseént constriction no ditch or channel i§ to be built to handle the flows
from this aréas

Fields to the west were at one time under cultivation so water will

probably seek its way south and west to Beardsley Drive. There is no

development at present west of the highway in this area.
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AREA #pt

Flows from the east together with the watér that falls on the highway
for about 800 feet north will reach the west side of the highway through a

50" x 31' arch culvert at Sta. 774 + 00.
There is no indication of a ditch or channel west.

Flows wiil be turned 'soufh dt, the west end of the culvert and taken
south through a grader ditch along the west side of the southbound dccess
road to Beardsley Drive, Some of the water however, will probably break
out across the open fields to the west before it reaches Beardsley Drive,
The only purpose of the grader ditch is to protect the motel just north

and west of the west end of the culvert,
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AREA iIQiI

Flows from the east together with water that falls on the highway for
about 800 feet north will reach the west side through a 65% x 40% arch
culvert at Sta. 791 + 80, From there it will be carried west through a
natural swale to Little Skunk Creek, The swale is of sufficient size so
that should easily handle the flows in this area. There is no development

at present through the swale but eventually this would have to be channeled.
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. AREA "RY

Flows from the east together with the water that is pumped out of the
underpass will reach the west side of the highway through a concrete lined
channel that ends about 600 feet west of the pump discharge., From here
it will flow on west by the inadequate road ditches about 1/4 mile to a
natural swale, then southwest into Little Skunk Creek; That which does not
get into the §Valé will stay in the road ditches and be carried west |
directly into Little Skunk Creek. The road ditches are probably big enough
to handle average flows but heavy flows could cause some flooding before

they reéach Little Skutk Creek, Théré is no deveiopmént in this area at

present,




o | ARFA "R-R%

Flows from the east, together with the water that falls on the highway
for about 1,700 feet horth,vwill reach the west side through a 65" x 4om
arch culvert at Sta. 813 + 88. The flows will discharge directly into a.
naturai swale that runs southwest into Little Skunlke Cfeek. However, in
order to reach Little Skunk Creck, this swale runs through the_?hoenix
Trailer Park. The main channel, although small has been £illed with dirt

in a number of places and trailéfé are pafked‘éver the channel, Should

flows of a large quantity reach this area, considerable damage could be done.
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. | AREA, Wgn

Flows from the east together with water that falls on the highway for
about 900 feet north will reach the west side through a 6% x 7% box culvert
at Sta., 831 + 50. From here the water will flow through a channel west,

no more than 100 feet and into Little Skunk Creek.

-62~




. AREA

Flows from the east, together with water that falls on the hiéhway
for about 4,500 feet north will reach the wédst side through two 8% x 7°¢

box‘culverts at Sta. 840 + 50, Here it will discharge directly into Little
Skurkk Creek,
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RECOMMENDED WORK

Ceneral:

It is apparent from the previous area descriptions that drainage problems
exist at practically every point. The problems range from merely a nuisance
to the potential of serious damage. In some cases highway construction has
only added minor amounts to flows but in practically every case there has
been a restriction, diversion, incremental addition, or change to natural

flows,

Vhile it has not been particularly described in the previous "conditions
east of the highway" it should be noted that bigger storms will flow to the
east side of the highway (as a dyke) and water will travel south, in some

cases through buildings, into other drainage areas.
There are many alternative possibilities.

1. Little work need be done (except at a few locations) and the
risk can be taken on damages. As the area further develops this alternative
becomes less attractive.

Immediate work should be at least, (1) temporarily close the east end
of the existing 6% x 37 box culverts about midway between Thunderbird and
Creenway Roads, (2) direct the flow south along the west right-of-way of
Black Canyon Highway from the existing 50" x 31" C.M.P. arch about 1/2 mile

south of Deer Valley Drive.

2, A complete job of taking care of the estimated 50 year flows

can be accomplishéd. This would be very expensive and is not warrantad.
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3. There are innumerable alternatives between the above two plans.
One such plan is herein recommended for general guidance and discussion.
When a general decision has been reached by the Highway Department on what
should be done - then more engineering work should be done on possible
right-of-ways, best routing of channels, revaluation of flows for such
routing, and better general design criteria. All of this preliminary to

detail construction plans.

For example the alternates of carrying all the water from areas A
through G south to the Arizona Canal or building a Thunderbird Road channel
for part of the area should be more thoroughly studied - also more study
should be made of utilizing the area between the frontage and southbound
main roads as a channel., When general decision has been reached as to a
program - these alternative possibilities should be investigated in accordance

with the program and design criteria selected.

Work of Other Agencies

The Maricopa County Flood Control District proposes a channel along the
north side of the Arizona Canal and a channel about 1,500 feet north of
Union Hills Drive both picking up waters east of the Black Canyon Highway

and running westerly to the Skunk Creek.

These channels will be very helpful but at present depend on a proposed
County bond election and further on participation by the U. S. Army Corps of

Engineers through Congressional approval.

We feel eventually such jobs will be accomplished even if only by local
interests - such as the City of Phoenix and the County - but there is no

immediate or definite assurance as to time of accomplishment.
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The Recommended Work

The method herein selected is as follows - in general the 10 year flow
is the design criteria:
1. Areas A,B,C,D. Gather the water along the west side of the
highway from the pumps at Peoria and Cactus and part of the water from
areas C and D east of the highway and take this water to a future Arizona

Canal Chamnel,

Buy right-of-way along the Arizona Canal and store flows as a temporary

measure until the Arizona Canal flood channel is built by the County.

2. Areas E,F,G. OGather the water along west side of highway from
Thunderbird pumps and Greenway pumps and from areas E,F, and G east of the
highway and take this water along or near Thunderbird Road westerly to the
Arizona Canal and Skunk Creek. Add culverts crossing the highway north of
Greenway underpass and 1/2 mile north of Thunderbird.

Buy right-of-way along Thunderbird and the Arizona Canal as required,
In connection with such right-of-way along Thunderbird Road the two
best possibilities are:
a. build a divided roadway with a center gently sidesloped
channel or
b. build about 200 feet, or one tier of lots, away from the
road so that future developments can back-up against the

channel,

1 and 2 Alternate. Areas A through G. Gather the water along
the west side of the highway and do other work as noted above but eliminate

the unlined channel west on Thunderbird Road.
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3. Areas H,I,J, Gather the water along the west side of the
highway from the pumps at Bell Road and from areas H, I, J east of the
highway and take this water along or near the midsection line south of
Bell Road westerly to the Skunk Creek,

Add a cuivert crossing north of thHe Bell Road underpass and do some

channel work along the east sidé of the highway north of such crossing,

4. Areas K,L,ll, OCather the water alorg the west side of the
highway from the pumps at Union Hills Drive from areas K;L, and li east of
the> highway and take this water along Union Hills Drive westerly to the
Skunk Creek,

Assume the County®s proposed Union Hills diversion will be built and
take care of the water as best possible until then. After the County'ts
Union Hills diversion is built it would be possible to reroute the pumps
discharge north to such channel and to abandon the westerly route along -

Union Hills Drive,
Some channel work along and east of the highway is also required.

Some additional right-of-way along Union Hills Drive is required at

least until the County diversion channel is built,

5. Areas N,0,P, Gather the water along the west side of the
highway from the pumps at Beardsley Drive and from areas H,0,P, east of the
highway and take this water westerly along Beardsley Drive to the Little

Skunk Creek.
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Add a culvert crossing the Black Canyon Highway north of Beardsley

Drive underpass.
Buy right-of-way along Beardsley Drive as required.

6, Area Q. Take this water westerly along the existing swale

to the Little Skunk Creck.,
Add a culvert crossing about 1/4 mile south of Deer Valley Drive.

Improve the swale as required and this will require right-of-way or

permission from owners in the area.

7. Area R and R-R, Gather this water along the west side of the
highway from the pumps at Deer Valley Drive and from areas R and B-R east
of the highwéy and take this water westerly along Deer Valley Drive to the
Little Skunk Creek,

Add culverts crossing the Black Canyon Highway north of the Deer Valley

underpass.
Buy right-of-way along Deer Valley Drive as required.

8, Areas S, and T, Add to the crossings at or near Little Skunk

Creek (Scatter Wash) to provide for the 25 year estimated flow,

Whether this is done by separate culverts makes little difference
 hydraulically. We show the excess flow from the main crossing being carried

south into the smaller wash and the required highway crossing provided here.
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Buy some right-of-way east of the highway for channel purposes.

The flow estimates are given in the table following and a plan is
attached showing flows and general features of the proposed work. Appendix
V shows the size and kind of conduit and channel appropriste to the work

récdmiended,
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ESTIMATED FLOWS FOR THE RECOMMENDED WORK:

EXPECTED FLOWS 10 year rainfall intensity and duration unless noted
Present Conditions of Subdivision Development
Assume Ariz. Canal and Union Hill Channels Constructed

AREA IN ACRES |Infiltr'n| Concentration RAIN RUNOTFTF
Total |Pervious | Imperv's| (final) Time Point | Average Pervious Impervious Total
Area Area Area in/hr  (Street | Min, |Intensity Intensity |(Ia=fg)0.8 mgs (18~0.2)0.9| InxAj | Flow DESIGN FLOW AND
LOCATION A Ay ¥ fc Slope tc I Ia = Inches) = = Inches  =(CFS CFS REMARKS
Area A, B, C, D, combined
Test pumps & west drainage 77 32 45 0.6 Channel| 50 1.65 1.63 0.84 27 1,29 58 85 |[[Not a maximum
Total Area Use structure capacity
Test below pumps at Cactus 110 98 22 0.6 38 2,00 1.98 1.11 108 1.60 35 143 150 use
Area E, F, G combined i
Area G - E. side highway 249 248 1 0.6 36 2,07 2,05 1.16 288 1.67 b 289
Area G - including pumps 270 254 16 0.6 36 2.07 2.05 1.16 295 1.67 27 322
Area F - W, side highway 151.7 147.7 4 0.6 25 2.64 2.61 1.61 238 2,17 9 247
Area F & G 424 403 21 0.6 41 1.87 1.85 1.02 411 1.49 31 442 Not a maximum
Part area trial 300 279 21 0.6 25 2.64 2.61 1.61 449 2,17 46 495 500 use
Area E - W, side highway incl.pumps| 167 150 17 0.6 25 2.64 2.61 1.61 227 2,17 37 264 250 use existing
Area E, F, G 593 454 39 0.6 44 1.80 1.78 0.95 431 1.42 55 486
Part area trial 340 301 39 0.6 25 2.64 2.61 1.61 485 2.17 85 570 Use 560 to 590 from pumps
One mile west on Thunderbird 700 660 40 0.8 36 2,07 2.05 1.02 673 1.66 66 739
Two mile west on Thunderbird 1,100 1,060 40 0.9 47 1.70 1.67 0.62 657 1,32 53 710 Not a maximum
Area H, I, J combined
Area J-Part area trial 300 294 6 0.7 33 2,20 2,17 1.18 347 1,77 10 357 Use 350
Area I & J - E., side highway 1,486 1,437 49 0.7 57 1.81 1.49 0.63 905 1.16 57 962 Use 960
Area I & J - W, side highway& pumps 1,529 1,465 64 0.7 58+ 1.47 1.45 0.60 879 1.12 72 951 Not a maximum
Area H, I & J 1,834 1,765 69 0.7 62 1.41 1.39 0,55 971 1.07 74 1,045 Use 1,050
One mile west on midsection 2,236 2,166 70 0.75 71 1.29 1.27 0.46 996 0.96 67 1,063 Use 1,070
Area K, L, M combined
Area K - Without Union Hills 2,230 2,210 20 0.7 82 1.15 1.14 0.43 950 0.85 17 967 Not applicable
(E. side) With U,H.Diversion built 151 151 0 0.7 28 2.43 2.40 1.36 205 1.98 0 205 Temporarily build to culv,
See plan for K, L, M capacity 500 cfs
Area M - E. side highway 85 85 0 0.7 27 2.51 2.49 1.43 122 2,06 - 122
Area M & L - E. side highway 208 207 1 0.7 29 2.40 2.37 1.34 277 1.95 2 279
Area N, 0, P combined
Area P - E, of highway 101 100 h | 0.7 32 2.24 2,22 1.22 122 1.82 2 124
Area 0 & P - E.of highway 437 429 8 0.7 56 1.52 1.51 0.73 313 1.18 9 322 Not a maximum
Trial part area 320 312 8 0.7 34 2,16 2.14 1.15 359 1.75 14 373
Area N, 0, & P (part area) 520 510 10 0.7 35 2,10 2,08 1.18 602 1.69 12 619
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ESTIMATED FLOWS FOR THE RECOMMENDED WORK
EXPECTED FLOWS 10 year rainfall intensity and duration unless noted

Present Conditions of Subdivision Development

Assume Ariz, Canal and Union Hill Channels Constructed
AREA IN ACRES |Infiltr'm| Concentration R AIN RUNOTFTF
Total |Pervious | Imperv's| (final) Time Point | Average Pervious Impervious Total
Area Area Area in/hr  (Street | Min. |Intensity Intensity |(Ia-f.)0.8 (12~0.2)0.9| InxA; | Flow DESIGN FLOW AND
LOCATION A Ay Aj fc Slope te I Ia = Inches) = = Inches  =CFS CFS RBMARKS
Area Q 75 74 i f 0.7 23 2,77 2.74 1.63 121 2,29 2 123
Area R and R-R combined
Area R-R - E. side highway 114 113 1 0.7 29 2,40 2.38 1.35 153 1.96 2 155
Area R - E. side highway 322 298 | Not a maximum
Trial - lower part 280 258 22 0.7 38 2.00 1.98 1.02 263 1.60 35 298
Area R and pumps
Trial - lower part 313 278 35 0.7 38 2,00 1.98 1.02 284 1.60 56 340
Area R and R-R and pumps 431 393 38 0.7 40 1.93 1.90 0.96 377 1,53 58 435
Area S and T combined
Area T - E. of highway 5,770 5,762 8 0.8 56 1.52 1.47 0.54 | 3,111 1.14 9 3,120 10 yr. storm
Area T - E. of highway 5,770 5,762 8 0.8 56 1.80 1,78 0.76 | 4,379 1.39 1n 4,390 25 yr. storm
Area S - Central portion 660 660 0 0.8 34 2.16 2.14 1.07 706 1.75 0 706 10 yr. storm
Area S & T - Part dr. in 56 min, 6,700 6,692 8 0.8 56 1.52 1.47 0.54 | 3,614 1.14 9 3,623 10 yr. stomm
Area S & T - Part dr, in 56 min, 6,700 6,692 8 0.8 56 1.80 1.75 0.76 | 5,086 1.39 11 5,097 25 yr. storm
Area "AM" through "G" combined
Area E, F, G
Part area trial 340 301 39 0.6 25 2.64 2.61 1.61 485 2,17 85 570
C - D incl. pumps 105 85 20
Total 445 386 59 0.6 33 2.20 2.17 1.18 455 1.77 104 559 Not a maximum
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COST ESTTIATES

Appendix VI gives the detail cost estimate of the proposed work,

The work proposed aggregates $2,583,000,

In general this will take care of storms on the order of 10 year

recurrence and should prove both economic and satisfactory. The costs at

various locations are:

Areas, Location

A,B,C,D.
From South of Thunderbird
to Arizona Canal

E,F,G
From North of Greenway
Road to Thunderbird

A through G (Alternate)
North of Greenway Road
to Arizona Canal

- % P

Below Union Hills
to 1/2 mile south
of Bell Road

K,L,M
Below Beardsley Drive
to Union Hills Drive

N,0,P

3/4 mile north of
Beardsley Drive to
Beardsley Drive

Description

Conduit and lined channel west

of Highway to future Arizona
Canal channel

Conduit and lined channel west
of Highway. Unlined channel
on Thunderbird to Arizona
Canal channel and thence to
Skunk Creek

Channel along west side of
Highway to future Arizona
Canal channel

Conduit and lined channel east
and west of Highway. Unlined
channel 1/2 mile south of Bell
Road westerly to Skunk Creek

Conduit and lined channel east
and west of Highway. Unlined
channel along y.nion Hills Drive
westerly to Skunk Creek

Conduit and channel east and
west of Highway, Unlined.
channel along Beardsley Drive
westerly to Little Skunk Creek

3

Amount

($338,000)
See Alternate

($757,000)
See Alternate

$861,000

$782,000

$381,000

$236,000



Areas, Location

Q
Below Deer Valley Drive

North of Deer Valley
Drive

-

S and T
Little Skunk Creek or
Scattcer Wash

Description

Improve swale westerly to
Little Skunk Creek

Channel along west side of
Highway and unlined channel
westerly along Deer Valley
Drive to Little Skunk Creek

Add box culverts crossing the
[lighway. Some channel work
east of Highway

Total

-74-

Amount

$ 21,000

$109,000

$193,000

$2,583,000
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EXPECTED FLOWS 50 year rainfall intensity and duration unless noted
AREA IN ACRES |Infiltr'n| Concentration R A IN RUNOTFTF
Total |Pervious | Imperv's| (final) Time Point Average Pervious Impervious Total
Area Area Area in/hr  |Street | Min, |Intensity Intensity |(Ia-f¢)0.8 ln‘x;g (12-0.2)0.9| InxA; | Flow DESIGN FLOW AND
LOCATION A Ay Ay fc Slope te I (10%) Ia = Inchesg) = = Inches  =CFS CFS REMARKS
Area 'AY 153 151 2 0.6 30 3.16 3.13 2,02 305 2.64 3 310
10 yr.| 153 151 2 0.6 30 2.34 2,32 1.38 209 1.91 4 213
5yr, 153 151 2 0.6 30 1,98 1.96 1.09 165 1.58 3 168
Highway Center Drain 50 yr. 15 4.4 10.6 0.6 17 4.4 4.38 3.02 13 3.76 40 53 In Pipe into Canal 36" at
Highway Center Drain 5 yr. 15 4.4 10.6 0.6 17 2.86 2.85 1.81 8 2,38 25 33 " " 4'/1000
Area 'BY 77 75 2 0.6 35 2,87 2.85 1.80 135 2,38 5 - Part drains east to Cave
Upper Half 42.4 41.4 1 0.6 22 3.80 3.76 2,53 | 105 3.20 3 108 Creek
5 yr. 42.4 41.4 i 0.6 22 1.85 1.83 0.98 41 1.47 1 42
Peoria Underpass 23 6 17 0.6 10 5.60 5.54 3.95 24 4.81 82 106
(Area B - West side Highway) 67 49 18 0.6 22 3.80 3.76 2.53 124 3.20 57 181 [(If upper portion contributes)
Area 'C? and 'D' 83 81 2 0.6 35 2,87 2.85 Not a maximum
Upper half or 'D' only 50 yr. 78 77 1 0.6 23 3.72 3.69 2,47 190 3.17 3 193
10 yr. | 0.6 23 2,78 2.76 1573 133 2.20 2 135
5 yr. | 0.6 23 2,37 2,35 1.24 95 1.93 2 97
Cactus Road Underpass 22 4 18 0.6 10 5.60 5.54 3.95 16 4.81 87 103
Area C & D- West side Highway 105 85 20 0.6 35 2,87 2.85 1.80 153 2,38 48 201 Use 210 (193 plus 1 pump)
Area 'E? 100 yr.| 135 1 133 | 2 0.6 25 4.00 3.96 2.69 358 3.38 7 365
50 yro/ 135 | 133 2 0.6 25 3.54 3.:51 2,33 310 2.98 6 316
25 yr. 135 | 133 2 0.6 25 3.10 3.07 1.97 262 2.59 5 267
oyr. 135 | 133 2 0.6 25 | 2.64 2.61 1.61 24 2.17 4 218
5 yr. 135 133 2 0.6 25 2,22 2,20 1.28 170 1.80 3 173
2yr. 135 | 133 2 0.6 25 | 1.68 1.66 0.85 113 133 3 116
'E' Future Conditions |
100 yr. 135 100 35 0.9 .0p23 to .005 28 3.76 3.72 2,25 225 3.17 i i B 336
50 yr. L35 | 100 35 0.9 28 3.30 3.27 1.89 189 2.76 96 285
25 yr. 3% | 100 35 0.9 28 2.90 2.87 1457 157 2.40 84 241
10 yr. 138 100 35 0.9 28 2.44 2.42 1421 121 2.00 70 191
S yr.| 135 100 35 0.9 28 2,07 2,05 0.92 92 1.66 58 150
2yrs 135 100 35 0.9 28 1.56 1.54 0.51 51 1,21 42 93
Thunderbird Underpass 32 17 15 0.6 10 5.60 5.54 3.95 67 4.81 72 139
Area E - West side Highway 167 150 =y 4 0.6 25 3.54 351 2.33 350 2.98 51 401
Area 'Y 148 146 2 0.6 25 3.54 3.51 2,32 339 2.98 6 345
10 yr. 25 2.64 2,61 1.61 235 2,17 4 239
5 yr. 25 2,22 2,20 1.28 187 1.80 4 191
Area F - West side Highway L5117 147,7 4 0.6 25 | 3.54 351 2,32 343 2,98 12 355
Area GY 249 248 1 0.6 36 2.83 2.81 170 438 2,35 2 440
10 yr. 36 2,08 2.06 1,17 290 1.67 2 292
5 yrs 36 1.76 1.74 0.91 226 1.39 1 227
Greenway Road Underpass 21 6 15 0.6 10 5.60 5.54 3.95 24 4.81 72 96
Area 'G' - West side Highway 270 254 16 0.6 36 2.83 | 2.81 1,77 450 2,35 38 488
Area 'HY 300 298 2 0.6 35 2.87 2.84 1.79 533 2,38 5 538
10 yr. 35 2,12 2,10 1.20 358 1,70 3 361
5 yr. 35 1.78 1.76 0.93 278 1.40 3 281
Area 'H' - West side Highway 303.7 299.8 3.9 0.6 35 2,87 2,84 1.79 536 2.38 9 545
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Area
Area
Lower Portion

Bell Road Underpass
Area I - West of Highway
'I* Future Conditions

1

Area

Area J - West of Highway

Area 'K?

Union Hills Underpass

Area K - West of Highway
Area 'L!

Area L - West of Highway
Area 'M'
Area M - West of Highway
Nt

Area

Beardsley Drive Underpass
Area N - West of Highway

Area 0!

Area O - West of Highway

(part)

100 yr.
50 yr.

25 yr.
10 yr.
5 yr.

50 yr.
25 yr,
10 yr.
5 yr.|
2 yr.

|

10 yr.|
5 yr.i
i

|

10 yr.;
5 yr,.|

10 yr.
5 yr.

EXPECTED FLOWS 50 year rainfall intensity and duration unless noted

AREA IN ACRES | Infiltrm

Total |Pervious | Imperv's| (final)
Area Area | Area in/hr
B A
|
1,617 | 1,573 44 0.7
1,617 | 1,573 44 0.7
1,470 | 1,426 44 0.7
1,470 | 1,426 | 44 0.7
1,470 | 1,426 44 0.7
1,470 | 1,426 44 | 0.7
41 27 14 | 0.7
1,511 | 1,453 58 0.7
1,470 | 1,100 370 0.9
1,470 | 1,100 | 370 0.9
1,470 | 1,100 | 370 0.9
1,470 | 1,100 | 370 0.9
1,470 | 1,100 370 0.9
694 | 689 | 5 0.7
694 689 | 5 0.7
694 | 689 5 0.7
696.3. 690 6.3 0.7
2,230 | 2,210 20 0.7
2,230 | 2,210 | 20 0.7
2,230 | 2,210 | 20 0.7
17 | 4 | 13 0.7
2,255 | 2,218 | 37 0.7
123 122 | 1 0.7
123 122 | 1 0.7
123 122 | 1 0.7
126.2  123.5 241 0.7
1 {
85 | 8 | 0 0.7
8s | 8 | o0 0.7
85 | 85 ' 0 0.7
8 | 8 | 2 0.7
\ E
199 197 2 0.7
199 | 197 | 2 0.7
199 197 | ) 0.7
18 2 | 16 0.7
221 | 200 20 0.7
:
336 329 7 0.7
336 329 7 0.7
336 329 9 0.7
339 330.5 8.5 0.7

&

Concentration R A IN R UNOTFTF
Time Point Average Pe Impervious Total
Street | Min, |Intensity | Intensity|(Ia~f¢)0.8 (12~0.2)0.9| InxA; | Flow DESIGN FLOW AND
Slope te 1(10%) Ia = Inches) = = Inches  =CFS CFS REMARKS
81 1.88 1.86 0.85 [1,374 1.50 66 1,440
81 1.61 1.59 0.71 (1,120 1.25 55 1,175 | Not a maximum
73 1:73 1.71 0.81 [1,150 1.36 60 1,210
73 1.50 1.48 0.62 880 1.15 50 930
73 1.24 1423 0.42 | 600 0.93 40 640
73 1.05 1.04 0.27 385 0.76 35 420
10 | 5.60 5.54 3.87 | 105 4,81 67 172
13 | 1.73 1.7 0.81 |[1,171 1.36 | 79 1,250
.0055 | 105 | 1.32 1.30 0.32 353 0.99 | 367 720
105 ’ 113 | 112 0.18 198 0.83 | 307 505
105 0.94 | 0.93 0.02 22 0.66 | 243 265
105 0.80 1 0.79 = | 0 0.53 | 196 196
105 0.59 0.58 = 0 0.34 | 125 125
63 1.92 1.90 0.96 | 662 1.53 8 670
| 63 1.40 1.39 0.55 | 379 1.06 5 384
63 1.18 1.17 0.38 | 262 0.87 4 266
63 1.92 1,90 0.96 662 1.53 10 672
82 1.58 1.56 0.69 [1,525 1,22 25 1,550
82 1.14 1,12 0.34 | 752 0.83 17 769 Upper area might be greater
82 0.96 0,95 0.20 | 442 0.67 13 455 Upper area might be greater
10 5.60 5.54 3.87 | 16 4,81 62 78
82 1.58 1.56 0.69 |1,530 1422 45 1,575
26 3.44 3.41 2.17 265 2.89 3 268
26 2,56 2,54 1.47 179 2.11 2 181
26 2,19 2.17 1.18 144 1.77 2 146
26 3.44 3.41 2.17 268 2,89 8 276
27 3.36 3.33 2.10 178 2,82 0 178
27 2,52 2,50 1.44 122 2,07 0 122
27 212 2,10 1.2 95 1.7 0 95
2| 336 3.33 2.10 183 2.82 6 189
! |
| 30 | 3.16 3:13 1.94 382 2.63 5 387
| 30 2.34 2,32 1.30 256 1.91 4 260
30 1.98 1.97 1.02 201 1.60 3 204
10 5.60 5.54 3.87 8 4,81 77 85
30 3.16 3.13 1,94 390 2,63 53 443
|
56 2,09 2,07 1.10 362 1.68 12 374
56 1.51 1,50 0.64 211 117 8 219
56 1.29 1.28 0.46 151 0.97 7 158
56 2,09 2,07 1.10 363 1.68 14 377
|




EXPECTED FLOWS 50 year rainfall intemsity and duration unless noted
AREA IN ACRES | Infiltr'n| Concentration R AIN H R UNOTFTF
Total |Pervious | Imperv's| (final) Time Point | Average | Pervious Impervious Total
[ l
Area Area | Area Street | Min. (Intensity Intensity “(Ia—fc)O.SJ xngg (12-0.2)0.9| ImxA; | Flow DESIGN FLOW AND
LOCATION A A LA f Slope t 1 (10% Ia | = Inches) = = Inches J =CFS CFS REMARKS
— = = e o :—*; »—~i — c—:f 7°£A, = =9 = = —— F————y = e —=
Area 'P! 101 100 | 1 0.7 32 3.05 | 3.02 1.86 186 2.54 3| 189
10 yr. 101 100 | 1 0.7 32 2,23 2.21 l.22 | 122 1.81 | 2 124
5yr.| 101 | 100 | 1 0.7 32 1.90 1.89 | 0.96 9% 1.52 | 2 | 98
Area P! - West of Highway 109.2| 104.2| 5 0.7 32 3.05 | 3.02 | 1.86 | 194 | 2.54 | 13 | 207
| j . 1 |
‘ i |
Area Q! 75 | 74 1 0.7 23 | 3.72 | 3.70 2.40 177 | 3.5 | 3 | 180
10 yr. 75 74 1 | 0.7 23 | 277 | 2,76 | 1.65 122 | 230 | 2 | 124
5 yr. s | e | 1 | 0.7 23 | 2.34 | 233 } 1.30 9% | 1.92 ' 2 | o8
Area 'Q' - West of Highway 77,9, 75.4 2.5 | 0.7 | 372 | 370 0 240 181 | 35 | 8 | 189
‘ v ‘ | a | ' ,
‘ 4 | ;. 5 lh \ | |
| | | 1 | I ! i
Area 'R! | 322 | 208 | 24 07 | 43 | 2,40 | 2.38 1.34 | 400 1.96 | 47 | 447 |
Lower Portion | 280 | 258 22 0.7 | 38 | 2.73 2.70 1.60 | 413 2.25 | 50 | 463
0yr. | 280 | 258 | 22 0.7 | 2.00 | 1.98 1.02 263 1.60 35 298
B 5yr.| 280 | 258 | 22 0.7 | 1.68 | 1.66 | 0,77 198 1,31 | 20 | 227
L] [ | i i i
g Deer Valley Underpass | 29 17 ! 12 0.7 | 10 | 5.60 5.54 3.87 | 66 | 4.8 | 58 124 |
B Area 'R' - West of Highway (part) | 313 | 278 35 0.7 | 38 2,73 2,70 1.60 | 445 | 225 | 79 524 |
| ‘ | i |
T [ | [ l ‘ |
z | | | . o
. ! | ‘1
“ | Area ®-R? 1 1ms | 113 | 1 0.7 ‘ 29 3.22 ‘ 3.19 1.99 | 225 2.69 3 | 228 |
10 yr. | 114 113 1 0.7 | 29 2.40 2.38 | 1.34 | 151 1.96 2§ 153 |
syr. | 114 113 ‘ 1 0.7 ] \ 29 2.0 | 2.00 1.04 | 118 162 | 2 120 1
Area R-R - West of Highway [ 118 115 ‘ 3 0.7 | | 29 | 3.22 | 3.19 199 | 229 | 2,67 ’ 8 237 |
| | | I
i | | I
Area 1S? 11,222 | 1,221 ‘ 1 ’ 0.8 | |2 | .73 | 170 | o0.72 ' 878 1.35 l 1, 879 |'
Central Portion 660 660 | 0 0.8 | | 34 2,93 | 2,90 1.68 1,107 2.47 | 0 1,107 |
10 yr., 660 | 660 | o 0.8 ‘ 34 26 | 213 | 1.06 | 700 1.74 0 700 |
5yr. 660 | 660 | 0O 0.8 | Lo 1.82 | 1.80 | 0.80 | 530 1.44 | 0 530
| ! | | |
Area S - West of Highway (part) | 664 i 662 | 2 | 0.8 ' 34 ll 2,93 ; 2.90 1.68 i1,112 ‘ 2.47 ! 5.0 1,117
| | |
| I | | |
Area 'T' 100 yr. | 5,770 | 5,762 | 8 l 0.8 | 56 | 2.42 | 2,39 1,27 7,314 | 1,98 16 7,330
Area 'T! 50 yr. | 5,770 | 5,762 | 8 | o0.8 \ | 56 ‘ 2,09 2.03 0.98 |5,647 1.65 13 | 5,660
Partial 50 yr. | 4,800 | 4,792 8 ' 0.8 | | 50 | 2.27 } 2.21 1.13 | 5,416 1.81 14 | 5,430 | Not a maximum
|
25 yr. | 4,800 | 4,792 8 0.8 | 50 | 1.96 | 1.90 0.88 | 4,220 1.53 12 4,230
10 yr. | 4,800 | 4,792 | 8 0.8 | 50 ‘ 1.65 1.60 0.64 3,070 1.26 10 3,080
5 yr. | 4,800 | 4,792 8 0.8 | 50 139 | 1.35 0.44 |2,110 1.03 | 8 2,118
2 yr. | 4,800 } 4,792 | 8 0.8 { 50 ( 1.02 | 1.00 0.16 767 0.72 | 6 783 |
|
Area T - West of Highway 5,795 | 5,782 | 13 0.8 | 56 | 2,09 | 2.03 0.98 |5,676 1.65 22 5,698
r i = | ! !
| ‘ | ‘ i [
\ \ { I | i
, , ‘
1




EXPECTED FLOWS 50 year rainfall intensity and duration unless noted

AREA IN ACRES | Infiltr'n| Concentration R A IN i R UNOTFTF
Total |Pervious | Imperv's| (final) Time Point | Average | Pervious ] Impervious Total
Area Area | Area in/hr Street Min. |Intensity Intensity'(Ia-fc)0.8 mgg (1a~0.2)0.9| InxA; | Flow DESIGN FLOW AND
A A L Ai | fc [Slope | tc | I(108) Ia | = Inches = = Inches  =CFS CFS REMARKS
ot — e e L e : == S T—
: ‘ ! ! |
Station 443 + 00 0.74|  0.74| | o8 | | 10 | 5.60 5.04 | 3.39 2.5 | \ 2.5
5 yr. 0.74| 0.74 | 0.8 | | 10 | 3.85 3.81 t 2,41 1.8 ’ ‘ 1.8
| | !
L o | L
i | | ‘ ! ‘\ [
Station 452 + 00 4.13| 1.8l 2.32 | 0.8 | 10 | 5.60 | 5.04 ! 3.39 6.1 | 5.26 12.2 | 18.3
5 yr. 4.13 1.81) 2.32 | 0.8 | 10 3.85 | 3.81 | 2.41 4.4 | 3.25 7.5 | 11.9
| 1 i l I f i ”
i \ \ ‘ l 1 i
| | ‘ | | | | | | ‘
| i i | l | | | ‘ ‘ l
| | | | | i
Station 461 + 00 | 1.67 1.67| I 0.8 } | 10 | 5.60 5.04 1 3.39 5.7 | 5.26 | ‘ 5.7 |
5yr. | 1.67]  1.67 | °8 | 10 | 3.85 3.81 | 2.41 4.0 | 3.25 | ! 4.0 |
‘ { \ i ‘
> ! I
g H o ' | l‘
g ! * | ! . r
=% f | | 1
~ | Station 498 + 50 5.06 2.29, 2,77 | 0.8 10 | 5.60 5.04 3.39 | 7.8 5.26 14.6 22.4 |
' 5 yr. 5.06 2.20)  2.77 | 0.8 { 10 | 3.85 3.81 ﬂ 2,41 S.5 1 3.25 1 9.0 | 145
| I i i
® r ! ! ‘ F ! ‘ | ’
| fl I i
= i u‘ | ‘ I | il | ‘ ' ‘l .i
i ll | | |
| | s | VR U S I I T R
Station 509 + 50 7.02 4.0 | 3.02 | 0.8 , | 16 | 4.50 | 4,05 | 2.60 | 10.4 ' 3.47 | 10.5 20.9 |
5 yr. 7.02 4.0 | 3,02 | 0.8 16 | 2,97 2,94 |17 | 6.8 | 2.47 | 7.5 14.3 |
i | ‘ ,
\

Notes regarding time of concentration | I !

f i | |
(1) Some of the underpasses and smaller highway area$ drain ip less than 10 minutes and “: { |
higher flows would thus be indicated. We used a minimum 1|o minutes in all cases. | | !

| |

I | : g
| (2) Estimates of travel time in pipes, or regular se¢tions su¢h as the highway medians |
was made from Scobey's charts. Most of the 'time! calcul%tions were made from the
text formula. ! | i ; i
I i
(3) 'Time! was considerel the same 'at east or west side of hi,#hway although thcrv% is up ‘3 i

to a minutes difference, | ‘ I

214 | ‘ ‘
A sample calculation using the \t'onnu](} tc = 5,75 (%)5 | - see text ‘ ;‘ | | i
L (L) | ‘
Area Acres L _s| 5 _\§ /3 e v ! | |
TH* 300 1,07 L0083 216 6.0 135 ‘ \ | | \
Tt 5770 3.7 .01? 913 9.72 156 l
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Area At

Highway Center to Canal

Area '™B! (part drains east)
Upper half

Peoria Underpass
(Area 'B' - West of Highway)
Area 'C' & Dt
Upper half or 'D' only
Cactus Road Underpass

Area © & D'- West of Highway

Area 'E?
Thunderbird Underpass

Area 'E' - West of Highway

Area 't

Area 'F' - West of Highway

Area 'G?
Greenway Road Underpass

Area 'G' - West of Highway

Area TH?

Area 'H' - West of Highway

EXPECTED FLOWS S5

year rainfall intensity and duration unless noted

AREA IN ACRES |Infiltrin| Concentration RAIN RUNOTFTF
Total |Pervious | Imperv's| (final) Time Point Average Pervious Impervious Total
Area Area | Area in/hr  |Street | Min. |Intensity|Intensity |(Ia-fc)0.8 Ingg (18~0.2)0.9| InxA; | Flow DESIGN FLOW AND
N A | Ay A fe Slope te I(10%) Ia = Inches) = = Inches  =CFS CFS RBMARKS
- f
i
153 151 2 0.6 30 1.98 1.96 1.09 1 165 1.58 3 168 No outlet
15 4.4 10.6 0.6 17 2.86 2.85 1.81 8 2,38 25 33
77 75 2 Not applicable
42.4 41.4 i 0.6 22 1.85 1.83 0.98 ! 41 1.47 1 42
23 ‘ 6 i 1T 0.6 10 3.85 3.83 2,58 : 15 3.27 56 a
67 | 49 18 0.6 22 1.85 1.83 0,98 ‘ 48 1.47 27 5 If upper half contributed
| ‘
‘
83 l 81 2 0.6 35 1.78 1.77 0.94 ’ 76 1.41 3 79 Not a maximum
| 78 | 77 1 0.6 23 2,37 2,35 1.24 } 95 1.93 2 97
‘ 22 ‘ 4 18 0.6 10 3.85 3.83 2.58 \ 10 3.27 59 69
1 105 85 20 0.6 35 1.78 1,77 0.94 ) 80 1.41 28 108 | Use 115 (97 plus 1 pump)
' 1 ' |
‘ 135 1} 133 2 0.6 25 2,22 2,20 1.28 ! 170 1.80 3 173
32 : 17 15 0.6 10 3.85 3.83 2.58 i 44 3.27 49 93
‘ 167 150 17 0.6 25 2,22 2.20 1,28 192 1.80 3L 223
| |
| 148 ‘ 146 2 0.6 25 2,22 2420 1.28 187 1.80 4 191
: 151.7 147.7 4 0.6 25 2422 2,20 1.28 190 1.80 T 197
J
? 249 248 1 0.6 36 1.76 1.74 0.91 226 1.39 il 227
21 6 15 0.6 10 | 3.85 3.83 2,58 16 3.27 49 65
270 | 254 16 0.6 36 1.76 1.74 0.91 231 1.39 22 255
\
; [
300 298 2 0.6 35 1.78 1.76 0.93 279 1.40 3 282
303.7 299.8 3.9 0.6 35 1.78 1.76 0,93 282 1.40 6 288




EXPECTED FLOWS 5 year rainfall intensity and duration unless noted
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AREA IN ACRES | Infiltr'n| Concentration R A IN ] RUNUOTFTF
Total |Pervious | Imperv's| (final) Time Point Average H Pervious Impervious Total
Area | Area | Area in/hr | Street Min, |Intensity | Intensity ‘(x-tc)o.sJ Il:.(x;s (Ta~0.2)0.9| InxA; | Flow DESIGN FLOW AND
L LOCATION | A + Ap | Ai | fc [Slope | tc | I(10%) Ia ; = Inches = = Inches ) =CFS s | REMARKS
ey = s T e 4 S —_—f - b LIEE L B
‘ | | :
Area 1! 1,617 1,573 | 44 | 0.7 81 ' i i Not a maximum
Lower Portion (part) [1,470 | 1,426 4 | 0.7 73 1.05 1.04 0.27 385 | 0.76 35 420
| | ‘ ! | |
Bell Road Underpass 4 27 | 14 | ou ‘ | 10 | 3.85 3.83 ﬂ 2.58 70 3.27 | 46 116
| ‘ ’ I ", i
Area 'I' - West of Highway (part) 1,511 l 1,453 | 58 ! 0.7 } I 73 | 1.05 l 1,04 | 0,27 392 0.76 ) 44 436
‘ ‘ i | 1 | B I
! r g r‘ r ‘ |
| : ‘ i
Area 'J' 694 | 689 | 5 0.7 I | 63 “ 1.18 [ 5 0.38 | 262 0.87 z 4 266
| ; : 1 li 1
Area 'J' - West of Highway 696.3 690 ‘ 6.3 0.7 | | 63 | 1,18 | 1,17 | 0.38 | 263 0.87 | 6 269
| | | I | i[ |
\ ‘ i | | ; !
| Il | |
‘ | 1 i I ‘ :
Area 'K! 2,20 | 2,210 | 20 | o7 | 82 | 0.96 0.95 | 0.20 442 | o067 | 13 | 455
‘ | I 1 ‘
Union Hills Underpass A7 | 4 13 ’ 0.7 10 | 3.85 3.83 | 2.58 10 3.27 43 ‘»l 53|
| { f f | |
Area 'K' - West of Highway 12,265 12,218 | 37 ’ 0.7 82 <Hl 0.9 | 0.95 | 0.20 444 067 | 25 | 469 |
i | | | {
1 ‘ b ‘ ﬁ | 3 ! i
. | I ‘ | 1 !:
L | \ ' ; | ‘
Area TL! | 123 192 A 0.7 | 26 | 219 | 217 | 1.8 144 ‘ 177 | 2 146
[ [ I | | | |
Area 'L' - West of Highway 126.2 123.5! 2.7 | 0.7 | | | 220 | 217 1.18 149 | 1,77 | 5 1s4 |
‘ ! | } \ i |
| ‘ | \! L : ‘ |
‘ [ i i ‘ |
i | | \ ;' ‘ f | | H
Area Mt | 8s 8 | 0 0.7 | |2 "I 212 | 2.10 F 112 s | 17 o o5 |
\ ! i !
Area 'M' - West of Highway 89 87 ‘ 2 0.7 | 27 1: 2.12 2,10 a 1.12 98 | 190 © 3 101
} | | ‘}' | i | ! ;
| l " 1 | |
Area IN! 199 197 2 | 0.7 | I 30 | 1.98 L 1,02 201 : 1.59 3 | 204
| [ [ i i | |
Beardsley Dr. Underpass 18 2 16 ‘ 10 i‘ 3.85 ! 3.83 2.58 5 | 3.27 52 57
!
Area 'N' - West of Highway 221 201 | 20 0.7 : 30 It 1,98 J 1,97 1.02 205 | 1.59 32 237
| ! |
‘ ‘ ‘ | \
| | ‘
Area 10! | 336 329 7 | 0.7 [ 56 | 1.29 | 1.28 0.46 | 151 0.97 7 158 f
' | L ! ‘
Area '0' - West of Highway | 339 330.5 8.5 | 0.7 5 | 1.29 | 1,28 0.46 152 | 0,97 1 8 160 |
! | l 5 I
- | el 1
IROES AR MUY SR, R M o
I 1 ! I 1 | 1
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EXPECTED FLOWS 5 year rainfall intensity and duration unless noted
AREA IN ACRES |Infiltr'n| Concentration R AIN R UNOTFTF
Total |Pervious | Imperv's| (final) Time Point | Average Pervious Impervious Total
Area Area Area in/hr  |Street | Min. |Intensity Intensity |(Ia-fc)0.8 mgg (18~0.2)0,9| InxA; | Flow DESIGN FLOW AND
LOCATION o A Ay Aj fe Slope te 1(10%) Ia = Inches) = = Inches )=CFS CFS REMARKS
Area 'P? 101 100 1 0.7 32 1.90 ’ 1.89 0.96 96 1,52 2 98
Area 'P' - West of Highway 109.2 104.2 | 5.0 0.7 32 1.90 ; 1.89 0.96 100 1.52 8 108
Area Qt 75 74 i 0.7 23 2.34 I 2.33 1.30 96 1.92 2 98
Area 'Q' - West of Highway 77.9 75.4 2.5 0.7 23 2,34 ! 2.33 1.30 98 1.92 5 103
| |
Area 'R? 322 298 24 0.7 43 1,53 | 1.52 0.66 ; 195 1.19 29 224
Lower Portion (part) 280 258 22 0.7 38 1.68 ‘ 1.66 0,77 | 198 1.31 29 227
Deer Valley Interchange 29 kg 12 0.7 10 3.85 3.83 2,58 | 44 3.27 39 83
Area 'R' - West of Highway (part) 313 278 35 0.7 38 1.68 1.66 0.77 241 131 46 287
Area T'R-R? 114 113 i 0.7 29 2,01 2.00 1.04 118 1.62 2 120
Area 'R-R' - West of Highway 118 115 3 0.7 29 2,01 2.00 1.04 118 1.62 5 123
Area 'S? 1,222 1,221 1 0.8 73 Not a maximum
Central Portion (part) 660 660 0 0.8 34 1.82 1.80 0.80 530 1.44 0 530
Area 'SY - West of Highway (part) 664 662 2 0.8 34 1.82 1.80 0.80 531 1.44 3 534
Area 'T? 5,770 5,762 8 0.8 56 1.28 1.25 0.36 2,070 0.94 8 2,078 Not a maximum
Part area 4,800 4,792 8 0.8 50 1.39 1.35 0.44 2,110 1.03 8 2,118
Area T - West of Highway (part) 4,825 | 4,812 13 0.8 50 1.39 1.35 0.44 | 2,117 1.03 13 2,130
Area G & H combined 549 546 3 0.6 36 1.76 1.74 0,91 497 1.39 4 501
Area N, 0 & P combined 636 626 10 0.7 56 1.29 1.28 0.46 288 0,97 10 298
Area K, L & M combined 2,441 2,440 21 0.7 82 0.96 0,95 0.20 488 0.67 14 502
Area I & J combined 2,311 2,262 49 0.7 73 1.05 1.04 0.27 611 0.76 37 648
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AREA DESCR/PT/ON

B1 " } r=o// Big Concrelte Culverts
s Ly n:00/2 Pripe C u/verfs 2/"E Larger
Existing Conduit Crossings n:=0.0/5 Streef Paving

Concrete lined Woterwaoy
10020 Earth-Besrt

10.030 Earth - Brushy =Peoor
(Flows per Scobey chart) ;g= 0.021 Corrugatedu ﬁeéa.l l?lpe .
S74. 08 ROUGH| SLOPE | AREA | PWET | VEL. | QUANT.
LOCATION WATERWAY DESCR/PT/ION NESS | FrPER| SQ.FT. | PER. |Fr/sec| cFs.
e 000 | 4 |,. A =V 'Q
P ————— —————— e T‘f;f_ﬁ —_ ——— i e S — ——— ——t P — — — —_———
C & D 492+2]1 Two 58" x 36' Arch CMP 0.021 |[5.75' |11.4 eal. 0.9 4,8 54x2=108
| Not ingstalled - head conditions unknown .
E 546+27 | Two 6'x3' Box Culv. . - 0,012 |1.0 18 ea. | 1.0 | 4.0 | 72x2=144
| improved by head (2.3 available) |3+ ST 7+ | 126x2=250
F 561+27 | Two 6x3 Box Culv, - - 0.012 71.0;__;*]:8 ea. 1.0 4,0 74x2=148
Limited by head of 0.1 ft. 15 B 120
G 599+27 | Two 6 x 3 Box Culyv, . 0,012 | 2,0 18 ea. 8.7 102x2=204
. (S [ —
H 614+04 | Three 10'x3' Box Culv., 0,012 | 7.7 30 ea., 1.15 12.5 375x3=1125
- Limited by 0.8 head available 230x3=700
I 652 +72 | Two 6x3 Box Culv. | o0.012 |5 18 1.0 9.1 |164x2=328
o | Limited by 0.1 head available - I ot 12 1.2 8 100x2=200
J _667*37 | 50"x31" Arch CMP B , 0,021 | 2 8.7 0,8 | 4,9 |42 =
| Limited by depth 1.6 ft. 130

est
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AREA DESCRIPT/ION

Black Canyon Highway

Existing Conduit Crossings

(Flows per Scobey Chart)

rn=o// Big Concrelte Culverts
n:00/2 Pipe Culverts 2/"E Larger
n:0.0/5 Street Paving
Concrete lined Woterwoy
10020 Earth-Best
Pn10.030 Earth - Brushy ~Poor
n= 0,021 Corrugated Metal Pipe

|
S74. O ROUGH{ SLOPE | AREA | P WET.
LOCATION WATERWAY DESCR/PT/ION NESS | F7 PER| SQ.FT. PER,
) 1000 | ’,4 Vel ﬁ
e — S WO SN M.
K 703 +80 | Three 10'x3' Box Culv. 0.012 6.5 30 ea. | 1.15
Limited by head (0.2 available ) - ho 1.4
|
L 720493 | 50"x31" ArchCMP .021 (4.0 I 8.7 0.8
Limited by depth 0.9 ft. |
i | N l
M 735+03 | Two 24" CMP .021 {1.0 3.14ea. 0.5
Limited by depth 0.7 ft.
N 758+00 | Two 43"x27" Arch CMP .021 |3.6 | 6.4 ea. 0.7
Improved by head (1.7' available) 6= | |
}
O 767+50 | 36™x22" Arch CMP .021 13(parﬁi)4.4 0.5
Limited by depth 0.5 ft. i
P 774+00 | 50"x31" Arch CMP .021 |12(part) 8.7 0.8
Limited by depth 0,8 ft. T
S
| |

VEL. | QUANT.
FT/SEC| CFS
<V ' Q
10.8 |324x3=972
8 160x3=480
500 est,
3.6 31
] 10 est.
1.3 5x2=10
4
3.0 19x2=38
i 25x2=50
t N
4,6 i 20
5 est._
6.5 56
15 est.
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AREA DESCR/PT/ION

Black Canyon Highway

Existing Conduit Crossings

(Flows per Scobey chart)

rn=0o// Big Concrele Culverts
n:00/2 Pipe Culverts 2/ "€ Larger
n=0.0/5 Streef Paving

Concrete lined Woterwoy
10020 EFarth-Best
Pn0.030 Earth - Brushy -Poor

r= 0,021 Co Metal Pij

S74.0R ROUGH] SLOPE | AREA | P+ WET. VEL. | QUANT.
LOCATION WATERWAY DESCRIPT/ION NESS | F7- PER| SQ.FT. | FER. |FI/SEC| CFS.
2/ /000 ‘/4 . é e V L Q
Q 791+80 | 65"x40™ Arch CMP | 0.021 |3.4 14.3 1.0 4,0 |57 )
| Limited by head available o | | 150 est, _
R 806+59 | 6'x3' Box Culv. S S S— 10,012 |5,0 18 | 1.0 | 9.2 [166
Head available 1.3 ft. s e m= == F (= == B o . . N
RR 813+88| 65"x40" Arch CMP - 0,021 16,0 (14,3 1,0 8,7 |125
| Limited by depth 0.2 below top culvert 1 | 90 est._
S 831+50 | 6' x 7' Box Culv. 0,012 (4,2 42 | 1.6 |11.5 |480
T 840+50 | Two 8' x 7' Box Culv, 0.012 2.8 56 ea. | 1.8+ 10 560x2=1120
Limited by head available 1.1 8 450x2=900
—— 500 =1000 est.
R S , , , % el n B ] S
&1’17011_8_1_.22"},181',!!‘011 CMP 40,021 |15 + | 2.8 0.9 | 8 122 .
, 1 Head available varies | _ o
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AREA DESCR/IPTION Bl goie C oy /446/7,/4//47/ n*Qo// Big Concrele Culverts
s ; ' PR R P:00/2 Pipe Culverts 2/"E Larger
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AREA DESCRIPTION 8, 4  opssions Abgmsvdy”
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rn=0o// Big Concrelte Culverts
n:0.0/2 Pipe Culverts 2/"E Larger
n0.0/5 Street Paving
Concrete (ined Woterwoy
10020 Earth-Bes’t

n+0.030 Earth - Brushy -Poor

S74. O ROUGH SLOPE | AREA | P*WET. | VEL. | QUANT.
LOCATION WATERWAY DESCRIPTION NESS | 7 PER| SQ.FT.| FPER. |FI/séc| CFS.
) /000 =4 o ?,4 eV Q
i Lo Cwarpp/mL MR W e L e e
U S —— 1 vos5 | 7o H,,o"(a{#, Z.o | /o] F/5
|

—_ . ,*“l{r e — \9 e e e LI g et
2 I 7 . D S PR S -
NS cns o Cremmninesy Eo . o LD g Caissons Aoy S bl Ty
| 35 | voz| 33 | 25| B0 | ppo| o
—_— _ S ———— _—— — 77}74_‘ SRR — e —
-k . i i s IR
) / , - ‘____/Z _j) | N T
ézﬁx,%df; ?ﬁd/é ool SerAis o BEce Lo (E—— mll B (— |




AREA DESCRIPTION B i Caoi/yorN RS Ay 00!/ Big Concrete Culverts
RS s n:00/2 Pipe Culverts Z/"€ Larger
n0.0/5 Strect Paving
Concrete lined Woterway
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AREA DESCRIPTION B sous s yonr Kbarssay”
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AREA DESCRIPTION 5 Hone C.gi/y oA A/é‘,g/y,d)’ n=0o// Big Concrele Culverts
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COST ESTTMATE

LOCATION Areas A,B,C,D Arizona Can:l to Sweetwater Road

Quantity Unit Total
& Unit Cost Cost
Land & Right-of-Way
10? along Highway for 13,000°¢ 3 Acres $8,000 $24,000
1507 wide along Arizona Canal
2,500° 8.6 Acres 4,000 35,000
Houses and Buildings, etc. None - - - -
Utility Relocation, Irrigation Crossing L.S. 5,000
Other Construction Costs
Pipe as Channel 30% and 36% 2,000 L,F. 17.00 34,000
Earth Channels None - - - -
Lined Channels Q = 130 c,f.s. to
185 c.fese 13,000 L.F. 10,00 130,000
Bridges or Culverts on Channel Two Each 10,000 20,000
Corrug, Culvert Crossing B,.C. None - - - -
Bridges or Box culvert
crossing B,C, ilone - - - -
Appurtenances L.S. 4,000
Fencing 13,000% Single Cable @ 0.50 14,000 L.F. 0.50 7,000
1,000% Reconstruct Chain
Link @ 0,50
Detention Dasin One Each L.S. 23,000
Subtotal $282,000
Engineering & liiscellaneous 10% 28,000
Contingencies 10% 28,000
GRAND TOTAL $338,000

General Project Description

Consists of 1,200 L,F, of 30" concrete pipe, 800 L.F, of 36" pipe,
a lined waterway 11,000 feet in length from about 700 feet north of Cactus
Road southerly to the Arizona Canal; all on the west side of Black Canyon
Highway. A detention Basin west of Black Canyon Highway and north of and
adjacent to the Arizona Canal, about 150 feet in width and 2,500 feet in..
length. Capacity of the pipes are 20 and 30 c.f.s. The lined channel is
designed for 130 c,f.s. north of Cactus Road to 185 c.f.s. at the Arizona Canal.

Appendix VI - 1




COST ESTTMATE

LOCATION - Areas E,F,G, Thunderbird Road & Greenway Road

Quantity & Unit Total
__Unit Cost Cost_
Land & Right-or-Way
10% along Highway for 7,000 feet 1.6 Acres $8,000 $13,000
40% along Thunderbird for
21,400 feet 20 Acres 5,000 100,000
60°' along Arizona Canal for
13,000 feet. 18 Acres 4,000 72,000
Utility Relocation L.S. 2,000
Other Construction Costs
Pipe as Channel None —— - - -
Earth Channels Q = 590 to 800 c.f.s. 34,400 L,F, 5.00 172,000
Lined Channels Q = 300 to 560 c.f.s. 7,000 L.F. 14,00 98,000
Bridges or Culverts on Channel Ten Ea. 7,500 75,000
Corrug. Culvert Crossing B.C. None - - - -
Bridges or Box Culvert Crossing B.C.

6% x 3" Box Culverts Three Ea. 20,000 60,000
Appurtenances L.S. 4,000
Fencing 7,000° Single Cable @ $0.50 82,800 L.F. 0.42 35,000

Reconstruct 7,000 @ $0.50

42,8007 New 4-Strand @ $0.40

26,000* New 4-Strand @ $0,40

Subtotal $631,000
Engineering & Miscellaneous 10% 63,000
Contingencies 10% 63,000

GRAND TOTAL $757,000

General Project Description

Consists of one 6% x 3' box culvert across the Highway about 900 feet
north of Greenway Road, and two 6% x 3' box culverts across the Highway
about 2,600 feet south of Greenway Road. A lined waterway 7,000 feet in
length from about 900 feet north of Greenway Road with a capacity of
300 c.f.s. to Thunderbird Road where the capacity is 560 c.f.s. A trap-
ezoidal section dirt waterway from the Highway westerly along Thunderbird
Road to Skunk Creek, with capacities varying from 590 c.f.s. to 790 c.f.s.,
a distance of about 34,400 feet.
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'l’ COST ESTIMATE

LOCATION Areas A,B,C,D & E,F,G Combined (Alternate)
Arizona Canal to Greenway Kkoad.,

Quantity Unit Total
_& Unit Cost Cost_
Land & Right-of-Way
10* along Highway for 24,000 feet 5.5 Acres $8,000 44,000
) 200? wide along Arizona Canal
for 4,000° 18.4 Acres 4,000 74,000
Houses and Building, etc. None --- - - -
Utility Relocation L.S. 9,000
Other Construction Costs
Pipe as Channel None - - - - - -
Earth Channels None - - - - -
Lined Channels Q = 300 c.f.s. to
645 c.f.s. 23,000 L,F. 16.00 368,000
Bridges or Culverts on Channel Eight Each 10,000 80,000
Corrug. Culvert Crossing B.C. None - - - ---
Bridges or Box Culverts Crossing
B.C. 6% x 3' box culverts Three Each 20,000 60,000
Appurtenances L.S. 10,000
Fencing 8,0007 Reconstruct
Chain Link @ 0,50 43,000 L.F. 0.49 21,000
25,0007 Single Cable @ 0,50
10,000% Four Strand @ 0,40
Detention Basin along Arizona Canal One Each 51,000 51,000
Subtotal $717,000
Engineering & Miscellaneous 10% 72,000
Contingencies 10% 72,000
GRAND TOTAL $861,000

General Project Description

Consists of two 6Y x 3' box culverts with a combined capacity of 120 c.f.s.
across the Black Canyon Highway about 2,600 feet south of Greenway Road. One
6% x 3' box culvert with a capacity of 102 c.f.s. across the highway about
900 feet north of Greenway Road. A lined waterway on the west side of
Black Canyon Highway from about 700! north of Greenway Road southerly to the
Arizona Canal with capacities of 300 c.f.s. to 645 c.f.s. A detention basin
north of and adjacent to the Arizona Canal and west of Black Canyon Highway,
4,000 feet in length and 200 feet in width.
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COST ESTIMATE

LOCATION Areas H, I, J Bell Road

Quantity & Unit Total
—Unit =~ Cost Cost

Land & Right-or-Way 10* Along
Highway for 3,000°¢ 0.7 Acres $8,,000 $ 6,000
507 along Midsection Line 1/2
Mile south of Bell Road

for 32,000° 37 Acres 5,000 185,000
Houses and Buildings, etc. None - - - - -
Utility Relocation L.S. 2,000

Other Construction Costs
Pipe as Channel Q = 40 c.f.s,

36" Diameter 2,000 L,F, 18.00 36,000
Earth Channels Q = 1,050 to

1,120 c.f.S. 32,000 L.F. 5.00 160,000
Lined Channels 0 = 320 to 980 c.f.s. 5,800 L.F. 15.00 87,000
Bridges or Culverts on Channel Seven Each 7,500 53,000
Corrug. Culvert Crossing B.C. None - - - -
Bridges or Box Culvert Crossing

B.C. Triple 10'x3' Box Culvert One Job L.S. 89,000
Appurtenances L.S. 3,000
Fencing 5,500 L.F, Single Cable

@ $0.50 75,000 L.F. 0.41 31,000

New 4 Strand - 5,500 @ 0.40
64,000 L,F. new 4-Strand @ 0,40

Subtotal $652,000
Engineering & Miscellaneous 10% 65,000
Contingencies 10% 65,000

GRAND TOTAL $782,000

General Project Description

Consists of three 10?x37 box culverts across Black Canyon Highway about
1,200 feet north of Bell Road; a lined waterway designed for 320 c.f.s.
on the east side of the Highway from about 2,900 feet north of Bell Road to
1,200 feet north of Bell Road; 2,000 L.F, of 36" concrete pipe designed for 40
c.f.s. on the west side of the Highway from about 3,000 feet north of Bell
Road to 1,000 feet north of Bell Road. A lined waterway 4,000 feet in length
designed for 960 c.f.s. north of Bell Road to 980 c.f.s. at the midsection
line between Bell Road and Greenway Road. A trapezoidal section dirt water-
way westerly from the Highway just north of the midsection line between
Bell Road and Greenway Road to Skunk Creek with capacities from 1,050 c.f.s.
to 1,120 c.f.s., a distance of about 32,000 feet,
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COST ESTIMATE

LOCATION Areas K,L,M. Union Hills Drive

Quantity & Unit Total
Unit Cost Cost
Land & Right-of-Way 10% along
Highway for 4,000° 1 Acre $8,000 $8,000
40% along Union Hills Drive
for 20,000° 18.4 Acres 5,000 92,000
Houses and Buildings, etc. None - - - -
Utility Relocation L.S. 3,000
Other Construction Costs
Pipe as Channel Q = 20 to 30 c.f.s.,

30" and 36" Diameter 3,300 L,F. 17,00 56,000
Earth Channels Q= 520 to 550 ColeaSs 20,000 L.F, 3.30 66,000
Lined Channels Q = 120 to 500 c.f.s. 4,000 L,F. 10,00 40,000
Bridges or Culverts on Channel Four Each 7,500 30,000
Corrug. Culvert Crossing B.C. None - - - -
Bridges or Box Culverts

Crossing B.C. None - - - -
Appurtenances L.S. 2,000
Fencing 4,000' Single Cable @ 0.50 48,000 L.F. 0.42 20,000

Reconstruct 4,000% 4-Strand @ 0.40

40,0007 New 4-Strand @ 0,40

Subtotal $317,000
Engineering & liscellaneous 10% 32,000
Contingencies 10% 32,000

GRAND TOTAL $381,000

General Project Description

Consists of a lined waterway designed for 120 c.f.s. to 260 c,f.s. on
the east side of the Highway from 4,000 feet to 2,000 feet north of Union
Hills Drive. 1,500 L.F, of 30" concrete pipe and 1,800 L.F. of 36% pipe
on the west side of the Highway from 4,200 feet north to 900 feet north of
Union Hills Drive. A lined channel designed for 500 c.f.s. from 900 feet
north of to Union [lills Drive along the west side of the Highway. A
trapezoidal section dirt waterway along the north side of Union Hills Drive
from the Highway to Skunk Creek, with capacities from 520 c.f.s. to 550 c.f.s.,
a distance of about 20,000 L, F.
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, COST ESTIMATE

LOCATION Areas I, O, P, Beardsley Drive
Quantity & Unit Total
Unit Cost Cost
Land & Right-of-Way - 15% along
Highway for 1,000°% ~ 0.4 Acres $8,000 $3,000
10% along ilighway for 1,400t 0.3 Acres 8,000 3,000
40% along Deardsley Drive for 8,000% 7.4 Acres 4,000 30,000
Houses and Buildings, etc. None - - - -
Utility Relocation L.S. 2,000

Other Construction Costs
Pipe as Channel Q = 20 to 30 c,.f.s.

30" diameter & 36" diameter 1,500 L.F. 17.00 26,000
Earth Channels Q = 630 to 650 c.f,.s, 8,000 L.F. 3.50 28,000
Linec Channels Q = 110 to 610 c.feSs 2,500 L,F, 12,50 32,000
Bridges or Culverts on Channel Cne Each 8,000 8,000
Corrug. Culvert Crossing B.C. None - - - - -
Bridges or Box Culverts Crossing

B.C, Double 9*x3' box culvert One Fach 53,000 53,000
Appurtenances L.S. 2,000
Fencing Reconstruct 2,500°

4-strand @ 0,40 21,000 L.F. 0.43 9,000

16,000f New 4-Strand @ 0.40
2,500 Single Cable @ 0.50

Subtotal $196,000
Engineering & liscellaneous 10% 20,000
Contingencies 10% 20,000

GRAND TOTAL $236,000

General Project Description

A lined waterway on the east side of the Highway from 2,600 L,F. to
1,100 L,F, north of Beardsley Drive with a capacity from 110 c.f.s. to
250 c.fos. 600 L.F, of 30" concrete pipe and 900 L,F. of 36" pipe on
the west side of the Highway from 2,700 L,F, north to 1,200 L.F, north
of Beardsley Drive with capacities of 20 c.f.s. and 30 c,f.s. Two
91x3*% box culverts across Black Canyon Highway about 1,200 L.F. north
of Beardsley Drive with a combined capacity of 600 c.,f.s. A lined water-
way from about 1,200 L.F. north of to Beardsley Drive on the west side of
the Highway with a capacity of 610 c.f.s. A trapezoidal section dirt

. waterway along the north side of Deardsley Drive from the Highway to Little
Skunk Creek with capacities of 630 c.f.s. to 650 c.f.s., a distance of about
8,000 L,F,
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COST ESTIMATE

LOCATION Area Q DBelow Deer Valley Drive

Quantity
_& Unit
Land & Right-of-Way 15% along
Natural swale for 5,000°¢ 1.7 Acres
Houses and Buildings, etc. Hone
Utility Relocation lone
Other Construction Costs
Pipe as Channel llone
Earth Channels Swale Improvement

fior 122 Cyfesie 5,000 L,F,
Lined Channels None
Bridges or Culverts on Channel Hone
Corrug. Culvert Crossing B.C.

Two 43"%27" C.M,P. Arches Two Each
Bridges or Box Culvert Crossing B.C, None
Appurtenances Hone
Fencing Ilone

Subtotal
Engineering & liscellaneous 10%
Contingencies 10%
GRAND TOTAL

General Project Description

Unit Tetal
Cost Cost

$1,000 $2,000

6,000 12,000

$ 17,000

2,000
2,000

$21,000

Consists of two new 43"x27% C,lL.P. arches across Black Canyon Highway
about 4,300 L.,F. north of Beardsley Drive with a combined capacity of
72 c.fes. Some excavation in the natural swale area west of Black Canyon

Highway to Little Skunk Creek to accommocate 122 c.f.s.

Appendix VI - 7




COST ESTIIATE

LOCATION Areas R-R, R Deer Valley Drive

Quantity
& Unit
Land & Right-of-Way 10°% along
Highway for 1,500 0.4 Acres
llouses and Buiidings, etc, None

Utility Relocation

Other Construction Costs
Pipe as Channel None
Earth Channels Q = 435 ©o 450 c.f.s. 4,000 L.F,
Lined Channels Q = 170 to 415 c.f,s. 1,350 L,F.

Bridges or Culverts on Channel Two Each
Corrug. Culvert Crossing B.C.

65¢x40% C,M.P, Arch One Each
Bridges or Box Culvert Crossing

B.C, 6'x3*% Box Culverts One Each
Appurtenances

Fencing 1,400* Single Cable @ 0,50 10,800 L,F,
Reconstruct 1,400% 4-Strands
@ 0,40
8,0007 HNew 4-Strand @ 0,40
Subtotal

Engineering & liscellaneous 10%
Contingencies 10%

GRAND TOTAL

General Project Description

Unit
Cost

$8,000

L.S.

2.75
14,00
7,500

11,000
23,000

L.S.
0.46

Total
Cost

3,000

$91,000

9,000
9,000

$109,000

Consists of a new 65"x40" C.M,P, arch across Black Canyon Highway with a

capacity of 90 c.f.s. about 1,400 L.F. north of Deer Valley Drive.

A 6%x3°7

box culvert with a capacity of 166 c.f.s. crossing the Highway about 900 L.F,
north of Deer Valley Drive. A lined waterway on the west side of the Highway
from 1,400 feet north of to Deer Valley Drive with capacities of 170 c.f.s.
to 415 c.f.s. A trapezoidal section dirt waterway along the north side of
Deer Valley Drive from the lHighway to Little Skunk Creek with capacities of
435 c.f.s. to 450 c.f.s., a distance of about 4,000 L.F.
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COST FSTINATE

LOCATION Areas S and T, lNorth of Deer Valley Road

Quantity
& Unit
Land & Right-of-lWay 80% along East
side of Iighway for 800°% 1.5 Acres
Houses and Buildings, etc. HNone
Utility Relocation None
Other Construction Costs
Pipe as Channel Hone
Earth Channels Q = 3,400 c.f.s. 800 L.F.
Lined Channels None
Bridges or Culverts on Channel lone
Corrug. Culvert Crossing B.C. None
Bridges or Box Culvert Crossing
Quadruple 10%x7% Box Culvert One Each
Appurtenances
Fencing 1,600% 4-Strand @ 0,40 1,600 L.F.
Subtotal
Engineering & liscellaneous 10%
Contingencies 10%
GRAND TOTAL

General Project Description

Unit
Cost

139,000
L.S.
0.40

Total
Cost

13,000

139,000
2,000
1,000

$161,000

16,000
16,000

$193,000

Consists of four new 10%x7? box culverts with a combined capacity of 3,700
c.fes. across Black Canyon Highway about 3,000 L.F. north of Deer Valley Drive,
A trapezodial section dirt waterway along the east side of the Highway from
3,800 L.F, north of to 3,000 L,F. north of Deer Valley Drive with a capacity
of 3,400 c,f.s. Also some channel work on west side of Highway to Little

Skunk Creek.

Appendix VI - 9




