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July 3, 1979

Mr. George Ianella
Engineering Services Director

.City of Scottsdale
3939 Civic Center Plaza
Scottsdale, Arizona 85251

Re: Report on Changes to McCormick Ranch Master Drainage Plan

Dear Mr. Ianella:

We are submitting herewith two (2) copies of the above-referenced report. Our
office retains all the detailed quantity compilations and figures used in de­
veloping the cost estimates generalized in the report, and these will be sub-
mitted upon request.

If you or your staff have any questions regarding this submittal, please feel
free to contact us at your convenience.

As the next stage of the drainage review of McCormick Ranch, we now propose to
proceed in an investigation of the drainage deficiencies which have occurred
in the existing construction.

Sincerely yours,
DASHNEY AND ASSOCIATES, INC.

'/~//. "/(,."'\.f ~~
Rolf Erikson, P.E.

RE: is

2801 NORTH 24TH STREET/PHOENIX, ARIZONA 85008/PHONE (602) 956-2984
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SCOPE

The purpose of this report is to provide an independent review and recommend

changes in the McCormick Ranch Drainage Plans for Phase II and the McCormick

Ranch Center, as prepared by Toups Engineering, particularly in relation to the

Shea Boulevard and Pima Road improvement plans (Project P-7809) which are pres­

ently being developed by the firm of Dibble &Associates, Inc. of Phoenix,

Arizona.

LOCATION OF PROJECT AND DESCRIPTION OF AREA

The area is bounded by Via de Ventura on the south, Hayden Road (80th Street)

and its southerly straight-line projection on the west, the Central Arizona

Project Canal to the north, and 96th Street to the east, with portions of the

upper watersheds extending easterly of the latter in a north-northeast direc­

tion to the origin at the Central Arizona Project Canal. Roughly centered in

the study area on a north-south axis is Pima Road. The larger watersheds flow

generally in a south-southwesterly direction at slopes averaging 0.8%. The

terrain is typical Sonoran Desert of the Lower Colorado Subdivision, dominated

by creosote bush, with some salt bush, desert thorn, and mesquite in the vicin­

ity of the washes. The percentage of vegetative cover is generally around 10%,

with thicker concentration in the vicinity of the washes and the poorly-drained

areas. The watershed soil is composed of Calciorthids (high calcium content),

with Haplargids (containing clay strata) in the upper region, all of which have

a moderate to slow rate of permeability. The northern two-thirds of the area

(i.e., that lying north of Shea Boulevard) is generally zoned Rl-35 and now con­

tains a scattering of single-family residences east of Pima Road - with many new

subdivisions in the planning stage - while several single-family residential

subdivisions already exist west of Pima Road. Southerly of Pima Road and south

of Shea Boulevard, the McCormi'ck Ranch Phase II is now under development, with

a variety of single- and multi-family units with adjoining parks and recreation

areas. East of Pima Road and south of Shea Boulevard, within the study area,

there is to be a planned commercial development known as McCormick Ranch Center,

which is to include offices, a finance center, and various shopping areas, with

interspersed parks and some Rl-35 residential development along its southerly

edge.

INVESTIGATION AND RESULTS'

The first drainage study relating to the area to be found ;n the City of Scotts­

dale files was dated in September, 1973, and was made by Water Resources Associ­

ates, Inc. This used the SCS method and considered roughly the upper 2 miles of

the larger watersheds to be type "C" soil (i.e., having a slow infiltration

rate). Further downstream, the soils were considered to be type IIB" (i.e., hav­

ing a moderate i'nfiltration rate). On the basis of these two 50;1 types, the

Water Resources Associates report used SCS curve numbers of 81 and 85 and, to

reach this conclusion, must have assumed the vegetative cover density to be 40%.

For precipitation rates, the foregoing report used those given for Phoenix, Ari­

zona on page 37 of IIEstimated Return Periods for Short Duration Precipitation in

Arizona" (Technical Memorandum WBTM WR-44, U.S. Department of Commerce, Environ­

mental Services Administration, October, 1969). In an evaluation of the Water

Resources report, only three possible discrepancies are apparent. The utiliza­

tion of factors for "B" soil in the watersheds, while in accordance with the

1
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City of Phoenix IIStorm Drain Design Manual - Subdivision Drainage Design ll (Oc­
tober, 1972), page 36, is not in agreement with the type "C" soils shown in the
Arizona Highway Department's IIHydrologic Design for Highway Drainage in Arizona",
Figure 2-1 (page 44a), which is now the standard accepted in the Scottsdale
drainage ordinance. In addition, the assessment of 40% vegetative cover density
is the absolute maximum allowable for desert brush (page 8 of the Arizona High­
way Department manual). The assessment of using 11(11 soils with 10% vegetative
cover results in SCS curve number 89, while considering type 11(11 soils in an
ultimate development with about 30% impervious surface raises the SCS curve num­
ber to 91. Furthermore, while the Water Resources report did select higher SCS
curve numbers south of Shea Boulevard to allow the addition of impervious areas
in the ultimately-developed areas of the McCormick Ranch area, no such allowance
was made for the off-site watersheds having their origins north of Shea Boule­
vard.

The major, and generally-accepted, drainage study of the area entitled "McCor-
mick Ranch Phase II Master Storm Drainage Study and Report" was prepared by /
Toups Corporation and was completed in its final accepted form on February 28, /
1978. Under the assumption that they accounted for future development, 'theoff­
site areas'and curve·.numbers in the latter report were taken from'the aforemen-'
tioned drainage report prepared by Water Resources Associates, Inc., dated Sep­
tember, 1973 (with the exception that all soils were considered type "B"). How­
ever, the Toups study extended the off-site drainage areas used in the original
Water Resources report to the old Verde Canal, which is roughly 2,000 feet
northeasterly of the actual location of the Central Arizona Project Canal. (See
Map "A", Appendix 1.) This, in effect, added 0.52 square miles to the true off­
site watersheds. The Toups study utilized the U.S. Department of Agriculture ­
Soil Conservation Service - TR20 Project Formulation - hydrology computer pro­
gram for determining the runoff rates and adopted the original (and now out­
dated) Arizona Highway Department method for determining precipitation rates.
The latter method, which was formulated in 1968 at the same time the SCS hydro­
logic procedure was adopted by the Highway Department, was later found to be
inaccurate and was consequently amended in April, 1975. As an example, the use
of the outdated Arizona Highway Department procedure resulted in the 100-year
l-hour rainfall being estimated at 2.20 inches, while the accepted value is 2.66
inches (i.e., from the previously cited "Estimated Return Periods for Short
Duration Precipitation in Arizona ll

). The effect of using a rainfall rate of
2.20 inches with a SCS curve number of 81 is a runoff rate of 0.75 inch, while
the now-accepted rainfall rate of 2.66 inches with an SCS curve number 91 re­
sults in a runoff rate of 1.75 inches. The net result of using the foregoing
different values' causes considerable variation in the compute'd actual discharge
rates. For example, the area designated as "H II (352 acres) in the Toups study
would develop a discharge rate of 351 cfs during the 100-year event (using a
rainfall rate of 2.20 11

a~d~nSCS curve number 81); while, using the now-accepted
values (SCS curve number 91 and a rainfall rate of 2.66 11

), the rate would be
622 cfs. Map IIB II in Appendix II of this report shows the runoff values at vari­
ous key points, as determined by the Toups study.

The most recent study relating to the area is entitled IIHydrology and Hydraulic
Report - Pima-Bell Road from Shea Boulevard to Scottsdale Road", which was pre­
pared by Dibble and Associates, Consulting Engineers, and is dated February 9,
1979. A portion of this study concerned a drainage area on the easterly side of
Pima Road to the north of Shea Boulevard, which is part of the off-site water-

2
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sheds entering McCormick Ranch Phase II. The Dibble study and report, which
was done in connection with 4.7 miles of roadway improvement for the City of
Scottsdale (Project P-7809), rather than using the SCS method for determining
storm discharge rates, utilized instead the traditional rational method. A
runoff coefficient "C" factor of 0.5 was adopted in this study and is consis­
tent with both the existing zoning and proposed development for the area, as
delineated by the City of Scottsdale grading and drainage ordinance. For the
determination of rainfall rates, the Dibble study utilized the Arizona Highway
Department method, including the aforementioned amendments of April, 1975. As
a result, the rainfall rates used were rea~onably close to those on page 37 of
"Estimated Return Periods for Short Duration Precipitation in Arizona". For
example, the l-hour, 100-year rate was found to be 2.51", while the accepted
value is 2.66". The Dibble study (for the determination of drainage areas),
besides using the conventional 1" = 2000' U.S.G.S. Quadrangle Maps of Paradise
Valley and Sawick Mountain, also utilized field cross-sections augmented by in­
formation obtained from field inspections and areas planimetered from 1" = 400· -­
aerial photographs. In this context, it is notable that the watersheds deter­
mined by the Dibble study are somewhat at variance with those given in the re­
ports by both ~Jater Resources Associates and Toups Corporation. (See Map "A",
Appendix I.) The Dibble study found that some 433.23 acres (designated as
Areas "2" to 11]11) easterly and immediately adjacent to Pima Road and north of
Shea Boulevard formed the upper part of a watershed eventually draining into
the McCormick Ranch Phase II - plus the equivalent of 45.68 acres from a larger,
more northerly area which would be received as overflow due to inadequate ca­
pacity of natural channels. Examination of 1" = 400' scale aerial photos re­
veals that there is another 167.75 acres belonging to the same watershed west­
erly of Pima Road which also now drains across Shea Boulevard into McCormick
Ranch Phase II - for an actual total off-site drainage area of 646.66 acres
(1.01 square miles). This is substantially greater than the area of 0.66 square
miles which was delineated for the same watershed by both the Water Resources
report (which designated it as Area "5") and the Toups study (which referred to
it as Area 11["). Examination of the 1" = 400' scale aerial photos indicates
the determination of the drainage area reached by the Dibble study to be com­
pletely valid. The underestimated drainage area and the use of lower SCS curve
numbers by both the Water Resources report and the Toups study, plus the use of
a substandardl-hour, 100-year rainfall rate, in the case of the Toups study,
resulted in the discharge rate at Shea Boulevard's being estimated variously at
280 and 329 cfs (concentration point number 30 in the Toups study). This same
discharge, using the true watershed areas and the more-accepted rainfall rates
and SCS curve numbers, computes to be 882 cfs (873 cfs by the use of the ra­
tional method). Moreover, just downstream from the latter, across Arabian:
Trail, there has been constructed a 10' x 3' box culvert, which has a capacity
of only 280 cfs. Even further downstream, the discharges computed through use
of the corrected drainage areas and the revised rainfall rates and higher SCS
curve numbers continue to remain substantially larger than the Toups study. At
concentration point 42, the new values would be 1350 cfs, while previously; it
had been computed at 760 cfs. Moreover, at the latter point, a structural plate
arch culvert has been installed across Mountain View Road, and the grading plan
for the Paradise Park Manor subdivision just upstream has been developed on the
basis of the lower discharge figure - as computed by Toups Corporation. Further
downstream, the difference in computed discharges continues, but due to a large
inflow from the east, the percentage variation becomes less, and consequently,
the effect on existing structures and drainage facilities is less. At concen-
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tration point 50, the revised discharge is calculated at 2750 cfs, while the pre­
vious figure was 2281 cfs. At the latter point, a large multi-plate arch cul­
vert has been constructed in the drainageway (known as Camelback Walk) below
Via Linda (previously known as Double Tree Ranch Road) for use also as an eques­
trian underpass. While the Toups Corporation ran a backwater analysis (includ­
ing also the structure) using a value of 2400 cfs, an additional 350 cfs will
only marginally (0.25 1

) raise the 100-year water surface elevations.

Other drainage being introduced into the McCormick Ranch Phase II directly
across Shea Boulevard by the existing Dibble plans is generated by 89.48 acres
(designated as Area No.1) lying also just east of Pima Road. While the origi­
nal Toups study did not consider any drainage being introduced into the McCor­
mick Ranch project at this point, the roadway construction for Pima Road south
of Shea Boulevard, as designed by the firm of Collar, Williams, &White, pro­
vided for this runoff,-and a culvert crossing a spur for Mountain View Road just
easterly of Pima Road was sized for some 328 cfs. This is more than adequate
to meet the requirements of the existing Dibble plans, as the site (approxi­
mately concentration point 22 in the Toups study) would be subjected to about
262 cfs in the lOO-year event.

Runoff computations using the revised runoff parameters and corrections to the
drainage areas are given in Appendix II of this report, and Map "C" in Appendix
I shows the results.

CONCLUSIONS

The present paving and drainage plans for Project P-7809, as they have now been
prepared by Dibble &Associates, could create problems and the potential for
flooding of both streets and homes in the McCormick Ranch Phase II. In particu­
lar, the two sites which have inadequate capacities to meet the anticipated
flows are the easterly 10' x 3' box culvert in Arabian Trail and the drainage­
way through Paradise Park Manor, plus its crossing with Mountain View Road.
Considering the above and other aspects of the drainage facilities now con­
structed in the McCormick Ranch Phase II, nine alternates appear possible for
the proposed future construction of Pima Road north of Shea and also for the
McCormick Ranch Center on the easterly side of Pima Road, as follows:

Alternate A.

1. Proceed with present Dibble plans
2. Make no alterations in existing McCormick Ranch drainage
3. Leave in place inadequate culvert at Shea Boulevard Station 15+60

(Project P-7809)

Alternate B

1. Same as above
2. Same as above
3. Construct adequate culvert at Shea Boulevard Station 15+60 to provide

for drainage area north of Shea Boulevard and west of Pima Road

Alternate C

1. Alter Dibble plans to convey drainage directly southerly across Shea

4
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"...eBoulevard, with~ being conveyed to the west, and provide minimal
outlet channel to the existing ditch along east side of Pima Road

2. Make no alterations in existing McCormick Ranch drainage
3. Leave in pl aC,e inadequate cul vert at Shea Boul evard Stati on 15+60

Alternate 0

1. Same as above
2. Same as above
3. Construct adequate culvert at Shea Boulevard Station 15+60

Alternate E

1. Same as above
2. Remove existing inadequate culvert beneath Mountain View Road spur and

fully improve channel on east side of Pima from Mountain View Road to
Shea Boulevard

3. Leave in place inadequate culvert at Shea Boulevard Station 15+60

Alternate F

1. Same as above
2. Same as' above
3. Utilize pipe removed from Mountain View Road spur to construct an ade­

quate drainage crossing at Pima Road Station 15+60

Alternate G

1. Same as above
2. Remove inadequate culvert beneath Mountain View Road spur on east side

of Pima Road and improve channel on east side of Pima Road only to the
minimal extent necessary to provide an outlet of the box culvert at
Shea Boulevard

3. Same as above

Alternate H

1. Same as above
2. Fully improve channel on east side of Pima Road from Mountain View

Road to Shea Boulevard and construct adequate culvert in Mountain View
Road spur

3. Leave in place inadequate culvert at Shea Boulevard Station 15+60

Alternate I

1. Same as above
2. Same as above
3. Utilize pipe removed from Mountain View Road spur to construct an ade­

quate drainage crossing at Pima Road Station 15+60

Alternates IIA li and IIB II essentially perpetuate the existing undesirable situation
of inadequate culverts inside the presently-developed McCormick Ranch Phase II.
Alternates lIe ll through 111 11 divert the anticipated runoff at the intersection of
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of Pima Road and S~'~' Boulevard along the easterly side of Pima Road - an area
yet to be developed. Alternates "0" through "I" actually are possible improve­
ments over Alternate "c" - of which, Alternate ItI" is the ideal scheme which
should ultimately .be achieved by the final construction.

An examination of the existing drainage facilities from tamelback Walk north
along Pima Road to its intersection with Shea Boulevard was made to verify their
adaptability to accepting an additional 478.91 acres of runoff, which were 'to be
drained directly westerly into the northern part of McCormick Ranch Phase II.
The bridge for Camelback Walk at Pima Road would be adequate for the increased
discharge (estimated at 2160 cfs) and, according to backwater computations, the
water surface at the inlet would only increase 0.45'. The channel along the
northerly side of Pima Road to the temporary Mountain View Road spur would be
adequate. However, the culverts below the spur would be inadequate for the
higher discharge (estimated a 800 cfs), as well as the channel extending north­
erly to Shea Boulevard~

The diversion of some 478.91 acres of watershed to the easterly side of Pima
Road would greatly lessen the danger of flooding inside the presently-developed
areas of McCormick Ranch Phase II. The 10 1 x 31 box culvert (capacity 280 cfs)
at the northeasterly extremity of Arabian Trail (roughlyconcentratton.,point
30 in the Toups study) would be subjected to only 252 cfs in the 100-year event.
The drainageway through Paradise Park Manor subdivision and the structural plate
arch culvert at its crossing with Mountain View Road (roughly concentration
point 42) would be subjected to 877 cfs, which is still somewhat over the design
capacity of 760 cfs, but this should be acceptable, since l-foot freeboard was
provided in setting the adjacent building elevations. Included in Appendix III
of this report, for various key points, are the hydrologic computations which
allow for the proposed modifications in the Dibble plans, and the results are
shown on Map liD" of Appendix I.

A general summary of the above alternates, with associated costs, is as follows:

Compatible Adequate Adequate Adequate
With Exist. For For Exist. For
McCormick Drainage Drainage Future
Ranch Across Along Drainage

Alternate Drainage Shea Pima Along Pima Cost

A No No Yes Yes 151,000
B No Yes Yes Yes 194,200*
C Yes No No No 118,600
D Yes Yes No No 161 ,800*
E Yes No Yes No 145,210**
F Yes Yes Yes No 172 ,260***
G Yes Yes No No 151,860****
H Yes No Yes Yes 223,420*****
I Yes Yes Yes Yes 250,470******

*43,200 of these costs could be required of future developers
**26,610 of these costs could be required of future developers

(Net cost for City of Scottsdale essentially same as "C")
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***53,660 of these costs could be required of future developers
(essentially same as "C")

****33,260 of these costs could be required of future developers
*****104,820 of these costs could be required 6f future developers

(essentially same as "C")
******131,870 of these costs could be required of future developers

(essentially same as "C")

RECOMMENDATIONS

Inasmuch as Alternates "A" and "B" offer no solutions to the drainage deficien­
cies inside McCormick Ranch Phase II, neither can be recommended. In addition,
Alternate "0" should not be considered, as another solution - Alternate "G" - can
achieve the same results at a lesser cost. Also, Alternates "E" and "H" should
not be adopted. as they offer no remedy to the inadequate culvert at Shea Boule­
vard Station 15+60. Alternate "C". on the basis of pure economics, less risk of
possible flooding to residences, and adaptability to future improvements, is the
most reasonable solution, although it entails (for the present) some risk of
fl oodi ng along Pima Road. Improvements to the property to the east of Pima Road
(including an adequate channel) and to Shea Boulevard west of Pima Road (including
an adequate structure at Station 15+60) are represented by Alternates "F" and
"G", which could be adopted as possible stage improvements to Alternate "C" -
the additional cost possibly being borne by developers. Ultimately, in the last
stage, Alternate "1" should be achieved, as this would solve all existing and
future drainage problemes related to McCormick Ranch Phase II and McCormick Ranch
Center.

In summation, for the present, the following changes should be made in the Dibble
plans:

1. The present two drainage structures shown crossing Shea Boulevard at
or near the intersection of Pima Road should be deleted.

2. A single drainage structure should be placed at approximately Shea
Boulevard Station 21+10, with a capacity of approximately 9,95 cfs ­
possibly a 5-barrel 61 x 3' box culvert. or equivalent.

3. The outlet of the foregoing structure should be designed with a drop
structure with about a 4' fall. since without it, the velocity in the
ultimate outlet channel would achieve 9.22 fps,which is in excess of
the allowable 6-8 fps in a grass-lined channel (i.e .• with slopes less
than 5%).

4. A temporary channel should be constructed from the outlet of the fore­
going and graded to daylight in the existing channel on the east side
of Pima Road.

In the future. upon developing the property to the east side of Pima Road from·
Mountain View Road to Shea Boulevard, the following should be required:

•

1• Remove and salvage the 4-barrel 42" x 150' RGRCP presently constructed

7
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2. Construct a culvert adequate for 800 cfs below Mountain View Road on
the east side of Pima Road - possibly a 4-barrel 6' x 4 1 box culvert,
or an equivalent.

3. Deepen and widen the ditch on the east side of Pima Road from Mountain
View Road to Shea Boulevard to accommodate 795 cfs. This will require,
on the east side of Pima Road, an estimated additional 20 feet of
drainage easement, which should flare to 50 feet in the northerly 350
feet.

In addition, upon initiating roadway improvements on Shea Boulevard between Hay­
den and Pima Roads, the existing 2-barrel 36" x 22' Corrugated Metal Arch Pipe
at Shea Boulevard Station 15+60 should be replaced by 4-barrel 42" RGRCP, which

• should have been removed and salvaged from the Mountain View Road spur adjacent
to Pima Road. Before the final placement of these is specified in the construc­
tion plans, the elevation of the 24" water line southerly of Shea Boulevard
should be verified through actual field excavation, as the elevation may make
the installation of 42" RGRCP at this site impractical. .

• Hydraulic computations for all proposed new drainage structures are included in
Appendix IV of this report.

As a miscellaneous item of interest, it is noted that the Pima Road plans, as de­
veloped by the firm of Collar, Williams, and White, (and now constructed) did not
allow for a 2-barrel 48" RGRCP crossing Pima Road just north of its intersection

• with Via Linda to provide for some 199 cfs (as given in the Toups study). In­
stead, only a single 18" RGRCP was constructed to provide only for roadway drain­
age. A notation in the Collar, Williams, and White Pima Road drainage report
attributes this change to a decision by the developer that the parcels easterly
of Pima Road and immediately northerly of Via Linda would have on-site retention.
Therefore, the area that must utilize on-site retention in the future has been

• shown on Map "0" in Appendix I of this report.
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Location------------------------------
Project No. Station _

Name of Stream--------------------------

•

•

•

•
(.

DESIGN DATA:
Design Frequency

Drainage A rea

Drainage Length

Elevation
Top of Drainage area

A t Structure

Drainage A rea Slope

Vegetative Cover Type.

Vegetative Cover Density

Soil Group
Precipitation

P = 6 hour =
P = 24 hour =

DESIGN COMPUTA TION:

Curve Number

Time of Concentration

Peak De sign Discharge

Qp = 484AQ - 1;;'27~3-C- Q
D + .6Tc - P Co

"2 ,J- -r 0. 7

__---L/-:o=-..=o year S

__---=2=-.:..?""Z-.;7'l..- s quare mile s

__-e.1_2.L:.o:::....::;;o-:o=--__f ee t J7000 :=.

'lIS?
/:?oc.

B'=C.
0.82-

/#.$r'fcV- Bc~~.

/0

'e II

/.s-o

cfs
---------



HYDROLOGIC DESIGN DA TA SHEET
SCS METHOD: PART II

C.t:~G.4-'7~ ;7~=;;w·ztf" 20 U/IRt5-V~~ I?~-~~A-dil:i"~

•

•

ARIZONA HIGHWAY DEPARTMENT /11j-?cj?dJX g
BRIDGE DIVISION

LOCATION DA TA:
Highway County _

Location---------------------:-----------
Project No. Station-------------- ------------
Name of Stream---------------------------

•

•

•

•

DESIGN DATA:
Design Frequency
Drainage A rea
Drainage Length
Elevation

Top of Drainage area,.
At Structure

Drainage A rea Slope
Vegetative Cover Type
Vegetative Cover Density
Soil Group
Precipitation

P = 6 hour =
P = 24 hour =

DESIGN COMPUTA TION:
Curve Nwnber
Time of Concentration I.S:+ ~.ooO

Peak Design Discharge ~X~bOO

Qp = 484AQ _ /2.'6~.'C/ Q
-D + .6Tc ;Q... of 1.00
2 ':a-

__.:...IO:::.......6 years
_--::2.:.....:-.c.'-~~_'I.L-- s quare mile 5-

2 Co' O~~ feet
---=-.=...;~::....:::_---

/$"l:::J(;, feet

12'-0 feet
O,7~ %

OdS6rt:Bruv. /- ~v...nS
/0 %

-c,.

1.6"-7

cfs---------



•

•

•

ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET
RATIONAL METHOD

LOCATION DATA Cp?C6n r/rc;.~';' ,?O"r?'V- .2 2.. e.,,/~/:>V- ~"Jb.,6k/ke-?75··

Highway County _

Location-------------------------------
Project No. Station----------Name of Stream--------------------------

DESIGN DATA

•

•

•

Design Frequency
Drainage A rea

Drainage Length

Elevation
Top of Drainage Area
A t Structure

Drainage A rea Slope

Precipitation
P == 6-hour
P == Z4-hour

100 years

Al /">q.Q'? acres

AZ -acres

A 3 acres

6"2-00 feet

__-=6:..:#~7~'S %

.J DESIGN COMPUTA TIONS

•
Precipitation PI == I-h~ur-

Time qf Concentration n.>-+.3'-00 Tc

G,Yc.o
Rainfall Intensity i

.J
Runoff Coefficient

Weighted R1,1noff Coefficient

•

••

Peak Discharge Op == ciA ==

Computed by +:.,(2,::z....t::tL-.=- Date__~~~J:.t3.;-L<o-<...=:........:./-~:.......:..q+-----

-36-/



•

•

I•

ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION .

HYDROLOGIC DESIGN DATA SHEET·
SCS METHOD: PART II

CQn~A?·dt~b-c',.r-.2~' ~/6xd//15
LOCA TION DA TA: I

Highway County---------------- ------------
Location------------------=--:-------------Project No. Station _

Name of Stream------------------_.:....--------

__-J.;.1C?.c:.....::o==-- years
__~_._z.._~__L_ square mile s

2'2-.o~ feet----=:..=.!....=:..=:::....-_--•

•

•

.DESIGN DATA:
Design Frequency
Drainage A rea
Drainage Length
Elevation

Top of Drainage area,.
.At Structure

Drainage A rea.Slope
Vegetative Cover Type
Vegetative Cover Density
Soil Group
Precipitation

P = 6 hour =
P = 24 hour =

Js-o re. feet

1~;7 feet
-~-75 %

1?¢.$~+8ruYz + p~",;..,~
10 . o/c
G

DESIGN COMPUTA TION:
Curve Nwnber
Time of Concentration 1.£.'7+ .';l..Oe::>b

Peak Design Discharge ,e,eo~

Op = 484AQ _ 1'>-77.3('.. Q"
"~ + .6Tc ~ -I- '.07

[.]9;

cis---------

•

I.J Storm
Duration

Point
Precipitation

Areal
Reduction

Areal Direct
Precipitation ·Runoff

Peak
Discharge

1 hour 2.. (. C.

• Zhour 2. ~el-

3 hour :2.:71

6 'hour i·~r

•
Computed by: (l.,e.

J
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•

•

ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET

S C S METHOD: PART I

COnc6'n~/J7:p j?O/AJ T 2B w/,J:'£r/s;.~/~~""'6s?~.s:·
LOCA TION DA TA:

Highway County _
Location------------------------------
Project No. Station _
Name of Streaxn

._--------'-----------------~

•

•

•

•

•

DESIGN DATA:
Design Frequency
Drainage A rea .
-Drainage Length
Elevation

Top of Drainage A rea
A t Structure

Drainage Area Slope
Drainage Width
Width factor W f
Vegetative Cover Type
Vegetative Cover Density
Soil Group
Precipitation

P = 6 bour =
P = 24 hour =

__......Io=-=o~ yea r s
_---'t2""--'-.-=D"-'~::...=:;- squa re mile s

? e:> 00 feet__..-.....:=....;0-='--__

I~~ /
I~sp

~.s~

~o

1·2~

,t.q..u 10 -I- e4Ytb$

5""a %
c::::

•
Peak Discharge Qp= 484AQ=

Tp

=

'Ie.q ~.c>~~2/.7>
1/>·~7

£5;0 cfs

•

•

Compute d by__--+@~=:;.L-----------Date-__;·a~v.~~~A=-....J/~7~ZL......:..7--__:_--
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• ARIZONA HIGHWA Y DEPARTMENT
BRIDGE DIVISION

• LOCATION DATA

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

c;mc.o7?t~~ ~on)rr J... ~ ~/~-v/~ /",fr,"'N'~~..s·

Highway County
Location

• Project No. Station
Naxne of Streaxn

DESIGN DATA

• Design Frequency }60 years
Drainage A rea Al :i2., L/ acres

AZ ·acres

A 3 acres

Drainage Length 2~ feet

• Elevation
Top of Drainage A rea 13-~1 feet

A t Structure ';£0 feet

• Drainage A rea Slope O-~~ o/c

Precipitation
P = 6-hour ~ ,'>c-- inches

P = Z4-hour H. c>t.I inches.

• DESIGN COMPUTA TIONS

Precipitation PI =I-hour .2.-~~ inches

TiIne of Concentration Tc Ie minutes

•
Rainfall Intensity i $-.'- inches/hour

Runoff Coefficient Cl
C z• / C3

Weighted Runoff Coefficient C t:!J ,. (,

Peak Discharge Qp =CiA = Zr cis

• @ Date 0"''''''1:'' /'771Coxnputed by

-36-•



.~

l

•

ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET

S C S METHOD: PART I

P~~srJr6q--, .Fr~-C/h~~~ ~o';n"Y 3 0 ev/.£.K/.s.TT: j}'''i6~k )?)~.I')~
LOCA TION DA TA:

Highway A-aA.JP.aA.i IL:t!i'/ C ounty _
Location .
Project No. Station----------
Name of Strea:rn---------'-------------------

_--L.I.=:..t'O-=-~ yea r s
_.-uAUI:~e';.l.V-----squa re Inile s

/3 Da:::> feet--1,'-4..::-:"-=----

•
, I

I,

•

•

•
]

I·.'

DESIGN DATA:
Design Frequency
Drainage A rea .
-Drainage Length
Elevation

Top of Drainage A rea
A t Structure

Drainage A rea Slope
Drainage Width
Width factor W f
Vegetative Cover Type
Vegetative Cover Density
Soil Group
Precipitation

P = 6 hour =
P = 24 hour =

l~bO

1:763
~.7r

22.t::JO

./.00

f}...:$Ot='tI- 13rush +
/0 o/c

C

]

• .I

J

Peak Discharge Op =4B4AQ = ~gL/ (J_OI) /,7S-

Tp ·0.97

=__...J8~g=Z.,"--__c£s

./

.1
I
J

•

C o:rnputed by ----!-/?..;Io..6=£=-- ·Date_---l.(,£,h~~::J"'_"'''__4_4.._~/..L.7.J.2'_'~---
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• ARIZONA HIGHWA Y-DEPARTMENT
BRIDGE DIVISION

• LOCA TION DA TA

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

~C-6#rl4h?' ft/hP'- 30 01!h- ~/>//~ 1h.b,6./~/hQ 5 ---

•,

Hi ghwa y_--S~H~I£A~_~;g~i.-==·~J.'..L/:)~.=--__~ C ounty _
Location------------------------------'--
Project No. Station ;.c-+00
Name of Strearn--------------------------

DESIGN DATA

•

•

Design Frequency
Drainage A rea

Drainage Length

}OO years
A 1 leA acres

AZ . -acres

A 3 acres
e c::>eo feet

DESIGN COMPUTA TIONS

)'-).2..0 feet

J 3 '"- '-I feet

0,7 %

:3.'!>~ inches

LI.ol/ inches

Drainage Area Slope

Prec i pitation
P = 6-hour
P = Z4-hour

Elevation
Top of Drainage Area
A t Structure

•

•

•
j

Precipitation PI =l-ho~r

Time of Concentration

Rainfall Intensity

Runoff Coefficient

. Weighted Runoff Coefficient

Peak Discharge Qp = CiA =

':2 .'-" inches ~.

Tc
5 0 00;> + ;3 "=' 5"1 ~.£4..~6

l .;-
'nute

i ~.oCJ inches/hour

CI
C z
C3
C 0,>'

2~ cfs

C omputed by --.:/.!~.;..:..:I5?=-- Date_----=:a~qI::l"f~1'"r-..I~..:....)..:.7...l.7_7.!...· _
/
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• ARIZONA HIGHWAY DEPARTME~T

BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET
SCS METHOD: PART II

G/n~-"7Y~~ /o/n V 3C

County _
LOCA TION DA TA:

Highway _

Location-------------"'-------------------
Project No. Station-------------- ------------
NaIne of StreaIn---------------------------

•

•

•

•

•

DESIGN DATA:
Design Frequency
Drainage A rea

, Drainage Length
Elevation

Top of Drainage area
.A t Structure

Drainage A rea Slope
Vegetative Cover Type
Vegetative Cover Density
Soil Group
Precipitation

P =6 hour =
P =24 hour =

__....../'--"-o_o year 5

_---'G2''''''--'.'-'!!:""~7c....,7.e__---square Inile s
!IOCJr:::) feet

--~/~=----

/4~8 feet
! »2.. feet
0_78 %

~,.. &u-<;~ -J- Ay/~~

/0 %
c

•

DESIGN COMPUTA TION:
Curve NUITIber
TiIne of Concentration
Peak Design Discharge

Qp =484AQ _ 277~ 21 ~_

D+.6Tc ~-+O.C1'
2 ?-

eJ. "77

cIs---------

• StorIn
Duration

Point
Precipitation

Areal
Reduction

Areal
Precipitation

Direct
Runoff

Peak
Discharge

1 hour /.7S""

•
2 hour 2.92

3 hour

6 hour

COInputed by: -Jg~&==__ Date y?va<:.- /9'7/.

•
, I

-35- I
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HYDROLOGIC DESIGN DA TA SHEET
SCS METHOD: PART II

C~.-~n7re;,;rj·';" )?~/,r1 ~). '?-V/~~rt·

•

•

•

ARIZONA HIGHWAY DEPARTMENT

BRIDGE DIVISION

LOCA TION DA TA:
Highway County _

Location-------------------------------Project No. Station _

Name of Stream---------------------------

•

••

DESIGN DATA:
Design Frequency
Drainage A rea
Drainage Length
Elevation

Top of Drainage area·
A t Structure

Drainage A rea Slope
Vegetative Cover Type
Vegetative Cover Density
Soil Group
Prec i pitation

P = 6 hour =
P = 24 hour =

__-"/-"Q~O"'--- years
1.5'z6' square miles.

---'-'1'""'8'-=-c....,oc'-o----fee t -

/qt.r
JJ'-IfL

O. ~":"c..

D'&s~rt ~t;.h ..L.
10

C

cis·

DESIGN COMPUTA TION:
Curve Nurnhe r __--'~'_'I _:
Time of Concentration 5'''/.1:. +~OC> = 7/'~''''',rl = I./~ hours.-Peak De sign Discharge ., ~~o

Qp = 484AQ _ ~3~./~ Q

.~ + .6Tc ~ + 0.".,/

Storm.
Duration

1 hour

2 hour

3 hour

6 hour

Point
Precipitation

Areal
Reduction

Areal
Precipitation

Direct
Runoff

Peak
Discharge

Computed bY:__ag+-E=-- Date_,=-~_·=...:u_n-e..:...-..:::~IZ~_7r_7---_

-35-



HYDROLOGIC DESIGN DA TA SHEET
SCS METHOD: PART IT

Cn-tce",t!-rc.::f/rv,·· 101M pL ~O . ?t--~ ~J.-I ~ •
IT'7 ,CJ, ~/4rr~"b~-rd/.s

•

•

•

ARIZONA HIGHWAY DEPARTMENT

BRIDGE DIVISION

LOCATION DATA:
Highway County _
Location-------------------------------
Project No. Station "'--
Name of Stream._--------------------------

•

••

•

J

DESIGN DATA:
Design Frequency
Drainage A rea
Drainage Length
Elevation

Top of Drainage area,
.A t Structure

Drainage A rea Slope
Vegetative Cover Type
Vegetative Cover Density
Soil Group
Precipitation

P = 6 hour =
P = 24 hour =

DESIGN COMPUTA TION:
Curve Nurnbe r
TiIne of Concentration J~78 + :z. ~DC
Peak Design Discharge /BODO

Qp = 484AQ - ~C-J~.17 @
D + .6Tc
2' . ..2... + 1./f.,4

:a.-

__.....I'-o--"'o year s

5".467 square mile s
-_=:......:.~=....<'---- ,

2~ ,acQ feet
-----'-~="""'----

1::>'"'r:>C

I? 2..C
~:7~

l?6sacV: 8"'d,/" .;..
/0

C-

cfs---------

Storm Point Ar.eal Areal Direct Peak'
Duration' Precipitation Reduction Precipitation ·Runoff Discharge

I 1 hour .2....1-'- '2..(," J.7S- 27:;-z-'

2 hour 1.. ~'1-. ~.BL /. '7 ~ 2 '3 ~"8

3 hour ~,t:, 7 2.'7/ LID ,Z.B>63

6 hour 3.~r 3. ;s- 2..40 /S-o 8

Computed by: «£ Date {}u-rtL /777'
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•

•

•

•

•

•

•

•-:A

••

•

APPENDIX ill



• ARIZONA HIGHWA Y DEPARTMENT

BRIDGE DIVISION

• LOCA TION DA TA

HYDROLOGIC DESIGN DA TA SHEET

RATIONAL METHOD

~ 7'1;~ 8cJu.k:s Vt=id (;(//Y? ~tJC./;FMr:..J /h'b.Jk Pk;,//S·

Station 2/rL 0I•
1

Highway 5k~ Blyd.
Location ,.

Project No. ,e - 7807
Nam.e of Stream.

---------~---------
--------

DESIGN DATA ,
.1
]

•

Design Frequency

Drainage A rea

Drainage Length

Elevation
Top of Drainage Area

A t Structure

•

Drainage A rea Slope

Precipitation
P =6-hour
P = 24-hour

DESIGN COMPUTA TIONS

.Precipitation PI == I-hour

TUne Qf Concentration

Rainfall Intensity

Runoff Coefficient

Weighted R~noff Coefficient

Tc

i

2.bc.

2.80

•
Peak Discharge Qp =CiA =

C oznputed by__----"'....!.)~~:..:tr.=--- ____:'___ Date.__~/2~~E:::Z:%;·'J:::p~'.....l/~'£..L.7~9:....-....;;.,-~__
/

lJ
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•

•

ARIZONA HIGHWAY DEPARTMENT

BRIDGE DIVISION
~.

HYDROLOGIC- DESIGN DA TA SHEET

S C S METHOD: PART I-

Ct»1~-~~/p.., /b/nl a ~//ZS':/~~r-rz;./,--a-;&rs

,

I!> 7t'...

/:$CI:$

O.~8

7$0
1./ c>

L~~~ ~ P'4v",,,,,~

'0 o/c
Co

__..:../_O_&J.:-- y-ears

__-..£,6~• .=..o...::&:.....;r~__square miles

:;...'700 feet
-_.=..!.:....=...-=----.....;

LOCA TION DA TA:
Highway - County _

Location-::---------------------------=--
Project No. Station _

Name of Stream---------'---:-----------------

DESIGN DATA:
Design Frequency

Drainage A rea _

-Drainage Length

El~vation

Top of Drainage- Area

A t Structure­

Drainage A rea Slope

Drainage Width

Width factor Wf
Vegetative _Cover Type

Vegetative Cover Density

Soil Group
Precipitati~n

P = 6 hour =
P = 24 hour =

I

.1

•

•

•

-34-

Peak Discharge

=__""",,2~o~e:.=- cfs

DESIGN COM-PUTA TIONi

Precipitation . P =1 hour =_--==-=---=::..--'--__
Curve Number
Runoff 0 =
Time of Concentration Tc

Time of Peak Tp = (Tc) (Wf)

Op =484 AO = 464 (o.O'&b)6~)
Tp . t).LJ)

Computed by__·.....l·ciiJ~:;;:=:.£--_'-....:...- Date-=-~vA.,~Zu..L=~~-L.1.L'-=7:....5£---:.:.::--:~



• ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

•

•
1

HYDROLOGIC DESIGN DA TA SHEET

S C 5 METHOD: PART I

C,n~//.p4/"Itt»?· /,t:'J~tt- q &-r,/r6z,~~d?q/,,~/,,~Ya,s.
LOCATION DATA: r

Highway County---------Location-------------------------------_--=.-
Project No. Station---------
Name of Stream---------=---------------------

•

DESIGN DATA:""
Design Frequency
Drainage A rea "
·Drainage Length
Elevation

Top of Drainage Area
A t Structure

Drainage A rea Slope
Drainage Width
Width factor Wf
Vegetative. Cover Type
Ve"getative Cover. Density
Soil Group
Precipitati~n

P = 6 hour =
P = 24 hour =

____/.!::o:...!o=-__-,.-years

__""'6~,-...c.I...50S~O==--__squa re mile 5

__--c3~5~<2~O.L__......:feet

__,~/.2~~'7:-(;.~--.....;feet

__..../~~~'-:::..:o~ feet

__.s.:CJ:=:-•.....:q":LL1 o/c
/ '!> e>c> feet

--~I:-.:::...:::;.,:=:..---

/~oo

I~n,"rn ...J.. p.., ..~ry
Ie> %
C

,

=__....3<:;..Z~~'---__cfs

C olTlputed by :::.-....:/<.....:.='£l==----------D.ate---:---7~.c....Jt::.~...,:-?r~~~/=--=-"1~7......2~---
p

Peak Discharge Qp=484AQ=
"Tp

-34-



• ARIZONA HIGHWAY DEPARTMENT

BRIDGE DIVISION

. .
HYDROLOGIC DESIGN DA TA SHEET

SCS METHOD: PART IT

CP?0-hY~¥&-; P&J,~t-J .I ';7 "'A/".es,../~ 'pc,r",.Ard-P1..'4Jo,

LOCATION DATA: / '7' / . r~
..

HighwaY__-,-~,-- County _

Location--------------------:-------------
Project No. Station _

Name ~f Stream--------------------------

•

•
1

.1
I

•

•

DESIGN DATA:
Design Frequency

Drainage A rea

Drainage Length
Elevation

Top of Drainage arec:l

.At Structure

Drainage A rea Slope

Vegetative Cover Type

Vegetative Cover Density

Soil Group
Precipitation

P =6 hour =
P = 24 hour =.

__--L../_o_o years

__-=2:;...:.""'£"--"'9e...- square m~les

__.J-/_2.L..::::.O::;..o:;:;;...;:;o=--__feet 1/000:=.

LjI$7

/~~c feet
----'---.,;;..-=-----
--_B.;z..>o:~=~::.... feet

__-=.O..:..~g~2=_ 'c
OC$r'fcV- BCH~'

/0

't; "

4.Uj·

I.s-o

ds-------'---

DESIGN COMPUTA TION:

Curve Number
Time of Concentration

Peak De sign Discharge

- Op =484AO - /~2..7... 3-&.· Q
D + .6Tc - P c.
-Z - 7: 0. 7

. . ~L·

•

StorIn Point Areal Areal Direct Peak

J
Duration Precipitation Reduction Precipitation Runoff Discharge

I hour. 2. " [:. 2.'-' /.Zf>:" 15;2'
... _.

Zhour :2. S"':'" z. So J-. /.Zr· 1U2- ._/
;.• ;' t'.J

3 hour )..77 ~.17 2./&F /O7~"

~... ~r-'" ....z •<!Ill. .
7??16 hour ~.~~

•
Compufed by: .RE- Date {kIU!. 177ft
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• ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET
SCS METHOD: PART n

C.e?7G4....,~~ /'o,nrT _20 4//Rl5-v/~/~~-h'¥h.~~
i

I
I

i
l

/$C::>G. feet

1'<'-0 feet
O,7~ %

Qds¢frt:B"'t{~ .;. Av",/s
/b %
.~

_-----:':...;c>=-6-=-- years
_--.:~-'.:...G......::;.>_..,,'__ s quare mile s

:2 oooe. feet
---=-""'--"~~---

LOCATION DATA:
Highway ---=_-'-- C~unty----------_

Location--_...::.-_------------------------Project No. -:.- Station _
NaIYle of Strea:rn--------------------------

DESIGN DATA:
Design Frequency
Drainage A rea
Drainage Length
Elevation

Top of Drainage area,.
.A t Structure -

Drainage A rea Slope
Vegetative Cover Type
Vegetative Cover Density
Soil G~oup
Precipitation

P ~ 6 hour =
P =24 hour =

.1
j

•

I.-
1

•

•
DESIGN COMPUTA TI9N:

Curve NUIYlber
Time of Conce-ntration I.S:+ ·~.ooO

Peak Design Discharge ~X~bOO

Op =484AO _ 12.:~1.,C/ Q
-D + • 6Tc ~~ 1.00
Z ~

_'-_.....L.:/.'-"b""-7~ hours

ds---------

J Storzn Point Areal Areal Direct Peak• Duration Precipitation - Reduction Precipitation -Runoff Discharge

J 1 hour ;2.. (. Go ;2.,"~ 1,7S- '-'liCrfj' (.'<e5Jl.. 1~3?)
.

Z hour 2.$."L- 2.8L /.~ 12. ~-2• I

3 hour 2.. '97 2..97 '-./~ . IO? 'j

6 hour ~.;,r 3·~r Z.,40 77/
I

C oznpute d by: --L.B~g,=- Date----'¢~u=--=-tE<.'O::;;;">O__.A-I.....:;'-7j~---
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• ARIZONA HIGHWAY DEPARTMENT

BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET

SCS METHOD: PART IT

LOCATION DATA: tC~t:'4ntlrr-.../$-: "p0/n/f.2Z- ~/h7~F~ft~Jk,P4/J-S'

Highway -=- County .

Location--------------------------:------
Project No. Station

-------------- ---------:-----
NaIne of StreaIn

~------------------
-------

I•
1

•

DESIGN DA TA:
Design Frequency

Drainage A rea

Drainage Length °

Elevation
Top of DraiI'~age area °

At Structure

Drainage A rea Slope

Vegetative Cover Type

Vegetative Cover Density

Soil Group
Precipitation

P = 6 hour =
P = 24 hour =

__-L.1"'-po"--- year s ,

__---:;.~ ..,r.?,'-- square mile s

I>,r-oo feet
_--'L-=..,.r..===- _

lL{b~ - feet

13L/2 feet

a· 7 S- %
,~t: a,hsh ..J. ~~~_.~

. te:> Cfe

e:::::-

,/,
./

Peak
Discharge

Direct
Runoff.

cfs·---------

Areal
Precipitation

Areal
Reduction

2.'C

Point
Precipitation

DESIGN COMPUTA TION:

Curve Nuznber
TiIne of Concentration

Peak Design Discharge

Qp =484AQ _ '17tj. I&. ~

°D + • 6T c "'.....l.
2 ~ -r o.~

0,

Storm
Duration

2 hour

3 hour

I hour

6 hour

.0

C omputed by:__.:..:....-....J,g:..iL<E==-- Date__/-;.~.:...l?~/I:..::.a4.:.e~..~~--'-1...;..1...;..7....(9~---:~
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ARIZONA HIGHWAY DEPARTMENT

BRIDGE DIVISION

I
l

.'

HYDROLOGIC DESIGN DA TA SHEET
SCS METHOD: PART IT

'LOCATION DATA:" ~e.r/"';r~~"T-,~ V fr7~r;~ h~~./e ,P/~~' .
Highway C ounty --=-_,--__
Location-----------------------------Project No. Station-----------N.arne of Streaxn. _

.1

•

•

DESIGN DA TA:
Design Frequency
Drainage A rea
Drainage Length
Elevation

Top of Drainage area,.
At Structure

Drainage A rea Slope
Vegetative Cover Type
Vegetative Cover Density
Soil Group
Precipitation

P = 6 hour =
P =24 hour =

__--'I.~~:::..C>=::::.. years
_....,...-4..L-..:::,1)~/~ square xnile s
__=z.=2."L.'.::::o_o.....:o:::..-_~f eet

_----l/~~..::::J' ~feet

1337 feet__..:......::::~.L-- _

__-'0:::...:.....7L 7.L- %
Orf'SlNr !3n+"!>J, -t- /2,,;,,~, . ~

___LJ/'-?~:::::....- %
C

DESIGN COMPUTA TION:
" Curve Number

Time of Concentration
Peak Design Discharge

Op =484AQ -=, 17&/0.8,/ ~
D + .6Tc i -J-' /.07
2 ;-,

6 hour

:1

";
I••i
~

·•:
j

i

t

I,
1
i
!

1.78

cfs---....;......--.-,;..--

Areal Areal Direct Peak'
Reduction, Precipitation ·Runoff Discharge

"2.~G. "./ s:- -2../ t:. 3
.

1.<1S-. lB2.B.2.. QL

2.97 -~. 10 Is-e c.

~.~~ :2 ."90' J1 ~ &-t

Point
Precipitation

'--_I'

1 hour

Storxn
.Duration

•

.J ;, Z hour

3 hour

.J
J

.-
Computed by:._~__1~'~:>-<..F---------Date-)Z¥--~~cQ:C......oC:?~~/...z.'-'7~7...c.......----:;.,:::---_

•
J.
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HYDROLOGIC DESIGN DA TA SHEET

/~ S"P
.!J. sS­
500
1,2 "'I

'laG! tP.O,~2',7>
f1J,~7

tq,.y '0 -+ e4Y *$

~o o/c
<::

_---J/:..>o=o'-- years
t? o~~ square zniles

-----''''-'--=-='-=----

..,~ 00 feet
-_..-...::=...;:~--

-

Qp=484AQ=

Tp.
Peak Discharge

DESIGN DATA:
Design Frequency

Dra~nage A rea _

-Drainage· Length

Elevation
Top of Drainage A rea

A t Structure

Drainage A rea Slope

Drainage Width

Width factor Wf

Vegetative Cover Type

Vegetative Cover Density

Soil Group
Precipitati~n

P = 6 hour =

P = 24 hour =

S C S METHOD: PART I

. Cd/7C~~/'H ;00/,1(.);- ZB- w/~~,,/>~/~~~.,.'1c:::v.s.'
LOCA TION DA TA: .

Highway County _

Location-----------"---------------------
Project No. Station --=- _

Name of Streazn._--------'-------------------

ARIZONA HIGHWAY DEPARTMENT

BRIDGE DIVISION

•

= f3>o cis---=;...=----

Coznputed by_--:--+@~~~---------Date-----:·0~~~cJ:-=----'/L-7L...l-7...:.7----:---

u
:'e.

-34-



• ARIZONA HIGHWAY DEPARTMENT

BRIDGE DIVISION

Po~>tlr6O'~ Fr~
LOCA TION DA TA

HYDROLOGIC DESIGN DA TA SHEET

RATIONAL METHOD

C~~~~/-?t- ~ 0 ~/I'?c:d,!d b~~,&!(s-):')4-",,;;

County---------
I•
1

Highway . AStf.B-'d A7 /BJ1.Jt...

Location '------------------------------
Project No. Station _

Name of Stream---------------------------

l
'1.'

DESIGN DATA

Design Frequency

Drainage A rea

Drainage Length

Elevation
Top of DraiI1age Area

A t Structure

__~~_=~'_=_ y,ear s

__-----J/'-'~~:::>_._ ac re s
'acres

---------acres
---------feet
------'-----

feet---------feet
---------

Drainage A rea Slope

Precipitation
P = 6-hour
P = 24-hour

•: DESIGN COMPUTATIONS

Ife---------

inches---------inches-------=----

t'l
J

. Precipitation PI = I-hour , inches------....,---:--

• Time qf Concentration Tc

Rainfall Iptensity i

Co~puted by ~ Date fZ.+.. ..-<. /~7Z
---.,~----''-==-----

---- /

-36-

Runoff Coefficient

.Weighted Runoff Coefficient

/peak Disch~.rgeOp ;; ciA =



• ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

DESIGN DATA

County----------

) ~).2.o feet.

13~ LJ feet

0,7 0/('

3.?>~ inches
L/.0t./ inches

JOO years-
A 1 )t:.l!5 acres

AZ -acres
A 3 acres

eoeo feet

Tc

Highway ~1-Ih4= !?LVr.>.
Location---------------:-----------------Project No. Station ./~'-I-U";;.

Name of Stream-------...;---------------------

Precipitation PI = I-hour

Precipitation
P = 6-hour
P = Z4-hour

Drainage A rea Slope

Drainage Length

Design Frequency
Drainage A rea

Elevation
Top of Drainage Area
.A t Structure.

Time of Concentration

HYDROLOGIC DESIGN DA TA SHEE·T
RATIONAL METHOD

LOCATION DATA C/h~?4n-)' ,t?:'N~P'- 30 ~h· ~~.I/~ ~p,6./~/hQS '.""

DESIGN COMPUTA TIONS

1
•

..,
I

.1

•

•

i

-36-

'. II

Rainfall Intensity

Runoff Coefficient

. Weighted .Runoff Coefficient

/peak Discharge Op ~ ciA =

Computed by_.:::..-"....."..~~--,- Date__:....- ...::;;",~..:.",..;;::::=.;:::;,......-



•I

I·
•

•

ARIZONA HIGHWAY DEPARTMENT.
BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET
SCS METHOD: PART n

~/n~~~ LJe>/h 1/ 3r ~. !.r6-n~./.7'7~fiJ".s..··
L<;)CATION DATA: / )/ -" F

Highway County _

Location------------------------------Project No. Station _
Name of Stream--------------------------

I

.1

1

•

•

•

DESIGN DATA:
Design Frequency
Drainage A rea
Drainage Length
Elevation

Top of Drainage area
A t Structure

Dr~inage A rea Slope ­
Vegetative Cover Type
Vegetative Cover Density
Soil Group
Precipitation

P = 6 hour =
P = 24 hour =

DESIGN COMPUTA TION:
Curve Number
Time of Concentration
Peak Design Discharge

Qp- = 484AQ _ 277:,2.) ~_

-n + .6Tc .J2... -F &>.~'
2 ?-

__--'/<--.::::o=--:--C!> yea r.B

_---..;<2=..-.•.....,!:":=:-..c7;....,7rL- s quaremile s
J/ooc::::J feet--...<-:..,7,=..::='-----

14~e feet

/ >>-2 feet
. 0_78 %

~7" /J,tr(u.SrJ+ AY/-?-5
/0 %
.C

~I

cfs
--~---~--



• ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

__-J.1....;;6'-O=- Year s
_----:5"::;....:...~...L-><O::;...7.L.._ square mile s
__2.-''f.....'''-'P>o...c=''"''o~ feet

__.L.I,;;...>"""l:>_<:=- feet

/; 2..C feet---=.'--=t!>:;""':';--;~':3=------%

IM5t5eY- 8Nd./" -+ ,P.... "'''H-S
__----'~....;;o,,__ %

c..

HYDROLOGIC DESIGN DATA SHEET
SCS METHOD: PART II .

Cn-tcen~/~· ' /D/.O~ f ~o . u"N11
LOCATION DATA:

Highway --.:... County _

Location
------------------~------------

Project No. --------Station----------__
Name of Stream---------------------------
.

DESIGN DA TA:
Design Frequency
Drainage A rea
Drainage Length
Elevation

Top of Drainage area·,
.At Structure

Drainage A rea Slope
Vegetative Cover Type
Vegetative Cover Density
Soil G'roup
Pr~cipitation

P = 6 hour =,
P =24 hour =

I

•

•

.-

.,

'DESIGN COMPUTATION:
Curve Number
Time of Concentration 1;78 + :z. €>oc

Peak Design Discharge l~oCJO

Op =484AO _ -= ~C-·J(..~7 ~
'D + .6Tc
2' 2.. + 1./(.4

1-

7 1

cfs---------

Areal Areal Direct Peak'
Reduction Precipitation -Runoff Discharge

.

'1-.,,(.: 1.7r 27$"z.
.

:J- .. B 2-' 1.9 ~ 2'3 £'8

2.7/ LID .z~~3

~. ;.s- 2..40 IS-a 6

Date c&~1t1L /7'77·

-35-

C oznputed by:.__-,-_-/.g~E...=---:---:-_~ ...:.-.........

J Storzn Point• Duration- Precipitation

J I hour ' 2...~"
2 hour 1-~t...

3 hour A ..4?

6 hour 3.!ol
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I
•
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.1
.J
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•
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•
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J
•

•

J
•
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• ~hOGI::. Ac/69~.?>F ~x~p'- ~/7~~.) ~~~ u~~h6~
/v~/_<' To '.' hovn:l~/~ ,0t!5~ RMd

w/ d= 'S~.// A=· /4·5'.?'3 lP? ~ So. /4 j2=- 2, 8~E
2.C>;J2.~ c>. C>S'..~

- II/., -V-3 I{.y=. /.~B~ /Z~~ > ~ =- /-98t:.)( 2,9<78 X 0,003 -= $ __~ Fps.4
/7 . D3.

C?= /~~.~~ x~-.$2. -= ~O2- c.,1Cs ~ e::?0GF5 ~

~ /,ne:=d d -= -$,/1' -< c..,:2 ~' 6'X/So tr &;h~n~ I ~

•

I
•
I

.1
I

•

6?= BOD ~s.

IJ ~ 0·03

·S :=... 0·00 ~ yrr '''. If

Cht?/7n~1 PC$/~;" h-~~ /7ou~:I~/n U6~' R~ 7e>
~h~ jgJy.o

A =.. ,1/3. 0 7 WP= qo/.. ~7 ;e= 2·>4161
. 1../"7.>3, I. ~(. (" . :z/~ ~ vqC- .I/~

SJ~ - 1.4ac.. X 72.S-'1'8 X ~.OO$& _ 7. D 3.

.0,3 -

7~> tC~!>

O .. b3

:;> ::. t:'. oa>-8

t-t// d= ~.~I

}/= (.41};~ ~ V~
I n

Q~ //'3,07'''< 7.03 ~ 75S- Co,FSo @

574·~-r.2~ 70 /o-!-;J-C> (P/hb4-· ~-k)

•
~.

~=

• /7=

.J
J

•

•
n::: D.03

:;::: 0 .. OJ2. C>



)
2/.. ,/1/= /.48t:. )II:? il)(S ~

/J

tSc;. 2~ ~,J?.::::. 38. 7~ . /2= :2. 2/C-
/. 706 ~ D. //b ~..L

::= /~8(;..( .2.Z)~ 3)(' O.C)).2.0 =. ~#22...rrs:.­

, O~

•

•

.1
1

•

•

•

.1
J

.J

•

)--doc;:ly 6,>(~d u/~~.b/~ F"Pr ~" g~;~~~ 6r~S!t..

p;7 O%>;t S/~~ if4>~ t7~J'. ~;: //,t?6'S/~~~"T ~~/.s

~/-I-h F/6-X/~J.e LI/:?//7~~')_ .. Th~ Ch4Pb.f2J 5h~uJ~·b~

d~/~/7~d ft?" .~h/7,w~p.s ~r~ ;r~ /7pu.,;tZ,,;?

U~ /2~~ 7'0 ~~~- $ovhf-~/cI ~/:7d !So)(" 4--/Y6¢

«y- ~h~ l3~h/d-Y'~~ .:5~pu/d ~C ~Op>Y.rUC~~
. .

0/Yh ~ 4;-~'p A!-Y- ~ &J~fi~7.



CULVERT~ COMPUTATIO~.

• • •L-.:. L-.: L-:

ARI2\..... ..4 HIGHWAY DEPARTMENT
•L...:..:..-.: • • • • -

fEET

•

;I

..
PROJECT: J/laz4c Ra,,~ ':

. gs., .
DESIGNER: ,

'.

STATION: t22~s- fo ~t./+Ji DATE: a.~-~ '/S?4:J, : ... ,
/-

HYDROLO.GIC AND CHANNEL .INFORMATION .. SKETCH
-J - SHLDR.~

...
:: t.--'7q" k"cF-S.

.
DRAINAGE AREA EL. .

. ~-/.9~ -/ _.

.\ -LW.~
{ 1 ... ' .

'8GO S'"jJ. O'

..~
. Q, • . TWI • AHW. -,---t!?fi./. . __

QZ • TWZ •
.

J I ~
~

I,

.. ~'J

l
" .

03.7.1 EL.~/T" . 0'
',,' , .. . . EL.~. EL._

\ , .
o • .

0.<::>0'3 /:2-'/
~ :'

a·~7( 01 • DESIGN DISCHARGE, SAY 025 ) So· L· LIIOO SO •
02· CHECK DISCHARGE, SAY Q50 . MEAN STREAM VELOCITY._

CULVERT HEADWATER COMPUTATION ..J )-.. CAP. 0 ...... :t:DESCRIPTION " INLET CONT. OUTLET CONTROL HW -H+ho -LSo a:~ "'- ... ...,a CHART ..Ju en COMMENTS~:I: 1- 0 0 :I:..J
. ENTR. HW !!!. dc+ D . ~..J U Ow

SIZE HW K. H de TW "Ko LSo H'N 0 0'"
TYPE I'· 0 2 U >

2.-JM4 )ldl..-l- e,d6 ~b' /4":4. ~.'~ t:J..q 2.4.- 3.'70' ~,8D $.// $;11 t'37 1.,6? 7J4· /11.0 .. ' 1,.(,~peOV1-nE-.
/~.

..,

~-:e~1 IIdwL- BOO' '1a- /.~y ~~4g t:).'! I.~o >',/J 5.// 0:$7 t,.'StJ. ',9q. 8.3- 7~ 5'<:'~ 'S1,~'1
-

~.?O' ,.~> . , !'. •

9-L1x4 f/dt.v<- 800 q.~o /.f,.(]- fl;-'l8 0.11 ~'1{) ~J~() ~.~~ ~.I) !i,1I O~7 (,-;j~ t..'JI- 8.> 7f: SJl:oL. $2.t:J/ .~';'~~ ~':, ."./..

. , . - .:'~ .. t'
•. 1 " ·~·n,~._.

,

" "
.,., ;..

SUMMARY a .RECOMMENDATIONS

.
,

, . •

"
\

I"



CULVERT COMPUTATION SHEETt.

• ~ L-!.L-...

ARIZONA HIGHWAY DEPARTMENT
• • • • • •-,

·1
PROJECT: 2#cea &1M,d . 1<£DESIGNER:

STATION: 21tl o , DATE: rJaaa /175'
~

HYDROLO.GIC AND CHANNEL INFORMATION SKETCH
. . SHLDRo\

..
. $-22.. 7/DRAINAGE AREA .~~L~/ \-CW.i§7=iq o($) -f .

°1 • _ TWI • 2,0 AHW.1~·'
I: °2 • ,TWZ • J I~ ~l

., ."":. :0)

'2- .8 EL.tz?!'"I EL._1 EL.~/~/T
'\'- ..._- . -

't-) ~ '3.-. ..
4' d~~~<t2 Dt.A..l l5+

ro-'-'
,'~ w"7h

D.~03·tfrt. L .ij
.....

( 01 • DESIGN DISCHARGE, SAY 0 25 ) So· /37' . L/IOO So .' 0# fa
, 02. CHECK DISCHARGE, SAY 050 MEAN STREAM VECOCITY.

HEADWATER COMPUTATION'· - )-CUL.VERT ~CAP, 0 ......
~>~DESCRIPTION INLET CONT. OUTLET CONTROL HW -H+hO -LSo a:~

1&1- ...
° : CHART ~u en :z: .... COM"ENTS~:z: 1- 0 0 Q~

SIZE ENTR. HW !t!. HW 1<, ·H de dc+ D T'II "0 LSo HW 0
:;)~ u ....
01&1

TYPE D 2 u >
~_gl

.;lldtvl. . .7ej!r 7.].2>' .#11- .-tc.2- c>,1~ 7L>c> 2.76 2.e5J 2.t?d z.~ ".:10' ;;,eo ~#1>" <, ' ',/ /01,(>00
@9 Ihl6{- ~/o~"7

X.3 ~d= /.08'

s-J'
71-S' z.q6

, ~ €EP !'//4--~Yj.12 I W'-l-' 77~' /.so 4.'19"' tJ.1- 2./0 7 ..79 2..~C> 1.70 tP.1tJ -?-6'6 ~:1> 7.9.8 ~,r:Jf/:;O ~...~~ I.~

3-10' h'dl.Vt- 71, 72> I,.~' 4,'J>' t>4 1.1.0 1.·77 2.C7o) 1-..4C> z·1o 6,9~ 1.70 4.1~ ~). I tt>9~
6/"14~7

•~!". h-...I,., i. 2./'

'-
", -

. ,

.
'- - '""

SU...URY a RECO....ENDATIOHS / ...,. 1/00,,000 ~/~~ 5p1""~'R
'.

,

I'

....... ~ .



•
]

5ndQ:.. !JOv!a-YP/rc! - 5'~/~hv- Prt!?? 5]'$.~~.J2., @

Ov.7-kT S--t:'x~/ /d~x Cq)YdrT

•

•
y~ = ;2.1~>t ;;..77 = ~.~(;)

84-",.;' d~rdSs,,""; :::- ~. ~D - ~./.!) = i S7

L - ~.oo -q.c>O = + 2.0. r}:z.-

•
~.oo = 1.4~
2-.7'

2.oc:: .= 0.72...

2.7C,

•
F~ F~.u~~ /Y~-2. <::>.1= //l7d~~G Po'9/'9/? c::>F EP&r97
£)/~s~Y-o;-S. Fev- Culk:5-;-7"' t9nd ~h~/.7P6/s"

~ ..a(frC&'pL>keY,.~ 4 = 10 ,'. L
1

= :2. 7. <7
Yc..

• L2- -rL & = 2.5 >- X .2..75 ~ . '/./J

LA::: L -fL rL = 27.9-1- 7./1
r.;;? / .2. ~

L~ -::. t:>.~ X 2.'7C? =- .2. 2 ~. (us-a ~~o/
L ~ = J. 7 ~ ')(~."7S ~ "" •e a / U-~ ~.Oc))

- 3r::oJ / (tse- ~~,)

•

.J
J

.J

•

HooP.. g/~ s :

/Jd-/'7QT = ,eJ,8'yG =: p;8-·)( 2.. 7'7=- 2. z.. ~ I Wo = c:; I

u,,"di/, ~ -:7~~;'7 ::: O'S~)le =- t:>.~x 2.'?S '::" /.s;'3 /US1J- IS)
a~ .2.' ~/~ ~,-"I-4 /'-0 I, d~;- h ./1,rG~ P~r~)

bd ~,//:: ~.'1 Ye... ~ 6. 9 x ;l:?? -= /./9 /uszs 1/~7')

C~%,uot/ d~or /~ cuTLt:F-Y- of p~/~3 '~)( ~h--4~ &Y/
~~' ~d'G"?~'" q: 5"~ '>, 7' gc!'X. .



~.,----------:;.~---.=--------...~---------;;•.---------•..----.•.----...~---------;•..----a•.---~.~ -
L_ '-- 10--.. L-...! ~

STRAIGHT DROP STRUCTURE 9-A

o
FLOOR BLOCKS-o

LONGITUDINAL SILL 0
(OPTIONALI

o---- - -....-- ---o
o
o
o
o

'LAN

YC W
.0

~,41 .2',7' 32.·(.7

LB
F oor Blocks Spacing End Sill Sidewall

Hei ht Width 1 Hei ht Hei ht

;.. " .............
:

:r r~JX'~' I.' .SE~ION Ai CENTER LINE J~ r~ 1t'1 84«
I-'
0\ Natural New

So So.

INITIAlJ
O.O/2'!r O.~ 2. t;e

DATA

L1 L2 L3

DISSIPATOR
DIMENSIONS $",00 I~,> / • .;-0 /.~ 7·~7

(1) Block should occupy 50 to 60 percent
of Basin Width.
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CULVERT COMPUTATION SHEET

•••••L-

.'

2"b" lY"d - . ' ,. ,
;?£PROJECT:

..
DESIGNER:, ..

STATION: /Nc.a , ; DATE: {(umt /'775

HYDROLO.GIC AND CHANNEL INFORMATION SKETCH·
. SHLDR.\

. /&. e>1c..·DRAINAGE AREA fL. .

h

G

'/' "\. TW./oS">-

/ l 'a, • 2$"0 . i'w, • IS)... AHW. !> qC? .. ,
TWi • J I~0'2 • _______II -

EL. (,feel EL._I EL.~/+

O,OO2.>/e- L.~
.. -

( 01 • DESIGN DISCHARGE, SAY 025 )' So· /1.6 LIIOO SO • D,·~.ce. .- °2 • CHECK DISCHARGE, SAY Q,o • MEAN STREnt VELOCITY.

CULVERT CAP.
. HEADWATER COMPUTATION .J .->-

0 w!:: .- >DESCRIPTION Q CHART INLET CONT•. OUTLET. CONTROL HW -H+ho -LSo a:. ..JU en ~..,
COM"ENTS~:J: .-0 0 x ....

SIZE ENTR. 'HW HW HW IC, H de dc+ D TYi "0 LSo HW o· ;:,..1 U alii.
OW

TYPE D 2 U >

r;~t M LuL 2'Sr:> :27q; .1.~7' .1.(;~ (::)4 /.,() 7..70 ~.-e> /.~"'1- 1.~> t>.!O ~..,S' 4~'~-· l;;~~C:t:

~-C'
Ildt~l- 1$"0 :t.'?f1 1,32- 3.'](;, ,,·f /,(~6J ~.SO 2..7 S- I.s). '.7> ~,!D 4,o~ 4.o~ • ~ ~t; 000'l; , ,

3-112" ~4L 2,5;'0 z'>"'L. /.;> ~()O o.t) i.>t:> 2.(,0 3./> /.5'2.- ~./~~,~ s-.~. ~~S- /kif I,)!!:q. vh 7 c:...

4..J.1.f!. 1Iq'w{.. ./.as ~.78 ~,> /.40 2,~~ !r,oO (I. J() "/.It> ~-IO
,~ ~:;'';--0 ~$~ I;'$"z.. ~,oo' ;. 'f.o'oo ,

"

"I~

,

SU..MARY a RECO....ENDATION' . .

~ 2-1 z.oo ,iF~9r~cI-~ ff~ hl'JUH)f;.,1h PAd-~ R,,,,,d .-S4JIWe~..Ld r>~ .- '

• • •.' ~ ~

,ARIZONA HIGHWAY DEPARTMENT

,

,.



•••

;1.~o

2.~S-

1. Jr lJ>;,/

... -4. >4 '.Q c = .L dn =
:;z. 0 'Z-

';2..c::.~

••••I.•.

WATER 5:URFACE. PRO~lLE COMPUTATION SHEE'I:.

CHANNEL TY~E ~eq.o/c4L· '.
n' =aD'o' • C'l =(1. 486/n}'l =24~ ci = :273 ~ • 50 =6i O ,_H • b = /2.0
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