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INTEROFFICE CORRESPONDENCE 
I 

Meeting Date: September 21, 1989 

Time: 8:30 a.m. 

Place: ADOT Arizona Room 

Attendees: 

F C D  - 
T. Donaldson 
J. Rodriguez 
D. Plasencia  
J. Tran 

ADOT 

DCCO 

T. Engel 
W. Smith 

SEP 2 9 1989 

R. DeBoer 
F. Medina 

The meet ing  was h e l d  a t  t h e  r e q u e s t  of t h e  Flood C o n t r o l  
D i s t r i c t  t o  review t h e  proposed d ra inage  a t  S c a t t e r  Wash, Skunk 
Creek and Cave Creek. DeLeuw Cather  presented  t h e  proposed 
c h a n n e l  modif icat ions a t  S c a t t e r  Wash and Skunk Creek and a 
schematic drawing of a connector channel  nor th  of t h e  Outer Loop 
a s  reques ted  by t h e  FCD. Upon review of t h i s  plan,  t h e  adverse 
e f f e c t s  t o  m o d i f i c a t i o n  o f  t h e  e x i s t i n g  s c h e d u l e s  f o r  
cons t ruc t ion  and o the r  development i n  t h e  a r e a  became apparent .  
A s  a r e s u l t ,  t h e  proposal  t o  d i v e r t  S c a t t e r  Wash t o  Skunk Creek  
nor th  of t h e  OLH was dropped. The F C D  was i n v i t e d  t o  p r e s e n t  
any proposals  t h e y  might have f o r  connecting t h e  downstream end 
of t h e  ADOT channelization t o  t h e  Overland H i l l s  channels.  F C D  
w i l l  r e v i e w  A D O T  p l a n s  and make a r e s p o n s e ,  i f  a dra inage  
oppor tuni ty  is ident i f ied .  

I n  t h e  a r e a -  nor th  of Beardsley Road from 16th S t r e e t  t o  Cave 
Creek, t h e  FCD would l i k e  ADOT t o  cons ider  d i v e r t i n g  a l l  flows 

DeLEUW 
CATHER 



Coordination o r a inage  Design 
with Flood Con P r o l  District a 
September 21, 1989 
Page 2 

w e s t  t o  t h e  Cave Creek channel. A flood p l a i n  s t u d y  being 
performed under  d i r e c t i o n  of t h e  F C D  f o r  con t r ibu t ing  drainage 
a r e a s  w i l l  be complete within two months. The F C D  w i l l  make 
t h i s  a v a i l a b l e  t o  DeLeuw, C a t h e r  f o r  u s e  i n  evaluat ing t h e  
impacts of such a diversion.  I f ,  upon reevaluat ion,  t h i s  option 
is f e a s i b l e  and more economical than  t h e  e x i s t i n g  plan, t h e  
d ivers ion  option can be adopted. I f  cos t  implicat ions become a 
negat ive  f ac to r ,  t h e  F C D  w i l l  b e  not i f ied  and i n v i t e d  t o  comment 
regarding  poss ib le  a l t e rna t ives .  

F C D  noted t h a t  t h e  Eas t  Fork Cave Creek de tent ion  bas in  should 
b e  cons t ruc ted  by June  1990. Consultant se lec t ion  is c u r r e n t l y  
underway. 

Meeting concluded a t  9:20 a.m.. 

cc: R. Simeon, ADOT 
R. Jordan, ADOT 
Attendees 
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February 3, 1988 

Mr. John Rodriguez 
Flood Control District 
3335 W. Durango Street 
Phoenix, Arizona 85009 

Subject: Offsite Drainage Concept Study 
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Dear Mr. Rodriguez: 

Enclosed for  your information is the referenced three-volume Outer Loop 
Highway hydrology/design concept report, including: 

A. Offsite Hydrology (2 volumes) 
B. Concept Designs (1 volume) 

Should you have any  questions, feel f ree  to contact Pat Fyie of our 
of f  ice. 

Very truly yours, 

LEUW, CATHER & COMPANY 

Paul F. Holley U 
Manager, Environmental Coordination and Design 

cc: L. Langer, ADOT 
J. Melanson 
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111. INTRODUCTION 

Grei ner Engi neering Sciences, Inc. was retained as a  subconsul t a n t  t o  

DeLeuw. Cather and Company, the  Outer Loop Highway Project  Management 

Consultant (PMC) f o r  the  Arizona Department of Transportation. t o  prepare a  

drainage concept plan f o r  the  segment of the  Outer Loop Highway between Bell 

Road and the  Central Arizona Project  Canal (approximately 14.7 miles) . 

The Outer Loop Highway i s  a  control led  access freeway which passes through 

rapidly developing sec t ions  of the  Metropol i t a n  Phoenix area. Due t o  t h i s  

rapid growth, ea r ly  iden t i f i ca t ion  of the right-of-way requirements i s  

important. Consequent1 y, an opti mum concept drainage pl an must be 

developed. analyzed and compared with o ther  a1 t e r n a t i  ves t o  1  imi t the  a f f e c t  

of the  Outer Loop Highway on exis t ing  drainage pat terns  and t o  avoid adverse 

a f f e c t s  on adjacent  areas.  

The drainage concept plan (study) was prepared in two par ts .  A de ta i l ed  

hydro1 ogic analys is  t i t l e d  "Hydro1 ogy Report. Off-Site Hydro1 ogy Existing 

Conditions" was previous1 y  submitted by Grei ner Engineering Sciences on 

August 11. 1986. This analysis  included a  s i t e  inves t iga t ion  t o  iden t i fy  

ex i s t ing  drainage conditions and t o  determi ne exi s t i  ng drainage pat terns.  

Flows f o r  areas  contr ibuting t o  the  Outer Loop Highway were calculated f o r  

the  lo - ,  50- and 100-year storm events using the  U n i t  Hydrograph method in 

conjunction with the  United S ta tes  Army Corps of Engineers HEC-I computer 

program. The hydrology report  was subsequently modified by the  PMC i n  

February 1987 and May 1987 (Ref. 15 and 1 6 ) .  

The second pa r t  (Concept Drainage Design Report) was prepared in th ree  

separa te  r epor t s  as f  01 1  ows: 

Be1 1  road t o  Skunk Creek, Sta. 811+00 t o  Sta. 1170+00 

Skunk Creek t o  Cave Creek. Sta. 1170t00 t o  Sta. 1395t00 

Cave Creek t o  the  CAP Canal. Sta. 1395+00 t o  Sta. 1585t00 



These repor ts  were divided on the  basis of major drainage areas and the  

d iv is ion  of the Outer Loop Highway segments (see P la te  1, Vicinity Map). 

They formul a t e  various a1 t e r n a t i  ve drainage pl ans from which the  proposed 

design plans can be se lec ted .  For each a l t e r n a t i v e ,  the  approximate type, 

s i z e  and locat ion of the  drainage f a c i l i t i e s  have been determined and order 

of magnitude cost  est imates have been developed. Each a l t e r n a t i v e  has been 

analyzed based on i t s  advantages and disadvantages and a concept drainage 

plan has been recommended by Greiner. 

This repor t  documents t h e  development of the  concept drainage plan fo r  the  

Outer Loop Highway from S c a t t e r  Wash, Sta t ion  1170+00 t o  Cave Creek. Stat ion 

1395+00. This sect ion of the  highway i s  within construct ion Design Segments 

5C. 6 and 7A. 

The Outer Loop Highway in  t h i s  study sec t ion  para1 l e l s  the  Beardsley Road 

alignment. From Sta t ion  1170 t o  Sta t ion  1248 the  roadway i s  elevated.  From 

S ta t ion  1248 t o  Sta t ion  1296 the  roadway i s  depressed and passes under 1-17. 

The roadway r i s e s  t o  cross over 19th Avenue a t  approximately S ta t ion  1311 

then drops below grade and remains depressed t o  S ta t ion  1375, j u s t  e a s t  of 

Seventh Avenue. Highway fea tu res  include an urban interchange a t  35th 

Avenue, a four-level s tack  interchange with 1-17, an urban interchange a t  

19th Avenue and an urban interchange a t  Seventh Avenue ( r e f e r  t o  Plate 2, 

Aerial Map). 

The watershed area cont r ibut ing  stormwater runoff t o  t h i s  sec t ion  of the  

Outer Loop Highway i s  comprised of the  S c a t t e r  Wash drainage area  and 

drainage areas t r ibu ta ry  t o  Cave Creek. The Sca t t e r  Wash drainage area i s  

bounded on the  south by the  Outer Loop Highway, on the  west by Adobe Dam and 

1-17 and on the  north and e a s t  by the  Union Hi l l s  Ridge l i n e  north of the  

C.A. P. Canal . 
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The Cave Creek tributary drainage areas are bounded on the south by the 

Outer Loop Highway, 1-17 on the west, the Scatter Wash drainage area divide 

on the north, the C.A.P.  on the northeast and the Cave Creek ridge l ine  on 

the east .  Scatter Wash i s  the only major drainageway crossing the Outer 

Loop Highway alignment in this  study section. The 100-year storm peak 

discharge in Scatter Wash has been estimated by the Corps of Engineers to be 

6100 cfs (Ref. 14) .  

Land uses in the vicini ty  of the highway include resident ia l ,  commercial and 

l igh t  industr ia l .  A cemetery i s  located along the north side of Beardsley 

Road east  of Third Avenue. This section of the highway i s  within the City 

of Phoenix corporate l imits .  

In te rs ta te  17  and the C . A . P .  Canal have major impacts on the area 's  drainage 

patterns. 1-17 bisects the Scatter Wash drainage area from north t o  south. 

The existing culverts under 1-17 generally do n o t  have the capacity t o  con- 

vey f  1 ows in excess of the 50-year storm event. Stormwater runoff in excess 

of cul vert  capacities ponds on the eas t  side of the highway or flows into 

the depressed roadway sections under the highway. Design recommendations 

for improving drainage under 1-17 were presented in an August 1986 study 

(Ref . l7) .  The C.A.P. Canal, constructed and maintained by the Bureau of 

Reclamation, crosses the watershed area in a  southeasterly arc. An average 

15 foot high dike on the upstream side of the canal directs runoff t o  

overchute pipes that  discharge into the existing washes downstream of the 

canal. 



IV. OBJECTIVES 

The objective of the drainage concept plan for  the Outer Loop Highway i s  t o  

develop an optimum plan t o  provide floodwater protection for  the roadway. 

I n  addition, the  pl an will ensure that  there will be no adverse effects  on 

adjacent areas. 

The objective of t h i s  report i s  t o  develop the floodwater protection plans 

for the section of Outer Loop Highway extending from Scatter Wash t o  Cave 

Creek. The concept pl an will incl ude the types, s izes ,  a1 ignment and 

1 ocations, as appropriate, for  channel s ,  culverts and detention basins. 

Tables and/or exhibits  will be developed which document the proposed 

drainage system. Order of magnitude costs will be prepared. If more than 

one concept i s  developed, the  advantages and disadvantages of each 

al ternat ive will be analyzed and a recommendation made fo r  implementation of 

the  optimum plan. 

The need fo r  addi t i  onal rights-of-way fo r  the drainage concept pl an wi 11 be 

ident i f ied.  



V .  PROCEDURES AND METHODOLOGY 

Alternative concept plans were developed fo r  the  100-year. 24-hour storm 

event f o r  exi s t i  ng watershed development conditions. The concept pl ans 

incl ude the  conveyance of off-si  t e  drainage impacting the highway right-of- 

way t o  a1 t e rna t ive  ou t f a l l s  only. Alternative concepts studied were 

mu1 t i  pl e conveyance systems versus a si ngl e conveyance system, use of 

mu1 t i  pl e outf a1 1 s versus a si ngl e outf a1 1 , cl osed conduits versus open 

channel or a combination of both, and detention systems. 

For each a l t e rna t i ve  concept, a H E C - 1  computer model was developed and 

exis t ing condition flows were routed through the system. Based on the  

r e su l t s  of the hydro1 ogic modeling the types, s i zes  and locations of the 

proposed drainage f a c i l i t i e s  f o r  a1 1 a1 t e rna t ives  were iden t i f i ed .  

Each a l t e rna t ive  was eval uated in terms of costs ,  ef fect iveness ,  ease of 

maintenance, ease of construction and compatibility with other projects  and 

plans. The a l t e rna t ive  concept plans were reviewed by the Project 

Management Consultant and ADOT and thei r recommendations, modifications and 

ref inements were incorporated i n to  the sel ected plan development. 

A. Concept P l  an Devel opment 

The a1 t e rna t ive  and selected concept plans are  comprised of systems of open 

channel s ,  detention basins and closed conduits. The f ac to r s  considered i n  

developing the  range of a1 t e rna t ive  systems a re  as fol lows: 

o Location and magnitude of runoff concentrating a t  the Outer Loop Highway 

o Locati on and adequacy of outf a1 1 s 

o Availabil i ty of and previously purchased land by ADOT a1 ong the  Outer 

Loop Highway su i t ab le  f o r  open channels or detention basins 



o Approved and ongoing projects and plans proposed by federal ,  s t a t e  and 

local jur isdict ions  

o Horizontal and vert ical  a1 ignments of the proposed Outer Loop Highway 

B. Hydrol osi c and Hydraul i c Procedures 

The of f - s i te  hydrologic models previously developed in the Hydrol ogy Report 

were reanalyzed wherever runoff was diverted from i t s  existing flow path 

into  a proposed collection system. The HEC-1  program was used t o  route 

flows through the a l ternat ive concept drainage systems and t o  calculate the 

new 100-year peak discharge values a t  the outfal ls .  

Preliminary s t ructure  sizes were assumed and incorporated into the 

hydrologic models. The resultant calculated peak discharges were then used 

t o  resize the drainage structures. Open channels were sized for  normal 

depth of f l  rn using the Manning Equation. The Federal Highway 

Admini s t ra t ion  "Hydraulic Charts for  the Selection of Highway Culverts" (HEC 

No. 5 )  was used for  sizing closed conduits. 

The cal cul ated drainage s t ructure  sizes were re-i n p u t  i n to  the hydro1 ogic 

model. If the resul tant  peak discharges were significantly different from 

the previously cal cul ated discharge val ues, the s t ructure  sizes were 

recalculated. 



VI. DESIGN CRITERIA 

Concept pl ans were devel oped usi ng  establ i shed design and speci a1 c r i t e r i a  

provided by the Project Management Consultant. The f 01 1 owing c r i t e r i  a were 

used: 

o Open channels were sized t o  convey the 100-year storm runoff with an 

additional 20 percent added t o  the discharge value as freeboard per ADOT 

requi rments.  

o The proposed of f -s i te  drainage f a c i l i t i e s  for  the highway will not 

worsen flooding outside of the right-of-way from the 100-year storm 

runoff. 

o Fl ow vel oci t i e s  in concrete 1 i ned channel s were kept under twel ve feet  

per second. 

o Open channels were designed using the following parameters: 

Channel Type: Trapezoidal 

Channel Li ni ng: Concrete 

Side Slope: 2 : l  

Minimum Bottom Width: 8 f e e t  

Manning n Value: 0.018 

o Detention basins were designed with two fee t  of freeboard and with 

maximum side slopes of 3:l. A minimum 1 5  foot buffer zone was provided 

around the perimeter of the basin t o  a1 low for 1 andscaping or other 

aesthet ic  treatment. Basins were designed t o  drain within 36 hours of 

peak storage. 

o Storm Sewer Pipes/Culverts were assumed t o  be concrete with a Manning 

" n "  value of 0.012. 



VII. ALTERNATIVE CONCEPT PLANS 

A1 ternat ive off-si t e  drainage systems were eval uated. I n  general, system 

alignments were selected t o  conform t o  topographic features of the drainage 

areas. The o f f - s i t e  drainage system may be ut i l ized for  conveyance of on- 

s i t e  stormwater runoff. Inverts of large drainage channels were set  

suff ic ient ly  deep t o  provide positive drainage from the highway median 

drains or catch basins. Grader ditches are provided where off-s i te  

stormwater runoff flowing parallel t o  the roadway i s  25 cfs  or less .  A t  the 

time of f inal  design, a hydraulic analysis should be performed t o  determine 

the extent of flow spread and whether a collector channel i s  required to  

contain the flow so as not t o  adversely impact e i ther  the highway or 

adjacent properties. 

Drainage concepts were not provided for  exist ing or proposed frontage roads. 

Where necessary, the drainage fac i l  i  t i  es were extended through the frontage 

roads t o  provide the necessary protection t o  the highway. 

The major el ements of the a1 ternat i  ve drainage systems incl udi ng open 

channels, culver ts  and detention basins are described on the following 

pages. 

A1 ternat i  ve 1 

Alternative 1 i s  comprised of an interconnected system of open channels. 

three detention basins, closed conduits and storm drains tha t  convey off- 

s i t e  drainage t o  Scatter Wash. 

Station 1323+00 t o  Station 1395+00 (19th Avenue t o  Central Ave'nue). Runoff 

from Drainage Areas 8A. 8 and 9 A  i s  intercepted by an open channel and 

conveyed in to  Detention Basin A which i s  located between 14th Avenue and 

15th Avenue north of the Outer Loop Highway alignment. The combined inflow 

in to  Detention Basin A i s  2047 cfs and the outflow i s  921 cfs. Basin 

outflow i s  di scharged through cul ver ts  for  conveyance in to  Detention Basin 



6 ,  located between 19th Avenue and 21st  Avenue north of the  Outer Loop 

Highway alignment. 

Runoff from Drainage Area P9 i s  intercepted by an open channel and conveyed 

in to  Detention Basin B. Runoff from Drainage Area PI0 will flow d i rec t ly  

i n to  the basin. The combined inflow i n t o  detention Basin B ,  including the 

outflow from Detention Basin A, i s  2909 c f s .  Outflow from Detention Basin B 

i s  1110 cfs :  i t  i s  discharged and conveyed via  culver ts  t o  Detention Basin 

E which i s  located between 23rd Avenue and 1-17, south of the proposed Outer 

Loop Highway a1 i gnment. 

Stat ion 1270t00 t o  Sta t ion 1312t00 (1-17 t o  19th Avenue). Runoff from 

Drainage Area P l O A  and 11B ( I n t e l )  will be intercepted by a 66 inch storm 

drain and conveyed t o  the west across 1-17. The storm drain will ou t l e t  

i n to  a drainageway a t  approximately Sta t ion 1265t00. Runoff from Drainage 

Area P l O A  and 11B shall be picked u p  by catch basins t o  be 1 ocated in  

exi s t ing detenti  on basins a1 ong 23rd Avenue and Beards1 ey road (Drainage 

Area P l O A )  or in the depressed areas of the  Intel property parking l o t  2nd 

detention f a c i l i t i e s  (Drainage Area 11B). 

Detention Basin E i s  located on the south side of the proposed Outer Loop 

Highway and wil l  drain westward across 1-17 via  cu lver t s  a t  t h e  r a t e  of 649 

cf s .  

Stat ion 1192t00 t o  Stat ion 1270+00 (Scat ter  Wash t o  1-17]. An open channel 

located along the north right-of-way of the Outer Loop Highway a1 ignment, 

between Sta t ion 1265t00 and Scat ter  Wash, will in tercept  runoff from 

Drainage Areas P11D. P l l C  and P11B.  This channel wil l  a l so  convey discharge 

from the storm drain crossing under 1-17 from Drainage Areas 11B and P l O A .  

A t  approximately Stat ion 1242t00, the  cul ve r t s  draining Detention Basi n C 

will ou t l e t  in to  t h i s  channel. The cu lver t s  f i r s t  cross 1-17 south of the 

Outer Loop a t  approximately 1-17 Sta t ion 739+50, then turn northward and 

follow the south right-of-way of the Outer Loop Highway. The culver ts  



cross the interceptor channel a t  approximately Station 1242+00. Refer t o  

Plate 3 fo r  a schematic of A1 ternat ive 1. 

A1 ternat ive 2 

Alternative 2 i s  comprised of an interconnected system of open channels, two 

detention basins and closed conduit tha t  ultimately discharge storm runoff 

i n to  Scatter Wash. 

Station 1312+00 t o  Station 1395+00 (19th Avenue t o  Central Avenue). 

Hydro1 ogy and concept design fo r  t h i s  section of highway are  the same as 

Alternative 1 ,  except t ha t  Detention Basin B drains direct ly  t o  the west via 

cul verts. Detention Basin E has been eliminated from A1 t.ernative 2.  

Station 1270+00 t o  Station 1312+00 (1-17 t o  19J.h Avenue). Cul verts draining 

Detention Basin B head westward along the north right-of-way of the Outer 

Loop Highway alignment. Storm runoff from Drainage Areas P l O A  and 11B 

(Intel  will be intercepted by catch basins and discharged in to  the culvert  

outlett ing from Detention Basin B. These catch basins will be located 

within the exist ing of f - s i te  detention areas, along 23rd Avenue and 

Beardsley Road, and the Intel parking l o t  and detention f a c i l i t i e s .  

A1 ternat ive 3 

Alternative 3 i s  comprised of an interconnected system of open channels, 

f i v e  detention basins and closed conduits that  convey of f - s i te  drainage t o  

Scatter Wash. 

Station 1312+00 t o  Station 1395+00 (19th Avenue t o  Central Avenue). An open 

channel will be 1 ocated between Detention Basin A and Central Avenue as in 

A1 ternat i  ves 1 and 2. An intermediate detention basin (Basin F )  will be 

1 ocated in the northeast quadrant of the Outer Loop and Seventh Avenue. 

Flows u p  t o  523 cfs  will be diverted into  t h i s  basin from the open channel. 

Channel flows in excess of 523 c fs  will continue in the channel t o  Basin A. 



Basin F wi l l  gravi ty  drain via underground conduit t o  Basin A.  As in 

Alternat ive 2 Basin A w i l l  drain i n t o  Basin B and Basin B w i l l  gravity drain 

westward under 1-17 v ia  closed conduit. 

S ta t ion  1270t00 t o  S ta t ion  1312t00 (1-17 t o  19th Avenue). The closed 

conduit conveying discharges from Basin B will  a1 so convey stormwater runoff 

from drainage areas P l O A ,  11B and P11D. This conduit wi l l  continue t o  t he  

west s ide  of 27th Avenue where i t  will  discharge in to  an open channel. 

Drainage area PRC9 wi l l  have runoff col lec ted  by an unlined channel located 

along Ramp D (1-17 eastbound off-ramp). The channel wi l l  be connected t o  

detention Basin E located within the  1-17 and Outer Loop Highway ramps. 

This basin will  drain southward along the west s ide  of 1-17 and t i e  i n t o  

ex i s t ing  2-24" CMP cul ve r t  located approximately 1200 f e e t  south of 

Beards1 ey Road. 

Sta t ions  1205+00 t o  Sta t ion  1270t00 (35th Avenue t o  1-17]. Two detention 

basins (Basin D )  wi l l  be located along the  north s ide  of Rose Garden Lane. 

on the  e a s t  and west s ides  of 1-17, t o  in te rcep t  runoff from Drainage Area 

11C. These basins wi l l  reduce an inflow r a t e  of 353 c f s  t o  an outflow r a t e  

of 34 c f s .  The basin on the  e a s t  s ide  of 1-17 will  drain i n t o  the west s ide  

basin which, in  turn, wi l l  drain southward in  an underground conduit. This 

conduit wil l  convey flows southward along the west s ide  of 1-17 and 

discharge i n t o  the  cul ve r t  conveying flows from Basin B and Drainage Areas 

P l O A  and 11B. 

The channel beginning a t  27th Avenue wi l l  continue along the  north side of 

the  Outer Loop Highway t o  j u s t  e a s t  of 35th Avenue. A detention basin 

(Basin C) wil l  be located in  the  nor theas t  quadrant of 35th Avenue and t h e  

highway. The channel described above will  be designed t o  s p i l l  flows in  

excess of 250 c f s  i n t o  Basin C. Flows remaining in  t h e  channel will  be 

conveyed t o  Sca t t e r  Wash. Basin C will  gravity drain via underground 

conduit t o  Skunk Creek. Refer t o  P l a t e  5 f o r  a schematic of Alternat ive 3. 



SCAlTER WASH 

Both bridge and culvert crossings a t  Scatter Wash and the Outer Loop Highway 

were evaluated. The 100-year discharge value of 6100 c fs  developed by the 

U.S. Army Corps. of Engineers ( C O E )  was used as the design flow. The 100- 

year floodplain delineation of Scatter Wash by the COE was also used. To 

clear  span the 1800 foot wide floodplain, a Type IV AASHTO Girder Bridge 

with 20-93 foot spans will be required. The PMC developed a culvert 

crossing concept tha t  includes a ten barrel 10' x 8' box culvert under the 

highway with channelization and diking upstream t o  intercept flow within the 

100-year floodpl ain and downstream channel ization t o  t rans i t ion  flows back 

into the exist ing channel (Ref. 18). A t  the direction of the PMC, the 

culvert  crossing with channelization was adopted as the preferred plan. An 
open channel along the highway right-of-way between s ta t ion 1174 and 1186 

will d i rec t  o f f - s i te  runoff from D.A.  12 t o  Scatter Wash. 

A detailed investigation i s  required a t  the time of f inal  design t o  evaluate 

the a f fec t  of the Scatter Wash channelization on the s t ab i l i t y  of upstream 

and downstream reaches as well as t o  determine the potential for  erosion or 

scour within the channelized section i f  no protection i s  provided. 

ON-SITE RUNOFF 

The PMC has determined tha t  the most economical way t o  drain the depressed 

section of the Outer Loop Highway i s  by an underground gravity drained 

conduit tha t  will convey on-site runoff t o  Scatter Wash. 
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V I  I I. EVALUATION OF ALTERNATIVE CONCEPT PLANS 

The three a l ternat ive concept plans were evaluated and ranked in terms of 
cost ,  effectiveness, compati bil i  t y  with other projects and plans, ease of 
maintenance and ease of construction. Matrices with ranking (t .0,-1 were 

developed for  compar i son of the a1 ternat i  ve concepts for  each drainage area. 
A plus (t) was given for  the higher ranking a1 ternative;  a neutral (0) was 
given t o  the a l ternat ives  i f  they ranked equally or had no negative impacts; 
and a minus (-1 was given for  a lower ranking. 

A. E s t i m a t e d  C o s t s  

Constructi on costs for a1 1 a1 ternat i  ve concept pl ans and the sel ected 
concept pl an were es t i  mated. Unit costs for  reinforced concrete pipe (RCP) , 

reinforced concrete box cul ver ts  ( R C B C )  and excavation and concrete 1 ini ng 

were obtained from the PMC. 

Thirty percent was added t o  the estimated construction costs for the 
drainage faci  1 i  t i e s  t o  include associated appurtenances and contingencies. 

Appurtenances include the cost of out le t  or i n l e t  works, junction 
s t ructures ,  manholes, l a t e r a l s ,  catch basins, erosion protection, bank 
s tabi l  i  za t i  on, minor s t r e e t  reconstruction, minor ut i l  i  t y  re1 ocati on a n d  

confl ic ts  resolution. 

Costs did not include right-of-way acquisition, major u t i l i t y  relocations, 
pumping s ta t ions ,  major s t r ee t  reconstruction, landscaping, maintenance, 
admini s t r a t i on  and engineering t o  cover survey, design, contract 

administration, f i e l d  engineering and inspection services. 

The estimated construction costs of each a1 ternative are found in Tables 1, 

2 and 3. 



Table  1 
Estimated Cos t s  

A1 t e r n a t i  ve 1 

Locat ion S t r u c t u r e  U n i t  Es t i  mated 
( S t a t i  on-S ta t i  on) Type Q u a n t i t y  - Cost Cost  

1192-1217 L t .  Channel : Excavation 20.500 CY $ 2.50 $ 51.000 
Concrete  11.100 SY 35.00 389.000 

1205 L t .  72" R C P  

1217-1232 L t .  Channel : Excavation 13.200 CY 2.50 33.000 
Concre te  16.700 SY 35.00 585.000 

1231t50 L t .  72" RCP 280 L F  150.00 50.000 

1232-1257 L t .  Channel : Excavation 31,400 CY 2.50 79.000 
Concrete  10.200 SY 35 .OO 357 .OOO 

1258 L t .  66" R C P  

1310-1315 L t .  Channel : Excavation 8,400 CY 2.50 21 .OOO 
Concrete  5.500 SY 35.00 193.000 

48" R C P  

1315-1364 L t .  Channel : Excavat ion 47.700 CY 2.50 119.000 
Concrete  30.400 SY 35 .OO 1.064.000 

1363t30 L t .  48" R C P  2.650 LF 98.00 312,000 

1364-1387 L t .  Channel : Excavation 18.500 CY 2.50 46.000 
Concrete  12.300 SY 35.00 431.000 

Basin A Basin:  Excavation 152.000 CY 2.50 380.000 
72"  O u t 1  e t  8.700 LF 150.00 1.566.000 

Basin B Basin:  Excavation 368.000 CY 2.50 920 .OOO 
72" O u t l e t  7.080 LF 150.00 1.062.000 

Basin C Basi n: Excavation 381 .OOO CY 2.50 953 .OOO 
72"  Out1 e t  7.000 LF 150.00 1.050.000 

DA PlOIllB Storm 66" R C P  
Drain 

Sub-Total $10.679.000 

30% Appurtenances and Cont ingenc ies  3.204.000 

Sub-Total $13.883.000 

S c a t t e r  Wash Crossing* 4.899.000 

Tota l  Est imated Cost  $18.782.000 

*Cost provided by PMC 



Table 2 
Estimated Costs 

A1 Rernati ve 2 

S t r u c t u r e  Unit Estimated Location 
( S t a t i  on-Stat i  on) Type Quanti  t l  Cost - Cost 

1192-1 205 L t .  Channel : Excavation 13,500 CY $ 2.50 $ 34.000 
Concrete 8.100 SY 35 .OO 284.000 

1205 L t .  72" RCP 

125-1232 L t .  Channel : Excavation 28,000 CY 2.50 70.000 

I Concrete 16.800 SY 35.00 5 88,000 

1231i-50 72" R C P  

! 1232-1267 L t .  Channel : Excavation 44.900 C Y  2-50 112.000 
Concrete 11.600 SY 35 -00 406,000 

1258 L t .  

1310-1316 L t .  

36" RCP 

Channel : Excavation 
Concrete 

48" RCP 1311 L t .  

1316-1364 L t .  Channel : Excavation 
Concrete 

1363i-30 L t .  

1364-1387 L t .  Channel : Excavation 
Concrete 

Basin A Basin: Excavation 
2-6' x 7 RCBC Outl e t  

Basin B Basin: Excavation 
2-8' x 6 '  RCBC Outl e t  

Sub-Total $ 9.976.000 

301 Appurtenances and Contingencies 2,993.000 

Sub-Total $12.969.000 

Scatter Wash Crossi nq* 4,899.000 

Total Estimated Cost $17.868.000 

*Cost provided by PMC 



Table 3 
Estimated Costs 

A1 te rna t i  ve 3 

Est i  mated 
Cost  

Uni t  
Cost  

Locat i  on 
( S t a t i  o n - S t a t i  on) 

S t r u c t u r e  
Type Q u a n t i t y  

1 0 '  x 3 '  R C B C  140 L F  

2-10'  x 5 '  RCBC 70 LF 

5-10'  x 5 '  RCBC 

3-10'  x 5 '  RCBC 140 L F  

5-10'  x 5 '  RCBC 

42" R C P  5.050 LF 1187-1206 

1267 L t .  36'' RCP 

24" R C P  450 LF 1265 R t .  

1267-1299 8 '  x 5 '  RCBC 4,400 LF 

78" RCP 2.900 LF 

48" R C P  2.300 LF 

Channel : Excavat ion 3.200 C Y  
Concre te  5.400 SY 

Channel : Excavat ion 8.000 CY 
Concre te  7.800 SY 

Channel : Excavat ion 7.900 CY 
Concre te  7.300 SY 

Channel : Excavat ion 1.700 CY 
Concre te  1.700 SY 

Channel : Excavat ion 16.700 CY 
Concre te  12.000 SY 

Channel : Excavat ion 12,000 CY 
Concre te  9.300 SY 

Channel : Excavat ion 7.600 CY 
Concre te  5,900 SY 

Channel : Excavat ion 985 CY 
Concre te  1.600 SY 



Table 3 ( con t inued)  

L o c a t i o n  S t r u c t u r e  
( S t a t i  o n - S t a t i  on) Type 

U n i t  Est imated 
Q u a n t i t y  Cost - Cost 

3 5 t h  Avenue Det.  Bas in  C 156.000 C Y  2.50 391.000 

Rose Garden Det.  Bas in  D 40.000 C Y  2.50 101,000 

1-17 & 0.L.H Det.  Bas in  E 18.000 C Y  2.50 44.000 

1 9 t h  Avenue Det.  Bas in  B 469.000 C Y  2.50 1,174.000 

1 5 t h  Avenue 

7 t h  Avenue 

Det. Bas in  A 

Det. Bas in  F 

Sub-Total 

3 E  Appurtenances and Contingencies 2.049.000 

Sub-Total 8.879.000 

Scatter  Mash Channel i z a t i  on* 4.899.000 

Total Estimated Cost $13.778.000 

*Cost p r o v i d e d  by PMC 



B. Effectiveness 

Effectiveness i s  defined as the ab i l i ty  of the a1 ternat ive concepts t o  meet 

the objective of the Drainage Concept Plan. The objective of the plan i s  t o  

protect the Outer Loop Highway during the 100-year storm event, while 

ensuring that  upstream and downstream conditions will not be worsened. To 

achieve th i s , .  a1 1 a1 te rna t i  ve concept pl ans were devel oped for  the 100-year 

storm event. Therefore, they all meet the effectiveness c r i t e r i a  a n d  

received a (0) ranking. 

C. Compatibility with 0the.r Projects and Plans 

The compati bil i  t y  of the proposed a1 te rna t i  ve concept pl ans with other 

projects and pl ans, i  ncl udi ng existing and proposed drainage and f 1ood 

control projects and exist ing roadways and u t i l i t i e s ,  were eval uated. A 

higher ranking was given i f  u t i l  i  ty conf 1 i c t s  and s t r e e t  reconstruction were 

mi nor in comparison with other a1 ternat i  ves. 

A1 1 three a1 ternat i  ves are generally equal 1y compatible with exi s t i  ng  

u t i l i t i e s ,  s t r ee t s  and proposed area stormwater drainage plans. By 

intercepting stormwater f  1 ows a t  Beards1 ey Road and diverting them westward 

t o  Scatter Wash, the  highway plan will provide drainage re1 ief  t o  downstream 

s t r e e t s  and drainage f a c i l i t i e s .  Alternative 3 will receive a (+I  rat ing,  

however, because Basin D will provide additional drainage re l ief  t o  the area 

along the eas t  side of 1-17 between Rose Garden Lane and Beardsley Road. 



D.  Ease of Construction and Maintenance 

Ease of construction and maintenance i s  a measure of the overall complexity 
of the s t ructures  t o  be constructed including the use of special or non-  

standard structures and the degree of frequency and intensity of maintenance 

during the l i f e  of the project. 

A1 1 three a l ternat ives  require the use of open channels, detention basins 
and underground conduits. Alternative 1 will receive a (-1 ranking because 
i t  incorporates more detention basin surface area requiring maintenance than 
the other two al ternat ives .  The conduit crossing under the highway from 

Basin B t o  Basin C may a1 so require special treatment during construction. 
Alternative 2 will require the least  maintenance costs because only two 
detention basins are ut i l ized.  A (+ I  ranking wi l l ,  therefore, be assigned. 
Alternative 3 f a l l s  between Alternatives 1 and 2 with respect t o  maintenance 

and will be given a neutral rating (0).  None of the a l ternat ives  have 
design features tha t  are  unusually compl ex. 



E. Eval u a t i  on Matrices 

Table 4 

Eval u a t i  on Matr ix  

Cornpati bi 1 i  ty Ease of 
Capi t a1 with other Construction Net 

Costs Effectiveness Project, & P1 ans & Maintenance Score 

A1 t e rna t i  ve 1 - 0 

A1 te rna t i  ve 2 0 0 

A1 t e rna t i  ve 3 t 0 

On the basis of the above evaluation. Alternative 3 i s  recommended as the 

drainage p l  an for the Outer Loop Highway between Scatter Wash and Cave Creek. 



IX. PRELIMINARY DRAINAGE PLANS 

Preliminary plans of the selected f a c i l i t i e s  for  the Outer Loop Highway were 

developed. The pl ans include sizes, prof i les ,  a1 ignments and 1 ocations as 

appropriate for  channel s ,  pipes, trunk mains, cul verts and detention basins. 

The plans were prepared i n i t i a l l y  on 1"=20001 scale plan and prof i le  sheets 

prior t o  reduction for  inclusion in th i s  report. The plan sheets a re  found a t  

the end of th i s  section. 

The pl an portion depicts drainage area divides; subarea numbers adjacent t o  

the Outer Loop Highway with t he i r  respective 100-year peak discharge values; 

the  proposed right-of-way; the  highway a1 ignment incl uding interchanges, ramps 

and frontage roads; topographic features with two foot contour intervals ;  100- 

year floodplain l imi t s  for  major r ivers,  creeks and washes; s t r e e t  names; 

highway stationing and s ta t ion  t icks  every 100 fee t .  Design discharges used 

fo r  the 100-year drainage f a c i l i t i e s  are  a1 so shown. These val ues do  not 

include the 20 percent freeboard factor.  The location of grader ditches i s  

not shown b u t  should be assumed t o  be located within the highway right-of-way. 

Proposed right-of-way 1 imits were obtained from ADOT right-of-way maps. 

Existing drainage f a c i l i t i e s  were inventoried in the f i e l d  and verified with 

as-buil t  plans. 

One hundred year floodplain l imi t s  were obtained from the current FEMA and 

FIRM maps or from more recent floodplain work maps obtained from the Flood 

Control Dis t r ic t  of Maricopa County. 

Shown in the profile i s  the existing ground prof i le ,  major s t r ee t  crossings, 

the cross-section and 1 ocation of existing crossing drainage s t ructures ,  the 

cross-secti on and 1 ocati on of existing and pl anned major ut i l  i  t i  es crossi ng 

the Outer Loop Highway and the profiles of the proposed drainage f a c i l i t i e s .  

The exist ing ground prof i le  was plotted from the topographic aerial base maps 

provided by the PMC. The current centerl ine (ver t ical  alignment) of the Outer 



Loop Highway has a1 so been shown in the profile.  Quarter section maps for  

water, sanitary sewer, gas, buried and overhead e l ec t r i c  l ines and cable TV 

were used. The as-buil t  plans for storm drains and c r i t i ca l  u t i l i t i e s  were 

also used wherever they were available. Shown in cross-section a re  water 

l ines  eight inches in diameter and larger,  sanitary sewers, major e l ec t r i c  

l ines ,  gas l ines  and high pressure 1 ines crossing the Outer Loop Highway. 

The stationing i s  based on the stationing proposed by the PMC. 

The horizontal alignments of the drainage f a c i l i t i e s  was se t  t o  conform t o  the 

proposed Outer Loop Highway a1 i  gnment and geometrics incl udi n g  interchanges. 

ramps, c u t / f i l l  slopes, s t ructures ,  frontage roads and right-of-way. 

The vertical  profiles of the proposed drainage f a c i l i t i e s  were establ i shed t o  

provide adequate cover for  the structure;  ensure posit ive drainage t o  the 

ou t fa l l s ;  ensure tha t  the hydraulic grade l i ne  of the drainage f a c i l i t i e s  will 

be within the freeboard requirements of tr ibutary l a t e r a l s  and catch basins; 

avoid confl ic t  with u t i l i t i e s ,  par t icular ly  sanitary sewers and large water 

dis t r ibut ion pipes; and match exist ing or proposed drainage f a c i l i t i e s  by 

others. Structure 1 engths, sizes and design di scharges are provided in 

prof i le .  

On the following pages, the features of the proposed drainage f a c i l i t i e s  are 

reviewedon a sheet by sheet basis. (See the plan sheets a t  t heend  of t h i s  

section.) The purpose of t h i s  review i s  t o  a s s i s t  the designers of the 

drainage f a c i l i t i e s  by bringing t o  their  at tention the ra t ionale  use in 

establ i s  hing the vertical  a1 ignment, potenti a1 ut i l  i  t y  confl ic ts  and necessary 

coordination with other agencies or consultants. Table 5 i s  a channel summary 

which ident i f ies  the channel s  by location with respect t o  highway stationing, 

s t ructure  type, design discharge or vol ume, slope, channel character is t ics  

[depth and top width (TW)l and length. Table 5 i s  a detention basin summary 

and Tab1 e 8 i s  a cul vert summary. Refer t o  Plate 6 and Plate 7 for a 

schematic and summary of the recommended plan hydrology. 



Sheet 8 

Scat ter  Wash 

A de ta i l ed  descr ip t ion  of the  preliminary hydraulics and design of the  Scat ter  

Wash improvements i s  found i n  reference 18, prepared by the  PMC. The inver t  

of the  improved Sca t t e r  Wash channel wi l l  have t o  be s e t  t o  ensure s t a b i l i t y  

of the  wash. From S ta t ion  1174t00 t o  Sca t t e r  Wash. an open channel will be 

provided a1 ong the  north right-of-way t o  convey off -s i  t e  stormwater flows from 

D.A.  12 t o  Sca t t e r  Wash. 

Sta t ion  1209t00 

Detention Basin C,  loca ted  in  the  nor theas t  quadrant of the  Outer Loop Highway 

and 35th Avenue will  be 20 f e e t  deep. A 42" diameter pipe will  provide 

gravi ty  drainage from the  basin t o  Skunk Creek. The pipe alignment should be 

adjusted so i t  will  remain within the  ava i l ab le  right-of-way. 

Sta t ion  1187t00 t o  S ta t ion  12104-00 

An open concrete l ined  channel wil l  convey flows bypassing Basin C t o  Scat ter  

Wash. A 10 '  x 3 '  RCBC will  convey these  flows under 35th Avenue. A 12 inch 

water l i n e  and a four inch gas l i n e  wil l  have t o  be relocated fo r  the  box 

cul v e r t .  

Sheet 9 

Sta t ion  1211t00 

A t  approximately t h i s  locat ion ,  a s ide  weir or o u t l e t  pipe i s  required t o  

d ive r t  a maximum of 250 c f s  from the  channel i n t o  Basin C. Slope protect ion 

wi l l  have t o  be provided f o r  the  basin embankment a t  t h i s  discharge point.  

S ta t ion  1210t00 t o  S ta t ion  1255t00 

An open concrete channel wil l  i n t e rcep t  runoff from Drainage Areas P l l B s  P l l C  

and P11D. A double 1 0 '  x 5 '  RCBC i s  required t o  convey channel flows under 

31s t  Avenue. A 12 inch water l i n e  may have t o  be relocated t o  accomodate t h i s  

cul ve r t .  



Sheet 10 

Stati  00 1257+00 t o  Stati  on 1288+00 

An 8 '  x 5 '  RCBC will gravity drain Detention Basin A and convey flows westward 

under 1-17. The culvert  alignment was set  t o  avoid confl ic ts  with the 

depressed highway section, structures supporting the interchange stack and the 

existing 1-17 bridge over Beardsley Road. The culvert  outfall  was set  a t  

Station 1257+00, on the west side of 2 7 t h  Avenue t o  minimize the amount of cut 

required for  the receiving open channel. Laterals along 23rd Avenue and 27th 

Avenue and drop in l e t s  in Drainage Areas 1 1 B  and PI0 may be required t o  

intercept off-s i te  stormwater runoff. A t  s ta t ion 1267+00 the 36" R C P  draining 

Detention Basin D will connect in to  the 8 '  x 5 '  RCBC. 

Detention Basin E 

Detention Basin E will be located a1 ong 1-17 south of the Outer Loop Highway 

and within the stack interchange area. The basin will be comprised of eas t  

and west component basins tha t  will be connected by a 24 inch RCP.  The basins 

will intercept runoff from D.A. PRC9. The maximum basin depth will be four 

f ee t .  The configuration of the basins will be adjusted t o  accommodate the 

structures supporting the interchange stack. 

Basin E will be gravity drained southward along the west right-of-way of 1-17 

by a 24 inch RCP. This pipe will discharge into an existing improved earthen 

drainageway located a t  approximately 1-17 Station 735+03. An existing double 

24 inch R C P  draining across 1-17 from east  t o  west also out le ts  into th i s  

drainage way. 

A t  the time of final design the designer should verify the avail abi l i ty  of 

f a l l  from Basin E t o  the drainageway located a t  1-17 Station 735+03. The 

depth of Basin E may have t o  be decreased t o  provide positive drainage and the 

surface area increased t o  maintain the required storage volume. Alternative 

methods for  draining Basin E may also have t o  be investigated including the 

use of dry wells or draining the basins directly into the on-site runoff storm 



dra in  located in t h e  depressed sect ion of t h e  Outer Loop highway. An earthen 

channel wi l l  be located along the  ins ide  radius  of Ramp D t o  i n t e r c e p t  runoff 

from D.A.  PRC9 f o r  conveyance t o  Detention Basin E. 

Sheet 11 

S t a t i  on 1288t00 t o  S t a t i  on 1310t00 

The alignment of t h e  8 '  x 5 '  RCBC o u t l e t  from Detention Basin B should be 

loca ted  within the  e x i s t i n g  right-of-way. I t  may be necessary t o  loca te  i t  

under t h e  frontage road. Detention Basin B located between 21s t  Avenue and 

19th Avenue, will  be 25 f e e t  deep. Embankment protect ion may be required a t  

l oca t ions  where o f f s i t e  drainage from e i t h e r  Drainage Area P l O A  or the open 

channel from D.A. P9 discharge i n t o  the  basin. 

S t a t i  on 1310t00 t o  S t a t i  on 1336t00 

An open concrete channel wi l l  i n t e rcep t  stormwater runoff from D.A.  P9 f o r  

conveyance t o  Detention Basin B. Total top width requirements f o r  the 

channel, including t h e  required 30 f o o t  buffer ,  i s  approximately 80 f e e t .  

Wherever t h e  ava i l ab le  right-of-way i s  1 ess  than the required 80 f e e t ,  the 

designer  shoul d eval ua te  and compare t h e  a1 t e r n a t i  ves of e i t h e r  acqui ring 

addit ional  right-of-way, reducing the 30-foot buffer  requirement, using buried 

conduit or a combination of t h e  above. A f i v e  barrel 10 '  x 5 '  RCBC i s  

required t o  convey these  flows under 19th  Avenue. 

The 78 inch RCP g rav i ty  dra in  f o r  Basin A w i l l  be located wi th in  t h e  exis t ing  

right-of-way south of t h e  proposed channel a1 ignment. As an a l t e r n a t i v e  t o  

t h e  open channel c o l l e c t i n g  runoff from D.A. P9, t h e  Basin A gravi ty  drain may 

be increased t o  a f i v e  barrel  10 '  x 5 '  RCBC f o r  in tercept ing  runoff from D.A. 

P9 i n  addi t ion  t o  drainage from Basin A. La tera ls  along 19th Avenue. 17th 

Avenue and drop i n l e t s  i n t o  the  5-10' x 5 '  RCBCs may be required t o  f u l l y  

i n t e r c e p t  D.A. P9 runoff .  



Detention Basin A 

Detention Basin k will be located in the northeast quadrant of 15th Avenue and 

the highway. The basin will be 25 fee t  deep. The basin will gravity drain t o  

Basin B via a 78 inch RCP. If the 78 inch RCP i s  t o  be upsized t o  convey 

runoff from D.A. P9, the out le t  t o  Basin A should be constricted t o  maintain 

the maximum a1 1 owable discharge ra te  of 263 cfs .  

Sheet 12 

Station 1341+00 

A t  approximately th i s  location, both the 48 inch R C P  out1 e t  from Basin F and 

the open channel conveying stormwater runoff from the eas t  discharge into 

Basin A. O u t 1  e t  protection may be required t o  ensure the s t ab i l i t y  of the 

Basin A embankment. 

Station 1342+00 t o  Stati  on 1387t00 

An open concrete channel will intercept offsi  t e  stormwater runoff from 

Drainage Areas P8A, P8 and P9A. The channel alignment will have t o  

accommodate the proposed frontage road. Reduction of the required 30 foot 

channel buffer or the use of closed conduits may be required in areas of 

limited right-of-way avail ab i l i ty .  Culverts will be required t o  convey 

channel flows under Seventh Avenue and under the frontage road a t  

approximately Stations 1374+00. 

Detention Basin F will be located in the northeast quadrant of Seventh Avenue 

and the highway. The basin will be 20 f e e t  deep. Flows u p  t o  523 cfs  will be 

diverted in to  th i s  basin from the collector channel. Flows in excess of 523 

cfs will remain in the channel for conveyance t o  Detention Basin A. Basin F 

will gravity drain t o  Basin A via a 48 inch RCP. 

A t  the f inal  design, i f  i t  i s  determined that  the Basin F storage vol ume can 

be provided in Basins A and B ,  Basin F should be eliminated. 

Station 1387<+00 t o  Station 1395+00 (Cave Creek Ridge Line) 

A grader ditch will be provided t o  convey minor off-s i te  flows from the Cave 

Creek ridge l i n e  westward t o  the channel located a t  Station 1387t00. 



Sheet 17 

Detention Basin D wil l  be located along 1-17 north of Rose Garden Lane t o  

in tercept  runoff from D.A.  11C. The basin wil l  be comprised of e a s t  and west 

component basins t ha t  will be connected by a 24 inch RCP. The basins will be 

e ight  f e e t  deep. Basin D wi l l  be gravity drained by a 36 inch R C P  located 

within the west right-of-way of 1-17. A t  Stat ion 1267t00, the 36 inch RCP 
wil l  discharge i n t o  the  8 '  x 5 '  RCBC conveying Detention Basin B outflows 

westward under 1-17. 
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Tab1 e 5 
Channel Summary 

Depth 
Design D ischarge  Channel Channel o f  

L o c a t i o n  S t r u c t u r e  (20% Freeboard S1 ope Depth/TW Bottom W i d t h  Vel o c i  t y  F l  ow 
( S t a t i o n  to-Sta t jon)  Tyye . I n c l  uded) (ft./ft. 1 ( f t . 1  ( f t . )  ( f p s )  (ft.) 

1174-1186 Channel 144 c f s  0.0004 3.5122 8 2.7 3.2 

1187-1210 Channel 300 c f s  0.004 3 /20  8 7.9 2.8 

1210-1232 Channel 894 c f s  0.0027 5.5130 8 9.1 5.3 
I 

W 
0 
I 1232-1 252 Channel 743 c f s  0.0015 6/32 8 7 .O 5.6 

1252-1257 Channel 604 c f s  0.001 5 5 /28 8 6.6 5 .O 

1310-1332 Channel 2406 c f s  0.003 6/46 2 2 11.8 6.0 

1342-1362 Channel 1925 c f s  0.0033 6 139 15 11.8 6.0 

1367-1380 Channel 1828 c f s  0.0033 6/39 15 11.6 5.9 

1380-1387 Channel 322 c f s  0.0047 3/20 8 8.5 2.8 



Basin 

A 

B 

C 

D 

E 

F 

Stat ion 

1205 

1231+50 

131 1 

1363 

1374 

1155-1206 

1267 L t  

1265 R t  

1267-1299 

131 0-1 337 

1342-1364 

TABLE 6 

DETENTION BASIN  SUMMARY 

Depth Basin Volume 100-year Pear 
Locati on - (FT) ( A F )  Storage ( A F )  

15th Avenue 2 5 139 

19th Avenue 2 5 291 

35th Avenue 2 0 97 

Rose Garden 8 2 5 

1-17 & O L H  4 11 

Seventh Avenue 20 16 

TABLE 7 

CULVERT SUMMARY 

100-Year 
Location Design Discharge 

35th Avenue 

31st  Avenue 

19th Avenue 

Seventh Avenue 

Frontage Road 

Basin C Outlet  

Basin D Outlet 

Basin E Out1 e t  

Basin B Outlet  

Basin A Outlet  

Basin F Outlet  

250 c f s  

619 c f s  

2005 c f s  

1000 cf s 

1523 c f s  

65 c f s  

34 c f s  

31 c f s  

388 c f s  

263 c f s  

78 c f s  

Length 
St ructure  

Type 

1-lO'x3' RCBC 

2-101x5' RCBC 

5-lO'x5' RCBC 

3-1 0' X5 ' RCBC 

5-10' X5 ' RCBC 

42" RCP 

35" RCP 

24" RCP 

8'X5' RCBC 

78" RCP 

48" RCP 





CUTER L W P  HIGIbIAY 
100-YR 24-HR ::cT,; ]STATE I PROJECT NO. TF ILT&S AS-BUILT 

RUNOFF SIJMARY 
FLCN I N  N B l C  F t m  PER SECOND 9 ARIZONA I TIME IN IICURS. ARU IN WIRE M I L ~ S  . 

BASIN CURVE LAG PEAK T I N  OF VOLUME 
OPCRKTIOII - BASIN AREA NUMBER TIME FLOV PEAK (AC-FT) 

Hydrograph At P8A 0.23 80 0.34 277 12.50 25 

Routed To P8 . - ---- - -  - - - -  267 12.50 25 

Hydrograph At P8 1.30 83 0.58 1285 12.67 158 
2 Combined At P8 1.53 - -  ---. 1526 12.67 183 

D i v e r t  To Bas in  F - - - - - - - - - - - 523 12.67 20 

Routed To P9A - - - - -  - -  -.-- 1000 12.50 163 

. . . . .  Basin Rout ing Det Bas in  F - - - - -  - -  - - - -  78 13.00 20 

l lydrograph At  P9A 0.46 85 0.40 617 12.50 6 0  

2 Combined At Det Bas in  A 1.99 - -  - - - -  1604 12.67 244 

Basin Rout ing Det Bas in  A -----  - -  - - - -  263 14.50 244 

Routed TO Det Bas in  B ----- - -  - - - -  263 14.50 244 

l lydrograph At P9B 0.39 83 0.59 382 12.67 48 

Routed To P9 - - - - - - - - - - - 33 16.67 47 

l lydrograph At P9 2.26 82 0.63 2004 12.83 264 

2 Combined At P9 2.65 - -  -.-- 2005 12.83 312 

Hydrograph At PlOA 0.18 84 1.07 121 13.17 23 

3 Combined At Det Bas in  B 4.82 - -  - - - -  2298 12.83 578 

Basin Rout ing Det Bas in  B ----- - -  ---- 268 20.83 578 

Hydrograph At QP10 0.20 87 0.83 180 13.00 28 

2 Combined At P I0  5.02 - -  ----  353 13.17 606 

Hydrograph At Q l l B  0.11 60 0.48 172 12.33 14 

2 Combined At 118 5.13 - -  - - - -  388 13.00 620 

Routed To PI I D  5.13 - -  ---- 388 13.00 620 

Hydrograph At OAllC 0.21 86 0.27 353 12.33 28 

Basin Routing Det Bas in  D - - - - -  - -  ----  34 13.33 28 

Routed To P l l D  - - - - - - - - - - - 34 13.50 28 

l lydrograph At P l l D  0.13 82 1.01 85 13.17 15 

3 Combined At P l l D  5.47 - - - - - -  503 13.00 663 

Routed To P l l C  - - - - - - - - - - - 501 13.12 663 
Hydrograph At P l l C  0.22 83 1.27 124 13.50 27 

2 Combined At P l l C  5.67 - -  - - - -  619 13.50 690 

Routed To PI18 - - - - - - - - - - - 614 13.50 690 

Hydrograph At P l l B  0.18 9 0  1.27 130 13.33 28 

2 Combined At P l l B  5.85 - -  ---- 745 13.33 718 

D i v e r t  To ~~t B a s i n  c ----- - -  ---- 495 12.50 

Routed To S c a t t e r  Wash ----- - -  - - - -  250 12.67 

Hydrograph At DA12 0.17 82 0.91 120 13.00 20 

l lydrograph At O l l L  1.33 86 0.64 1609 12.67 193 

Routed To 11G - - - - - - - - - - - 88 17.83 158 

Hydrograph At DAl lK 0.53 85 0.31 812 12.33 74 

Routed To l l G  ----- - -  - - - -  38 16.83 66 

I lydrograph At D A l l J  1.18 87 0.44 1648 12.50 177 
X 0 X Routed To l l G  - - - - - - - - - - - 87 16.83 157 

Hydrograph At DAl lG 3.05 60 0.77 2169 12.83 330 

4 Combined At l l G  6.09 - - - - - -  2203 13.00 711 

Routed To 1 IF - - - - - - - - - - - 2139 13.17 709 

Hydrograph At OAl l  l 0.93 85 0.53 1104 12.67 131 

Routed To 1 IF ----- - -  ---. 60 17.67 108 

Hydrograph At DAl lF  1.57 e0 0.68 1247 12.83 170 

3 Combined At  11F 8.59 - -  - - - -  3281 13.00 987 

Hydrograph At DAl lH  0.38 85 0.37 556 12.50 53 

Routed To 11E - - - - - . - - - - - 34 18.33 50 

Hydrograph At DAl lE  1.02 81 0.68 847 12.83 115 

3 Combined At  11E 9.99 - -  ----  4056 13.00 1152 

Routed To S c a t t e r  Wash - - - - -  - -  ---- 3967 13.17 1150 

Hydrograph At  DAl lD 0.45 @6 0.31 683 12.33 6 1  

Routed To S c a t t e r  Wash - - - - -  - -  ---- 573 12.67 6 1  

Combine At S c a t t e r  10.44 - -  - - - -  4295 13.00 1211 

Hydrographs Wash 

Hydrograph At DAl lA  1.80 68 0.62 2035 12.67 257 

2 Combined At S c a t t e r  Wash 12.24 - -  - - - -  5593 13.00 1468 

Basin Routing Det Bas in  C ----- - -  - - - -  65 20.00 79 

3 Combtned At S c a t t e r  Wash 18.11 - -  ---- 5843 13.00 2277 
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X. ADDITIONAL RIGHT-OF-WAY REQUIREMENTS 

Additional right-of-way requi rements are identified i n  areas where the 

existing or proposed right-of-way, as provided t o  Greiner Engineering by the 

PMC, are  insuff ic ient  t o  accommodate the recommended drainage f a c i l i t i e s .  A t  

a  number of locations, the need for additional right-of-way i s  directly 

dependent on the highway's vertical horizontal geometry, use of retaining 

walls, piers and embankment f i l l  fo r  elevation. For these locations, the 

design as sumpti ons made by Grei ner are  identi fied. Mini mum right-of-way 

requirements for open channels were defined by the PMC as the required channel 

top width, plus an additional 30 f e e t  fo r  buffer. Locations and descriptions 

of additional r ights  of way required are as follows. 

Station 1312+00 t o  Station. 1332+00 

The total  t o p  width requirement for the open channel i s  approximately 80 feet .  

Depending on the final alignment for  the frontage road, additional right-of 

way may be required. 

Station 1342+00 t o  Station 1380t00 

The total  t o p  width requirement for the open channel i s  approximately 70 feet .  

Depending on the f inal  a1 ignment for  the frontage road, additional right-of- 

way may be required. 



XI. CONCLUSIONS 

An optimum drainage concept plan has been developed that  will provide 

floodwater protection t o  the Outer Loop Highway between Scatter Wash and Cave 

Creek. The plan ensures that  there will be no adverse a f fec t s  on adjacent 

areas and tha t  downstream drainage receiving f a c i l i t i e s  or natural 

watercourses have adequate capacity t o  hand1 e off-si t e  stormwater flows from 

the Outer Loop Highway. 

The costs t o  construct the Outer Loop Highway drainage f a c i l i t i e s  for  o f f - s i te  

runoff were evaluated. Total estimated costs for the recommended plan, not 

including right-of-way acquisition, i s  13.8 mil l ion do1 l a r s .  

Channel locations where additional right-of-way may be required were 

identified.  The actual amount of right-of-way needed i s  dependent on the 

location of adjacent frontage roads and ei ther  the reduction of the 30 foot 

buffer requirement or the use of underground conduit as a l ternat ives  t o  open 

channel s  . 
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