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 Wa r n e r  Ave n u e  
 Sp r in gd a le  St re e t  
 Ed w a rd s St re e t

S EP TEM B ER  2 0 2 3

Ea s t  Ga r d e n  Gr o ve -Win t e r s b u r g Ch a n n e l Br id ge s

PRESENTED BY:

Aziz Gu lis t a n i, PE
Associa t e  Bridge  Engineer
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 Exis t in g 
Con d it ion s

 Pu rp ose  a n d  
Ne e d

 De sign  
Alt e rn a t ive s

 Gird e r  De s ign  

 Tra n sve rse  
De s ign  

 De sign  o f Dow e ls  

 De sign  o f 
Flood w a lls  

 Ove r la y

 Pile  Ca p s  

 Pile s  

 Pro je ct  De live ry 
Me t h od  

 Con st ru ct a b ilit y 
Me a su re s

 Pro je ct  Tim e lin e  
a n d  Cos t   

Pre s e n t a t io n  Co n t e n t
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3 Cit y o f Hu n t in gt on  Be a ch Loca t ion  o f Br id ge s

EDWARDS ST 
BRIDGE

SPRINGDALE ST 
BRIDGE

WARNER AVE 
BRIDGE

Pro je ct  Lo ca t io n

Ea st  Ga rd e n  Grove -Win t e r sb u rg 
Ch a n n e l C05
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 3 la n e s  in  e a ch  d ire ct ion

 Ra ise d  m e d ia n

 140.25’ lon g; 117.33’ w id e

 Up  t o  20º ske w  a n gle

 Mu lt ip le  u t ilit ie s  

 2 la n e s  in  e a ch  d ire ct ion

 Ra ise d  m e d ia n

 132.25’ lon g; 97’ w id e

 Up  t o  6º ske w  a n gle

 Mu lt ip le  u t ilit ie s  

 2 la n e s  in  e a ch  d ire ct ion

 132.25’ lon g; 80’ w id e

 Mu lt ip le  u t ilit ie s  

SP RIN GDALE ST BRIDGEW ARN ER AVE BRIDGE EDW ARDS ST BRIDGE

Pro je ct  Ba ck gro u n d

4-Sp a n  Br id ge s Con s t ru ct e d  1960 Wid e n e d  1967 - 1969
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Ch a n n e l w a lls  a re  b e in g ra ise d  by OCFCD

Exis t in g 
b r id ge s  d o  n o t  
m e e t  FEMA 
fre e b oa rd  
re q u ire m e n t s*

* A m inim um  of 4 fee t b ridge  ove rtopping freeboard  is required  by FEMA.

Pu r p o s e  & Ne e d
Exist in g Ove r t op p in g Fre e b oa rd

Fre e b oa rd  a t  t h e  Exis t in g Br id ge s

Br id ge  
Loca t ion

100 Ye a r  
Wa t e r  Su r fa ce  

Ele va t ion  
(WSEL) (ft )

Br id ge  
Soffit  

Ele va t ion  
(ft )

Exis t in g 
Pa ra p e t  Top   
Ele va t ion  (ft )

Exis t in g 
Ove r t op p in g 

Fre e b oa rd  (ft )

Wa rn e r  
Ave n u e  12.77 10.13 13.19 0.42

Sp r in gd a le  
St r e e t 13.31 10.90 14.08 0.77

Ed w a rd s  
St r e e t 14.00 11.42 14.60 0.60

100 Ye a r  
WSEL

Br id ge  Sid e w a lk
5



EA
ST

 G
A

R
D

EN
 G

R
O

V
E-

W
IN

TE
R

SB
U

R
G

 C
H

A
N

N
EL

 B
R

ID
G

ES
O

ra
n

g
e

 C
o

u
n

ty
, 

C
A

6

Provid e  t h e  
re q u ire d  
fre e b oa rd , 
flood w a lls  a re  
n e e d e d  a lon g 
b o t h  s id e s  o f t h e  
b r id ge s

To p  o f Flo o d w a ll Ele va t io n  a n d  Fre e b o a rd

Brid ge  
Loca t ion  

Ult im a t e  
100 Ye a r  Wa t e r  

Su r fa ce  Ele va t ion  
(WSEL) (ft )

Br id ge  
Soffit  

Ele va t ion  
(ft )

Top  of Wa ll  
Ele va t ion  (ft )

Ove r t op p in g 
Fre e b oa rd  

(ft )

Wa rn e r  
Ave n u e  12.77 10.13 16.88 4.11

Sp r in gd a le  
St r e e t 13.31 10.90 17.44 4.13

Ed w a rd s  
St r e e t 14.00 11.42 18.09 4.09

Wa r n e r   Ave  
Br id ge

Sp r in gd a le  St  
Br id ge

Ed w a r d s  St  
Br id ge

Pu r p o s e  & Ne e d

Brid ge  Sid e w a lk

-1.0

2.0

5.0

8.0
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20.0

100+00 105+00 110+00 115+00 120+00 125+00 130+00 135+00 140+00
El

ev
at

io
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)

Station Along Channel (ft)

Top of Channel Side Sheet Pile Floodwall
100-year WSEL Bridge Superstructure
Piles Design Invert

Ove r t op p in g Fre e b oa rd

100 Ye a r  
WSEL
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Flood w a lls  w ill ca u se  
b u oya n cy fo rce  
(n e t  u p lift  fo rce  on  gird e r s )

Exis t in g t ie -d ow n  
d ow e ls  fa il

Gird e r s  cr a ck

WA (Bu oya n t  Loa d )

17
” 10-1/ 2”

O.D.

10-1/ 2”

O.D.

10-1/ 2”

O.D.

16-1/ 2 Ø 270 k s i PRESTRESSING STRANDS

4 # 5 REBAR

Void e d  Pre ca s t  Pre s t re sse d  Sla b  
[From  As-Bu ilt ]

1-1/ 2”~5” AC 
Ove r la y Sid e w a lkMe d ia n

Typ ica l Se ct ion  [Sp r in gd a le  St  Br id ge ]

Pu r p o s e  & Ne e d

48”



EA
ST

 G
A

R
D

EN
 G

R
O

V
E-

W
IN

TE
R

SB
U

R
G

 C
H

A
N

N
EL

 B
R

ID
G

ES
O

ra
n

g
e

 C
o

u
n

ty
, 

C
A

8

Th re e  Im p rove m e n t s  Alt e rn a t ive s  In ve s t iga t e d
1. In s t a ll flood w a lls , se cu re  t h e  e xis t in g b r id ge  gird e r s , a n d  

s t re n gt h e n  e xis t in g gird e r s  a  s t ru ct u ra l con cre t e  ove r la y —
Adding we ight  (overloa ding exist ing founda t ions a nd would 
increa se  se ism ic vulne ra bilit ie s) a nd ra ising exist ing profile  
(a ffect ing a pproa ch roa dwa y) 

2. In s t a ll flood w a lls  a n d  re p la ce  on ly t h e  e xis t in g b r id ge  vo id e d  
s la b  gird e r s  (p ile  ca p s  a n d  p ile  e xt e n s ion s  re m a in ) — 
Se lect ed Alt e rna t ive

3. Com p le t e ly re p la ce  t h e  b r id ge s  — Cost ly 

Im p rove m e n t  Alt e r n a t ive s
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 Void e d  Pre ca s t  Pre s t re sse d  
Sla b  Gird e r s

 Su p p or t  Dow e ls  

 Tra n sve r se  Pos t -Te n sion in g 
Tie  Rod s

 Flood w a lls / Ba r r ie r s  

 Ove r la y 

 Pile  Ca p s

 Pile  Ext e n s ion s

 Se ism ic Ch e ck

De s ign e d  (Ad d e d / Re p la ce d ) Ch e cke d  (Ke p t  in  Se rvice )

Se le ct e d  Alt e r n a t ive  (Re d e ck in g)

Re p la ce dKe p t
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① Me d ia n  in clu d e d   

Se rvice  a n d  St re n gt h  Lim it  St a t e s  (Dow n w a rd  Loa d s)
De sign  Re fe re n ce : 
AASHTO LRFD Br id ge  De s ign  Sp e cifica t ion s , 8t h  e d it ion  
w it h  t h e  2019 In t e r im s  a n d  t h e  Ca lifo rn ia  Am e n d m e n t s

De sign  Soft w a re  a n d  Mod e lin g:
 PGSu p e r
 Mod e ls  ① a n d  ② b e low

Loa d s: 
 De a d  Loa d : In clu d e s  1-1/ 2” p o lye s t e r  

con cre t e  ove r la y
 Live  Loa d : HL93, p e rm it  d e s ign  loa d
 Live  Loa d  Dis t r ib u t ion : Ta b le s  fo r  Live  

Loa d  Dis t r ib u t ion  Fa ct o r s  (AASHTO 4.6.2.2)

Gird e r  De sign  Grou p in g:

A B C

A B BC

② No  Me d ia n

B BC

De s ign  o f Vo id e d  Pre ca s t  Pre s t re s s e d  Sla b  Gird e r

A

A

A
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WA

④ 0.90 (DC + DW ) + 1.0 (Buoyant Loads)

St o rm  Eve n t  (Upw a rd  Loa d s)

Bu oya n cy & Fa ct or  o f Sa fe t y (48' '  
w id e  Con cre t e  De ck  Un it )

Wa rn e r  Ave  Br id ge Sp r in gd a le  St  Br id ge Ed w a rd  St  Br id ge

100-Ye a r  
St orm

Ext re m e  
Eve n t  

100-Ye a r  
St orm

Ext re m e  
Eve n t  

100-Ye a r  
St orm

Ext re m e  
Eve n t  

Wa t e r  Su r fa ce  Ele va t ion  [ft ] 12.77 16.88 13.31 17.44 14.00 18.09
Soffit  Ele va t ion  [ft ] 10.13 10.13 10.90 10.90 11.42 11.42

He igh t  o f Wa t e r  Ab ove  Soffit  [ft ] 2.64 6.75 2.41 6.54 2.58 6.67
Fa ct or  fo r  Bu oya n cy Loa d 1.60 1.00 1.60 1.00 1.60 1.00

Fa ct ore d  Bu oya n cy Loa d  
(u p lift )[k ip s ] -36.90 -58.97 -31.76 -53.87 -34.00 -54.94

Ne t  Up lift  Loa d  (k ip ) -14.18 -36.25 -10.25 -32.36 -12.72 -33.65

Loa d  Ca se s : 
 100-Ye a r  St o rm  Eve n t
 Ext re m e  Eve n t  (w a t e r  

re a ch e s  t op  o f w a ll)

Loa d  Fa ct o r s :
USACE EM 1110-2-2104
(St re n gt h  De s ign  fo r  
Re in fo rce d  Con cre t e  
Hyd ra u lic St ru ct u re s )

Me d ia n  w a s n o t  in clu d e d

De s ign  o f Vo id e d  Pre ca s t  Pre s t re s s e d  Sla b  Gird e r
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Typ ica l In t e rio r Girde r Sect ion   

Ke y Con s id e ra t ion s  on  Gird e r  De s ign :

 Th e  d e s ign  e n ve lop  fo r  b a la n cin g 
b e t w e e n  d ow n w a rd  a n d  u pw a rd  
loa d s  w a s  ve ry sm a ll.

 In  a d d it ion  t o  b o t t om  s t ra n d s , 
s t e e l re b a r s  a n d  p re s t re ss in g 
s t ra n d s  a re  a d d e d  a t  t op  t o  re s is t  
fle xu re  a n d  con t ro l ca m b e r .

 Void  d ia m e t e r  d e cre a se d  t o  10” 
t o  in cre a se  cle a ra n ce . 

 

B

Ma t e r ia ls :
Con cre t e :  f ’c = 5 k s i, fci = 4 k s i

St e e l:  fy = 60 k s i 

Pre s t re ss in g s t ra n d s :  270 k s i Low  Re la xa t ion  

0.6 Ø s t ra n d

De s ign  o f Vo id e d  Pre ca s t  Pre s t re s s e d  Sla b  Gird e r



EA
ST

 G
A

R
D

EN
 G

R
O

V
E-

W
IN

TE
R

SB
U

R
G

 C
H

A
N

N
EL

 B
R

ID
G

ES
O

ra
n

g
e

 C
o

u
n

ty
, 

C
A

13

De m a n d  Force s :
1. Te n sion  Force  (Bu oya n t  Loa d )

2. Sh e a r  Force  (Se ism ic Loa d )

Voided  Slab  GirderDowel Hole

3 Dow e ls  Pe r  Su p p or t

Dowels a s g rou t ed  
anchors t o  g irder

Drill and  Bond 
Anchors t o  PierWA (Buoyant Load)

Dow e l in s t a lla t ion  d e t a ilsEd ge  Re in force m e n t  a n d  a n ch or  
r e in force m e n t  fo r  sh e a r

De s ign  o f Dow e ls  a t  Gird e r  Su p p o r t s
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Exis t in g
 No p os t -t e n s ion in g t ie  rod s

 On ly # 8 re b a r s  u se d  a s  t ra n sve rse  gird e r  
con n e ct o r s

 AC cra ck in g ob se rve d  a t  t h e  b r id ge s

# 8 Re b a r  Tra n sve rse  Tie s

Prop ose d  De s ign
 Pos t -t e n s ion e d  t ra n sve rse  d ia p h ra gm s d e s ign e d  t o  

t ra n sfe r  loa d s  b e t w e e n  a d ja ce n t  gird e r s  t o  p re ve n t  
d iffe re n t ia l se t t le m e n t , in cre a se  b r id ge  ca p a cit y a n d  
p re ve n t  cra ck in g. 

 Fou r  d ia p h ra gm s a re  p rovid e d  a t  a  sp a cin g e q u a l t o  
on e  t h ird  o f t h e  sp a n .  

Loca t ion  o f Dia p h ra gm s

PARTIAL PLAN

We ld e d  Tra n sve rse  Tie

 1.25-in ch  d ia m e t e r  a n d  1.75-in ch  d ia m e t e r  o f 150 ks i 
t ie  r od s  a t  e n d  d ia p h ra gm s a n d  m id -d ia p h ra gm s, 
r e sp e ct ive ly. 

Tra n s ve r s e  De s ign
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 DL: Con cre t e  b a r r ie r s / flood w a ll / u t ilit ie s  a p p lie d  a s  
su p e r im p ose d  d e a d  loa d . Ot h e r  d e a d  loa d s  a re  
u n ifo rm ly d is t r ib u t e d .  

 LL: Live  loa d in g p os it ion e d  t o  p rod u ce  m a xim u m  
m om e n t  (n e ga t ive  o r  p os it ive ) in  d ia p h ra gm s.

An a lys is  Gr id  Mod e l:

Loa d in gs :

Wh e e l Loa d  Pos it ion  (HL-93 Tru ck)

14’
16 k ip s16 k ip s

Wh e e l Loa d  Pos it ion  (HL-93 Ta n d e m )
4’ 12.5 k ip s12.5 k ip s

 Grid  a n a lys is  w a s  p e r fo rm e d  t o  com p u t e  
b e n d in g m om e n t s  in  t h e  d ia p h ra gm s.

Ve r t ica l a n d  h or izon t a l e le m e n t s  r e p re se n t s  gird e r s  a n d  
d ia p h ra gm s, r e sp e ct ive ly.

Tra n s ve r s e  Po s t -Te n s io n in g Tie  Ro d s
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Con t ro llin g Mom e n t s
Con t ro llin g Live  loa d s  Mom e n t s  (Loa d s  a t  Br id ge  Ce n t e r )

Con t ro llin g Live  loa d s  Mom e n t s  (Loa d s  a t  Br id ge  Ed ge s)
Un b a la n ce d  De a d  Loa d  Mom e n t s  [k ip -ft ] 

Edwards St  Bridge  shown , o t her t wo  b ridges a re  sim ila r

 DL: Flood w a ll/ b a r r ie r  loa d s  d e ve lop  m om e n t s

 LL: Tw o-la n e  loa d in gs  a t  b r id ge  m id d le  la n e s  
a n d  e d ge  la n e s  con t ro l m om e n t s

 Ta n d e m  loa d in g con t ro ls  ove r  t ru ck  loa d in g

Tra n s ve r s e  Po s t -Te n s io n in g Tie  Ro d s
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St re ss  An a lys is  a n d  Ch e ck
 St r e sse s  a r e  ca lcu la t e d  b a se d  on  con t ro llin g 

m om e n t s  
 Pos t -t e n s ion in g is  a d d e d  t o  lim it  t e n s ion  s t r e ss  t o  

ze ro  a n d  com p re ss ive  s t r e n gt h  t o  0.60 con cre t e  
com p re ss ive  s t r e n gt h .

Fle xu ra l St re n gt h  Ch e ck
 Fle xu ra l s t r e n gt h  w a s  ch e cke d  fo r  fa ct o r e d  con t ro llin g 

m om e n t

Tra n s ve r s e  Po s t -Te n s io n in g Tie  Ro d s

Edwards St  Bridge  shown , o t her t wo  b ridges a re  sim ila r
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• Mod ifie d  Ca lt ra n s  St a n d a rd  
Typ e  732SW Ba r r ie r

• Ligh t w e igh t  con cre t e  t o  
d e cre a se  loa d s  on  p ile s

• Mu lt i-p u rp ose  fu n ct ion  

Flood w a ll/ Ba r r ie r

Flo o d w a ll /  Ba r r ie r



EA
ST

 G
A

R
D

EN
 G

R
O

V
E-

W
IN

TE
R

SB
U

R
G

 C
H

A
N

N
EL

 B
R

ID
G

ES
O

ra
n

g
e

 C
o

u
n

ty
, 

C
A

19

To  m in im ize  ove r la y w e igh t , 1.5-in ch -t h ick  p o lye s t e r  con cre t e  ove r la y is  
con s id e re d  in  d e s ign . 

We igh t  Co m p a r is o n

Exis t in g Ne w De cre a se In cre a se
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• Pile  ca p s  n o t  o r igin a lly d e s ign e d  
fo r  u p lift  (u pw a rd ) loa d s

• Pile  ca p s  w e re  ch e cke d  fo r  
b u oya n cy loa d s  

• All sp e cifica t ion  ch e cks  p a sse d  
(sh e a r , fle xu re  a n d  t o r s ion )

Top  Bars
6 #8

Bot tom  Bars
4  #8

#4  St irrup s

2’-6”

2’
-0

”

Pile  Ca p  Cross -Se ct ion

Ca p a cit y  Ch e ck  o f Pile  Ca p
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Sin gle  Pile  Ex is t in g  Ax ia l Lo a d  Ca p a cit y  

Pile  Typ e  
Axia l Ca p a cit y (k ip s)

Com p re ss ion  Te n sion

12.75-in ch  p ip e , con cre t e -
fille d , con ica l-t ip p e d

Ult im a t e : 200 Ult im a t e : 60

Fa ct ore d : 140 Fa ct ore d : 42

Pile  Lo a d s  a ft e r  Re d e ck in g

Br id ge s  

Ma xim u m  Axia l 
Com p re ss ion  (k ip s)

Ma xim u m  Axia l 
Te n s ion  (k ip s)

St r e n gt h   Se rvice  Ext r e m e  Eve n t  

Ed w a rd s  St r e e t  141 95 35

Sp r in gda le  St r e e t 117 78 32

Wa rn e r  Ave n u e  134 81 19

 Th e  a s -b u ilt  d ra w in gs  on ly p re se n t  
com p re ss ion  ca p a cit y o f p ile s . 

 Te n s ion  ca p a cit y o f p ile s  w a s  com p u t e d  a n d  
re p or t e d  by Ge o t e ch  d u r in g d e s ign  p h a se .  

Ca p a cit y:De m a n d :
 Axia l com p re ss ion  fo rce s  a re  d e t e rm in e d  b a se d  

on  t h e  re vise d  d e a d  loa d  a n d  live  loa d s . 

 Axia l t e n s ion  fo rce s  a re  d e t e rm in e d  con s id e r in g 
u pw a rd  b u oya n t  fo rce s  on  gird e r s  a n d  
ove r t u rn in g e ffe ct s  d u e  t o  la t e ra l w a t e r  
p re ssu re  on  flood w a lls . 

12-3/ 4 ”

3/ 8” St ee l Casing

6-#6 Ba rs

Concre t e  Filled  
Pip e  Pile

Ch e ck  o f Pile  Ca p a cit y
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Se ism ic Re t ro fit  Asse ssm e n t
 HDR a sse ssm e n t  con clu d e d  se ism ic re t ro fit  n o t  re q u ire d  fo r  

(se le ct e d ) Alt e rn a t ive  2

 Dokke n  a n a lys is  con firm e d  re t ro fit  n o t  re q u ire d  fo r  fin a l 
b r id ge  con d it ion s

 Not  in cre a s in g b r id ge  d e a d  loa d

Se is m ic De s ign / Ch e ck
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EDWARDS STREET BRIDGE
Tot a l o f 2 Con s t ru ct ion  St a ge s

 Tw o t r a ffic la n e s  w ill r e m a in  op e n

 Te m p ora ry b a r r ie r  w ill b e  u se d  t o  se p a ra t e  t r a ffic from  con s t ru ct ion  zon e

LEGEND: Exis t in g Re m ova l Ne w

Co n s t r u ct io n  St a gin g

1

2

Tra ffic Con st ru ct ion

Con st ru ct ion Tra ffic
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SPRINGDALE STREET BRIDGE
Tot a l o f 4 Con s t ru ct ion  St a ge s

 Tw o t r a ffic la n e s  w ill r e m a in  op e n

 Te m p ora ry b a r r ie r  w ill b e  u se d  t o  se p a ra t e  t r a ffic from  w ork in g zon e

Co n s t r u ct io n  St a gin g

LEGEND: Exis t in g Re m ova l Ne w

1

2

3

4

Con st ru ct ion

Con st ru ct ion

Con st ru ct ionTra ffic

Tra fficCon st ru ct ion
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WARNER AVENUE BRIDGE
Tot a l o f 5 Con s t ru ct ion  St a ge s

LEGEND: Exis t in g Re m ova l Ne w

 Fou r  t r a ffic la n e s  w ill r e m a in  op e n

 Te m p ora ry b a r r ie r  w ill b e  u se d  t o  se p a ra t e  t r a ffic from  con s t ru ct ion  zon e

Gird e r  Re p la ce m e n t  

Con st ru ct ion

Con st ru ct ion

Con st ru ct ionTra ffic Tra ffic

Con st ru ct ionTra ffic

Con st ru ct ion Tra ffic

1

2

3

4

5
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• Tra n sve r se  t ie  rod s  w ill b e  in s t a lle d  in  
s t a ge s

• Tie  rod  cou p le r  con n e ct ion  a n d  b lockou t s  
t o  a llow  fo r  p h a s in g p os t -t e n s ion in g 

• Tw o se t s  o f p a ra lle l t ie  rod s  a re  d e s ign e d  
t o  con n e ct  gird e r s  a t  b r id ge  crow n

Po s t -Te n s io n in g St a gin g
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Ut ilit ie s  

• Se ve ra l u t ilit ie s  
a re  w it h in  t h e  
b r id ge  lim it  

• Th e se  u t ilit ie s  
w ill e it h e r  b e  
p ro t e ct e d  in  
p la ce  o r  b e  
re loca t e d

Sp r in gd a le  Ut ilit y Exh ib it
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Ut ilit ie s  

• To p re ve n t  con flict  
t o  t ra n sve r se  
p os t -t e n s ion in g t ie s , 
u t ilit y d u ct s  a re  
p la ce d  a t  t h e  
b o t t om  o f vo id s  

• Fou r  su p p or t  d ow e ls  
a re  d e s ign e d  fo r  
gird e r s  w it h  u t ilit y 
d u ct s

In-Slab-Unit  Ut ility 
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Con s t ru ct ion  Ma n a ge m e n t  a t  Risk  (CMAR)

 Ve ry s im ila r  t o  Con st ru ct ion  Ma n a ge r / Ge n e ra l Con t ra ct o r  (CM/ GC)

 CMAR e s t a b lish e s  a  
Gu a ra n t e e d  Ma xim u m  Pr ice  (GMP)

 Con st ru ct ion  Ma n a ge r  
se le ct e d  d u r in g d e s ign

 Con t ra ct o r  p rovid e s sch e d u lin g, 
p r icin g, p h a s in g a n d  o t h e r  in p u t  
t h a t  h e lp s  t h e  ow n e r  d e s ign  
a  m ore  con s t ru ct ib le  p ro je ct

 Mye rs  a n d  Son s  se le ct e d  con t ra ct o r

Pro je ct  De live r y  Me t h o d  
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2

De sign  Fin a lize d

Ju ly 

Se p

Be gin  Con s t ru ct ion

Oct
Wa rn e r  Ave  Br id ge

Nov

Ed w a rd s  St  Br id ge

Au g

Sp r in gda le  St  Br id ge

Ju n e
En d  Con s t ru ct ion

Ju ly

Pro je ct  Close ou t

0 2 3 2 0 2 4 2 0 2 5

PROJECT SCHEDULE:

COST:  Gu a ra n t e e d  Ma xim u m  Pr ice : $18.3 M

Pro je ct  Co s t  & Tim e lin e
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Q a n d  A’s
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