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June 18, 1964

William Price, State Highway Engineer
State Highway Department
1739 West Jackson Street
Phoenix, Arizona

Doar Mr. Price:

In accordance liith Agreement #64-9, Project 1-17-1-201, 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 highl{ay 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 highlvay - 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 l{ork 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 Er-,UlNEERS

By e=rL 0. J~ c'- ~.
Le1gh O. Gardner
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Agreement #64-9
Project 1-17-1-201
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

aff~cted the drainage pattern in the area was to receive particular comment.

Scope - The wor~ 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 high,.,ay 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 high,.,ay

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.
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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 Nel'l River on the

l'lest.

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 49 per thousand

upl'iard to 20 ft. or more near the hiDs. A vicinity map follo\is lihich 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 lYill continue.

Such documents as the "Interim Report on Survey for Flood Control ­

Phoenix, Arizona and Vicinity (including Ne'., River}tr 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.
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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. ''leather Bureau Technical

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

The Arizona High\olay Departments "Drainage Table" includes ltIsohyetallt

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 some'ihat 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.

\Vhile 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) ,~th the formula included in the

Arizona Highway Department "Drainage Table" if appropriate constants are

selected from such ttDrainage 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 = IA

\Vhere 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 c' 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 ,~rk to\iard reducing the peak flow rate. Therefore the runoff ­

rainfall relationship is expressed as

-7:"



Q = 0.8 Ap (Ia - f c) + 0.9 Ai (Ia - 0.20)

where

Q = design runoff rate in cubic feet per second

Ap = pervious portion of the drainage area in acres

Ai = impervious portion of the drainage area in acres

Ia = average rainfall intensity over the area in inches per hour

f c =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 ytimev can be determined. The rainfall rate during the

YtimeYperiod is determined for any design recurrence interval or frequency

from the Rainfall-Intensity-Duration curves (corrected upward 10% for Deer

Valley) and adjusted dO\1n\iard 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 Vtimev 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 9time of

concentrationV 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 outflo\.,.
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This collecting period, storm duration, or time above referred to is

called 'time of concentrationv in this report and was calculated as follows:

In natural drainage basins the time of concentration calculations were

made from the formula

\.Jhere t c = Time of concentration, minutes

L = channel length, miles

s =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 ,dll be very helpful when more actual flood hydrographs or runoff

data is collected in the Phoenix area. 'Vhile 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 while the same choice of loss rates could make an infinite

difference it: the storm being considered ,.,as 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

-9-



more consistent and more truly comparable ld.th similar areas than the use

of empirical methods or judgement only. Reference is made to our UPhoenix

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 fel'1

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 "Drainage Table" are comparable. The highway formula

is A =C4 lM3 "~ere

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

M= Area in acres

C ="Kit X "C"

UK" = The rainfall factor from the Table's Isohyeta1 Charts

"C" = A factor summing conditions of vegetative cover C/and

slopes C2 and shape of drainage area C3•

-10-



e ~ Description Acres Factor Raid Fa,cto~ Coeff. opening

M ''eft 11K" C A

YAY Arizona Canal 153 C1=0.20
to Peoria C2=0.10

C3=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.

fEt Above Thunderbird 135 °1=0.20
C2=0.10
C3=.QclQ

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.

.'K' Above Union Hills 2,230 °1=0.20
°2=0.10
°3=0.10

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.

'T' Little Skunk Creek 5,770 °1=0·20

(Use Formula A = 8 ° f:M:)
°2-0.23
03=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.
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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 rea~onable 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 SO Year Storm

Source 100 Yr. 50 Yr. 25 Yr. 10 Yr. 5 Yr.
(Base)

Preliminary rept.
of Corps of Engrs.
(Some North Pbx.
Areas) 1.35:!: 1.0 0.70± 0.45± 0.30-

Highway Tables 1.0 0.90+ 0.75-

Appendix I (YOO) 1.25± 1.0 0.8± 0.6 :t 0.4:'::

-12-



WATERWAYS

Natural Channels.

With the exception of Little Skunk Creek (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 wi.thin the contributing drainage area will usually have

little affect on big ,~torms 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

isn9 t constructed at this time or final available head is hard to determine.

It is suggested that the "Drainage Table" of the highway department9s

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.

-13-
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Total
Discharge Rated Capacity

Location Pumps Pipe Pumps - C.F.B.

Peoria Two S,OOO G.P.M. 16ft pipe each 35.6

Cactus (Q) Two S,OOO G.P.M. 16" pipe each 35.6

Thunderbird Two 10,000 G.P.M. IS" pipe each 44.5

Greenway Two 9,000 G.P.M. lStt pipe each 40.0

Bell Two 12,000 G.P.M. 20ft pipe each 53.5

Union Hills Two S,OOO G.P.M. 16" pipe each 35.6

Beardsley Two 9,000 G.P.M. lSft pipe each 40.0

Deer Valley Two 12,000 G.P.M. 20" pipe each 53.5

Summary of Pumps &0 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 Req9d.

Underpass in Inches Rain Rate Total Ac. Ft. (Approx.)
& Pumps Acres Per Hour Runoff O.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 cfs pwnps 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 pwnps 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 3.71 0

Greenway 15 imperv. 10 min. = 4.44 4.13 86.9 1.20 0.56 0.64
40 cfs pwnps 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 pwnps 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 1.05 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 efs pwnps 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
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From the above table it appeEtrs 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, conduit capacity crossing the highway,

and situation as f10,'1s (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.
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Summary of Flow Conditions Adjacent
{East and West) to the Black Canyon HighwaX

Outlet
Approx. Contrib. Estimated Approx. Outlet
Highway Area Flow -CFS Highway Outlet Capacity

Area Location Station Acres 50 Yr. 5 Yr. Station .Description CFS Remarks

.A Ariz. Canal to Peoria 153 310 168 None Drains to swale north of
Ariz. Canal and will over-
flow into canal.

Highway Center Drain 15 53 33 3Gu pipe to 46
Ariz. Canal

13 Peoria to Cactus 77 Drains east to Cave Creek
Upper portion (part) 43 108 42 None Drains south thence east

to Cave Creek

Peoria Underpass 23 lOG 71 Two 8,000 35 Ditch west about 500 ft.
gpm pumps to end

f
f-IC&D Cactus to Thunderbird 83
-.J

Upper half or 9DI (part) 78 193 97 492+21 Two 58'tx36 1l 108?I C1..a? capacity may be less
Arch CllP not constructed to date

Cactus Underpass 2~ 103 69 Two 8,000 35
gpm pumps

West side highway 105 210 115 Ditch? Ditch ends about 550::
west

E Thunderbird to 0.4 mile north 135 3lG 173 546+27 Two Gx3 250
Box Culv.

Thunderbird Underpass 32 139 93 Two 10,000 44 Ditch to west about G50
gpm pumps ft. to two 6t x3 box cul-

verts then ditch to day-
light or into road ditch

F 0.6 mile south to Greenway 148 345 191 561+27 Two 6x3 120 Culv. limited by head
Box Culv.



e e e
Outlet

Approx._ Contrib. Estimated Approx. Outlet
Highway: Area Flow -CFS Highway Outlet Capacity

Area Location Station Acres 50 Yr. 5 Yr. Station Description CFS Remarks

West side highway 152 355 197 None? Construction not com-
pleted. No ditch west

G Greenway to 0.4 mile
north 249 440 227 599+27 11'10 6x3 204

Box Culv.

Greenw~ Underpass 21 96 65 Two 9,000 40
gpm pumps

West side highway 270 488 255 Ditch Ditch to west about
650' then into small
road ditch

I Ii 0.6 mile south to
J-' Bell Road 300 538 282 614+20 Three lOx3 700 Culv. limited by head00
I box culv.

West side highway 304 545 288 None ? Construction not com-
pleted. No ditch west

I Bell Road, from
north and east 1,617 1,175 420 652+27 Two 6x3 200 Culv. limited by head

bo}c culv.

Bell Road Underpass 41 172 116 Two 12,000 53
gpm 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.



e e e
Outlet

Approx. Contrib. Estimated Approx. Outlet
Highway Area Flow - Cl'""'S Higbtlay Outlet Capacity

Area Location Statinn Acres 50 Xt:. 5 Yr. Sta.tion Description CFS Remarks

J 0.5 mile south to 694 670 266 667+37 50ux31n Arch 30 CMP - limited by depth.

Union P~ls and C1il'
from east

West side highway 696 672 269 None Construction not com-
pleted. No ditch west.

K Union Hills
from north &east 2,230 1,550 455 703+97 Three lOx3 500 Culv. limited by head.

box culv.

Union Hills Underpass 17 78 53 Two 8,000 35
gpm pumps

,
'vest side highway 2,255 1,575 469 Concrete ditchto-' Ditch west about 600

«.0
I ft. to end.

L North of Union Hills 720+93 123 268 146 720+93 50i1x31 Ii Arch 10 Cl,jP - limited by

0.7 mile to eLi> deptJi.
735+03

'·'lest side highway 126 276 154 ? Construction not co~
pleted. No ditch west.

lvI o. 2 mile south to 85 178 95 735+03 T\'10 24u CUP 4 eMP limited by depth.

Beardsley Drive

\-Jest side highway 89 189 101 Bladed ditch west to
daylight

N Beardsley Drive to 199 387 204 758+00 Two 43''x27t1 50

0.3 mile north Arch Clljp

Beardsley Drive 18 85 57 Two 9,000 40

Underpass gpm pumps



e e -
OUtlet

Approx. Contrib. Estimated Approx. OUtlet
Highway Area Flow -CFS Highway Outlet Capacity

Area LOcation Station Acres 50 Yr. 5 Yr. Station Description CFS Remarks

West side highway 221 443 237 Conc. Ditch Ditch ends 630' west
of pumps.

0 0.3 to 0.5 mile north 336 374 158 767+50 36vtx22" Arch ..., 5 CiD? limited by dellth.
of Beardsley and C1;JP
northeasterly

.l'lest side highway 339 377 160 None? Construction not com-
pleted. No ditch west.

p 0.5 to 0.8 mile north 101 189 98 774+00 50ux31 it Arch 15 CMF limited by depth.
of Deardsley Drive CllP

West side highway 109 207 108 None? Construction not com-
I pleted. !fo ditch
t.)

? west.

Q O. 2 mile south to Deer 75 180 98 791+80 65ux40iV Arch 50
Valley Drive C11P

t~est side highway 78 189 103 None? Dumps into small swale
125 9 x 1.0 bearing 1'1Stl

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
gpm pumps

West side highway 355 524- 287 Conc. Ditch Ditch ends 350vwest
of pumps

R-R 0.3 to 0.5 mile north 114 328 120 813+88 65 ttx40n Arch 90 CliP limited by depth
of Deer Valley Drive Cl-iP



e e e
Outlet

Approx. Contrib. EstiIllated Approx. Outlet
Highway Area Flow -CFS Highway Outlet Capacity

Area Location Station ACr_es_ 50 Yr. 5 Yr. Station Description CI!'S Remarks

\'Jest side highway 118 237 123 None? Construction not completed.
Drains into small wash
bearing S.\'1. to Little
Skunl£ Creek.

S 0.5 to .0.1 mile 1,222 1,107 530 831+50 6'x7' 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 8x? 1,000
(or Scatter Creek) box culv.

~t:JestSi.de highway 5,795 5,698 2,130 Creek

I
N...,
I

·SEPARATE MINOR HIGI-I1rlAY INTEIUOR AREAS DRAINING"WEST

443+00 to 0.7 3 2 443+00 29ilx18II 22± Based on 10 minute storm.
Arch ClJP

452+00 to 4.1 18 12 452+00 29uxl.8u 22± Based on 10 minute storm.
Arch CMP

461+00 to 1.7 6 4- 461+00 29ux18 i1 Arch 22± Based on 10 minute storm.
CMP

498+50 to 5.0 22 15 498+50 29uxl.8" Arch 2:t Based on 10 minute storm.
eMP

509+50 to 7.0 21 14 509+50 29"x18u Arch 2Z± Based on 16 minute storm.
Cl,jp



J>RESIN'IlAND PAST CONDT.TIONS EAST OF HIGHWAY

Water will flow south along the east side of the northbound access road

to the Arizona Canal. When it reaches a depth of about 1.0 £t ~ it will break

over the north bank of th~ carlal at a point about 125 feet east of the north­

bound access road. Howevet- before this happens the water will reach a depth
I. .' . . '. . \

of about six inches (6U ) aiohg the east tbe of the northbound access road

and back up to the north cind ~ast apptoXimate1y 400 feet.

The finished grade of the horthbbund 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.
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AREA nB"

Water will flow along -t:he east side of the northbound access road,

south to Peoria Ave. then east into Cave Creek. Should the water reach

a depth of about suinches (6U ) it wll1spill over into the grove and

then flow ~~st into Cave Creek.

Th~ grove ndw bccupy-ingthe lahd betwe~n the higlrttay and Cave Creek

fu:.ain$ east ~ Hbwever from aerial photographs taken in 1940 we find that

thi$ area originally drained west.

No provisions were made during the 1948 construction for handling flolvs

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.
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, The water will flow dong the e~st side of the northbound access road,

south to 1:\10 oan x 36ii arch dl1verts at Sta. 492 + 21, approximately 1,000

f~et north of Avenue Q. (Catttis R6ad).

The subdivision, north of A-tenue Q, and between the highway and Cave

Creek, now drains east into Cave Cteek. However this l'laS hot the natural

condition. From aerial photographs taken in 1940, a tail' sized wash crossed

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

Under the 1948 construction a 66"x38u arch culvert was installed at the inter-

section of Avenue Q 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 undoubtedly inadequate. However

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

Black Canyon Highl'lay before any appreciable damage lfas 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 ttDtt will be taken care of in this street although some will go

south through the subdivision.

Even though the construction of tbe 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.

-25-



Water mil flow along the east side ot' the northbound acee~s road south

to two 6 v x 39 box cUlverts at Sta. 546 + 27. Due to the fact that these

culverts ar~ iocated app¥oximately 1,300 feet north. 0f the sohth end of the

drainage area, (Thunde~bird Road), part of the ",ater wili ~each the culverts
, ,

by its hatural flow and part of the water will reach the culverts thr6tigh a

channel cbnstrutted 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 lV'ater 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 "Du. Before this condition occurs

however a considerable area will be under water.
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Water will now along the! east sid~ of the nortHbound ~ccess road,

south to two 6'l X 3 9 box bUlverts ~t Stet. 561 + 27. When t~e water reaches
,

aheight of apJ)rbmately, the ~ame elevation as the inside top of the culverts,
. ,

: . '.. ". i! i'
it will break over the eXisting field road about 100 feet south and flow into

area ilEu. 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 89 x 3 9 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 ",ill 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.56l + 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 flolvs

in this area. The new construction can only add to this condition as it

will be even higher.
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Water will how along the east side df the northbound access road. south

to two 6 i X 3* box culverts at Sta, 599 + 27. Du~ to the, fact that these
, .... ': . :," i., ,: J ;;:

cUlverts are located approximately 1~200 feet north of the south end of the
~ " :. 1 ' , ',' . 4 t ,', ~

drainage area (Greein"ay Road); part of tlie 'Water 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 Greem·,ay

Road north. A dike is to be constructed between the channel and the access

road.

Under the 1948 construction an 8 t x 3 i 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 net" construction will be approxi­

mately the same elevation.

The 1948 construction as '''ell 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. comer of Black Canyon

Highway and Greenway Road. Some of this overflow water will go into the

underpass and some of it tvill flow across ThWlderbird 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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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 SO feet

south of the culverts.

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

water.

During the 1948 construction two 101 x 3' box culverts w'ere installed to

handle flows from the north and east. At that time the finished grade of the

road ,,,as 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 n;p'

could overflow Bell Road and reach this area.

The construction of the old as '''ell as the new highway has definitely

restricted the flood flows in this area.



AREA "In

Water will now along the east side of the northbound access road

south to 'two 6 t X 3 9 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

now 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 into area "Hn and will also overflO\-, into Bell Road

underpass.

During the 1948 construction an 8 9 x 3 9 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.
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AREA. tfJtf

Water will flow from the northeast to a SOil x 31 iI 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 cuIvert to create a

ponding area the majority of the flows from this area will continue south

to area stIlt.

During the 1948 construction a 52ft x 301t arch culvert was installed

to handle flows from the north and east. Also a dike extending 100 feet east wa~

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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Water wUl flow from the north and east to three 10' x 3' box culverts

at Sta. 703 + 91~ Becatise these cblverts ~~ iocated about 1~000 feet

north of tlie south end of the draihage a.r~a~ part of the water will reach

the cUI.verts by its mttu¥al flow and part will reach the culverts through

a channel constructed east of the northbound access road. A dike is to be

constructed between the channel 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 900' will be under

\o(ater.

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.
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AREA "Lit

Water will flow from the northeast to a 50" x 31 lt arch culvert 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 "Kit. Before this happens however an area about 200 9 x 200' will

be under water.

During the 1948 construction a 52u x 30n arch culvert was installed at

Sta. 720 + 95 to handle flow's 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.
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Water will flow from the north alld east to two 24tr culverts at Sta.

735 + 03. Unless provisions eire made to create a ponding a~~a.. water will

floW dn south ihto area ''Lui

During the 1948 construction two 24u 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 highlfay

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.

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

flood flo,'1s in this area.
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l'later will flow from the north and east to two 43u x 27u 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 ld..J.l 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 i X 800 v will be under water.

Under the 1948 construction a 52" x 30n 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 lfas 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.

-35-



lvater will flow from the east to a 36" x 22u arch culvert at Sta.
,

767 + 50. Unless provisions are made to create a ponding area of the east

end of this culvert the water will flow south into area "Nt'.

Under the 1948 construction a 30n 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 higln"ay 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.
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AREA itpil

Water will flow from the north and east to a36 i1 x 22it 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 road about 30 feet

south of the culvert and now into area non However before this happens

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

Under the 1948 construction a 52" x 30n arch culvert was installed to

handle the nows 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 high\"lay was raised about 3.0 feet above the eJusting ground.

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

-37-



Water will flow from the north and east to a 65lt 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

2009 ,.,ill be under water.

Under the 1948 construction a 66 lt x 38" arch culvert ",as 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 higlnvay 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 statioll. 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 nOlo'S in this area.
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Water will flo,., from the north and east to a 6 t X 3 t 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 channel 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 spillover 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 38il 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 high''1ay was raised about 2.0 feet above the existing ground

and about 4 feet above the bottom of the existing ,,,ash 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 rtR-R"

Water will flow from the north and east to a 65" x 40" arch culvert 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 200v x 300' will be under l~ater.

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

higm-lay 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 nsn

Water will :£low from the north and east, through an existing wash from

the east to a 6 t X 79 box culvert at Sta. 831 + 50. Should the ,,,ater reach

a h4light of about 3 feet above the top inside of the culvert the water will

break over a natui'ai ~±dge about 350 feet south of the culvert and flow into

area nR_Rn~ Before th{s' happelns However; ilia wat~r Will be already breaking

over the natural ridge about 750 feet to the north betweeh this area and

Should this condition occur, considerable land will be under water.

During the 1948 construction the finished grade ,.,as raised above

4 feet above the. existing ground and about 11 feet above the bottom of the

existing \-lash that crossed the high"lay at this station. 'lbe 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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Water will flow from the north and east to two 8 t X 7 t box culverts at

Sta. 840 + 50. This station is the natural channel of Little Skunk Creek

(Scatter Creek). An approach 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.

Shedd thE! water reach ~ height of about 1 foot above the top inside of,

the culvert, it win "tireak over the natttral ridge about 300 feet south of

cu1'trert. However, before thi~ happens a considerable area will be under

water.

During the 1948 construction the box culverts were installed to handle

the flows from this wash. The finished grade of the old highway was raised

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 nelY' highway has restricted the

natural flood flows in this area.
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EX:tstING CONDlfiONS WEST SIDE OF HIGHWAY
.AREA UA"

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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No flows from the east will reach the west side of the highway. The

only water reaching the ,,,,est 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 discharged into a concrete lined ditch running

from the ptUnp~ about 500 feet west. There it will flow into the existing

inadequate road ditches ahd be carried west ~ There is a 16 it oUtlet into

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

There are 29;1 x l8n arch e:w.verts placed about 1,4do feet ndrth; 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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The combined f1~~ of ~he east sid~ and what is pUmped out of the
t ..' .,'

UfideI1iass~il1 be earried west through a concrete lined ditch that runs
i

from the pump discharge abQut 550 feet west~ At this point it will go into

the existing subclivi~iori frontage road; will be cartied west to 35th Avenue

and then dwnped 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 highw'ay has added much beyond its pumps to the condition. They

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

There are 29" x 18u arch culverts placed about 1,600 feet north and

about 2,800 feet north of Avenue IfQft 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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Combined flows from the east and what is pumped out of the underpass

will be carried west through a concrete lined channel that runs from the

pump discharge about 650 feet west. At this point it wiil go into the

existing inadequate toad ditch. The water will continue west to cibo~t 31st

Avenue and beyond and then it will enter the old natural swale and flow

south aha lJest throtigh th~ existing subdivision,

'_'. .' .. . ;.•. !.". _: . - I: . ' .

The drainage study irldicates that the highway has not added inUch to, or
l

changed this condid.on appreciably, but probably will get blamed for it

anyway particularly on atcoUnt bf pumping froin the Underpass.
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AREA ''Fit

Water from the east will reach the west side of the highway through

two 6 9 X 3 9 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 present 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 antldutnP it into the alley on the south side of the subdivision

then 1'1~t it go where it wants ton.
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'lite flo,..rs from 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 lv-ill enter the inadequate existing

road ditches and will probably cross the road and flood a few houses•
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AREA uHn

Flows from the east side together with that which falls on the highway

itself will reach the west side through three lOY x 3'i 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 highwa)r. There is a large rebirculation

sunip abdut 1/2 mile west that can handle quite a bit of water. HoweVer,

riow~ t~om !tea "I" will probably drain into this sump also (see map of

flows leaviHg west sid.e of highwq). Part of the water will be stored

in this sump arid part will go west int0 the natural swale, then south and

west into inadequate existing r()~d diiches on Greenway Road. It is possible

that at this point the flows from Area .'Gft, "Hit, and itltl might coJItbine.

Under the present construction no provision is made for a ditth or channel

running west to handle the flows from this culvert.
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Flows from the east side together with water is pumped out of the

underpass will reach the west side through a concrete lined channel. This

channel runs south and west to two 6 i X 3 t box culverts that cross Bell

Road about 900 feet west of the centerline median of the Black Canyon

Highway. From here the water is dumped into an open field and then flows

southwest to the recirculation sump, described. in Area i!HU. The field

(above the sump) that this water ,,.rill now 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 cohsiderable dam~ge cot11ci be caused to the field if it is left in
. ,

its present condition. It is understood that the Highway Department was

to run a channel from the south end of the box culvert crossing Bell Road,

west about 600 feet to the natural swale~ However, as yet they don't have

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

The County submitted a plan to tun the water from the box culvert

crciss1hg Bell Road back southeasterly and thence south fot 1/2 mile thence

west (see area UWI).
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AREA. ftJII

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

son x 3l lt arch culvert located at Sta. 667 + 37.

I

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 be carried soutln"est and join

with the flows from Area nIne

There is no development in this area at present.
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Flo,.,s from the east together with water that is pumped out of the

underpass will discharge to the west through a concrete 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 nows in this area. Unless provisions are made to carry this

west to Little Skunk Creek extensive damage could be d.orte to fields, groves

and farm houses.
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Flows from the east together with water that falls on the highway for

about 1/4 mile north will reach the west side through a 50ft 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 ,~est along the north sitle of art existing concrete lined

irrigation ditch. TIHs ditch is about a foot or so above the existing

fields and runs about 600 feet west ~ At this point the wat~r will sheet

flm., south ahd west across open fieids and probably eventually reach

Union Hills Road.
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AREA '1M"

Flows from the east l together with water that falls on the highwaY for

about 1/4 mile north, will reach the west side through two 24u corrugated

metal pipes located at Sta. 735 + 03.

The l'iate~ will. discharge directly into an old inadequate irrigation

ditch and he c~iTied west ~bout 800 feet. There it' will dump out next to

the concrete lined hrigation ditch described. in area uNY' and be taken

south possibly as far as Union Hills.

The land west of the highway at one time was under cultivat1.on.

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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Flows from the east together with water that falls 011 the highway will

be discharged to the west through a concrete lined ditch that ends about
i

650 feet west of the pump discharge. There it will go irito the inadequate

existing road, ditches and be carried west to Little Skunk Creek. Unless

some provisions are made to keep the water in the road ditches on Beardsley

Dri\Te~ it will break o'Ver into a low area on the south side of Beardsley

Drive, at the west ehd of the bbncrete lined ditch and flow south along

the east side of a concrete lined itrigatioh ditch.

The existing road ditches will handle some of the water front this

area, but they can not handle the combined flows from areas nw" non and

up.. and this condit,ion could quite conceivably happen.
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AREA. lIon

Flows from the east together 'vith water that falls on the highway for

about 700 feet north, will reach the west side 'through a 36 ft x 22ft arch

culvert at Sta. 767 + 50.

Water will sheet flow cicross the open fields to the west. Under the

present consh-uction no ditch or charttleJ. i~ to be built to handle the flows

from this area~

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 Uplt

FlolfS from the east together ldth the water that falls on the highway

£m- about 800 feet north will reach the west side of the highway through a

SOli x 31" arch culvert at Stat 774 + 00.

There is no indication of a ditch or channel \Vest.

Flows will be turned $outhat.i the west end .of the culvert and taken

south through a grader ditch along the west side of the sOuthboUnd access

road to Beardsley Drive. Some of the water however, ldll ptoba1:fiy 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 UQit

Flows from the east together with water that falls on the highway for

about 800 feet north \d11 reach the west side through a 65ft 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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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 s~ale l'{ill stay in the road. ditches and be carried west

directly into tittle Skunk Creek. The road ditches are probably big enough

to handie; average flows but heavy flows could cause some flooding before
I .

theY reach Little Skuhk Creek. There is no development in this area at

present.
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ARFA "R-Rn

Flows from the east, together with the water that falls on the highway

for about 1,700 feet 'north, will reach the west side through a 65" x 40"

arch culvert at Sta. 813 + 88. The flows will diScJmrge direetiy into a· ..

natural swale that runs ~butliwe$t into Little Skunk Creek. However, iIi

order to reach Little Skuhk Cre~k, this s\.fale runs through the. Phoenix

Trailer Park. The main channel, although small has been filled with dirt

in a number ot pla~es and trailet-s are pai-ked over th~ channel. Should

flows of a iarge quantitY reach this area, considerable damage could be done.
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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.
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Flows from the east, together with ''fater that falls on the highway

for about 4,500 feet north will reach the west side through two 8t x 7'

box culverts at Sta. 840 + 50. Here it will discharge direotly into Little

Skunk Creek.
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RECOMMENDED WORK

General:

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 ohange to natural

flows.

'While 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 t x 39 box culverts about midway between Thunderbird and

Greenway 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

aouth of Deer Valley Drive.

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

can be accomplishEtd. This would be very expensive and is not warrantad.

-64-



3. There are innumerable alternatives between the above two plans.

One such plan is herein reconmended 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 exwmple 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. l'ilien general decision has been reached as to a

program - these alternative possibilities should be investigated in accordance

with the program and design criteria selected.

''1ork of Other As:encies

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.

lITe 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. Al:eas 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 highlfay and take this water to a future Arizona

Canal Channel.

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. Gather the water along west side of highway from

Thunderbird pumps and Greemfay 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 ctilvert crossing north of the Bell Road underpass and do some

channel \vork along the east side of the highway north of stich crossing,

4. Areas I{,L,M. bather the water along the west side of the

highway from the pumps at Union Hills Drive from areas 1'£1 alld Meast of

the highway and take this water along Union Hills Drive westerly to the

Skunk Creek.

Assume the County's proposed Union Hills diversion liill be built and

take care of the lfater as best possible until then. After the County's

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.

s. Areas N,O,P. Gather the lvater along the west side of the

highway from the pumps at Beardsley Drive and from areas H,O,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 Sl~ Creek.

Add a culvert crossing about 1/4 mile south of Deer Valley Drive.

Improve the ~.,ale as required and this will require right-of-'fay or

p~nnission 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 R-R east

of the highway and take this water westerly along Deer Valley Drive to the

Little Skunk Creek.

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

underpass.

Buy right-of-'fay along Deer Valley Drive as required.

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

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

\Vhether this is done by separate culverts makes little difference

hydraulically. We show the excess flolo' from the main crossing being carried

south into the smaller wash and the required highl'lay crossing provided here.
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Buy some right-oi-way east of the highway for cbannel 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 appropriate to the work
I

reco1l1llierided.
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ARIA IN ACRES

fotal l'erYiOUl,\_e""Area Area Area
A An AiLOCATION

ESTDlATED FLOO FOR TIlE RJOCOMMENDED 1l\)RJ(.

IUlCrIll rLOll8 10 TNI' raiJlfall 1Ilt1l1l1tr Mel dllratloll 1IIl1•• lIoted
Present Conditions of Subdivision Development

Assume Ariz. Canal. and Union Hill {2lannels Constructed

IIlfUtrtal e-entratiOil I R A I • RUN 0 r r(final) f_ Po1llt A......ap Pern..ua Illperri....
1D/hr Street I K1Il. InteDIltr!Int_itr (l~fc)O"81 lDxA..1(I~.3)O.'1Iaz1i

fe Slope to I Ia· IDcbe.J • CPS • IIlebe.)-as

total
Flaw
as

DESIOH FUM AND
UJaRIS

Area A, B, C, D, combined
Test pumps ti west drainage

Total. Area

Test below pumps at Cactus

77:

110

32

98

45

22

0.6

0.6

Channell 50

38

1.65

2.00

1.63

1.98

0.84

1.11

27

108

1.29

1.60

58

35

85

143

Not a maximum
Use structure capacity

150 use

Area E, F, G combined
Area G - E. side highway
Area G - including pumps

249
270

248
254

1
16

0.6
0.6

36
36

2.07
2.07

2.05
2.05

I

1.16 I 288
1.16 295

1,67
1,67

1
27

289
322

Area E - W. side highway incl. pumps I 167

Area F ti G 424
Part area trial. 300

Area I ti J - W. side highway& pumps 11,529

...,
o

Area F - W. side highway

Area E, F, G
Part area trial.

One mile west on Thunderbird

Two mile west on Thunderbird

Area H, I, J combined
Area J - Part area trial.

Area I & J - E. side highway

151.7

5~3

340

700

1,100

300

1,486

147.7

403
279

150

454
301

660

1,060

294

1,437

1,465

4

21
21

17

39
39

40

40

6

49

64

0.6

0.6
0.6

0.6

0.6
0.6

0.8

0.9

0.7

0.7

0.7

25

41
25

25

44
25

36

47

33

57

58+

2.64

1.87
2.64

2.64

1.80
2.64

2.07

1. 70

2.20

1.51

1.47

2.61

1.85
2.61

2.61

1.78
2.61

2.05

1.67

2.17

1.49

1.45

1.61

1,02
1.61

1.61

0.95
1.61

1.02

0.62

1.18

0.63

0.60

238

411
449

227

431
485

673

657

347

905

879

2.17

1.49
2.17

2.17

1.42
2.17

1.66

1.32

1.77

1,16

1.12

9

31
46

37

55
85

66

53

10

57

72

247

442
495

264

486
570

739

710

357

962

951

Not a maximum
500 use

250 use existing

Use 560 to 590 from pumps

Not a maximum

Use 350

Use 960

Not a maximum

Area H, I ti J 11,834

One mile west on midsection 12,236

Area K, L, M combined
Area K - Without Union Hills 2,230
(E. side) With U.H.Diversion built 151

See plan for K, L, M
Area M - E. side highway 85

Area M ti L - E. side highway 208

1,765

2,166

2,210
151

85
207

69

70

20
o

o
1

0.7

0.75

0.7
0.7

0.7
0.7

62

71

82
28

27
29

1.41

1.29

1,15
2.43

2.51
2.40

1.39

1.27

1,14
2.40

2.49
2.37

0.55

0.46

0.43
1.36

1.43
1.34

971

996

950
205

122
277

1.07

0.96

0.85
1.98

2.06
1,95

74

67

17
o

2

1,045

1,063

967
205

122
279

Use 1,050

Use 1,070

Not applicable
Temporarily build to culv.

capacity 500 cfs

Area N, 0, P combined
Area P - E. of highway

Area 0 & P - E.of highway
Trial part area

Area N, 0, & P (part area)

101

437
320

520

100

429
312

510

1

8
8

10

0.7

0.7
0.7

0.7

32

56
'34

35

2.24

1.52
2.16

2.10

2.22

1.51
2.14

2.08

1.22

0.73
1,15

1.18

122

313
359

602

1,82

1.18
1.75

1,69

2

9
14

17

124

322
373

619

Not a maximum



FSTIMATED FLOWS FOR THE REX:0MMFlIDEil WORK

IVICfI1l Fl.OlI6 10 1UJ' rainfall int_it,- and duration unl•• noted
Present Conditions of Subdivision Developnent

Assume Ariz. Canal and Ihion Hill Channels Constructed

.... XK At. IS f"'U""I--n''''1 .. X • • U • 0 r rTotal PerYioua _I"' (final) Ta. Point ",,"rap Penioua IIIperrlOlll Total
Ana Area I Ana iJI/hr Street I Mic. Int.eD8itrIIntena1t1 (I...fc )O.8J ~ I(I...o.~)o.~ ImrAi ~ Flaw

II
DESIGN now AND

LOCATION A Ai te: Slope te: I Ia· Ine:h.. - • Inc:be. -erS ers RDIlRlS

Area Q 75 74 1 i 0.7
I I

23
~

2.77
I 2.74 I 1.63 I 121

I
2.29

I
2

~
123

Area R and R-R combined

Area R-R - E. side highway 114 113 1 0.7 29 2.40

I
2.38 1.35 ! 153 I 1.96 2 155

Area R - E. side highway 322 298 I II 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 I 377 1.53 58 435

Area S and T combined

~I Area T - E. of highway 5,770 5,762 8 0.8 56 1.52 1.47 0.54 3,111 1.14 9 3,120 110 yr. stonn
Area T - E. of highway 5,770 5,762 8 0.8 56 1.80 1. 75 0.76 4,379 1.39 11 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. storm
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. stom

Area "A" through "Ct' combined

Area E, F, G

Part area trial 340 301 39 0.6
I

I 25 ~ 2.64
I 2.61 I 1.61 I 485

I
2.17

I
85 ! 570

I
C - D incl. pumps 105 85 20

Total 445 386 59 0.6 [ I 33 ~ 2.20 I 2.17 I 1.18 [ 455 [ 1.77 I 104 ~ 559 II Not a maximum

I
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COST ESTnlATES

Appendix VI gives the detail cost estimate of the proposed l~ork.

The work proposed aggregates $2,583,000.

In general this will take care of stonns 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 Greem-Tay Road
to Arizona Canal

H,I,J
Belol'" Union Hills
to 1/2 mile south
of Bell Road

K,1,l1
Below Beardsley Drive
to Union Hills Drive

N,O,P
3/4 mile north of
Beardsley Drive to
Beardsley Drive

Description

Conduit and lined channel west
of Highlfay to future Arizona
Canal channel

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

Channel along west side of
Highw'ay to future Arizona
Canal channel

Conduit and lined channel east
and \-lest of Highl·lay. Unlined
channel 1/2 mile south of Bell
Road westerly to Sktull, Creek

Conduit and lined channel east
and l-lest of Highway. Unlined
channel along U.ni.on Hills Drive
westerly to Skunk Creek

Conduit and channel east and
lfest of Highlfay. Unlined,
channel along Beardsley Drive
westerly to Little Sl~ Creek

-73-

Amount

($338,000)
See Alternate

($757,000)
See Alternate

$861,000

$782,000

$381,000

$236,000



Areas, Location

Q
Belmf Deer Valley Drive

R and R-R
North of Deer Valley
Drive

S and T
Little Skunk Creek or
Scat'cer Wash

D¢~cription

Improve swale westerly to
Little Skunk Creek

Channel along west side of
Highlvay and unlined channel
lvesterly along Deer Valley
Drive to Little Slnmk Creek

Add box culverts crossing the
Highlvay. Some channel ,York
east of Highway

Total

-74-

Amount

$ 21,000

$109,000

$193,000

$2,583,000
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IXPECTDl FLOll6 50 Tear ralntall ~enllltT and duration UIll... noted

A R Il: A IN ACRIl:S Intiltr'n COncentntlon R A I N R 11 N 0 r F
Total PerYioua I IJIpel'Y ,- (final) TiIlB Point Anrage

pe":j Il 1JIperriou
Total

Area Area Area iJl/hr Street Min. InteDilty Int.DlUT (I~fc)O.8 ~ (I...o.1)O.~-InxAi FlClllr DESIGN FLOW AND
LOCATION A ~ Ai til Slope tc I (10%) Ia - Inch..· - Inllbe. -ers CFS RD/A.RIS

I

Area 'A' 153 151 2 0.6 30 3.16 3.13 2.02 305 2.64 5 310
10 yr. 153 151 2 0.6 30 2.34 2.32 1.38 209 1.91 4 213

5 yr. 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 'B' 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 1 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 contribute

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 1. 73 133 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 & JJ - 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. 135 133 2 0.6 25 4.00 3.96 2.69 358 3.38 7 365
50 yr. 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
10 yr. 135 133 2 0.6 25 2.64 2.61 1.61 214 2.17 4 218

5 yr. 135 133 2 0.6 2S 2.22 2.20 1.28 170 1.80 3 173
2 yr. 135 133 2 0.6 25 1.68 1.66 0.85 113 1.33 3 116

'E' Future Conditions

.OO~" -r ~
100 yr. 135 100 35 0.9 3.76 3.72 2.25 225 3.17 ill 336

50 yr. 135 100 35 0.9 28 3.30 3.27 1.89 189 2.76 96 285
25 yr. 135 100 35 0.9 28 2.90 2.87 1.57 157 2.40 84 241
10 yr. 135 100 35 0.9 28 2.44 2.42 1.21 121 2.00 70 191

5 yr. 135 100 35 0.9 28 2.07 2.05 0.92 92 1.66 58 150
2 yr. 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 17 0.6 2S 3.54 3.51 2.33 350 2.98 51 401

Area 'F' 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 151. 7 147.7 4 0.6 2S I 3.54 3.51 2.32 343 2.98 12 355

Area 'G' 249 248 1 0.6 36 2.83 2.81 1.77 438 2.35 2 440
10 yr. 36 2.08 2.06 1.17 290 1.67 2 292

5 yr. 36 1. 76 1. 74 0.91 226 1.39 1 227
Greenway Hoad 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 'HI 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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ElPECTED FLOWS 50 Tear rainfall intenlit7 and duration l1li1.1 ~ed

AREA I N ACRES InfUtr'n CoDcentntion R A I N R U N 0 , F
Total PeI'Y1ollll 1 IIIpe" '. (final) TiM Point Anrage Perrioua I IIIperriOllI Total
Area Area I Aree iJl/hr Street Win. Intene1t7 IntenaitT (I...tc)O'~J~ (I...o.2)O.~-InxA1 Flow DESIGN FLOW AND

LOCATION A
~.f>~~~L"

Slope tc 1(10%) Ia • Inche.· ,. Incbee -erS CFS RDfA.RIS- = I=~=

,
Area '1' 100 yr. 1,617 1,573 44 0.7 81 1.88 1.86 0.85 1,374 1.50 66 1,440
Area 'I' 50 yr. 1,617 1,573 44 0.7 81 1.61 1.59 0.71 1,120 1.25 55 1,175 Not a maximwn

Lower Portion 1,470 1,426 44 0.7 73 1. 73 1.71 0.81 1,150 1.36 60 1,210

25 yr. 1,470 1,426 I 44 0.7 73 1.50 1.48 0.62 880 1.15 50 930
10 yr. 1,470 1,426 44 0.7 73 1.24 1.23 0.42 I 600 0.93 40 640

5 yr. 1,470 1,426 I 44 I 0.7 73 1.05 1.04 0.27 385 0.76 35 420
Bell Road Underpass 41 27 I 14 0.7 10 5.60 5.54 3.87 105 4.81 67 172
Area I - West of Highway (part) 1,511 1,453 58 0.7 73 1.73 1.71 0.81 1,171 1.36 79 1,250
'I' Future Conditions 50 yr. 1,470 1,100 370 0.9 .0055 105 1.32

I
1.30 0.32 353 0.99 367 720

25 yr. 1,470 1,100 370 0.9 105 1.13 1.12 0.18 198 0.83 307 505
10 yr. 1,470 1,100 370 0.9 105 0.94 0.93 0.02 22 0.66 243 265

5 yr. 1,470 1,100 370 0.9 105 0.80 0.79 - I 0 0.53 196 196
2 yr. 1,470 1,100 370 0.9 105 0.59 0.58 -

I
0 0.34 125 125

Area 'J' 694 689 5 0.7 63 1.92 1.90 0.96 662 1.53 8 670
10 yr. 694 689 5 0.7 63 1.40 1.39 0.55 379 1.06 5 384

5 yr. 694 689 5 0.7 63 1.18 1.17 0.38 262 0.87 4 266
Area J - West of Highway 696.3 690 6.3 0.7 63 1.92 1.90 0.96 662 1.53 10 672

Area 'K' 2,230 2,210 I 20 0.7 82 1.58 1.56 0.69 1,525 1.22 25 1,550
10 yr. 2,230 2,210 20 0.7 82 1.14 1.12 0.34 752 0.83 17 769 Upper area might be greater

5 yr. 2,230 2,210 20 0.7 82 0.96 0.95 0.20 442 0.67 13 455 Upper area might be greater
Union Hills Underpass 17 4 13 0.7 10 5.60 5.54 3.87 16 4.81 62 78
Area K - West of Highway 2,255 2,218 37 0.7 82 1.58 1.56 0.69 1,530 1. 22 45 1,575

I
Area '1' 123 i 122 1 0.7 26 3.44 3.41 2.17 265 2.89 3 268

10 yr.1 123 I 122 1 0.7 26 2.56 2.54 1.47 179 2.11 2 181
5 yr'l 123 I 122 1 0.7 26 2.19 2.17 1.18 144 1.77 2 146

Area L - West of Highway 126.2 123.5 2.7 0.7 26 3.44 3.41 2.17 268 2.89 8 276

I
Area 'M' I 85 85 0 0.7 27 3.36 3.33 2.10 178 2.82 0 178

10 yr'l 85 85 0 0.7 27 2.52 2.50 1.44 122 2.07 0 122
5 yr. 85 85 0 0.7 27 2.12 2.10 1.12 95 1.71 0 95

Area M - West of Highway
I

89 87 2 0.7 27 3.36 3.33 2.10 183 2.82 6 189

Area 'N'
I

199 197 2 0.7 I 30 ~ 3.16 3.13 1.94 382 2.63 5 387I
10 yr. 199 197 2 0.7 30 2.34 2.32 1.30 256 1.91 4 260

5 yr. 199 I 197 2 0.7 30 1.98 1.97 1.02 201 1.60 3 204
Beardsley Drive Underpass 18 I 2 ! 16 0.7 10 5.60 5.54 3.87 8 4.81 77 85
Area N - West of Highway 221 201 20 0.7 30 3.16 3.13 1.94 390 2.63 53 443

Area '0' 336 329 7 0.7

I
56 2.09 2.07 1.10 362 1.68 12 374

10 yr. 336 329 7 0.7 56 1.51 1.50 0.64 211 1.17 8 219
5 yr. 336 329 7 0.7 56 1.29 1.28 0.46 151 0.97 7 158

Area 0 - West of Highway 339 330.5 8.5 0.7 56 2.09 2.07 1.10 363 1.68 14 377

I

L- ._... _
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1lUECTi1l FLOWS 50 Tear rainfall intenaitT and duration unl... noted

Not a maximum

447
463
298
227

124
524

228 ;1

153 I'I
120 ,
237 II

I!

Ii
I'

I
Ii

180
124

98
189

4,230
3,080
2,118

783

5, 698 ~

1,117

879
1,107

700
530

7,330
5,660

" 5,430

5.0

3
2
2
8

1
o
o
o

22

12
10

8
6

16
13
14

2.47

2.69
1.96
1.62
2.67

1.35
2.47
1. 74
1.44 !

i

1.65

1.98
1.65
1.81

1.53
1. 26
1.03
0.72

225
151
118
229

5,676

I
I 878I
1,107

700
530

1,112

I
7,314 I
5,647
5,416

4,220
,3,070
12,110

767

0.98

0.88
0.64
0.44
0.16

1.27
0.98
1.13

0.72
1.68
1.06
0.80

1.68

1.99
1.34
1.04
1.99

2.39
2.03
2.21

2.90

3.19
2.38
2.00
3.19

1. 70
2.90
2.13
1.80

1.90
1.60
1.35
1.00

2.03

2.42
2.09
2.27

2.93

3.22
2.40
2.01
3.22

1. 73
2.93
2.16
1.82

1.96
1.65
1.39
1.02

2.09

II :

29
29
29
29

73
34
34
34

II

"56 'I
56 I

50

34

50
50
50
50

56

0.7
0.7
0.7
0.7

0.8
0.8
0.8
0.8

0.8

0.8
0.8
0.8
0.8

0.8

0.8
0.8
0.8

2

1
o
o
o

1
1
1
3

8
8
8

8
8
8
8

13

662

113
113
113
115

4,792
4,792
4,792
4,792

5,762
5,762
4,792

5,782

1,221
660
660
660

75

75 I'
75

77.91

322 II280
280
280

29 I
313 I

I

I
114
114
114
118 I

I
I

I
I

ARE A I N A eRE 5 Intlltr'n Conc:entratiOli R A I N RUN 0 F F
Total IPenioWl I ~.", (final) Tiae Point I Anr8&e Pe~oua I ~erriou. Total
Area Area I Area i.n/hr Street Min. IntellS~Intena1tT (Iao-ido.s InxA" (1...0.2)0.91 ImtAi Flow ~IGN FLOW AND

A ~'Ai fc: Slope tc I (10%. Ia • Inchea - ~, • Inche. ) -eFS <75 . RDIo\RIS 1

101 I 100~ 0.7 32 3.05 3.02 1.86 186 '!1m.543 189
101 100' I i 0.7 32 2.23' 2.21 1.22 i 122 i 1.81 2 124
101 100 1 0.7 32 1.90 1.89 0.96 96, 1.52 2 98
109.2 104,2

1
, 5 0.7 32 3.05 I 3.02 1.86 I 194 ! 2.54 I 13 207

, I I I
74 : 1 0.7 23 , 3.72 : 3.70 l 2.40 177 3.15 I 3 I
74 1 0.7 I 23 ~ 2.77 i 2.76 f 1.65 122 2.30 2 I
74 1 0.7 23 2.34 2.33 I 1.30 96 1.92 2 ,
75.4 2.5 0.7 23 I 3.72 I 3.70 : 2.40 : 1:81 3.15 I 8 i

f I I I I II
; ~

298 I 24 0.7 I 43 2.40 I 2.38 1.34' 400 1.96 47 Ii
258 I 22 0.7 38 2.73 2.70 1.60 413 2.25 I 50 I'
258 22 0.7 2.00 1.98 1.02 263 1.60, 35

258 22 0.7 I 1.68 1.66 0.77 198 I 1.31 : 29

17 12 0.7 10 5.60 5.54 3.87 i 66 4.81 i 58
278 I 35 0.7 38 2.73 2.70 1.60 i 445 2.25 179

. I
I '
I

i
I
I

.-

10 yr. I
5 yr. I

10 yr.
5 yr.

10 yr.
5 yr.

25 yr. 14'800
10 yr. 4,800

5 yr. 4,800
2 yr. 4,800

10 yr.
5 yr.

100 yr. 15, 770
50 yr. 5,770
50 yr. ,4,800Partial

Lower Portion

LOCATION

Area 'P' - '''est of Highway

Area 'Q' - West of Highway

Deer Valley Underpass
Area 'R' - West of Highway (part) I

Area R-R - \Vest of Highl<ay

I
11 ,222

Central Portion I 660
10 yr. 660

5 yr. 660

Area S - \{est of Highway (part) I 664

Area T - \;est of Highway I 5,795

Area 'P'

Area 'Q'

Area 'R'

Area ~(-R'

Area'S'

Area 'T'
Area 'T'

H

I

."
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w

:g
[
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ElPIX:T~'~ 5~ear r~all inten~it1 and duration unl•• noted

5.7 I!
4.0 ,I

!
,I

I
II
I

20.9 il
14.3 1,

22.41'
14.5 !

18.3
11.9

i

I
I
I 14.6
, 9.0
I

10.5
7.5

!

3.47
2.47

5.26
3.25

7.8
5.5

5.7
4.0

10.4
6.8

I
i,
I,

3.39
2.41

2.60
1.71

i
,

- 3.39
2.41

I

I 5.04
3.81

I 5.04
I 3.81

!

4.05
2.94

4.50
2.97

5.60
3.85

;1

,I 5.60
3.85

II

RAIN! RUNOFF
Point Anrege PerrtOWl IIIperrtou. Total

InUndtT!InUndt7 ,(Iao- f C>0.8J ~ \(1...0.2)0.91 InxAi F1llW II DEiIGN FLOW AND

I (~~- 11- .....,-:-......'1'""" "" ~ """.... -
5.60 5.04 3.39, 2.5 I II 2.5
3.85 ,3.81 2.41 I 1,8 ~ 1.8

i ! I 1

; : Il I
5.04 ',3.39 6.1 I 5.26 12.2
3.81 2.41 4.4 3.25 ' 7.5

, I

5.26
3.25

Infiltr'nl Concentration

2.32
2.32

(final)
i.n/hr

_I ~_ i=-~

II 0.8
0.8

0.8

I' 0.8,

AREA IN ACRES

Total FPeI'YiOU8 I ~e" '.Area Area, Area

~.~_ _~ I A,
I

0.74 0.74\
0.74 0.74

4.J 1.8J
4.131 1.81:

i
1
I
I

1.
67

1'
1.675 yr.

5 yr.

5 yr.

TiM

ftN~ lHW_ •Slope tc

10

1

10

'I

1

10 ~ 5.60
10 ~ 3.85

I II

u;! I ::: I ::
I I I !
I Ii 5.06 2.29: 2.77 I 0.8 I 10

5 yr.! 5.06, 2.29 2.77 0.8 1 10

: ,I ! I i
I I '

7.02 4.0 3.02 0.8 I ' 16 I
5 yr. 7.02 4.0 3.02

1

0.8 ' 16

I ! I ii

Notes regarding tin,e of concentration I I I I' 1 ~
1 1 I

(1) Some of the underpasses and smaller highway areas drain 1 less than 10 minutes and ~
higher flows would thus be indicated. l,e used a minimum 10 minutes ,in all Ctses • ~

I I,

(2) Estimates of travel time in pipes, or regular sections su h as the Ih.;hway m4dians :1

was made from Scobey's charts. ~Iost of' the 'time' CalCulfions werc made f~om the ~
text formula. , ,

(3) 'Time' was considerc,] the same lat east or west sidc of hi way although thcr is up II
to a minutcs di ff erence. I I I I'

! L2 3 ~i 1 •
A s<UTlf'le calculation using the ,formul} , tc ~ 5.75 ($) - see te+

~
L, ( L2).l- ~ I ,;

Area Acres L S S ...,.... J tc '
IHt "'JOO l.O7 .00 3 2l6t ---).0- ,,35 , I

'T' 5770 3.7 .015 913 ~.72 ~56 :
I, I I

I I l I I

Station 509 + 50

Station 461 + 00

Station 498 + 50

Station 452 + 00

Station 443 + 00

f= - ~:!.~~

....

.?;
'0

"5-
~.
X

H

1
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IlPIX:TGl l"LOIl5 5 yev raintall intenaity and duration l1li1.... noted

ARIA IN A eRE S Infiltr'n Concentration R A I N R U N 0 l" l"
Tetal '-",iou. I Jllpen'" (final) TJat Point Anr8&e

pe1J I t.pemOUI
Tetal

Area Area I Area in/hr Street MiD. Intena1ty Intenaity (Ia-tc )O.8 ~ (I~.2)O~~-InlrAi FlCllr DFS ION l"LOW AND
LOCATION A An Ai tc Slope tc 1(10%) Ia • Incbe. - • Incbe. -as CFS RDIo\RIS

I

Area 'A' 153 151 2 0.6 30 1.98 1.96 1,09 165 1,58 3 168 No outlet

Highway Center to Canal 15 4.4 10.6 0.6 17 2.86 2.85 1.81 8 2.38 25 33

Area 'B' (part drains east) 77 75 2 Not applicableUpper half 42.4 41,4 1 0.6 22 1,85 1.83 0.98 41 1,47 1 42

Peoria Underpass 23 6 i 17 0.6 10 3.85 3.83 2.58 15 3.27 56 71

(Area 'B' - West of Highway) 67 49 18 0.6 22 1.85

I
1.83 0.98 48 1,47 27 75 If upper half contributed

Area 'C' & 'IJ' 83 81 0.6 35 1.78 1,77 0.94 76 1.41 I2 3 79 Not a maximum
Upper half or 'IJ' only 78 77 1 0.6 23 2.37 2.35 1.24 95 1,93 2 97

Cactus Road Underpass 22
I

4 18 0.6 10 3.85 3.83 2.58 10 3.27 59 69
I

Area t u IJ'- West of Highway 105 85 20 0.6 35 1. 78 1.77 0.94 I 80 1,41 28 108 Use 115 (97 plus 1 pump)

Area 'E' 135 133 2 0.6 25 2.22 2.20 1.28 170 1.80 3 173

Thunderbird Underpass 32
I

17 15 0.6 10 3.85 3.83 2.58 44 3.27 49 93

Area 'E' - West of Highway 167 i 150 17 0.6 25 2.22 2.20 1. 28 192 1,80 31 223

I
Area 'F' I 148 146 2 0.6 25 2.22 2,20 1,28 187 1.80 4 191

Area 'F' - Ivest of Highway 151, 7 147.7 4 0.6 25 2.22 2.20 1, 28 190 1,80 7 197

Area 'G' 249 248 1 0.6 36 1.76 1.74 0.91 226 1,39 1 227
I

Greenway Road Underpass 21 6 15 0.6 10 3.85 3.83 2.58 16 3.27 49 65

Area 'G' - West of Highway 270 I 254 16 0.6 36 1.76 1, 74 0.91 231 1.39 22 255

I
Area 'H' 300 298 2 0.6 35 1,78 1, 76 0.93 279 1,40 3 282

Area 'H' - West of Highway 303.7 299.8 3.9 0.6 35 1.78 1, 76 0.93 282 1,40 6 288

I-'
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1XPn:T1iJl F~ 5 year raintall_int!!lait)' and duration UIl1... DOted

t= ~ ------

Bell Road Underpass

Area 'I' - West of Highway (part)

LOCATION

Area 'J'

95

57

53

237

204

469

266

160

269

158

455

101

146

154

205

151
I

"'I
I

0.46

0.46

1.02

3.83

1.28

1.28

1.97

1.97

i
I

3.85

1.29

1.29

1.98

1.98

I'

30 :1

10 II

"I
56 ~

56 l
I
I

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

2.7

2

2

o

1

II

:., I
i

20

20

37

16

13

I

2

4

87

201

329 ,
I

330.5,

197

122

123.5

85

2,210

, 2,218

I
I

89

85

18

221

339

336

199

123

126.2

ARE A I N A eRE S Iniiltr'n Concentration ~ R A I N I RUN 0 F F
Total IP'M'1ol1.1 I ~eM" (tinal) TiM Point Anrage PerTious ~erTiOUI Total
'n, j '&' , ...., ""'" "n. .......~~""~""(l~tol......... \(Ia--O.2)0.9J InxAi Flaw DfSIGN FLOW AND

A ~i ic: Slope tc: 1(10%) Ia • Inche•• CFS • Inc:he. -CFS CFS RDlo\RJ{Sf.=.= -.-. -= -- -~-" "' -= ,

1,617 1,573 44 0.7 81, I: Not a maximum
1,470 11,426 I 44 0.7 73 1.05 1.04 0.27 i 385 I 0.76 35 420

41 II 27 I 14 0.7 10 I 3.85 i 3.83 2.58 I 70 ' 3.27 I 46 I 116

1,511 1,453 I 58 0.7 73 1.05 I 1.04 0.27 392 I 0.76 I 44 436

I I 'I
1 11

694 I 689 5 0.7 63 II 1.18 1 1.17 I 0.38 I 262 0.87 I 4 I
696.3 690 6.3 0.7 63 :1 1.18 i 1.17 0.38 263 0.87 I[ 6 ~

I I I I 1 ~
I i I ~

I I I
I 82 0.96 0.95 0.20 442 I 0.67 I 13
I 1

10 3.85 3.83 2.58 10 I 3.27 1 43
I I :

82 0.96 I 0.95 0.20' 444 I 0.67 25

I I
I

26 2.19 i 2.17 1.18 I 144 1.77 2

26 2.19 I 2.17 1.18 i 149 1. 77 5I I ,

I I
27 2.12 i 2.10 I 1.12 ! 95 1. 71 0

27 2.12 t 2.10 I 1.12 I 98 1. 71 3

1 I
1 1

: I I !
1.02 I 201 1.59 I 3

2.58 5 3.27 52

1.59 I 32

0.97 I 7

0.97 I 8

I

2,230

17

II 2,255

(part)

Area 'L' - \vest of Hi/;hway

Area 'M'

Area '0'

Area tNt

Area '1'

Area 'N' - \vest of H~hway

Beardsley llr. Underpass

Union Hills Underpass

Area '0' - West of Highway

Area 'K'

Area 'M' - Ivest of Hil;hway

Area 'K' - West of flil;hway

Area 'J' - I{es t of Highway

Area 'I'
Lower Portion

'"
'"0.

H
H

.;-
""fl
""~.

L .



EUD:T11l Ftolo5 5 10&1' rainfall intenlit)' and duration unl... noted

AREA IN AeRgS Intiltr'n Concentration R A I N R U N o F F
Total Penioua I~elT'l (final) TJIIe Point AYera&e PeJ"rioul I r.perrlou. Total
Area Area Area iJI/hr Street W1n. Inteneit)' Intenl1t1 (I"'fc)O'~T~ (I...o.2)0.~-InzAi Flow DlSIQN FLOW AND

LOCATION A A., Ai f(; Slope tc 1(10%) Ia - Inche.· • Inche. -as crs RDlA.RItS

I
I

1.90 1.89
I

Area '1" 101 100 1 0.7 32 , 0.96 96 I 1.52 2 98

Area 'P' - West of Highway 109.2 104.2 5.0 0.7 32 1.90 1.89 0.96

I

100 1.52 8 108

,

Area 'Q' 75 74 1 0.7 23 2.34 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

I
Area 'R' 322 298 24 0.7 43 1.53 1.52 0.66

I
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 17 12 0.7 10 3.85 3.83 2.58 I 44 3.27 39 83

Area 'R' - West of Highway (part) 313 278 35 0.7 38 1.68 1.66 0.77 241 1.31 46 287

Area 'R-R' 114 113 1 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'S' - 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 2,07.8 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 SO 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 comb;ined 2,311 2,262 49 0.7 73 1.05 1.04 0.27 611 0.76 37 648

""
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QUANT
CFS.
.Q

n·ao//
n:o.O/2
n·O.0/5

WA rEIi? WAY DEscJZ/PT/OIv'

Existing Conduit Crossings

8/(; Concrete Culverfs
Pipt!' Culvt!!rfs ZI" t Lorqer
Sfr~~1 Pav/;,q
concrete Lined Woferwoy

n·o.020 corth-l3~sf

n,O.OjO carf;, - 8n./~hY -PC?or
, 5' -- - - - - -" chart) n= 0.021 Corrugated eta! P1pe

I I

ROUVII SLOPE AJ2tA p.WET. VEL.
NESS PT. PEIC. SQ.Fr. PElt!.. rT/ScC.
on /000 :A r.~ rV

I ~ p

oSTA. Ole
I.OCAno,

AREA O~5CIi?/PT/ON Black Canyon Higghrnwa.iiaJY~ _

C &- D_4i}2+2J 11!0.. 58" x 36ft Arch CMP

___-+ .N~IlS....ta.lled - head conditions unknown

E Culv. _

___-+-=i==-r-=-ov~e=_=d=__~yhe~d (2. 3 availaQl~)

O. 021 I 5.• 75 tilL 4 eal. O. 9

~
o::s
~
~

I-l
I-l
I-l

I

"g
(Jq
•

F 561+27 Two 6x3 Box Cul_v~

Limi ted_by h~ad ~f 0.1 (!.

Will t1.0 -- j18 ea.

3+--1-

0.012 11.0__f18 ea.

15

1...0...

1.0

4.8 I 5~x2=108

4.11i 72x2.:=144_
7+ 126x2=250

----

4.0 I74x2=1~~
120

I-l

G 599+.z7_ 6 x J....J3.9X CulL _ ...i).01~2 1z.....o__ ]18 ea.. 5.7 I 102~=204

H 614+0!-i Thre~_10tx3' Box Culv.

_ ~mited by 0.8 head available

0.012 17.7 30 ea. I 1.15 12.5 .1 375x3=1125

230x3=700 est.

I 652...!72J Two 6x3 Box Culv. _ - -- -- 0 •.Q12 5 18 1.O+~164x2-328
Limited hr. 0.].. head available

- -._--- '-- -- -- 12 1 2 8 10Px2=200 est

- - - -- -- ---

J~+~50'~~~ArChC~ _._-
~ -- 0.021 -~ - .. ss 9... S -tA.9- I42

Limited by depth 1.6 ft. - ,- - ._. ---- --1 30____ J _________
-- . - -- __.__. _"6-



Existing Conduit Crossings

2

o
o est.

n·aol/ 81(; Concref~ Cvlv~rfs

n:O.OIZ Pipt!' C(.,//v~rfs t'/" i Lor9~r
n ·0.015 Sfre'~1 ,cavlnq

Concr~le Lined WoferJI'Voy
n·o.OE'O earfh- 8~sf
n·O.OSo carf" - 8rushy -Poor

0.021 Corru~ated Metal p'

Black Canyon Highway

(Flows per Scobey Chart) -- l.oe

,sTA.OIt ROUJ# SLOPE A.QcA 'poWEr VEL. QUANT

LOC,4noN WATERWAY DEscIZIPr/oN NESS ,r:T. PEl<. 50.Fr. PEIZ.. PT/ScC. CFS.
~n 1000 =A rw.d cv' .Q

~

p
- -

Three 10'x3' Box Culv. 0.012 6.5 30 ea. 1.15 10.8
-

Limi.ted by head (0.2 available >- _ _ --- - ~O 1.4 8

I- -"-- --- --- "- -- -- -

50"x31" ArcllCMP .021 4.0 8.7 0.8 3.6 r- -- ---- . - - - - _._.

ILimi.ted by Jlellth Q. 9 ft. - - - i
·1- - - - -----

Two 24" CMP - - - .021 1.0 3.14ea 10 0.5 1.3

Limited by depth 0.7 ft •.

Two 43"x27u Arch CMP .021 3.6 6.4 eal 0.7 3.0

Improved by head (1.7' available) 6 : \ I 4

I I

361'x.22" Arch CMP .021 13(part')4.4 0.5 4.6

Limited by depth 0.5 ft.

50"x31" Arch CMP --- ~ . ~ .021 12(part~ 8.7 0.8 6.5- -
Limited by depth 0.8 ft. !
- -
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(Flows per Scobey chart)

EXisting Conduit Crossings
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n=o.OIZ
n·O.015
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Sf;-t:"~1 A::1v/;,q
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n·'O.020 earf/'?- !3~sf
n·o.OJO earrh -!3rfJshy -Poor
IF 0.021 COI'nll!ated Metal PiN'

.5TA. O~
LocAnoN W.4 rERWAY oeSCRIPTION'

ROc.K;f.l15LOPt AlJcA p.WEr. VEL.
NESS rr PER. SQ.':r. PER.. rT/ScC.
'n 1000 'A r'.d eVp
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1.014.3

-I-- - ~ --

-I- -+- -- _..+ - -+--

- --+- -- _.---+---

- -+- -----+- - - --

0.021 13.4

_0. 021_J16.0 114._3 1.. l...0

- --- I-+--I ---

I -----

6.5nx~on Arch CMP

----+1~e.d _by _head available _

R 806+59 I 6'x3' Box Culv. __ ~_.J)l2 1~•.9_j!~t____l--.!-.-O __ J _~~ _1166

_________~I~H=e=ad~a~vailable 1.3 ft.

Q 791+80

RR 813+881 65'!x40"_Arch _CMP _ _ _

__ __I_J.i.Ill.it~d_by de.pth__O. 2 _be19w top cuIvertw

~
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a:
~

H
H
H

I
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()q.

sj}].+;o~' -x- ~' :o~_x Culv. 0.012 14.2 42 1.6 11.5 480

I -

--- -- -+
T 840+50 Two 8' x 7' Box Culv.
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0.012 12.8 56 ea. 1.8+ 10

8

560x2a l120
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500 __-J.OOO es t.

--+1- ---------
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-- - ._-
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QUANT
CFS.
.Q

/o.? I

+

VEL.
pr/scc.

.v

z.~

n"OOI/ 8/q Concrete Culv~rfs

n:O.OIZ Pipt!' Culv~r,ts 2'/" t Lorqer
n 00.0/5 Srr~~1 A::1v/hq

Concrele Lined W'orerJIYoy
"'0.020 Eorlh- 8~sf
n,o.OJO carf" - Brushy -Poor

- - I

0.0/51 ..:5'.~ i 5.5

I,,·c?/GI ~ I /c5' I /.5 I A:?.s I /90_

I .
-

! I I I
i
I

I I

10 . 0 / 5 I ~ I /f I /$- ! ,,~ 1/.GZJ~_=
j - I - . . -- -

I I .-
!
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I I I II jI I, I -
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i "-- I Iii I I
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~n 1000 'A r' .B

I--"-='- -"--' .- ~--+= r P I =+
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It·· ... G[
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I"~" I- ~' ~
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i // ~ i±_. ---. .
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.5TA. Oil ~O(.,tjH SL.OPE A/2cA p.}4/eJ: VEL.. Qt./ANT.
L.OCAnolf WA reRWAY oeSCRIPrlON Ness r=T. pelt. SQ.':1. PE/Z. ;::T./stC. CFS.

an 1000 -A r-.d IV .Q
P

____-+- 'L/Neo C#A'~~L __ .~ -----f-----

-r- 00/.5 70 31.S" Z. C; /~. 0 .3/S-
\1)\ 11)1 -

___-+ ~ \0 +-__+- _

7'

di<./ r:- /? /-L"''p ~__ -, r fo. dA/L:> &..1c::::'l<' c::::;;'...v,md A:0L

,

I '- -.'--
I 3il - CJ--t2~Qt_2-2-f_-'-Z£1- ,:5. C)_I-- ./20 _ //,yC)

---t===~~ - - ~r:=- --I-- -- --j-----+---+-----f---+---

___+----l~..\f---~-- ----- - -- - t:L --\ -- ----- --t--.-=-..-+'--------f------f---4----

- --- - --_._--+------+-----+-----+-----

;::';m'A",,~d...ft=/~-L1:"'::t~'L~,eo __ ---- - -.-+-----f-----

- --------- - _._--- -.- - .. ----+----+---+----

----+------ - --- - - ------- --------1f----t---+---+-----l----l-------
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-____ _ _ _ _ L. _

~
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(Jq.
N

AREA OeScRIPTION 344C,K. C:;.A/>-0N 4G#PV'AY

/
.ReCO.A4'e/V".o~ D CJNOU/ z:s rC-4/4/4/A/'d"4.,£;•

n-aOII 81t:, Concr~fe Culv~rfs

n=o.0I2 p;~ C",/v~rfs 2'1"( Lor,?t!'r
n -0.0/.5 Sfr~~1 A:1v/nq

Concrete Lined l'Voftlrwt:7V
n·o.oto earth-Best-
n·o.o.Jo cQrrh -Brushy -Poor



n-aol/ 8/(; Concrefe Culv~rfs
n:O.OIZ P/pt!" Cu/v~rfs 2'/"i L.orqt!'r
n -0.0/5 Srr~~1 PaVI;',?

Concrete Lined WoferWoy
n,o.020 carfh-d~sf
n.o.OJo cor'" ·l!Jrusny -Poor
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Z-<J5_I /aCJ

___ -----l--.-

_ _ __-1 ~--

-1--- --

5:~

-

-

____- - - I-

•._-L __ ----4-- .--+--
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eSTill.~ ~()(.k;N SlOPe AReA peW4t VEL. QVANT.

lOCAT1DN W,4reIlWAY OeSC/zIPrlolV A/e;s PI: P~1l $4.F1: Nil. pT.lS«. c.r.-s.
-" /000 ·A r.~' ·.V .Q

I
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~ /'

\." ~ A ~
'4

~ /v ..
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/' ,,~~/? "..-:" .. /,/-/'

a/)/~ ;7,f -57..5' ~7 /Z/ t:;lA'~
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A~EA oeSCRIPTION L5L.ACK c:::4'A/yO,v d~#A:/"AY

REcC)~e~L::>Go ~...vOU'/7.s ,G/C,...t./..<1..-v....v~L.S.
n-aol/ 8/9 Co"cr,t~ Cvlv~rfs
n ao.0I2 P/~ c~/v,,.~S' r/-, Lor'14'r
n ·O.OI~ 5.,.r~~1 ~vli?'1· .

concr~t~ LiMa Nt:1Iw".~t:1'1 -
neo.oto eQri,,- ~~$f .
neao~o eor/-!? - ~rushy -Poor



.5~t:;2_

55'::-

$t?5'"

-_._---
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CFS.
.Q'

-- I ---

VEL.
rr/scc.
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- 1-----

+-----

-4-- ...--

z,£ I /.7

tC;3 _ ! /?J'

Z,~,i- I ?5"

~~

-~ --f- - --

----f--- -I-----~--- .+ - ----j---- - .. -

n"ao// 81t:, Concrefe Culv~rfs

n:O.O/Z Pip~ C(..//v~rfs 2/"i Lorq(!lr
n so.O/5 Sfr~~1 PQvlnq

Concrele Lined Woferwo'y'
n,o.020 ~orlh-fj~sf

n·o.OJO carfh . 13rushy -Poor

ROLkiH15LOPE AJ2cA p.WEr.
Ness ;::1: PCI<. SQ.FT: PEIZ.
on /000 =A r. ~

p

().~/5 i-~. L 7'Z

I I - 1- . ---+---- ---

CH'AN-A./£L_

/
GA/OC//TS £ C..v4#A/EL.$
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C¢O

QUANT.
CF5.
.Q

-

---

/0

.? UZCJ

--~ .. -

-~C) -t&;~_ .. -
-- ----

VEL.
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I -+---- ---

1--- ......_~ -----

.. ~--- .- _.- ._--
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~- 1 I

.. - 1--
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n"aOII 8/(; Concrete Cu/v~rfs

n=O.OIZ Pipt!' Culv~rfs Z/" ( Lortft!'r
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G ,4-/-4~/'4./eL-

=~:-:: . --_?:.: -:_. ~_ FJ -_== __~ :Q~O/5=~ .5~_~~_z.~~_~.:,,~_<v~ ~~
-.- - .~ -- ~ 1.__ ll__ --- 4- -- -I- I I -- -I - -~_.. - ---

~ /4' ~
~e~k-':-~-B--~-4-~""""~:~~LL)~__ci~/s,~-)- _..

t.. --3
Z

.ff -- -r-" _Io.p~~~ -€' /_~-!-£$
l~-I-- , ~_' __ 'H

-- ~ -- -I ----. -+ --------.-- -- £---.. - ~- /~ -t -
~05 L/~. -&.4CKUA/J0N d~"<'/1-V4y'$~,..vI"<~

'CC':?L?_ ~duc~ .6:, /,6'11'7 ~ ?~ c? / d.q'/<U./c;;;;<;/ ) to.OZD

C"

f
~
<
I

"C
(Jq
•



8/(; Concrefe Cvlv~rfs
P/pt!' Culv~rls Z/" ( Lorq~r
Sfr~~1 Pav/nq
concrele Lined Waferwoy'
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COST &STD.-IATE

LOCATION Areas A,B,C,D Arizona Cand. to Slveetwater Road.

GRAND TOTAL

L.S. 4,000
0.50 7,000

L.S. 23,000

$282,000

28,000
28,000

$338,000

Land & Right-of-t'lay
10' along Highlvay for 13,000'
ISO' lvide along Arizona Canal

2,500'

Houses and Buildings, etc.

Utility Relocation, Irrigation Crossing

Other Construction Costs
Pipe as Channel 30t , and 3611

Earth Channels
Lined Channels Q = 130 c.f.s. to

185 c.f.s.
Bridges or Culverts on Channel
Corrug. Culvert Crossing B.C.
Bridges or Box culvert

crossing B.C.
Appurtenances
Fencing 13,000' Single Cable @ 0.50

1,000' Reconstruct Chain
Lillie @ 0.50

Detention Basin

Subtotal

Engineering & Uiscellaneous 10%
Contingencies 10%

Quantity
(:: Unit

3 Acres

8.6 Acres

None

2,000 L.F.
None

13,,000 L.F.
Two Each

None

none

14,000 L.F.

One Each

Unit
Cost

$8,000

4,000

L.S.

17.00

10.00
10,000

Total
Cost

$24,000

35,000

5,000

34,000

130,000
20,000

General Project Description

Consists of 1,200 L.F. of 30n concrete pipe, 800 L.F. of 36u pipe,
a lined \vaterway 11,000 feet in length from about 700 feet north of Cactus
Road southerly to the Arizona Canal; all on the lvest side of Black Canyon
Higmiay. A detention Basin west of Black Canyon Highway and north of and
adjacent to the Arizona Canal" about 150 feet in "lidth 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.
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COST E~.TJ:MATE

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

Quantity &
Unit

Unit
Cost

Total
Cost

Land &' Right-or-\>lay
10' along Highway for 7,000 feet
40' along Thunderbird for

21,400 feet
60' along Arizona Canal for

13,000 f~et.

Utility Relocation

1.6 Acres $8,000

20 Acres 5,000

18 Acres 4,000
L.S.

$13,000

100,000

72,000
2,000

Other Construction Costs
Pipe as Channel
Earth Channels Q = 590 to 800 c.f.s.
Lined Channels Q = 300 to 560 c.f.s.
Bridges or Culverts on Channel
Corrug. Culvert Crossing B.C.
Bridges or Box Culvert Crossing B.C.

6' x 3' Box Culverts
Appurtenances
Fencing 7,000' Single Cable @ $0.50

Reconstruct 7,000' @ $0.50
42,800' New 4-5trand @ $0.40
26,0009 New 4-Strand @ $0.40

Subtotal
Engineering &Miscellaneous 10%
Contingencies 10%

GRAND TOTAL

General Project Description

None -',. ....-
34,400 L.F. 5.00 172,000
7,000 L.F. 14.00 98,000

Ten Ea. 7,500 75,000
None

Three Ea. 20,000 60,000
L.S. 4,000

82,800 L.F. 0.42 35,000

$631,000
63,000
63,000

$757,000

Consists of one 6' x 3' box culvert across the High,~y 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 Greemiay 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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COST ESTIMATE

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

Quantity
& Unit

Unit
Cost

Total
~

GRAND TOTAL

Land & Right-of-\'lay
10' along Highway for 24,000 feet
200' \dde along Arizona Canal

for 4,000'

Houses and Building, etc.

Utili~ Relocation

Other Construction Costs
Pipe as Channel
Earth Channels
Lined Channels Q = 300 c.f.s. to

645 c.f. s.
Bridges or Culverts on Channel
Corrug. Culvert Crossing B.C.
Bridges or Box Culverts Crossing

B.C. 6' x 3' box culverts
Appurtenances
Fencing 8,000' Reconstruct

Chain Link @ 0.50
25,000' Single Cable @ 0.50
10,000' Four Strand @ 0.40

Detention Basin along Arizona Canal

Subtotal
Engineering & Mi. scellaneous 10%
Contingencies 10%

General Project Description

5.5 Acres $8,000

18.4 Acres 4,000

None

L.S.

None
None

23,000 L.F. 16.00
Eight Each 10,000

None

Three Each 20,000
L.S.

43,000 L.F. 0.49

One Each 51,000

44,000

74,000

9,000

368,000
80,000

60,000
10,000

21,000

51,000

$717,000
72,000
72,000

$861,000

Consists of two 6' x 3' box culverts ,dth 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 lv.ith a capacity of 102 c.f.s. across the highway about
900 feet north of Greenway Road. A lined lY'ater\Y'ay 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 \ddth.
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COST ESTIMATE

~OCATION Areas H, I, J Bell Road

Land &' Right-or-Way 10v Along
Highway for 3,000v
50 v along Midsection Line 1/2

Mile south of Bell Road
for 32,000v

Houses and Buildings, etc.

Utility Relocation

Quantity &
Unit

0.7 Acres

37 Acres

None

Unit
Cost

$8.,000

5,000

L.S.

Total
Cost

$ 6,000

185,000

2,000

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

36" Diameter
Earth Channels Q = 1,050 to

1,120 c.f. s.
Lined Channels Q = 320 to 980 c.f.s.
Bridges or Culverts on Channel
Corrug. Culvert Crossing B.C.
Bridges or Box Culvert Crossing

B.C. Triple 10vx3v Box Culvert
Appurtenances
Fencing 5,500 L.F. Single Cable

@ $0.50
New 4 Strand - 5,500v @ 0.40
64,000 L.F. new 4-Strand @ 0.40

Subtotal
Engineering &Miscellaneous 10%
Contingencies 10%

2,000 L.F. 18.00 36,000

32,000 L.F. 5.00 160,000
5,800 L.F. 15.00 87,000
Seven Each 7,500 53,000

None

One Job L.S. 89,000
L.S. 3,000

75,000 L.F. 0.41 31,000

$652,000
65,000
65,000

GRAND TOTAL

General Project Description

$782,000

Consists of three 10vx3Y box culverts across Black Canyon Highway about
1,200feet north of Bell Road; a lined waterway designed for 320 c.f.s.
on the east side of the High,,,,ay 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 ,,,,est side of the High,'/ay from about 3,000 feet north of Bell
Road to 1,000 feet north of Bell Road. A lined waten'1ay 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 ''1esterly 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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LOCATION Areas KzLzM.

COST EST:b.1ATE

Union Hills Drive

Quantity &
Urtit

Unit
Cost-

Total
Co,st

Land &- Right-of-Way 10 9 along
Highway for 4.,000 9 I

40 9 along Union Hills Drive
for 20,000 9

Houses and Buildings, etc.

Utility Relocation

1 Acre

18.4 Acres

None

$8;000

5,000

L.S.

$8;000

92,000

3,000

None

3,300 L.F.
20,000 L.F.
4,000 L.F.

Four Each
None

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

30lt and 36 lt Diameter
Earth Channels Q == 520 to 550 c.f.s.
Lined Channels Q == 120 to 500 c.f .s.
Bridges or Culverts on Channel
Corrug. Culvert Crossing B.C.
Bridges or Box Culverts

Crossing B.C.
Appurtenances
Fencing 4,000 9 Single Cable @ 0.50 48,000 L.F.

Reconstruct 4,000 9 4-Strand @ 0.40
40,000 9 New 4-Strand @ 0.40

Subtotal

Engineering & 1~scellaneous 10%
Contingencies 10%

GRAND TOTAL

General Project Description

17.00
3.30

10.00
7,SOO

L.S.
0.42

56,000
66,000
40,000
30,000

2,000
20,000

$317,000

32,000
32,000

$381--:000

Consists of a lined watenvay 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 30n concrete pipe and 1,800 L.F. of 361f 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 Hills Drive along the west side of the High,vay. 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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LOCATION Areas N, 0, P.

COST ESTIMATE

Beardsley Dtive

Quantity &
Uhit.

Unit
Cost

Total
Cost

Land & Right-of-lvay . 15' along .
Highway for 1,000 9 ,

10' along Highway for J.,400'
40' along ueardsley Drive for 8,000V

Houses and Buildings, etc.

Utility Relocation

0.4 Acres
0.3 Acres
7.4 Acres

None

$8,000
$,000
4,000

L.S.

$3,000
3,000

30,000

2,000

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

3011 diar.1eter & 36n diameter
Earth Channels Q = 630 to 650 c.f .s.
Linecl Channels Q = 110 to 610 c.f .s.
Bridges or Culverts on Channel
Corrug. Culvert Crossing B.C.
Bridges or Box Culverts Crossing

B.C. Double 9'x3' box culvert
Appurtenances
Fencing Reconstruct 2,500'

4-strand @ 0.40
16,000' New 4-Strand @ 0.40

2,500 S~le Cable @ 0.50

Subtotal

1,500 L.F. 17.00 26,000
8,000 L.F. 3.50 28,000
2,500 L.F. 12.50 32,000

One Each 8,000 8,000
None

One Each 53,000 53,000
L.S. 2,000

21,000 L.F. 0.43 9,000

$196,000

Engineering & 1..iiscellaneous 10%
Contingencies 10%

GRAND TOTAL

General Project Description

20,000
20,000

$236.000

A lined wate~lay on the east side of the Highway from 2,600 L.F. to
1,100 L.F. north of Beardsley Drive tilth a capacity from 110 c.f.s. to
250 c.f .s. 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 \vith capacities of 20 c.Ls. and 30 c.Ls. Two
9 fx3' box culverts across Black Canyon High\vay about 1,200 L.F. north
of Be~rdsley Drive tilth a combined capacity of 600 c.Ls. A lined \'!ater­
way from about 1,200 L.F. north of to Beardsley Drive on the west side of
the High\1ay \ilth a capacity of 610 c.f.s. A trapezoidal section dirt
waterway along the north side of Beardsley 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 ESTD1ATE

LOCATION Area Q Below Deer Valley Drive

Quantity
& Unit

Unit
Cost

Tetal
Cost

\

Land & Right-of-Way 15 f along
Natural sllale for 5,000'

Houses and Buildings, etc.

Utility Relocation

Hone

None

$2,000

Other Construction Costs
Pipe as Channel
Earth Channels Swale Improvement

for 122 c.f .s.
Lined Channels
Bridges or Culverts on Channel
Corrug. Culvert Crossing B.C.

'1\/0 43Ux27 U C.lII.P. Arches
Bridges or Box Culvert Crossing B.C.
Appurtenances
Fencing

Subtotal

None

5,000 L.F.
None
None

nro Each
None
Hone
Hone

0.60

6,000

- - ...

3,000

12,000

$ 17,000

Engineering & l..:i.scellaneous 10%
Contingencies 10%

GRAND TOTAL

General Project Description

2,000
2,000

$21.000

Consists of t\ro ne\v 43"x27u C.I.1.P. arches across Black Canyon Highway
about 4,300 L.F. north of Beardsley Drive \'lith a combined capacity of
72 cef.s. Some excavation in the natural s\vale area \vest of Black Canyon
High\ray to Little Skunk Creek to accommociate 122 c. f. s.
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COST ESTTI.IATE
,

LOCATION Areas, R-R z R Deer Valley :Qrive

Quantity
& Unit

Unit
Cost

Total
Cost

Land &' Right-of-Way lOY along
Highway for 1,500 9

Houses and Buiidihgs, etc.

Utility Relocation

0.4 Acres

None

$8,000

L.S.

3,000

. 2,COO

Other Construction Costs
Pipe as Channel
Earth Channels Q = 435 to 450 c.f.s.
Lined Channels Q = 170 to 415 c.f. s.
Bridges or Culverts on Channel
Corrug. Culvert Crossing B.C.

651'.x40" C.M.P. Arch
Bridges or Box Culvert Crossing

B.C. 6'x3 YBox ~liverts

Appurtenances
Fencing 1,400' Single Cable @ 0.50

Reconstruct 1,400 Y4-Strands
@ 0.40
8,000' New 4-Strand @ 0.40

Subtotal

Engineering & L:isce11aneous 10%
Contingencies 10%

None
4,000 L.F.
1,350 L.F.

1\/0 Each

One Each

One Each

10,800 L.F.

2.75 11,000
14.00 19,000
7,500 15,000

11,000 11,000

23,000 23,000
L.S. 2,000
0.46 5,000

$91,000

9,000
9,000

General Project Description

GRAND TOTAL $109;000

Consists of a ne'j 65 itx40n C.lI.P. arch across Black Canyon High'vay with a
capacity of 90 c.f.s. about 1,400 L.F. north of Deer Valley Drive. A 6 Yx3'
box culvert with a capacity of 166 c.f.s. crossing the Highway about 900 L.F.
north of Deer Valley Drive. A lined ''laten'lay on the ''lest 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 'vatenvay along the north side of
Deer Valley Drive from the Higlmay to Little Skunk Creek ,vith capacities of
435 c.f.s. to 450 c.f.s., a distance of abnut 4,000 L.F.
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COST FSTDvIATE

LOCATION Areas S and Tt North of Deer Valley Road

Quantity
~: ,Unit

Unit
Cost

Total
Cost

Larld & Right-of-t'lay 80 Y along East
side of H~htvay for 800\'

Houses and Buildings, etc.

utility Relocation

Other Construction Costs
. Pipe as Channel

Earth Channels Q= 3,400 c.f.s.
Lined Channels
Bridges or Culverts on Channel
Corrug. Culvert Crossing B.C.
Bridges or Box Culvert Crossing

Quadruple 10Yx7\, Box Culvert
Appurtenances
Fencing 1,600Y4-Strand @ 0.40

Subtotal

Engineering &' l.riscellaneous 10%
Contingencies 10%

General Project Description

1.5 Acres

None

None

None
800 L.F.
None
None
None

One Each

1,600 L.F.

GIWID TOTAL

$4,000

16.00

139,000
L.S.
0.40

$6,000

13,000

139,000
2,000
1,000

$161,000

16,000
16,000

$193,000

Consists of four ne,.., 10 Yx7 Ybox culverts with a combined capacity of 3,700
c.f.s. across Black Canyon Highway about 3,000 L.F. north of Deer Valley Drive.
A trapezodial section dirt ,..,aten1ay along the east side of the HighlY'ay 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.
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