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1.0 EXECUTIVE SUMMARY 

The WLB Group, Inc.  was subcontracted by DeLeuw, Cather and Company, 

the Outer Loop Management Consultant f o r  the Arizona Department of 

Transportat ion (ADOT) , t o  conduct an o f f s i  t e  hydrology study and 

develop a l t e r n a t i v e  drainage design concepts f o r  the p o r t i o n  of the  

Outer Loop Highway along 99th Avenue between Buckeye Road and Northern 

Avenue. The drainage concept study r e p o r t  i s  i n  two par ts ;  P a r t  A 

(under separate cover)  i s  the  o f f s i  t e  hydrology r e p o r t  and t h i s  repo r t ,  

P a r t  By i s  the conceptual design and c o s t  est imates. 

The U.S. Army Corps o f  Engineers' HEC-1 computer program was used t o  

s imulate r a i  n f a l l  - runo f f  cond i t ions  w i t h i n  the  study area. Present ly ,  

r u n o f f  f lows southwester ly and enters e i t h e r  the  Agua F r i a  R iver  o r  the  

Papago Freeway In te rcep to r  Channel, which o u t f a l l  s i n t o  the  Agua F r i a  

River.  The study area i s  complicated by the proposed Paradise 

Cor r idor ,  the proposed Grand Avenue Expressway, and the G l  endal e/Peoria 

Area Drainage Master Study. Three hydro logic  models (cases A, By and 

C) were developed t o  determine the e f f e c t s  o f  these fea tures  on the  

Outer Loop drainage ( r e f e r  t o  P a r t  A, O f f s i t e  Hydrology f o r  an 

explanat ion o f  each case). 

Two a l t e r n a t i v e  drainage concepts and a recommended p lan  are  presented 

i n  t h i s  repo r t .  I n  each A l t e r n a t i v e  and the  Recommended Plan, Case A 

hydrology was used to. develop the concept design south o f  the Grand 

Canal and Case B hydrology was used t o  design no r th  o f  the  Grand Canal . 
Pre l im inary  designs and cos t  est imates were c a r r i e d  ou t  f o r  each 

a1 te rna t i ve .  The a1 t e r n a t i v e s  have essent ia l  l y  the  same a1 ignment w i t h  

and w i thou t  detent ion.  A l t e r n a t i v e  No. 1 considers on ly  open channels 

w i t h  no detent ion.  A l t e r n a t i v e  No. 2 uses the  same al ignment w i t h  the 

- a d d i t i o n  o f  de ten t ion  basins. The detent ion  i n  A1 t e r n a t i v e  No. 2 

reduces the  s i ze  o f  the channels and a l lows the  p r a c t i c a l  use o f  c losed 



condu i ts  t o  convey the  f lows t o  the  Agua F r i a  R iver  and New River .  The 

recommended p lan  i s  a combination o f  A l t e r n a t i v e  No. 1 and A l t e r n a t i v e  

No. 2. The f o l l o w i n g  are the  t o t a l  est imated cos ts  f o r  each. 

A l t e r n a t i v e  No. 1 = $ 64,341,000.00 

A1 t e r n a t i v e  No. 2 = $113,449,700.00 

Recommended P l  an = $ 70,592,300.00 



2.0 INTRODUCTION 

This i s  P a r t  B of the o f f s i t e  Drainage Concept Study f o r  t he  Outer Loop 

Highway between Buckeye Road and Northern Avenue. The study has been 

prepared i n  two pa r t s .  P a r t  A - O f f s i t e  Hydrology (under separate 
cover)  addresses the  o f f s i t e  hydrology and the peak discharges t h a t  

reach the  Outer Loop. Th i s  pa r t .  P a r t  B - Concept Design, covers the 

drainage concepts and t h e i r  est imated costs. 

The purpose o f  the  study i s  t o  determine the o f f s i t e  f lows t h a t  w i l l  

reach the Outer Loop Highway and t o  i n v e s t i g a t e  a l t e r n a t i v e  conceptual 

drainage designs t h a t  w i l l  p r o t e c t  both the  Outer Loop and adjacent 

p roper ty  owners from f lood ing .  Th i s  study es tab l ishes  the peak 

discharge t h a t  w i l l  have t o  be contained along the  Outer Loop and 

prov ides the concept design t h a t  w i l l  be used i n  the development o f  the 

f i n a l  cons t ruc t i on  documents. I n  add i t ion ,  t h i s  study w i l l  he1 p 

determine r ight-of -way requirements f o r  the proposed drainage 

f a c i l i t i e s .  



DRAINAGE CONCEPTS 

Two a l t e r n a t i v e  drainage concepts and a recommended p lan  are  presented 

i n  t h i s  r e p o r t  f o r  the  Outer Loop Highway from the Papago Freeway t o  

Northern Avenue. The two a l t e r n a t i v e s  have e s s e n t i a l l y  the  same 

al ignment w i t h  and w i thou t  detent ion.  A l t e r n a t i v e  No. 1 considers only  

open channels w i t h  no detent ion.  A l t e r n a t i v e  No. 2 uses the  same 

al ignment w i t h  the  a d d i t i o n  o f  de ten t ion  basins. The Recommended Plan 

i s  a combination o f  the  concept design f o r  A l t e r n a t i v e  No. 1 n o r t h  of  

Grand Canal and A1 t e r n a t i v e  No. 2 south o f  the  Grand Canal . The 

hyd rau l i c  design data and the c o s t  est imates f o r  A l t e r n a t i v e  No. 1, 

No. 2, and the Recommended Plan are presented i n  Appendix 1 and 2, 

respec t i ve l y .  

There were no drainage concepts developed f o r  the reach between the  

Papago Freeway and Buckeye Road f o r  the  reason t h a t  the design of the  

roadway i n  t h i s  sec t ion  i s  s t i l l  under study, and i t  i s  uncer ta in  what 

w i l l  be requ i red  i n  the way o f  drainage f a c i l i t i e s .  Nonetheless, the  

hydrology was developed f o r  t h i s  sec t i on  and i s  inc luded i n  P a r t  A - 
O f f  s i  t e  Hydro1 ogy . 

3.1 A l t e r n a t i v e  No. 1 (Estimated Cost: $64,341,000.00) 

A l t e r n a t i v e  No. 1 i s  a system o f  open channels t h a t  c o l l e c t  f lows along 

the  Outer Loop and convey them t o  the  Agua F r i a  R iver  a long Thomas Road 

and t o  New River  along the  Grand Canal. The f o l l o w i n g  are descr ip t ions  

o f  the major components o f  the  drainage system. 

Refer t o  the e x h i b i t :  Concept Design A l t e r n a t i v e  No. 1. The e x h i b i t  

schemat ica l ly  shows the al ignment and c a l l s  ou t  the  channel top  widths. 

The design i s  based on concrete 1 ined t rapezo ida l  channel sect ions w i t h  

2 : l  s i de  slopes. The top widths shown are t o  the  top o f  slope and do 

n o t  inc lude setbacks and maintenance roads. 



Channel Along the  Outer Loop from 1/4 m i l e  South o f  Nor thern Avenue t o  

t h e  Grand Canal 

This  channel i s  designed along the  eas t  s i de  o f  the  Outer Loop t o  

c o l l e c t  the  over land f lows t h a t  reach the  Outer Loop, between Northern 

Avenue and the  Grand Canal , and convey them south, t o  t h e  channel a1 ong 

the  Grand Canal. 

The e x i s t i n g  l a n d  use a1 ong t h i s  a1 ignment i s  a g r i c u l  t u r a l  . 

Channel Along the  Grand Canal from New River  t o  the Paradise Cor r i do r  

Th is  p a r t  o f  t he  channel system i s  designed t o  convey stormwater f lows 

t o  New River  along the  n o r t h  s ide o f  t he  Grand Canal . The channel w i l l  

c a r r y  f lows from 3  sources. 

1. The flows t h a t  a re  c o l l e c t e d  i n  t he  channel along the  Outer Loop 

from 1/4 m i l e  south o f  Northern Avenue t o  t he  Grand Canal. 

2.  The f lows t h a t  w i l l  be c o l l e c t e d  along the  n o r t h  s ide  o f  t he  

Paradise Cor r i do r  from 1-17 t o  t he  Grand Canal. 

3. The over land flows t h a t  d r a i n  t o  t he  Grand Canal between the  

Paradise Cor r i do r  and New River .  

The p o r t i o n  o f  t h i s  channel from the  Outer Loop eas t  t o  t he  f u t u r e  

Paradise Cor r i do r  (approximately 83rd Avenue) i s  proposed t o  be 

cons t ruc ted  a t  t he  same t ime as the  Outer Loop f o r  several  reasons. 

F i r s t ,  i t  w i l l  l i m i t  the  f lows t h a t  w i l l  reach the  Outer Loop, south o f  



the  Grand Canal, by c o l l e c t i n g  the overland f lows on the  n o r t h  s ide o f  

the  Canal. The o f f s i t e  hydrology was developed assuming the  channel 

along the  Grand Canal would be constructed between the  Outer Loop and 

83rd Avenue ( i  .e. the  drainage area boundary was del ineated along the  

Grand Canal between the Outer Loop and 83rd Avenue). I f  the  channel i s  

n o t  constructed. some o f  the  overland f lows would be conveyed west i n  

the  Grand Canal and the remainder would f l ow  over the Grand Canal and 

south t o  the  Outer Loop drainage system. Th is  would r e s u l t  i n  an 

undersized drainage system south o f  the  Grand Canal. 

Second, the  C i t y  o f  Glendale i s  c u r r e n t l y  p lanning a park along the  

Grand Canal t h a t  cou ld  be i n teg ra ted  w i t h  the  proposed channel, 

Th i rd .  t h i s  area i s  r a p i d l y  being developed as r e s i d e n t i a l  p roper ty  and 

acqu i r i ng  the r igh t -o f -way f o r  the  channel a t  the  same t ime w i t h  the  

Outer Loop w i l l  mean l e s s  d i s r u p t i o n  and r e l o c a t i o n  o f  residences. The 

e x i s t i n g  l a n d  uses along the  channel are p r i m a r i l y  a g r i c u l t u r a l  w i t h  

the  except ion o f  the r e s i d e n t i a l  subd iv is ion  along the  n o r t h  s ide  o f  

the Grand Canal between 83rd and 87th Avenue. 

The drainage channel along the Grand Canal i s  complicated by a 42 i nch  

san i ta ry  sewer t h a t  runs south i n  99th Avenue. The top o f  t h i s  sewer 

p ipe  i s  approximately 10 f e e t  deep and the re fo re  the  proposed channel 

i s  re1 a t i v e l y  shal low and wide a t  99th Avenue t o  enable i t  t o  cross 

over the  top  o f  the san i ta ry  sewer p ipe.  

The p o r t i o n  o f  the  drainage channel t h a t  o u t l e t s  i n t o  New River  was 

widened considerably fo r  the  l a s t  several hundred f e e t  t o  reduce the  

v e l o c i t y .  The channel i s  envisioned t o  have an earthen bottom w i t h  

grouted r i p r a p  f o r  bank p ro tec t i on .  T rans i t i ons  w i l l  have t o  be 



designed accordingly .  Refer t o  the  e x h i b i t  on the  f o l l o w i n g  page. 

This  concept, however, may change depending upon compl e t i o n  o f  the  

channe l iza t ion  of New River .  The Flood Contro l  D i s t r i c t  o f  Maricopa 

County i s  c u r r e n t l y  i n  the  beginning stages o f  acqu i r i ng  an engineering 

f i r m  t o  design the  channe l iza t ion  p lan.  They hope t o  have a f i r m  s t a r t  
design by March o f  1988, w i t h  the i n t e n t i o n  o f  s t a r t i n g  cons t ruc t i on  by 

March of 1989. The Outer Loop drainage channel plans should be 

coordinated w i t h  the  Flood Control  D i s t r i c t  t o  prov ide f o r  the drainage 

channel o u t l e t  i n t o  New River .  The widening o f  the channel o u t l e t ,  t o  

reduce v e l o c i t y ,  would probably n o t  have t o  be done i f  New River  i s  

channelized. 

The drainage channel design of t h i s  sec t ion  i s  a l so  a f f e c t e d  by an 

i r r i g a t i o n  o u t l e t  channel a t  the  end o f  the  Grand Canal. H a l f  way 

between 99th Avenue and 107th Avenue the  Grand Canal terminates i n  a 

small r e s e r v o i r  which has an o u t l e t  channel t h a t  f lows no r th  t o  New 

River .  The S a l t  R iver  P r o j e c t  (SRP) needs t h i s  channel t o  a l l ow  them 

the  c a p a b i l i t y  o f  re leas ing  excess f lows a t  the  end o f  the Grand Canal 

i r r i g a t i o n  system. However, SRP has s ta ted  t h a t  i f  they cou ld  use the 

Outer Loop drainage channel t o  d r a i n  t o  New River ,  the  o u t l e t  channel 

cou ld  be abandoned. For  purposes o f  t h i s  study, i t  was assumed t h a t  

the  o u t l e t  channel t o  the no r th  w i l l  be abandoned. I n  a d d i t i o n  t o  the 

Grand Canal o u t l e t  channel, there  i s  a Roosevelt I r r i g a t i o n  D i s t r i c t  

(RID) canal t h a t  crosses the  proposed drainage channel al ignment a t  the 

end o f  the  Grand Cana.1. The R I D  canal i s  p resent ly  piped i n  a 36" 

concrete p ipe under the  Grand Canal o u t l e t  channel. It has been 

assumed t h a t  t h i s  36" p ipe w i l l  have t o  be reconstructed as an i nve r ted  

siphon under the  proposed drainage channel. 
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DRAINAGE CHANNEL OUTLET AT NEW RIVER 

~ 5 e  DATA Q= [om cfs 
n= .03 
s-.0007 
NTTOfl MDM -20d 
SIDE SUIT =2:I 
NoRMAL Dem - 4.3' 
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AS A RESULT OF \JIDtNING CHANNEL. 

DTH Of CONG. LINED CHANNEL 

-- L 

TKANSITION 
140' - 

B E T W  HMlE ROAD 190' - 

EARTHEN W E L  WIM GROUTED RIP-RAP 
FOR BANK PROTECTION. 
LeNGTH OF 245' WIDE CHANNEL s: 500' 

NO SCALP. 



Grand Canal Reservoir  Re1 ocat ion: 

There has been some discussion w i t h  the S a l t  River  P r o j e c t  about 

the  p o s s i b i l i t y  o f  r e l o c a t i n g  the  Grand Canal r e s e r v o i r  t o  the  

eas t  o f  the  Outer Loop Highway. ADOT cou ld  then use the e x i s t i n g  

r ight-of -way west o f  the  Outer Loop f o r  the  drainage channel; 

p rov id ing  t h a t  the re loca ted r e s e r v o i r  be designed t o  re lease 

waste water i n t o  the Outer Loop drainage channel. See the e x h i b i t  

on the  f o l l o w i n g  page. 

There would be c o s t  savings assoc ia ted  w i t h  r e l o c a t i n g  t he  b a l l a s t  
rese rvo i r .  The surface area needed f o r  the  b a l l a s t  r e s e r v o i r  i s  

approximately 200,000 square fee t .  Assuming 50 f o o t  setbacks, the 

r ight-of -way needed f o r  the r e s e r v o i r  i s  approximately 250,000 

square fee t .  West o f  the  Outer Loop, t he  requ i red  r ight-of -way 

f o r  the  drainage channel, between 99th Avenue and the  end o f  the  

Grand Canal, i s  approximately 432,000 square fee t .  The e x i s t i n g  

S a l t  R iver  P r o j e c t  r ight-of -way covers t h i s  requirement except f o r  

about 20,000 square fee t .  Therefore, i f  ADOT re locates  the  

rese rvo i r ,  they w i l l  have t o  purchase approximately 270,000 square 

f e e t  (250,000 + 20,000) o f  r ight-of -way which i s  162,000 square 

f e e t  l e s s  than the r ight-of -way requirement i f  the  r e s e r v o i r  i s  

n o t  re located.  

This  t rans la tes  . in to  a savings o f  $730,000 a t  $4.50/s.f. R igh t -  

of-way savings cou ld  even be greater  i f  the  b a l l a s t  r e s e r v o i r  

cou ld  be incorporated i n t o  the  e x i s t i n g  r ight-of -way being 

purchased f o r  the  interchange between the  Outer Loop and Paradise 

Cor r idor .  





The S a l t  R i ve r  P r o j e c t  would need t o  cont inue se rv i ce  t o  t he  

i r r i g a t i o n  d e l i v e r y  d i tches  l oca ted  on the  south and west s i de  o f  

t h e  e x i s t i n g  b a l l a s t  rese rvo i r .  It i s  est imated t h a t  a 36" 

concrete p ipe  cou ld  serv ice  the  west s ide  and a 78" concrete p ipe  

cou ld  serv ice  the  southern l a t e r a l  along 99th Avenue. This ,  

however, would have t o  be conf irmed and coord inated through the  

S a l t  R iver  P ro jec t .  

The est imated c o s t  f o r  t he  p ipe  i s  as f o l l ows :  

78" RGRCP L=5601 @ $165/ f t .  = $192,400.00 

36" RGRCP L=27601 @ $69/ f t .  = $190,440.00 

Tota l  $282,840.00 

+ 30% Appurtenances & 

Contingencies = $ 84,852.00 

Tota l  $367,692.00 

Excavat ion c o s t  f o r  the  new b a l l a s t  r e s e r v o i r  and the  drainage 

channel are est imated as fo l lows:  

B a l l a s t  Reservoi r  - Depth = 10 ft. Side Slopes = 3 : l  

Area = 200,000 s. f .  Volume = 64,636 c.y. 

Cost = 64636 x $2.50/c.y. = $161,590.00 

Drainage Channel - Depth = 10 ft. Side Slope = 2 : l  

Volume = 69.689 c.y. 

Cost = 69,689 x $2.50/c.y. = $174,223.00 

Tota l  = $335,813.00 



Di f f e rence  i n  Cost: 

W/Reservoi r Re1 o c a t i  on W/O Reservoi r  Relocat ion 

Right-of-way $1,215,000 

I r r i g a t i o n  Pipe 367,692 

Excavat ion 335,813 

$1,918,505 

Savings = $358,411 

Other b e n e f i t s  from re1  oca t i ng  the  Grand Canal r e s e r v o i r  i nc lude  

poss ib le  c o s t  savings by reduc t i on  and/or e l  i m i  na t i on  o f  b r i dge  cos ts  

and fill requirements on the  Outer Loop, poss ib le  b e n e f i t s  t o  t he  

Paradise Cor r i do r  - Outer Loop interchange, and the  p o s s i b i l i t y  of 

des igning the  drainage channel al ignment t o  miss an e x i s t i n g  house on 

the  nor thwest  end o f  the  Grand Canal b a l l a s t  r e s e r v o i r .  



Channel Along the  Outer Loop from the  Grand Canal t o  Thomas Road 

This channel i s  a l igned along the eas t  s ide o f  the  Outer Loop t o  

c o l l e c t  the over land f lows between the  Grand Canal and Thomas Road. 

The e x i s t i n g  l and  use along the al ignment i s  almost e n t i r e l y  
a g r i c u l t u r a l  w i t h  a few farm homes. 

Storm Sewer Pipe and Channel between Thomas Road and the  Papago 

Freeway 

Under e x i s t i n g  cond i t ions ,  the area south o f  the  mid-sect ion p o i n t  

between Thomas Road and McDowell Road (Encanto Boulevard extended) 

d ra ins  south t o  the Papago Freeway Channel. The Outer Loop Highway 

alignment between Encanto Boulevard extended and the Papago Freeway was 

moved 1/4 quar te r  m i l e  eas t  o f  99th Avenue. Th is  i s  r e f e r r e d  t o  as 

Sect ion 2. The concept design i s  t o  c o l l e c t  the  f lows south o f  Encanto 

Boulevard extended and convey them t o  the  Papago Freeway Channel i n  a 

se r ies  o f  storm sewer pipes. The area no r th  o f  Encanto Boulevard 

extended dra ins west under e x i s t i n g  cond i t i ons  t o  the Agua F r i a .  The 

concept design here i s  t o  c o l l e c t  these f lows and ca r ry  them no r th  t o  

Thomas Road i n  an open channel. This  channel w i l l  have t o  cross over 

the  60 i n c h  san i ta ry  sewer independently from the  channel coming from 

the  n o r t h  along the Outer Loop. The channel coming from the  n o r t h  has 

too  h igh  o f  a water surface e leva t i on  t o  enable t h i s  channel t o  f l ow  

i n t o  it. 

Channel Along Thomas Road from the Agua F r i a  River  t o  the  Outer Loop 

This channel serves as an o u t l e t  channel f o r  the  f lows c o l l e c t e d  along 

the Outer Loop between the  Grand Canal and Encanto Boulevard extended. 
- The channel o u t f a l l s  i n t o  the Agua F r i a  R iver  approximately 2.5 m i l es  

west o f  the Outer Loop. 



As was the  case w i t h  the  channel a long the  Grand Canal, t he  Thomas Road 

O u t f a l l  Channel i s  a f f e c t e d  by the  60 i n c h  san i t a ry  sewer i n  99th 

Avenue and, i n  add i t i on ,  two i r r i g a t i o n  canals west o f  99th Avenue. 

The channel i s  r e l a t i v e l y  wide and shal low going under 99th Avenue t o  

be ab le  t o  cross over t he  60 i nch  san i t a ry  sewer. Th i s  shal low channel 

sec t i on  i s  fo l lowed by an abrupt  drop t o  enable the  f lows t o  pass under 

t he  i r r i g a t i o n  canal t h a t  runs para1 l e l  w i t h  and j u s t  west o f  99th 

Avenue. A t  t h i s  p o i n t  the  channel i s  approximately 20 f e e t  deep and 

remains t h a t  deep f o r  1/2 m i l e  downstream t o  cross under t he  R I D  Canal 

which crosses Thomas Road a t  103rd Avenue extended. 





3.2 A1 t e r n a t i v e  No. 2 (Est imated Cost: $113,449,900.00) 

A l t e r n a t i v e  No. 2 uses the  same drainage system as A l t e r n a t i v e  No. 1 

w i t h  t h e  a d d i t i o n  o f  th ree  de ten t ion  basins t o  reduce the  s i z e  of t he  

Thomas Road and Grand Canal channels. The de ten t ion  basins reduce the  

peak discharges enough t o  have l a r g e  diameter storm sewers rep lace  the  

o u t l e t  channels a long the  Grand Canal and Thomas Road. 

Refer t o  the  e x h i b i t :  Drainage Concept A l t e r n a t i v e  No. 2. The e x h i b i t  

shows the  approximate l o c a t i o n  o f  t he  de ten t i on  basins and comparing 

t h i s  w i t h  the  e x h i b i t  f o r  A l t e r n a t i v e  No. 1 w i l l  reveal  t he  e f f ec t  on 

the  channels along Thomas Road and the  Grand Canal. 

The fo l l ow ing  i s  a d e s c r i p t i o n  o f  each de ten t i on  bas in  and i t s  e f f e c t  

on the channel system descr ibed i n  A l t e r n a t i v e  No. 1. The de ten t ion  

bas in  design i s  based on us ing  4:l s ide  slopes w i t h  a setback of 50 

f e e t  from the  proper ty  l i n e  t o  the  top  o f  slope. 

Deten t ion  Basin No. 1 

Area = 80 acres 

Setback = 30 f e e t  

Side Slope = 4 : l  

Depth = 23 f e e t  

Required Volume = 1033 a c - f t  

Depth o f  Water = 19 f e e t  

Freeboard = 4.0 f e e t  



Detent ion  Basin No. 1 i s  an 80 acre bas in  l oca ted  between 1320' n o r t h  

of Thomas Road and 1370' south o f  I nd ian  School Road. The r e s u l t  o f  

t he  bas in  i s  a reduc t ion  i n  t he  requ i red  conveyance capac i ty  of t he  
Thomas Road channel from 3,677 CFS down t o  251 CFS, which can be 

conta ined i n  a 78" concrete pipe. It should be noted t h a t  the  bottom 

o f  t h i s  bas in  and t h e  i n v e r t  o f  t he  60 i n c h  san i t a ry  sewer i n  99th 

Avenue are a t  approximately t he  same e l e v a t i o n  which would r e q u i r e  the  

78 i nch  o u t l e t  p ipe  t o  be constructed under t he  san i t a ry  sewer and run  

o u t  t o  the  Agua F r i a  a t  a  r e l a t i v e l y  f l a t  slope. 

Detent ion Basin number 1 a l so  e f f e c t s  t he  design o f  t he  drainage 

channel south o f  Thomas Road. I n  A l t e r n a t i v e  number 1 t h i s  channel 

f lows from Encanto Boulevard extended n o r t h  t o  t he  Thomas Road channel. 

The a d d i t i o n  o f  de ten t ion  bas in  number 1 would r e q u i r e  the  channel t o  

o u t l e t  i n t o  the  basin. The top  o f  t he  bas in  i s  a t  e l e v a t i o n  1029 - +, 
w h i l e  t he  southern most i n l e t  t o  t he  channel a t  Encanto Boulevard 

extended i s  a t  na tu ra l  ground e l e v a t i o n  1027 - +. A l t e r n a t i v e  number 2 

c a l l s  f o r  a  96" storm d r a i n  t o  be cons t ruc ted  from Encanto Boulevard 

extended t o  Thomas Road. Storm water r u n o f f  would be c o l l e c t e d  and 

conveyed no r th  t o  a l a r g e  manhole around Thomas Road. A concrete l i n e d  

channel w i l l  convey f lows n o r t h  from Thomas Road t o  Detent ion Basin 

number 1. The Detent ion Basin w i l l  then be dra ined by a 78" storm 

d r a i n  which f lows south back t o  t he  manhole. From the re  storm water 

w i l l  be conveyed west i n  a 78" storm d r a i n  t o  t he  Agua F r i a  River .  Two 

60" stubouts have been prov ided by the  F lood Contro l  D i s t r i c t  of 

Maricopa County through the  s o i l  cement d i ke  a t  the  Agua F r i a  R iver  and 

w i l l  have t o  be connected t o  the 78" pipe. Refer  t o  t he  e x h i b i t ,  

Concept Design A l t e r n a t i v e  No. 2. 



To prevent  backf low ou t  o f  the  i n l e t  a t  Encanto Boulevard extended, 

Detent ion Basin number 1 was designed t o  have a peak water surface 

e leva t i on  dur ing  the  100-year storm o f  1025.0 fee t .  Th is  e leva t i on  

provides 2.0 f e e t  o f  f reeboard before water would f l ow  ou t  of the  

Encanto Boulevard i n 1  e t .  

Detent ion Basin No. 2 and No. 3: 

Basin No. 2: Basin No. 3: 

Area = 120 acres Area = 100 acres 

Setback = 30 f e e t  Setback = 30 f e e t  

Side Slope = 4 : l  Side Slope = 4 : l  

Depth = 18 f e e t  Depth = 20 f e e t  

Required Volume = 1532 a c - f t  Required Volume = 1582 a c - f t  

Depth o f  Water = 15.5 f e e t  Depth o f  Water = 19.1 

Freeboard = 2.5 f e e t  Freeboard = 0.9 f e e t  

Detent ion Basin No. 2 and No. 3 both a c t  t o  reduce the  peak discharges 

along the  Grand Canal channel . The r e s u l t  i s  1 ) a much smal ler  channel 

between 83rd Avenue and the  Outer Loop; s ized on ly  t o  c o l l e c t  t he  

over land f lows t h a t  reach the Grand Canal, and 2)  a reduc t ion  i n  peak 

discharge west o f  t he  Outer Loop from 10,868 CFS down t o  872 CFS which 

can be conveyed i n  a 120 i nch  concrete pipe. This  120 i nch  storm sewer 

o u t l e t  w i l l  r e q u i r e  an i nve r ted  siphon under the  42 i nch  san i ta ry  sewer 

t o  completely d r a i n  the basin. The i n v e r t  o f  the san i ta ry  sewer i s  

about equal t o  t he  i n v e r t  o f  the basin. Therefore the  o u t l e t  p ipe  has 

t o  go under the san i ta ry  sewer. 



Appendix No. 3 i s  t he  HEC-1 i npu t /ou tpu t  f o r  Case A ( r e f e r  t o  P a r t  A - 
O f f s i t e  Hydrology) w i t h  the  a d d i t i o n  o f  Detent ion Basin No. 1. Case A 

i s  t he  e x i s t i n g  hydro log ic  case which i s  being used f o r  t he  concept 

design south o f  the  Grand Canal. 

Appendix No. 4 i s  the  HEC-1 i npu t /ou tpu t  f o r  Case B ( r e f e r  t o  Park A  - 
O f f s i t e  Hydrology) w i t h  t he  a d d i t i o n  o f  de ten t ion  bas in  No. 2 and No. 

3. Case B i s  t he  hydro log ic  model w i t h  the  Paradise Cor r i do r  i n  p lace 

and conveying f lows t o  t he  Outer Loop along the  Grand Canal. Case B i s  

being used f o r  t he  concept design n o r t h  o f  t h e  Grand Canal. 





3.3 Recommended Plan (Estimated Cost: $70,592,300.00) 

The recommended p lan  i s  a combination o f  A l t e r n a t i v e  No. 1 and 

A l t e r n a t i v e  No. 2. The drainage system no r th  o f  the  Grand Canal i s  

taken from A l t e r n a t i v e  No. 1 w i t h  no detent ion.  The s i z e  o f  the  basins 

were too  l a r g e  and the  l eng th  o f  the  downsized conveyance s t ruc tu res  

too  s h o r t  t o  economically j u s t i f y  us ing  the de tent ion  scheme. The 

est imated c o s t  f o r  the  system no r th  o f  the  Grand Canal i s  

$32,689,100 w i thou t  de ten t ion  and $75,545,000 w i t h  detent ion.  The 

predominant f a c t o r  i n  the c o s t  d i f f e r e n t i a l  i s  the  ' r ight -of -way f o r  the 

de tent ion  basins. A t  our est imated c o s t  o f  $4.50 per  square f o o t ,  the 

r ight-of-way f o r  Detent ion Basins No. 2 and No. 3 would c o s t  over 43 

m i l l i o n  d o l l a r s .  

The recommended p lan  south o f  the Grand Canal i s  A l t e r n a t i v e  No. 2 w i t h  

detent ion.  The scheme w i t h  de ten t ion  i s  recommended because i t  i s  seen 

as being more pa la tab le  t o  the  land owners a long Thomas Road and the  

p u b l i c  i n  general t o  have an underground storm sewer i n  Thomas as 

opposed t o  an open channel. The est imated c o s t  o f  the  two a l t e r n a t i v e  

drainage systems south o f  the Grand Canal are c lose  enough t o  d is regard  

c o s t  as a p r e v a i l i n g  f a c t o r  i n  the se lec t ion .  The est imated c o s t  f o r  

the  system south o f  the Grand Canal i s  $31,654,900 w i thou t  de ten t ion  

and $39,008,200 w i t h  detent ion.  That i s  approximately a 23% d i f f e rence  

t h a t  cou ld  be reduced s i g n i f i c a n t l y .  I f  the de tent ion  bas in  r i g h t - o f -  

way was reduced t o  $2..50 per  square f o o t  ins tead o f  the  $4.50 per  

square f o o t  used i n  the cos t  est imate. The a1 t e r n a t i v e  w i t h  de ten t ion  

would c o s t  $30,936,600. 
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4.0 HYDROLOGY 

The hydro1 ogic  ana lys is ,  which es tab l ished the  design peak discharges, 

i s  summarized i n  P a r t  A - O f f s i  t e  Hydro1 ogy (under separate cover) .  

The o f f s i t e  hydrology r e p o r t  inc luded three cases; Case A ,  B, and C 

which correspond t o  d i f f e r e n t  assumptions concerning the  e f f e c t s  o f  the 

fu tu re  Paradise Cor r idor  and the f u t u r e  Grand Avenue Expressway. The 

concept drainage designs presented i n  t h i s  r e p o r t  a re  based on Case A 

f o r  t he  Outer Loop south o f  the Grand Canal and Case B n o r t h  o f  the  

Grand Canal. 

Case A i s  the e x i s t i n g  cond i t ions  r a i n f a l l - r u n o f f  model t h a t  assumes no 

Paradise Cor r idor  and no Grand Avenue Expressway. This  case was used 

f o r  the  concept design south o f  the  Grand Canal t o  make sure t h a t  the  

Outer Loop has adequate p r o t e c t i o n  i n  the  i n t e r i m  a f t e r  the  Outer Loop 

i s  constructed and before the  Paradise Cor r idor  i s  b u i l t .  

Case B was used f o r  the  concept drainage design no r th  o f  the  Grand 

Canal. Case B inc ludes the  Paradise Corr idor .  This  case was used 

no r th  o f  the  Grand Canal t o  prov ide an adequate drainage o u t f a l l  f o r  

the  f u t u r e  Paradise Cor r idor .  

Case C was a model t h a t  inc luded both  the  Paradise Cor r i do r  and the  

Grand Avenue Expressway as h igh  l e v e l  f a c i l i t i e s .  Th i s  case was n o t  

considered due t o  the. f a c t  t h a t  the  Grand Avenue Expressway w i l l  n o t  be 

b u i l t  u n t i l  some t ime i n  the  fu tu re .  



5.0 DESIGN CRITERIA 

The following i s  the general c r i t e r i a  used in sizing the various 

drainage f a c i l i t i e s  considered in th i s  report. I t  should be pointed 

out t h a t  the design i s  only conceptual ; using elevation data from the 
USGS quadrangle maps, neglecting minor hydraulic losses a t  bridges and 
junctions, and only considering confl ic ts  with major sanitary sewers 
and i r r igat ion canal s .  

5.1 Design Frequency 

The rainfal l  frequency used for the alternative designs was the 100- 

year, 24-hour storm. Peak discharges for both the 50-year and the 100- 
year storm were included i n  the Offsite Hydrology report. 

5.2 Open Channels 

The conceptual open channel design was carried out using normal depth 
calculations w i t h  the fol 1 owing channel parameters. 

Channel Type : Trapezoi dal 
Side Slope: 2 : l  

Free Board: 2 foot m i n i m u m  

Mannings I N '  Value: 0.018 (Gunite Lined) 

In areas where the drainage channels cross existing i r r igat ion canals, 
the channels were lowered to  allow the water to  pass under the canal a t  
normal depth; thereby avoiding a backwater condition. The depth of the 
canals and the depth of water i n  the channels i s  typically about 10 
fee t  each. Therefore, where the channels cross i r r igat ion canals they 
had to  be about 20 fee t  deep to  flow freely under the canals. 



The channels were a l l  designed f o r  s u b c r i t i c a l  f low.  The channel 

slopes were designed t o  be l e s s  than o r  equal t o  0.75 t imes c r i t i c a l  

slope t o  keep the  f l ow  ou t  o f  the range o f  hydrau l ic  i n s t a b i l i t y .  

5.3 Detent ion Basins 

The detent ion  basins were designed assuming a 30 f o o t  setback and 4:l 

side slopes. The area and depth o f  each bas in  i s  given i n  Sect ion 3.2 

of t h i s  repo r t .  For  purposes o f  t h i s  study the  basins were assumed t o  

be f l a t  across the  bottom w i t h  no low f l ow  channel. However, low f l ow  

channel s  w i l l  have t o  be inc luded i n  the  f i n a l  design t o  adequately 

p rov ide  f o r  drainage through the basins. 

5.4 Storm Sewer Pipes 

The ma te r ia l  f o r  the  storm sewer p ipe  was assumed t o  be concrete (N = 

.012). Computations f o r  the  energy grade l i n e  and hyd rau l i c  grade l i n e  

are given i n  Appendix 1. The t a i l w a t e r  e leva t ions  f o r  the Thomas Road 

and Bethany Home Road storm dra ins  were assumed t o  be equal t o  the  10- 

year water surface e leva t i on  i n  the  Agua F r i a  R iver  and New River  

respec t i ve l y .  These e leva t i ons  were obta ined from the  Flood Insurance 

Study f o r  Unincorporated Maricopa County. 



COST ESTIMATE 

The est imated c o s t  f o r  each a l t e r n a t i v e  and the  recommended p lan  

inc ludes both the  r ight-of -way cos ts  and the cons t ruc t i on  costs. The 

r ight-of-way c o s t  was est imated a t  $4.50 per  square foo t .  The 

cons t ruc t i on  cos ts  were increased by 30% f o r  appurtenances and t o  cover 

cont ingencies. The u n i t  cos ts  were obtained from DeLeuw, Cather and 

Company (Outer Loop Management Consul tant)  . The cos t  breakdowns f o r  

both a l t e r n a t i v e s  and the recommended p lan  are  prov ided i n  Appendix 2. 

The f o l l o w i n g  i s  an explanat ion o f  t he  method o f  es t imat ing  cos ts  f o r  

open channels, de ten t ion  basins, and storm sewer pipe. 

6.1 Open Channel s  

The est imated c o s t  o f  open channel s  inc ludes the  cos t  o f  r ight-of -way,  

excavation, channel l i n i n g ,  and br idges. A l l  o ther  cos ts  were assumed 

t o  be covered i n  t he  30% increase f o r  appurtenances and cont ingencies. 

The r ight-of -way w id th  was assumed t o  be the channel top  w id th  p lus  20 

f e e t  on each s ide  f o r  maintenance. 

The excavat ion cos ts  were est imated us ing  a u n i t  c o s t  o f  $2.50 per  

cubic yard. Concrete channel l i n i n g  was est imated a t  $20.00 per  square 

ya rd  and br idges a t  $50.00 per  square foo t .  The amount o f  b r idge 

cons t ruc t i on  was determined by assuming a br idge a t  each m i l e  p o i n t  and 

one f o r  each property.  owner between the  m i l e  po in ts .  Typ i ca l l y ,  there  

were 2 t o  4 proper ty  owners per  m i l e .  

6.2 Detent ion Basins 



The est imated c o s t  o f  de ten t ion  basins inc ludes  r igh t -o f -way  and 

excavat ion. The c o s t  o f  fenc ing,  low f l ow  channels, headwalls, e t c .  

was assumed t o  be inc luded i n  t he  30% increase f o r  appurtenances and 

cont ingencies.  The excavat ion cos ts  were est imated a t  $2.50 per  cub ic  

yard .  

6.3 Storm Sewer Pipe 

The storm sewer c o s t  was based on ma in l i ne  concrete p ipe  c o s t  alone 

w i t h  a 30% increase f o r  appurtenances and cont ingencies t h a t  was 

assumed t o  cover t he  c o s t  o f  i n l e t s ,  manholes, e tc .  The f o l l o w i n g  u n i t  

cos ts  were used i n  t he  est imate.  

Pipe Size ( I n . )  U n i t  Cost ($ /F t . )  
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APPENDIX 1 

HYDRAULIC DESIGN DATA 



ALTERNATIVE NO. 1 



STORM DRAIN DESIGN 
ALTERNATIVE NO 1 

ENCANTOBLVD..EXTENDEDTO PAPAGOINTERCEPTORCHANNEL 

Esfimafed Elevation of RID tctnal I n v e r t  = lOIZ.0 f f  This will have f o  be Surveyed for  
Confirmation. Design and Pke  Sire may change depending on th is  Elevafion. 
( ) Ground Elevaf-ions in ' ~arenfheses are Top of Bunk Nevafions from ei jher 
the 1- 10 Channel or %he R I D  Canal. 

4 - 
b 



CHANNEL DESIGN 
ALTERNATIVE NO. 1 (No Detention) 

ALIGNMENT ALONG THOMAS ROAD 
FROM THE AGUA FRIA RIVER TO THE OUTER LOOP 

(Concrete Lined Trapezoidal Channel - 2:1 Side Slope 
MINIMUM FREEBOARD OF 2 FEET 

FROM 

AGUA FRIA 
RIVER 

115th AVENUE 

107thAvenue 

ROOSEVELT CANAL 

- .- 

LOCATION 

TO 

115th AVENUE 

107th AVENUE 

ROOSEVELTCANAL 

99th AVENUE 

DESIGN 
TOP 

WIoTH 

(FT) 

74 

80 

90 

96 

SLOPE 

:FT/FTI 

.0011 

.DO11 

.0011 

.0019 

CHANNEL 
BOTTOM 

(FT) 

30 

30 

30 

20 

DISCHARGE 

(CFS) 

3956 

3896 

3795 

3744 

LENWH 

(FT) 

3100 

5280 

2640 

2640 

MANNINGS 

n 

.018 

.018 

.018 

.018 

CROVHD 
OUTLET 

(FT 

993.0 

1009.0 

1017.0 

1024.0 

NORMA 
DEPTHL 

(FT) 

9.0 

8.9 

8.8 

8.8 

CHANNEL P R O F I L E  

INLET 
(FT) 

1009.0 

1017.0 

1024.0 

1028.0 

CRITICAL 

(FT) 

6.9 

6.9 

6.8 

7.9 

OUTLET 

(FT) 

993.0 

996.4 

1002.2 

1005.0 

R E M A R K S  

ELEYATlOH 
INLET 
(FT) 

996.4 

1002.2 

1005.0 

1010.0 

UOC v 

(FT/SEC) 

9.2 

9.2 

9.1 

11.3 

Channel 19 ft. deep to  get 
under RID Canal. Inver t  Elev. 
o f  Canal = 1014. + ft. 

A 



CHANNEL DESIGN 
ALTERNATIVE NO. 1 (No Detention) 

ALIGNMENT ALONG OUTER LOOP 
BETWEEN THOMAS AND GRAND CANAL 

( Concrete Lined Trapezoidal Channel - 2:l Side Slope 
MINIMUM I'REEBOARD OF 2 FEET 

Drop o f  6.5 ft. t o  get 
under i r r i g a t i o n  d i t c h  @ 

Drop o f  1.0 ft. a t  Camel- 

Drop o f  2.3 ft. a t  

Missouri Avenue. 

Channel w i l l  o u t l e t  i n t o  
channel under i r r i g a t i o n  
d i t c h  O 99th Avenue and 
Thorns Road. 



CHANNEL DESIGN 
ALTERNATIVE NO. I (No Detention) 

ALIGNMFNT ALONG GRANO CANAL 
FROM NEW RIVER TO THE PARADISE CORRIDOR 

(Concrete Lined Trapezoidal Channel - 2:1 Side Slope 
MINIMUM FREEBOARD OF 2 FEET 

LOCATION 

FROM 

NEW RIVER 

lO7thAVENUE 

DESIGN 
TOP 

WIDTH 

(FT) 

245 

165 

140 

110 

97 

84 

84 

84 , 

79 

C H A N N E L  

BOTTOM 
WIDTH 

(FT) 

200 

120 

85 

70 

55 

3 5 

35 

35 

30 

SLOPE 

:FT/FT' 

.0007 

.0007 

.0020 

.0020 

-0020 

.0020 

.0020 

.0020 

.0020 

DISCHARGE 

(CFS) 

10899 

10899 

10883 

8570 

7802 

7802 

78q? 

7802 

7034 

TO 

107th AVENUE 

~ ~ ~ ~ T c ~ $ ~ .  

MANNINGS 

n 

.03 

.018 

.018 

.018 

,018 

018 

.018 

.018 

.018 

LENGTH 

(FT) 

500 

3500 

2400 

5280 

2640 

1320 

660 

660 

2500 

NORMAL 
DEPTH 

(FT) 

9.3 

9.1 

8.1 

7.8 

8.4 

10.3 

10.3 

10.3 

10.4 

-IoN 
OUTLET 

(FT) 

1034.6 

1035.0 

1058.0 

1056.0 

1067.0 

1075.0 

1078.0 

1082.0 

1085.0 

GRAND CANAL 
OUTLET CHAN. 

99th AVENUE 

91st AVENUE 

87th AVENUE 
EXTENDED 

85th AVENUE 
EXTFNOEO 

84th AVENUE 
EXTENDED 

83rd AVENUE 

C H A N N E L  PROFILE 

. INLET 

(FT) 

1035.0 

1058.0 

1056.0 

1067.0 

1075.0 

1078.0 

1082.0 

1085.0 

1090.0 

1 99th AVENUE 

91st  AVENUE 

87 th  AVENUE 
EXTENDED 

85th AVENUE 
EXTENDED 

84th AVENUE 
EXTENDED 

83rd AVENUE 

PARADISE 
CORRIDOR 

CRITICAL 
DEPTH 

(FT) 

4.5 

6.1 

7.5 

7.2 ' 

7.7 

9.6 

9.6 

9.6 

9.6 

INVERT 
OUTLET 

(FT) 

1034.6 

1035.0 

1041.2 

1046.0 

1056.6 

1062.7 

1065.4 

1069.7 

1072.6 

INLET 

(FT) 

1035.0 

1037.8 

1046.0 

1056.6 

1061.9 

1065.4 

1066.7 

1071.0 

1077.6 

REMARKS 

ELOC 

(R/SEC) 

' 

5.4 

8.6 

13.2 

12.7 

12.9 

13 

13.6 

13.6 

13.4 

Earthen channel w i t h  
qrouted r i p r a p  f o r  bank 
orotect ion.  Channel widened 
t o  reduce v e l o c i t v  i n t o  
New River. 

I 

Channel goes ove r  42 in. 
san i ta ry  sewer i n  99th Ave. 
Top of P ine Elev. = 1045.t 

Drop o f  $ 8 0  ft. a t  87th 
Avenue Extended 

Drop o f  3.0 ft. a t  84th 
Avenue Extended 

Drop o f  1.6 f t . a t  83rd 
Avenue 



CHANNEL DESIGN 
ALTERNATIVE NO. 1 (No Detention) 

ALIGNMENT ALONG THE OUTER LOOP 
FROM GRAND CANAL TO 1/4 M I L E  SOUTH OF NORTHERN AVENUE 

(Concrete Lined Trapezoidal Channel - 2:l Side Slope 
MINIMUM FREEBOARD OF 2 FEET 



ALTERNATIVE NO. 2 



b 

STORM DRAIN DESIGN 
ALTERNATIVE NO 2 
THOMAS ROAD ALIGNMENT 



, 

STORM DRAIN DESIGN 
ALTERNATlVE NO 2 

ENCANTO BLVD. EXTENDED TO PAPAGO INTERCEPTOR CHANNEL 

I 

b 

REMARKS 

Assume W.S.LI& 
1008.0 oj Top of 

in  I-@ Chonnrl 

E~ev.(l02O.O)Is A t  
Top o f  I-6 ~ o n o e l  
I W W ~  E & v . = ~ ~ o ~ . o '  
EIev.(l0226)Is A+ 
7q q f  uro cam/ 
h v e r  Eleg =K)12.0' 

H dra ulic Grade 
Checkf X. 

W A T I O N  STORM ORAlN PROFILE L3 

. 

. 

Estimafed Elevafion o f  RID tanal inverif=/012.0 f f . .  This wi l l  have f o  be Surveyed for 
Cofifirrnajion. Design and Pke Size may change depending on fhis Elevafion. 
( ) Ground Elevafions in'~arenfheses are Top of  Bank Nevafions from ei fher 
+he Z- 10 Channel or +he RID Canal. ... 

4 - 

v sr In1 hU,I tin . I r u  t N  

.. 

Q ah.  I v 

. W Y  

. M a  

.MU 

.I 

I-'' 
Channel 

' I D  
Canal 

1320' 
North 
'980' 
Norp 

u J J & W S l  

78 

78 

60 

48 

1.68 

b LB 

124 

-70 
. .  . 

wmu- 

366  

,003~483 

2.61 

2.15 

10.4 

10.4 

9.1 
-------------------. 

I 

*' * 
Canal 

North 
lgg0' 
North 

B l v i  

( F T l  

l. 68 

- 
- 

- 
~ 

,n 

IWf& 

I 0B.a 

1018.18 

1020.78 

"020d'~2' 1008.0 

M1O.O 

1015.3 

toll? 

1001.0 

1320'(1a2-0' 
1012.0 

(024.0 

1025.0 

( F T l  

f013.38 

1018.I8 

1020.78 

1 0 2 2 ~  

1012.0 

1024.0 

lOZ5.0 

1027.0 

fd10.0 

J0t5.3 

10129 

1020.5 

1008.0 

10t1.7 

lOf6.5 

1019.1 

!F T \  

/61t. 7 

1616.5 

1019. f 

1021.2 

I000 

1320 

660 

b60 

.0020 

.0040 

.0039 

.0034 

344 

344 

178 

89 



b 

, 

STORM DRAIN DESIGN 

ALTERNATIVE NO 2 
ENCANTO BOULEVARD TO THOMAS ROAD 

I 

b 

REMARKS ' 

INV ELEY ON 
rn SIDE OP 
PtTEM?ON 
MIN ~ 0 . \ 1 0 0 4  

fW CONVm 
DETWTIbN. 

MSIN No. l 

6 

LOCATION ENERGY GRADE LINE/ HYDRAULIC GRADE LINE 
FROM TO 0- 
NOOE MCM 

I Q ~ T I  

T H W + S  ROAD TC ENCANTO 
b 

.7 
Thornw 
Rod 

i 

~ F T I  

tvrnh 
B l ~ d .  
w 

- -- 

F 

DB.0 

NOTE: 

( F T ~  

- 
1 

lo270 

THl5 

IFTlm. 

1019.4 

PIPE 

1021.5 

FLOW5 

1'320 .0016 

PA~IALLY FML. 

931 96 6.6 .OOItZ 1.5 



STORM DRAIN DESIGN 
ALTERNATIVE NO 2 

- GRAND CANAL ALIGNMENT 

REMARKS 

INV. ELEV, OF 
RNER b n  1031.0 1059.0 1045.0 1049.0 6000 .OD07 871 120 11.1 .m 1V.1 19 1.9 IWl.9 10579 10400 lOW DCTMfIO)J 

No. 3 W I N  t+ .3*lOult. 
b b n  Wmtm PIPE 
b m  b \ n  1057.0 10850 1044.0 1072.0 8500 .DO33 152 60 7.7 .m 246 ,4 .9 lOIje6 tm.4 W9 1682.g UNDER 9'' N. 
-b.?i G.2 5WER. MV, Or 

DFTmIorJ 
M51N N#.Z*V)(I102, 

APPR3XIMC;TE IlJIJERf' OF NEW F.IVER. 

@110-~ A R  \.JsEL IN EJEW RNER 

I 
, 1 



CHANNEL DESIGN 
ALTCRNATIVE NO. 7 

ALIGIiMEIiT ALONG OIJTER LOOP 
FROM THOMAS ROAD TO TllE GRAND CANAL 

(Concrete Lined Trapezoidal Channel - 2:l Side Slope 
MINIMUM FREEBOARD OF 2 FEET 

REMARKS 

I n v e r t  Elev. on North s ide  
o f  1008. Detention Basin #1 = 

Drop of  0.7 ft. a t  
Campbell Avenue Extended. 

Drop o f  1.0 ft. a t  
Camelback Road. 

Drop of 2.8 ft. a t  
Y issour i  Avenue Extended. 

SLOPE 

'FT/FT: 

.0020 

.0013 

.0016 

.0023 

.0017 

.0025 

VELOC~TY 

(FT/SEC) 

7.9 

9.2 

9.5 

10.0 

7.6 

7.3 

EYAINN 
INLET 

(FT) 

1028 

1032.0 

1036.0 

1042.0 

1047.0 

MISSOURI AVE. 1056.0 

CRITICAL 
DEPTH 

(FT) 

4.4 

6.4 

6.2 

6.4 

4.9 

3.4 

C H A N N E L  P R O F I L E  

I 

I 

C 

NORMAL 
oEPTH 

(FT) 

5.1 

8.0 

7.4 

6.9 

5.8 

3.8 

I 

1 
I 

! 

DESIGN 
TOP 

W,oTH 

(FT) 

53 

68 

61 

47 

41 

31 

LENGTH 

(FT) 

1320 

1320 

2640 

2640 

2640 

2640 

lNVERT 
OUTLET 

(FTI 

1018.3 

1020.2 

1021.9 

1026.8 

1033.8 

1041.2 

C H A N N E L  

BOTTOM 
wlDTH 

(FT) 

10 

25 

20 

10 

8 

8 

DISCHARGE 

(CFS) 

825 

3023 

2401 

1650 

791 

432 

INLET 

(FT) 

1020.9 

10'21.9 

1026,l 

1032.8 

1038.4 

1047.8 

MANNINGS 

n 

.018 

.01R 

.018 

.018 

.018 

.018 



CHANNEL DESIGN 
All[Rl4AllVI NO. 2 

ALIGNr4CNMLNl ALONG NOR'III 51 3C OF TtIE 
GRAND CANAL FRO11 TIiE OUTCR LOOP TO TtIE PARADISE CORRIDOR 

(Concrete Lined Trapezoidal Channel - 2:l Side Slope 
MINIMUM FREEBOARD OF 2 FEET 

LOCATION I C H A N N E L  P R O F I L E  C H A N N E L  DESIGN R E M A R K S  

BOTTOM T O P .  NORMAL CRITICAL ELOC -N'lNvEuT ELEVAT'ON LENGTH SLOPE DISCHARGE MANNINGS 
WIDTH W[DTH DEPTH DEPTH V 

FROM TO OUTLET INLET OUTLET INLET 
(FT (FT) (FT) ( F T ~  ( F T ~  :FT/FT~ (CFS) (FT) (FT) (FT) (FT) (FT/SEC) n 

DETENTION I n v e r t  Elev. of Deten- 
t i o n  Basin W3 = 1039. + 
Drop of 1.8 ft. a t  91st 
Avenue. 

Drop o f  3.7 ft. 1/2 m i l e  
east o f  91st. Avenue. 

- 

- 



CHANNEL DESIGN 
ALTERNATIVE NO. 2 

ALIGNMENT ALONG OUTER LOOP 
NORTH OF GRAND CANAL 

(Concrete Lined Trapezoidal Channel - 2:l Side Slope 
MINIMUM PREE8OARD OF 2 FEET 

Drop o f  5.7 ft. a t  
G l  e n d a l  e A v e n u e  



RECOMMENDED PLAN 



STORM DRAIN DESIGN 
RECOMMENDED PLAN 
THOMAS ROAD ALIGNMENT 



STORM DRAIN DESIGN 
RECOMMENDED PLAN 

ENCANTOBOULEVARDTOTHOMASROAD 

NOTE: TH lS PIPE mJ5 PkRf lAL.LY F'ULL. 



L 

. ,  , 

Es timafed Elevafion of RID &no/ I n v e r t  = /OIZ.O f f . .  This will have fo  be Surveyed for 
Confirmation. Design and P+e Sire may change depending on fhis Elevafion. 
( ) Ground Elevrzfions in'parenfheses are Top of Bank Nevafions f rom either 
f i e  I- f0 Channel or fbe RID Canal. 

+ - .. . 

+ 

STORM DRAIN DESIGN 

RECOMMENDED PLAN 

ENCANTO BLVD. EXTENDED TO PAPAGO INTERCEPTOR CHANNEL 

I 

d b 



CHANNEL DESIGN 
RECOMtIENDED PLAN 

ALIGNMENT ALONG THE OUTER LOOP FROM 
THMtAS ROAD TO THE GRAND CANAL 

(Concrete Lined Trapezoidal Channel - 2:l Side Slope 
MINIMUM FREEBOARD OF 2 FEET 

SLOPE 

'FTIFT' 

, ~ 7 n  

.0016 

.DO23 

.0017 

.a025 

FROM 

::TE"T1ON 

DETENTION BASIN 
P 1 

INDIAN XHOOL 
RD. 

CAMPBELL AVE. 
EXTENDED 

CmE~BACK ROAD 

-- 

MISSOURI AYE. 
EXTENDED 

CRITICAL 
DEPTH 

(FT) 

4.4 

6.4 

6.2 

6.4 

4.9 

3.4 

L O C A T I O N  C H A N N E L  PROFILE DESIGN 
TOP 

WIDTH 

(FT) 

53 

68 

6 1 

4 7 

4 1 

31 

C H A N N E L  

BOTTOM 
WIDTH 

(FT) 

10 

75 

20 

10 

8 

8 

DISCHARGE 

(CFSI 

825 

-~~3--7n77 

2401 

1650 

791 

432 

NORMAL 
DEPTH 

(FT) 

5 .1  

8.0 

7.4 

6.9 

5.8 

3.8 

MANNINGS 

n 

.018 

018 

,018 

.018 

.018 

.Dl8 

REMARKS 

TO 

SOUTH TO 
THOMAS ROAD 

NORTH TO 
RIDIAN SCHOOL 

CAMPBELL *VE- 
EXTENDED 

CAMELBACK 
ROAD 

MISSOURI AYE. 
EXTENDED 

GRAND CANAL 

ELOC " 
(FT/SEC) 

7.9 , 

9.2 

9.5 

7.6 

7.3 

LENGTH 

I n v e r t  Elev. on Nor th  s i d e  
o f  Detention Basin U1 = 
1008 + 

Drop o f  0.7 ft. a t  Campbell 
Avenue Extended. 

Drop o f  1.0 ft. a t  Camelback 
Road. 

Drop o f  2.8 ft. a t  Missour i  
Avenue Extended. 

I 
I 
I 
I 

i 
i 

INLET 

(FT) 

1020.9 

OUTLET 
(FT) 

1029.0 

1031 

1032.0 

1036.0 

1042.0 

1047.0 

- 

(FT) 

1320 

INLET 

(FT) 

1028.0 

1032.0 

1036.0 

1042.0 

1047.0 

1056.0 

INVERT 
OUTLET 

(FT) 

1018.3 

1020.2 

1021.9 

1026.8 

1033.8 

1041.2 

1026.1 

1032.0 

1038.4 

1047.8 

1320 

2640 

2640 

2640 

2640 



CHANNEL DESIGN 
RECOMMEt4DEO PLAN 

ALIGNMENT ALONG GRANO CANAL 
FROM NEW RIVER TO TliE PARADISE CORRIDOR 

(Concrete Lined Trapezoidal Channel - 2:l Side Slope 
MINIMUM FREEBOARD OF 2 FEET 

1 

' 

FROM 

NEW RIVER 

1°7th AVENUE 

GRAND CANAL 
OUTLET CHAN. 

99th AVENUE 

91st AVENUE 

87th AVENUE 
EXTENDED 

85th AVENUE 
EXTENDED 

84th AVENUE 

LOCATION 

TO 

107th AVENUE 

GRANO CANAL 
OUTLET CHAN. 

99th AVENUE 

91st AVENUE , 

85th AVENUE 
EXTENDED 

84th AVENUE 
EXTENDED 

CRITICAL 
DEPTH 

(FT) 

4.5 

6.1 

7.5 

7.2 

7.7 

9.6 

9.6 

SLOPE 

:FT/FT' 

.0007 

.DO07 

-0020 

.0020 

.OD20 

.On20 

.0020 

EXTENDED 

83rd AVENUE 

REMARKS 

83rdAVENUE 

PARADISE 
CORRIDOR 

YELOC 
- 

(Fl/SEC) 

5.4 

8 6 

13.2 

12.7 

12.9 

13.6 

13.6 

-ON 
OUTLET 

(Ff) 

1034.6 

1035.0 

1058.0 

1056.0 
- 

1067.0 

1075.0 

1078.0 

DESIGN 
TOP 

WIDTH 

(FT) 

245 

165 

140 

110 

97 

84 

84 

CHANNEL 
BOTTOM 
WIDTH 

(FT) 

200 

120 

85 

70 

55 

35 

35 

DISCHARGE 

(CFS) 

10899 

10899 

10883 

8570 

7802 

7802 

7802 

CHANNEL PROFILE 

Earthen channel w i t h  
grouted r i p r a p  f o r  bank 
protection. Channel 
widened t o  reduce v e l o c i t y  
I n t o  New River. 

Channel goes over 42 in. 
sani tary sewer i n  99th Ave. 
top o f  p ipe elev, = 1045, + 

Drop o f  .80 ft. a t  87th 
Avenue Extended. 

Drop o f  3.0 ft. a t  84th 

INLET 

(FT) 

1035.0 

1058.0 

1056.0 

1067.0 

1075.0 

1078.0 

1082.0 

9.6 

9.6 

-- - 

NORMAL 
DEPTH 

(FT) 

9.3 

9.1 

8.1 

7.8 

8.4 

10.3 

10.3 

MANMlNCS 

n 

.030 

.018 

.018 

.018 

.018 

.018 

.018 

13.6 

13.4 

LENGTH 

(FT) 

500 

3500 

2400 

5280 

2640 

1320 

660 

Avenue Extended. 

Drop o f  1.6 ft. a t  83rd 
Avenue' 

I 

lNVERT 
OUTLET 

(FT) 

1034.6 

1035.0 

1041.2 

1046.0 

1056.6 

1062.7 

1065.4 

84 

79 

35 

30 

INLET 

(FT) 

1035.0 

1037.8 

1046.0 

1056.6 

1061.9 

1065.4 

1066.7 

10.3 

10.4 

- 

.Dl8 

.018 

1082.0 

1085.0 

I 

.0020l 7802 1085.0 

1090.0 .0020 

660 

2500 

1069.7 

1072.6 - 

- - - - -  

7034 

----- 

1071.0 

1077.6 



CHANNEL DESIGN 
RECMSMENDED PLAN 

ALIGNMENT ALONG THE OUTER LOOP FROM GRAND 
CANAL TO 1/4 VILE SOUTH OF NORTHERN AVENUE 

(Concrete Lined Trapezoidal Channel - 2:1 Side Slope 
MINIMUM 1:REEEOARD OF 2 FEET 

Drop o f  4.3 ft. a t  
G l e n d a l e  Avenue 

Drop o f  2.6 ft. a t  
Orangewood Ave. Extended 



APPENDIX 2 

COST ESTIMATES 



ALTERNATIVE NO. 1 



COST ESTIMATE - ALTERNATIVE NO. 1 

STORM SEWER COST 

LOCATION SIZE 

From T o I n .  

Encanto Boulevard t o  

660' south 48 

660' south t o  

1320' south o f  

Encanto Boulevard 6 0 

1320' south t o  

R I D  Canal 78 

R I D  Canal t o  

1-10 Channel 78 

LENGTH UNIT COST COST 

F t .  $/L.F. $ 

Subtota l  $ 539,880.00 

Plus 30% (Appurtenances and 

Cont ingencies) $ 161,964.00 

Tota l  $ 701,844.00 



COST ESTIMATE - ALTERNATIVE NO. 1 

THOMAS ROAD CHANNEL - AGUA FRIA RIVER TO THE OUTER LOOP 

LOCAT I ON DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

Agua F r i a  115th Ave. Excavat ion C.Y.  65,674 2.50 164.185.00 

R iver  Channel L i n i n g  S.Y. 27,278 20.00 545,555.00 

Bridges S.F. 2 @ 3,600 50.00 360,000.00 

1 @ 7.200 50.00 360,000.00 

Const ruc t ion  Cost 1,429.740.00 

30% (Appurtenances and Cont ingencies) 428,922.00 

Tota l  Cons t ruc t ion  Cost 1.858.662.00 

ROW S. F. 353,400 4.50 1,590,300.00 

Tota l  Cost 3,448.962.00 

115th Ave. 107th Ave. Excavat ion C . Y .  

Channel L i n i n g  S.Y. 50,658 20.00 1,013,160.00 

Br idges S.F. 4 @ 4,000 50.00 800,000.00 

1 @ 8,000 50.00 400,000.00 

Const ruc t ion  Cost 2.553.192.00 

30% (Appurtenances and Cont ingencies) 765,958.00 

Tota l  Cons t ruc t ion  Cost 3.319.150.00 

ROW S.F. 633,600 4.50 2,851,200.00 

Tota l  Cost 6,170.350.00 



COST ESTIMATE - ALTERNATIVE NO. 1 

THOMAS ROAD CHANNEL - AGUA FRIA RIVER TO THE OUTER LOOP 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

107th Ave. R i d  Canal Excavat ion C.Y. 86.250 2.50 215,625.00 

Channel L i n i n g  S.Y. 28,215 20.00 564,300.00 

Br idges S.F. 1 @ 4,500 50.00 225,000.00 

Construct ion Cost 1.004,925.00 

30% (Appurtenances and Cont ingencies) 301,478.00 

Tota l  Construct ion Cost 1.306.403.00 

ROW S.F. 343,200 4.50 1,544,400.00 

Tota l  Cost 2.850.803.00 

R i d  Canal 99th Ave. Excavat ion C.Y .  107,751 2.50 269.378.00 

Channel L i n i n g  S.Y. 30,791 20.00 615,827 .OO 

Br idges S.F. 2 8 5,300 50.00 530,000.00 

Construct ion Cost 1,415.205.00 

30% (Appurtenances and Cont ingencies) 424,562 .OO 

To ta l  Cons t ruc t ion  Cost 1.839.767.00 

ROW S.F. 359.040 4.50 1,615,680.00 

Tota l  Cost 3,455.447.00 

TOTAL COST OF THOMAS ROAD CHANNEL AGUA FRIA RIVER TO THE OUTER LOOP $15,925.562.00 



COST ESTIMATE - ALTERNATIVE NO. 1 

OUTER LOOP CHANNEL - 112 MILE SOUTH OF THOMAS ROAD TO GRAND CANAL 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

Thomas Rd. Osborn Rd. Excavation C.Y. 65,218 2.50 163,044.00 

Extended Channel Lining S.Y. 25,353 20.00 507.053.00 

Bridges S.F. 1 Q 8,100 50.00 405,000.00 
2 Q 4,050 50.00 405,000.00 

Construction Cost 1.480.097.00 

30% (Appurtenances and Contingencies) 444,029.00 

Total Construction Cost 1,924.126.00 

ROW S.F. 319,440 4.50 1,437,480.00 

Total Cost 3,361.606.00 

- - - - ppp 

Osborn Rd. Indian Excavation C.Y. 49.575 2.50 123.938.00 

Extended School Rd. Channel Lining S.Y. 22,049 20.00 440,989.00 

Bridges S.F. 1 Q 3,550 50.00 177,500.00 

1 @ 7,100 50.00 355,000.00 

Construction Cost 1.097,427.00 

30% (Appurtenances and Contingencies ) 329.228.00 

Total Construction Cost 1.426,655 .OO 

ROW S.F. 293,040 4.50 1.318,680.00 

Total Cost 2.745 -335 .OO 



COST ESTIMATE - ALTERNATIVE NO. 1 

OUTER LOOP CHANNEL - 1/2 MILE SOUTH OF THOMAS ROAD TO GRAND CANAL 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

Ind ian  Campbell Ave Excavat ion C.Y. 38,116 2.50 95,290.00 

School Rd. Extended Channel L i n i n g  S.Y. 19,302 20.00 386,040.00 

Bridges S.F. 1 @ 3,100 50.00 155,000.00 

Const ruc t ion  Cost 636,330.00 

30% (Appurtenances and Cont ingencies) 190,899.00 

Tota l  Cons t ruc t ion  Cost 827,229.00 

ROW S.F. 269,280 4.50 1,211,760.00 

Tota l  Cost 2.038.989.00 

Campbell Camel back Excavat ion C.Y. 25.547 2.50 63,868.00 

Ave. Ext .  Rd. Channel L i n i n g  S.Y. 15,001 20.00 300,021.00 

Br idges S.F. 2 @ 2,350 50.00 235,000.00 

1 @ 4.700 50.00 235,000.00 

Const ruc t ion  Cost 833,889.00 

30% (Appurtenances and Cont ingencies) 250,167 .OO 

To ta l  Cons t ruc t ion  Cost 1.084.056.00 

ROW S. F. 229,680 4.50 1,033,560.00 

Tota l  Cost 2,117.616.00 



COST ESTIMATE - ALTERNATIVE NO. 1 

OUTER LOOP CHANNEL - 112 MILE SOUTH OF THOMAS ROAD TO GRAND CANAL 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

Camel back Missour i  Excavat ion C.Y. 19.563 2.50 48,908.00 

Rd. Avenue Channel L i n i n g  S.Y. 13,104 20.00 262,073.00 

Extended Bridges S.F. 2 @ 1.850 50.00 185,000.00 

Const ruc t ion  Cost 495,981.00 

30% (Appurtenances and Cont ingencies) 148,794 .OO 

To ta l  Cons t ruc t ion  Cost 644,775.00 

ROW S. F. 213,840 4.50 962,280.00 

Tota l  Cost 1.607,055.00 

Missour i  Grand Canal Excavat ion C.Y.  12,690 2.50 31,724.00 

Avenue Channel L i n i n g  S.Y. 10,611 20.00 212,223.00 

Extended Bridges S.F. 2 @ 1,450 50.00 145,000.00 

Const ruc t ion  Cost 388,947.00 

30% (Appurtenances and Cont ingencies) 116,684.00 

To ta l  Cons t ruc t ion  Cost 505,632.00 

ROW S. F. 192,720 4.50 867,240.00 

Tota l  Cost 1.372.872.00 



COST ESTIMATE - ALTERNATIVE NO. 1 

OUTER LOOP CHANNEL - 1/2 MILE SOUTH OF THOMAS ROAD TO GRAND CANAL 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

Thomas Road Encanto Excavation C.Y. 24,640 2.50 61,600.00 

Boulevard Channel L i n i n g  S.Y. 14,740 20.00 294,800.00 

Extended Bridges S.F. 2 @ 2,300 50.00 230,000.00 

Construct ion Cost 586,400.00 

30% (Appurtenances and Contingencies) 175.920.00 

Tota l  Construct ion Cost 762,320.00 

ROW S.F. 227.040 4.50 1,021,680.00 

Tota l  Cost 1,784.000.00 

TOTAL COST OF OUTER LOOP CHANNEL 112 MILE SOUTH OF THOMAS ROAD TO GRAND CANAL $15.027,473.00 



LOCATION 

From To 

COST ESTIMATE ALTERNATIVE NO. 1 

OUTER LOOP CHANNEL - GRAND CANAL TO NOTHERN AVENUE 

DESCRIPTION UNIT QUANTITY UNIT COST COST 

Grand Canal G l  endal e Excavat ion C .Y .  92,365 2.50 230,912.00 

Ave . Channel L i n i n g  S.Y. 42,787 20.00 855,741.00 

Bridges S.F. 3 @ 3,400 50.00 510,000.00 

Const ruc t ion  Cost 1,596.653.00 

30% (Appurtenances and Cont ingencies) 478,996.00 

Tota l  Cons t ruc t ion  Cost 2,075.649.00 

ROW S.F. 570,240 4.50 2,566,080.00 

Tota l  Cost 4.641.729.00 

Glendale Orangewood Excavat ion C.Y.  10.812 2.50 27,030.00 

Ave . Avenue Channel L i n i n g  S.Y. 9,824 20.00 196,480.00 

Extended Bridges S.F. 1 @ 3,100 50.00 155,000.00 

2 @ 1,550 50.00 155.000.00 

Const ruc t ion  Cost 533,510.00 

30% (Appurtenances and Cont ingencies) 160,053.00 

To ta l  Cons t ruc t ion  Cost 693.563.00 

ROW S. F. 187.440 4.50 843,480.00 

Tota l  Cost 1.537.043.00 



COST ESTIMATE - ALTERNATIVE NO. 1 

OUTER LOOP CHANNEL - GRAND CANAL TO NORTHERN AVENUE (CONT.) 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

Orangewood 114 m i l e  Excavat i  on C.Y. 3,868 2.50 

Avenue South o f  Channel L i n i n g  S.Y. 4,190 20.00 

Extended Northern Br idges S.F. 1 @ 1,400 50.00 

Const ruc t ion  Cost 

30% (Appurtenances and Cont ingencies) 

To ta l  Cons t ruc t ion  Cost 

ROW S.F. 89.760 4.50 

Tota l  Cost 

TOTAL COST OUTER LOOP CHANNEL - GRAND CANAL TO NORTHERN AVENUE $ 6,795,203.00 



COST ESTIMATE - ALTERNATIVE NO. 1 

GRAND CANAL CHANNEL - NEW RIVER TO PARADISE CORRIDOR 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

New River  Grand Canal Excavat ion C.Y.  224,741 2.50 561,852.00 

O u t f a l l  Channel L i n i n g  S Y .  69.210 20.00 1.384,200.00 

Grouted Riprap S.Y. 2,778 25.00 69.450.00 

Bridges S.F. 1 @ 8.250 50.00 412.500.00 

Construct ion Cost 2 428,002.00 

30% (Appurtenances and Cont ingencies) 728,400.00 

Tota l  Construct ion Cost 3,156.402.00 

ROW S.F. 890,350 4.50 4,006,575.00 

Tota l  Cost 7,162,977.00 

Grand Canal 99th Ave. Excavat ion C.Y. 133,166 2.50 332,916.00 

O u t f a l l  Channel L i n i n g  S.Y. 38,456 20.00 769,120.00 

Bridges S.F. ------ 50.00 -------- 
Const ruc t ion  Cost 1,102.036.00 

30% (Appurtenances and Cont ingencies) 330,611.00 

Tota l  Cons t ruc t ion  Cost 1.432.647.00 

ROW S.F. 432,000 4.50 1.944,OOO.OO 

Tota l  Cost 3,376,647.00 



COST ESTIMATE - ALTERNATIVE NO. 1 

GRAND CANAL CHANNEL - NEW RIVER TO PARADISE CORRIDOR 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

99th Ave. 91s t  Ave. Excavat ion C.Y. 176,000 2.50 440,000.00 

Channel L i n i n g  S.Y. 67,303 20.00 1,346,060.00 

Bridges S.F. 1 @ 11,000 50.00 550,000.00 

1 @ 5,500 50.00 275,000.0'0 

Construct ion Cost 2.611.060.00 

30% (Appurtenances and Cont ingencies) 783,318.00 

Tota l  Construct ion Cost 3,394.378.00 

ROW S.F. 792,000 4.50 3,564,000.00 

Tota l  Cost 6,958.378.00 

91s t  Ave. 87rd Ave. Excavat ion C.Y. 77,080 2.50 192.700.00 

Extended Channel L i n i n g  S.Y. 29.776 20.00 595,520.00 

Bridges S.F. 1 @ 9.700 50.00 485,000.00 

Const ruc t ion  Cost 1,273.220.00 

30% (Appurtenances and Cont ingencies) 381,966 .OO 

To ta l  Cons t ruc t ion  Cost 1.655.186.00 

ROW S.F. 361,680 4.50 1,627,560.00 

Tota l  Cost 3.282,746 .OO 



COST ESTIMATE - ALTERNATIVE NO. 1 

GRAND CANAL - NEW RIVER TO PARADISE CORRIDOR 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

8 7 t h  Ave. 8 3 r d  Ave. Excavat ion C.Y. 71,679 2.50 179.198.00 

Extended Channel L i n i n g  S.Y. 26,402 20.00 528,040.00 

Bridges S.F. 1 @ 8,400 50.00 420,000.00 

Construct ion Cost 1,127,238.00 

30% (Appurtenances and Cont ingencies) 338,171 .OO 

To ta l  Construct ion Cost 1,465.409.00 

ROW S.F. 327,360 4.50 1,473,120.00 

Tota l  Cost 2,938.529.00 

83rd Ave. Paradise Excavat ion C.Y. 62,919 2.50 157,296.00 

Cor r i do r  Channel L i n i n g  S.Y. 23,737 20.00 474,747.00 

Bridges S.F. - - - - - 50.00 -------- 
Const ruc t ion  Cost 632,043.00 

30% (Appurtenances and Cont ingencies) 189,613.00 

Tota l  Cons t ruc t ion  Cost 821,656.00 

ROW S. F. 300,000 4.50 1,350,000.00 

Tota l  Cost 2,171.656.00 

TOTAL COST OF GRAND CANAL CHANNEL - NEW RIVER TO PARADISE CORRIDOR $25,890.933.00 



OUTER LOOP COST ESTIMATE SUMMARY 

ALTERNATIVE NO. 1 

STORM SEWER 

THOMAS ROAD CHANNEL - AGUA FRIA RIVER TO THE OUTER LOOP 

OUTER LOOP CHANNEL - 112 MILE SOUTH OF THOMAS ROAD TO GRAND CANAL 

OUTER LOOP CHANNEL - GRAND CANAL TO NORTHERN AVENUE 

GRAND CANAL CHANNEL NEW RIVER TO PARADISE CORRIDOR 

TOTAL COST ALTERNATIVE NO. 1 



ALTERNATIVE NO. 2 



ALTERNATIVE NO. 2 

DETENTION BASIN #1 

80 ACRE BASIN = 3,484,800 Square feet 

ROW COST = $15,681,600.00 

S 4 50/S.F. 

EXCAVATION COST 

@ 2.50/S.Y. = 1578 Ac-Ft x 43,560 Ft/Ac = 68,737,680 C.F. 
- 27 C.F.1C.Y. 
= 2,545,840 C.Y. 

x $2.50/C.Y. 

30% CONTINGENCIES 

& APPURTENANCES = $ 1,909.380.00 

CONSTRUCTION COST= $ 8,273,980.00 

TOTAL COST = $23.955.580.00 



ALTERNATIVE NO. 2 

DETENTION BASIN #2 

120 ACRE BASIN = 5,227,200 Square feet 

ROW COST = $23,522,400.00 

@ 4.50/S.F. 

EXCAVATION COST 

S 2.50/S.Y. = 1613 Ac-Ft x 43,560 S.F./Ac = 70,262,280. C.F. 
- 27 C.F./C.Y. 

= 2,602,307 C.Y. 

x $2.50/C.Y. 

30% CONTINGENCIES 

& APPURTENANCES = $ 1.951,730.00 

CONSTRUCTION COST= $ 8,457,497.00 

TOTAL COST = $31,979,897 .OO 



ALTERNATIVE NO. 2 

DETENTION BASIN #3 

100 ACRE BASIN = 4,356.000 Square feet 

. ROW COST = $19,602,000.00 

@ 4.50/S.F. 

EXCAVATION COST 

@ 2.50/S.Y. = 1663 Ac-Ft x 43,560 S.F./Ac = 72,440,000. C.F. 
- 27 C.F./C.Y. 
= 2,683,000 C.Y. 

x $2.50/C.Y. 

30% CONTINGENCIES 

& APPURTENANCES = $ 2,012,250.00 

CONSTRUCTION COST= $ 8,719,750.00 

TOTAL COST = $28,321,750.00 

TOTAL DETENTION BASIN COST $84,257,200 



LOCATION 

From To 

COST ESTIMATE - ALTERNATIVE NO. 2 

STORM SEWER COST 

Thomas Road t o  

112 m i l e  south 9 6 

Encanto Boulevard t o  

660' south 48 

SIZE LENGTH UNIT COST COST 

I n .  F t .  $/L.F. $ 

660' south t o  

1320' south o f  

Encanto Boulevard 6 0 

1320' south t o  

RID Canal 78 

RID Canal t o  

1-10 Channel 

Subtota l  $1,107,480.00 

Plus 30% (Appurtenances and 

Cont ingencies) $ 332,224.00 

Tota l  $1,439,700.00 

Agua F r i a  R iver  

t o  Deten t ion  Basin 

#1 7 8 15320 165.00 $2,527,800.00 

P l  us 30% (Appurtenances and 

Cont ingencies) $ 758,340.00 

To ta l  $3,286,140.00 



LOCATION 

From To 

COST ESTIMATE - ALTERNATIVE NO. 2 

STORM SEWER COST 

SIZE LENGTH UNIT COST COST 

I n .  F t .  $/L.F. $ 

New River  t o  

Outer Loop on 

Bethany Home Rd. 120 5600 450.00 $2,520,000.00 

Plus 30% (Appurtenances and 

Cont ingencies) $ 756,000.00 

ROW Cost 26.0' Wide 5600 4.50 $ 655,200.00 

Tota l  $3,931,200.00 

Deten t ion  Basin #2 

t o  Detent ion Basin 

#3 6 0 9400 140.00 $1,316,000.00 

Plus 30% (Appurtenances and 

Cont ingencies) $ 394,800.00 

Tota l  $1,710,800.00 

TOTAL STORM SEWER COST 



COST ESTIMATE - ALTERNATIVE NO. 2 

OUTER LOOP CHANNEL - THOMAS ROAD TO GRAND CANAL 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

Thomas Rd. Deten t ion  Excavat ion C.Y. 12,418 2.50 

Basin #1 Channel L i n i n g  S.Y. 7,304 20.00 

Br idges S.F. 1 8 2,650 50.00 

Const ruc t ion  Cost 

30% (Appurtenances and Cont ingencies) 

To ta l  Cons t ruc t ion  Cost 

ROW S. F. 122,760 4.50 

Tota l  Cost 

Deten t ion  Ind ian  Excavat ion C.Y. 23,460 2.50 58,650.00 

Basin #1 School Rd. Channel L i n i n g  S.Y. 10,520 20.00 210,400.00 

Bridges S. F. 1 8 3,300 50.00 165,000.00 

Const ruc t ion  Cost 434,050.00 

30% (Appurtenances and Cont ingencies) 130,215 .OO 

To ta l  Cons t ruc t ion  Cost 564,265.00 

ROW S.F. 142,560 4.50 641,520.00 

Tota l  Cost 1.205,785.00 

Ind ian  Campbell Ave Excavat ion C.Y. 39.780 2.50 99.249.00 

School Rd. Extended Channel L i n i n g  S.Y. 19,116 20.00 382,322.00 

Bridges S.F. 1 8 2,750 50.00 137,500.00 

Const ruc t ion  Cost 619,071.00 

30% (Appurtenances and Cont ingencies) 185,721 .OO 

To ta l  Cons t ruc t ion  Cost 804,793.00 

ROW S. F. 266.640 4.50 1,199,880.00 

Tota l  Cost 2,004.673.00 



COST ESTIMATE - ALTERNATIVE NO. 2 

OUTER LOOP CHANNEL - THOMAS ROAD TO GRAND CANAL 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

Campbell Ave Camelback Excavat ion C.Y. 25,547 2.50 63,868.00 

Extended Rd . Channel L i n i n g  S.Y. 15,001 20.00 300,020.00 

Br idges S.F. 2 @ 2,350 50.00 235,000.00 

1 @ 4.700 50.00 235,000.00 

Const ruc t ion  Cost 833,888.00 

30% (Appurtenances and Cont ingencies) 250,166 .OO 

To ta l  Cons t ruc t ion  Cost 1,084,054.00 

ROW S.F. 229,680 4.50 1,033,560.00 

Tota l  Cost 2,117.614.00 

Camel back Missour i  Ave Excavat ion C.Y. 19,563 2.50 48,908.00 

Rd. Extended Channel L i n i n g  S.Y. 13,104 20.00 262,073.00 

B r i  dges S.F. 2 @ 1,850 50.00 185,000.00 

Const ruc t ion  Cost 495,981.00 

30% (Appurtenances and Cont ingencies) 143,794.00 

To ta l  Cons t ruc t ion  Cost 644,775.00 

ROW S.F. 213,840 4.50 962,280.00 

Tota l  Cost 1,607,055.00 



COST ESTIMATE - ALTERNATE NO. 2 

OUTER LOOP CHANNEL - THOMAS ROAD TO GRAND CANAL 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

Missour i  Ave Grand Canal Excavat ion C.Y. 11.115 2.50 27,788.00 

Extended Channel L i n i n g  S.Y. 9,955 20.00 199,105.00 

Br idges S.F. 2 @ 1,500 50.00 150,000.00 

Const ruc t ion  Cost 376,893.00 

30% (Appurtenances and Cont ingencies) 113,068.00 

Tota l  Cons t ruc t ion  Cost 489.961.00 

ROW S.F. 187,440 4.50 843,480.00 

Tota l  Cost 1,333,441.00 

TOTAL COST OUTER LOOP CHANNEL - THOMAS ROAD TO GRAND CANAL $ 9.223.500.00 



COST ESTIMATE - ALTERNATIVE NO. 2 

OUTER LOOP CHANNEL - GRAND CANAL TO NORTHERN AVENUE 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 
From To 

Deten t ion  Glendale Excavat ion C.Y. 42,093 2.50 105,233.00 

Basin #3 Ave . Channel L i n i n g  S.Y. 19,641 20.00 392,820.00 

Br idges S.F. 1 @ 3,100 50.00 155.000.00 

Const ruc t ion  Cost 653,053.00 

30% (Appurtenances and Contingencies 1 195,916.00 

Tota l  Cons t ruc t ion  Cost 848,969.00 

ROW S.F. 269,280 4.50 1,211,760.00 

Tota l  Cost 2,060,729.00 

G l  endal e Orangewood Excavat ion C .Y .  10,812 2.50 27,031 .OO 

Ave . Avenue Channel L i n i n g  S.Y. 9.824 20.00 196,481.00 

Extended Br idges S.F. 1 @ 2,900 50.00 145,000.00 

2 9 1,450 50.00 145,000.00 

Const ruc t ion  Cost 513,512.00 

30% (Appurtenances and Cont ingencies) 154,054.00 

Tota l  Cons t ruc t ion  Cost 667,566.00 

ROW S.F. 187,440 4.50 843,480.00 

Tota l  Cost 1.511.046.00 



COST ESTIMATE - ALTERNATIVE NO. 2 

OUTER LOOP CHANNEL - GRAND CANAL TO NORTHERN AVENUE 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

Orangewood 114 M i l e  Excavat ion C.Y. 5,151 2.50 

Avenue South o f  Channel L i n i n g  S.Y. 4,894 20.00 

Extended Northern Br idges S.F. 1 @ 1,200 50.00 

Ave . Const ruc t ion  Cost 

30% (Appurtenances and Contingencies) 

To ta l  Cons t ruc t ion  Cost 

ROW S.F. 95,900 4.50 

Tota l  Cost 

TOTAL COST OUTER LOOP CHANNEL - GRAND CANAL TO NORTHERN AVENUE $ 4,225,307.00 



LOCATION 

From To 

COST ESTIMATE - ALTERNATIVE NO. 2 

GRAND CANAL CHANNEL - OUTER LOOP TO PARADISE CORRIDOR 

DESCRIPTION UNIT QUANTITY UNIT COST COST 

Detent ion 91s t  Ave. Excavat ion C.Y. 50,951 2.50 127,377.00 

Basin #3 Channel L i n i n g  S.Y. 23,592 20.00 471,832.00 

Br idges S.F. 1 @ 4,700 50.00 235,000.00 

Const ruc t ion  Cost 834,209.00 

30% (Appurtenances and Contingencies 250,263 .OO 

To ta l  Cons t ruc t ion  Cost 1,084,472.00 

ROW S.F. 324,450 4.50 1,460,025.00 

Tota l  Cost 2,544,497 .OO 

91s t  Ave. 1/2 M i l e  Excavat ion C.Y. 26,938 2.50 67,344 .OO 

East Channel L i n i n g  S.Y. 15,396 20.00 307,914.00 

Br idges S.F. ----- 50.00 - * - - - - - - -  

Cons t ruc t ion  Cost 375,258.00 

30% (Appurtenances and Cont ingencies) 112,577 .OO 

To ta l  Cons t ruc t ion  Cost 487,835.00 

ROW S.F. 232,320 4.50 1,045,440.00 

Tota l  Cost 1,533,275.00 



LOCATION 

From To 

COST ESTIMATE - ALTERNATIVE NO. 2 

GRAND CANAL CHANNEL - OUTER LOOP TO PARADISE CORRIDOR 

DESCRIPTION UNIT QUANTITY UNIT COST COST 

1/2 M i l e  Deten t ion  Excavat ion C.Y. 16,867 2.50 42,167.00 

East  Basin #2 Channel L i n i n g  S.Y. 12,185 20.00 243,707.00 

Br idges S.F. ----- 50.00 -------- 
Const ruc t ion  Cost 285,874.00 

30% (Appurtenances and Cont ingencies) 85,762.00 

Tota l  Cons t ruc t ion  Cost 371,636.00 

ROW S.F. 205,920 4.50 926,640.00 

To ta l  Cost 1,298,276.00 

TOTAL COST GRAND CANAL CHANNEL - OUTER LOOP TO PARADISE CORRIDOR $ 5,376,048.00 



OUTER LOOP COST ESTIMATE SUMMARY 

ALTERNATIVE NO. 2 

DETENTION BASIN 

STORM SEWER 

OUTER LOOP CHANNEL - THOMAS ROAD TO GRAND CANAL 

OUTER LOOP CHANNEL - GRAND CANAL T O  NOTHERN AVENUE 

GRAND CANAL CHANNEL - OUTER LOOP TO PARADISE CORRIDOR 

TOTAL COST ALTERNATIVE NO. 2 



RECOMMENDED PLAN 



RECOMMENDED PLAN 

DETENTION BASIN #1 

80 ACRE BASIN = 3,484,800 Square feet 

ROW COST = $15.681,600.00 

@ 4.501S.F. 

EXCAVATION COST 

@ 2.50lS.Y. = 1578 Ac-Ft x 43,560 Ft/Ac = 68,737,680 C.F. 
- 27 C.F./C.Y. 
= 2.545,840 C.Y. 

x $2.50/C.Y. 

30% CONTINGENCIES 

& APPURTENANCES = $ 1,909,380.00 

CONSTRUCTION COST= $ 8,273,980.00 

TOTAL COST 

TOTAL DETENTION BASIN COST $23,955,580.00 



LOCATION 

From To 

COST ESTIMATE - RECOMMENDED PLAN 

STORM SEWER COST 

Agua Fria River to 

Detention Basin #1 7 8 

SIZE LENGTH UNIT COST COST 

In. Ft. $/L.F. $ 

Plus 30% (Appurtenances and 

Contingencies) $ 758,340.00 

Total $3,286,100.00 



COST ESTIMATE - RECOMMENDED PLAN 

OUTER LOOP CHANNEL - THOMAS ROAD TO GRAND CANAL 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

Campbell Camel back Excavat ion C.Y. 25,547 2.50 63,868.00 

Avenue Rd . Channel L i n i n g  S.Y. 15,001 20.00 300,020.00 

Extended Br idges S.F. 2 8 2,350 50.00 235,000.00 
1 8 4,700 50.00 235,000.00 

Const ruc t ion  Cost 833,888.00 

30% (Appurtenances and ~ o n t i n ~ e n c i e ' s )  250,166.00 

Tota l  Cons t ruc t ion  Cost 1,084,054.00 

ROW S.F. 229,680 4.50 1,033,560.00 

Tota l  Cost 2,117.614.00 

Camel back Missour i  Excavat ion C.Y.  19.563 2.50 48,908.00 

Rd. Avenue Channel L i n i n g  S.Y. 13,104 20.00 262,073.00 

Extended Bridges S.F. 2 Q 1 . 8 5 0  50.00 185,000.00 

Const ruc t ion  Cost 495,981.00 

30% (Appurtenances and Cont ingencies) 148,794.00 

Tota l  Cons t ruc t ion  Cost 644,775.00 

ROW S.F. 213.840 4.50 962,280.00 

Tota l  Cost 1.607.055.00 



COST ESTIMATE - RECOMMENDED PLAN 

OUTER LOOP CHANNEL - THOMAS ROAD TO GRAND CANAL 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

Missour i  Grand Canal Excavat ion C.Y. 11,115 2.50 27,788.00 

Avenue Channel L i n i n g  S.Y. 9,955 20.00 199,105.00 

Extended Br idges S.F. 2 Q 1,500 50.00 150,000.00 

Const ruc t ion  Cost 376,893.00 

30% (Appurtenances and Cont ingencies) 113,068.00 

To ta l  Cons t ruc t ion  Cost 489,961.00 

ROW S. F. 187,440 4.50 843,480.00 

Tota l  Cost 1,333,441.00 

TOTAL COST OUTER LOOP CHANNEL - THOMAS ROAD TO GRAND CANAL $10,326,800.00 



COST ESTIMATE - RECOMMENDED PLAN 

OUTER LOOP CHANNEL - GRAND CANAL TO NORTHERN AVENUE 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

Grand Canal G l  endal e Excavat ion C.Y. 92.365 2.50 230,912.00 

Ave . Channel L i n i n g  S.Y. 42,787 20.00 855,741.00 

Br idges S.F. 3 @ 3,400 50.00 510,000.00 

Const ruc t ion  Cost 1,596,653.00 

30% (Appurtenances and Cont ingencies) 478,996.00 

Tota l  Cons t ruc t ion  Cost 2,075,649.00 

ROW S.F. 570,240 4.50 2,566,080.00 

Tota l  Cost 4,641,729.00 

- - - - - -- - --  

G I  endal e Orangewood Excavat ion C.Y. 10,812 2.50 27,030.00 

Ave . Avenue Channel L i n i n g  S.Y. 9,824 20.00 196,480.00 

Extended Bridges S.F. 1 @ 3,100 50.00 155,000.00 

2 @ 1,550 50.00 155,000.00 

Const ruc t ion  Cost 533,510.00 

30% (Appurtenances and Cont ingencies) 160,053.00 

Tota l  Cons t ruc t ion  Cost 693,563.00 

ROW S.F. 187,440 4.50 843,480.00 

Tota l  Cost 1.537.043.00 



COST ESTIMATE - RECOMMENDED PLAN 

OUTER LOOP CHANNEL - GRAND CANAL TO NORTHERN AVENUE 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

Orangewood 1/4 M i l e  Excavat ion C.Y. 3,868 2.50 9.670.00 

Avenue South o f  Channel L i n i n g  S.Y. 4,190 20.00 83,800.00 

Extended Northern Bridges S.F. 1 @ 1,400 50.00 70,000.00 

Const ruc t ion  Cost 163,470.00 

30% (Appurtenances and Cont ingencies) 49,041 .OO 

To ta l  Cons t ruc t ion  Cost 212,511.00 

ROW S.F. 89,760 4.50 403,920.00 

Tota l  Cost 616,431 .OO 

TOTAL COST OUTER LOOP CHANNEL - GRAND CANAL TO NORTHERN AVENUE 



COST ESTIMATE - RECOMMENDED PLAN 

GRAND CANAL - NEW RIVER TO PARADISE CORRIDOR 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

New River  Grand Canal Excavat ion C.Y. 224,741 2.50 561,852.00 

O u t f a l l  Channel L i n i n g  S.Y. 69.210 20.00 1,384,200.00 

Grouted Riprap S.Y. 2,778 25.00 69.450.00 

Bridges S.F. 1 Q 8,250 50.00 412,500.00 

Const ruc t ion  Cost 2.428.002.00 

30% (Appurtenances and Cont ingencies) 728,400.00 

Tota l  Cons t ruc t ion  Cost 3,156.402.00 

ROW S.F. 890,350 4.50 4,006,575.00 

Tota l  Cost 7,162,977 .OO 

Grand Canal 99th Ave. Excava ti on C.Y. 133,166 2.50 332,916.00 

Out f  a1 1 Channel L i n i n g  S.Y. 38,456 20.00 769,120.00 

Bridges S .  F. . ---- 50.00 -------- 
Const ruc t ion  Cost 1,102.036.00 

30% (Appurtenances and Cont ingencies) 330,611 .OO 

To ta l  Cons t ruc t ion  Cost 1,432,647.00 

ROW S.F. 432,000 4.50 1,944,000.00 

Tota l  Cost 3,376.647.00 



COST ESTIMATE - RECOMMENDED PLAN 

GRAND CANAL - NEW RIVER TO PARADISE CORRIDOR 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

99th Ave. 91s t  Ave. Excavat ion C.Y. 176,000 2.50 440,000.00 
1 

Channel L i n i n g  S.Y. 67,303 20.00 1,346,060.00 

Br idges S.F. 1 @ 11,000 50.00 550,000.00 

1 0 5,500 50.00 275,000.00 

Const ruc t ion  Cost 2,611,060.00 

30% (Appurtenances and Cont ingencies) 783,318.00 

Tota l  Cons t ruc t ion  Cost 3,394,378.00 

ROW S.F. 792,000 4.50 3,564,000.00 

Tota l  Cost 6,958.378 .OO 

91s t  Ave. 87rd Ave. Excavat ion C.Y. 77,080 2.50 192,700.00 

Extended Channel L i n i n g  S.Y. 29.776 20.00 595,520.00 

Br idges S.F. 1 @ 9,700 50.00 485,000.00 

Const ruc t ion  Cost 1,273.220.00 

30% (Appurtenances and Cont ingencies) 381,966.00 

Tota l  Cons t ruc t ion  Cost 1.655.186.00 

ROW S.F. 361,680 4.50 1,627,560.00 

Tota l  Cost 3.282.746 .OO 



COST ESTIMATE - RECOMMENDED PLAN 

GRAND CANAL - NEW RIVER TO PARADISE CORRIDOR 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

87 th  Ave. 83rd  Ave. Excavat ion C.Y. 71,679 2.50 179.198.00 

Extended Channel L i n i n g  S.Y. 26,402 20.00 528,040.00 

Bridges S.F. 1 @ 8,400 50.00 420,000.00 

Const ruc t ion  Cost 1,127.238.00 

30% (Appurtenances and Cont ingencies) 338,171 .OO 

To ta l  Construct ion Cost 1,465.409.00 

ROW S.F. 327.360 4.50 1,473,120.00 

Tota l  Cost 2.938.529.00 

83rd Ave. Paradise Excavat ion C.Y. 62,919 2.50 157,296.00 

Cor r i do r  Channel L i n i n g  S.Y. 23,737 20.00 474,747.00 

Bridges S.F. ----- 50.00 -------- 
Const ruc t ion  Cost 632,043.00 

30% (Appurtenances and Cont ingencies) 189,613.00 

Tota l  Cons t ruc t ion  Cost 821,656.00 

ROW S.F. 300,000 4.50 1,350,000.00 

Tota l  Cost 2,171,656.00 

TOTAL COST OF GRAND CANAL CHANNEL - NEW RIVER TO PARADISE CORRIDOR $25,890,900.00 



OUTER LOOP COST ESTIMATE SUMMARY 

RECOMMENDED PLAN 

DETENTION B A S I N  

STORM SEWER 

OUTER LOOP CHANNEL - THOMAS ROAD TO GRAND CANAL 

OUTER LOOP CHANNEL - GRAND CANAL TO NORTHERN AVENUE 

GRAND CANAL CHANNEL - NEW R IVER TO PARADISE CORRIDOR 

TOTAL COST RECOMMENDED PLAN 



APPENDIX 3 

HEC-1 INPUT/OUTPUT (CASE A WITH DETENTION) 



*f*f**+it**********f****t*****f*******f*t* 

* 
FLOOD HYDROGRFIPH MKFIGE (HEC-1) * 

(C FEBRLNRY 1981 * 
t REVISED 14 JUN 85 
* * 
t RUN IXITE: Thu 14-JFIN-1369 t 

* T I E :  86:33:28.58 * 
* * 
***W******WHC***WHWC****MWC**W**** 

X  X  X X X X X X X  X X X X X  X  

X X X  X  X  XX 
X  X X  X  X  
XXXXXXX X X X X  X  XXXXX X  
X  X X  X  X  
X  X X  X  X  X  
X  X  X X X X X X X  X X X X X  XXX 

**Citf*****f**t*******it#f****f********** 

* 
* U.S. CIRMY CORGS OF ENGINEERS * 
6 THE HYDROLOGIC ENGINEERING ENTER * 
f 603 SECOND STREET f 

M I S ,  CCILIFORtiICl 95616 f 

* 
* (916) =-ll@4 OR (FTS) 448-3285 * 
* f 

iwt*****WHC**********w******,,*w***** 

THIS PRClGRFWll RENKES FILL P i iNIWS MEIONS OF HEC-1 r(NOWt4 RS HECl (Jar4 7311 HEC165, HEClDa, GltD HEClKW. 

THE XFINITIONS DF WRIClELES -RTIW- M D  -RTIOR- HFWE Cl iMED FRO# THEE USED WiTH ThE 1'373-STYLE 1N:UT STRUCTURE, 
THE DEFINITION OF +WSKH- ON RH-CFIRD WRS CWMGED WITH REVISIMG DFITED 28 SEP ai. THE VERSILSN RELEGSED ~ I J F I N ~ ~  
CDNTRIffi NEW OPTIONS DN lit WI, BFI RECORDS, RND ADDS THE HL ECORf). SEE JANWIRY 1385 INF'UT 
MSCRIPTIIYJ FOR NEU MFINITIOFiS. 

.............................................. .............................................. .............................................. .............................................. ... ... a n .  ... ... ... FULL PII&RO-E@PUTER IMREPIENTGTIOtd : : : ... ... ... By: J&n R. Haestad ... ... ... . a ,  .,. .............................................. .............................................. .............................................. .............................................. 

---------- ---------- 
H A E S T A D  M E T H O D S  
------------------- ..................... 

37 6 r v u k s i d ~  Road * Waterbury, Carmecticui &7B& * (203) XZ-%@& 



LINE 

I D  I%W1@@ 188-YEFIR STOliM WTF, 
JD HEC-1 MODEL FOR THE MJTER LOOP DRFIINEE STUDY, P M M O  FAEEWY TO 
I D  NORTHERN RVENUE SECTION. DMIFXIGE FIRER M L I N E A T I W  WERE WE % W I N G  
I D  THRT THE PFtRFIDISE CORRIDOR FIND GWND R E M E  EXPRESSMY ARE W I L T  CIS LOU 
I D  LEVEL FKIL IT IES,  i. e., ND CHFINNEL ON THE NRADISE CORRIDOR. 
*DIFIGiiM 
I T  6 22MY86 1 2 M  24@ 
I 0  r 

JD . e3 
PH .71 1.48 2.45 2.64 2 3.18 3.48 3.71 
JD 10 
JD 2a 

JD 3i' 
JD 49 

C11 
SUPWFITERSHEI) 1 I N  THE OUTER LWP D R F I I W  STUDY. 
THE HYPOTHETICFIL DGTR CARD I S  USED TO INFVT STORM RFIINFFILL DQTA WMPUTED 
FROC1 THE WDEMDUn TO FIDOT1 S "HYDROLffiIC MSIGY FOR HSGHIJFlY D R A I M E  I N  
ARIZONC1" W R I L  1375. 

7.45 
a 86 a 

2.26 

Kc( CP? 
Kt4 ROUTE F L W  FROn SUbWATEilSiiED 1 (R1) TO CONCENTRCITID?I WiNT 2 (CP2). 
RK 9 M  .V1PW4 ,016 38 1 

KK CP2 
Kt4 COMBINE HYDRO6fWiS FIT Ci12. 
HC 2 

KK CP3 
KM RWTE COMBINED HYDRiKRGC'H FIT CPi TO CE13. 
RK 5260 .M894 .@I8 12 2 

KK a 
Kbl R U W F  FROM SUEWATEliSHED 3. 
W 6.73 
LS 8 86 9 
UD 2.47 



ID. ...... 1 ....... 2 ....... 3 ....... 4 ....... 5 .,...,. 6 ....... 7 .... ,..8.., .... 9 ...... la LINE 

CP4 
ROUTE COtBINED HYDROGRkPH FIT CP3 TO CP4. 

528@ .mi35 ,818 12 2 

CP4 
M)liPINE HYDROGfb?PHS FIi CP4. 

2 

CP5 
ROUTE CMBINED NYDRfERfiFH CIT CP4 TO CP5. 

9 6 0  4 ,816 1 2 2 

R5 
RLINWF FROM SUBMTERSHED 5. 

2.19 
Q 73 d 

1.65 

CC5 
CGMINE HYDRM;RF,F#S FIT Cp5. 

e 

CP6 
ROUTE COMEINED WDROGRFIPH CIT CP5 TO CP6. 

5280 .N16 ,018 15 2 

CP7 
ROUTE CMrlbIFtED HY5956RFIPH fiT CP6 TO CP7. 

s e a  1 .BIB 15 - 2 



LINE 

CP7 
WP1BINE HYDROGRWS FIT IX'7, 

E 

CPBCI 
ROUTE WINED HYDRWiRFlW FIT CP7 TIl CPB. FIRST TO T M I T I O N  RT 
CP8# THEN TO CPB. 

38@@ .w3 .a18 15 2 

M 
RUNOFF FROM SUEWTERSHED 8. 

1.13 
8 78 8 

.83 

CP8 
CMrlBIHE HYDROGRWS FIT IX'h 

e 

CFQ3 
ROUTE CDI4EINEfi HYDR06MFH #T CitB TO C53. 

9 8 8  .&ME! ,816 25 2 

m 
RUtWF FROM SUBWFITERSHED #3&. 

. 833 
78 

.43 

R 3 b  
ROUTE FLOU FIT C ? X  TO CP3B. 

666 .W43 ,012 CIRC t 



LINE 

CMb 
WD HYDmRAPHS CIT C E E .  

E 

WW 
ROUTE FLMJ FRMrl CM6 TO CPW. 

1 3  .M43 ,012 CiRC 6.5 

CM 
R5JTE FLOW FFNM CP% TO IX'3. 

lW0  ,8413 .a12 CIK 6.5 

nq 
Kbl 
HC 

CF'3 
CLWINE HYD~06Ri,F+fS FIT CP3. 

2 

@I3 
ROUTE FLOW FROh CP12 TO CP13. 

2640@ .WE .a98 

CI11 
RUNOFF FROM SUBWCliERSHED 1 1. 

3.3% 
0 81 8 

1.63 

KK 
Kbl 
rn 

CP13 
ROUTE FLW FROM CPll TO CP13. 

26480 .N25 .@?@@ 

CI13 
RUNOFF FROM WWRTERSHED 13. 

4.18 
8 a'? e 

2. W 



LINE 

KK CP13 
KM COlBINE RWTEIi FIND RWWF HYDRffiWqS AT Cfi13. 
HC 3 

KK CP14 
Kti ROUTE CDWINED HYDRffiRCKV FIT CP13 TO CP14. 
W 98d .M?3 ,818 38 2 

KK Ald 
W! RL1Ni)FF F W  SUtiWRTEFiStED la. 
BA 6.33 
LS 0 83 I 
UD 1.63 

HK W14 
KM COMBINE HYDR5EEF'iiS AT CP14. 
HC 2 

KK CP14 
KPI CCHFIhE FLWS FIT CP14. 
HC 2 

KH CPlB 
Kn ROUTE COlrlEINED HYDRERFtFH FIT CPi4 TO Cfi18. 
RK 5588 .i@@6 .el8 78 3 

KK A18 
KM RUNOFF FROM Fll6. 
bFI -78 
LS 77 
UD .79 

KK A15 
KM RUNOFF FRO# SUWFITERWED 15. 
BFI 1.77 
LS 8 77 0 
UD 1.12 



HEC-1 INPUT 

L I E  ID.. ..... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 3 ......I8 

KK CP16 
KM ROUTE WFiEINED HYDROGM flT CP15 TO CP16. 
RK 5288 .MI5 ,818 15 2 

KH CP16 

HM COMbIlvE HYDRERAFU1S FIT CP16a 
HC 2 

KK CP17 
Kti  ROUTE CDHEINE5 HYDRDGW FIT CP16 TO DET 1. 
RK 2648 .W? .@I8 28 2 

KK fl17FI 
K i  RUNOFF FRW WWJRTERWED fl17R. 
BFI .58 
LS 78 
UD .73 

KK W17 
KH COMBINE HYDRffiMWS FIT MTi. 
NC e 

KT1 
STORM ROUTING THROW LXTENTION B%IN 1 TO P17. 

1 STOR 8 B 
0 186 318 437 %8 692 0'27 965 1185 1246 

13'34 
8 162 174 185 1'36 ,% 215 224 233 242 

2 3  
15% 1810 1812 1814 1816 1818 1828 18Z 1@4 1@6 
1 &?6 

KK CP13 
KM ROUTE COMBINED HYDRO6RW PIT CP17 TO CP19. 
RK 15328 . W l i  .818 CIRL' 6.5 



LINE 

KK C113 
K# RUNOFF FRM4 C119. 
BFI 1.32 
LS 76 
UD 1.43 



SCHEWTIC DIFIGIKWII DF S T R W  UETWRK 
I IPUT 
LINE (V) RWTIffi (--)) DIVERSIDN DR FVHP FLOW 

NO. (. WNNECTOR ((-1 RENRM OF DIVERTED OR WFPFID FLW 







(*w) RUHC~FF CllSO LWFUTED FIT THIS LOCCITIffl 

**tHff*fH**HHt*Ht***HfH*t**U*Utf 

* * 
? FLOOD HYDAOGAFIPH M F I G E  (KC-1) fi 

i FEBRNRY 1981 * 
t REV IS^ 14 JUN fi 
* * 
i RUN WE: Thu 14-JM-1988 t 

TIHE: 88:35:22.72 * 
i 

-)+I++M*wHwH,,* 

? C i * * ? i t t * * ? H C C * t i * H t t i t t * * * C t t t i * * H  

* * 
i U.S. FIRMY CORPS DF ENGINEERS * 
* THE HYDROLOGIC ENGINEERING CENTER * 
c 6%3 SECOND STREET t 

a W I S ,  N IFORNIFI  95616 t 

t i 

* (916) m-ll& OR (FTS) 448-3285 * 
? f 

-i+)+i+Wt*****ww**M** { 

CRSERlM 18eYEF)R STDAM bFlTCI 

HEC-1 MODEL FOR THE WTER LCW DRRIhffiE STUDY, F%W3 FREEMY TO 
NDRTHERN WENUE SECTION. DWIFYIGE FIREFI D U I W T I G f t S  #ERE BME Fk'SUP1ING 
THFIT THE PRRFIDISE CDRRIMR CWD E R N  CIirENUE EXPRESSMY FIRE BUILT W L W  
LEVEL FRCILITIES, i.e., Ntl C W L  ON THE PARADISE CORRIDOR. 

7 I D  WTFW CiINTWL VFlRIRKES 
IPRNT 5 PRINT CONTROL 
IPLOT 0 FCOT CONTROL 
ECRL 8. HYDR%RFIFH PLOT S C U  

I T  HYDRXRRFH TIME INTI4 
MIN 6 #IWTES I N  CMrtFUTFITION INTEWFIL 

IIXISE 22MFIY86 STGRTIS DRTE 
171% l.?? STfi i lTIff i  TIME 

Ng 249 NUMBER OF HYDRGRW DRDIMFITES 
KXdTE i23MV86 E N D I S  WTE 
NDTIliE 1154 ENDlNG T I E  

EW:ISi UNITS 
DRFIINAGE M i ,  SljUF1QE MILES 
PRECIPITFITIDfi DEPTH ItliCHES 
LEST+, EiEVliTIDN FEET 
FLUX CUBIC FEET PER SEWND 
STDRXE VOLUFE FICRE-FEET 
SV2FRCE FlitEf? KRES 
TEMiER2il; kE DEGREES FMRENHEIT 

8 !IS INDEX STORM Ntl. 1 

STRN 3.71 PRECIPITFITION DEPTH 
TRDCI 8.83 TAFYJWSITIOH DRFIINW QRER 

3 P I  PRECIPITFITION WTTERN 
8. @3 8 ,  W 6 . N  8.W 8.W 8 8.M 0.M 
0.W 8.W 0.124 @.I24 9.M 0.88 8.8e 8.80 0.M 
8. ~8 6. @0 0.m 8.80 0.m a.u e.u e . u  8. M 
e. ee 0. m 8.w 8 .  0.00 6.08 8.633 0 .  e. w 
0. rn B.M 8.t~ 0.w 8 .  5.w 8 . 0  8 . a  8.m 
8. a8 8. W 8 .N  8.M 8.88 0.88 8 .  8. M 8. $0 
&&I 0 .  , 8 . N  8.M 8.M 6.W 8.W 8.M 
8. 0a 8. M 0. M 8. aa a.88 e. ea e. a1 8. a1 a. el 
@. QIl 8.81 a. 81 8.81 P. 81 8. 01 8.81 8.81 8. 81 



i e  ZD INDEX STORM M. E 
ST# 3.66 PRECIPITATION DEPTH 
TRDR 10. 08 TRRNSPIlSITION DRQINEE RilER 

!I JiJ INDEX STORM NO. 3 
STM 2.62 PRECIPITATION MPTH 
T R X  20.0E TRAfJSVSITION D2C)IMFIGE FIRE6 

3 PI  . PRECIPITRTION PaTTERN 
8. @J 8. 8.00 0.8d 8.8121 
@.@a 8.88 0.8@ 8.88 0. 80 
a. 0.8 0.88 0.88 8. 88 
8. 08 8. QB 0. @a 8. 80 0. 88 
8. @J 0.88 0. M 8.88 8. 88 
0.08 0.88 0.W 8.M 0. 88 
8 8.80 8.M 8.W 0. W 
8.043 0.81 8. 81 8.81 8.01 
0. 01 8.01 8.81 0.01 0.81 
8. 81 d. 81 8. B1 8. dl 8.81 
0. Oi 0. 01 8.81 0. 81 0.02 
8. 02 0. 82 0.82 8.03 8.83 
8. 25 8.16 8.12 8.18 8.83 
8. @'2 a. @ 6.82 0. 82 8.81 
La. fat n. fll rl. a1 n. nl LO. nt 





OF'ERPiTIOfd 

HYDROGRPiW RT 

mm To 

HYDQCGWH RT 

2 m I N E D  RT 

ROUTED m 

m w  RT 

2 COMBINED RT 

ROUTED m 

H Y D r n R W  Pi: 

2 3r?E!v:C. 3- 

e:lLl:iL T.1 

VYDR&RRCY Qi 

2 r n B I t E D  FIT 

RWTED TO 

HYDRO6RRc7t( OT 

2 COMBINED AT 

ROIITED TO 

H Y D r n R W  fiT 

2 IXM9ltrED f i i  

RDCTED TO 

RWTED TO 

HYDROGRW RT 

2 mF:HED Fi- 

RDJTEli Ti* 

L.\Drc,&?-,;;..- C' 

2 CDnBINED AT 

m m y  
ROU I N  U B I C  FEET PER SECM) 

TIK I N  HWRS, RAW I N  %WR MILES 

TICE OF MRFK;E FLMJ FOR WXlUUM PERIOD 
Mix 6 W i l  2 4 W R  72S(OerR 

BCISIW W X I W  TIRE OF 
RRER S T W  M I X  S X E  

7.45 

7.45 

7.79 

15.24 

15.24 

6.78 

21.34 

21.94 

5. i?4 

-- - 
i;, .'4 

ii. i r  

2.19 

38.93 

1 . 9 3  

2.23 

33.16 



limimm FIT 

m m m  

HYMMGRCIPI1 FIT 

2 m1m FIT 

ROLITU) m 

mmw FIT 

2 c(wIpINED FIT 

RWTEDfO 

2 mrw FIT 

HYMIOGIWPHCIT 

RIXITEDm 

HWRWWU RT 

RamDm 

HYMOGRW FIT 

3 r n E I N E D  FIT 

I ihi lrED T@ 

LcYDSSFiYW AT 

m D  TD 

HYDRDGRAFH FIT 

2 ClWBINED FIT 

2 m1ED FIT 

ROUTED TO 

m w  FIT 

2 CmBINED l?T 

HYWIDGRW FIT 

RWTED TD 

HYDROGRIWI FIT 

2 WnBlNED FIT 

ROUTED TO 

HYDRDGIKW RT 

e r n E l r l E D  AT 

HYDRXRWrc AT 

2 WrBlNED AT 



NOR& END DF HEC-1 tin 



APPENDIX 4 

HEC-1 INPUT/OUTPUT (CASE B WITH DETENTION) 



*t*f*t*t*f*******tt*+lt***f***********f*** 

* * 
* FLOOD HYDRDGRRF'H W K G E  (HE&-1) f 

i FEBRURRY 1901 * 
REVISU) 1 4  JUN 85 * 

* * 
f RUN DFITE: lion 07-DEC-1387 * 
t TIME: 14:17:24.88 i 

t 

W*WHt*Y+W+WH**WW**WHt**I;***** 

X  X  XXXXXXX X X X X X  X  
X  X X  X  X  XX 
X  X X  X  X  
X X X X X X X  XXXX X  XXXXX X  
X  X X  X  X  
X  X X  X X  X 
X  X  X X X X X X X  X X X X X  XXX 

....................................... 

* * 
U.S. FfHY C O R E  ISE E?ISINEERS t 

* THE HYDROLOGiC ENGINEERIK LEKTER * 
t 603 SiCO4D STREET t 

c DFIVIS, CALIFOiiNIG 35616 i 

* * 
* (916) 756-1184 OR iFTS) 448-TEE * 
* t 

**WHC++ltMI*W+lt************f***HW 

THIS PRDG;iGH REi'lRMS FILL PREViOLrS VERSIOFtS OF HEC-I KFiOWti fiS HEC! (JRN 731, HEClGS, HEClDE, RhD HECIKW. 

THE MFINITIISNS OF VRRIilELES -RTIMP- RN!j -riTIDFi- h9'JZ CHRNGED FA% %GSE USED WiTH THE 1973-STYLE I N W T  SiRJC'L1;iE. 
THE DEFINITIOh: OF 4MSkH- ON Rn-CR3D WFlS CHGKGEG WITH REViS:31IS DQTED 28 SF' 81. TkE VEASIOK REiEKSED 313Rf;Bf 
CDt3TGIh5 FIEW OPTIONS MJ RL NZI EQ RECORDS, WD N U S  TAE YL RiCO23. SEE Jfi&LlQRY 1985 Ih;'?T 
MSLRIPTI[jtJ FO9 NEW M F I N I  TION'S. 

3 7  Prcrcrkside Road * Waterbury, C o n n e r t ~ c u t  6E7i:E * (2P;3) 753-9886 



ID... .... I... .... 2 ..... . . 3  ...... - 4 ,  .... . . .5 , , , . . . ,6 , . . , . . .7 , . . . . , ,b. . , . . . ,3  ...... 1C 
I D  CffiEBlBGI. DET i0@-YEAR STDiiM DCITA 
I D  HEC-1 NDDEL FOR ME O'STER LOP1 DRRINGGE STkDY, PAPAGO FREELjAY TO 
I D  NORTHERN FI'JWilE SECT1001. DRFiIWGE RiiER DELINEGTIONS E R E  MADE %Sil?l!NG 
I D  THlJT TM PflRQDISE C09ilIDDR CHKNNEL I S  I N  NKE FIND G;iR?iD RVENLlE IS A 
I D  LOW LE'JEL FFICILITY. DE?ENT!ON WOlrTIiED ON THE PRRQDISE CORiiIDOR 
I D  &D THE DUTER LWP. 
tDIff iRi lK 
I i  615JUfiEQ6 1208 3@J 
I 0  5 
JD .89 
F'ii .71 1.40 2.45 2.64 2.82 3.18 3.4G 3.7: 
JD 18 
JD 3 
JD 36 
JD 40 

KK B i 
KM SIJBWQTERSHED 1 I N  THE OUTER L W P  DRAiNiiGE STLGY. 
KM THE HYF'IITPETICFIL DGTFI CARD IS USED TO I N P Y  STL79T RAINFALL DaTQ Lt;)"isLlTEi) 
Kt4 FROh THE ADEhWI: TO AWT'5 "HYDRGLGGIC DESIGN F09 P:S.tlJfiY D9RIEtkGE IN 
KPl RRIZDNA" MRi, 1375. 
BA 3.82 
LS 0 86 0 
UD 1.62 

KK CF? 
K1 ROJE F L D ~  FROM SUFd;ITE;1%Ui 1 { E l )  TO CONCE~TP~TION F3IsiT 2 (VI1). 
& 5282 .8d094 ,018 36 1 

CW 
COMBINE HYDRffiRRF'US FIT CDE. 

2' 

CP3 
ROUTE ~t@INELi HYDiiii6FiRP.d flT CPE TD CG. 

968 ,88894 .818 12 2 





LINE 

CP7 
WMFINE tNDiiU6RWHS FIT CP7. 

2 

CPBA 
ROUTE WNEINED HYDROGWH FIT C97 TO CP8. FRiST TO TRAhlSITION AT 
CP8R THEN i 0  CPB. 

3841121 .M?3 .818 i 5 2 

Ba 
RUMFi FROM SUEiJilTE2SiiED 6. 

1.19 
B 76 d 

.@3 

CPB 
CD%BINE HYDRERhPHS RT CPB. 

2 

BSC 
fiui3FF FROM SUBWATERSHED E3L 

.833 
7ti 

.43 

tY3E 
ROUTE FLM RT CP'X  Si) CP33. 

668 ,8943 ,812 CIFiC c 

PftB 
RUhW FRM SUEWRTERSHED BljB. 

.833 
78 

.43 



LINE 

KK CWE 
KM RDD HYDRffiRWffi AT CP9B. 
HC 2 

KK P% 
KM RWTE FLW FROM C39E TO CWR. 
RK 1320 ,0043 ,812 CIRC 6.5 

KK W3A 
Kt4 ADD HYDiMGRWHS aT Ci4%. 
HC 2 

KK CP9 
KM RDJTE FLW FROM @4FI TO W3. 
RK 1000 -083 -012 I 6.5 

KK CW 
KM COmINE HYDliERAPilS FIT CB. 
HC 2 

KK 828 
KM RrJNWF FROM E28. 
H 1.51 
LS 77 
UD .n 

KK CF'21 
Kt4 ROUTE FLOW TO CP21. 
RK & .MI5  ,618 

KK C P i  
Kt4 ROUTE FLOU FROE WZl TO CP22. 
RK 52M .0625 -012 



K i  
Kit! 
FR 
LS 
UD 

CF'l1 
ROUTE FLEW FROti CPi8 TO CRl. 

96'8 ,8865 ,819 

812 
RJsOFF FROM Sl_iBUfiTERSG3 i2. 

3.16 
8 85 Q 

1.64 



LINE 

DET? 
ROUTE COM6INED HYD?J;RWi RT &PI4 TO DETL 

9688 .a034 ,818 2B 2 

DETZ 
COlBINE WDRDGRAPHS FIT IIET2. 

2 

MT2 
STORfi5E RUUTINE THROUGH DETENTION E&IH 2 TO Ci23 

1 STOR 8 B 
0 la6 375 566 764 '364 li67 1374 1585 1735 
8 30 9a 152 152 152 152 152 152 152 

in67 1863 1871 1873 1875 1877 1873 !85i 1693 1@85 



LINE 

K T 3  
ROUTE FLDU F;iObl C5i5 TI, DET3. 

31681a ,8927 .gee 

E! 9 
RUWFF FROM SUBWFITER%ED 13. 

5.23 
d BPI 8 

2. a 

CPl8 
RWTE FLOU FROA W17 TO CPi8 .  

264W , 0 8 3  .@@ 

818 
RUNDFF FROM SUEdilTERSAED 18. 

4.18 
e 8.2 8 

2. 0@ 



L I E  

KK CPi9 
Kt4 WMBINE HYDRfl6AWhS FIT MT4.  
HC 2 

DET3 
STORME ROUTIS TiRWH DETENTION BKIN 3 TO D19. 

1 STUR 8 0 
8 154 318 463 631 756 964 1134 1387 1484 

1663 
8 50 1 328 458 538 611 655 768 8j7 

836 
11333 is41 INS 1845 1847 1 3  lasi 1052 lass 1e57 
1859 



SCIBEGTIC DiffiRFiM DF S T R M  NETUOiiK 
INPUT 
LINE (V) MING (---) DIVERSION 51 PW FLOh' 

NO. (. ) CONNECTOR ((---) RETLIRN DF DIVERTED OR DJMPED FLOW 

3 1 WE. ........... 
V 
v 

CP3 



v 
v 

CPM 
v 
v 

CPB 





(***) RUNOFF ALSO COYIFltiTEli RT THIS LOCCITION 



*ttt*t*t***t***ttt*ttt*ttttH*ftt*titttf* 

* * 
f FLWD ff'YOROGRWH PF#IKFIGE (HEC-1) t 

FEERURRY 1381 t 

* REVISED 14 JUN 85 t 

* * 
* RUN IXITE: kn 87-DEE-i387 t 

* TIME: 14: 17:56.72 * 
* t 

* * ~ ) + W * * Y + * * ~ ~ Y + i X H ~ * *  

t***t******ttttt**t*t*t*******t*t***ttt 

* t 

* U. S. FIlihY CORPS OF ENGINEERS t 

THE HYD'DRi)LDGIC ENGINEERING CENTER * 
t 6@3 SECOND STREET c 
t W I S ,  CALIFORNIR 55616 i 

f 

* (916) 756-1104 DR (FTS) 448-3285 * 
t t 

*W*MW*il+H***f****.)+********wI*t 

WSEFl@0. DET 108-YEFIR STOilM M T A  
HEC-1 WDEL FOR THE OUTER LLWP DRRINFIM SNDY, PRPRGO FREEWRY TU 
NORTHERN #EWE SECTION. D R R I W E  AREA DELINERTIONS MERE IdD-C FYjSUMING 
T M T  TtiE PRRRDISE DRRIIWR MCINNEi I S  I N  NFIiE MD GRFIhD UVENLE iS FI 
L5U LEVEL FFICILITY. DETENTION PROVIDED ON THE PFIRADiSE CiIRitI33R 
CIND THE OUTER LOOP. 

8 I 0  DUrWT WROL VWIRBiES 
IPRNT 5 PRINT WNlROL 
IPLOT 8 N O T  MltiTtiiIL 
QSCk 8. HYDRO6WH FiOT SCCILE 

VAtUE EXCEEDS TRELE I N  LIIGLDG 24. W 6  8.81667 24.8N34 

VFILUE EXCEEDS T W E  I N  LOGLffi 24.8dWb 8.81667 24. s@@@@ 

WILE EXCEEDS TRELE IIJ LWOG 24. &M86 8. 81667 24.418'88 

WLUE EXCEEDS TAbLE I N  LOGLO6 24. iWX6 8.81667 24. BWBd 

WLUE EXCEEDS TABLE IN LDGLDG 24. W P ~  6.81667 24. emea 

I T  HYDRffiSW TIME M T P  
NHIN 6 HINUTES . I N  CDMF'UTFITION INTERVN 

IDFITE Ir3NE& STRRTING DQTE 
] T I E  12M STFIRTING TIRE 

MI 3iM NLMEER i)F HYDR0IjSW-I ORDINFITES 
M)DRTE 16  86 ENDING DFITE 
NDTINE 1754 ENDINE TIME 

WlrlFWRTION INTER'RL 8.10 HOURS 
TOT& TIME FRSE 23-98 HOURS 

ENGLISH UNITS 
D R R I W  AREA NURRE brILES 
PRECIPITFITION DEPTH INCtiES 
LENGTH, ELEVATION FEET 
RDU WEiC FEET PER SEWhB 
STORaE VOLUME KRE-fEET 
SURFXE RRER RCRES 
TEMPERRNRE DEGREES FWQENHEIT 

3 JD INDEX STORM NO. 1 
ST W 3.71 PRECIPITRTIO% DEPTH 
TRDFI 8.03 TRFINSMSITION DRQINRGE A 9 A  

. , 
18 P I  PRECIPITCITION MTTERN 



11 JD INDEX STORM NO. 2 
ST A# 3.66 PRECIPITRTION DEPTH 
TRIM 10.90 TRRNSPffiITIt)rJ D R R I N E  WER 

18 P I  PRECIPITRTION PATTERN 
8 8.N 6.88 8.M 8. El@ 
8. 88 8.W 8.M 8. Cia 8. 88 
8. CM 8 .  8.80 8. fa 8.88 
8. 88 8. kM 8. &I 8. W 8. 88 
8.88 8.m 8.M 8.8d 8 . 8  
8. @d 8 0 .  8.80 8. a@ 
8. @ 6.80 M 0.W 8.0'8 
8. 88 8 8. 88 8 8.81 
8.8i 8. 8i 8.81 0.81 8.81 
8.81 8. 81 0. 81 8. 81 8.81 
8. 81 8. 81 8.81 8.81 8. 81 
8. K 8.82 d QZ 8.02 8. 83 
8.75 8.26 8.17 - 8.12 8.16 
8.82 0.82 8. BE 8.82 8.82 
8.81 8. 81 8.8i 8. 81 8.81 
8.81 0.81 8.81 0. 81 8. dl 
8. 81 8. 81 8.8i 0.81 8.81 
8. C@ 8 .  8.W 8.80 8. 88 
8. @I 8.W 0.@d 8. M 8. @d 
8. 88 B. 88 a. &3 8, W 8. 88 
8. EM O.M 8.80 8.M 8.W 
8. 88 8. 80 8. W 8. N 8.88 
8. i?a 8.H 8.W 8.88 8.# 
a. QB 0. aa a.ea a. a8 0. 80 

12 JD INDEX STORh NO. 3 
STRM 3-62 PRECIPITIITION DEPTH 
TRMl 29. EM TRRN90SITID)J DRkINffiE IIilEA 

18 PI PRECIPITkTION PATTERN 
0. 88 8 .  8.M 8.W 8.M 
8.08 0, aa a. aa a. an 8 . o ~  
8. W 8 .  8. $0 0. 8d 8.8d 
8. W 8. W 8.8e 8. 88 8. 00 
8. @d 8. Qld 8.8d 8.88 8.W 
8. N 0.88 8.N 0.88 8.83 







R U ( ] F F ~  

RGU IN  UBIC FEET PER SECOND 
T I E  IN MXIRS, RRER IN SQCYIRE MILES 

T I E  ff MRFIGE FLOW FOR  XI^ PERIOD 
PW( 6SWR 24S(OUR 72-HOUR 



HYMMGRCIPH m 

2 WClBIND Flf 

HYDmwH RT 

KWTED m 

HYDROGRAPH AT 

2 CLMBINED FIT 

m n m m  

HYMIOGRCW1 CIT 

2 COneI)(ED CIT 

m m  

2 mrm er 

HYDROGRAPH FIT 

m m  

mOGw FIT 

2 CW&INED G i  

R N T E G  TD 

HYDRGRAPH FIT 

2 COMPINED RT 

HYMIOGRW FIT 

2 W I N E D  FIT 

ROUTED TO 

HYDADGRGFH liT 

RWTED TO 

HYDRXQMU CIT 

2 MWllBINED FIT 

IWTED TO 

H Y D i 3 3 3 W  llT 

% DMBINED FIT 

WJTED TO 

c(YliR&Pdh Ai 



2 MllBIlED IIT 

m m m  

HYMWIGIWPH IIT 

2 m1m flT 

m m  

HYDAOGRWH FIT 

2 DXBIWED IIT 

m m  

I1OUm)m 

HYDIMGWIPH IIT 

m m  

l4nxhmw IIT 

2 WWBIt€D IIT 

2 MmBIKD FIT 

H\ D A N M Y  FIT 

WED TO 

HYMIOGRRPH a1 

m m  

timmRw FIT 

3 UMIHD RT 

m m  

2 rmBIIED FIT 

m m  

m m  

*H Mt?M END ff EC-1 r+t 



LOCATION 

From To 

COST ESTIMATE - RECOMMENDED PLAN 

STORM SEWER COST 

Thomas Road t o  1/2 

Mile South 96 

Encanto Boulevard t o  
660' south 4 8 

SIZE LENGTH UNIT COST COST 

In. F t .  $/L.F. $ 

660' south t o  

1320' south of 

Encanto Boulevard 6 0 

1320' south t o  

RID Canal 78 

RID Canal t o  

1-10 Channel 

Subtotal  $1,107,480.00 

PI us 30% (Appurtenances and 

Contingencies) $ 332,244.00 

Total $1,439,700.00 

TOTAL STORMS SEWER COST $4,725,800.00 



COST ESTIMATE - RECOMMENDED PLAN 

OUTER LOOP CHANNEL - THOMAS ROAD TO GRAND CANAL 

LOCATION DESCRIPTION UNIT QUANTITY UNIT COST COST 

From To 

Thomas Rd. Deten t ion  Excavat ion C.Y. 12,418 2.50 

Basin #1 Channel L i n i n g  S.Y. 7.304 20.00 

Br idges S.F. 1 8 2,650 50.00 

Const ruc t ion  Cost 

30% (Appurtenances and Cont ingencies) 

To ta l  Cons t ruc t ion  Cost 

ROW S.F. 122.760 4.50 

Tota l  Cost 

Detent ion Ind ian  Excavat ion C.Y. 23.460 2.50 58,650.00 

Basin #1 School Rd. Channel L i n i n g  S.Y. 10,520 20.00 210,400.00 

Bridges S. F. 1 @ 3,300 50.00 165,000.00 

Const ruc t ion  Cost 434,050.00 

30% (Appurtenances and Cont ingencies) 130,215.00 

Tota l  Cons t ruc t ion  Cost 564,265.00 

ROW S.F. 142,560 4.50 641,520.00 

Tota l  Cost 1,205,785.00 

Ind ian  Campbell Excavat ion C.Y. 39.700 2.50 99,249.00 

School Rd. Avenue Channel L i n i n g  S.Y. 19,116 20.00 382,322.00 

Extended Bridges S.F. 1 @ 2,750 50.00 137,500.00 

Const ruc t ion  Cost 619.071.00 

30% (Appurtenances and Cont ingencies) 185,721 .OO 

To ta l  Cons t ruc t ion  Cost 804,793.00 

ROW S.F. 266.640 4.50 1,199,880.00 

Tota l  Cost 2.004,673.00 


