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ESTRELLA FREEWAY INTERIM ROADWAY
SEGMENT "1" - CACTUS RD. to GRAND AVE,
HYDROLOGIC AND HYDRAULIC FINAL REPORT

INTRODUCTION

This is an "abbreviated" hydrologic and hydraulic report for Segment "1" of the Estrella
Freeway Interim Roadway that presents an evaluation of existing and proposed drainage
conditions adjacent to the roadway alignment. It is a design intention that the Interim
Roadway drainage scheme be formulated in a manner that will not disrupt the natural

sheet flow conditions in the overall area during major storms, while providing a system
for low flow drainage (l-year to 2-year return period) to be accommodated without
flooding the roadway itself. At several locations, the Interim Roadway will need to be
elevated several feet above natural grade for other design reasons, and thus, selected
cross drainage culverts have been- sized to accommodated a 50-year storm to preclude

significant alterations to natural drainage conditions.

The "low-flow" drainage design concept has been implemented for the Interim Roadway
to minimize interference to historical drainage patterns in consideration of funding

constraints.



PROCEDURES

Alignment Description:
Segment "1" is located approximately one-half mile east of Cotton Lane along the west

side of the mid-section line and extends northerly from Cactus Road to just south of
Union Hills Road where the alignment bends northeasterly to intersect Grand Avenue
just south of the Deer Valley Road alignment (see Figure 1). This segment of the
Interim Roadway will traverse 6 miles of arid desert and agricultural land to the west
and north of Phoenix. The southerly portion of Segment "1" passes primarily through
terraced agricultural fields while the northern portion is located within undeveloped

desert.

Climate:
The climate is temperate with summer highs reaching as much as 120 degrees and winter

lows dipping below freezing. Rainfall in the area averages 7.1 inches per year (verbal

reference, National Weather Service).

Watersheds:

Watersheds impacting this segment of the Interim Roadway extend upstream to the
northwest and consist of a combination of graded farm fields and ﬁndeveloped desert.
The Trilby Wash and SCS White Tanks detention basins are effective flood control
structures that define upstream limits for several watersheds during extreme flooding
events. The Beardsley Canal is significantly elevated throughout the study area and also
serves as an upstream boundary for selected watersheds during extreme flooding events.
Due to the complexity of drainage across agricultural lands, watershed boundaries were
determined by detailed field inspection of the area. Arterial roadways form the most
common east-west "low flow" watershed boundaries with Cotton Lane and various parallel

roadways forming some north-south "low flow" watershed boundaries.

For the purpose of this study, Cotton Lane south of Union Hills Road is considered to
be a practical westerly watershed boundary that has been utilized in the "low flow"
drainage design. The local watershed boundaries are shown on Figure 2 and are

considered to be generally valid for low flow, however, during extreme storm events,
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spillover from one watershed to another will occur, including flow entering the system

from the upstream extension of primary watersheds west of Cotton Lane (Reference 5).

North of Union Hills Road, watershed boundaries are less influenced by man-made

facilities and have been determined for design purposes based on more clearly defined

topographic variations.

Discharge Computations:

Approximate 2-year and 50-year discharges have been estimated utilizing an approach
discussed in a meeting with Mr. Ray Jordan and Mr. Art May of the Arizona
Department of Transportation (ADOT) held on May 28, 1987 and referenced in the
"Estrella Freeway Hydrologic Investigation Report" (Reference 5). The procedures
outlined in the U.S. Department of Agriculture, Soil Conservation Service Technical
Release No. 55, entitled, Urban Hydrology for Small Watersheds (TR-55, Reference 3)
were implemented to determine the 2-year and 50-year peak discharges for a sample set
of watersheds. Rainfall data used in the TR-55 computations were obtained from the
Arizona Highway Department publication entitled, Hydrologic Design for Highway
Drainage in Arizona (Reference 1). Six sample watersheds were evaluated for the 2-

year event and four sample watersheds for the 50-year event.

The resultant discharges derived from the TR-55 computations were plotted on log-log
paper and a curve of best fit was drawn for each group of values (Figures 3 and 4).
The curves have been used to estimate discharges based on watershed area. For the 50-
year curve (Figure 4) a second curve was added at 20% above the actual computed
values to apply a reasonable factor of safety. The 50-year curve shown on Figure 4 was
taken directly from Reference 5 which was submitted previously to the Arizona
Department of Transportation. The 2-year curve simply provides a common base for
evaluation of "low-flow" discharge magnitudes, and thus, the 20% factor of safety was

irrelevant and not used.

Discharges for the 50-year storm for drainage areas of 100 acres or less were obtained
by use of the Rational Formula, Q = C.ILA. (Appendix C).
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ESTRELLA FREEWAY INTERIM ROAD

SEGMENT 1

2-YEAR DRAINAGE AREA/DISCHARGE CURVES
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ESTRELLA FREEWAY
COTTON LANE SECTION
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Drainage Crossings of Agricultural Land:

The agricultural lands that are traversed by Segment "1" of the Interim Roadway are
subdivided into approximately 50 acre parcels and are bounded by maintenance roads
and concrete lined irrigation canals. The fields are typically graded and terraced in such
a manner that irrigation tailwater and any storm runoff water is concentrated at the
southeast corner of the field and then drained off by pipe under the maintenance road

into the adjacent field’s concrete lined irrigation canal for re-use.

Segment "1" of the Interim Roadway will be located approximately 40 feet west of the
eastern boundary of approximately 3% miles of these terraced fields. It is proposed that
the east one-half of the roadway be drained easterly onto the remaining portion of field
to accumulate as it currently does, and no significant grading is proposed to be
performed outside the east toe of slope of the roadway. The additional runoff generated
by the east half of the new roadway is minimal and will not adversely affect current

conditions.

A swale will be constructed along the west side of the roadway to deliver street drainage
southerly to the new southeast corner of agricultural fields. Adjacent to the swale, the
natural ground will again be allowed to remain undisturbed except for a strip at the new
southeast corner of each typical field, adjacent to the roadway toe-of-slope, where a
shallow graded depression will be constructed for storage of "low flow" runoff. The
existing east-west farm maintenance road at the south end of the field will be elevated
as necessary to provide a reasonable volume of storage. An 18" corrugated metal pipe
will be installed under the maintenance road to bleed off stored runoff in the graded
depression into the concrete irrigation ditch of the adjacent field. The inlet of the pipe
will be 1 foot above the bottom of the graded depression to account for sedimentation
and reduce the incidence of surface runoff being discharged directly into irrigation
facilities. This will allow low flows to mimic current conditions with the minimal
additional runoff generated by the roadway being stored within the available right-of-

way.



In the event of a large storm, the above drainage system will allow sheet flooding to
occur across the Interim Roadway. Currently, runoff from a large storm event
concentrates in the southeast corner of a typical field, and as pipe capacities discharging
into adjacent irrigation ditches are exceeded, runoff spills out into and over adjoining
irrigation ditches to spread out and flow to the southeast as sheet flow. The Interim
Roadway is elevated through most of the agricultural area except for the southeast
corner of the fields where the roadway profile is at approximately existing grade, thereby
allowing a continuation of the natural drainage condition. The applicable watersheds

pertinent to this design are the "T" watersheds depicted on Figure 2.

Arterial streets (Cactus Road, Waddell Road, Greenway Road, Bell Road, and Union
Hills Road) have been evaluated immediately west of the Interim Roadway crossings to
determine their current capacities for carrying runoff. Since all the Interim Roadway
crossings of arterial streets are to be elevated above the natural ground (except for Bell
Road) the culvert crossings at these locations have been sized to convey the arterial
streets’ existing capacity or the runoff from a 50-year storm event, whichever is lowest,

to contain backwater ponding at these crossings within public right-of-way.

Bell Road has existing curb and gutter on both sides of the street, and the Interim
Roadway profile will match at the existing gutter at the intersection of the Interim
Roadway grades. Concrete valley gutters will be installed in Bell Road to allow current

drainage patterns in Bell Road to continue.

Drainage Crossings of Desert Land:

The northern portion of the Segment "1" alignment passes predominantly through
undeveloped desert. An attempt has been made to maintain the profile of the Interim
Roadway as close as possible to existing grade so that low flows generated by storm
events of roughly a 2-year return period or less may cross beneath the roadway with
storms of greater magnitude overtopping it. This approach has proved possible at several
drainage crossings, however, certain locations required elevation of the roadway above
natural ground based on other engineering constraints. At these locations, the drainage
crossings where sized to convey runoff from a 50-year storm event to avoid an obstruc-

tive or "damming" effect to drainage flow.

-5-



Two major drainage crossings bear special note:

1. The drainage crossing located approximately 0.4 miles north of Union Hills Road
has the largest contributing local watershed, approximately 421 acres. This is the
only "low flow" watershed that extends west (upstream) of Cotton Lane. Storm
runoff concentrates at the southeast corner of the watershed at the alignment of
the Interim Roadway. Low flows are presently diverted southerly along the mid-
section line in a wide but shallow drainage swale, with runoff from larger events
spilling southeasterly as sheet flow. This situation will be mimicked in design by
constructing a drainage swale along the west side of the Interim Roadway to
convey low flow southerly to a location just north of Union Hills Road where it
will cross under the Roadway via two 24" RCP culverts to outlet directly into the
existing low flow ditch. The absence of a culverted crossing at the watershed’s
primary concentration point-will permit the Interim Roadway profile to be lowered
close to existing grade, allowing overtopping of the roadway to occur during storm

events in excess of roughly the 1-year to 2-year event.

2. The other major crossing bearing special description is located approximately 0.5
miles south of Bell Road. This is a major wash crossing with a current watershed
area of approximately 162 acres at this location. The current watershed area has
been reduced from what it formerly was by the construction of Bell Road and the
development of Happy Trails Resort at the northwest corner of Bell Road and
Cotton Lane. The wash has a well defined channel and banks downstream of the
Interim Roadway alignment. Placing concrete pipe with minimum cover at this
crossing creates the need to design for the 50-year storm and results in multiple
pipes. However, by using a 1 cell 6’x3’ concrete box culvert with an overflow
section, the profile can be lowered and lesson the possibility of ponding to a

higher elevation than under natural conditions.

Drainage Structures:
Drainage structure locations and sizes for Segment "1" of the Interim Roadway are
presented on the Drainage Structure Table, Figure 5. With the exception of the box

culvert one-half mile south of Bell Road, all the structures are reinforced concrete pipe

-6-



(RCP) culverts and were sized per Chart 2, "Headwater Depth for Concrete Pipe
Culverts with Inlet Control"; Hydraulic Charts for the Selection of Highway Culverts
(Reference 4), assuming projecting pipe inlets. The minimum pipe diameter selected is
24",

At pipe crossings where pipe inlets are recessed below natural ground due to engineering
constraints, the natural flow line will be altered to create a slope from existing ground
to the pipe inlets and the slope will be gunite or concrete protected to control

headcutting.



DRAINAGE STRUCTURE TABLE

APPROXIMATE DRAINAGE | DESIGN DRAINAGE AREA .
STATION AREA STORM (ACRES) CES SIZE OF PIPE

809 + 82 0 Q50 49 : 11* 1-24" RCP

862 + 60 N Q50 512 29 2-24" RCP’S

915 + 60 M Q50 154 146* 3-36" RCP'S

943 + 00 L Q50 162 207*** 1-6'x3’ CBC

1021 + 20 K Q50 16.6 19 1-24" RCP

1024 + 18 J Q2 126 20** 2-24" RCP’S

1048 + 30 H Q50 49 7 1-24" RCP

1059 + 00 G Q50 . 225 33 3-24" RCP’S

1064 + 00 F Q50 18.6 25 2-24" RCP’S

1075 + 85 E Q50 93 16 2-24" RCP’S

1078 + 30 D Q50 169.3 215 4-42" RCP'S

1098 + 00 " C Q2 2171 43 2-24" RCP’S

1115 + 50 B Q2 552 14 2-24" RCP’S

1130 + 40 A Q2 15 4 TarE

N/A T Q2 . 53x 14+ 1-24" RCP

* Existing upstream arterial street capacity controls discharge.

*x Low flows from a 421 acre watershed (Drainage Area "I") that concentrate at the upper limits of
this watershed and the Interim Roadway are also diverted to this crossing. Large flows overtop the
roadway. ‘

rokk 150 cfs is conveyed by the CBC and the remaining discharge overtops the depressed roadway section

as weir flow.

*#x*  Route to Grand Avenue roadway drainage ditch.

FIGURE 5

N
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APPENDIX A
Sample TR-55 Calculations and Watersheds for Drainage Area/Discharge Curves. -



Worksheet 3: Time of concentration (T,) or travel time (Ty)

Project COHOV\ LV\ //UUJ [mO ,)'MKC Dete

7

Location Mm:zs %L =4 CO'HZ)"I (o Checked Date

Circle one: {fresent’) Developed onc . Pl S/

¢ through sudbares [pquy\gs Za{(/

Circle one:

ROTES: Space for as many as tvwo segments per flov type can bde used for each

wvorksheet.
Include a map, schematic, or description of flov segments. :

Sheet flov (Applicadle to T, only) Segnent 1D

CUff.Soil
l. Surf.lce description (t.ble 3.1) ssevsssnssee wg
2. Manning’s roughness coeff., n (tadle 3-1) .. 0.0l

3. rlok‘ leﬂsth, L (tot.l L‘i 300 ft) essssnssce !t ao.o

1.4]

&, “O""r 2"’)11' rlinflll, ?2 seese9s0000sesss e in

Se Land ‘109!, oooooo.aooo.o.oooc.oo.o.-oo.oo. ft/ft 00008

-[0.9/

0.007 (nL) +
6. Tt 0.5 0 4 CO‘:pute T: eesses hr O.q/

P
Segoent 1D

Shallowv concentrated flow

unpved

7. Surface description (paved or unpaved) .....

fe S:(pDD
fe/ee 10).000

8. Flow length, L coo..-ooooo;oocoo'o--.ocooo.oo

9. Watercourse tlope, 8 eccesscscvvcncscscrccace

/.23

10. Average velocity, V (figure 3=1) ceececececsee fr/s

L +
11. T, " Jgo0 v Conpute T: coeses hr /ch
Channel flos Segment 1D
’
12. Cross sectionsl flov aTes, & cvcecescscsccce ftz
fe

13. Vetted Peri-etet. Pv @00cssreveecstonncsvese

14, Hydraulic radius, r = -PL Conpute T ceveass ft

15. Channpel slope, s ......Y.................... fe/fe

16. Manning’s roughness coeff., D cecveccesccsss

1.7. V- 1.19 r:’/3 .”2 Cocpute V ceececee ft/s

18. Flow length, L ceceeccssssccccscccscccscccee ft

19. T =—b— Compute T, ...... hr * ®

t 3600 V
20. Watershed or subarea Tc or T: (add T‘ in steps 6, 11, and 19) cveeese

(210-VI-TR-55, Second Ed., June 1986)

hr

A4




.Worksheet 2: Runoff curve number and runoff

Project CAHDV\ ZM /A’!A) LCQf

3y MKC

Location \Tbmmas )éo’ ﬂl Co#cﬂ Lp\

Checked

Date QZIﬂ !8 7
Date

‘Circle one: Developed

Conc. pt. - Liqures 247/
J

1. Runoff curve number (CN)
Soil name Cover description / Area .| Product
and C\‘l of
hydrolegic (cover type, treatment, and o~ X x area
group hydrologic condition; Sl T T Dac;es
percent impervious; of 1 ﬂni'
: unconnected/connected impervious Sl ol w02
(appendix A)  area ratio) Al Birall B

< 3K Crofs,.- Spcsq/

47

oS-

42,5

1/ use only one CN source per line. Totals =
- - toctal product _4/2.5__ Z . -
o (veigh:ed) total area 005 50. -U‘e = 8;
2. Runof?
‘ Storm {1 Storn #2 Storn #3

S0

397

/-9

rr‘quenq CoesesvessssevevecasPssvessBR yr
hiﬂflll, ? (2“}10“!) secescssssscscssnoe in
in

2.0/

2.3

Runof‘. Q............'.....l...........

(Use P and CN wvith tadle 2-1, fig. 2~1,
or eqs. 2-3 and 2-4,)




Worksheet 4: Graphical Peak Discharge method

Project Cx'Hrm LIAJ Au) LOmO

y M

Loca:ion 77’)0’)405 2{ C{ CQHM [_ZL Checked

Circle one: @eveloped

1.

2. .

3.

Unit peak discharge, q,

Date ZZ‘Z )’37

Date

Comc nl- '~/ -[:qurﬁs 2#3/

Data:

Drainage 8Te& csescsscss An - (2-5 n.iz (acres/640)

Runoff curve numder ..., CN = 55 (From wvorksheet 2)

Time of concentration .. Tc
Rainfall distribution type

Pond and swamp areas spread
throughout watershed c.seee =

O

Frequency 00800000000 000000000c00sRRRRESS

Rainflll. P (Zi—hout).............u.....

XX EEEXEXEXEEYE NN R Y]

Initial abstraction, I‘
(Use CN with table 4-1.)

. Compute I‘/P 08 0000000000000 00000000 00000

(Use T, and I /P with exhibit 4=JC )

Runoff, Q B 600000008 0008000 0SSN0 RPSDS

(From worksheet 2).

Pond and swvamp adjustxment factor, T

-(Use percent pond and swanmp area

with table 4-2, Factor is 1.0 for
zero percent pond and swanmp area.)

L)

Peak discharge, qp

(Where q, = quA-QFP)

srva s VOO Seven s M~ .

yr

in

in

esa/in

in

cfs

- |l /___ hr (From vorksheet 3)
- JC (1, 1A, 11, 1II)

percent of A (

acres or Eiz

covered)

Stora f1

Storm 2

Storm' #3

50

X

3.47

/<1

0,353

0.-353

0./O

0.25

258

E273

2.0/

0.89

/:0

1.0

=57

5

Loterim Eméw/

- o




Project (D_HULLMI/ A ) LOOP

Location S ;znﬁz baﬁ& £21, SJ ( -Qfﬁm !b Checked Date
Circle one: Developed

l.

7.

8.

9.

Worksheet 4: Graphical Peak Discharge method

Date ﬂ 2/(0 Ziy

3y MKC

Drliuxe area ooonouono.l % = !'; SD .12 (lcre‘/640)

Runoff curve number ..o CN = 85_ (From worksheet 2)

Data:

Time of concentration .. '1'c = !g. B{Q hr (From worksheet 3)

- S
O

Rainfall distribution type = (I, IA, II, IlI)

Pond and swazp areas spread
throughout watershed ..ceee =

Covic. pt. 12 =EBoures 244
' J

percent of A ( acres or mi? covered)

Storm #2

Storm #3

X

[Ye

0.353

O.2¢

2577

[ X7,

[.O

Storm #]
_FreqUEch -oo-ooo:oo-ooo.ooocooo-oooco.-o yT 5_0
R‘inflll, P (Zi-hcut) sssvevcvscssccssses in B’Sb
Initial ‘bstrlc:ion, I‘ Gec0ccs00cessnssene in O'Ebs
(Use CX with table 4-1.)
Compute I‘/P e ® 0000000000000 0000000800000 O"O
Unit peak discharge, q, cescccccsessococs csm/in 87/
(Use ‘Ic and I‘/P with exhiditc 4-TJC )
Runoff' Q S0 00 00O RRSSPRESEIBOEOLSELOERSSRTRIOSIOEBSRROY in 2'%
(From worksheet 2).
Poad and svamp adjustment factor, Fp cees /IO
(Use percent pond and swamp area .
“with table 4-2. Factor s 1.0 for
zero percent pond and swamp area.)
Peak disch«lrge, qp @s0000cev0ncsessetsnas cfs 7]?

(42

(Where 9p = quA-QFp)

Toterirm Y75 '/

(210-VI-TR-85, Second Ed.. June 1886)




3.
&,
S.
6.

Shallow concentrated flow

Worksheet 3: Time of concentration (T¢) or travel time (Ty)

(J\ )yA_/lKC Date 2112187

Project
Location GMi&Ck & 3’ Cbm L)‘\ Checked Date
Circle one: Developed - Conc. poF. 12
. — N ¥
Ctrcle one: (T, ) 1, through subsres Liqures, 29 ¢
‘/ (4
NOTES: Space for as many as tvo segments per {low type can be used for each
worksheet. _ "
Include a map, schematic, or description of flov segments. ’
Sheet flov (Applicadle to Tc only) Segnent ID .
Saﬁent;’
l. Surflce de‘cription (t.ble 3"!) ssvesesssece Jiﬁ_‘m <
. L
2. HManning’s roughness coeff., n (tadle 3-1) .. | A3 S

Flov length, L (total L < 300 ££) seeeerases  £& | 30D

ﬁo”r 24-hr tlinf!ll, Pz sesevevesssccnscoas in aﬂé

Land ‘IOPQ. 8 sescccssccsssssscessseesrseess f:/fﬁ fQ/

0.8
T = 0.007 (ﬂL) C-or:p-ute rt cvenes hr 0‘%/ -+

t 0.5 0.4
7
Pz s

Segment ID

7.
8.
9.
10.

11,

12.
13.
14.
15.
16.
17.
18.

T, -szg—o—v- Cocrute Tt ceecas hr é.(pz + - a(aZ
Channel flow Segment ID

Cros's sectional flov Area, 8 cececscncsccscs ft2

Vetted perimeter, Py ovecsscccccteccccacasse ft

Hydraelic radius, r = ;‘-‘:- CORPULE T esevsss £t

Chanmel B10PE, B eceevscescsoscnsancscnnsasss fFL/fL

Manniag’s Toughness coeff., B cecceocscescce

Ve 1.49 r:/S '”2 Cocpute V saneeee ft/s

Flovw length, L .cceccececcssoncasscovossccss 44

T L Compute T, ....e  hr *

19.

20.

Un&h«/

Flow leng:h, L evveccsscccascscsessscssances fe &L@;D

Surface description (paved or unpaved) ,....

Vatet:our:e‘llope. C'.Qoooaooocoooooottytoo ft/ft mp

/.23

Average velocity, V (figure 3=1) cicceccesss ft/s

t 3600 V
Vatershed or subarea Tc or Tt (add 1’: in steps 6, 11, and 19) ceveees BT

10-V1-TR-55, Second Ed., June 1885)

b o
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Worksheet 2: Runoff curve number and runoff

Project Q‘Hn« LVL}JUW ) 3y MKC

Location G]Md)ﬁhck( @ 4 G"&D’LLI\

Checked
12 ={aures 2 dj/
v

Date ﬂib!é Z

Date

Runoff curve number (CN)

Circle one: Developed Conc. p-}-

1.

Soil nape Cover description B Area Product
and cN of

hydrologic (cover type, treatment, and YN al < CN x ares
group hydrologic condition; ~) o 1 {0 cres :

percent impervious; ol V1 Y Eﬁi'
unconnected/connected impervious 21 o] w032
(appendix A) area ratio) Lol el B

4

C Desert Shrub, peor

250

2/2.50

)
W

C SK Crops, jooq/

2.60

[70.0

4.50

52.50

85~

Storn #2

Storn #3

A/ uyse only one CN source per line. Totals =
] _ rotal product m T, ..
CN (veighted) totsl ares q .0, Use ON

2. Runoff
—_— o Storm f1
ye =0

Ftequetxc‘)' esccsescsersnsessensssresesene

3.5k

in

WAL,

hinf‘u, ’ (2‘-hour) @0 sescs0es st TS

in

0.9/

2,00

!unoff.q 20 NOG G 0000000080060 00086080808s000

(Use ? and ON with table 2-1, fig. 2-l,
or egx. 2-3 and 2-4.)




Worksheet 4: Graphical Peak Discharge method

Date ﬁ llS é’?

3y MKC

Checked

Pro ject (:){'&SY'\ LV\ /A)IA) LOZ)JP
Location mchur// 16/ d‘ G#@" L'\

Date

Circle one: @ Developed

Cone. pt. 3 ——fgu»\es 24

1. Data:
Drainage area cecececces AL = 2.5D w2 (acres/640)
Runoff curve number ... CN = 87 (From wvorksheet 2)
Time of concentration ., T, * 4,22 hr (From worksheet 3)
Rainfall distridbution type = J (1, IA, II, III)
Pond and svanp areas spread 2
throughout watershed ceveees = O»] percent of A ( acres or »i® covered)’

, Storn f1 | Storm #2 | Storm #3

2. _Frequency N N N N Y N N Y RN NN Y] yT SO &

3. Rﬂinf‘ll. P (zi-hour)'.....Q.‘......‘..‘. 1n Bl(/? * /' 4/

4, Initial abstraction, I‘ esesssssseessnsss in O.Z?C? 0-27:7
(Use CX wich table 4-1.)

5' compute I./P G 6 90 090000000000 ONTOTRSEESELISOSIIOS 0'07 0‘2,

6. Unit PClk diSChafzeg qu se000ssssvssccere Csm/in- )27 //b
(Use T_ and I /P with exhidbic 4=JF)

7. Runoff,Q $000000enscetscs0vcssonvOsRenD in . 2”7 k O'qg
(From worksheer 2).

8. Pond and swvamp adjustment factor, FP cvsa 0785— 0955
(Use percent pond and svamp area
with table 4-2, Factor is 1.0 for
zero percent pond and swamp area.)

9- Pe‘k di‘ch‘rse, qp 9006000000000 0000000 0 . cf‘ 6-77 /37

{Where %, = quA.QFp)

_Loterim ?Q)aa/wa/

210.VI.TR.55. Second Ed.. Juns 1986)




Worksheet 3: Time of concentration (T,) or travel time (Ty)

Project G)‘)MZH //UL&/ LCQ’D »y AMKC Dete ﬂl 1S E]
4
Date

Location

Z Checked ,

Circle one: Denlopcd Conc., P‘- 32

Ci{rcle one:

T, through subarea Cg'qurqs 2§ 4/
J 1

Space for as many as two segnents per flow type can de used for each

NOTES:
worksheet, .
Include a map, schematic, or description of flov segments. ’
Sheet flov (Applicadle to Tc only) Segnent 1D
(Ut Sa
1. Surface detcription (t.ble 3-1) secevscssere ms éa{‘
2. Manning’s roughness coeff., n (tadle 3-1) ., 0,00
3. flov len.gth, L (tot‘l L_s. 300 ft) ssserccree it 300
‘. “O-ﬂ 2‘-}1? rlinf!ll, Pz X Ry in /'LI]
* 5. l‘ﬂd Slope, 8 oseccecccscescsnssessoscsesesons ft/ft O'W
0.8 ’
6. Tt - 0.0875(n10')‘ Co:pute Tt evssese hr 015? + . Ol%
P, "7 8" .
2 )
Shallow concentrated flow Segment 1D
7. Surface description (paved or unpaved) oeec. L«ifﬁ?b-fc/
8‘ rlw lenx:h’ L LE N R AN N NN NN N NN NN NENRNENNENNENNEY) ft 171100
9. w‘tercour’e tlcpe, 8 cevecccscsvscsscscsscsas ft/ft O‘wp
10. Aver.‘ﬁ 'elocity. v (figure 3'1) seevecsscae ft/’ ’023
-—L—- R 7 - -
1. T, = 350577 Compute Ty weovee  br 3.5 ‘ 357
Channel flow Segment 1D
[]
12, Cross sectional flov ATCR, & scccvssccccncne f:z
13. ue:td Peri.eter' Pv LA NN E NN N NN EENNNNENNNENNENR] ft
14, Hydrl‘nlic r.diu‘, T = P_. COQPU{C T ooesese ft
- . )
15. mml .lope’ ' [ EE R E N NN NNNNNNENLERERENRENNENSENNENHN] tt/ft
160 ”‘ﬂnil‘" rcughne“ Coeff., N eeveocvsccnscse
2/3 172
17. V= 1.49 rn s Cocpute v ®scossse ft/‘
18. rlow hnzth. L LA R N R ERENNERERENNEEEENENNENEENE R NNER NN f:
--———-L + -
19- T: “w v COQPUte T: e0vsee hr
20. VUatershed or subarea rc or 'rt (add Tt in steps 6, 11, and 19) ..veeas hr ¢t26-

€210-V1-TR-55, Second Ed., June 1986)



Worksheet 2: Runoff curve number and runoff

Project G)i‘{'ﬂ'YL[—Vl //Uw LOOOQ

By AKC

Location m D‘um Eo’ (‘?( CO#EV\ L"’\

Circle one: ( Present) Developed

Checked

bate ¥//14 !57

Date

Cone. ob. B —Qyw.s 249

1. Runoff curve number (CN)
Soil nane Cover description / Arez Product
and ex d of
hydrologic {(cover type, treatment, and N CN x area
group hydrologic condition; ~l T1 Y Dacges
percent impervious; el Y Y{Bric
: unconnected/connected impervious 2] o |02
(appendix A) area ratio) el 5l B

C SECrO% Oicsoo/

198,75

C ,C//@w bane So//

(.77

C.

b.&8&

':#Dr:'sm B)«g{gs . dt-/)/aﬂ/s

2.-50

b . L0

1/ use only one CN source per line. Totals =
- @ (veighted) = total produc: 2O g(a (D Use QU = SZ
total area
2:sD
2. Runoff
‘ Storn f1 Storm #2 Storn #3
rrequew evesvesrssreoven seecssecssenes JT 5-0 &
hintlu, , (2“'}100:) esens0essccossnsn e 1n 3‘4? /'¢/
Runoff, Q ©000800000000000000000000000000s in 9'/7 O’;(/Z

(Use P and ON with tabdle 2-1, fig. 2-1,



Worksheet 4: Craphical Peak Discharge method

Project _ (NTTON ¢ANE MRS paze § f 7'187
Location COT']D/U S Checked Date

C;ircle one: Developed éﬁ.{' 23°30'c0”
S lfnj 100 730" .
1. Data: @
Drainage aTea cceccceces AL ™ -Z. 5 w? (acres/640) )

Runoff curve number ... CN = ?D’ (From worksheet 2) _Te'ss- <N
Time of conceantration .. T, = Z.SD hr (From worksheet 3)
Rainfall distribucion type = Il (I, IA, II, III)

Pond and swamp areas spread
throughout watershed coeees ™ 0

percent of A, ( acres or mi? covered)

Storm #1 Storn #2 Storm #3

. 50 2

2. .Frequency P 0 S0 NP LN PEOINSORIONRSCEOIOPONOEOROESPNITDS yr

3. Rainfall,P(ZJ-hour)‘...............:..i_l,.\zbin 3~‘f‘7/3'$) /5//

4, Initial abstraction, 1 ...ceeceescecsces - in 0-353 0'3;2

(Use €N with table 4-~1.)

AN

5. Compute I‘/P 069 cs 00 s0s00asss0000CBCsPOOCOY .: 0.

~> 0.10/0,10 025

N

6. Unit peak discharge, q, csa/in 205 !')7

[l -
(Use T_ and I /P with exhibic 4= L) L9
7. Runoff, Q oo-..o-oo-o-ooooo...oo.o-c.oooj 0."-'21,11 Z:Ol 0.37
' (From worksheet 2). . /
8. Pond and swamp. adjustment factor, FP cvee /'0 I'D

(Use parcent pond and swvamp area
with gable 4-2, Factor is 1.0 for
zero percent pond and swamp area.)

4

90 Peak diSCharze. qp l..o...ooo..'..‘.;ooooo cf‘ &)S’G , LO%

(Where = g AQF ) -
Qp uatp (.\-‘(."C:_, /}""

Toderim oachon %

—. - Gem e m= o~ T s e Py



Worksheet 3: Time of concentration (T) or travel time (Ty)

Project Com/\) <—ANE )yMI/( Date ¢ /9]L7
Location Carm AN S Checked Date

Circle one Developed
Circle one: (I_ D T, through sudares
NOTES: Space for as many as two segnments per flow typé can be uzed for each

worksheet.
Include a wmap, schematic, or déscriptioh of flow segments,

Sheet flow (Applicadle to Tc only) - Segment 1D
CuH.Sa1)
1. Surflce ‘escrip'tion (:lble 3-1) seescecesnoe @ L?o'?.
2. Manning’s roughness coeff.,, n (tadle 3-1) .. 0.0,
3. Flow length, L (toral L € 300 ££) ceeeerese.  fr | SO0
P D gon
“/7\”.’1'2-‘:' rlinf.ll' Pz Ccsqgoe0ssseonesetse 1n T l“/,
5. und ‘lo?e' ‘ ‘.‘...........I.....I....l...‘. f:/ft 'OO?
' 0.8 7
. 0.007 (nl) o010 : . + -]
6- Tt 0‘5 0.‘ /"rT?/CO:PUte Tt .0-..: hr '., ll hd 4//
!2 s .
Shallow coancezzrated flow i Segzent ID
7. Surface description (paved or unpaved) seees UHPO\HJ
8' rlw lmth’ L .‘.‘........................... f: q/w

9. u‘tm.’se ‘lope. ‘ .‘.........l..........l. ft/ft '@7

10. Avem "locity, v (figute 3-1) seceoccovee ft/‘ /13‘/ .

. L -
11. r: - v Cot:pute T: ecesss hr /127 + /lg?
Channel flow Segment 1D
' 2

12, Cross sectional flov aTea, & cevcccccossesss ft

13. ve:w ”riu:erl Pv 0800000000000 PsREBOOGS ft

14. Bydml.i: rldiu‘, r = .pi Compute T eccoeas 44
v

-15. M-.IOPC, B eccocsccesccncnssossccsssss ft/fL

16, Manxiag’s roughness coeff., B ceeescsoscecse

2/3 _1/2
17, Vv = 1-45 rn x Cotpute V eceeees ft/s
18. rlc‘l&sth. L tecervcncscacccccscscncsccnns fe
L + -
19. T: 5 v Cozpute T: eesses hr

2.30

20. Watershed or subarea 'rc or Tt (add Tt in steps 6, 11, and 19) e.veeee hr

(210-V1-TR-55, Second Ed., June 1986)




L ‘ _ 'Worksheet 2: Runoff curve number and runoff

Project CoThN LANE

ny/MKC,

i Location CDTTDX) S

Checked

Date Y E }?7 :
Date

’f Circle one: Developed

1. Runoff curve number (CN) : |

Soil name Cover description oY, Area Product
and Y of
: hydrologie {(cover type, treatment, and YIS X x area
- group hydrologic condition; ~ o 1 [Oacges
percent impervious; ol V| T |Rei®
_ unconnected/connected impervious 2l =l wlOX
(appendix A) area ratio) _ el =l =
; 7 C Sira ;31«')— )gavv, < |85 L5 | [27.5]
r N i ' '
1/ yse only one CN source per line. Totals = [/5 /027' S
' 7.5
N (veighted) = total product - 72 - gs"’ Use CN = 85"
total area /s Rm——
. 2. Runoff
l ‘ Storm #1 Storn #2 Storn #3
I Frequency SO S0 0O OO S S SEOOSPHOPESSOSOSIOIEBTOSESTS NS ’r * é.D R
! - 177 %7
[ - hinflll, b 4 (24")100:) 680 0csscscsssesnese 1 L" 47 315/ //V/
L4
Runoff, Q seecssssresnntstsscesssvsnssen in 2’0/ O'B?

(Use P and ON wich table 2-1, fig. 2-1,
or eqs. 2-3 and 2-4.)

(onz)

non MPILVI.TR.AS Sernnd Fd.. June 1986)



Location

Circle one: resent /Developed

1.

2. .

3.

.Rainfall' P (2;"!‘0“!’) P4 0080090000000 000

Worksheet 4: Graphical Peak Discharge method

Checked Date

: Project CD#W\ @7//)(,() L{ﬂ{{)ﬂ By M Date .0: g/gég

Daca:
Dt‘in‘ge &ATCAR vevvescore % - 0’ OI%“Z (lcre8/650)

Runoff curve nuaber ,.., QN = ﬁgf;— (From worksheet 2)

Tizme of concentration .. TE = (2.45}5— hr (From worksheet 3)
Rainfall distribution type = 22— (I, IA, II, III)

Pond and swvamp aresas spread
throughout watershed ...... =

@ ___ percent of A ( acres or mi? covered)

Storm #! Storm #2

Storm #3

yr ~<

Frequency P 9GO0 00T P0G IOCNESISEISIOCEISOOISINPIOS

in ),C//

in ()-2%523

Inicial abstraction, Ia escssssssssessase
(Use CN with table &4~-1.)

COCPQCC Ia/P ® 800000800800 0006800080000s909

-

esm/1in f;ZJfE:

Unit peak Eischarge, Q ceecosesccossvcsns
(Use T, and Ia/? with exhidiz 4- )

in Cj"ziﬁ

Runoff, Q 0000802000800 0000000000080800e

(From worksheet 2).

Bond and svacp adjustment factor, F_ ....
(Use percent pond and swamp area

with table 4-2, TFactor is 1.0 for

zero percent pond and swamp area.)

) cfs :2{:7

Peak dischar;e, qp @8 s00s00ss0esevssrse

(Where ap - quAnQFp)

“Inderim %aﬂ/“’“}/ |

. o mew mmem ww o~ LI o} Ve o SAOD

ey
.

P



Worksheet 3: Time of concentration (T¢) or travel time (Ty)

Project [Q'ZZ,/) /J*/A/LLLV/AD? By ﬁ/( Date Mf

Checked

Llocation

Circle oney” Present) Developed
Tt through sudbarea

Circle one

FOTES: Space for as many as tvo segments per flow type can be used for each
worksheet. N

Include a map, schematic, or description of flow segments. ’

Sheet flow (Applicadle to T only) Segnent 1D
Ctisoif
o5 £2074

0-0l

3. Flow length, L (total L € 300 £8) veenveeees £ | 300

l. Surflce dCSCription (t.ble 3"1) es v s evssene

2. Manning’s roughness coeff., n (tadle 3-1) .,

.L. IUO")'T 24-hr rainfall, chto.oooonoo-.oooocc in /4/

fe/fe 0.00%

TTe R VTR

5. Land ‘IOPC, $ eeevensesscesecccssesssseascesnase

0.8
6. T, = 0'0875(‘%)4 Cocpute T <ecaes hr 0'{// + = qu/
) FRAREN A
2
Shallow concentrated flovw : Segment ID -
7. Surface description (paved or unpaved) .c... ' Unﬂow/

. Flou 1en8th, L eevevevsecsevasecseeensensees £t | OBD :
fe/fe 09&‘

10. Average velocity, V (figure 3=1) .eeseecessss ft/s /123

9. Watercourse Slope. £ occccscssesnvssscsescans

Cor:;:ute. Ty eesees hr J4 - /4/

L
M. Tt Seae v

Channel flow Segment ID
2

12. Cross sectional flow arTea, & coceccccvcccaecs £t

13. . Vetted Perineter. Pv 0esc00s 00 esssssOssas RS f:

1‘. Bydrlulic r‘diu‘. T = -pi Compute LT sesscee ft
v

15. Channel tlope, S cecvsssesrsnevscscsescencss ft/ft

16. Manning’s roughness coeff., M cccecosvancsss

2/3 172
17. V = 1.49 rn L Cozpute V seeeees ft/s
IE. FIOL‘ lcnsth, L 90 0ec0ssscsstesconscssnsrene e ft
- - - - -+ - .
16. T " 305 © Co=pute Te eoeoes hr
=]
v

22 wazerskes or sudarea ‘Ic or T: (2dd 7‘ ir. sceps 6, 11, and 19) ....... hr

(210-V1-TR-55. Second Ed., June 1986)




.Worksheet 2: Runoff curve number and runoff

By /77/ &

~ Project Gl"’é’y’\ %/A/U/ éoz?d

Date /Oz'z g(éz

rrequency © 5 0000040 000000000880 0800008580s yr

R‘infall' ? (ZA-hou!‘) evsecsnccssssscsne in

Ruﬂoff. Q ccececsccosccesssensesanssoscee in
(Use P and OX wich zable 2-1, fig. 2-1,
or eqs. 2-3 and 2-4.)

Location Checked Date
Circle one:Developed
1. Runoff curve nuomber (CN)
Soil name Cover description B, Ares Product
and oY of
hydrologic (cover type, treatment, and Sl al < CN x area
group hydrologic condition;. ~E LA b/tcges
percent impervious; (1] WDui'
unconnected/connected impervious 2] o] =»{0Z
(appendix A) ares ratio) Sl el B
1/ use only one CN source per line, Totals = /ﬁ
"1
C o, o Locral product - Use C% = g
N (velghted) total area 3¢ s
2. Runoff
‘ Storm #1 Storm #2 Stora #3

X

[/

Q.37




Worksheet 4: Graphical Peak Discharge method

r K

Project 6%714: éh///{]/l/ éfﬂ;ﬁ

Location

Circle one: (ffesent) Developed

l.

2.

: 30

Se

Checked

Date ZOé Zéﬁ

Date

Data:

Drainage aTed ccoccccess A, " [)1223 ni? (acres/640)

Runoff curve number ..., CN = 85 (From vorksheet 2)

Time_of concentration .. Tc = G
Rainfall distribution type = ~TJL

Pond and swanp areas spread

hr (Froa worksheet 3)
(1, IA, II, III)

throughout watershed .veees = ( 2 perceat of A i acres or mi? covered)

_Frequency 0....I.-o..to.o..o...to...;-o.’

Rainfall. ? (Zi'hout) oou-fococooaooto.¢'

988000000800 000s0

Initial abscraction, Ia
{(Use CN wizh table 4-1,)

Coqpute Ia/? @000 00008 esr0s0s0s0tccRes e

oo 0000800000000

Caic peak cischarge, q,
(Use Ic ard Ia/? with exhibiz &4- zz)

Runoff' Q S0 OC O P OB PGS NNNSPICSOIRGIOIOIEOETESLEITBTOIOOYS

(Fron worksheer 2).

anéd swvarp adjustment factor, F
percezt pond and swamp area
table 4-2, Factor is 1.0 for
percext pond and swamp area.)

L

Pond
(Use
with
zero

Peak discha:zﬁ, qp ®0s00s00ev0censsscsssns

(Where qQ = QuAmQFp)

yr

in

csa/ia

in

cfs

Storm #1

Storm #2

&

Storm #3

yade

0.353

0.2

<20

0.9/

ya

/3.4

Takrior Kadivay

— ey

e

Py



Worksheet 3: Time of concentration (T,) or travel time (Ty)

w [l

Project /‘Oﬁ[?l\/‘ Zlﬂ //Uf}l [,rﬂ,zﬁ

Llocation

Circle one:éesen

Ci{rcle one

NOTES: Space for as many as two segrnents per flow type can be used for each

Sheet flov (Applicadle to T, only)

»

Developed

Checked Date

‘1‘t through subares

worksheet. ‘

Include a map, schenatie, or description of flow segments. ’

Surf‘ce description (t‘ble 3—1) ssssccccvasnse

1.

2. Manning’s roughnes£ coeff., n (tadle 3-1) ..

3. Flow lengtﬁ, L (total L € 300 ft) eeseercens 144

4. Two-yr 24-hr rainfall, PyTeeceecesecceoesess  dn

5. Lland slope, s .a.é.....'......a.............. fr/fe

6. T, = 0;08:,5(:3?4‘ Cocpute T, ..evue hr

2

Shallow concentrated flow Segment ID

7. Surface desctip:.icn (paved or unpaved) ieese .

8., TFlow length, L eccsaccscscsccccncasscscnsccssss ft‘

9, WatercouTse Bl0Pe, B eceesvccacossascscsceasss SL/fL
10. Average velocity, V (fig'ure 3-1) ceecneesceas ft/s
11, ‘1‘:."36—30—‘7 _Co:pute- Ti essnes hr
Channel flow Segment 1D
12. Cross sectional flov arez, B cececccccssssces f:z
13, Wetted perimeter, P, cecccccccsrcnccncsssncs £t
.14, Hydrsolic radius, v = -é Conpute T cessssce ft
15. Chanmel 81l0PE, B scecsserccacescccscasnsccnss fo/fe
16. Manning’s roughness coeff., B seevcscscecsss

17, V = 1.49 rz/3 '1/2 Cozpute V coeseee ft/s
16, Flov length, L ciieeecccncessccccccscannaansne ft
19, T: -—36_33—\' Co=pute T: cevose hr
272 . wWazershel or subarea ’1'C or 7: (2dd ‘:‘ ir. steps 6, 11, anéd 19) .eeve.. hr

Segnent ID

SYw
LXUAL/MJ’*‘V

0,035

Z0

/496

0.0/

Date ZO//Z&

0.2/ |*

0-2¢/)

weppid

1787
0006

23

0.4o |+

0.0

-+

(210-V1-TR-53, Second Ed., June 1986)

2

D.3



'Worksheet 2: Runoff curve number and runoff

Project C[ﬂ%ﬂ A"//I/Z/ W Z//’T/"Z)

y//44

Date [QZ/Z/& ’

Frequency 0 092000 ePQaseDsRVEOOBOIOIORPIEIETOIOSOTPRYS yr

R‘infall’ P (Zl‘-hour) 8 60690 2080008000408 1“

Runoff, Q s ecreceseeesesrensesencRsRee in
(Use P and CN wich table 2-1, fig. 2-1,

or eqs. 2-3 and 2-4.)

location Checked Date
\
Circle one: @Dﬂeloped
1. Runoff curve nunber (CN)
Soil name Cover description B, Ares Product
and o of
hydrologic (cover type, treatment, and Y CN x area
group hydrologic condition; o~ 1 E{ac;es
percent {mpervious; ol O Yi0ei-
unconnected/connected impervious Bl o] =02
(appendix A) area ratio) el =l B
1/ use only one CN source per line. Totals = 5D
N (-weigh:ed) . fotal product - Use X = ?5—
total area
2. Runoff
‘ Storm f1 -Stormn #2 Storm #3

=%

/46

-4/




APPENDIX B
Calculation Sheets Indicating Design Q, and RCP Culvert Sizing Charts.



PROJECT; _SEGmerl Ab. /[

Jcc
DESIGNER:
Esrxaecq suqeeia cospwsy  CULVERT DESIGN SHEET DR =S5
patE: 4 —/0-&P
HYDROLOGIC AND GHANNEL INFORMATION SKETCH
' STATION: £ 09 + 82

ELI. J2 /o0.leS”

N
‘ i e nd —L

* Roqo/w‘y/ ./’ﬂ‘A/‘— _)S .¢.lw.1lo/ q!-ac_

§va
Q, :Q.fo'-'-‘//c.-fs W, = 2z4 ek T
Q, = TW, = ’ So-
2 2 K. )
—_ EL.Q__/ L= 705’ ELG. 2 ; T
Q) = DESIGN DISCHARGE , SAY Qg4 MEAN STREAM VELOGITY = :
( Q, x CHECK DISCHARGE , SAY Q4508 Q)54 ) MAX. STREAM VELOCITY=
[t
CULVERT HEADWATER COMPUTATION § -k
DESCRIPTION o |size |INLET CONT. OUTLET CONTROL HW=H + h; -L.5, 2: 281 cosr COMMENTS
[y -}
(ENTRANCE TYvPE) -'-‘-Dl'- HW | Ko | H | d¢ i’ﬂ%g TW | hy | LSy | HW § 8;‘
rgcr 2.7 |24} 1851 3.7
SUMMARY 8 RECOMMENDATIONS:
E*};'A’ry «/.J/»o‘m qr‘LC’i‘/ K. /"‘-‘-42‘ ca/vtol'ﬁ/ con 74"/} »A;frﬁ/q‘j'e—

77a ‘A“'H/ )r—own'/ .}" fl”‘; /OC.)lL«‘av

Form 81.734-2917
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DESIGN NOTES AND COMPUTATIONS
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ESTRELLA FREEWAY INTERIM ROADWAY
SEGMENT "2" - THOMAS RD to GLENDALE AVE.
HYDROLOGIC & HYDRAULIC REPORT
FINAL SUBMITTAL

INTRODUCTION

This is an "abbreviated" hydrologic and hydraulic report for Segment "2" of the Estrella
Freeway Interim Roadway that presents an evaluation of existing and proposed drainage
conditions adjacent to the roadway alignment. As a part of the design process for
Segment "2", a strong effort was made to maintain a roadway grade at or near existing
ground elevations, while providing a system for low flow drainage (1-year to 2-year return
period) to be accommodated without flooding the roadway itself. However, the Interim
Roadway is required to be elevated several feet above natural grade at existing points
of low flow drainage concentration for reasons including minimum cover over irrigation
lateral crossings and super-elevated curves, and thus, cross drainage culverts have been
sized to accommodate 50-year storm runoff volumes generated within the effective
contributing watersheds identified herein to preclude significant alterations to natural
drainage conditions and/or backing up of drainage flows beyond right-of-way boundaries.
Additional provisions are included to allow excess runoff to spill easterly across the
roadway at locations where the roadway profile is at or near existing grade. Graded
depressions are also provided for collection of low flow at several locations where runoff
has historically and will continue to discharge into tailwater ditches. These drainage
provisions are described in greater detail in this report and serve to maintain existing

drainage patterns to the extent possible after Interim Roadway construction.



PROCEDURES

Alignment Description:

Segment "2" commences eastward from Cotton Lane along the alignment of Thomas
Road for a distance of appfoximately 1,000 feet, then turns northward/northeastward,
transitioning through agricultural fields to a northward alignment approximately 2,515 feet
east of Cotton Lane at Camelback Road. Segment "2" then continues northerly from
Camelback Road to Glendale Avenue along an alignment varying from 75 feet to 200
feet west of the mid-section line between Cotton Lane and Sarival Avenue (Figure 1).
The total length of this segment of the Interim Roadway is roughly 4 miles and passes
through agricultural land to the west of Phoenix.

Climate:
The climate is temperate with summer highs reaching as much as 120 degrees and winter
lows dipping below freezing. Rainfall in the area averages 7.1 inches per year (verbal

reference, National Weather Service).

Watersheds:
Watersheds impacting this segment of the Interim Roadway extend upstream to the west

and consist of natural alluvial fan areas and graded farm fields on the east face of the
White Tank Mountains. Due to the complexity of drainage across agricultural lands,
watershed boundaries were determined by detailed field inspection of the area. Arterial
roadways form the most common east-west "low flow" watershed boundaries with Cotton
Lane and various parallel roadways forming some north-south "low flow" watershed

boundaries. Sheet flow is the predominant type of flooding that occurs in the area.

For the purpose of this study, Cotton Lane is considered to be a practical westerly, local
watershed boundary that has been utilized in the drainage design. Additional watershed
areas extending upstream to the west of Cotton lane exist, but were not considered to
be directly relevant to the drainage design concept due to differences in time to peak
and the opportunity for excess runoff to spill across the Interim Roadway at numerous
locations. This is excepted at the proposed crossing of the major drainage ditch

extending easterly along the north side of Camelback Road where the entire contributing

2.
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watershed, the capacity of the ditch, and the size of upstream and downstream drainage
crossings required consideration. The local watershed boundaries are shown on Figure
2 and are comsidered to be generally valid for low flow; however, dﬁring major storm
events, spillover from one watershed to another will occur. The low flow watersheds

consist of agricultural fields with very flat grades.

Discharge Computations:
Discharges for the 50-year storm were obtained by use of the Rational Formula, Q =

CIA.

Drainage Crossings:

The agricultural lands that are traversed by the Interim Roadway are bounded by
maintenance roads, concrete lined irrigation canals and irrigation tailwater ditches. The
fields are typically graded in such a manner that irrigation tailwater and any storm runoff
water currently concentrates at the southeast corner of the field as defined by east-west
maintenance roads and maintenance roads along the north-south mid-section line. The
proposed Interim Roadway is located west of the north-south mid-section line, and future
runoff will now be concentrated at the southeast corner of the field at the new roadway
alignment. Low flow runoff from the fields will then be conveyed underneath the Interim
Roadway to the current downstream concentration point at the north-south maintenance

road.

It is proposed that the east one-half of the Interim Roadway be drained easterly onto
the existing agricultural fields and surface water ditches to accumulate as it currently
does. No significant grading is proposed to be performed outside the east toe of slope
of the roadway. The additional runoff generated by the east half of the new roadway

is minimal and will not adversely effect current conditions.

On the west side, a shallow graded depression will be constructed for storage of "low
flow" runoff at most points of collection prior to release downstream to the east via
cross-drainage structures. The purpose of the location specific graded depressions is to
minimize the quantity of runoff derived from the west one-half of the roadway that will

be introduced directly into irrigation tailwater ditches. These graded depressions will aid

-3-
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in the storage of the additional runoff generated by the roadway, with said storage being
provided within the available right-of-way. An 18" corrugated metal pipe will be installed
at a minimum of 1 foot above the bottom of each graded depression to discharge surface
runoff directly into irrigation facilities. This will allow low flows to mimic current
conditions with the minimal additional runoff generated by the roadway being stored
within available right-of-way. Large flows will overtop the depressed area and be

conveyed easterly underneath the Interim Roadway in Q50 design culverts.

It was the design intent to maintain the profile of the Interim Roadway as close as
possible to existing grade so that low flows generated by storm events of roughly a 2-
year return period or less could cross beneath the roadway, while storms ofl greater
magnitude overtopped it. However, this approach has proved to be unsuccessful for
Segment "2" due to the need to elevate the Interim Roadway at existing points of
drainage concentration to cross irrigation ditches and other physical features, coupled with
the capacity of the westerly half of the Interim Roadway typical section to carry roughly
99 cfs of runoff prior to overtopping the roadway profile when it is set at existing grade.
The capacity of the westerly half of the roadway section is created by the shoulder ditch
and the average depth of 2.3 feet required before overtopping of the roadway crown
occurs and is considerably higher than the dischérges generated by a 50-year storm at the
selected drainage crossings. This condition results from the requirement to create a
typical ditch section having an invert elevation that is a minimum of 1.0 foot below the
bottom of the Interim Roadway design subgrade as a provision to protect the subgrade

from becoming saturated by storm water runoff.

The Interim Roadway required elevating at arterial streets and irrigation crossings to
accommodate irrigation pipe sizes and minimum cover requirements over these pipes.
Due to these elevated crossings and the high runoff capacity of the westerly typical ditch,
drainage crossings were sized to convey runoff from a 50-year storm event as one
provision to avoid an obstructive or "damming" effect to drainage flow, and to contain
backwater ponding within public right-of-way. As a second provision to ensure against
roadway obstruction and "damming" during a wide range of storm events, berms are
proposed to be constructed at selected locations across the typical ditch section along the

west side of the Interim Roadway where the proposed roadway profile nears natural

-4 .



ground. Corrugated metal pipes (24") are proposed to be placed in a special ditch
section at the proposed berms in such a fashion as to allow low flows to pass thru and
proceed to design concentration points, and flows of greater magnitude to spill over the
top of the Interim Roadway as sheet flow in a southeasterly direction. The inclusion of
both of the above provisions in the drainage design for the Interim Roadway will tend

to allow existing drainage conditions to prevail as closely as possible, after construction.

The Adaman Drainage Ditch is located 85 feet to 210 feet east of the Interim Roadway
along the segment between Glendale Avenue and Camelback Road, and would at first
appear to be a reasonable drainage outlet for the Interim Roadway pipe crossings.
However, irrigation sumps and irrigation tailwater ditches that drain to sumps, are located
within a strip of land between the Interim Roadway and the Adaman Drainage Ditch.
Since irrigation runoff may currently be collected and stored in these sumps for re-uée
in irrigation, it was necessary to continue discharges into tailwater ditches or directly into
sumps. Larger flows will overtop the tailwater ditches and spill into adjacent sumps or
the Adaman Drainage Ditch as currently happens. Relocating all sumps to the west side

of the Interim Roadway does not appear to be warranted at this stage.

Most arterial streets (Thomas Road, Indian School Road, and Bethany Home Road) have
been evaluated immediately west of the Interim Roadway crossings to determine their
current capacities for carrying runoff. Since all the Interim Roadway crossings of arterial
streets are to be elevated above the natural ground, the culvert crossings at these
locations have been sized to convey the arterial streets’ existing capacity or the runoff

from a 50-year storm event, whichever is lowest.

The Interim Roadway crosses a large existing drainage channel located along the north
side of Camelback Road. Field investigation identified existing channel crossings to the
west and east include a 2 cell 8 x 3’ concrete box culvert with a capacity of 336 cfs
located upstream of the Interim Roadway at Cotton Lane, and two 57" x 76" CMP’s and
two 48" CMP’s with a combined capacity of 582 cfs located downstream of the Interim
Roadway at Sarival Avenue. Field cross-sections of the channel between the above
mentioned structures were hydraulically rated using the Manning equation and were

found to generally have less capacity than the existing structures. A steel grated bridge

-5-



also crosses this channel, immediately downstream of the Interim Roadway to access the
maintenance road of the Adaman Drainage Ditch. However, this bridge was determined
to have little impact on the channel’s top of bank capacity. A 2 cell 8 x 3’ concrete box
culvert with equivalent capacity to the existing 2 cell 8 x 3’ concrete box culvert (336 cfs)
located upstream of the Interim Roadway at Cotton Lane was chosen for the Interim
Roadway crossing of this drainage channel since there are no significant drainage
contributions from Cotton Lane to the Interim Roadway to maintain a capacity that is

compatible with the existing drainage system.

Drainage Structures:

Cross drainage structure locations and sizes for Segment "2" of the Interim Roadway are
presented on the Drainage Structure Table, Figure 3. With the exception of the box
culvert proposed at Camelback Road, all of the structures are reinforced concrete pipe
(RCP) culverts and were sized i)er Chart 2, "Headwater Depth for Concrete Pipe
Culverts with Inlet Control"; Hydraulic Charts for the Selection of Hichway Culverts
(Reference 4), éssuming projecting pipe inlets. The minimum pipe diameter selected is
24". The box culvert at Camelback Road was sized utilizing Chart 1 (Reference 4).

Pipe crossings of the proposed berms across the westerly shoulder ditches for the Interim
Roadway are 24" corrugated metal pipes (CMPs). Outlet pipes into irrigation and

tailwater ditches from graded depression areas are 18" corrugated metal pipes (CMPs).

At pipe crossings where pipe inlets are recessed below natural ground due to engineering
constraints, the natural flow line will be altered to create a slope from existing ground

to the pipe inlets and the slope will be concrete protected to control headcutting.
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DRAINAGE STRUCTURE TABLE

Drainage Design Drainage Area  Design

Station Areas Storm (Acres) CES Size of Pipe
386 + 60 A Q50 324 22 224' RCP's
399 + 33 B Q50 383 26 224" RCP’s
413 + 01 C Q30 46.9 30 230" RCP’s
426 + 38 D Q50 56.3 35 230" RCP’s
440 + 12 E Q50 59.8 41 324" RCP’s
452 + 95 E1 Q50 37.0 26 324" RCP’s
459 + 66 F Q50 . 349 24 324" RCP’s
466 + 50 G Q50* 152.0 70 324" RCP’s
492 + 96 H N/A N/A 336 28x3 CBCs
496 + 43 I Q50 54.7 31 224" RCP’s
506 + 10 J Q50 71.7 45 324" RCP’s
519 + 25 K Q50 71.0 45 324" RCPs
532 + 67 L Q50 75.5 44 524" RCP’s
545 + 94 M Q50 76.7 45 1-36" RCP
558 + 93 N Q50 75.5 45 324" RCP’s
573 + 00 O Q50 77.0 46 424" RCP’s
582 + 50 O1 Q350 87.0 50 424" RCP’s

* Capacity achieved as a function of culvert flow and weir flow (see appendix).

FIGURE 3



APPENDIX A

Hydrologic and Hydraulic Calculation Sheets for Drainage Culverts
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2075 North Sixth Avenue 5062 North 19th Avenus
Tucson, Arizona 35705 Phoenix, Arizona 35015
(6C2) 824-7401 (802) 242-2999
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FILE:GP4095503 GP40985502 5 STATION DATE: 1018 1988
= CROSS-SECTION WATER SURFACE CHANNEL
fq NO. TYPE STATION ELEVATION SLOPE
2  EXIST 2 +00 81.20 f¢t .39%
v SUBSECTIONS FROM LEFT TO RIGHT
LEFT RIGHT TOP n WETTED FROUDE
OFFSET OFFSET WIDTH VALUE AREA PERIMETER NDISCHARGE VELOCITY NUMBRER
(fe) (fe) (fr) (sqft) (ft) (cfs) (ft/sec)
16.60 80.00 63.40 .040 1189.0 64 .90 414 3.48 .4417
414
FILLE:GP40Q95503 GP40Q95502 5 STATION DATE:1018 1988
CROSS-SECTION WATER SURFACE CHANNEL.
?E; NO. TYPE STATION ELEVATION SLOPE
3  EXIST 3 +00 74.70 ft .39%
SUBSECTIQONS FROM LEFT TO RIGHT
LEFT RIGHT TOP n WETTED FROUDE
OFFSET OFFSET WIDTH VALUE AREA PERIMETER DISCHARGE VELOCTITY NUMBER
(fe) (ft) (fr) (sqft) (fe) (cfs) (ft/sec)
23.72 65.00 41.28 .040 57.3 42 .37 163 2.84 .424
163
FILE:GP4A095503 GPA0NSR502 5 STATION NDATE: 1018 1988
CROSS-SECTION WATER SURFACE CHANNEL
NO. TYPE STATTION ELEVATION SLOPE
Cj 4 EXIST 4 +00 72.70 f¢t .39%
SUBSECTIONS FROM LEFT TO RIGHT
LEFT RIGHT TOP n WETTED FROUDE
OFFSET OFFSET WIDTH VALUE AREA PERIMETER DISCHARGE VELOCITY NUMBER
(fr) (ft) (fr) (sqft) (fr) (cfs) (fr/sec)
18.41 60.00 41.59 .040 59.8 42.66 174 2.91 .427

174



Rev. 4/86

DESIGN NOTES AND COMPUTATIONS

SUBJECT -y 720/ %1 Rodown 7, SSarmEN] 2

dSNTR- 27

DRA/VHEE  HAPEA :

S7TATIoN

4CK ES ; f¢-7

I

d9C +43

RoQOwRAy (S &ELEVRTED ABorE 7904
Groouny AT FH/ID L oCaTIV.
D&ESIGH oK PS5O .*
TC = So00’ & 3% 2 |d Mia
2540’ @ 3£pS = (4 Ain
29 Min,
Z:> 2.f
c 0,29
.
? ) = 3 / c;[-s
X RATIONARL  Fopmdid = c.z.4A.
SHEETNO. OF
PREPAREDBY e %_:FE?_ 90 CHECKEDBY  ya/a/ FIGURE #
o CELLA MRR 2075 North Sixth Avenus S062 North 19th Avenue 668 Arroyo Boulevard

Phoenix, Arizona 85015
(602) 242-2999

Tucson, Arizona 85705
(602) 824-7401

;i ASSOCIATES

Nogales, Arizona 85621
(602) 287-2341




- — e At e mana bt mad ahady <4

PROJECT: _S <SG M7 Z

. cc
CULVERT DESIGN SHEET DESIGNER: 2
DATE: 2= /<= 50
HYDOROLOGIC AND GHANNEL INFORMATION SKETCH
| sTaTionN: £24 443
EL L0752+ |
7 gl 8
v
- AHw=_Z.Z
Q = 050 = B/C..‘(‘j TW, = ‘ / - '—L W
7.6 , ;
EL/LE L= "33 EL7/-2 T
0, = DESION DISCHARGE , SAY Qgps - MEAN STREAM VELOCITY =
( Oz = CHECK DISCHARGE , SAY ODOM QIOO ) MAX. STREAM VELOCITY=
CULVERT '~ HEADWATER COMPUTATION % r
DESCRIPTIéN Q SIZE INLET CONT. OUTLET CONdTROL HW=H + ho "LSQ g : ;g cosY COMMENTS
- (ENTRANCE TYPE) —”B-vi HW | Kq | H | d¢ ._;LD TW | hy | LSy | HW § 8;a
o

v Y

Vi Z Rcps |32 124747 | 2.2

SUMMARY 8& RECOMMENDATIONS:

Form 81-734-3917




DESIGN NOTES AND COMPUTATIONS

SUBJECT:

FAVTEXI»  RoAOWARY , SEorrtony B

DRYIVRGE BREH @ J

S7R7T/I0V: 506 +/0

Acwes = 777

Rodowny (S ELEVATEY Arovs ARTARGL

JOB NO.: L89S 508-77

Grooun D BT THIS  Locdyion.
e rs . *4
DESrgW FoR G SO
of . .
Te = )300 & 03% = ;f :j,u
’: B -
I = 2.9
C=0,20
- ) y
¥ paTI004¢C FOR e LA @ =c T A,
PREPARED BY: DATE: CHECKED BY: SHEET NO.: OF
Jeo 3-29-87 JHY
[ S0 CeLLA ARR 23751 St Avero

B ASSOCIATES  (602) 624-7401



S, - am ok et i s i Mt wdipidn shajunid e sz i ol ed S

s SEGcuT 2 [
PROJECT: 252 CULVERT DESIGN SHEET DESIGNER:
DATE: &= /4-J0
HYDROLOGIG AND CHANNEL INFORMATION SKETCH
STATION: _Z2& #/9
EL /0769-(
) AHW- - 3/ \
Q = @V =dsbs W, =
Q, = . TW, = P
2= _ e~ 4.5, So ,
EL-7——-/ L= 7= ez T
Q) » DESION DISCHARGE , SAY Qpg MEAN STREAM VELOCITY =
( Q, = CHECX DISCHARGE , SAY Qqq OR Q00 ) MAX. STREAM VELOCITY=
CULVERT '~ HEADWATER COMPUTATION g r
DESCRIPTION o | size ['NLETCONT.| OUTLET CONdTROL HW=H + hy =LSg g; §§ cost | CoMMENTS
o IENTRANCE TYPE) —’-'a“-' HW | Ko | H | d¢ _J:;_D TW | ho [LSo| HW & 3
L /
o 3 ReLs | s edy 80 2.3
SUMMARY 8 RECOMMENDATIONS:
. ‘z.'
.',\ Form B1-734-3917 .
f.. -~ - o.ll -y

()

) @ & D a s




DESIGN NOTES AND COMPUT

ATIONS

SUBJECT:

FNVTEXI®) RokowRy , SEormtavy 2

JOB NO.: £OSS508-F7

ORYIVARGE goEh @ Lk

Srarron: 519 +28

Acres 77

GRoun &7 TH/!S

pESIa  For  HSOT

3% =

/1300’ @
2edo’ @ 34pS

1)

2.0

0,20

v A
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¢d s
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o
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* paTIONHC For el
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&
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c.T.4,

CHECKED BY:
JHV

PREPARED BY: DATE:

Jec

SHEET NO.: OF

3-2)-8¢

(.

=5

i CELLA BARR

H ASSOCIATES  (é02) 6247401

2075 Neoxth Sixth Avenue
Tucson, Arizona 45705



. _S 2 Oroe ¥l CC—
PROJECT: & CrevienT & CULVERT DESIGN SHEET DESIGNER:

DATE; 27452

HYDROLOGIC AND CHANNEL INFORMATION ) SKETCH
STATION: S/9 225

EL /083,71

AHWI 2. 9/ \
Esv= 45 ™,

Q' = =
Q, = TW, = / So' —
2 2 EL7ZZ2 L= 7z Lm?? T
Q, = DESIGH DISCHARGE , SAY Qgpg MEAN STREAM VELOCITY =
( Q, = CHECK DISCHARGE , SAY gy 0" Q)60 ) MAX. STREAM VELOCITY=
cuLveRT HEADWATER COMPUTATION :21 o
DESCRIPTION Q SIZE INLET CONT, OUTLET CONTROL HW=H+ b =LSo g : :g COST COMMENTS
-4
(ENTRANCE TYPE) —“3"! HW | Ko | H | dg éﬁ‘%g TW 1 hp | LSo | HW § 8‘;‘
h
o

N3 —RcPs |3 tze) raflz9

SUMMARY 8 RECOMMENDATIONS:

Form B1-734-3017
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DESIGN NOTES AND COMPUTATIONS
SUBJECT:

FVTEXI®!  RoAOAY , SECr-mavy B

JOB NO.: £O9S508-37

DRYIVAGE #REA : L
S7TR@TI/0V . 532 47
) Acres = 755

. RoAowAY [ &LEVARTED Anovs ARTARGL

. GRoum BT TS

Aoc@f/orf/.
DESrGgn  FoR g SO
Te = npee’ @ 3% = /8 s
| 2o 1€ 3py 212 o
32 M
Z=2)
C= o020
- v
¥ RATIONAL formuuwd G = c.T.A.
PREPARED BY: DATE: CHECKED BY: S8HEET NO.: OF
- Jec 3-29-89 JHYV
. CELLA RARR 2075 Noxth Sixth Avenue

Tucson, Ardzona 85705

i ASSOCIATES  (&02) 624-7401




( Q, = DESIGN DISCHARGE , SAY Qg4
Qz = CHECK ODISCMARGE , SAY Q4,08 Q .,

)

MEAN STREAM VELOCITY =
MAX. STREAM VELOCITY=

. S T 2.
PROJECT: 2o/ CULVERT DESIGN SHEET DESIGNER: ) €<
DATE: 2 =74 -0
HYDROLOGIC AND GHANNEL INFORMATION SKETCH
STATION: 5 32447
EL. £087.¢C
57 e
e

L AHW=_/. & __L
Q, = W, = So- 3 —

2 2 ELf?_é_O./ LO: —-_22’ EL‘?j(p T

[t
CULVERT HEADWATER COMPUTATION 2 | x
DESCRIPTION o |size [INLETCONT.| OUTLET CONTROL HW=H+hy-LSo |3 X358 cosy COMMENTS
ENTRANCE TYPE) ’—‘D‘l HW | Kg | H | dg |9t ;D TW | hy | LS, HW§ 3y
5 -Rels | aq |24 os ]

SUMMARY 8 RECOMMENDATIONS:

Form 81-734-3917




DESIGN NOTES AND COMPUTATIONS
SUBJECT:

FuTEXI#  RodOwAY

SEGrtavyy &

JOB NO.: LOSSF08-7
DRYIVR&E gREA @ m

S7T@770: 545 +594

Acres = 77

- RoASwAY /S &LEVATED  ARolS wATARZLL
D GRoumwd 2T IS cocariont.

pESIGW  LoR SO

T = 1300’ @ 0.3% = /8 7

A
2dos’ @ 34pr 7 12 T
3/ A
= 2.7

C =~ 0,20
- . / B
Pro = d5 by
¥ RATIONAL  Lor e ed

& =cT A,

PREPARED BY:
Jec

DATE: CHECKED BY:

SHEET NO.: OF
2-23- &) J

L8 8 S 2075 Noxth Sixth Avenue
N 9 .; CELLA BARR Tucson, Arizona 85705

B ASSOCIATES  (&02) 624-7401



TW

. ‘:'-: 6'250:4—3’9-{5
2T 2

Q,; = DESIGH DISCHARGE , SAY Ops
02 = CHMECK DISCHARGE , SAY Q.

(

¥

PROJECT: €TV T CULVERT DESIGN SHEET DESIGNER: — <
DATE: & =(¢=FO
HYDROLOGIG AND CHANNEL INFORMATION SKETGH
STATION: S &5 + 74
EL. /22575
932
v
AHw: 3,7

4

i n

R S P

ELsf_f’i/ ‘
)

OR Q,,,

S-

L°== gz’
MEAN STREAM VELOCITY =
MAX, STREAM VELOCITY=

—

TW
eatf b

CULVERT

HEADWATER COMPUTATION

n
. I s
DESCRIPTION aQ SIZE INLET CONT. OUTLET CONdTRgL HW':H'.'ho‘LSO g: :“-_J'% cosT COMMENTS
(ENTRANCE TYPE) 116'1"- HW | Kg | H | d¢ _.n%_ TW | hy [LSo| HW & 3y
v v -
/ -Rcp s | 3¢V re3)| 2.7

SUMMARY 8 RECOMMENDATIONS!

Form B1-734-3917




DESIGN NOTES AND COMPUTATIONS

SUBJECT »py720/m  RodowA Yy, Seormien] 2 JOBNUMBER 5

Rev. 4/86

DRAIVAEE  PEA = N

S7a770 : Sg8 + 93

HAewes : 755

ROROWAY /S ELEVHTED HBlovE AR THRAC

Groound AT FH/ID L oCaTIov,
Desten)  son 95

7€ = 1250 @ , 4% = I mw
, 3€ps = )& s
e’ & 3°P7 7. T
Z: 3.0
C = 0- w
¢ RATIOVAL  Fopmsmucd p= c.r.4.
SHEETNO. OF
DATE_,_go CHECKEDBY ) 0 FIGURE &
2075 North Sixth Avenue 5082 North 19th Avenue 668 Arroyo Boulevard
Tucson, Arizona 85705 Phoenix, Arzona 85015 Nogales, Arizona 85621

(602) 824-7401 (60R2) 242-2999 (602) 287-2341




PROJECT: S EXMELT &

AHW= Zf/

[« ot
CULVERT DESIGN SHEET DESIGNER:
DATE: 2—/d-90
HYDROLOGIGC AND CHANNEL INFORMATION SKETCH
STATION: _ S5+ 93

EL. /29237

N

Q| =Q5/0: 4)/0#5 Tw] =
Q, = Tw, = ;
2 2 EL 950 "'g"_o
= _84 EL74 T
Q = DESIGN DISCHARGE , SAY QOgq MEAN STREAM VELOCITY =
( Q, = CHECK DISCHARGE , SAY Qu0 OR Q, ) MAX. STREAM VELOCITY=
[y
CULVERT HEADWATER COMPUTATION I Y
DESCRIPTION o |size |INLETCONT. | OUTLET CONTROL HW=H+hg-LSe {2 2[38]| cosr COMMENTS
ENTRANCE TYPE) 1'63'— HW | Ko | H ij.G;_D TW | hy | LSy | HW z 3y
(V]
3-RcPis | sz 24" r25]2.5

SUMMARY B RECOMMENDATIONS:

Form 81-234-3917




Rev. 4/86

DESIGN NOTES AND COMPUTATIONS

SUBECT 2w7mwim godowsy, seomenr 2 JORNMEER _ 5

DRAIVAEGE  gredqd 2 O

S7H7r/00 : $73 400

Hewess : 77

ROQDwAY [S &ELEVATED HABolE AR THRAC

Grfound &7  TH/) L oCaTIov,
peESIen)  con  9s5D.%

T7C = 1250’ @ ST S

y 73
2es0 ' @ 3fps = (£ 7T
Jo At &

Z: 3o
= ©O.20

QSD = 46::&

X RATIONAL  Eopmdid p= c.z.4.

PREPARED BYJ cCC DAT% 7-90 CHECKED BY J 77y \E‘ZEU?EN#O OF

A ‘ N o CELLA MRR 2075 North Sixth Avenue 5082 North 15th Avenue 668 Arroyo Boulevard
i " !

) ASSOCIATES Tucson, Arizona 85705 Phoenix, Arizona 85015 Nogales, Arizona 85621
- (602) 824-7401 (602) 242-2999 (602) 287-2341




PROJECT: S EGeT 2

( Q, = DESIGN DISCHARGE , SAY Qpa )
02 = CHECKX OISCHARGE , SAY 050 OR °|oo

MEAN STREAM VELOCITY =
MAX. STREAM VELOCITY=

T

CULVERT DESIGN SHEET DESIGNER: JcCc
DATE: & — /d— PO
HYDROLOGIC AND CHANNEL INFORMATION SKETGH
STATION: 573 ¢@©
EL, //06.00
/g d, O
Atw= 2.0 7 4
Q = _Cﬁ-‘ﬂ)f¢0<‘,-£) Tw, = i
= w, = - " .
Q, TW, EL.O_Z_-_O__/ Eoz o

[
COLVERT HEADWATER COMPUTATION 2 |.:
0ESCRIPTION | o |size [INLETCONT.| OUTLET CONTROL HW=H*ho-LSo |3 2|58| cosr | comments
LENTRANCE TYPE) lioﬁ HW | Kg | H | dg E:%‘_)_ TW | hy | LS, Hw:g) 3y
v -
4 —-RcPs [ sblz4"l/, 0] 2.0

SUMMARY 8 RECOMMENDATIONS:

Form B1-734-3917




DESIGN NOTES AND COMPUTATIONS

SUBJECT:
FvrsR!#?

RoAQWARY , SECrmany 3 JOB NO.: £09S508-87

DRYIVREE gRER O/

S7TR 770V P2 + 5D

Acwes = 317

Rodow Ay /5 &ELEVRTED RPovs NABTARSL

G0 D BT THIS LochgTro.

X
DESrg  FoR @ SO

Te = y700’ 2 $% o= m:.
¢! @@ Z-f,’ s _/_'_3___.__—”/-—-'
/750 22 I
L= 2.9
C = 0,20

Gopo = 50 s

¥ RATIONAL Lo rruycd & = cT. 4.

PREPARED BY:
Jcc

DATE: CHECKED BY: SHEET NO.:
2-/6-J0

OF

R 2375 North Sixth Avenue
ISSENE e
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EL 17/0877

. SEeCirsmt 2 Jc
PROJECT: a2 CULVERT DESIGN SHEET DESIGNER:
DATE: 2=/ -9
HYDROLOGIC AND CHANNEL INFORMATION SKETGH
STATION: 5 $2+50

/70 G. 8
AHWt

Q = sV = 50chs TW, =
0, = - TW, = / 50. _
2 2 ELO4.8, Ln Elord, ; T
( Q| * DESIGN DISCHARGE , SAY Qgg ) MEAN STREAM VELOCITY =
Qy = CHECK DISGHARGE , SAY Quo Of Q05 MAX. STREAM VELOCITY=
cuLveRT HEADWATER COMPUTATION % cr
DESCRIPTION o | size |INLET CONT. OUTLET CONTROL HW=H+hy ~LS, g; 291 cosr COMMENTS
-t
(ENTRANCE TYPE) Bl hw | K | 1| de ﬁn;R TW | ho [LS,| Hw|E [35
. s . v
4 - RcP's | sblead’| o)z 0

SUMMARY & RECOMMENDATIONS:

Form 81-734-3917

.ty =



DESIGN NOTES AND COMPUTATIONS
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“ L Sabrake
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// |.°‘
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SUBJECT: S&&r e 2 33
CAPACTT a// wa% ,eofw)/ SJ«—.; Peolile = WG, JOB NO.:
[}
, ¢’ , g v 1d )
miv. oomive ! 7 7
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= .oz
Ky ,008
2
1,48 Pz /2
@z —a X A x =~ X
2
24‘7 /)) Sl
Q: 74.3 x 247X -3—;-7"' xy ,0O0
Q= 743 x 2¢.7 x ,7¢L ¥ o7/
Q < 99 C,-L.S
PREPARED BY: DATE CHECKED BY: SHEET NO.:  OF
Jcd

3 CELLA BARR
8 ASSOCIATES

(602) 624-7401

2075 North Sixth Avenue
Tucson, Anizona 85705




