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I .  EXECUTIVE SUMMARY 

The purpose of t h i s  study i s  twofold. The f i r s t  object ive  was t o  compare the  
cos t  of building a 100-year channel along Camelback Road from Li tchf ie ld  Road 
t o  the  Agua Fr ia  River versus the  Col ter  Channel alignment ( f  mile north of  
Camelback Road) t h a t  was previously designed f o r  the  Maricopa County 
Department of  Transportation (MCDOT) and t he  Flood Control D i s t r i c t  of 
Maricopa County (FCDMC). The second object ive  was t o  analyze a 5-year interim 
channel design t h a t  wil l  provide a 100-year level  of protection in t he  fu tu re  
condit ion when the  Colter  channel i s  in place and the  e n t i r e  watershed f o r  the 
1/4 mile between Colter  Channel and Camelback Road i s  f u l l y  developed. This 
channel i s  r e fe r red  t o  as the  5-year interim channel because i t  wil l  provide a 
5-year level  of protection in the  interim time a f t e r  the Colter  Channel i s  
constructed and before t he  watershed i s  developed. The level  of protection i s  
assumed t o  increase in the  fu tu r e  because of the  County requirement t h a t  any 
new development wil l  provide stormwater re tent ion f o r  the  100-year runoff. 

The following i s  a summary of the  cos t  est imates.  The est imate f o r  t he  100- 
year Camelback Channel does not include any cos t s  associated with the  
undesirable sa fe ty ,  a e s the t i c  and maintenance issues  re1 ated t o  locat ing a 
major drainage channel along a high volume road of regional s ignif icance,  such 
a s ,  Came1 back 'Road. These i s sues  a re  d i f f i c u l t  t o  place a value on; 
espec ia l ly  public safe ty .  With t h i s  in mind, i t  i s  c l e a r  t h a t  a thorough 
evaluation of the  a l t e rna t i ve s  requires  considerat ion of a number of i ssues  
beyond just cos t s .  

Channel A1 t e rna t i ve  Cost Estimate 

100-YEAR CAMELBACK CHANNEL $4,060,000 
(Without Col ter  Channel ) 

100-YEAR COLTER CHANNEL $3,113,900 
(Developed Previously f o r  MCDOT 
and FCDMC) 

5-YEAR INTERIM CAMELBACK CHANNEL $ 739,800 
(With Col ter  Channel in Place) 

I t  should be noted t h a t  these  cos t s  a re  not d i r e c t l y  comparable because the  
two 100-year channel designs were based on somewhat d i f f e r en t  design c r i t e r i a .  
The following paragraphs descr ibe  the  di f ferences  in the  design assumptions: 



Freeboard requirements d i f f e r  f o r  each a l t e rna t ive .  The Colter  Channel 
was designed with a m i n i m u m  freeboard of 1 foot  and a l so  with ex t ra  
capacity ( in  addition t o  the  one foot  of freeboard) t o  convey t he  
increased runoff t h a t  wil l  r e su l t  from future  development in the  
contributing drainage area.  This ex t ra  capacity i s  being provided so  
t h a t  t h e  property owners wil l  not have t o  provide stormwater retention 
when they develop t h e i r  property. In re turn,  the  property owners a r e  
donating r igh t  of way f o r  the  construction of t he  Colter  Channel. The 
100-year Camelback Channel has no freeboard. The channel i s  only 
required t o  keep one t ravel  lane dry on the  north s ide  of t he  fu ture  
Camel back Road during the  100-year storm event. There i s  no allowance 
f o r  increased f l  ows from fu ture  devel opment. Freeboard f o r  t he  5-year 
interim design i s  a minimum of 0.5 f e e t  within the  channel. The 
freeboard requirements f o r  the  two Camelback Channel a l t e rna t i ve s  were 
given by MCDOT. 

2. The cost  estimate f o r  t he  100-year Colter  Channel includes bridges 
a t  Dysart Road and a t  E l  Mirage Road, as  requested by MCDOT. The 100- 
year  Camelback Channel design incorporates box cu lver t s  a t  these  roadway 
crossings (MCDOT requested t he  use of culver ts  because of the  c lose  
proximity t o  the  major in tersect ions  on Camelback Road). The bridge 
cos t s  a r e  higher than t he  culver t  costs .  

3 .  Fence cos t s  are  included f o r  the  Colter  Channel design as  required by 
FCDMC. Fence costs  are  a l so  included i n  the  100-year Camel back Channel 
design on the north s ide  of the channel and guardrail  i s  included along 
t he  south s ide  (adjacent t o  Camelback Road) in ce r ta in  areas  as  needed 
t o  meet c l ea r  zone requirements. 

4 .  Channel geometry and associated excavation costs  a r e  a l so  d i f f e r en t  f o r  
each a l t e rna t ive .  The Colter  Channel has 6:l s ide  slopes on both s ides  
and a l a rger  bottom width t o  provide a g rea te r  conveyance capacity t ha t  
a1 lows future  devel opment t o  occur without providi ng stormwater 
re tent ion (see item 1 ) .  The Camelback Channel has a 4:l s ide  slope on 
t he  north s ide  and a 6 : l  s ide  slope on the  south s i de  adjacent t o  
Camel back Road. The Camel back Channel was designed with' a minimum 
channel bottom tha t  does not provide any extra  capacity f o r  fu tu re  
development . In addit ion,  the  Col t e r  Channel a1 ignment i s 1 onger than 
the  Camel back Channel a1 ignment. 

5. Driveway crossings a re  a s ign i f ican t  cost  fac to r .  In the  case of Colter 
Channel there  are  no ex i s t ing  driveways f o r  which cu lver t s  a re  required. 
The Camelback Channel, on the  other hand, requires numerous culver ts  t o  
provide access f o r  exi s t ing  driveways. 



6. Both t h e  100-year C o l t e r  Channel and 100-year Camelback Channel designs 
inco rpora t e  a conc re t e  v a l l e y  g u t t e r  from E l  Mirage Road t o  t h e  o u t f a l l  
i n  t h e  Agua F r i a  River.  However, due t o  t h e  l o c a t i o n  of  t h e  o u t f a l l ,  
t h e  Camel back Channel has a cons iderably  s h o r t e r  l eng th  o f  v a l l e y  
g u t t e r .  

7.  Right of  way c o s t s  f o r  each channel l o c a t i o n  a r e  s i g n i f i c a n t l y  d i f f e r e n t  
because of t h e  h igher  c o s t  a s soc i a t ed  with ob ta in ing  r i g h t  of  way along 
Camelback Road versus  t h e  Co l t e r  alignment and, a s  descr ibed  above, much 
of  t h e  r i g h t  of way f o r  t h e  Co l t e r  Channel w i l l  be donated. The 
Camel back Channel a1 ignment r equ i r e s  t h e  acqui s i  t i o n  of  t h e  e x i s t i n g  
T i e r r a  Buena subdiv is ion  l o t s  and r e s idences  no r th  of  Camelback Road. 

The fo l lowing  t a b l e s  provide an item by item comparison of  t h e  c o s t  f o r  each 
channel des ign .  Severance damages a r e  included i n  t h e  r i g h t  of  way c o s t s  f o r  
t h e  100-year Camelback Channel, 100-year C o l t e r  Channel, and t h e  5-year  
i n t e r i m  Camelback Channel des igns  t o  provide driveway c r o s s i n g s  f o r  f u t u r e  
access .  



1 Colter  Channel Cost Estimates and Design Plans were compiled by CRSS, 
Inc. f o r  FCDMC. 

2 Cost Estimates fo r  Colter  Channel a r e  f ina l  bid es t imates  with no cost  
f o r  contingencies. 

3 Some of the  r i g h t  of way for  Colter  Channel wi l l  be donated and i n  
return t h e  County will upsize t he  capacity of t he  channel t o  allow t h e  
doner's t o  develop without providing stormwater re ten t ion .  

4 Does not  include 1 andscaping costs .  

COST COMPARISONS OF 
100-YEAR CAMELBACK CHANNEL (WITHOUT COLTER CHANNEL) 

VS . 
100-YEAR COLTER CHANNEL 

Note: Cost f o r  Colter  Channel plus 5-year interim Camelback Channel is  
$3,853,200. 

Description 

Channel Excavation 

Grouted R i  prap 

Drop S t ruc tu res  

Guardrail & Fence 
(Camel back) 
Wire Fence (Col ter )  

Access/Maintenance Roads/ 
Bridge Approaches 

Val l ey Gutter 

Side Weir Inflow Spillways 

E l  Mirage Road & Dysart 
Road Crossings 
Camel back - Box Culverts 
Col ter  - Bridges 

Driveway Crossings & 
A i  r l  i ne Canal 

Embankment Spi 11 ways 

20% Contingencies - 
(Camel back) 
M i  scel  1 aneous* - (Colter)  

Mobilization & Permits 

Right of Way 
(Incl  uding Severance 
Damages) 

TOTAL COST 

COST COMPARISONS 

Camel back Channel 
(100-Year Without 
Colter  Channel ) 

262,680 C.Y. 
$394,000 

2,540 C.Y. 
$127,000 

9 Total 
$150,100 

$125,200 

$60,300 

$101,500 

Assume Same as Colter  
$83,000 

$247,500 

$563,100 

20 Each 
$30,000 

$389,300 

$65,000 

$1,724,000 

$4,060. 0004 

Colter  Channel 
100-Year 1 

284,310 C.Y. 
$426,500 

370 C.Y. 
$18,500 

5 Total 
$192,800 

$165,000 

$364,000 

$170,000 

$83,900 

$770,000 

(Ai r l  i ne Canal On1 y) 
$44,000 

8 Each 
$12,000 

$302,200 

$65,000 

$500,0003 

$3. 113.9004 



COST COMPARISONS OF 
100-YEAR CAMELBACK CHANNEL (WITHOUT COLTER CHANNEL) 

VS . 
5-YEAR INTERIM CAMELBACK CHANNEL (WITH COLTER CHANNEL IN PLACE) 

Descri pti on 

Channel Excavation 

Drop Structures 

Grouted Ri prap 

Wire Fence & Guardrail 

Culvert Crossings 

Maintenance Road 

Val 1 ey Gutter 

Side Wier Inflow Spillways 

Embankment Spillways 

20% Contingencies 

Right of Way (Including 
Severance Damages) 

Mobilization & Permits 

TOTAL COST 

COST COMPARISONS 

100-Year Camel back 
Channel Des i gn 
(Without Colter 

Channel ) 

262,680 C.Y. 
$394,000 

9 Total 
$150,100 

2,540 C.Y. 
$127,000 

$125,200 

$810,600 

$60,300 

$101,500 

$83,000 

20 Each 
$30,000 

$389,300 

$1,724,000 

$65,000 

$4,060,000 

5-Year Interim 
Camel back Channel 

Des i gn 
(With Colter Channel ) 

46,050 C.Y. 
$74,000 

8 Total 
$30,650 

875 C.Y. 
$43,800 

Not Required 

$141,550 

Not Required 

Not Required 

Not Required 

40 Each 
$60,000 

$70,000 

$274,800 
(Without Subdivision 

Lots) 

$45,000 

$739,800 



11. INTRODUCTION 

The WLB Group, Inc. was di rected by the  Flood Control D i s t r i c t  of Maricopa 
County (FCDMC), as  requested by the  Maricopa County Department of 
Transportation (MCDOT), t o  prepare conceptual plans and cost  estimates f o r  a 
drainage channel along t he  north s ide  of Camel back Road from Li t ch f i e ld  Road 
t o  t he  Agua Fr ia  River. The WLB Group had previously prepared concept plans 
and a repor t  f o r  a 10-year, 24-hour channel design assuming t ha t  t he  Colter  
Channel is  in  place 1/4 mile north of Camelback Road. That report  i s  e n t i t l e d  
"Preliminary Channel Design Report f o r  Camelback Road Channel", dated April 
13, 1993. 

This study i s  an extension of t h a t  previous report  and i t s  purpose i s  t o  
evaluate two additional a l t e rna t i ve s  fo r  the  Camelback Channel. The two 
addit ional  a l t e rna t ives  include a channel design fo r  the  100-year, 24-hour 
design storm assuming t h a t  Colter  Channel would not be bu i l t ;  and a design fo r  
t he  fu ture  10-year, 24-hour storm which assumes t ha t  Colter Channel i s  
constructed and the  area between Colter Channel and Camelback Road i s  in  a 
f u l l y  developed fu ture  condition. This scenario assumes t ha t  runoff wil l  be 
re ta ined on fu ture  development f o r  the  100-year, 2-hour storm (2.64 inches) 
per Maricopa County requirements. 

In addi t ion,  two other  interim design storms (the 2-year, 24-hour and 5-year, 
24-hour events) were computed t o  compare t he  level of protection t ha t  t he  
fu tu r e  10-year, 24-hour channel design storm would provide under current  
condit ions.  Subsequently, a f t e r  review by the  Maricopa County Department of 
Transportat ion,  the  5-year, 24-hour interim design storm was selected f o r  t h e  
preparation of preliminary design plans and cost  estimates. This storm was 
se lected because i t  provided a g rea te r  amount of protection compared t o  the 
fu tu r e  10-year design storm. These design storms will be discussed in g rea te r  
d e t a i l  l a t e r  i n  t h i s  report .  

111. EXISTING AND PROPOSED CONDITIONS 

The ex i s t ing  drainage area consis ts  predominantly of deser t  vegetation with a 
few pockets of agr icul tura l  and res ident ia l  1 and. 

Rainfall runoff flows from north t o  south where i t  i s  intercepted along 
Camel back Road. Presently a small channel conveys these flows along the  north 
s i d e  of Camelback Road from Li tchf ie ld  Road t o  Dysart Road, then in a median 
channel from Dysart Road t o  the  Air l ine  Canal, then along the  north s ide  of 



Camelback Road t o  an ex i s t ing  8' x 8' box cu lver t  o u t l e t  1/2 mile ea s t  of El 
Mirage Road. The capacity of t h i s  channel i s  minimal, and once i t  i s  
exceeded, runoff will cross  over Camelback Road and flow t o  the  south. This 
causes flooding within t he  City of Li tchf ie ld  Park and along Dysart Road south 
of Camel back Road. 

Recently, design work on a 100-year channel was completed f o r  FCDMC and MCDOT 
along an alignment of approximately Colter Road. Colter  Channel, as  i t  has 
been named, i s  located approximately 1/4 mile north of Camelback Road and wi l l  
convey 100-year storm water flows from Li tchf ie ld  Road ea s t  t o  t he  Agua Fr ia  
River. This channel wil l  in tercept  a major portion of the  flows t h a t  would 
otherwise reach Camel back Road, including out1 e t  flows from the  recent ly  
constructed Li t chf ie ld  Park Detention Facil i ty .  This channel wi l l  
s ign i  f icant ly  reduce the  drainage area t h a t  contri  butes runoff t o  Camel back 
Road. 



LOCATION MAP 



I V .  DESIGN ASSUMPTIONS 

The f o l l o w i n g  design assumptions were made w i t h  respect  t o  t he  Camelback Road 
Channel. 

100-YEAR, 24-HOUR DESIGN - NO COLTER CHANNEL 

A. The channel and associated drainage s t ruc tu res  a re  s i zed  t o  convey t h e  
r u n o f f  f rom t h e  100-year storm as d i r e c t e d  by the  Maricopa County 
Department o f  Transpor ta t ion .  

B. The channel l o c a t i o n  w i l l  accommodate t h e  u l t i m a t e  b u i l d  o u t  o f  
Camel back Road. The f u t u r e  b u i l d  ou t  requ i res  th ree  f u l l  lanes w i t h  
curb  and s idewalk on t h e  n o r t h  s ide  (see the  f o l l o w i n g  t y p i c a l  cross 
sec t i on ) .  

Guard ra i l  i s  inc luded i n  the  cos t  est imate f o r  t h e  100-year channel 
design. The g u a r d r a i l  should n o t  be requ i red  i n  t h e  u l t i m a t e  roadway 
c o n f i g u r a t i o n  which inc ludes  curb and gu t te r .  However, i n  t h e  i n te r im ,  
be fore  t h e  u l t i m a t e  roadway sec t i on  i s  constructed, g u a r d r a i l  may be 
necessary t o  p r o t e c t  m o t o r i s t  from c o l l i d i n g  w i t h  t h e  c u l v e r t  headwall s. 
The i n t e r i m  roadway sect ion,  which w i l l  be constructed a t  t he  same t ime  
as t h e  channel, w i l l  i nc lude  t h e  median b u t  on l y  39 f e e t  o f  pavement and 
no curb  and g u t t e r .  

D. Assume t h a t  t h e  roadway c e n t e r l i n e  f o r  t he  f u t u r e  b u i l d o u t  c o n d i t i o n  i s  
4 f e e t  n o r t h  o f  t h e  monument l i n e .  Th i s  i s  t h e  proposed roadway 
l o c a t i o n  f rom L i t c h f i e l d  Road t o  Dysar t  Road. The e x i s t i n g  roadway east  
o f  E l  Mirage Road w i l l  s tay  e s s e n t i a l l y  t he  same w i t h  no median. The 
above assumption w i l l  r e q u i r e  t h a t  seven T i e r r a  Buena subd iv i s ion  l o t s  
eas t  o f  129th Avenue w i l l  have t o  be taken f o r  r i g h t  o f  way purposes. 
Four o f  these l o t s  have houses l oca ted  on them. An o f f s e t  roadway 
a1 ignment a t  t h i s  l o c a t i o n  (which i s  poss ib le  and cou ld  s i g n i f i c a n t l y  
reduce r i g h t  o f  way cos ts )  should be analyzed w i t h  the  roadway design. 

E.   he A i r l i n e  Canal siphon w i l l  need t o  be r e b u i l t  and lowered based on 
t h e  p r o j e c t e d  channel p r o f  i 1 e. 

F. Stormwater f l ows  w i l l  be d i r e c t e d  south, across Camel back Road, a t  t he  
l o c a t i o n  o f  t h e  e x i s t i n g  8' x  8' box c u l v e r t ;  2500' east  o f  El  Mirage 
Road. Three a d d i t i o n a l  8' x  8'  box c u l v e r t s  w i l l  be requ i red  a t  t h i s  
l o c a t i o n .  



G .  Stormwater flows f o r  t h e  100-year event  will be allowed t o  exceed t h e  
channel c a p a c i t y  and inundate  t h e  two nor th  l a n e s  o f  t h e  u l t i m a t e  
Camel back Roadway s e c t i o n ;  l e av ing  one d r y  t r a v e l  1 ane a s  d i r e c t e d  by 
Maricopa County Department o f  Transpor ta t ion .  

H. The r equ i r ed  channel c a p a c i t y  i s  based on t h e  assumption t h a t  t h e  C o l t e r  
Channel w i l l  no t  be b u i l t .  

I .  Cu lve r t s  w i l l  be provided a t  e x i s t i n g  driveway en t r ances  and a t  major 
m i l e  c r o s s i n g s .  

J .  The proposed c e n t e r l i n e  p r o f i l e  of  Camelback Road was taken  from t h e  
p re l imina ry  p lans  f o r  Camelback Road by C e l l a  Bar r  Assoc i a t e s ,  da t ed  
June  19, 1985. 
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5-YEAR, 24-HOUR INTERIN DESIGN WITH COLTER C H M L  I N  PLACE 

A. The channel and associated drainage s t ruc tures  a re  sized t o  convey the  
runoff from the  5-year interim storm as  di rected by the  Maricopa County 
Department of Transportation. 

B. The channel locat ion will  accommodate the ult imate build out  of 
Camelback Road. The fu ture  build out requires three  f u l l  lanes with 
curb and sidewalk on the  north s ide  (see t he  following typical  c ross  
sect ion) .  

Assume tha t  the  roadway cen te r l ine  f o r  the  fu ture  buildout condition i s  
4 f e e t  north of the  monument l ine .  This i s  the  proposed roadway 
location from Li tchf ie ld  Road t o  Dysart Road. The ex i s t ing  roadway ea s t  
of El Mirage Road wil l  s tay essen t ia l ly  the  same with no median. The 
above assumption wi l l  require t ha t  the  three  Tierra  Buena subdivision 
l o t s  e a s t  of 129th Avenue will  have t o  be taken f o r  r i g h t  of way 
purposes unless the  roadway alignment can be sh i f t ed  south t o  miss these  
l o t s .  Roadway geometrics and design speed c r i t e r i a  wil l  determine i f  
t h i s  i s  feas ib le .  Cost estimates f o r  the 5-year interim design assume 
the  roadway can be sh i f t ed  south so t he  channel wil l  not d i s t u rb  t h i s  
subdivision. 

D. The Air l ine  Canal siphon will  need t o  be r e b u i l t  and lowered, based on 
the  projected channel p rof i l e .  

E. The ex i s t ing  8' x 8' box culver t  under Camelback Road, 2500' e a s t  of El 
Mirage Road, wil l  serve as  the  channel ou t l e t .  

F. The channel design f o r  the  5-year event wil l  incorporate a minimum of 
0.5' of freeboard within the  channel as d i rected by the  Maricopa County 
Department of Transportation. 

G .  The 5-Year channel design i s  based on the assumption t h a t  t he  Col ter  
Channel wil l  be bui 1 t 1/4 mile north of Camel back Road and will  co l l  e c t  
flows from the  100-year storm event. 

H. Culverts wil l  be provided a t  ex i s t ing  driveway entrances and a t  major 
mile crossings. 

I .  The proposed cen te r l ine  p ro f i l e  of Camelback Road was taken from the  
preliminary plans f o r  Camel back Road by Cell a Barr Associates, dated 
June 19, 1985. 
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V. HYDROLOGIC MODELING 

The HEC-1 rainfall runoff model was utilized to compute peak discharges at 
various points of concentration along Camelback Road. Hydrologic base data 
for this model was created utilizing portions of the HEC-1 model created for 
the White Tanks/Agua Fria Area Drainage Master Study along with criteria set 
forth in the Hydrologic Design Manual for Maricopa County. 

Subbasin runoff was computed using Green-Ampt soil loss rate parameters. The 
Phoenix Val ley S-Graph was incorporated to calculate unit hydrographs for the 
100-year, 2-year interim, and 5-year interim design storms. The Clark unit 
hydrograph was used to calculate peak discharges for the 10-year future 
developed condition model. The rainfall distribution pattern is the SCS Type 
I 1  which is based on a 24-hour storm event. Rainfall data was computed using 
the Maricopa County Hydrology Manual. The following table shows the 
precipitation values in inches computed for storms of various duration and 
frequency. 

Point Values 
Return Period 

DURATION 

FREQUENCY 

Point rainfall was reduced for each storm event utilizing data from the NOAA 
Atlas 11. Normally the rainfall reduction is based on drainage area size. 
However, because the shape of the watershed is long and narrow, the reduction 
was based on a circular storm pattern with its diameter equal to the length 
of the watershed in the 2-year interim, 5-year interim, and 10-year future 
storm events. A circular pattern of areal reduction was also utilized for the 
100-year storm event even though the contributing area is not as linear as the 
other scenarios. 



The HEC-1 models developed f o r  t h i s  study u t i l i z e  the JD card op t ion  i n  order 

I t o  ca lcu la te  the peak discharge a t  each p o i n t  o f  concentrat ion along the 
channel alignment. The r a i n f a l l  depth recorded on the JD cards corresponds t o  
a c i r c u l a r  storm pa t te rn  and not  the drainage area s ize.  For example, the 5- 

I year in ter im,  24-hour HEC-1 model has a JD card w i t h  a r a i n f a l l  depth o f  1.979 
inches and a t o t a l  con t r i bu t i ng  watershed o f  0.85 square mi les.  The 1.979 
inches corresponds t o  an area o f  6.18 square mi les  which i s  an equivalent  
c i r c u l a r  storm area. 

The f o l l ow ing  t ab l e  presents the r a i n f a l l  reduct ions used i n  the HEC-1 models. 

24-HOUR POINT RAINFALL REDUCTION BASED ON DEPTH-AREA CURVES FROM NOAA 

ATLAS 11, PRECIPITATION-FREQUENCY ATLAS OF THE WESTERN UNITED STATES, 
VOLUME I 1 1  - ARIZONA 

Area (Sq. M i le )  
0.01 

Percent o f  Po in t  P r e c i p i t a t i o n  
100% 
100% 
99.1% 
98.5% 

I 24-Hour Po in t -Rain fa l l  Reduction Based on C i r cu l a r  Storm Patterns 

Ci rcu la r  Percent o f  
Concen- Footpr in t  Watershed Point  RAINFALL (INCHES) 
t r a t i o n  Area Area Precip. 

Point  (Sq. Mi.) 6% Mi- ) 2-Year 5-Year 10-Year 100-Year 

242A 0.11 0.11 100% 1.40 2.00 2.40 3.80 

500 0.27 0.27 100% 1.40 2.00 2.40 3.80 

503 1.29 0.45 99.933 1.399 1.998 2.398 3.797 

506 2.50 0.59 99.66% 1.395 1.993 2.392 3.787 

508 4.10 0.72 99.30% 1.390 1.986 2.383 3.773 

51 0 6.18 0.85 98.96% 1.385 1.979 . 2.375 . 3.760 



As mentioned previously in  the  introduction,  t h i s  study concentrates on 
channel designs fo r  t he  100-year, 24-hour storm event without Colter  Channel 
and the  10-year, 24-hour fu ture  conditions scenario with Colter  Channel. In 
addi t ion,  a 2-year, 24- hour and 5-year, 24- hour exi s t ing  conditions model was 
run t o  ascer ta in  t he  level  of service provided by the  fu ture  10-year scenario. 
To t h i s  end, t he  10-year fu tu re  hydrologic model was s e t  up assuming future  
developed condit ions in  t he  watershed area between the  proposed Colter Channel 
and Camelback Road. The Drainage Area Map f o r  the  10-year fu tu re  HEC-1 model 
a t  t h e  back of t h i s  repor t  shows the  contributing drainage areas  numbered 1 - 
23. The assumption was made t h a t  the 100-year, 2-hour r a in f a l l  event (2.64 
inches) would be re ta ined on the  developed areas,  except f o r  any exis t ing 
developments, as  per cur ren t  Maricopa County retention requirements. The 10- 
year ,  24-hour storm i s  2.40 inches and, therefore ,  the only contributions in 
the  watershed would be from ex is t ing  and proposed mile, 1/2 mile, and 1/4 mile 
s t r e e t s  running north-south; from Camelback Road i t s e l f ;  and a l so  from the  
ex i s t ing  Tie r ra  Buena subdivision located ea s t  of 129th Avenue and north of 
Camel back Road. 

Peak discharges fo r  each of these  models a r e  presented on t he  following page 
and based upon review by t he  Maricopa County Department of Transportation, the  
100-year, 24-hour event (without Colter Channel) and the  5-year, 24-hour 
ex i s t i ng  conditions model (with Colter Channel) were se lected f o r  preparation 
of preliminary plans and cos t  estimates. 

The 5-year, 24-hour interim model was chosen because i t  r e s u l t s  in s l  ightly 
higher flows than t he  10-year fu tu re  conditions model and MCDOT chose t o  
provide a minimum of a 5-year level  of protection.  

The following summary of discharges table  shows peak discharges f o r  each storm 
event a t  per t inent  points of concentration along Camelback Road. Drainage 
Area Maps a r e  located a t  t he  back of t h i s  report  and a floppy d i sk  containing 
HEC-1 runs f o r  each scenario a re  located i n  a p l a s t i c  sleeve affixed t o  the 
back cover of t h i s  repor t .  



MLBRO: ROAD WWEL DISQ(ARGES (CFS) 

POINTS OF CCKEKIUATION LOCATION 

Ex is t ing  10-Year 
Condition Future 

CP242 A (cp1) L i t ch f i e l d  Road 

WITH COCTER WNNEL IN PLACE 
10-YEAR INTERIM" 

2-YEAR INTERIM' 5-YEAR INTERIM' 10-YEAR FUTURE** PREVIOUS STUDY 
(Exist inq Conditions) {Exist inq Conditionsl (Future Conditionsl {Exist ins Conditions) 

CP500 (CP6) 1/2 Mi le  East o f  L i t ch f i e l d  Road 5 71 16 127 

CP501 (cp7) Driveway Entrance 1800' West of 5 
Oysart Road 

CP502 (CPIO) Driveway Entrarxx 600' West of 5 
Oysart Road 

CPM3 (CP12) Oysart Road 6 102 25 192 

CP504 (CP13) 129th Avenue 6 105 27 207 

CPMS (CP14) A i r l i n e  Canal 7 11 1 37 223 

CP506 (CP15) 2580' k s t  o f  E l  Mirage Road 8 110 39 222 

CP507 (CP17) 1700' k s t  of E l  Mirage Road 23 136 41 255 

C P m  (CPa) El Mirage Road 35 161 45 294 

CP509 (CP22) 1350' East of E l  Hlrage Road 33 157 47 287 

w CP510 ((723) Driveway Entrance 1/2 Mi le  East o f  31 
U El  Mirage U,oad 

W T W T  COLTER CHANNEL 

100-YEAR 
lEx is t inq  Conditions) 

Note: 
Ex is t ing  a n d i t i o n s  models w i th  proposed Colter Channel i n  place. 

** Future condit ions node1 wi th  proposed Colter Channel i n  place (100-Year. 2-Hour retent ion i s  assumed on future developed areas). 



VI. HYDRAULIC MODELING 

Camelback Road Channel was modeled by u t i l iz ing  the computer routine Standard 
Step Water Surface Profiles fo r  Trapezoidal Channels by Dodson and Associates. 
Drainage culverts were modeled with the HY-8 Culvert Analysis computer program 
provided by the Federal Highway Administration. Peak discharges based on the 
100-year, 24-hour storm without Colter Channel and the 5-year interim design 
storm with Colter Channel were used t o  design the Camelback Channel for  each 
a1 ternative.  

Water surface elevations were computed by running the backwater analysis 
between drainage structures.  The culvert  analysis program was ut i l ized to  
calculate  the headwater on the upstream side of the culvert  using the known 
tai lwater  elevation provided by the backwater analysis. This headwater 
elevation was then input as the s ta r t ing  water surface elevation fo r  the 
backwater analysis which was then run t o  the next upstream drainage structure.  

Many i te ra t ions  were performed t o  determine the optimum channel slopes and 
drainage s t ructure sizes.  Also, the intent was to  keep veloci t ies  around 5 
f t /sec.  or l e s s  and within a subcrit ical  flow regime. This i s  one purpose for  
the drop s t ructures  a t  various locations. The second purpose of these drop 
s t ructures  i s  t o  minimize the channel depth thus reducing r ight  of way 
requirements. 

Freeboard requirements for  the 5-year interim channel are  a minimum of 0.5 
f e e t  and the 100-year design channel has a requirement of one dry travel lane 
f o r  the future roadway configuration. These freeboard requirements were 
defined by the Maricopa County Department of Transportation. 

Locations of the drainage structures,  drop structures,  and channel s izes  are 
shown on the preliminary plan and profi le  sheets fo r  each case (Appendix B ) .  
The culvert  analyses and backwater analyses are located in Appendix A. 

I t  should be pointed out that  hydraulic analysis for  the 100-year channel 
design i s  based on a channel cross section w.ith 4:l side slopes on both sides. 
However, the final proposed cross section has a 4:l side slope on the north 
s ide and a 6:l side slope on the south side. Therefore the channel, as shown 
in the preliminary plan, will have a 1 i t t l e  more freeboard than what i s  
presented in the channel design summary sheet on page 30. 



VII. CHANNEL DESIGN RECOMMENDATIONS 

The following recommendations a re  suggested f o r  each channel design along 
Camelback Road. Reach by reach descr ipt ions  a re  given s t a r t i n g  a t  the  
ex i s t ing  8' x 8' box cu lver t  under Camel back Road. This s t r uc tu r e  will serve 
as  t he  ou t f a l l  f o r  the  channel. The descriptions continue upstream t o  the  
channel termination a t  the  high point west of Litchfield Road. 

Right of way requirements throughout t h i s  project  a re  based on the  future  
build out of Camelback Road which includes a 16' median, 3 t r a f f i c  lanes each 
way with curb and gu t t e r  ( the  t ravel  lanes each way have a 40' width), a 6 
foot  sidewalk, and 17' of landscaped area between the  curb and the  top of 
channel. These dimensions, along with the  channel width requirements, wi l l  
determine t he  fu ture  r i gh t  of way widths f o r  t h i s  project  (see previous 
typical  sec t ion) .  For ease of determining r i gh t  of way f o r  t h i s  project ,  i t  
i s  assumed t h a t  t he  construction cen te r l ine  i s  o f f s e t  4 f e e t  t o  the  north of 
t he  monument l i n e  from Li tchf ie ld  Road t o  El Mirage Road, thus making the  
fu tu r e  roadway requirement approximately 75 t o t a l  f e e t  north of the  monument 
l i n e .  No roadway changes a re  foreseen west of Li tchf ie ld  Road which basical ly  
f o l l  ows t he  ex i s t ing  prel iminary roadway plans. The ex i s t ing  roadway 
configuration wi l l  a l so  s tay  the  same ea s t  of El Mirage Road. This par t i cu la r  
alignment assumes t h a t  t he  seven Tierra  Buena subdivision l o t s  eas t  of 129th 
Avenue wil l  have t o  be acquired f o r  the  100-year channel design and the  cost  
est imates take t h i s  in to  account. However, i t  may be possible t o  s h i f t  t he  
alignment south t o  miss four of the  subdivision l o t s .  In t h e  case of the  5- 
year  interim channel cost  est imate,  i t  was assumed t h a t  t h e  alignment could be 
sh i f t ed  t o  e n t i r e l y  miss the  subdivision. 

I t  i s  foreseen t h a t  many elements of these preliminary designs may change once 
t he  f i na l  roadway alignment location has been established.  However, basic 
channel configurations and s t ruc tura l  drainage elements should remain 
re1 a t i ve ly  unchanged f o r  each a1 ternat ive .  

A t a b l e  of r i g h t  of way requirements fo r  each project  i s  shown a t  the  end of 
t h i s  sect ion.  Sta t ions ,  based on the  preliminary roadway plans by Cella Barr. 
Associates, have been extended e a s t  of El Mirage Road t o  pick up the  remainder 
of t he  channel t h a t  reaches t o  the  ex i s t ing  8' x 8' box cu lver t  ou t l e t  under 
Camel back Road. 

Proposed Structures  Tables and Channel Design Tables are  a l so  included a t  the  
end of t h i s  sect ion fo r  each scenario.  These t ab les  give per t inent  design 
information in  a tabular  form f o r  ease of review. 



100-YEAR CHANNEL DESIGN 

A. STA 130+16 TO STA 137+06 
FROM 4 - 8'  X 8 '  BOX CULVERT OUTLEl UNDER CAMELBACK ROAD TO 8 - 8' X 4 '  
BOX CULVERTS 210 FEET UPSTREAM (2275' EAST OF EL MIRAGE ROAD). 

The existing 3' drop in l e t  structure will need to  be removed which will 
lower the proposed channel bottom to  the invert of the box culvert  a t  
elevation 1013.96. The three additional box culverts will be bu i l t  west 
and adjacent to  the existing 8'  x 8' box culvert. 

The 8 - 8'  x 4' box culverts have a length of 36 f ee t  with an out le t  
invert  elevation of 1014.48 and an in l e t  invert elevation of 1014.67. 
The culvert  slope i s  0.2470% 

The channel elements in t h i s  reach are a 100 foot bottom width; 4 : l  and 
6 : l  side slopes, and a channel slope of 0.2470% 

The r ight  of way required in t h i s  section, north of the monument l ine ,  
i s  280 fee t .  The existing r ight  of way north of the monument l i n e  i s  85 
fee t .  

B. STA 136+70 TO STA 127+74 
FROM 8 - 8' X 8' BOX CULVERTS (2275' EAST OF EL MIRAGE ROAD) TO 8 - 8' X 
4 '  BOX CULVERTS 1142' UPSTREAM FROM THE OUTLET UNDER CAMELBACK ROAD 
(1340' EAST OF EL MIRAGE ROAD). 

The,channel elements in t h i s  reach are a 100 foot bottom width; 4 : l  and 
6: 1 side slopes, and a channel slope of 0.2470% 

The out le t  invert elevation of the upstream 8 - 8'  x 4' box culverts  i s  
1016.78 and the in l e t  invert  elevation i s  1016.87. 

Right of way required in t h i s  reach i s  280 feet  and the existing r ight  
of way i s  85' north of the monument l ine.  

C .  STA 127+38 TO STA 114+71 
FROM 8 - 8 '  X 4 '  BOX CULVERTS (1340' EAST OF EL MIRAGE ROAD) TO THE 
OUTLET OF 5 - 8 '  X 4 '  BOX CULVERTS UNDER EL MIRAGE ROAD. 

Channel dimensions are a 100 foot bottom width; 4 : l  and 6 : l  side slopes; 
and the channel slope i s  0.2470% 



The 5 - 8' x 4' box culverts are 110 feet  long with an out let  elevation 
of 1020.00 and an in le t  elevation of 1020.55, The box culvert slope i s  
0.4400% 

Required right of way in t h i s  reach i s  260 feet  and the existing right 
of way i s  85 fee t  in t h i s  area. 

D. STA 113+46 TO STA 107+00 
FROM 2 FOOT DROP INLET UPSTREAM OF 5 - 8' X 4' BOX CULVERTS UNDER EL 
MIRAGE ROAD TO 3 FOOT DROP STRUCTURE (716 FEET WEST OF EL MIRAGE ROAD). 

Channel elements in t h i s  reach are a 100 foot bottom width; 4 : l  and 6 : l  
side slopes; and a channel slope of 0.2570%. The elevation a t  the top 
of the 2 foot drop in le t  i s  1022.02 and the elevation a t  the bottom of 
the 3 foot drop structure i s  1024.28. 

Right of way required on the north side of Camelback in t h i s  reach i s  
260 fee t .  Existing right of way i s  55 feet  and increases t o  65 f ee t  
from 260 fee t  west of E l  Mirage Road t o  El Mirage Road. 

E.  STA 107+00 TO STA 101+00 
FROM 3 FOOT DROP STRUCTURE TO 2 FOOT DROP STRUCTURE 1 3 1 6  FEET WEST OF EL 
MIRAGE ROAD. 

Channel elements are a 100 foot bottom width; 4 : l  and 6 : l  side slopes; 
and the channel slope i s  0.2000%. 

The bottom invert of the 2 foot drop structure i s  1028.48 and the top of 
the s t ructure has an invert elevation of 1030.48. 

Right of way required in t h i s  reach, north of Camel back Road, i s  260 
f ee t .  Existing r ight  of way in th i s  reach i s  55 fee t .  

F.  STA 101+00 TO STA 88+44 
FROM 2 FOOT DROP STRUCTURE TO 5 - 8' X 5' BOX CULVERTS (2572' WEST OF EL 
MIRAGE ROAD). 

Channel elements are a 100 foot bottom width; 4: 1 and 6 : l  side slopes; 
and the channel slope i s  0.1450%. 

The 5 - 8 '  x 5'  box culverts are 40 feet  long and have an out let  
elevation of 1032.30 and an in le t  elevation of 1032.36. 



Right of way required in th i s  reach i s  260 fee t  and the existing right 
of way i s  55 fee t .  

G .  STA 88+04 TO STA 85+88 
FROM 5 - 8' X 5' BOX CULVERTS 2572 FEET WEST OF EL  MIRAGE ROAD TO 5 - 8' 
X 5' BOX CULVERTS 2828 FEET WEST OF EL  MIRAGE ROAD. ( F I R S T  DRIVEWAY 
EAST OF AIRLINE CANAL.) 

Channel elements are a 60 foot bottom width; 4:l and 6:l side slopes; 
and the channel slope i s  0.1450%. 

The 5 - 8' x 5' box culverts a t  the upstream driveway are  40 feet  long 
with an out let  elevation of 1032.67 and an in l e t  elevation of 1032.73. 
The culvert  slopes are  the same as the channel slope. 

Right of way required in th i s  reach, north of Camelback Road, tapers 
from 260 fee t  t o  225 fee t .  Existing right of way i s  55 f ee t .  

H. STA 85+48 TO STA 78+23 
FROM 5 - 8' X 5' BOX CULVERTS ( 2 8 2 8  FEET WEST OF EL  MIRAGE ROAD) TO 5 - 
8' X 5' BOX CULVERTS OVER THE AIRLINE CANAL. 

The channel elements in t h i s  reach are  a 40 foot bottom width; 4:l and 
6:l side slopes; and the channel slope i s  0.1450%. 

The 5 - 8' x 5' box culverts a t  the Air1 ine Canal are 60 f ee t  long and 
will cross over the top of the siphon for  the Airline Canal. I t  may be 
necessary to  p u t  in a new siphon as the elevation of the culverts and 
channel depth may be too close to  the top of the exis t ing siphon. The 
cost estimates include the cost t o  relocate the siphon. The out let  
elevation of the culverts i s  1033.77 and the in l e t  elevation i s  1033.86. 
The culvert  slope i s  0.1450%, the same as the channel. 

Right of way required in th i s  reach i s  225 fee t .  Existing r ight  of way 
on the north side i s  55 fee t .  

I .  STA 77+63 TO STA 73+64 
FROM 5 - 8' X 5' BOX CULVERTS OVER THE AIRLINE CAIAL TO 5 - 8' X 5' BOX 
CULVERTS UNDER 129TH AVENUE. 

The channel elements are a 40 foot bottom width; 4: 1 and 6: 1 side 
slopes; and a channel slope of 0.1450% 



The 5 - 8' x 5' box cu lver t s  under 129th Avenue a r e  60 f e e t  long with an 
o u t l e t  elevation of 1034.44 and an i n l e t  elevation of 1034.53. 

Right of way requirements include t he  acquis i t ion of seven Tierra  Buena 
subdivision l o t s  (approximately 235 f e e t ) .  Existing r i gh t  of way i s  55 
f e e t .  

The Tie r ra  Buena subdivision l o t s  represent a major r i gh t  of way 
acquis i t ion f o r  t h i s  project .  There are  seven l o t s  affected ( r e f e r  t o  
t he  preliminary plan and p ro f i l e  f o r  the  location of the  l o t s ) .  The 
southern 3 l o t s  ( l o t s  35 - 37) are required in t h e i r  en t i re ty .  Only one 
of t he  l o t s  has a house on i t .  The other  two a re  undeveloped. In the  
case of t he  northern 4 l o t s  ( l o t s  38 - 41), only the  south 35 f e e t  is 
required which does not a f f ec t  the  housing s t ruc tures  themselves but 
does t ake  almost t he  e n t i r e  backyard. For t ha t  reason, these 4 l o t s  
were t rea ted  as t o t a l  takes  f o r  purposes of r i gh t  of way cost  estimates. 
Lots 38 - 40 have houses on them and l o t  41 i s  undeveloped. 

As pa r t  of t he  design e f f o r t  f o r  Camelback Road i t  may be possible t o  
s h i f t  t he  alignment t o  t he  south 35 f e e t  in order t o  avoid any r igh t  of 
way acquis i t ion from l o t s  38 - 41. The r e s u l t  would be a considerable 
savings i n  r i gh t  of way costs .  

J. STA 73+04 TO STA 62+82 
FROM 5 - 8' X 5' BOX CULVERTS AT 129TH AVENUE TO 5 - 8' X 5' BOX 
CULVERTS UNDER DYSART ROAD. 

The channel elements in this reach a r e  a 40 foot bottom width; a 4:l and 
6:l s ide  slopes; and the  channel slope i s  0.1450%. 

The 5 - 8' x 5' box cu lver t s  under Dysart Road are  110 f e e t  long and 
have an ou t l e t  elevation of 1036.01 and an i n l e t  elevation of 1036.20. 

Right of way required in  t h i s  reach i s  225 f ee t .  Existing r igh t  of way 
i s  55 f ee t .  

K. STA61+73TOSTA55+76 
FROM 5 - 8' X 5' BOX CULVERTS UNDER DYSART ROAD TO 4 - 8' X 5' BOX 
CULVERTS 652 FEET WEST OF DYSART ROAD. 

The channel elements a re  a 40 foot bottom width; 4:l and 6:l s ide  
slopes;  and a channel slope of 0.1725%. 



The 4 - 8 '  X 5'  box c u l v e r t s  a re  40 f e e t  l ong  and have an o u t l e t  
e l e v a t i o n  o f  1037.24 and an i n l e t  e l e v a t i o n  o f  1037.31 f e e t .  The 
c u l v e r t  s lope i s  0.1725%. 

Required r i g h t  o f  way i n  t h i s  reach i s  210 f e e t .  E x i s t i n g  r i g h t  o f  way 
i s  55 f e e t .  

L. STA 55+36 TO STA 44+39 
FROM 4 - 8'  X 5 '  BOX CULVERTS 652 FEET WEST OF DYSART ROAD TO 4 - 8'  X 
4 '  BOX CULVERTS 1789 FEET WEST OF DYSART ROAD. 

The same channel elements apply as i n  t h e  prev ious reach. 

The 4 - 8 '  x  4' box c u l v e r t s  l oca ted  1789 f e e t  west o f  Dysar t  Road are  
40 f e e t  long. The o u t l e t  e l e v a t i o n  i s  1039.20 and t h e  i n l e t  e leva t i on  
1039.27. The c u l v e r t  s lope i s  0.1725%. 

Required r i g h t  o f  way i n  t h i s  reach i s  200 f ee t .  The e x i s t i n g  r i g h t  o f  
way i s  55 f e e t .  

M. STA 44+07 TO STA 39+00 
FROM 4 - 8' X 4 '  BOX CULVERTS 1789 FEET WEST OF DYSART ROAD TO 2 FOOT 
DROP STRUCTURE 2328 FEET WEST OF DYSART ROAD. 

The channel elements i n  t h i s  reach a re  a  20 f o o t  bottom width;  4 : l  and 
6 : l  s i d e  slopes; and a  channel slope o f  0.1725%. 

The 2 f o o t  drop s t r u c t u r e  has a  downstream e l e v a t i o n  o f  1040.12 f e e t  and 
an upstream e l e v a t i o n  o f  1042.12 f e e t .  

Required r i g h t  o f  way i s  175 f ee t .  E x i s t i n g  r i g h t  o f  way i s  55 f e e t .  

N. STA 39+00 TO STA 35+25 
FROM 2 FOOT DROP STRUCTURE 2328 FEET WEST OF DYSART ROAD TO 3 FOOT DROP 
STRUCTURE 2703 FEET WEST OF DYSART ROAD. 

The channel elements i n  t h i s  reach a re  a  10 f o o t  bottom width;  4 : l  and 
6 : l  s i d e  slopes; and t h e  channel slope i s  0.3000% 

The 3 f o o t  drop s t r u c t u r e  has a  downstream e l e v a t i o n  o f  1043.24 and an 
upstream e l e v a t i o n  o f  1046.24. The upstream channel s lope i s  0.5870%. 

Required r i g h t  o f  way i s  165 f e e t .  E x i s t i n g  r i g h t  o f  way i s  55 f e e t .  



0. STA 35+25 TO STA 32+72 
FROM 3 FOOT DROP STRUCTURE 2 7 0 3  FEET WEST OF DYSART ROAD TO 6' X 4' BOX 
CULVERT 2956 FEET WEST OF DYSART ROAD. 

The channel elements i n  t h i s  reach are  a  10 f o o t  bottom width; 4:l and 
6:l s i d e  slopes; and t h e  channel slope i s  0.5870%. 

The 6' x  4' box c u l v e r t  i s  40 f e e t  long. The downstream e l e v a t i o n  i s  
1047.73 and the  upstream e l e v a t i o n  i s  1047.96. The c u l v e r t  s lope i s  
0.5870%. 

A  3 f o o t  drop i n l e t  w i l l  be l oca ted  j u s t  upstream o f  t he  c u l v e r t s .  The 
downstream e l e v a t i o n  i s  1048.00 and the  upstream e l e v a t i o n  i s  1051.00. 

Required r i g h t  o f  way i s  165 f e e t .  E x i s t i n g  r i g h t  o f  way i s  55 f e e t .  

P. STA 32+25 TO STA 15+00 
FROM 3 FOOT DROP INLET UPSTREAM OF 6' X 4' BOX CULVERT TO CHANNEL GRADE 
BREAK 5 0 0  FEET EAST OF LITCHFIELD ROAD. 

The channel elements i n  t h i s  reach are  a  5 f o o t  bottom width; 4:l and 
6:l s i d e  slopes; and t h e  channel s lope i s  0.4400%. 

Required r i g h t  o f  way i s  145 f e e t  from STA 32+25 TO STA 25+00 and 130 
f e e t  f rom STA 25+00 TO STA 15t00. The e x i s t i n g  r i g h t  o f  way i s  55 f ee t .  

Q. STA 15+00 TO STA 10+62 
FROM CHANNEL GRADE BREAK 5 0 0  FEET EAST OF LITCHFIELD ROAD TO 6' X 3 '  BOX 
CULVERT UNDER LITCHFIELD ROAD. 

The channel elements i n  t h i s  reach are  a  5 f o o t  bottom width; 4:l and 
6:l s i d e  slopes; and a  channel slope o f  0.2030%. 

The 6' x  3' box c u l v e r t  under L i t c h f i e l d  Road i s  100 f e e t  l ong  and has a  
s lope o f  0.2030%. The o u t l e t  e leva t i on  i s  1059.47 and t h e  i n l e t  
e l e v a t i o n  i s  1059.68. A 2 f o o t  drop i n l e t  w i l l  be requ i red  upstream o f  
t he  c u l v e r t .  

Required r i g h t  o f  way i n  t h i s  reach i s  145 f e e t .  E x i s t i n g  r i g h t  o f  way 
i s  55 f e e t  n o r t h  o f  t h e  s e c t i o n  l i n e .  



R. STA 10+00 E. = STA -0+00 W. TO STA -12+00 
FROM LITCHFIELD ROAD WEST TO NATURAL HIGH POINT 1200  FEET WEST OF 
LITCHFIELD ROAD. 

I t  i s  envisioned t h a t  a t r i angu l a r  V-ditch wi l l  extend from the  2 foot  
drop i n l e t  located upstream of the  Li tchf ie ld  Road cu lver t  t o  the  high 
point t o  the  west. The depth wil l  vary from 2.5 f e e t  immediately 
upstream of the  drop i n l e t  t o  approximately 2.6 foo t  a t  the  high point 
t o  the  west. Two addit ional  drop s t ruc tu res  (2 foo t  a t  STA -2+00 and 3 
foot  a t  STA -4+00) wi l l  a1 so be required. 

Channel slopes a r e  0.6500% and 0.5000% (see plans) and 4: l  s ide  slopes 
wi 1 1 be i ncorporated . 
Required r i gh t  of way tapers  from 70 f e e t  t o  60 f e e t  from STA -0+55 TO 
STA -6+00, and continues west a t  60 f e e t  before i t  re turns  t o  the  
ex i s t ing  33 f e e t  of r i g h t  of way a t  STA -12+00. 

I t  i s  assumed t h a t  t he  present  roadway configuration wi l l  not change 
west of  Li tchf  i e l  d Road. 



RIGHT OF WAY REQUIREMENT TABLE FOR 100-YEAR CAMELBACK ROAD CHANNEL DESIGN 
FROM WEST OF LITCHFIELD ROAD TO EAST OF EL MIRAGE ROAD. 

- R igh t  o f  way requirements are  tabu la ted  below based on s t a t i o n s  
presented on p r e l i m i n a r y  p lans  f o r  Camelback Road by C e l l a  Ba r r  & 
Associates, June, 1985. S ta t i ons  a re  extended eas t  o f  E l  Mirage Road t o  
i nc lude  the  channel t o  t h e  l o c a t i o n  o f  t h e  e x i s t i n g  8'  x  8'  box c u l v e r t  
o u t l e t .  The area eas t  o f  El  Mirage Road was n o t  i nc luded  on C e l l  a  Bar r  
& Associates' p r e l i m i n a r y  plans. 

- The r i g h t  o f  way i s  based on f u t u r e  b u i l d o u t  (6 lanes  w i t h  median) of 
Camelback Road w i t h  t h e  cons t ruc t i on  c e n t e r l i n e  l o c a t e d  4 f e e t  Nor th  o f  
monument l i n e  between L i t c h f i e l d  Road and El  Mirage Road. Roadway 
con f i gu ra t i ons  west o f  L i t c h f i e l d  Road and east  o f  El  Mirage Road s tay  
e s s e n t i a l l y  t h e  same. An a d d i t i o n a l  15' o f  r i g h t  o f  way i s  r e q u i r e d  f o r  
an access road on t h e  n o r t h  s ide  o f  t h e  channel from L i t c h f i e l d  Road t o  
t h e  Agua F r i a  River .  

S t a t i o n  
-12t00 t o  -6t00 
(West o f  L i t c h f i e l d  Road) 

New R/W 
60 ' 

Old R/W 
33' 

Tapers from 60' 33' 
t o  70' 

0 t00  West = l o t 0 0  East - - - 
( L i  t c h f i e l d  Road) 

62t28 
(Dysar t  Road) 



S t a t i o n  

62t83 t o  73t04 

73t64 t o  77t63 

78t23 t o  85t90 

114t16 
( E l  Mirage Road) 

114t51 t o  127t56 

127t56 t o  139t80 

New R/W 

225' 

Tapers from 225' 
t o  260' 

Old R/W 

55' 

55' 

55' 

55' 



Proposed Drainage Structures Tab1 e 
100-Year Camel back Road Channel Design 

Litchfield Road to Agua Fria River 

-- 
SLOPE 

(FT/FT) - 

N/A 

N/A 

0.00203 

0.00203 

0.00587 

0.00587 

STA 3925 3' Drop Structure 1046.24 1043.24 N/A N/A 

STA 3940 2' Drop Structure 1042.12 1040.12 N/A N/A 

STA 43+99 to STA 44+39 4 - 8'x4' EX'S 1039.27 1039.20 40 0.001725 

STA 5936 to STA 55+76 4 - 8'x5' BC'S 1037.31 1037.24 40 0.001 725 

STA 61+73 to STA 62+83 5 - 8'x5' BC's 1036.20 1036.01 110 0.001 725 
(Dysart Road) 

STA 73+04 to STA 73+64 5 - 8'x5' BC's 1034.53 1034.44 60 0.001 45 
(129th Avenue) 

STA 77+63 to STA 7&23 5 - 8'x5' BC's 1033.86 1033.77 60 0.001 45 
(A i r l ine  Canal) 

STA 85+48 to STA 85+88 5 - 8'x5' BC's 1032.73 1032.67 40 0.00145 

STA 88+04 to STA 88+44 5 - 8'xS' BCts 1032.36 1032.30 40 0.001 45 

STA 10140 2' Drop Structure 1030.48 1028.48 N/A N/A 

STA 107+00 3' Drop Structure 1027.28 1024.28 N/ A N/A 

STA 1 13+46 to STA 1 13+61 2' Drop I n l e t  1022.62 1020.55 15 0.0044 
1020.62 

STA 113+61 to STA 114+71 5 - 8'x4' X ' s  1020.55 1020.00 110 0.0044 
(El Mirage Road) 

STA 127+38 to STA 127+74 8 - 8'x4' BC's 1016.87 1016.78 36 0.00247 

STA 136+70 to STA 137+06 8 - 8'x4' X ' s  1014.57 1014.48 36 0.00247 

STA 139+16 4 - 8'x8' BC's 1013.96 1013.46 108 0.00463 
(End o f  Project) 

LENGTH 
(FT) 

N/A 

N/A 

10 

100 

7 

40 

LOCAT ION 

STA -440 

STA -2+00 

STA -0+48 to STA -0+38 

. STA -0+38 to STA 10+62 
(L i tch f ie ld  Road) 

STA 32+25 to STA 32+32 

STA 32+32 to STA 32+72 

STRUCTURE TYPE 

3' Drop Structure 

2' Drop Structure 

2' Drop I n l e t  

6' x 3' BC 

3' Drop I n l e t  

6' x 4' BC 

INVERT ELEVATION 

INLET 

1068.76 

1064.46 

1061.70 
1059.70 

1059.68 

1051.00 
1048.00 

1047.96 

OUTLET 

1065.76 

1062.46 

1059.68 

1059.47 

1047.96 

1047.73 



L 

100-YEAR CAMELBACK W N E L  DESIGN (Without Col ter  Channel) 

Locat ion: 1200 Feet West o f  L i t c h f i e l d  Road t o  2500 Feet East o f  E l  Mirage Road - Workirq Upstream Fmm 4 - 8 '  x 8' Box Culverts East of E l  Mirage Road 
Channel Type: Trapezoidal - Earthen 
Side Slopes: 4: l  
Storm Type: 100-Year. 24-Hour 
Hannlngs N: .025 

NOTES: 1. (S) Refers to south top o f  bank. 
2. (N) Refers to north top of bank (fm White Tanks/Agua F r i a  ACMS topographic mapping - 2' C.I.). 

W 
0 

F ROn 

STA 13?+16 
(4 - 8 x 8 '  X ' S )  

STA 136+70 
( 8  - 8' x 4' BC'S) 

STA 12!+38 
(8 - 8 x 4' K ' s )  

STA 11-6 
(2 '  Drop I n l e t  - E l  Mirage 
Road) 

STA 1 0 7 4 0  
(3 '  Drop Structure) 

STA 1 0 1 4 0  
(2 '  Drop Structure) 

STA F 0 4  
( 5  - 8 x 5' K ' s )  

STA 8 5 9  
( 5  - 8 x 5' K ' s )  

STA 7 7 ~ 6 3  
( 5  - 8 x 5' K'S - 
A i r l i n e  Canal) 

LOCATION 

TO 

STA 131+06 
( 8  - 8 x 4' K ' s )  

STA 12;1+74 
(8 - 8 x 4 '  K ' s )  

STA 11+71 
(5 - 8 x 4' K ' s  - E l  
Mirage Road) 

STA 107+00 
3' Omp Structure) 

STA 101+00 
(2' Drop Structure) 

STA B&M 
(5 - 8 '  x 5' K ' s )  

STA 8- 
(5 - 8 x 5 '  K ' s )  

STA 7+23 
(5 - 8 x 5' BC's - A i r l i n e  
Canal) 

STA 7 v 4  
(5 - 8 x 5'  tK's - 129th 
Ave. ) 

INVERT 

INLET 
(FT.) 

1013.96 

1014.57 

1016.87 

1022.62 

1027.28 

1030.48 

1032.36 

1032.73 

1033.86 

ELEV. 

OUTLET 
(FT. 

1014.48 

1016.78 

1020.00 

1024.28 

1028.48 

1032.30 

1032.67 

1033.77 

1034.44 

TOP OF 

INLET 
(fT.) 

1018 (N) 
1027.1(S) 

1022 (N) 
1027.1 (S) 

1024 (N) 
1027.4 (S) 

1028 (N) 
1027.6 (S) 

1031 (N) 
1030.6 (S) 

1034 (N) 
1034.6 (S) 

1039 (N) 
1038.6 (S) 

1040 (N) 
1039.4 (S) 

1045 (N) 
1041.7(S) 

BANK ELEV. 

OUTLET 
(FT. ) 

1022 (N) 
1027.1(S) 

1023 (N) 
1027.4 (S) 

1026 (N) 
1027.5 (S) 

1031 (N) 
1030.5 (S) 

1034 (N) 
1034.6 (S) 

1039 (N) 
1038.6 (S) 

1040 (N) 
1039.4 (S) 

1045 (N) 
1041.7 (S) 

1047 (N) 
1042,4(S) 

01 W R G E  
(cfs) 

1726 

1726 

1439 

1469 

1469 

1349 

1296 

1296 

1102 

CHANNEL PROFILE AND QiANNEL DESIGN 

LENGTH 
(FT. ) 

210 

896 

1267 

646 

600 

12% 

216 

725 

399 

WATER 

INLET 
(FT. 

1020.89 

1021.82 

1022.55 

1026.46 

1029.12 

1032.22 

1037.46 

1038.41 

1039.64 

SURFACE ELEV. 

CUTLET 
(FT.) 

1020.90 

1021.92 

1023.04 

1027.03 

1031.18 

1035.13 

1037.55 

1038.86 

1039.79 

SLOPE 
(FT/FT) 

0.00247 

0.00247 

0.00247 

0.00257 

0.0020 

0.00145 

0.00145 

0.00145 

0.00145 

BOTTOn 
YIOTH 
(FT. 

100 

100 

100 

100 

100 

100 

60 

40 

40 



100-YEAR CAMELBACK CHANNEL DESIGN (Hi thout Col ter  Channel ) 

Location: 1200 Feet Hest of L i t c h f i e l d  Road to 2500 Feet East o f  E l  Mirage Road - Working Upstream F ~ w n  4 - 8' x 8' Box Culverts East of E l  Mirage Road 
Channel Type: Trapezoidal - Earthen 
Side Slopes: 4:l 
Storm Type: 100-Year. 24-Hart 
b n n i r q s  N: .025 

MITES: 1. (S) Refers to south top  o f  bank. 
2. (N) Refers to nor th  top  o f  bank (fran White Tanks/Agua F r i a  A m  topographic mapping - 2' C.I.). 

FRCN 

STA 7%04 
( 5  - 8 x 5' BC's - 129th 
Ave. ) 

STA 61 +73 
( 5  - 8' x 5' BC's - Oysart 
Rd. ) 

STA 55.36 
(4 - 8' x 5' K'S) 

STA 43+99 
(4 - 8' x 4' BC's) 

STA 3 9 4 0  
(2 '  Drop S t r u c t ~ l r e )  

STA 35+25 
(3 '  Drop S t N c t u r e )  

ST? 32+32 
(6 x 4' K )  

STA 32+25 
(3' Drop I n l e t )  

LCXXTION 

TO 

STA 62?3 
( 5  - 8 x 5' K ' s  - Oysart 
Road) 

STA SF76 
(4 - 8 x 5' K ' s )  

STA 4 4 ~ 3 9  
(4 - 8 x 4 '  K ' s )  

STA 39+00 
(2 '  Orup Structure) 

STA 35.25 
(3' Drop Structure) 

ST? 32+?2 
(6 x 4 K )  

STA 32+25 
(3' Drop I n l e t )  

STA 15.00 
(Channel Grade Break) 

BOTTM 
WIDTH 
(FT. 

40 

40 

40 

20 

10 

10 

5 

5 

0 ISOiARGE 
(CFS) 

1102 

1067 
829 

829 

745 

3 9  

137 

137 

137 

LENGTH 
(FT.) 

1021 

597 

1097 

499 

375 

253 

7 

1725 

INVERT 

INLET 
(FT.) 

1034.53 

1036.20 

1037.31 

1039.27 

1042.12 

1046.24 

1047.97 

1051.0 

SLOPE 
(FT/FT) 

0.00145 

0.001725 

0.001725 

0.001725 

0.0030 

0.00587 

0.00587 

0.0044 

ELEV. 

WTLET 
(FT. ) 

1036.01 

1037.24 

1039.20 

1040.12 

1043.22 

1047.73 

1048.00 

1058.59 

TOP OF 

INLET 
(FT. 

1047 (N) 
1042.4 (S) 

1044 (N) 
1044.0 (S) 

1043 (N) 
1043.3 (S) 

1044 (N) 
1044.1 (S) 

1046 (N) 
1046.9 (S) 

1050 (N) 
1050.0 (S) 

1055 (N) 
1054.9 (S) 

1055 (N) 
1055.0 (S) 

W N E L  PROFILE AND WNNEL DESIGN 

BANK ELEV. 

OUTLET 
(FT. ) 

1044 (N) 
1043.6 (S) 

1043 (N) 
1043.3 (S) 

1044 (N) 
1044.1 (S) 

1046 (N) 
1046.9 (S) 

1050 (N) 
1050.0 (S) 

1055 (N) 
1054.9 (S) 

1055 (N) 
1055.0 (S) 

1061 (N) 
1061.1 (S) 

WATER 

INLET 
(FT. 

1040.42 

1041.52 

1042.41 

1043.75 

1044.56 

1047.71 

1051.92 

1052.83 

SURFACE ELEV. 

CUTLET 
(FT.) 

1040.87 

1041.76 

1043.00 

1044.41 

1046.32 

1049.37 

1051.92 

1060.74 



100-YEAR WELBACK CHANNEL DESIGN (Without Col ter  Channel) 

Location: 1200 Feet &st o f  L l t c h f i e l d  Road t o  2500 Feet East of El  Mirage Road - Working Upstream F m  4 - 8' x 8' Box Culverts East o f  E l  Mirage Road 
Channel Type: Trapezoidal - Earthen 
Side Slopes: 4: 1 
Storm Type: 100-Year, 24-Hour 
Fhnnlngs N: .025 

NOTES: 1. (S) Refers to  x u t h  top  of bank. 
2. (N) Refers to nor th  top  o f  bank ( f m  Whlte T a n k s / ~ ~ u a  F r i a  ACMS topographic mapping - 2'  C.I.). 

W 
IU 

FRM 

STA l k O O  
(Channel Grade Break) 

STA -0+38 
(6 '  x 3' BC - L i t c h f i e l d  
Rd. ) 

STA -0+48 
(2 '  Omp I n l e t )  

STA -2+00 
(2 '  Omp St ruc ture)  

STA -440 
(3' Oror, S t ruc ture)  

LCK4TION 

TO 

STA 10+62 
(6 '  x 3' 6C - L i t c h f i e l d  
Rd.) 

STA - 0 4  
(2 '  Drop I n l e t )  

STA -2+00 
(2 '  Drop Structure) 

STA -4+00 
(3 '  Drop Structure) 

STA -12+00 
(High Point)  

BOTTCn 
WIDTH 
(FT. 

5 

5 

V-Ditch 

V-Ditch 

V-Ditch 

CHANNEL PROFILE AN0 CHANNEL DESIGN 

DISCHARGE 
(CFS) 

137 

137 

70 

4 5 

20 

LENGM 
(FT.) 

438 

10 

152 

200 

800 

SLOPE 
(FT/FT) 

0.00203 

0.00203 

0.0050 

0.008975 

0.008975 

HATER SURFACE ELEV. INVERT ELEV. TOP OF BANK ELEV. 

INLET 
(FT. 

1060.74 

1063.92 

1063.92 

1065.85 

1070.01 

INLET 
(FT. ) 

1058.59 

1059.68 

1061.70 

1064.46 

1068.76 

INLET 
(FT. 

1061 (N) 
1061.1 (S) 

1066 (N) 
1064.6 (S) 

1066 (N) 
1064.7 (S) 

1067 (N) 
1067.5 (S) 

1072 (N) 
1071.2 (S) 

OUTLET 
(FT. 

1062.01 

1063.92 

1064.40 

1067.29 

1076.96 

OUTLET 
(FT. ) 

1059.47 

1059.70 

1062.46 

1065.76 

1075.94 

OUTLET 
(FT. 

1065 (N) 
1064.6 (S) 

1066 (N) 
1064.7 (S) 

1067 (N) 
1067.5 (S) 

1072 (N) 
1071.2 (S) 

1077 (N) 
1077.6 (S) 



5-YEAR INTERIH DESIGN CHANNEL 

A. STA 139+16 TO STA 137+06 
FROM EXISTING 8 '  X 8' BOX CULVERT OUTLET UNDER CAMELBACK ROAD TO 
EXISTING 2 - 58" X 36" CMPA'S 210 FEET UPSTREAM (2290' EAST OF EL MIRAGE 
ROAD) . 
The e x i s t i n g  channel elements i n  t h i s  reach are  an ear then t rapezo ida l  
channel w i t h  a  va ry ing  bottom width; a  4 : l  s ide  s lope on t h e  roadway 
s ide;  vary ing  s ide  slopes on the  n o r t h  s i d e  o f  t he  channel; an e x i s t i n g  
3 f o o t  drop i n l e t  i n t o  t h e  8' x  8' box c u l v e r t ;  and a  channel s lope t h a t  
v a r i e s  from 0.0700% upstream o f  t he  box c u l v e r t  t o  0.1300% downstream o f  
t h e  2 - 58" x  36" CMPA's. Some c l e a r i n g  o f  vegeta t ion  and regrad ing  may 
be requ i red .  

The e x i s t i n g  r i g h t  o f  way n o r t h  o f  t h e  monument 1  i n e  i s  85 f e e t  and no 
a d d i t i o n a l  r i g h t  o f  way take i s  foreseen. The roadway c o n f i g u r a t i o n  
stays t h e  same as e x i s t i n g .  

B. STA 136+70 TO STA 127+74 
FROM EXISTING 2 - 58" X 36" CMPA'S (2290' EAST OF EL MIRAGE ROAD) TO 
EXISTING 2 - 58" X 36" CMPA'S 1130' UPSTREAM FROM EXISTING 8'  X 8' BOX 
CULVERT (1358' EAST OF EL MIRAGE ROAD). 

The channel elements i n  t h i s  reach a re  an e x i s t i n g  ear then t rapezo ida l  
channel w i t h  an approximate 4 f o o t  bottom width;  4 : l  and 2 : l  s ide  
slopes, south and n o r t h  respec t i ve l y ;  and a  channel s lope o f  
approximately 0.1300%. 

The o u t l e t  i n v e r t  e l e v a t i o n  o f  t he  upstream 2 - 58" x  36" CMPA's i s  
1018.28 and the  i n l e t  i n v e r t  e l e v a t i o n  i s  1018.33. Some c l e a r i n g  o f  
vegeta t ion  and regrad ing  may be requ i red .  

The e x i s t i n g  r i g h t  o f  way i s  85' n o r t h  o f  t he  monument l i n e  and no 
a d d i t i o n a l  r i g h t  o f  way take i s  foreseen. The roadway c o n f i g u r a t i o n  
stays the  same as e x i s t i n g .  

C .  STA 127+38 TO STA 114+71 
FROM EXISTING 2 - 58" X 36" CMPA'S (1358' EAST OF EL MIRAGE ROAD) TO THE 
OUTLET OF 1 - 60" RCP UNDER EL MIRAGE ROAD. 

E x i s t i n g  channel dimensions are an approximate 4 f o o t  bottom width;  4 : l  
and 2: 1 s ide  slopes f o r  t he  roadway s ide  and opposi te s i d e  respec t i ve l y ;  
and t h e  channel s lope i s  approximately 0.1300%. 



The proposed 60" RCP i s  110 feet  long with an out let  elevation of 1020.0 
and an in le t  elevation of 1020.33. A 3 foot drop in le t  i s  located 
upstream of the 60" RCP and i s  10 fee t  long with a top elevation of 
1023.33 and a bottom elevation of 1020.33. 

The existing r ight  of way i s  85 fee t  in th i s  area and no additional 
r ight  of way take i s  foreseen. The roadway configurations stay the same 
as existing. 

D. STA 113+51 TO STA 103+00 
FROM 3 FOOT DROP INLET UPSTREAM OF 60"  RCP UNDER EL MIRAGE ROAD TO 2 
FOOT DROP STRUCTURE ( 1  1 1 6  FEET WEST OF EL MIRAGE ROAD). 

Channel elements in t h i s  reach are a 5 foot bottom width; 4:l side 
slopes; and a channel slope of 0.4460% The elevation a t  the bottom of 
the 2 foot drop structure i s  1028.02. 

Right of way required on the north side of Camelback in t h i s  reach i s  
105 fee t .  Existing right of way i s  55 feet  and increases t o  65 f ee t  
from 260 feet  west of E l  Mirage Road t o  E l  Mirage Road. 

E. STA 103+00 TO STA 88+44 
FROM 2' DROP STRUCTURE TO 1 - 8' X 3' BOX CULVERT (2572 '  WEST OF EL 
MIRAGE RD). 

Channel elements are a 5 foot bottom width; 4:l side slopes; and the  
channel slope i s  0.3600% from STA 103t00 t o  STA 101t00 and 0.1500% from 
STA 101t00 to  STA 88t44. 

The 8' x 3' box culvert i s  40 feet  long with an out let  elevation of 
1032.61 and an in le t  elevation of 1032.73. The slope of the culvert  i s  
0.3000%. 

Right of way required in th i s  reach tapers from 105 feet  a t  STA 101+00 
t o  125 feet  a t  STA 89t00. Existing right of way in th i s  reach i s  55 
fee t .  

F. STA 88+04 TO STA 85+88 
FROM 8' x 3 '  BOX CULVERT 2572  FEET WEST OF EL MIRAGE ROAD TO 8' X 3 '  BOX 
CULVERT 2828  FEET WEST OF EL MIRAGE ROAD. (FIRST DRIVEWAY EAST OF 
AIRLINE CANAL.) 

Channel elements are a 5 foot bottom width; 4:l side slopes; and the 
channel slope i s  0.1500%. 



The 8' x 3' box culvert  a t  the upstream driveway i s  40 f ee t  long with an 
out le t  elevation of 1033.05 and an i n l e t  elevation of 1033.11. The 
culvert  slope i s  the same as the channel slope. 

Right of way required in th i s  reach, north of Camelback Road, i s  125 
f ee t  from STA 89t00 TO STA 85t20. Existing right of way i s  55 fee t .  

G. STA 85+48 TO STA 78+23 
FROM 8' X 3 '  BOX CULVERT ( 2 8 2 8  FEET WEST OF EL MIRAGE ROAD) TO 8' X 3' 
BOX CULVERT OVER THE AIRLINE CANAL. 

The channel elements in t h i s  reach are a 5 foot bottom width; 4:l side 
slope; and the channel slope i s  0.1500% 

The 8' x 3' box culvert  a t  the Airline Canal i s  60 fee t  long and will 
cross over the top of the siphon for the Air1 ine Canal. I t  may be 
necessary t o  p u t  in a new siphon as the elevation of the culverts and 
channel depth may be too close to  the top of the existing siphon. The 
cost estimates include the cost to  relocate the siphon. The out let  
elevation of the culvert  i s  1034.20 and the in le t  elevation i s  1034.34. 
The culvert  slope i s  0.2300%. 

Right of way required in t h i s  reach i s  130 fee t  from STA 85t20 TO STA 
78t23. Existing r ight  of way on the north side i s  55 feet .  

H. STA 77+63 TO STA 73+64 
FROM 8' X 3 ' BOX CULVERT OVER THE AIRLINE CANAL TO 8' X 3' BOX CULVERT 
UNDER 129TH AVENUE. 

The channel elements are a 5 foot bottom width; 4:l side slopes; and a 
channel slope of 0.1500% 

The 8' x 3' box culvert  under 129th Avenue i s  60 f ee t  long with an 
out let  elevation of 1034.94 and an in le t  elevation of 1035.09. The 
culvert  slope i s  0.2500%. 

Right of way requirements are 130 feet  from STA 77t63 TO STA 73t64. 
Existing right of way i s  55 feet .  



The ex i s t ing  Tierra  Buena subdivision between 129th Avenue and t he  
Ai r l ine  Canal i s  probably the  c r i t i c a l  l i nk  in  regards t o  r i g h t  of way 
acquis i t ion f o r  t h i s  project .  There a re  three  l o t s  in t h i s  area located 
beyond the  ex i s t ing  55 foot  roadway r i gh t  of way. The two ea s t e r l y  l o t s  
a re  vacant a t  t h i s  time and i t  appears t ha t  t h e i r  only access i s  from 
Camelback Road. The t h i rd  l o t ,  located j u s t  e a s t  of 129th Avenue, has a 
residence b u i l t  on i t  and access i s  from 129th Avenue. Presently,  there  
a r e  no driveway entrances t o  the  two vacant l o t s  and culverted driveways 
would have t o  be b u i l t  in the  future  i f  t he  open channel i s  b u i l t .  Two 
options a r e  avai lable  a t  t h i s  time. The f i r s t  option i s  t o  rea l ign  
Camelback Road 75 f e e t  t o  the  south, therefore ,  negating the  aspect  of 
condemning these l o t s .  Right of way would have t o  be taken south of 
Camelback Road t o  s a t i s f y  channel and fu ture  roadway requirements. The 
roadway alignment would be routed t o  the  south t o  miss the  subdivision,  
then curve back t o  i t s  exis t ing alignment a t  Dysart Road and a t  El 
Mirage Road. 

The second option i s  t o  take the three  subdivision l o t s  and keep the 
Camelback Road alignment on the section l i n e .  I t  appears t h a t  t h e  t o t a l  
l o t s  would have t o  be taken. This may not be a bad trade-off  t o  keep 
t he  alignment s t r a i g h t  and clean and would preclude having t o  provide 
t he  two eastern l o t s  with d i r ec t  access t o  Camelback Road. Cost 
est imates f o r  the  5-year interim channel design assume t h a t  t h e  roadway 
alignment can be sh i f t ed  75 f ee t  t o  the  south so as t o  miss t h e  
subdivision l o t s .  Therefore, r igh t  of way acquis i t ion is assumed. t o  be 
taken along the  south s ide  of Camelback Road. A fu ture  a1 ignment study 
would be required t o  see i f  the alignment s h i f t  i s  feas ib le .  

I .  STA 73+04 TO STA 62+83 
FROM 8' X 3' BOX CULVERT AT 129TH AVENUE TO 8' X 3' BOX CULVERT UNDER 
DYSART ROAD. 

The channel elements in t h i s  reach a r e  a 5 foot  bottom width; 4:l s ide  
slopes;  and the  channel slope i s  0.1500%. 

The 8' x 3' box cu lver t  under Dysart Road i s  110 f e e t  long and has an 
o u t l e t  elevation of 1036.62 and an i n l e t  elevation of 1036.79. The 
cu lver t  slope i s  the  same as  the  channel slope. 

Right of way required in t h i s  reach i s  130 f ee t .  Existing r i g h t  of way 
i s  55 f e e t .  



J. STA 61+73 TO STA 55+75 
FROM 8' X 3 '  BOX CULVERT UNDER DYSART ROAD TO 8' X 3 '  BOX CULVERT 653 
FEET WEST OF DYSART ROAD. 

The channel elements are  a  5 f o o t  bottom width;  4 : l  s ide  slopes; and a 
channel s lope o f  0.1500% 

The 8' x  3'  box c u l v e r t  i s  40 f e e t  l o n g  and has an o u t l e t  e l e v a t i o n  o f  
1037.69 and an i n l e t  e l e v a t i o n  o f  1037.75. The c u l v e r t  s lope i s  
0.1500%. 

Required r i g h t  o f  way i n  t h i s  reach tape rs  from 130 f e e t  a t  STA 61+73 t o  
115 f e e t  a t  STA 55t00. E x i s t i n g  r i g h t  o f  way i s  55 f ee t .  

K. STA 55+35 TO STA 44+39 
FROM 8' X 3 '  BOX CULVERT 653 FEET WEST OF DYSART ROAD TO 6' X 3 '  BOX 
CULVERT 1789 FEET WEST OF DYSART ROAD. 

The same channel elements apply as i n  t h e  prev ious reach. 

The 6 '  x  3 '  box c u l v e r t  i s  40 f e e t  long.  The o u t l e t  e l e v a t i o n  i s  
1039.39 and t h e  i n l e t  e l e v a t i o n  1039.45. The c u l v e r t  s lope i s  0.1500%. 
A  1 f o o t  drop i n l e t  i s  l oca ted  10 f e e t  upstream o f  t he  box c u l v e r t  and 
has a  t o p  e l e v a t i o n  o f  1040.47 and a  bottom e l e v a t i o n  o f  1039.47. 

Required r i g h t  o f  way i n  t h i s  reach i s  115 f e e t  from STA 55t00 TO STA 
43t75. The e x i s t i n g  r i g h t  o f  way i s  55 f e e t .  

L.  STA 43+89 TO STA 35+35 
FROM 1 FOOT DROP INLET UPSTREAM OF 6 '  X 3 '  BOX CULVERT TO 1 FOOT DROP 
STRUCTURE 2693 FEET WEST OF DYSART ROAD. 

The same channel elements apply as i n  t he  prev ious reach. 

The 1 f o o t  drop s t r u c t u r e  has a  downstream e l e v a t i o n  o f  1046.40 f e e t  and 
an upstream e l e v a t i o n  o f  1047.40 f ee t .  The downstream channel s lope i s  
0.6940% and t h e  upstream channel s lope i s  0.7300%. 

Required r i g h t  o f  way i s  105 f e e t  from STA 43+75 TO STA 35+35. E x i s t i n g  
r i g h t  o f  way i s  55 f e e t .  



M. STA 35+25 TO STA 32+64 
FROM 1 FOOT DROP STRUCTURE 2693  FEET WEST OF DYSART ROAD TO 1 - 36" RCP 
2964  FEET WEST OF DYSART ROAD. 

The channel elements in th i s  reach are a  5 foot bottom width; 4:l side 
slopes; and the channel slope i s  0.7300% 

The 36" RCP i s  40 f ee t  long. The downstream elevation i s  1049.43 and 
the upstream elevation i s  1049.58. The culvert  slope i s  0.7300%. 

A 3 foot drop i n l e t  structure will be located 10 feet  upstream of the 
culvert. The downstream elevation i s  1049.65 and the upstream elevation 
i s  1052.65. 

Required r ight  of way i s  105 fee t  from STA 35+25 TO STA 32+64. Existing 
r ight  of way i s  55 fee t .  

N. STA 32+14 TO STA 10+62 
FROM 3 FOOT DROP INLET UPSTREAM OF 3 6 "  RCP TO 36"  RCP AT LITCHFIELD 
ROAD. 

The channel elements in t h i s  reach are a  5 foot bottom width; 4:l side 
slopes; and the channel slope i s  0.7000% from STA 32+14 t o  STA 30+00, 
0.2020% from STA 30+00 to  STA 21+00, and 0.3700% from STA 21+00 to  STA 
10+62. 

The 36" RCP under Litchfield Road i s  100 fee t  long and has an out le t  
elevation of 1059.81 and an in1 e t  elevation of 1060.18. The culvert  
slope i s  0.3700%. A 2.5 foot drop in le t  i s  located 10 fee t  upstream of 
the 36" RCP. The downstream elevation i s  1060.22 and the upstream 
elevation i s  1062.72. 

Required right of way i s  105 fee t  from STA 32t14 TO STA 31+00, 85 fee t  
from STA 31t00 TO STA 21t00, and tapers from 85 fee t  a t  STA 21+00 t o  105 
feet  a t  STA 11+00. The existing r ight  of way i s  55 feet .  

0. STA -0+48 TO STA -2+00 
FROM 2 .5  FOOT DROP INLET UPSTREAPI OF 36"  RCP UNDER LITCHFIELD ROAD TO 1 
FOOT DROP STRUCTURE. 

The channel elements in t h i s  reach are an earthen V-di tch; 4:l side 
slopes; and a  channel slope of 0.7800%. 



The downstream elevat ion of the  2.5 foo t  drop i n l e t  i s  1060.22 and the 
upstream elevat ion i s  1062.72. 

The downstream elevat ion of the  1 foo t  drop s t ruc tu re  i s  1063.90 and the 
upstream elevat ion i s  1064.90. 

Required r i gh t  of way in t h i s  reach i s  72 f e e t  from STA -0t48 TO STA 
-2t00. Existing r i g h t  of way i s  33 f e e t  north of t he  sect ion l i ne .  

P. STA -2+00 TO STA -4+00 
FROM 1 FOOT DROP STRUCTURE TO 3 FOOT DROP STRUCTURE WEST OF LITCHFIELD 
ROAD. 

Channel elements in t h i s  reach a r e  an earthen V-ditch; 4: 1 s ide  slopes; 
and a channel slope of 0.7500%. The downstream elevation of the  3 foot  
drop s t r uc tu r e  i s  1066.40 and t he  upstream elevation i s  1069.40. 

Required r i g h t  of way in t h i s  reach is  72 f ee t .  Existing r i g h t  of way 
i s  33 f e e t  north of the  monument l i n e .  

Q STA -4+00 TO STA -12+00 
FROM 3 FOOT DROP STRUCTURE TO HIGH POINT 1200 FEET WEST OF LITCHFIELD 
ROAD. 

The channel elements in  t h i s  reach a r e  an earthen V-di t ch ;  4: 1 s i de  
slopes; and a channel slope of 0.8900%. The termination of the  V-ditch 
channel a t  STA -12+00 has an inver t  e levat ion of 1075.96. 

Required r i g h t  of way in t h i s  reach t apers  from 72 f e e t  a t  STA -4t00 t o  
55 f e e t  a t  STA -7+00 t o  38 f e e t  a t  STA -12t00. Existing r i gh t  of way is  
33 f e e t .  

I t  i s  assumed t h a t  t he  proposed prel iminary roadway configuration wi 11 
not change west of L i tchf ie ld  Road. 



RIGHT OF WAY REQUIREMENT TABLE FOR THE 5-YEAR INTERIM CAMELBACK ROAD CHANNEL 
FROM WEST OF LITCHFIELD ROAD TO EAST OF EL MIRAGE ROAD. 

- R igh t  o f  way requirements are  tabu la ted  below based on s t a t i o n s  
presented on p r e l i m i n a r y  p lans  f o r  Camelback Road by C e l l a  Ba r r  & 
Associates, June, 1985. S ta t i ons  a r e  extended eas t  o f  El  Mirage Road t o  
i nc lude  t h e  channel t o  t h e  l o c a t i o n  o f  t h e  e x i s t i n g  8'  x 8'  box c u l v e r t  
o u t l e t .  The area eas t  o f  E l  Mirage Road was n o t  i nc luded  on Cel l a  Barr  
& Associates'  p r e l  i m i  nary  p l  ans. 

- The r i g h t  o f  way i s  based on f u t u r e  b u i l d o u t  (6 lanes  w i t h  median) o f  
Camelback Road w i t h  t h e  cons t ruc t i on  center1 i n e  l o c a t e d  4 f e e t  Nor th  o f  
monument l i n e  between L i t c h f i e l d  Road and El  Mirage Road. The roadway 
c o n f i g u r a t i o n  west o f  L i t c h f i e l d  Road and eas t  o f  E l  Mirage Road would 
s t a y  t h e  same. 

S t a t i o n  New R/W Old R/W 

-12+00 t o  -7+00 Tapers from 38' 33 ' 
(West o f  L i  t c h f i e l d  Road) t o  55' 

Tapers f rom 55' 33 ' 
t o  72' 

0+00 West = 10+00 East - - - 
( L i t c h f i e l d  Road) 

Tapers from 105' 55' 
t o  85' 

Tapers from 115' 55' 
t o  130' 



S t a t i o n  

62+28 (Dysar t  Road) 

114+16 
(El Mirage Road) 

136+88 t o  140t01 
(End P r o j e c t )  

New R/W O ld  R/W 

130' o r  N o r t h  55' 
L o t  L i n e  o f  E x i s t i n g  
T i e r r a  Buena S u b d i v i s i o n  
L o t s  (= 200') 

Tapers f rom 125' 55' 
t o  105' 

55' and 65' 
t o  263' West o f  
E l  Mi rage Road 



Proposed Drainage Structures Table 
5-Year Interim Camelback Road Channel Design 

(L i tch f ie ld  Road to Agua Fr ia  River) 

LOCATION 

STA -4+00 

STA -2+00 

STA -0+48 to STA -0+38 

STA -0+38 to STA 10+62 
(L i tch f ie ld  Road) 

STA 32+14 to STA 32+24 

STA 32+24 to STA 32+64 
- -- 

STA 35+35 

STA 43+89 to STA 4399 

STA 4399 to STA 44+39 

STA 5935 to STA 5975 

STA 61+73 to STA 62+83 
(Oysart Road) 

STA 7304 to STA 7364 
(129th Avenue) 

STA 77+63 to STA 7&23 
(A i r l ine  Canal) 

STA 85+48 to STA 85+88 

STA 88+04 to STA 88+44 

STA 10300 

STA 11 3+51 t o  STA 11 3 6 1  

STA 11361 to STA 114+71 
(El Mirage Road) 

STA 127+38 to STA 127+74 

STA 136+70 to STA 137+06 

STA 139+06 to STA 139+16 

STA 139+16 
(End o f  Project) 

LENGTH 
(FT) 

N/A 

N/A 

10 

100 

10 

40 

N/A 

10 

40 

40 

110 

60 

60 

40 

40 

N/A 

10 

110 

36 

36 

10 

1 08 

SLOPE 
(FT/FT) 

N/A 

N/A 

0.0037 

0.0037 

0.0073 

0.0073 

N/A 

0.001 5 

0.001 5 

0.001 5 

0.001 5 

0.0025 

0.0023 

0.001 5 

0.0030 

N/A 

0.0005 

0.0030 

0.0013 

0.0013 

0.0005 

0.0046 

STRUCTURE TYPE 

3' Drop Structure 

1 ' Drop Structure 

2.5' Drop I n l e t  

1 - 36" RCP 

3' Drop I n l e t  

1 - 36" RCP 

1' Drop Structure 

1' Drop I n l e t  

6' x 3' BC 

8' x 3' BC 

8' x 3' BC 

8' x 3' BC 

8' x 3' BC 

8' x 3' BC 

8' x 3' BC 

2' Drop Structure 

3' Drop I n l e t  

1 - 60" RCP 

Ex. 2 - 58" x 36" 
CMPA ' s 

Ex. 2 - 58" x 36" 
CMPA ' s 

Ex. 3' Drop I n l e t  

Existing 8'x8' BC 
2500' E. o f  El 
Mirage Road 

INVERT 

INLET 

1069.40 

1064.90 

1062.72 
1060.22 

1060.18 

1052.65 
1049.65 

1049.58 

1047.40 

1040.47 
1039.47 

1039.45 

1037.75 

1036.79 

1035.09 

1034.34 

1033.11 

1032.73 

1030.02 

1023.33 
1020.33 

1020.33 

1018.33 

1017.12 

1016.96 
1013.96 

101 3.96 

ELEVATION 

OUTLET 

1066.40 

1063.90 

1060.18 

1059.81 

1049.58 

1049.43 

1046.40 

1039.45 

1039.39 

1037.69 

1036.62 

1034.94 

1034.20 

1033.05 

1032.61 

1028.02 

1020.33 

1020.00 

1018.28 

1017.07 

1013.96 

1013.46 



L 

5-YEAR INTERIM CAMELBACK CHANNEL MSlGV 

Location: 1200 Feet k s t  of L l t c h f i e l d  Road to 2500 Feet East of E l  Mirage Road - Horkinp Upstream F m  Exist ing 8' x 8' Box Culvert  East o f  E l  Hirape Road 
Channel Type: Trapezoidal - Earthen 
Side Slopes: 4 : l  
Storm Type: 5-Year. 24-Hour 
Mannings N: .025 

NOTES: 1. (S) Refers to south top of bank. 
2. (N)  Refers to nor th  top o f  bank ( f m  White Tanks/Agua F r i a  A M  topographic mapping - 2' C.I.). 

P 
0 

FRM 

STA 139+16 
( E x i s t i n g  8 'x8'  Box 
Cu lver t )  

STA 136+70 
( E x i s t i n g  2 - 58" x 36" 
UIPA'S) 

STA 127+38 
( E x i s t i n g  2 - 58" x 36" 
W A ' s )  

STA 113r51 
(3 '  Drop I n l e t )  

STA 1 0 3 4 0  
(2 '  Drop St ruc ture)  

STA 1 0 1 4 0  
(Channel Grade Break) 

ST? 8&04 
(8  x 3' BC) 

ST? 85+48 
(8  x 3' K )  

ST? 77+!3 
( 8  x 3 K - A i r l i n e  
Canal ) 

LXATION 

TO 

STA 137+06 
(Ex. 2 - 58" x 36" UIPA's) 

STA 127+74 
(Ex. 2 - 58" x 36" QIPA's) 

STA 114+71 
(1  - 60" RCP - E l  Mirage 
Road) 

STA 10340 
(2 '  Drop S t ~ c t u r e )  

STA 10140 
(Channel Grade Break) 

ST? 8&44 
(8 x 3' K) 

ST? 8- ( 8  x 3 BC) 

ST? 7&23 
( 8  x 3' BC - A i r l i n e  
Cana 1 ) 

ST? 73+64 
( 8  x 3 '  BC - 129th Ave.) 

INVERT 

INLET 
(FT. 

1016.96 
(Top of 3' 

Drop I n l e t )  

1017.12 

1018.33 

1023.33 

1030.02 

1030.73 

1032.73 

1033.11 

1034.34 

ELEV. 

OUTLET 
(FT. ) 

1017.07 

1018.28 

1020.33 

1028.02 

1030.73 

1032.61 

1033.05 

1034.20 

1034.94 

TOP OF 

INLET 
(FT. 

1020 (N) 
1027.1 (S) 

1022 (N) 
1027.1(S) 

1024 (N) 
1027.4 (S) 

1028 (N) 
1027.5 (S) 

1032 (N) 
1033.3 (S) 

1034 (N) 
1034.6 (S) 

1039 (N) 
1038.6 (S) 

1040 (N) 
1039.4 (S) 

1045 (N) 
1041.7 (S) 

BANK ELEV. 

CUTLET 
(FT. 

1022 (N) 
1027.1 (S) 

1023 (N) 
1027.4(S) 

1026 (N) 
1027.5 (S) 

1032 (N) 
1033.3 (S) 

1034 (N) 
1034.6 (S) 

1039 (N) 
1038.6 (S) 

1040 (N) 
1039.4 (S) 

1045 (N) 
1041.7 (S) 

1047 (N) 
1042.4 (S) 

CHANNEL PROFILE AND CHANNEL DESIGN 

LENGTH 
(FT. 

21 0 

896 

1267 

1051 

200 

1256 

216 

725 

399 

WATER 

INLET 
(FT. 

1018.68 

1021.89 

1024.12 

1025.30 

1031.99 

1033.15 

1035.54 

1036.26 

1037.40 

SURFACE ELEV. 

OUTLET 
(FT.) 

1020.01 

1022.24 

1024.36 

1030.32 

1033.15 

1035.34 

1035.73 

1036.82 

1037.66 

SLOPE 
(FT/FT) 

0.0013 

0.0013 

0.0013 

0. M)M6 

0.0036 

0.001 5 

0.0015 

0.001 5 

0.0015 

BOrrCn 
WIDTH 
(FT. 

Varies 

4 

4 

5 

5 

5 

5 

5 

5 

DISCHARGE 
(CFS) 

160 

160 

160 

160 

160 

136 

110 

110 

105 



5-YEAR INTERIM CMLBACK CHANNEL DESIGN 

L o c a t i m :  1200 Feet k s t  of L i t c h f i e l d  Road t o  2500 Feet East o f  El  Mirage Road - k r k l n g  Upstream From Exist ing 8 '  x 8 '  Box Cu lver t  East o f  E l  Mirage Road 
Channel Type: Trapezoidal - Earthen 
Side Slopes: 4 : l  
Storm Type: 5-Year. 24-Halr 
Fbnnings N: .025 

NOTES: 1. (S) Refers to south top  o f  bank. 
2. (N) R e f e n  to nor th  top o f  bank ( f m  White Tanks1Agu.a F r i a  Am topopraphic mapping - 2 '  C . I . ) .  

DISCHARGE 
(CFS) 

105 

102 

99 

7 1 

36 

36 

BOTTOM 
WIDTH 
(fT. ) 

5 

5 

5 

5 

5 

V-Ditch 

LKATION CHANNEL PROFILE AN0 CHANNEL DESIGN 

INVERT ELEV. TOP OF BANK ELEV. HATER SURFACE ELEV. 
f RCN TO LENGTH 

INLET OUTLET INLET OUTLET INLET CUTLET (fT. 
(FT. ) (FT. ) (FT.) (FT. ) (FT- (FT- 

ST? 7 3 + ~  ST? 62+!3 1047 (N) 1044 (N) 
( 8  3 BC - 129th Ave.) (8 x 3 BC - Oysart Road) 1035.09 1036.62 1042.4 (S) 1043.6 (S) 1038.16 1039.11 1021 

ST: 61.73 ST? 5 5 7 5  1044 (N) 1043 (N) ( 8  3' BC - O r j a r t  Rd.) ( 8  x 3' BC) 1036.79 1037.69 1044.0 (S) 1043.3 (S) 1039.72 1040.22 598 

ST? 5k!5 ST: M+39 1043 (N) 1044 (N) 
( 8  x 3 K) (6 x 3' K) 1037.75 1039.39 1043.3 (S) 1044.1 (S) 1040.70 1041.80 1096 

STA 43+89 STA 3%35 1044 (N) 1050 (N) 
(1 '  Omp I n l e t )  (1' Drop Structure) 1040.47 1046.40 1044.1 (S) 1050.0 (S) 1042.52 1047.83 854 

STA 35+35 STA U+64 1050 (N) 1055 (N) (1  ' Omp St ruc ture)  (1 - 36" RCP) 1047.40 1049.43 1050.0 (S) 1054.9 (S) 1048.78 1050.86 271 

STA 32+14 STA 21+00 1055 (N) 10% (N) 
(3' Drop I n l e t )  (Grade Break) 1052.65 1055.97 1054.9 (S) 1058.4 (S) 1053.96 1057.86 1114 

SLOPE 
(FT/fT) 

0.0015 

0.00138 

0.0015 

0.00694 

0.0073 

0.00202 



= = = = = = = = = = = = = =  

5-YEAR INTERIM CAMELBACK W N E L  DESIGN 

Location: 1200 Feet West o f  L i t c h f i e l d  Road tn 2 9 0  Feet East o f  El  Mirage Road - Horklng Upstream Frun Ex is t ing  8 '  x 8' Box Cu lver t  East of E l  Mirage Road 
Channel Type: Trapezoidal - Earthen 
Side Slopes: 4:l 
S m m  Type: 5-Year, 24-Hour 
b n n i n g s  N: .025 

NOTES: 1. (S) Refers to s w t h  t o p  o f  bank. 
2. (N) Refers to nor th  t o p  of bank ( f r m  White Tanks/Agua F r l a  A m  topographic MPplng - 2' C.1.). 

F RU4 

STA 21+00 
(Channel Grade Break) 

STA -0+38 
( I  - 36" RCP - L i t c h f i e l d  
Rd. ) 

STA -0+48 
(2.5' Drop I n l e t )  

STA - 2 4 0  
(1  ' Drop St ruc ture)  

STA -4+00 
(3 '  S t ruc ture)  

LCfXTION 

TO 

STA 10+62 
(1 - 36" RCP - L i t c h f i e l d  
Rd. ) 

STA -0+48 
(2.5' Drop I n l e t )  

STA - 2 4 0  
(1 ' Drop Strvcture) 

STA -4+00 
(3' Drop Structure) 

STA -12+00 
(High Point)  

BOTTCM 
WIDTH 
(fT. ) 

V-Ditch 

5 

V-Ditch 

V-Ditch 

V-Ditch 

LENGTH 
(FT.) 

1038 

10 

152 

200 

800 

DISCHARGE 
(CfS) 

36 

36 

36 

24 

16 

INVERT ELEV. 
SLOPE 

(FT/FT) 

0.0037 

0.0037 

0.0078 

0.0075 

0. 0089 

INLET 
(FT. ) 

1055.97 

1060.18 

1062.72 

1064.90 

1069.40 

TOP OF BANK ELEV. 

CUTLET 
(FT. 

1059.81 

1060.22 

1063.90 

1066.40 

1075.96 

INLET 
(FT. ) 

10% (N) 
1033.4 (S) 

1066 (N) 
1064.6 ( S )  

1066 (N) 
1064.7 (S) 

1067 (N) 
1067.5 (S) 

1072 (N) 
1071.2 (S) 

OIANNEL PROFILE AND OIANNEL DESIGN 

HATER SURFACE ELEV. 

CUTLET 
(FT. ) 

1065 (N) 
1064.6 (S) 

1066 (N) 
1064.7 (S) 

1067 (N) 
1067.5 (S) 

1072 (N) 
1071.2 (S) 

1077 (N) 
1077.6 (s )  

1 NLET 
(FT.) 

1057.86 

1063.37 

1063.98 

1065.96 

1070.57 

CUTLET 
(FT. 

1061.50 

1063.37 

1065.25 

1067.55 

1077.02 



VIII. COST ESTIMATES 

Cost estimates are limited to  elements involved with the channel construction. 
T h i  s incl udes drainage structures,  channel excavation, r ight  of way 
acquisit ion, and various appurtenances and contingencies. No estimate was 
made for  clearing and grubbing; asphalt removal and rep1 acement ; and existing 
s t ruc ture  removal. I t  was assumed that  these costs would be included in the 
roadway costs .  

Estimates fo r  the structures are  based on box culverts,  concrete pipe, and 
headwall s. Other pipe materi a1 s may be substi tuted, where appl icable, as long 
as the hydraulic properties of the channel design are not compromised. 

Also, the r ight  of way costs may be reduced by realigning Camelback Road t o  
miss the Tierra Buena subdivision. This will have to  be addressed during the 
f ina l  design of the roadway. 

Estimates a re  grouped as follows: 

- West of Litchfield Road 
- Litchfield Road to  Dysart Road 
- Dysart Road t o  El Mirage Road 
- El Mirage Road to  the Existing 8' x 8' Box Culvert 

These estimates are  on the following pages. ~ h ' e  total  construction cost for  
drainage includes 20% for  contingencies. 

Severance damages for  future driveway crossings a t  three locations are 
included in the r ight  of way costs.  This i s  consistent with the Colter 
Channel cost estimate. 

Guardrail, wire fence, access road on n o r t h  side,  embankment spillways, and 
s ide weir inflow spillways are not shown on the 100-year preliminary plan, 
however, these associated costs are included in the 100-year Camelback Channel 
cost estimate and are shown on the typical sections. 

Cost comparisons are included behind each cost estimate to  compare the 100- 
year Colter Channel versus the 100-year Camelback Channel cost and t o  compare 
the 5-year interim Camelback Channel versus the 100-year Camelback Channel 
cost .  I t  should be noted tha t  the design assumptions for  each channel 
a l te rna t ive  (Camelback vs. Colter) are somewhat different .  I t  should also be 
noted tha t  the estimate for  the 100-year Camel back Channel does not include 
any costs  associated with the undesirable safety,  aesthet ic  and maintenance 



i s sues  re la ted  t o  locating a major drainage channel along a high volume road 
of  regional s ignif icance,  such as ,  Camelback Road. These issues  are  d i f f i c u l t  
t o  place a value on; especia l ly  public safe ty .  With t h i s  in mind, i t  is c l ea r  
t h a t  a thorough evaluation of the  a l t e rna t ives  requires consideration of a 
number of i ssues  beyond j u s t  costs .  The following paragraphs describe the  
d i f fe rences  i n  t he  design assumptions: 

1. Freeboard requirements d i f f e r  f o r  each a l ternat ive .  The Colter Channel 
was designed with a minimum freeboard of 1 foot  and a1 so with ex t ra  
capacity ( i n  addition t o  the  one foot of freeboard) t o  convey the  
increased runoff t h a t  wil l  r e su l t  from future  development in  the 
contributing drainage area. This ex t ra  capacity i s  being provided so 
t h a t  t he  property owners wil l  not have t o  provide stormwater re tent ion 
when they develop t h e i r  property. In re turn,  the  property owners a re  
donating r i g h t  of way fo r  the  construction of the  Colter Channel. The 
100-year Camelback Channel has no freeboard. The channel i s  only 
required t o  keep one t ravel  lane dry on the  north s ide  of the  fu ture  
Camelback Road during the  100-year storm event. There i s  no allowance 
f o r  increased flows from future  development. Freeboard f o r  the  5-year 
interim design i s  a minimum of 0.5 f e e t  within the  channel. The 
freeboard requirements fo r  the  two Camelback Channel a l t e rna t ives  were 
given by MCDOT. 

2. The cos t  est imate f o r  the  100-year Colter  Channel includes bridges 
a t  Dysart Road and a t  El Mirage Road, as requested by MCDOT. The 100- 
year Camelback Channel design incorporates box culver ts  a t  these  roadway 
crossings (MCDOT requested the  use of culver ts  because of the  c lose  
proximity t o  the  major in tersect ions  on Camelback Road). The bridge 
cos t s  are  higher than the  culver t  cos t s .  

3 .  Fence cos t s  are  included fo r  the  Colter  Channel design as  required by 
FCDMC. Fence cos t s  a re  a l so  included in the  100-year Camel back Channel 
design on the  north s ide  of the  channel and guardrail i s  included along 
the  south s ide  (adjacent t o  Camel back Road) in ce r ta in  areas as  needed 
t o  meet c l ea r  zone requirements. 

4 .  Channel geometry and associated excavation costs  are  a l so  d i f f e r en t  f o r  
each a l t e rna t ive .  The Colter Channel has 6:l s ide  slopes on both s ides  
and a l a rge r  bottom width t o  provide a greater  conveyance capacity t ha t  
allows fu ture  development t o  occur without providing stormwater 
re tent ion (see  item 1) .  The Camelback Channel has a 4:l s ide  slope on 



the  north s ide  and a 6:l s ide  slope on the  south s i de  adjacent t o  
Camelback Road. The Camelback Channel was designed with a minimum 
channel bottom t h a t  does not provide any ex t ra  capacity f o r  future  
development. In addit ion,  t he  Colter  Channel alignment i s  longer than 
t he  Camel back Channel a1 ignment. 

5. Driveway crossings a r e  a s ign i f ican t  cost  fac to r .  In the  case of Colter 

I 
Channel there  are  no ex i s t ing  driveways f o r  which cu lver t s  a re  required. 
The Camelback Channel, on the  other hand, requires  numerous culver ts  t o  
provide access f o r  ex i s t ing  driveways. 

I 6. Both t he  100-year Col ter  Channel and 100-year Camelback Channel designs 
incorporate a concrete val ley gu t t e r  from E l  Mirage Road t o  the  ou t fa l l  
in  the  Agua Fria River. However, due t o  the  location of the  o u t f a l l ,  

I the  Camel back Channel has a considerably shor te r  length of valley 
gu t te r .  

7. Right of way costs  f o r  each channel location a r e  s ign i f ican t ly  d i f f e r en t  

I because of the  higher cos t  associated with obtaining r i gh t  of way along 
Camel back Road versus the  Colter  a1 ignment and, as  described above, much 
of the  r i gh t  of way f o r  the  Colter Channel wil l  be donated. The 

I Camelback Channel alignment requires the  acquis i t ion of the  ex i s t ing  
Tierra  Buena subdivision l o t s  and residences north of Camelback Road. 



CAMELBACK ROAD CHANNEL 
100-YEAR DESIGN 

(Without C o l t e r  Channel ) 

Page 1 o f  6 

COST ESTIMATE 
West o f  L i t c h f i e l d  Road t o  L i t c h f i e l d  Road 

( Incud ing  L i  t c h f i e l d  Road Drainage S t ruc tu res )  

D e s c r i p t i o n  

Channel Excavat ion 

3' Drop S t r u c t u r e  

2' Drop S t r u c t u r e  

2'  Drop I n l e t  

Grouted Riprap (1' Th ick )  

1 - 6'  x 3' B.C. 
w/Headwal 1 s 

Guardrai  1 

Guardrai  1 End Sect ions 

Q u a n t i t y  

2,731 C.Y. 

1 Ea. 

1 Ea. 

1 Ea. 

125 C.Y. 

100 L.F. 

500 L.F. 

2 Ea. 

$51,500.00 

$10,300.00 

$61,800.00 

$13,500.00 

$75,300.00 

U n i t  Cost 

$1.50/C.Y. 

$5,00O/Ea. 

$4,50O/Ea. 

$5,00O/Ea. 

$50.00/C.Y. 

$200/L. F. 

$10.00/L.F. 

$800/Ea. 

Subto ta l  

20% Contingencies 
(Removals, Pavement Replacement, A d d i t i o n a l  

Sp i l lways ,  E tc . )  

To ta l  Cons t ruc t ion  Cost 

Cost 

$4,100.00 

$5,000.00 

$4,500.00 

$5,000.00 

$6,300.00 

$20,000.00 

$5,000.00 

$1,600.00 

R i g h t  o f  Way 

TOTAL COST THIS REACH 

33,640 S.F. $.40/S.F. 



CAMELBACK ROAD CHANNEL 
100-YEAR DESIGN 

(Without Col t e r  Channel ) 

Page 2 o f  6 

COST ESTIMATE 
L i t c h f i e l d  Road t o  Dysar t  Road 

( Incud ing  

D e s c r i p t i o n  

Channel Excavat i on 
(Trapezoidal  ) 

Grouted Riprap (1'  Th ick )  

3 '  Drop I n l e t  

1 - 6'x4' B.C. w/Headwalls 

3 '  Drop S t r u c t u r e  

2' Drop S t r u c t u r e  

4 - 8'x4' B.C. w/Headwalls 

4 - 8'x5' B.C. w/Headwall s 

5 - 8' x 5' B.C. 
w/Headwall s (Dysart  Road) 

Guardra i  1 

Guard ra i l  End Sect ions 

Access Rd. 14'Wide, 6"ABC 

Wire Fence 

Fence Gates 

Embankment Spi 11 ways 

Dysar t  Road Drainage 

Q u a n t i t y  

54,945 C.Y. 

945 C.Y. 

1 Ea. 

40 L.F. 

1 Ea. 

1 Ea. 

40 L.F. 

40 L.F. 

110 L.F. 

1,000 L.F. 

8 Ea. 

2,700 Ton 

5,110 L.F. 

5 Ea. 

8 Ea. 

$448,500.00 

$89,700.00 

$538,200.00 

$231,200.00 

$90,000.00 

$321,200.00 

$859,400.00 

S t ruc tu res )  

U n i t  Cost 

$1.50/C.Y. 

$50.00/C.Y. 

$5,60O/Ea. 

$225/L. F. 

$1 1,20O/Ea. 

$10,50O/Ea. 

$900/L. F. 

$950/L. F. 

$l, l50/L.F. 

$lO.OO/L.F. 

$800/Ea. 

$9.00/Ton 

$5.00/L.F. 

$750/Ea. 

$1,50O/Ea. 

Subto ta l  

20% Contingencies (Removal s, Pavement Rep1 acement, 
A d d i t i o n a l  Spi 1 lways, Etc.  ) 

To ta l  Cons t ruc t i on  Cost 

Cost 

$82,400.00 

$47,200.00 

$5,600.00 

$9,000.00 

$11,200.00 

$10,500.00 

$36,000.00 

$38,000.00 

$126,500.00 

$10,000.00 

$6,400.00 

$24,300.00 

$25,600.00 

$3,800.00 

$12,000.00 

R i g h t  o f  Way 

Severance Damage 
(Cost o f  Cu l ve r t s )  

To ta l  R igh t  o f  Way 

TOTAL COST THIS REACH 

577,965 S.F. 

L.S. 

$.40/S.F. 

$90,000 



CAMELBACK ROAD CHANNEL 
100-YEAR DESIGN 

(Without C o l t e r  Channel ) 

COST ESTIMATE 
Dysar t  Road t o  E l  Mirage Road 

( Incuding E l  M i  rage Road Drainage St ruc tu res)  
I I I 

Descr i  p t  i on 

Channel Excavat ion 

5 - 8'  x 5' B.C. 1 60 L.F. 
w/Headwal 1 s 

Replace & Lower 36" Siphon 150 L.F. 
f o r  A i  r l  i ne Canal 

5 - 8' x 5' B.C. 
w/Headwal 1 s 

5 - 8' x 5' B.C. 1 40 L.F. 
w/Headwal 1 s 

Q u a n t i t y  

122,833 C.Y. 

60 L.F. 

2 '  Drop S t r u c t u r e  I 1 Ea. 

U n i t  Cost 

$1.50/C.Y. 

5 - 8'  x 5' B.C. 
w/Headwal 1 s 

Cost 

$184,200.00 

$1,150/L.F. 

40 L.F. 

Grouted R iprap  (1' Thick)  I 770 C.Y. I $50.00/C.Y. I $38,500.00 

$69,000.00 

3' Drop S t r u c t u r e  

2 '  Drop I n l e t  (El  Mirage 
Road) 

Guardrai  1 I 1,000 L.F. I $lO.OO/L.F. I $10,000.00 
I I 

1 Ea. 

1 Ea. 

5 - 8'  x 4 '  B.C. 
w/Headwal 1 s (E l  ' M i  rage Rd) 

$51,625/Ea. 

$11,20O/Ea. 

110 L.F. 

Guard ra i l  End Sect ions 

Access Road 14' wide, 6" 
ABC 

$51,600.00 

$11,200.00 

Wire Fence 

Embankment Spi 1 lways I 8 Ea. I $1,50O/Ea. I $12,000.00 
1 

$1,100/L.F. 

8 Ea. 

2,700 Ton 

Fence Gates I 6 Ea. I $750/Ea. 

$121,000.00 

I I I 

5,080 L.F. 

$4,500.00 

- 
~ d d i t i o n a l  sp i l lways ,  Etc.) I 

I 

$800/Ea. 

$9.00/Ton 

I 

Subtota l  

20% Contingencies (Removal s, Pavement R e ~ l  acement , 

To ta l  Cons t ruc t ion  Cost 1 $930,100.00 

(Continued) 
5 1 

$6,400.00 

$24,300.00 

$5.00/L.F. 

$775,100.00 

$155.000.00 

$25,400.00 



Page 4 o f  6 

COST ESTIMATE 
Dysar t  Road t o  El Mirage Road 

( I ncud ing  E l  Mirage Road Drainage S t r u c t u r e s )  

D e s c r i p t i o n  

R i g h t  o f  Way 

Severance Damage 
(Cost  o f  C u l v e r t s )  

Q u a n t i t y  

868,778 S.F. 

3 Vacant Lo ts  

4 Lo ts  w/House 

L.S. 

To ta l  R igh t  o f  Way 

TOTAL COST THIS REACH 

$1,112,500.00 

$2,042,600.00 

U n i t  Cost 

$.40/S.F. 

$25,00O/Ea. 

$150,00O/Ea. 

$90,000 

Cost 

$347,500.00 

475,000.00 

$600,000.00 

$90,000.00 



CAMELBACK ROAD CHANNEL 
100-YEAR DESIGN 

(Without C o l t e r  Channel s 

Page 5 o f  

COST ESTIMATE 
E l  Mirage Road t o  E x i s t i n g  8' x 8 '  Box Cu lve r t  Out1 e t  

( Incud ing  3 Added Cu lve r t s  a t  O u t l e t )  

Guardra i  1 ! 600 L.F. I $lO.OO/L.F. I $6,000.00 
I 

D e s c r i p t i o n  

Channel Excavat ion 

8 - 8'x4' B.C. w/Headwalls 

8 - 8'x4' B.C. w/Headwall s 

Grouted Ri  prap 

A d d i t i o n a l  3 - 8' x 8' 
B.C. w/Headwalls 

Concrete V a l l e y  G u t t e r  

Q u a n t i t y  

82,171 C.Y. 

36 L.F. 

36 L.F. 

700 C.Y. 

108 L.F. 

580 C.Y. 

Guardrai  1 End Sect ions 

Access Road 14' Wide, 6" 
ABC 

Wire Fence 

Fence Gates 

Embankment Spi 11 ways 

U n i t  Cost 

$1.50/C.Y. 

$1,700/L.F. 

$1,700/L.F. 

$50.00/C.Y. 

$900/L. F. 

$175/C.Y. 

6 Ea. 

1,300 Ton 

2,530 L.F. 

4 Ea. 

4 Ea. 

Cost 

$123,300.00 

$61,200.00 

$61,200.00 

$35,000.00 

$97,200.00 

$101,500.00 

$523,600.00 

$104,700.00 

$628,300.00 

$186,800.00 

$90,000.00 

$276,800.00 

$905,100.00 

$800/Ea. 

$9.00/Ton 

$5.00/L.F. 

$750/Ea. 

$1,50O/Ea. 

Subto ta l  

20% Contingencies (Removals, Pavement Replacement, 
A d d i t i o n a l  Spi l lways,  Etc. )  

To ta l  Cons t ruc t ion  Cost 

(Continued) 

$4,800.00 

$11,700.00 

$12,700.00 

$3,000.00 

$6,000.00 

R i g h t  o f  Way 

Severance Damage 
(Cost o f  Cu l ve r t s )  

To ta l  R igh t  o f  Way 

I TOTAL COST THIS REACH 

467,055 S.F. 

L.S. 

$.40/S.F. 

$90,000 



Paqe 6 o f  6 

COST ESTIMATE 
E l  Mirage Road t o  Exis t ing  8' x 8' Box Culver t  O u t l e t  

( Incuding  3 Added Cu lve r t s  a t  O u t l e t )  

Desc r ip t i on  

TOTAL PROJECT COST 

Q u a n t i t y  I Unit Cost I Cost 

Total  P r o j e c t  Cons t ruc t ion  Cost  
( Inc lud ing  Contingencies)  

Tota l  P r o j e c t  Right  of  Way Cost 
( Incl  udi ng Severance Damages) 

TOTAL PROJECT COST 

$2,336,000.00 

$1,724,000.00 

$4,060,000.00 

ADDITIONAL PROJECT COSTS 

Mobil i z a t i o n  

NPDES/SWPPP Permi ts  

S i d e  Weir Inf low Spi l lways  
(Assumed Same a s  C o l t e r  
Channel ) 

L.S. 

L.S. 

8 Ea. 

Subto ta l  

+20% Contingencies  

Total Addit ional  P r o j e c t  Cos ts  

$148,000.00 

$29,600.00 

$177,600.00 

$50,000 

$15,000 

$10,40O/Ea. 

$50,000.00 

$15,000.00 

$83,000.00 



Note: Cost f o r  Colter Channel plus 5-year interim Camel back Channel is  
$3,853,200. 

5 5 

COST COMPARISONS OF 
100-YEAR CAMELBACK CHANNEL (WITHOUT COLTER CHANNEL) 

VS . 
100-YEAR COLTER CHANNEL 

Description 

Channel Excavation 

Grouted R i  prap 

Drop Structures  

Guardrail & Fence 
(Camel back) 
Wire Fence (Colter)  

Access/Maintenance Roads/ 
Bridge Approaches 

Val 1 ey Gutter 

Side Weir Inflow Spillways 

El Mirage Road & Dysart ' 

Road Crossings 
Camel back - Box Culverts 
Col t e r  - Bridges 

Driveway Crossings & 
A i  r l  i ne Canal 

Embankment Spi 1 1 ways 

20% Contingencies - 
(Camel back) 
Mi scel  1 aneous* - (Col t e r )  

Mobilization & Permits 

Right of Way 
(Incl udi ng Severance 
Damages) 

TOTAL COST 

1 Colter Channel Cost Estimates and Design Plans were compiled by CRSS, 
Inc. f o r  FCDMC. 

2 Cost Estimates fo r  Colter Channel a r e  f inal  bid estimates with no cos t  
f o r  contingencies . 

3 Some of t he  r i g h t  of way f o r  Colter Channel wi l l  be donated and i n  
return the  County wi l l  upsize t h e  capacity of t h e  channel t o  allow the  
doner's t o  develop without providing stormwater re tent ion.  

4 Does not incl ude 1 andscaping costs .  

COST COMPARISONS 

Camel back Channel 
(100-Year Without 
Colter Channel ) 

262,680 C.Y. 
$394,000 

2,540 C.Y. 
$127,000 

9 Total 
$150,100 

$125,200 

$60,300 

$101,500 

Assume Same as  Colter 
$83,000 

$247,500 

$563,100 

20 Each 
$30,000 

$389,300 

$65,000 

$1,724,000 

$4,060, 0004 

Colter  Channel 
100-Year 1 

284,310 C.Y. 
$426,500 

370 C.Y. 
$18,500 

5 Total 
$192,800 

$165,000 

$364,000 

$170,000 

$83,900 

$770,000 

(Ai r l  ine Canal Only) 
$44,000 

8 Each 
$12,000 

$302,200 

$65,000 

$500,0003 

$3,113,9004 



CAMELBACK ROAD CHANNEL 
5-YEAR DESIGN (INTERIM DESIGN) 

(With C o l t e r  Channel ) 
Page 1 o f  4 

COST ESTIMATE 
West o f  L i t c h f i e l d  Road t o  L i t c h f i e l d  Road 

( I ncud i  ng L i  t c h f  i e l d  Road Drainage S t ruc tu re )  

D e s c r i p t i o n  

Channel Excavat ion 

3 '  Drop S t r u c t u r e  

1' Drop S t r u c t u r e  

2.5' Drop I n l e t  

Grouted Riprap (1' Th i ck )  

1 - 36" RCP 

Headwall s 

Quant i t y  

1,219 C.Y. 

1 Ea. 

1 Ea. 

1 Ea. 

85 C.Y. 

100 L.F. 

2 Ea. 

$27,500.00 

$5,500.00 

$33,000.00 

$11,800.00 

$44,800.00 

U n i t  Cost 

$1.50/C.Y. 

$4,50O/Ea. 

$3,25O/Ea. 

$3,65O/Ea. 

$50.00/C.Y. 

$70/L. F. 

$1,50O/Ea. 

Subtota l  

20% Contingencies 
(Removal s, Pavement Rep1 acement, Add i t i ona l  

Spi l lways, Etc. )  

To ta l  Cons t ruc t ion  Cost 

Cost 

$1,800.00 

$4,500.00 

$3,250.00 

$3,650.00 

$4,300.00 

$7,000.00 

$3,000.00 

R i g h t  o f  Way 

TOTAL COST THIS REACH 

29,433 S.F. $.40/S.F. 



CAMELBACK ROAD CHANNEL 
5-YEAR DESIGN (INTERIM DESIGN) 

(With C o l t e r  Channel ) 
Page 2 o f  4 

COST ESTIMATE 
L i t c h f i e l d  Road t o  Dysar t  Road 

( Incud ing  

D e s c r i p t i o n  

Channel Excavat ion 

3 '  Drop I n l e t  

1 - 36" RCP 

Headwall s 

1' Drop S t r u c t u r e  

1' Drop I n l e t  

Grouted R iprap  (1' Th i ck )  

1 - 6' x 3'  B.C. 
w/Headwal 1 s 

1 - 8' x 3'  B.C. 
w/Headwal 1 s 

1 - 8'  X 3 '  B.C. 
w/Headwal 1 s 

Embankment Spi 1 lways 

Dysar t  Road Drainage 

Q u a n t i t y  

15,356 C.Y. 

1 Ea. 

40 L.F. 

2 Ea. 

1 Ea. 

1 Ea. 

370 C.Y. 

40 L.F. 

40 L.F. 

100 L.F. 

16 Ea. 

$127,400.00 

$25,500.00 

$152,900.00 

$95,100.00 

$20,000.00 

$115,100.00 

$268,000.00 

S t ruc tu re )  

U n i t  Cost 

$1.50/C.Y. 

$4,05O/Ea. 

$70.00/Ea. 

$1,50O/Ea. 

$3,55O/Ea. 

$3,00O/Ea. 

$50.00/C.Y. 

$200/L. F. 

$250/L. F. 

$250/L. F. 

$1,50O/Ea. 

Subto ta l  

20% Contingencies 
(Removal s, Pavement Rep1 acement, Add i t i ona l  

Sp i l lways ,  Etc. )  

To ta l  Cons t ruc t ion  Cost 

Cost 

$23,000.00 

$4,050.00 

$2,800.00 

$3,000.00 

$3,550.00 

$3,000.00 

$18,500.00 

$8,000.00 

$10,000.00 

$27,500.00 

$24,000.00 

R i g h t  o f  Way 

Severance Damage 
(Cost o f  C u l v e r t s )  

To ta l  R igh t  of Way 

TOTAL COST THIS REACH 

237,855 S.F. 

L.S. 

$.40/S.F. 

$20,000 



CAMELBACK ROAD CHANNEL 
5-YEAR DESIGN (INTERIM DESIGN) 

(With Col t e r  Channel ) 
Page 3 o f  4 

COST ESTIMATE 
Dysar t  Road t o  E l  Mirage Road 

( Incud ing  E l  Mirage Road Drainage S t r u c t u r e )  

D e s c r i p t i o n  I Q u a n t i t y  U n i t  Cost Cost 

Channel Excavat ion 29,474 C.Y. $1.5O/C.Y. $44,200.00 

1 - 8'  x 3' B.C. 60 L.F. $250/L. F. $15,000.00 
w/Headwal 1 s 

1 - 8'  x 3 '  B.C. 60 L.F. $250/L. F. $15,000.00 
w/Headwal 1 s 

Replace & Lower 36" Siphon 
f o r  A i  r l  i n e  Canal 

1 - 8' x 3'  B.C. 40 L.F. $250/L. F. $10,000.00 
w/Headwal 1 s 

1 - 8'  x 3 '  B.C. 40 L.F. $250/L. F. $10,000.00 
w/Headwal 1 s 

2' Drop S t r u c t u r e  1 Ea. $4,00O/Ea. $4,000.00 

3 '  Drop I n l e t  1 Ea. $4,65O/Ea. $4,650.00 

1 - 8' x 4' B.C. 110 L.F. $275/L. F. $30,250.00 
w/Headwal 1 s 

Grouted Ri  prap 420 C..Y. $50.00/C.Y. $21,000.00 

Embankment Spi  11 ways 16 Ea. $1,50O/Ea. $24,000.00 

Subto ta l  $178,100.00 

20% Contingencies $35,600.00 
(Removals, Pavement Replacement, A d d i t i o n a l  

Spi l lways,  E tc . )  

To ta l  Cons t ruc t ion  Cost $213,700.00 

R i g h t  o f  Way 319,765 S.F. $.40/S.F. $127,900.00 

Severance Damage L.S. $20,000 $20,000.00 
(Cul v e r t  Costs) 

To ta l  R igh t  o f  Way $147,900.00 

TOTAL COST THIS REACH $361,600.00 
> - 



CAMELBACK ROAD CHANNEL 
5-YEAR DESIGN (INTERIM DESIGN) 

(With C o l t e r  Channel ) 
Page 4 o f  4 

COST ESTIMATE 
E l  Mirage Road t o  E x i s t i n g  8' x 8'  Box 

C u l v e r t  Out1 e t  Under Camel back Road 

Desc r ip t i on  Quant i t y  U n i t  Cost Cost 

Regrade and C l  ear  Exi s t i n g  Lump Sum $5,000.00 $5,000.00 
Channel 

Embankment Spi 1 lways 8 Ea. $1,50O/Ea. $12,000.00 

Subto ta l  $17,000.00 

20% Contingencies $3,400.00 
(Removals, Pavement Replacement, A d d i t i o n a l  

Spi l lways,  Etc.)  

To ta l  Const ruc t ion  Cost $20,400.00 

ADDITIONAL PROJECT COSTS 

M o b i l i z a t i o n  L.S. $30,000 $30,000.00 

NPDES/SWPPP Permits L.S. $15,000 $15,000.00 

Tota l  Add i t i ona l  P r o j e c t  Costs $45,000.00 

TOTAL PROJECT COST 

TOTAL PROJECT CONSTRUCTION COST $465,000.00 
( I n c l  ud ing  Contingencies) 

TOTAL PROJECT RIGHT OF WAY COST $274,800.00 
( Inc lud ing  Severance Damages) 

. TOTAL PROJECT COST $739.800.00 



COST COMPARISONS OF 
100-Y EAR CAMELBACK CHANNEL (WITHOUT COLTER CHANNEL) 

VS . 
5-YEAR INTERIM CAMELBACK CHANNEL (WITH COLTER CHANNEL I N  PLACE) 

Descr ip t ion 

Channel Excavation 

Drop Structures 

Grouted R i  prap 

Wire Fence & Guardrai l  

Cu lver t  Crossings 

Maintenance Road 

Val 1 ey Gutter  

Side Wier I n f l ow  Spi l lways 

Embankment Spi 11 ways 

20% Contingencies 

Right  o f  Way ( Inc lud ing 
Severance Damages) 

Mob i l i za t i on  & Permits 

TOTAL COST 

COST COMPARISONS 

100-Year Camel back 
Channel Desi gn 
(Without Co l te r  

Channel ) 

262,680 C.Y. 
$394,000 

9 Tota l  
$150,100 

2,540 C.Y. 
$127,000 

$125,200 

$810,600 

$60,300 

$101,500 

$83,000 

20 Each 
$30,000 

$389,300 

$1,724,000 

$65,000 

$4,060,000 

5-Year I n t e r im  
Camel back Channel 

Desi gn 
(With Co l te r  Channel) 

46,050 C.Y. 
$74,000 

8 Tota l  
$30,650 

875 C.Y. 
$43,800 

Not Required 

$141,550 

Not Required 

Not Required 

Not Required 

40 Each 
$60,000 

$70,000 

$274,800 
(Without Subdivision 

Lots) 

$45,000 

$739,800 



APPENDIX A 

STANDARD STEP BACKWATER ANALYSIS 
AND CULVERTANALYSES 



700-YEAR BACKWATER ANALYSES 



b R R E N T  OATE: 07-06-199. 
CURRENT TIME: 10: 25: :5 

FILE OATE: 06-24-1 993 
FILE NAME: CBOUT100 upst* O F  & ~ i j h ~ ~  ~ , J I B ; B ~ ~ , L  

FWA CULVERT ANALYSIS 
HY-8, VERSION 4.0 5&&4 &Lav&l ? I  
I 

SITE DATA I CULVERT SHAPE. MATERIAL. INLET i L A  Jd 3 - e'n P, 
, L )  I I 

I L I INLET OUTLET CULVERT 1 BARRELS 11 V I :LEV. ELEV. LENGTH I SHAPE 
1 

SPAN RISE MANNING INLET I 
FT) (FT) (FT) IMATERIAL (FT) (FT) n TYPE I 

I 1 11013.96 1013.46 100.00 1 4 RCB 8.00 8.00 .012  CONVENTIONAL^ 

FILE: CBOUT100 CULVERT HEADWATER ELEVATION (FT) DATE: 06-24-1993 

DISCHARGE 1 2 3 4 5 6 I 0 1017.96 0.00 0.00 0.00 0.00 0.00 
173 1018.09 0.00 0.00 0.00 0.00 0.00 

345 1018.19 0.00 0.00 0.00 0.00 0.00 
518 1018.35 0.00 0.00 0.00 0.00 0.00 I 690 1018.49 0.00 0.00 0.00 0.00 0.00 

863 1018.18 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 

1208 1019.32 I 1036 0.00 0.00 0.00 0.00 0.00 
1381 1019.85 0.00 0.00 0.00 0.00 0.00 

I 
1553 1020.38 0.00 0.00 0.00 0.00 0.00 

1726 1020.89 0.00 0.00 0.00 0.00 0.00 

3452 1026.22 0.00 0.00 0.00 0.00 0.00 

ROADWAY 
1023.60 
1024.07 
1024.33 
1024.55 
1024.74 
1024.90 
1025.06 
1025.21 
1025.36 
1025.50 
1025.63 

0.00 

The above Q and HW are f o r  a point above the  roadway. 



k u  RRENT DATE: 07-06-1993 
CURRENT TIME: 10: 25: 55 

FILE DATE: 06-24-1993 

FILE NAME: CBOUTlOO 

PERFORMANCE CURVE FOR CULVERT # 1 - 4 ( 8 BY 8 ) RCB 

I 
DIS- HEAD- INLET OUTLET 

CHARGE WATER CONTROL CONTROL FLOW NORMAL CRITICAL OUTLET TAILWATER 
FLOW ELEV. OEPTH OEPTH TYPE OEPTH OEPTH VEL. OEPTH VEL. DEPTH 

(cfs)  (ft) (ft) (ft) <F4> (ft) (ft) ( fps)  (ft) (fps) (ft) 

-- - - - -- - - - 

El. i n l e t  face i n v e r t  1013.96 f t  El.  o u t l e t  i n v e r t  1013.46 f t  

El. i n l e t  t h r o a t  i n v e r t  0.00 ft El. i n l e t  c r e s t  0.00 f t  

***** SITE DATA ****' CULVERT INVERT "************ I INLET STATION (FT) 0.00 

INLET ELEVATION (FT) 1013.96 

OUTLET STATION (FT) 100.00 I OUTLET ELEVATION (FT) 1013.46 

NUMBER OF BARRELS 4 

SLOPE (V-FT/H-FT) 0.0050 

I CULVERT LENGTH ALONG SLOPE (FT) 100.00 

***** CULVERT DATA SUmRY ........................ 
BARREL SHAPE BOX I BARREL SPAN 8.00 FT 

BARREL RISE 8.00 FT 

BARREL MATERIAL CONCRETE 

BARREL MANNING'S N 0.012 I INLET TYPE CONVENTIONAL 

INLET EDGE AND WALL 1: l  BEVEL (45 OEG. FLARE) 

I INLET DEPRESSION NONE 



1 b RRENT DATE: 07-06-1 9 9 3  1 CURRENT TIME: 10:25: 55 
F I L E  DATE: 06-24-1993 
F I L E  NAME: CBOUT100 

TAILWATER 

CONSTANT WATER SURFACE ELEVATION 

ROADWAY OVERTOPPING DATA 

ROADWAY SURFACE GRAVEL 
EMBANKMENT TOP WIDTH (FT) 50.00 I CREST LENGTH (FT) 200.00 
OVERTOPPING CREST ELEVATION (FT) 1023.60 



TRAPEZOIDAL CHANNEL ANALYSIS 

STANDARD STEP HATER SURFACE PROFILE 
July 15, 1993 

PROGRAM INPUT DATA: 

DESCRIPTION VALUE 
.................................................................... 
Flow Rate (cubic fee t  per second) ....................... 
Channel Bottom Slope ( feet  per foot) .................... 
Manning's Roughness Coeff icient (n-value) ............... 
Channel Side Slope - Le f t  Side (horizontal/vert ical).  ... 
Channel Side Slope - Right Side (horizontal/vert ical).  .. 
Channel bt tcxn Width (feet) ............................. 
Channel Flow-Line Elevation a t  Star t ing Station (feet).. 

Water Surface Elevation a t  Start ing Station ( feet)  ...... 
Start ing Channel Station (feet) ......................... 

PROGRAM RESULTS: 
DESCRIPTION VALUE 

Normal Depth ( feet)  ..................................... 2.82 

C r i t i c a l  Depth ( feet)  ................................... 2.04 

Station Flowline WS Elev. Depth Flow Area Vel Velocity EGL Slope 

(ft) (ft) (ft) ( f t )  (sq ft) (fps) Head(ft) ( f t / f t )  

.................................................................... .................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 ( c )  1986 

W s o n  & Associates. Inc., 7015 W. Tidwell, #107. Houston, TX 77092 

(713) 895-8322. A manual with equations & flow chart i s  available. 



I CURRENT DATE: 07-1 5-1993 
CURRENT TIME: 12:04: 58 

1 

F I L E  DATE: 06-24-1993 
Y A  l36+7b TO- 5TA l S W 6  

FILE NAME: cB1-loo CdoeA w d e r  i)r;u- 

I FHWA CULVERT ANALYSIS 

2275' E. 0 4  ff <A- 

HY-8, VERSION 4.0 - Q : 17% c6 

I i  c i  
I 1 

S I T E  DATA I CULVERT SHAPE, MATERIAL, INLET 1 
l u t  I I 

L I INLET OUTLET CULVERT I BARRELS 

V I ELEV. ELEV. LENGTH I SHAPE 
1 

SPAN RISE MANNING INLET I 
I I (FT) (FT) (FT) I MATERIAL (FT) (FT) n TYPE I 

FILE: CB1-100 DATE: 06-24-1 993 

I ELEV (FT) 

1020.90 

1020.91 

I 1020.94 1020.98 

1021.05 

1021.13 

I 1021.23 1021.35 
1021.49 

I 1021.64 1021.82 
1022.00 

TOTAL 

0 

173 

345 
51 8 
690 

863 
1036 

1208 
1381 

1553 

1726 

1880 

6 ROADWAY ITR 

0 0 1 

0 0 1 

0 0 1 

0 0 1 

0 0 1 
0 0 1 
0 0 1 

0 0 1 
0 0 1 

0 0 1 

0 0 1 
0 OVERTOPPING 

SUMMARY OF ITERATIVE SOLUTION ERRORS FILE: CB1-100 DATE: 06-24-1993 

I HEAD HEAD TOTAL FLOW % FLOW 
ELEV(FT) ERROR(FT) FLOW(CFS) ERROR(CFS) ERROR 

I 1020.90 0.00 0 0 0.00 
1020.91 0.00 173 0 0.00 
1020.94 0.00 34 5 0 0.00 

1021.82 0.00 1726 0 0.00 

<I> TOLERANCE (FT) = 0.010 <2> TOLERANCE (%) = 1.000 



- 
CURRENT TIME: 12: 04: 58 

FILE DATE: 06-24-1993 
FILE NAME: CB1-100 

I PERFORMANCE CURVE FOR CULVERT # 1 - 8 ( 8 BY 4 ) RCB 

DIS- HEAD- INLET OUTLET 

I CHARGE WATER CONTROL CONTROL FLOW NORMAL CRITICAL OUTLET TAILWATER 

FLOW ELEV. DEPTH DEPTH TYPE DEPTH OEPTH VEL. OEPTH VEL. DEPTH 

(cfs)  (ft) (ft) (ft) 4 4 2  (ft) (ft) ( fps)  (ft) ( fps)  (ft) 

El. i n l e t  face i n v e r t  1014.57 f t  El. o u t l e t  i n v e r t  1014.48 f t  

I El. i n l e t  t h r o a t  i n v e r t  0.00 f t  El. i n l e t  c r e s t  0.00 f t  

***** SITE DATA ***** CULVERT INVERT ************** I INLET STATION (FT) 0.00 

INLET ELEVATION (FT) 101 4.57 

OUTLET STATION (FT) 36.00 I OUTLET ELEVATION (FT) 1014.48 

NUMBER OF BARRELS 8 
SLOPE (V-FT/H-FT) 0.0025 

I CULVERT LENGTH ALONG SLOPE (FT) 36.00 

- 
**a** CULVERT DATA SUMMARY ********************>X*** 

BARREL SHAPE BOX 

BARREL SPAN 8.00 FT I BARREL RISE 4.00 FT 

BARREL MATERIAL CONCRETE 

BARREL MANNING'S N 0.012 I INLET TYPE CONVENTIONAL 

INLET EDGE AN0 WALL 1: 1 BEVEL (45 DEG. FLARE) 

I' INLET DEPRESSION NONE 



ICURRENT DATE: 07-1 5-1993 

1 CURRENT TIME: 12: 04: 58 
FILE DATE: 06-24-1 993 
FILE NAME: CB1-100 

I TAILWATER 

I CONSTANT WATER SURFACE ELEVATION 

I 
ROADWAY OVERTOPPING DATA 

ROADWAY SURFACE GRAVEL 

EMBANKMENT TOP WIDTH (FT) 30.00 I***** USER DEFINED ROADWAY PROFILE 
CROSS-SECTION X Y 

I 
CORD. NO. (FT) (FT) 

1 0.00 1027.10 

2 40.00 1026.50 

3 48.00 1027.10 

I 4 148.00 1022.00 



TRAPEZOIDAL CHANNEL ANALYSIS 
STANDARD STEP WATER SURFACE PROFILE 

Ju ly  15, 1993 

PROGRAM INPUT DATA: 

I DESCRIPTION VALUE 
.................................................................... 
Flow Rate (cubic f e e t  per second) ....................... 1726.0 

.................... 
I 

Channel Bottom Slope ( f e e t  per foo t )  

............... 
0.0025 5: . 

Manning's Roughness Coef f i c ien t  (n-value) 0.0250 

Channel Side Slope - L e f t  Side (hor izonta l /ver t ica l ) .  ... 4.00 

Channel Side Slope - Right Side (hor i zon ta l / ve r t i ca l ) .  .. 4.00 

............................. I Channel Bottom Width ( fee t )  100.0 

Channel Flow-Line Elevat ion a t  S t a r t i n g  S ta t ion  (feet). .  1014.57 

...... Water Surface Elevat ion a t  S ta r t ing  S ta t ion  ( fee t )  1021.82 

......................... 
I 

S t a r t i n g  Channel S ta t ion  ( fee t )  246.00 

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

I PROGRAM RESULTS: 

DESCRIPTION VALUE 
.................................................................... 

..................................... I Normal Depth ( fee t )  2.82 

C r i t i c a l  Depth ( f e e t )  ................................... 2.04 

I 
S t a t i o n  F lowl ine WS Elev. Depth Flow Area 

(ft) (ft) (ft) (ft) (sq ft) 
............................................ 

13bi70 246.0 1014.57 1021.82 7.25 935.25 

I 300.0 1014.70 1021.82 7.12 914.68 

500.0 1015.20 1021.83 6.64 839.97 

700.0 1015.69 1021.85 6.16 767.70 

900.0 1016.19 1021.87 5.69 698.08 

1100.0 1016.68 1021.90 5.22 631.41 I + 4 2 0  101678 1021.9 5.13 617.81 

Vel Ve loc i t y  EGL Slope 

( fps)  Head(ft) (ft/ft) 

1.85 0.053 0.000091 

1.89 0.055 0.000098 

2.05 0.066 0.000125 

2.25 0.078 0.000163 

2.47 0.095 0.000217 

2.73 0.116 0.000292 

2.79 0.121 0.000312 

I .................................................................... .................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 

Dodson & Associates, Inc., 7015 W. Tidwel l ,  #107, Houston, TX 77092 

I (713) 895-8322. A manual w i t h  equations:& f low char t  i s  avai lable. 



I 
I CURRENT DATE: 07-1 5-1 993 

1 

FILE OATE: 06-24-1993 
sm lZ7+38 *5TA lzk7Lf. 

CURRENT TIME: 12: 18:06 FILE NAME: CB2-100 

I ~LALVECL'I' U~JDI%. b f Z u ~ M &  

FHWA CULVERT ANALYSIS 
- 5 ,3m/E. O F  EL Mz=+3w= 

HY-8, VERSION 4.0 ~ Q A O .  
I I 

SITE DATA I CULVERT SHAPE, MATERIAL. INLET I 

I I L i INLET OUTLET CULVERT i BARRELS 
V ( ELEV. ELEV. LENGTH 1 SHAPE 

1 
SPAN RISE MANNING INLET I 

I I (FT) (FT) (FT) I MATERIAL (FT) (FT) n TYPE I 
36.00 1 8 RCB 

I 
I 
I 
I 
I 

I 
SUWRY OF CULVERT FLOWS (CFS) FILE: CB2-100 DATE: 06-24-1993 

I ELEV (FT) 
1021.91 

TOTAL 
0 

144 
288 
432 
576 
720 
863 

1007 
1151 
1295 
1439 

1592 

6 ROAWAY ITR 
0 0 1 

0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 

0 OVERTOPPING 

I 
SUWRY OF ITERATIVE SOLUTION ERRORS FILE: CB2-100 DATE: 06-24-1 993 

I HEAD HEAD TOTAL FLOW % FLOW 
ELEV(FT) ERROR(FT) FLOW(CFS) ERROR(CFS) ERROR 

I 1021.91 0.00 0 0 0.00 
1021.92 0.00 144 0 0.00 
1021.94 0.00 288 0 0.00 

I 
1021.97 0.00 432 0 0.00 
1022.01 0.00 576 0 0.00 
1022.07 0.00 720 0 0.00 
1022.14 0.00 863 0 0.00 

I 1022.22 0.00 1007 0 0.00 
1022.32 0.00 11 51 0 0.00 
1022.43 0.00 1295 0 0.00 

I 1022.55 0.00 1439 0 0.00 

< I>  TOLERANCE (FT) = 0.010 <2> TOLERANCE ( X )  = 1.000 



I CURRENT DATE: 07-1 5-1 993 
CURRENT TIME: 12:18:06 

FILE DATE: 06-24-1993 

FILE NAME: CB2-100 

I PERFORMANCE CURVE FOR CULVERT # 1 - 8 ( 8 BY 4 ) RCB 

I 
DIS- HEAD- INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRITICAL OUTLET TAILWATER 

FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH 

(cfs)  (ft) (ft) (ft) <F4> (ft) (ft) ( fps)  (ft) ( fps)  (ft) 

El. i n l e t  face i n v e r t  1016.87 f t  El. o u t l e t  i n v e r t  1016.78 f t  

I El. i n l e t  th roa t  i n v e r t  0.00 f t  El. i n l e t  c r e s t  0.00 f t  

I ***** SITE DATA ***** CULVERT INVERT ************** 
INLET STATION (FT) 0.00 

INLET ELEVATION (FT) 1016.87 

OUTLET STATION (FT) 36.00 I OUTLET ELEVATION (FT) 1016.78 

NUMBER OF BARRELS 8 
SLOPE (V-FT/H-FT) 0.0025 

I CULVERT LENGTH ALONG SLOPE (FT) 36.00 

BARREL SHAPE BOX ) BARREL SPAN 8.00 FT 

BARREL RISE 4.00 FT 

BARREL MATERIAL CONCRETE 

BARREL MANNING'S N 0.012 1 INLET TYPE CONVENTIONAL 

INLET EDGE AND WALL 1: l  BEVEL (45 DEG. FLARE) 

I INLET DEPRESSION NONE 



I CURRENT DATE: 07-1 5-1993 
CURRENT TIME: 12: 18: 06 

FILE DATE: 06-24-1993 
FILE NAME: CB2-100 

TAILWATER 

1 CONSTANT WATER SURFACE ELEVATION 

ROADWAY OVERTOPPING DATA 

ROAMAY SURFACE GRAVEL 
EMBANKMENT TOP WIDTH (FT) 30.00 k**** USER DEFINED ROAMAY PROFILE 
CROSS-SECTION X Y 

I COORD. NO. (FT) (FT) 
1 0.00 1027.40 
2 40.00 1026.80 



TRAPEZOIDAL CHANNEL ANALYSIS 
STANDARD STEP WATER SURFACE PROFILE 

July 15, 1993 

I .................................................................... .................................................................... 

PROGRAM INPUT DATA: 

I DESCRIPTION VALUE 
.................................................................... 
Flow Rate (cubic feet per second) ....................... 1439.0 
Channel Bottom Slope (feet per foot) .................... 1 

I 
0.0025 5 = - 002'-/7 /; 

Manning's Roughness Coefficient (n-value) ............... 0.0250 
Channel Side Slope - Left Side (horizontal/vertical ). . . . 4.00 
Channel Side Slope - Right Side (horizontal/vertical).. . 4.00 

I Channel Bottom Width (feet) ............................. 100.0 
Channel Flow-Line Elevation at Starting Station (feet). . 1016.87 
Water Surface Elevation at Starting Station (feet) ...... 1022.55 

I 
Starting Channel Station (feet) ......................... 1178.00 

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

PROGRAM RESULTS: 
DESCRIPTION VALUE 

I Normal Depth (feet) ..................................... 2.53 
Critical Depth (feet) ................................... 1.81 

I 
Station Flowline WS Elev. Depth Flow Area 

(ft) (ft) (ft) (ft) (sq ft) 
........................................... 

127t361178.0 1016.87 1022.55 5.68 697.05 

I 1200.0 1016.92 1022.55 5.63 689.44 
1400.0 1017.42 1022.57 5.16 621.80 
1600.0 1017.91 1022.60 4.69 557.20 
2000.0 1018.90 1022.72 3.82 440.52 
2400.0 1019.89 1022.99 3.10 348.69 I I,,,, 2445.0 1020.00 1023.04 3.04 340.43 

Vel Velocity EGL Slope 
(fps) Head(ft) (ft/ft) 

I .................................................................... .................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM. Version 1.1 (c) 1986 
Dodson & Associates, Inc., 7015 W. Tidwell, #107, Houston, TX 77092 

I (713) 895-8322. A manual with equations & flow chart is available. 



I CURRENT OATE: 07-1 6-1 993 

CURRENT TIME: 05: 49: 45 

FILE OATE: 06-24-1993 
FILE NAME: CBMIR100 

& L U E ~  W D E L  ,EL m3PPL 

I FHWA CULVERT ANALYSIS 
HY-8, VERSION 4.0 

&A 0 

[ I  I I 

11:; SITE DATA I CULVERT SHAPE, MATERIAL, INLET I 
I 

I L I INLET OUTLET CULVERT I BARRELS 

V I ELEV. ELEV. LENGTH I SHAPE 
i 

SPAN RISE MANNING INLET I 
I I (FT) (FT) (FT) ) MATERIAL (FT) (FT) n I' TYPE I 
1 1  11020.55 1020.00 110.00 1 5 RCB 8.00 4.00 .012  CONVENTIONAL^ 

SUMMARY OF CULVERT FLOWS (CFS) FILE: CBMIR100 DATE: 06-24-1993 

TOTAL 
0 

147 

294 
441 

588 

735 

881 

1028 

11 75 

1322 

1469 

1640 

5 6 ROADWAY ITR 

0 0 0 1 

0 0 0 1 

0 0 0 1 
0 0 0 1 

0 0 0 1 

0 0 0 1 

0 0 0 1 

0 0 0 1 

0 0 0 1 

0 0 0 1 

0 0 0 1 

0 0 OVERTOPPING 

SUMMARY OF ITERATIVE SOLUTION ERRORS FILE: CBMIR100 DATE: 06-24-1993 

HEAD HEAD TOTAL FLOW % FLOW ( ELEV(F7) ERROR(FT) FLOW(CFS) ERROR(CFS) ERROR 

1023.04 0.00 0 0 0.00 

1023.11 0.00 147 0 0.00 1 1023.21 0.00 294 0 0.00 

1023.44 0.00 441 0 0.00 

I <I> TOLERANCE (FT) = 0.010 <2> TOLERANCE (%) = 1.000 



I CURRENT DATE: 07-16-1993 
CURRENT TIME: 05: 49:45 

FILE DATE: 06-24-1993 

FILE NAME: CBMIR100 

I PERFORMANCE CURVE FOR CULVERT # 1 - 5 ( 8 BY 4 ) RCB 

DIS- HEAD- INLET OUTLET 

I CHARGE WATER CONTROL CONTROL FLOW NORMAL CRITICAL OUTLET TAILWATER 

FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH 

(c fs )  (ft) (ft) (ft) <F4> (ft) (ft) ( fps)  (ft) ( fps)  (ft) 

I 0 1023.04 0.00 2.49 0-NF 0.00 0.00 0.00 0.00 0.00 3.04 

147 1023.11 1.11 2.56 3-Mlt 0.61 0.75 1.21 3.04 0.00 3.04 

I 
294 1023.21 1.77 2.66 3-Mlt 0.97 1.19 2.42 3.04 0.00 3.04 

441 1023.44 2.34 2.89 3-Mlt 1.28 1.56 3.62 3.04 0.00 3.04 

588 1023.42 2.87 2.87 1-S2n 1.55 1.89 9.47 1.55 0.00 3.04 

735 1023.92 3.37 3.37 1-S2n 1.80 2.19 9.89 1.86 0.00 3.04 

I 881 1024.40 3.85 3.85 1-S2n 2.05 2.48 10.43 2.11 0.00 3.04 

1028 1024.89 4.34 4.34 5-S2n 2.28 2.74 10.90 2.36 0.00 3.04 

1175 1025.39 4.84 4.84 5-S2n 2.51 3.00 11.33 2.59 0.00 3.04 

I 
1322 1025.91 5.36 5.36 5-S2n 2.73 3.24 11.70 2.82 0.00 3.04 

1469 1026.46 5.91 5.91 5-S2n 2.94 3.48 12.05 3.05 0.00 3.04 

El. i n l e t f a c e i n v e r t  1 0 2 0 . 5 5 f t  El. o u t l e t i n v e r t  1 0 2 0 . 0 0 f t  

I El. i n l e t  th roa t  i n v e r t  0.00 f t  El. i n l e t  c r e s t  0.00 f t  

SITE DATA ***** CULVERT INVERT ************** I INLET STATION (FT) 0.00 

INLET ELEVATION (FT) 1020.55 
OUTLET STATION (FT) 110.00 ) OUTLET ELEVATION (FT) 1020.00 

NUMBER OF BARRELS 5 

SLOPE (V-FT/H-FT) 0.0050 

I CULVERT LENGTH ALONG SLOPE (FT) 110.00 

BARREL SHAPE ) BARREL SPAN 

BARREL RISE 

BARREL MATERIAL 

I BARREL MANNING'S N 

INLET TYPE 

INLET EDGE AND WALL 

I INLET DEPRESSION 

BOX 

8.00 FT 

4.00 FT 

CONCRETE 

0.012 
CONVENTIONAL 

1 : l  BEVEL (45 DEG. FLARE) 

NONE 



L RRENT DATE: 07-1 6-1 993 
CURRENT TIME: 05:49:45 

FILE DATE: 06-24-1993 

FILE NAME: CBMIR100 

TAI LWATER 

CONSTANT WATER SURFACE ELEVATION 

ROADWAY OVERTOPPING DATA 

ROADWAY SURFACE PAVED 

EMBANKMENT TOP WIDTH (FT) 60.00 

**** USER DEFINED ROADWAY PROFILE 

CROSS-SECTION X Y 

I COORD. NO. (FT) (FT) 
1 0.00 1027.80 

2 100.00 1027.15 

3 200.00 1027.25 



TRAPEZOIDAL CHANNEL ANALYSIS 

STANDARD STEP WATER SURFACE PROFILE 
July  16, 1993 

PROGRAM INPUT DATA: 

DESCRIPTION VALUE 
.................................................................... 
Flow Rate (cubic f e e t  per second) ....................... 1469.0 

I 
Channel Bottom Slope (feet per foot).  . . . . . . . . . . . . . . . . . . . 0.0027 5s C-2 Z68 4 
Manning's Roughness Coef f i c ien t  (n-value) ............... 0.0250 

Channel Side Slope - L e f t  Side (hor i zon ta l / ve r t i ca l  ). . . . 4. DO 

Channel Side Slope - Right Side (hor izonta l /ver t ica l ) .  . . 4.00 

I Channel Bottom Width (feet).  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100.0 

Channel Flow-Line Elevat ion a t  S ta r t ing  S ta t ion  (feet). .  1022.55 

Water Surface Elevat ion a t  S ta r t ing  S ta t ion  ( fee t )  ...... 1026.46 

I 
S t a r t i n g  Channel S ta t ion  ( f e e t )  ......................... 0.00 

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

I PROGRAM RESULTS: 

DESCRIPTION VALUE 

I Normal Depth ( fee t )  ..................................... 2.50 
C r i t i c a l  Depth ( fee t )  ................................... 1.84 

S t a t i o n  F lowl ine WS Elev. Depth Flow Area 

I (ft) (ft) (ft) (ft) (sq ft) 
........................................... 

/)3+46 0.0 1022.55 1026.46 3.91 452.15 

F& 100.0 1022.82 1026.50 3.68 422.55 1 % )  5mkt 200.0 1023.09 1026.55 3.47 . 394.81 

300.0 1023.35 1026.62 3.27 369.32 

m 400.0 1023.62 1026.71 3.08 346.53 

500.0 1023.89 1026.82 2.93 326.90 

600.0 1024.16 1026.95 2.80 310.84 

Vel Ve loc i t y  EGL Slope 

(fps) Head(ft) (ft/ft) 

TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 

I Dodson & Associates, Inc., 7015 W. Tidwel l ,  #107, Houston, TX 77092 

(713) 895-8322. A manual w i t h  equations & f l ow c h a r t  i s  avai lab le.  



TRAPEZOIDAL CHANNEL ANALYSIS 
STANDARD STEP WATER SURFACE PROFILE 

Ju ly  16, 1993 

PROGRAM INPUT DATA: 

DESCRIPTION VALUE 
.................................................................... 
Flow Rate (cubic f ee t  per second) ....................... 1469.0 

Channel Bottom Slope ( fee t  per foo t )  .................... 0.0020 

Manning's Roughness Coef f ic ient  (n-value). .............. 0.0250 

Channel Side Slope - L e f t  Side (hor izonta l /ver t ica l ) .  ... 4.00 

Channel Side Slope - Right Side (hor izonta l /ver t ica l ) .  .. 4.00 

Channel Bottom Width ( feet)  ............................. 100.0 

Channel Flow-Line Elevation a t  S ta r t ing  S ta t ion  (feet).  . 1027.28 

Water Surface Elevation, a t  S ta r t ing  S ta t ion  ( fee t )  ...... 1029.12 

S ta r t ing  Channel S ta t ion  ( fee t )  ......................... 646.00 

PROGRAM RESULTS: 

DESCRIPTION VALUE 

Normal Depth ( fee t )  ..................................... 2.73 

C r i t i c a l  Depth ( fee t )  ................................... 1.84 

S ta t ion  Flowline WS Elev. Depth Flow Area Vel Veloc i ty  EGL Slope 
( f t )  (ft) (ft) ( f t )  (sq ft) ( fps)  Head(ft) (ft/ft) 

TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 

, I W s o n  & Associates, Inc., 7015 W. Tidwell ,  #107, Houston, TX 77092 

(713) 895-8322. A manual w i th  equations & f low char t  i s  avai lable. 



TRAPEZOIDAL CHANNEL ANALYSIS 

STANDARD STEP WATER SURFACE PROFILE 
July 22, 1993 

PROGRAM INPUT DATA: 

DESCRIPTION VALUE 

Flow Rate (cubic fee t  per second) ....................... 
Channel Bottom Slope ( feet  per foot) .................... 

............... Manning's Roughness Coeff icient (n-value) 
... Channel Side Slope - Le f t  Side (horizontal/vert ical).  

.. Channel Side Slope - Right Side (horizontal/vert ical).  

Channel Bottom Width (feet) ............................. 
Channel Flow-Line Elevation a t  Start ing Station (feet).. 

Water Surface Elevation a t  Start ing Station ( feet)  ...... 
Start ing Channel Station (feet) ......................... 

PROGRAM RESULTS: 

DESCRIPTION VALUE 
.................................................................... 
Normal Depth ( feet)  ..................................... 2.85 
C r i t i c a l  Depth ( feet)  ................................... 1.74 

Station Flowline WS Elev. Depth Flow Area Vel Velocity EGL Slope 

(ft) (ft) ( f t )  (ft) (sq ft) (fps) Head(ft) ( f t / f t )  

.................................................................... .................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 

Dodson & Associates, Inc., 7015 W. Tidwell, #107, Houston, TX 77092 

(713) 895-8322. A manual with equations & flow chart i s  available. 



I CURRENT DATE: 07-22-1993 - 
CURRENT TIME: 07: 30: 38 

FILE DATE: 07-19-1993 

FILE NAME: CB3-100 

I ' W, q 
FHWA CULVERT ANALYSIS 

HY-8, VERSION 4.0 (&A &kwy E. of Arkc ~4) 
1 1 

SITE DATA I CULVERT SHAPE, MATERIAL, INLET 1 
I 

/a-rc Q- 1296 Cf.5 
I 

i L i INLET OUTLET CULVERT i BARRELS I 
SPAN RISE MANNING INLET I 

FT) (FT) (FT) IMATERIAL (FT) (FT) n TYPE I 

FILE: CB3-100 DATE: 07-1 9-1 993 

I ELEV (FT) 

1035.13 

1035.17 

I 
1035.24 
1035.38 

1035.56 

1035.79 

I 1036.07 

1036.40 

1036.75 

I 1037.11 

1037.46 

1038.06 

TOTAL 1 

0 0 

130 130 

259 259 
389 389 

518 518 

648 648 

778 778 

907 907 

1037 1037 

1166 1166 

1296 1296 

1525 1525 

6 ROADWAY ITR 

0 0 1 

0 0 1 

0 0 1 
0 0 1 

0 0 1 

0 0 1 

0 0 1 
0 0 1 

0 0 1 

0 0 1 

0 0 1 

0 OVERTOPPING 

I 
SUMMARY OF ITERATIVE SOLUTION ERRORS FILE: CB3-100 DATE: 07-1 9-1 993 

I HEAD HEAD TOTAL FLOW X FLOW 

ELEV(FT) ERROR(FT) FLOW(CFS) ERROR(CFS) ERROR 

I 
1037.46 0.00 1296 0 0.00 

<I> TOLERANCE (FT) = 0.010 <2> TOLERANCE (%) = 1.000 



I CURRENT DATE: 07-22-1993 
CURRENT TIME: 07: 30: 38 

FILE DATE: 07-19-1993 
FILE NAME: CB3-100 

I PERFORMANCE CURVE FOR CULVERT # 1 - 5 ( 8 BY 5 ) RCB 

DIS- HEAD- INLET OUTLET 

I CHARGE WATER CONTROL CONTROL FLOW NORMAL CRITICAL OUTLET TAILWATER 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH 

(cfs)  (ft) (ft) (ft) <F4> (ft) (ft) (fps) (ft) (fps)  (ft) 

259 1035.24 1.63 2.88 

I 389 1035.38 2.14 3.02 
518 1035.56 2.59 3.20 
648 1035.79 3.04 3.43 

I 778 1036.07 3.46 3.71 
907 1036.40 3.86 4.04 

1037 1036.75 4.25 4.39 

I 
1166 1037.11 4.63 4.75 
1296 1037.46 5.02 5.10 

El. i n l e t  face i n v e r t  

1.09 2.29 2.83 
1.43 3.43 2.83 
1.74 4.58 2.83 

2.02 5.72 2.83 
2.28 6.87 2.83 
2.52 8.01 2.83 
2.76 9.16 2.83 
2.98 9.77 2.98 

3.20 10.12 3.20 

El. o u t l e t  i n v e r t  

I El. i n l e t  t h r o a t  i n v e r t  0.00 f t  El. i n l e t  c r e s t  0.00 f t  

*a*** SITE DATA ***** CULVERT INVERT *w*********** 

INLET STATION (FT) 0.00 
INLET ELEVATION (FT) 1032.36 
OUTLET STATION (FT) 40.00 
OUTLET ELEVATION (FT) 1032.30 
NUMBER OF BARRELS 5 
SLOPE (V-FT/H-FT) 0.001 5 

I' CULVERT LENGTH ALONG SLOPE (FT) 40.00 

***** CULVERT DATA SUmRY *****************b****U* 

I' BARREL SHAPE BOX 

BARREL SPAN 8.00 FT 
BARREL RISE 5.00 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S N 0.012 I ( INLET TYPE CONVENTIONAL 

I - INLET EDGE AND WALL 1: 1 BEVEL (45 DEG. FLARE) 

I ' INLET DEPRESSION NONE. 



1 I CURRENT DATE: 07-22-1 993 -- I CURRENT TIME: 07: 30:38 
FILE DATE: 07-19-1 993 
FILE NAME: CB3-100 

1 ' TAILWATER 

I CONSTANT WATER SURFACE ELEVATION 

I 
ROADWAY OVERTOPPING DATA 

ROADWAY SURFACE PAVED 
EMBANKMENT TOP WIDTH (FT) 25.00 I ***** USER DEFINED ROADWAY PROFILE 
CROSS-SECTION X Y 

I 
COORO. NO. (FT) (FT) 

1 0.00 1038.66 
2 40.00 1038.06 
3 48.00 1038.66 

I 4 148.00 1040.00 



I 
TRAPEZOIDAL CHANNEL ANALYSIS 

STANDARD STEP WATER SURFACE PROFILE 

July 22, 1993 

PROGRAM INPUT DATA: 

DESCRIPTION 

Flow Rate (cubic feet  per second) ....................... 
Channel Bottom Slope (feet per foot) .................... 
Manning's Roughness Coefficient (n-value) ............... 

... Channel Side Slope - Lef t  Side (horizontal/vert ical ). 
.. Channel Side Slope - Right Side (horizontal/vert ical). 

Channel Bottom Width (feet) ............................. 
Channel Flow-Line Elevation a t  Start ing Station (feet).. 

...... Water Surface Elevation a t  Start ing Station ( feet)  

Start ing Channel Station (feet) ......................... 

VALUE 
----------- 

1296.0 

0.0014 

0.0250 

4.00 

4.00 

60.0 

1032.36 

1037.46 

2542.00 

PROGRAM RESULTS: 

DESCRIPTION VALUE 

Normal Depth (feet) ..................................... 3.66 
C r i t i c a l  Depth (feet) ................................... 2.31 

Station Flowline WS Elev. Depth Flow Area Vel Velocity EGL Slope 

(ft) (ft) (ft) ( f t )  (sq f t )  (fps) Head(ft) ( f t / f t )  
.................................................................... 

8$t0'f 2542.0 1032.36 1037.46 5.10 410.04 3.16 0.155 0.000443 

2600.0 1032.44 1037.48 5.04 403.74 3.21 0.160 0.000463 

art&@ 2758.0 1032.67 1037.55 4.87 387.29 3.35 0.174 0.000522 

.................................................................... .................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 

Dcdson & Associates, Inc., 7015 W. Tidwell, #107, Houston, TX 77092 

(713) 895-8322. A manual with equations & flow chart i s  available. 



I CURRENT OATE: 07-22-1993 
CURRENT TIME: 07: 40: 36 

FILE OATE: 07-19-1993 

FILE NAME: CB4-100 

I FHWA CULVERT ANALYSIS 
5 0  05W 70 5fA 8SiBB 

HY-8, VERSION 4.0 D f t k ~  Z ZW' w E /  
I I I - 

SITE DATA I CULVERT SHAPE, MATERIAL, INLET I ~ , ; a ~ e  E-2- 
1 I &A- D.,;Y S. o f  A;rllhe kfi 

I L I INLET OUTLET CULVERT I BARRELS 

V I ELEV. ELEV. LENGTH I SHAPE 
1 

SPAN RISE MANNING INLET I /OO-Y& am I Z Y ~ C F ~  
I I (FT) (FT) (FT) [MATERIAL (FT) (FT) n I' TYPE I 
1 1  11032.72 1032.66 40.00 1 5 R C B  8.00 5.00 .012 CONVENTIONAL! 

SUMMARY OF CULVERT FLOWS (CFS) FILE: CB4-100 DATE: 07-1 9-1 993 

TOTAL 

0 

130 

259 

389 

51 8 

648 
778 

907 

1037 

11  66 

1296 

1609 

6 ROADWAY ITR 

0 0 1 

0 0 1 

0 0 1 

0 0 1 
0 0 1 

0 0 1 

0 0 1 

0 0 1 

0 0 1 

0 0 1 

0 0 1 

0 OVERTOPPING 

I S U W R I  OF ITERATIVE SOLUTION ERRORS FILE: CB4-100 DATE: 07-19-1993 

HEAD HEAD TOTAL FLOW % FLOW I I ELEV(FT) ERROR(FT) FLOW(CFS) ERROR(CFS) ERROR 

I' < I >  TOLERANCE (FT) = 0.010 <2> TOLERANCE ( 4 )  = 1.000 



2 

I CURRENT DATE: 07-22-1 993 FILE DATE: 07-19-1993 
CURRENT TIME: 07:40:36 FILE NAME: CB4-100 

I PERFORMANCE CURVE FOR CULVERT # 1 - 5 ( 8 BY 5 ) RCB 

OIS- HEAO- INLET OUTLET 

I CHARGE WATER CONTROL CONTROL FLOW NORMAL CRITICAL OUTLET 
FLOW ELEV. OEPTH OEPTH TYPE DEPTH OEPTH VEL. OEPTH 

(cfs) (ft) (ft) (ft) <F4> (ft) (ft) ( fps)  (ft) 

I 0 1037.55 0.00 4.83 O-NF 0.00 0.00 0.00 0.00 
130 1037.57 1.03 4.85 3-Mlt 0.84 0.69 0.66 4.89 

I 
259 1037.59 1.63 4.87 3-Mlt 1.33 1.09 1.33 4.89 
389 1037.64 2.14 4.92 3-Mlt 1.76 1.43 1.99 4.89 
518 1037.69 2.59 4.97 3-Mlt 2.15 1.74 2.65 4.89 
648 1037.77 3.04 5.05 3-Mlt 2.52 2.02 3.31 4.89 

I 778 1037.87 3.46 5.15 3-Mlt 2.87 2.28 3.98 4.89 
907 1037.97 3.86 5.25 3-Mlt 3.21 2.52 4.64 4.89 

1037 1038.11 4.25 5.39 3-Mlt 3.54 2.76 5.30 4.89 

I 1166 1038.25 4.63 5.53 3-Mlt 3.87 2.98 5.96 4.89 
1296 1038.41 5.02 5.69 3-Mlt 4.18 3.20 6.63 4.89 

TAI LWATER 
VEL. OEPTH 

(fps) (ft) 

I 
El. i n l e t  face i n v e r t  1032.72 f t  El. o u t l e t  i n v e r t  1032.66 f t  

El. i n l e t  t h r o a t  i n v e r t  0.00 f t  El. i n l e t  c r e s t  0.00 f t  

***** SITE DATA '***" CULVERT INVERT ************** I INLET STATION (FT) 0.00 
INLET ELEVATION (FT) 1032.72 
OUTLET STATION (FT) 40.00 I OUTLET ELEVATION (FT) 1032.66 
NUMBER OF BARRELS 5 
SLOPE (V-FT/H-FT) 0.001 5 

I CULVERT LENGTH ALONG SLOPE (FT) 40.00 

***** CULVERT DATA SUmRY ........................ 
BARREL SHAPE BOX ) BARREL SPAN 8.00 FT 
BARREL RISE 5.00 FT 
BARREL MATERIAL CONCRETE ( BARREL HWINING'S N 0.012 
INLET TYPE CONVENTIONAL 
INLET EKE AN0 WALL 1: l  BEVEL (45 DEG. FLARE) 
INLET DEPRESSION NONE I 



I CURRENT DATE: 07-22-1 993 
CURRENT TIME: 07: 40: 36 

FILE DATE: 07-19-1 993 
FILE NAME: CW-100 

I ' TAI LWATER 

I CONSTANT WATER SURFACE ELEVATION 

I 
ROADWAY OVERTOPPING DATA 

ROADWAY SURFACE PAVED 

EMBANKMENT TOP WIDTH (FT) 25.00 I***** USER DEFINED ROADWAY PROFILE 
CROSS-SECTION X Y 

I COORO. NO. (FT) (FT) 

1 0.00 1039.46 

2 40.00 1038.86 

3 48.00 1039.46 

I I 4 148.00 1040.50 



TRAPEZOIDAL CHANNEL ANALYSIS 

STANDARD STEP WATER SURFACE PROFILE 

July 22, 1993 

PROGRAM INPUT DATA: 

OESCRI PTION 

Flow Rate (cubic feet  per second) ....................... 
Channel Bottom Slope ( feet  per foot) .................... 
Manning's Roughness Coeff icient (n-value) ............... 
Channel Side Slope - Lef t  Side (horizontal/vert ical). ... 

.. Channel Side Slope - Right Side (horizontal/vert ical). 

Channel Bottom Width (feet) ............................. 
Channel Flow-Line Elevation a t  Start ing Station (feet). . 
Water Surface Elevation a t  Start ing Station (feet) ...... 
Start ing Channel Station (feet) ......................... 

VALUE 
. - - - - - - - - - - - 

1296.0 

0.0014 

0.0250 

4.00 

4.00 

40.0 

1032.72 

1038.41 

2798.00 

PROGRAM RESULTS: 

DESCRIPTION VALUE 
.................................................................... 
Normal Depth (feet). .................................... 4.43 

C r i t i c a l  Depth ( feet)  ................................... 2.89 

Station Flowline WS Elev. Depth Flow Area 

(ft) (ft) (ft) (ft) (sq ft) 

Vel Velocity EGL Slope 

( f  ps) Head(ft) ( f t / f t) 

3.63 0.205 0.000567 

3.63 0.205 0.000567 

3.80 0.224 0.000645 

3.97 0.245 0.000728 

4.13 0.265 0.000815 
4.22 0.277 0.000869 

.................................................................... .................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 
Dodson & Associates, Inc., 7015 W. Tidwell, #107, Houston, TX 77092 

(713) 895-8322. A manual with equations & flow chart i s  available. 



1 

I CURRENT DATE: 07-22-1 993 FILE DATE: 07-19-1 993 5 ~ 4  77463 fo ~ T A  76423 
CURRENT TIME: 07: 47: 51 FILE NAME: CBAIRlOO 

I 
A z v E  cAdAl- 

FHWA CULVERT ANALYSIS 
HY-8, VERSION 4.0 

IDO-YE Q = 1296 cf=s 

I I 
SITE DATA I CULVERT SHAPE, MATERIAL, INLET I 

l u t  I i 

I I L I INLET OUTLET CULVERT I BARRELS 
V I ELEV. ELEV. LENGTH I SHAPE 

i 
SPAN RISE MANNING INLET I 

I I (FT) (FT) (FT) I MATERIAL (FT) (FT) n TYPE I 
1 11033.86 1033.77 60.00 1 5 RCB 11 2 1  

8.00 5.00 .012  CONVENTIONAL^ 
I I 

1 3 1  I I 
I I 
I I 
I I 

I 
SUWRY OF CULVERT FLOWS (CFS) FILE: CBAIRlOO DATE: 07-19-1993 

TOTAL 
0 

1 30 
259 
389 
51 8 
648 
778 
907 

1037 
1166 

1296 
2018 

6 ROADWAY ITR 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 

0 0 1 
0 0 1 
0 0 1 
0 0 1 

0 OVERTOPPING 

SUWRY OF ITERATIVE SOLUTION ERRORS FILE: CBAIR100 DATE: 07-1 9-1 993 

I HEAD HEAD TOTAL FLOW % FLOW 

ELEV(FT) ERROR(FT) FLOW(CFS) ERROR(CFS) ERROR 

I 1038.86 0.00 0 0 0.00 
1038.87 0.00 130 0 0.00 

1 038.89 0.00 259 0 0.00 
1038.93 0.00 389 0 0.00 
1038.99 0.00 51 8 0 0.00 

1039.06 0.00 648 0 0.00 

1039.14 0.00 778 0 0.00 
1039.24 0.00 907 0 0.00 I 1039.36 0.00 1037 0 0.00 
1039.49 0.00 1166 0 0.00 

I 1039.64 0.00 1296 0 0.00 

< I>  TOLERANCE (FT) = 0.010 <2> TOLERANCE (X) = 1.000 



2 

I CURRENT DATE: 07-22-1 993 FILE DATE: 07-19-1993 
CURRENT TIME: 07: 47: 51 FILE NAME: CBAIR100 

I PERFORMANCE CURVE FOR CULVERT li 1 - 5 ( 8 BY 5 ) RCB 

DIS- HEAD- INLET OUTLET 

I CHARGE WATER CONTROL CONTROL FLOW NORMAL CRITICAL OUTLET TAILWATER 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH 

(cfs) (ft) (ft) (ft) <F4> (ft) (ft) (fps) (ft) (fps)  (ft) 

I 0 1038.86 0.00 5.00 0-NF 0.00 0.00 0.00 0.00 0.00 5.09 
130 1038.87 1.03 5.01 3-Mlf 0.84 0.69 0.65 5.00 0.00 5.09 

I 
259 1038.89 1.63 5.03 3-Mlf 1.33 1.09 1.30 5.00 0.00 5.09 
389 1038.93 2.14 5.07 3-Mlf 1.76 1.43 1.94 5.00 0.00 5.09 
518 1038.99 2.59 5.13 3-Mlf 2.15 1.74 2.59 5.00 0.00 5.09 
648 1039.06 3.04 5.20 3-Mlf 2.52 2.02 3.24 5.00 0.00 5.09 

I 778 1039.14 3.46 5.28 3-Mlf 2.87 2.28 3.89 5.00 0.00 5.09 
907 1039.24 3.86 5.38 3-Mlf 3.21 2.52 4.54 5.00 0.00 5.09 

1037 1039.36 4.25 5.50 3-Mlf 3.54 2.76 5.18 5.00 0.00 5.09 

I 
1166 1039.49 4.63 5.63 3-Mlf 3.87 2.98 5.83 5.00 0.00 5.09 
1296 1039.64 5.02 5.78 3-Mlf 4.18 3.20 6.48 5.00 0.00 5.09 

El. i n l e t  face i n v e r t  1033.86 ft El. o u t l e t  invert 1033.77 f t  

I El. i n l e t  t h r o a t  i n v e r t  0.00 f t  El. i n l e t  c r e s t  0.00 f t  

***** SITE DATA *WCW CULVERT INVERT ************** I INLET STATION (FT) 0.00 
INLET ELEVATION (FT) 1033.86 
OUTLET STATION (FT) 60.00 I OUTLET ELEVATION (FT) 1033.77 
NUMBER OF BARRELS 5 
SLOPE (V-FT/H-FT) 0.0015 

I CULVERT LENGTH ALONG SLOPE (FT) 60.00 

BARREL SHAPE BOX I BARREL SPAN 8.00 FT 

BARREL RISE 5.00 FT 
BARREL MATERIAL CONCRETE I BARREL MANNING'S N 0.012 
INLET TYPE CONVENTIONAL 
INLET EDGE AND WALL 1 : l  BEVEL (45 DEG. FLARE) 

I INLET DEPRESSION NONE 



I CURRENT DATE: 07-22-1993 
CURRENT TIME: 07: 47: 51 

FILE DATE: 07-19-1993 
FILE NAME: CBAIR100 

I 
TAILWATER 

1 CONSTANT WATER SURFACE ELEVATION 

I 
ROADWAY OVERTOPPING DATA 

ROADWAY SURFACE PAVED 

I EMBANKMENT TOP WIDTH (FT) 60.00 

***** USER DEFINED ROADWAY PROFILE 

CROSS-SECTION X Y 

I COORD. NO. (FT) (FT) 

1 0.00 1041.74 

2 40.00 1041.14 



I TRAPEZOIDAL CHANNEL ANALYSIS 
STANDARD STEP WATER SURFACE PROFILE 

July 22. 1993 

PROGRAM INPUT DATA: 
DESCRIPTION VALUE 

Flow Rate (cubic fee t  per second) ....................... 1102.0 
.................... 

I 
Channel Bottom Slope ( fee t  per foot)  

............... 
0.0014 

Manning's Roughness Coeff icient (n-value) 0.0250 
Channel Side Slope - Le f t  Side (horizontal/vert ical).  ... 4.00 
Channel Side Slope - Right Side (horizontal/vert ical).  .. 4.00 

............................. I Channel Bottom Width ( feet)  40.0 
Channel Flow-Line Elevation a t  Star t ing Station (feet).. 1033.86 
Water Surface Elevation a t  Star t ing Station (feet). ..... 1039.64 

......................... I Start ing Channel Station ( feet)  3583.00 

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

PROGRAM RESULTS: 

DESCRIPTION VALUE 

Normal Depth ( feet)  ..................................... 4.06 
C r i t i c a l  Depth (feet) ................................... 2.62 

Stat ion Flowline WS Elev. Depth Flow Area Vel Velocity EGL Slope 
(ft) (ft) (ft) (ft) (sq ft) (fps) Head(ft) (ft/ft) 

.................................................................... 
77+63 3583.0 1033.86 1039.64 5.78 364.83 3.02 0.142 0.000386 

3700.0 1034.03 1039.68 5.65 353.55 3.12 0.151 0.000421 
3800.0 1034.17 1039.71 5.54 344.28 3.20 0.159 0.000454 
3900.0 1034.32 1039.75 5.43 335.36 3.29 0.168 0.000489 

7 3 + #  3982.0 1034.44 1039.79 5.35 328.31 3.36 0.175 0.000519 

.................................................................... .................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 
Dodson & Associates, Inc., 7015 W. Tidwell, #107, Houston, TX 77092 
(713) 895-8322. A manual wi th equations & flow chart i s  available. 



1 I CURRENT DATE: 07-22-1 993 
I CURRENT TIME: 07:54:07 

FILE OATE: 07-19-1993 
FILE NAME: CB129100 

I 57A 73404 rn ~ T A  73+69 

FHWA CULVERT ANALYSIS 
HY-8, VERSION 4.0 

/ Z ~ T H  AUWUE 

I I 
SITE DATA I CULVERT SHAPE, MATERIAL, INLET I / I  Q= lDZ q s  

L I INLET OUTLET CULVERT I BARRELS 
V I ELEV. ELEV. LENGTH I SHAPE 

1 
SPAN RISE MANNING INLET I 

I I (FT) (FT) (FT) I MATERIAL (FT) (FT) n TYPE I 

I S U W R Y  OF CULVERT F L W  (CFS) FILE: CB129100 DATE: 07-1 9-1 993 

I ELEV (FT) 
1039.79 
1039.80 

I 1039.82 
1039.85 
1039.89 

I 
1039.95 
1040.02 
1040.10 
1040.19 

I 1040.30 
1040.42 
1041.82 

TOTAL 
0 

110 
220 
331 
441 
551 
661 
771 
882 
992 

1102 
1970 

6 ROADWAY ITR 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 OVERTOPPING 

SUMMARY OF ITERATIVE SOLUTION ERRORS FILE: CB129100 DATE: 07-1 9-1 993 

I HEAD HEAD TOTAL FLOW % FLOW 
ELEV(FT) ERROR(FT) FLW(CFS) ERROR(CFS) ERROR 

I' 1040.42 0.00 1102 0 0.00 

<I> TOLERANCE (FT) = 0.010 <2> TOLERANCE (%) = 1.000 



1 CURRENT DATE: 07-22-1 993 

1 CURRENT TIME: 07: 54: 07 
FILE DATE: 07-19-1993 

FILE NAME: CB129100 

I I PERFORMANCE CURVE FOR CULVERT # 1 - 5 ( 8 BY 5 ) RCB 

DIS- HEAD- INLET OUTLET 

I CHARGE WATER CONTROL CONTROL FLOW NORMAL CRITICAL OUTLET TAILWATER 

FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH 

(cfs)  (ft) (ft) (ft) <F4> (ft) (ft) (fps) (ft) (fps) (ft) 

I 
El. i n l e t f a c e i n v e r t  1034 .53 f t  El. o u t l e t  i n v e r t  1034 .44 f t  

E l . i n l e t t h r o a t i n v e ~ - t  0 . 0 0 f t  E l . i n l e t c r e s t  0.00 f t  

**a** SITE DATA *w** CULVERT INVERT ************** ( INLET STATION (FT) 0.00 

INLET ELEVATION (FT) 1034.53 

OUTLET STATION (FT) 60.00 I OUTLET ELEVATION (FT) 1034.44 

NUMBER OF BARRELS 5 

SLOPE (V-FT/H-FT) 0.001 5 

I CULVERT LENGTH ALONG SLOPE (FT) 60.00 

BARREL SHAPE BOX 

BARREL SPAN 8.00 FT 

BARREL RISE 5.00 FT 

BARREL MATERIAL CONCRETE 

BARREL MANNING'S N 0.012 1 1 INLET TYPE CONVENTIONAL 

INLET EKE AN0 WALL 1: 1 BEVEL (45 DEG. FLARE) 

I I INLET DEPRESSION NONE 



I I CURRENT DATE: 07-22-1 993 

1 CURRENT TIME: 07: 54: 07 
FILE OATE: 07-19-1993 
FILE NAME: CB129100 

I 
TAILWATER 

CONSTANT WATER SURFACE ELEVATION 

ROADWAY OVERTOPPING DATA 

ROADWAY SURFACE PAVED 
EMBANKMENT TOP WIDTH (FT) 50.00 Be*** USER DEFINED ROADWAY PROFILE 
CROSS-SECTION X Y 

I COORD. NO. (FT) (FT) 

1 0.00 1042.42 
2 40.00 1041 .82 



TRAPEZOIDAL CHANNEL ANALYSIS 

STANDARD STEP WATER SURFACE PROFILE 

July 22, 1993 

PROGRAM INPUT DATA: 
DESCRIPTION VALUE 
.................................................................... 
Flow Rate (cubic feet  per second) ....................... 1102.0 \ 
Channel Bottom Slope ( feet  per foot) .................... 0.0014 5 :  -001Lf5 $ 
Manning's Roughness Coeff icient (n-value) ............... 0.0250 
Channel Side Slope - Lef t  Side (horizontal/vert ical). . . . 4.00 

Channel Side Slope - Right Side (horizontal/vert ical ). . . 4.00 
Channel Bottom Width (feet). . . . . . . . . . . . . . . . . . . . . .. .. . . . . 40.0 
Channel Flow-Line Elevation a t  Start ing Station (feet).. 1034.53 

Water Surface Elevation a t  Start ing Stat ion (feet) ...... 1040.42 

Start ing Channel Station (feet) .............. ........... 4042.00 

PROGRAM RESULTS: 

DESCRIPTION VALUE 
.................................................................... 
Normal Depth (feet) ..................................... 4.06 

C r i t i c a l  Depth ( feet)  ................................... 2.62 

Station Flowline WS Elev. Depth Flow Area Vel Velocity EGL Slope 

(ft) (ft) (ft) (ft) (sq ft) (fps) Head(ft) (ft/ft) 

.................................................................... .................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 

Dodson & Associates, Inc., 7015 W. Tidwell, #107, Houston, TX 77092 

(713) 895-8322. A manual with equations & flow chart i s  available. 



I CURRENT DATE: 07-22-1 993 
CURRENT TIME: 08: 00: 14 

FILE DATE: 07-19-1993 
FILE NAME: CBDYS100 

I 5n 6 It73 ~ T A  62.~83 
FHWA CULVERT ANALYSIS 

HY-8. VERSION 4.0  by*^ E Q ~ D  
I I 

SITE DATA I CULVERT SHAPE, MATERIAL. INLET I /oo-'4& Q k 2 5 7 ~ F S  

l u t  I 1 
INLET OUTLET CULVERT I BARRELS 

V I ELEV. ELEV. LENGTH I SHAPE 
1 

SPAN RISE MANNING INLET I 
( I (FT) (FT) (FT) I MATERIAL (FT) (FT) n TYPE 1 

ISUMWRY OF CULVERT FLOWS (CFS] FILE: CBDYS100 DATE: 07-1 9-1 993 

I ELEV (FT) TOTAL 1 2 3 4 5 6 ROADWAY ITR 
1040.87 0 0 0 0 0 0 0 0 1 
1040.89 107 107 0 0 0 0 0 0 1 

I 1040.91 213 213 0 0 0 0 0 0 1 
1040.94 320 320 0 0 0 0 0 0 1 
1040.99 427 427 0 0 0 0 0 0 1 

I 
1041.04 534 534 0 0 0 0 0 0 1 
1041.12 640 640 0 0 0 0 0 0 1 
1041.20 747 747 0 0 0 0 0 0 1 
1041.29 854 854 0 0 0 0 0 0 1 

I 1041.40 960 960 0 0 0 0 0 0 1 
1041.52 1067 1067 0 0 0 0 0 0 1 
1043.18 1931 1931 0 0 0 0 0 OVERTOPPING 

I 
SUMWRY OF ITERATIVE SOLUTION ERRORS FILE: CBDYS100 DATE: 07-1 9-1 993 

HEAD HEAD TOTAL FLOW X FLOW 
ELEV( FT) ERROR( FT) FLOW(CFS) ERROR(CFS) ERROR 

I 1040.87 : 0.00 0 0 0. OD 
1 040.89 0.00 107 0 0.00 
1040.91 0.00 21 3 0 0.00 

I 
1040.94 0.00 320 0 0.00 
1040.99 0.00 427 0 0.00 
1041.04 0.00 534 0 0.00 
1041.12 0.00 640 0 0.00 

I 1041 .20 0.00 747 0 0.00 
1041 .29 0.00 854 0 0.00 

1041 .40 0.00 960 0 0.00 

I 1041.52 0.00 1067 0 0.00 

<I> TOLERANCE (FT) = 0.010 <2> TOLERANCE ( % )  = 1.000 



I I CURRENT DATE: 07-22-1 993 I CURRENT TIME: 08:OO: 14 
FILE DATE: 07-19-1993 
FILE NAME: CBDYSlOO 

I PERFORMANCE CURVE FOR CULVERT # 1 - 5 ( 8 BY 5 ) RCB 

01s- HEAD- INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRITICAL OUTLET TAILWATER 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH 

(cfs)  (ft) (ft) (ft) 44, (ft) (ft) (fps) (ft) (fps) (ft) 

El. i n l e t  face i n v e r t  1036.20 f t  El. o u t l e t  i n v e r t  1036.01 ft 

I El. i n l e t  t h r o a t  i n v e r t  0.00 f t  El. i n l e t  c r e s t  0.00 ft 

***** SITE DATA ***** CULVERT INVERT ************** I INLET STATION (FT) 0.00 
INLET ELEVATION (FT) 1036.20 
OUTLET STATION (FT) 110.00 I OUTLET ELEVATION (FT) 1036.01 
NUMBER OF BARRELS 5 
SLOPE (v-FT/H-FT) 0.0017 

, I CULVERT LENGTH ALONG SLOPE (FT) 110.00 

BARREL SHAPE BOX I BARREL SPAN 8.00 FT 
BARREL RISE 5.00 FT 
BARREL MATERIAL CONCRETE ( BARREL MANNING'S N 0.012 
INLET TYPE CONVENTIONAL 
INLET EDGE AND WALL 1 : l  BEVEL (45 DEG. FLARE) 

I INLET DEPRESSION NONE 



I I CURRENT DATE: 07-22-1993 I CURRENT TIME: 08:00:14 
F ILE DATE: 07-19-1993 
FILE NAME: CBDYS100 

I TAILWATER 

I CONSTANT WATER SURFACE ELEVATION 

I 
ROADWAY OVERTOPPING DATA 

ROADWAY SURFACE PAVED 
EMBANKMENT TOP WIDTH (FT) 80.00 

**** USER DEFINED ROADWAY PROFILE 
CROSS-SECTION X Y 
COORO. NO. (FT) (FT) 

1 0.00 1044.00 
2 728.00 1043.18 



I TRAPEZOIDAL CHANNEL ANALYSIS 
STANDARD STEP HATER SURFACE PROFILE 

July 19, 1993 

I .................................................................... .................................................................... 

PROGRAM INPUT DATA: 
DESCRIPTION 

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

I .................... 
Flow Rate (cubic feet per second) 
Channel Bottom Slope (feet per foot) 
Manning's Roughness Coefficient (n-value). .............. 
Channel Side Slope - Left Side (horizontal/vertical). ... 

.. I Channel Side Slope - Right Side (horizontal/vertical). 
Channel Bottom Width (feet). ............................ 
Channel Flow-Line Elevation at Starting Station (feet). . 

...... 
I ........................ 

Water Surface Elevation at Starting Station (feet) 
Starting Channel Station (feet). 

VALUE 

PROGRAM RESULTS: 

I DESCRIPTION VALUE 

I ..................................... 
.................................................................... 
Normal Depth (feet) 3.81 
Critical Depth (feet) ................................... 2.56 

I Station Flowline WS Elev. Depth Flow Area Vel Velocity EGL Slope 
(ft) (ft) (ft) (ft) (sq ft) (fps) Head(ft) (ft/ft) 

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

I 61+73 0.0 1036.20 1041.52 5.32 326.01 3.27 0.166 0.000496 
50.0 1036.29 1041.54 5.25 320.53 3.33 0.172 0.000520 
100.0 1036.37 1041.56 5.19 315.18 3.39 0.178 0.000546 
200.0 1036.54 1041.61 5.06 304.86 3.50 0.190 0.000599 I 295.0 1036.71 1041.65 4.94 295.55 3.61 0.202 0.000654 

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

I TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 
Dodson & Associates, Inc., 7015 W. Tidwell, #107, Houston, TX 77092 
(713) 895-8322. A manual with equations & flow chart is available. 



TRAPEZOIDAL CHANNEL ANALYSIS 
STANDARD STEP WATER SURFACE PROFILE 

July 22, 1993 

PROGRAM INPUT DATA: 

DESCRIPTION VALUE 
.................................................................... 
Flow Rate (cubic fee t  per second) ....................... 829.0 

Channel Bottom Slope ( feet  per foot) .................... 0.0017 5 r . A 7 1 i ' Z C k  
Manning's Roughness Coeff icient (n-value) ............... 0.0250 

Channel Side Slope - Le f t  Side (horizontal/vert ical). . . . 4.00 

Channel Side Slope - Right Side (horizontal/vert ical). . . 4.00 

Channel Bottom Width (feet) ............................. 40.0 

Channel Flow-Line Elevation a t  Start ing Station (feet).. 1036.71 

Water Surface Elevation a t  Start ing Station (feet) ...... 1041.65 

Start ing Channel Station (feet). . . . . . . . . . . . . . . . . . . . . . . . . 295.00 

PROGRAM RESULTS: 

DESCRIPTION VALUE 

Normal Depth (feet) ................. ................ .... 3.32 
C r i t i c a l  Depth ( feet)  ................................... 2.20 

Station Flowline WS Elev. Depth Flow Area Vel Velocity EGL Slope 

(ft) (ft) (ft) (ft) (sq ft) (fps) Head(ft) ( f t / f t )  

.................................................................... .................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 

Dodson & Associates, Inc., 7015 W. Tidwell, #107, Houston, TX 77092 

(713) 895-8322. A manual wi th equations & flow chart i s  available. 



I CURRENT DATE: 07-22-1 993 FILE DATE: 07-1 9-1 993 
CURRENT TIME: 08:06: 21 FILE NAME: CB5-100 

I ST-A5'st36 To -XA st76 

FHWA CULVERT ANALYSIS 
HY-8, VERSION 4.0 

P B v w A ' j  % 6W1'd. of 
D V S P ~ T  POAP 

I i C i  SITE DATA I I CULVERT SHAPE, MATERIAL, INLET I I 
l u l  I as G ~ C H  I I L 1 INLET OUTLET CULVERT i BARRELS 

V I ELEV. ELEV. LENGTH I SHAPE 
1 

SPAN RISE MANNING INLET I 
I I (FT) (FT) (FT) I MATERIAL (FT) (FT) n TYPE I 

FILE: CB5-100 DATE: 07-19-1993 

I ELEV (FT) 
1041.76 

TOTAL 
0 

83 
166 
249 
332 
41 5 
497 
580 
663 
746 
829 
958 

6 ROADWAY ITR 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 OVERTOPPING 

SUMMARY OF ITERATIVE SOLUTION ERRORS FILE: CB5-100 DATE: 07-19-1993 

I HEAD HEAD TOTAL FLOW % FLW 
ELEV(FT) ERROR(FT) FLW(CFS) ERROR(CFS) ERROR 

I :1041.76 0.00 0 0 0.00 
1041.78 0.00 83 0 0.00 
1041.80 0.00 166 0 0.00 

I 
1041.83 0.00 249 0 0.00 
1041.87 0.00 332 0 0.00 
1041.93 0.00 41 5 0 0.00 
1042.00 0.00 497 0 0.00 

I 1042.09 0.00 580 0 0.00 
1042.18 0.00 663 0 0.00 
1042.28 0.00 746 0 0.00 

I 1042.41 0.00 829 0 0.00 

< I>  TOLERANCE (FT) = 0.010 <2> TOLERANCE ( X )  = 1.000 



I CURRENT DATE: 07-22-1 993 
CURRENT TIME: 08:06:21 

FILE DATE: 07-19-1993 

FILE NAME: CB5-100 

I PERFORMANCE CURVE FOR CULVERT # 1 - 4 ( 8 BY 5 ) RCB 

DIS- HEAD- INLET OUTLET 

I CHARGE WATER CONTROL CONTROL FLOW NORMAL CRITICAL OUTLET TAILWATER 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH 

(c fs )  (ft) (ft) (ft) <F4> (ft) (ft) (fps) (ft) ( fps)  (ft) 

El. i n l e t  face i n v e r t  1037.31 f t  El.  o u t l e t  i n v e r t  1037.23 f t  

I El. i n l e t  t h r o a t  i n v e r t  0.00 f t  El. i n l e t  c r e s t  0.00 ft 

***** SITE DATA W*** CULVERT INVERT ************** I INLET STATION (FT) 0.00 

INLET ELEVATION (FT) 1037.31 

OUTLET STATION (FT) 40.00 I OUTLET ELEVATION (FT) 1037.23 
NUMBER OF BARRELS 4 
SLOPE (V-FT/H-FT) 0.0020 

I CULVERT LENGTH ALONG SLOPE (FT) 40.00 

***** CULVERT DATA SUwRY ........................ 
BARREL SHAPE BOX I BARREL SPAN 8.00 FT 
BARREL RISE 5.00 FT 

BARREL MATERIAL CONCRETE 

BARREL MANNING'S N 0.012 I INLET TYPE CONVENTIONAL 

INLET EDGE AND WALL 1: 1 BEVEL (45 DEG. FLARE) 

I INLET DEPRESSION NONE 



FILE DATE: 07-19-1993 
FILE NAME: CB5-100 

I TAI LWATER 

I 
I CONSTANT WATER SURFACE ELEVATION 

I 1041.76 

I 
ROADWAY OVERTOPPING DATA 

ROADWAY SURFACE PAVED 
EMBANKMENT TOP WIDTH (FT) 40.00 I***** USER DEFINED ROADWAY PROFILE 
CROSS-SECTION X Y 

I 
COORD. NO. (FT) (FT) 

1 0.00 1043.23 
2 40.00 1042.63 



TRAPEZOIDAL CHANNEL ANALYSIS 
STANDARD STEP WATER SURFACE PROFILE 

July 22, 1993 

PROGRAM INPUT DATA: 
DESCRIPTION VALUE 

Flow Rate (cubic feet  per second) ....................... 
Channel Bottan Slope ( feet  per foot) .................... 

............... Manning's Roughness Coeff icient (n-value) 
... Channel Side Slope - Lef t  Side (horizontal/vertical). 
.. Channel Side Slope - Right Side (horizontal/vert ical). 

Channel Bot tm Width (feet) ............................. 
Channel Flow-Line Elevation a t  Start ing Station (feet). . 

..... Water Surface Elevation a t  Start ing Station (feet). 

Start ing Channel Station (feet). ........................ 

PROGRAM RESULTS: 
DESCRIPTION VALUE 
.................................................................... 
Normal Depth (feet) ..................................... 3.32 
C r i t i c a l  Depth (feet) ................................... 2.20 

Station Flowline WS Elev. Depth Flow Area Vel Velocity EGL Slope 
(ft) (ft) (ft) (ft) (sq ft) (fps) Head(ft) (ft/ft) 

.................................................................... 
55.1-36637.0 1037.31 1042.41 5.10 308.04 2.69 0.112 0.000351 

673.0 1037.37 1042.42 5.05 303.83 2.73 0.176 0.000365 
700.0 1037.42 1042.43 5.01 300.70 2.76 0.118 0.000376 
800.0 1037.59 1042.46 4.87 289.41 2.86 0.127 0.000419 

1000.0 1037.94 1042.53 4.59 268.24 3.09 0.148 0.000520 
1200.0 1038.28 1042.62 4.34 249.12 3.33 0.172 0.000642 
1400.0 1038.63 1042.74 4.11 232.26 3.57 0.198 0.000784 
1600.0 1038.97 1042.89 3.91 217.88 3.80 0.225 0.000941 

Wf39 1734.0 1039.20 1043.00 3.80 209.69 3.95 0.243 0.001050 

.................................................................... .................................................................... 
TRAPEZO1DA.L CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 
Dodson & Associates, Inc., 7015 W. Tidwell, #107, Houston, TX 77092 
(713) 895-8322. A manual with equations & flow chart i s  available. 



I CURRENT DATE: 07-22-1993 FILE DATE: 07-19-1993 
CURRENT TIME: 08: 15: 58 FILE NAME: CB6-100 

I STA 43t7q 70 5TA 44.)34 
FHWA CULVERT ANALYSIS 

HY-8, VERSION 4.0 ~ S ~ Z J E W ~  % 1 7 ~ 6 '  w. OF 

I i c i  
I i D y S f i I W  POAD 

SITE DATA I CULVERT SHAPE. MATERIAL, INLET I 
l u l  I I ~eo---ic 9. 7wseF5 

OUTLET CULVERT I BARRELS 
V I ELEV. ELEV. LENGTH I SHAPE I 

' INLET I 
SPAN RISE MANNING INLET I 

I I (FT) (FT) (FT) I MATERIAL (FT) (FT) n TYPE I 
I 1 11039.27 1039.20 40.00 1 4 RCB 8.00 4.00 .012 CONVENTIONAL[ 

I I 
I I 

I SUM.1ARY OF CULVERT FLOWS (CFS) FILE: CB6-100 DATE: 07-19-1993 

TOTAL 
0 

75 
149 
224 
298 
373 
447 
522 
596 
671 

745 
660 

6 ROADWAY ITR 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 

0 0 1 
0 0 1 
0 0 1 
0 0 3 

0 1 3  
0 OVERTOPPING 

SUM"IARY OF ITERATIVE SOLUTION ERRORS FILE: CB6-100 DATE: 07-1 9-1 993 

HEAD TOTAL FLOW % FLOW 
ELEV(FT) ERROR( FT) FLOW(CFS) ERROR(CFS) ERROR 

1043.75 0.01 745 -4 -0.48 

<I> TOLERANCE (FT) = 0.010 <2> TOLERANCE (%) = 1.000 



1 

CURRENT DATE: 07-22-1993 FILE DATE: 07-19-1993 
CURRENT TIME: 08: 15: 58 FILE NAME: CB6-100 

I PERFORMANCE CURVE FOR CULVERT # 1 - 4 ( 8 BY 4 ) RCB 

I 
OIS- HEAD- INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRITICAL OUTLET TAILWATER 
FLOW ELEV. OEPTH OEPTH TYPE OEPTH OEPTH VEL. DEPTH VEL. DEPTH 

(cfs)  (ft) (ft) (ft) <F4> (ft) (ft) (fps) (ft) ( fps)  (ft) 

I 0 1043.00 0.00 3.73 O-NF 0.00 0.00 0.00 0.00 0.00 3.80 
75 1043.02 0.82 3.75 3-Mlt 0.64 0.55 0.61 3.80 0.00 3.80 

I 
149 1043.04 1.31 3.77 3-Mlt 1.02 0.88 1.23 3.80 0.00 3.80 
224 1043.08 1.71 3.81 3-Mlt 1.34 1.15 1.84 3.80 0.00 3.80 
298 1043.13 2.08 3.86 3-Mlt 1.63 1.39 2.45 3.80 0.00 3.80 
373 1043.19 2.44 3.92 3-Mlt 1.89 1.62 3.06 3.80 0.00 3.80 

I 447 1043.28 2.77 4.01 3-Mlt 2.15 1.83 3.68 3.80 0.00 3.80 
522 1043.37 3.10 4.10 3-Mlt 2.40 2.02 4.29 3.80 0.00 3.80 
596 1043.48 3.41 4.21 3-Mlt 2.63 2.21 4.90 3.80 0.00 3.80 

I 671 1043.61 3.72 4.34 3-Mlt 2.87 2.39 5.52 3.80 0.00 3.80 
748 1043.75 4.04 4.48 3-Mlt 3.10 2.57 6.15 3.80 0.00 3.80 

I 
El. i n l e t  face i n v e r t  1039.27 f t  El. o u t l e t  i n v e r t  1039.20 ft 

El. i n l e t  t h r o a t  i n v e r t  0.00 ft El. i n l e t  c r e s t  0.00 f t  

***** SITE DATA ***** CULVERT INVERT W************ I INLET STATION (FT) 0.00 
INLET ELEVATION (FT) 1039.27 
OUTLET STATION (FT) 40.00 I OUTLET ELEVATION (FT) 1039.20 
NUMBER OF BARRELS 4 
SLOPE (V-FT/H-FT) 0.0018 

I CULVERT LENGTH ALONG SLOPE (FT) 40.00 

BARREL SHAPE BOX I BARREL SPAN 8.00 FT 
BARREL RISE 4.00 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S N 0.012 
INLET TYPE CONVENTIONAL 
INLET EDGE AN0 WALL 1:l BEVEL (45 DEG. FLARE) 

I INLET DEPRESSION NONE 



1 I CURRENT DATE: 07-22-1 993 
I CURRENT TIME: 08: 15: 58 

FILE DATE: 07-19-1993 
FILE NAME: CB6-100 

I 
TAI LWATER 

I 
CONSTANT WATER SURFACE ELEVATION 

I 1043.00 

I ROADWAY OVERTOPPING DATA 

ROADWAY SURFACE PAVED I EMBANKMENT TOP WIDTH (FT) 40.00 

***** USER DEFINED ROADWAY PROFILE 

CROSS-SECTION X Y 

I COORD. NO. (FT) (FT) 
1 0.00 1044.19 
2 40.00 1043.59 



TRAPEZOIDAL CHANNEL ANALYSIS 
STANDARD STEP WATER SURFACE PROFILE 

July 22, 1993 

I PROGRAM INPUT DATA: 

DESCRIPTION VALUE 

Flow Rate (cubic fee t  per second) ....................... 
.................... 

I ............... 
Channel Bottom Slope ( feet  per foot) 

Manning's Roughness Coeff icient (n-value) 

Channel Side Slope - Le f t  Side (horizontal/vert ical) .... 
.. Channel Side Slope - Right Side (horizontal/vert ical). 

............................. I Channel Bottom Width (feet) 
Channel Flow-Line Elevation a t  Start ing Station (feet).. 
Water Surface Elevation a t  Start ing Station ( feet)  ...... 
Start ing Channel Station (feet). ........................ 1774.00 

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

PROGRAM RESULTS: 

DESCRIPTION VALUE 

Normal Depth (feet). .................................... 4.15 
C r i t i c a l  Depth ( feet)  ................................... 2.87 

Station Flowline WS Elev. Depth Flow Area Vel Velocity EGL Slope 

(ft) ( f t )  (ft) ( f t )  (sq ft) (fps) Head(ft) (ft/ft) 

PWP srtzucx) 
.................................................................... .................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 

Dodson & Associates, Inc., 7015 W. Tidwell, #107. Houston, TX 77092 

(713) 895-8322. A manual with equations & flow chart i s  available. 



TRAPEZOIDAL CHANNEL ANALYSIS 
STANDARD STEP WATER SURFACE PROFILE 

Ju ly  6. 1993 

PROGRAM INPUT DATA: 
DESCRIPTION 

Flow Rate (cubic f e e t  per second) ....................... 
Channel Bottom Slope ( f e e t  per foo t )  .................... 
Manning's Roughness Coef f i c ien t  (n-value) ............... 

... Channel Side Slope - L e f t  Side (hor i zon ta l / ve r t i ca l ) .  
.. Channel Side Slope - Right  Side (hor i zon ta l / ve r t i ca l  ). 

Channel Bottom Width ( fee t )  ............................. 
Channel Flow-Line Elevat ion a t  S t a r t i n g  S ta t ion  (feet).  . 

..... Water Surface Elevat ion a t  S t a r t i n g  S ta t ion  ( feet ) .  
S t a r t i n g  Channel S t a t i o n  ( fee t )  ......................... 

VALUE 

PROGRAM RESULTS: 
DESCRIPTION VALUE 
.................................................................... 
Normal Depth (feet) ..................................... 3.09 
C r i t i c a l  Depth ( fee t )  ................................... 2.44 

S ta t ion  F lowl ine WS Elev. Depth Flow Area Vel Ve loc i t y  EGL Slope 
(ft) (ft) (ft) (ft) (sq ft) (fps) Head(ft) (ft/ft) 

3y-tuo 2273.0 1042.12 1044.56 2.44 38.25 7.25 0.817 0.007948 
17'flkyr&'.2300.0 1042.20 1045.01 2.81 59.72 5.86 0.533 0.004440 

2400.0 1042.50 1045.50 3.00 65.95 5.31 0.437 0.003390 

I 2500.0 1042.80 1045.85 3.05 67.63 5.18 0.416 0.003166 
2600.0 1043.10 1046.17 3.07 68.34 5.12 0.407 0.003077 

j(f-u 2648.0 1043.24 1046.32 3.07 68.52 5.11 0.405 0.003055 

.................................................................... .................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM. Version 1.1 (c) 1986 
Dodson & Associates, Inc., 7015 W. Tidwel l ,  #107, Houston, TX 77092 

I (713) 895-8322. A manual w i t h  equations & f l ow c h a r t  i s  avai lable. 



TRAPEZOIDAL CHANNEL ANALYSIS 
STANDARD STEP WATER SURFACE PROFILE 

July 22, 1993 

PROGRAM INPUT DATA: 
DESCRIPTION VALUE 

Flow Rate (cubic feet  per second) ....................... 
Channel Bottom Slope ( feet  per foot) .................... 
Manning's Roughness Coeff icient (n-value) ............... 
Channel Side Slope - Left  Side (horizontal/vert ical ). ... 

.. Channel Side Slope - Right Side (horizontal/vert ical). 

Channel Bottom Width (feet) ............................. 
Channel Flow-Li ne Elevation a t  Start ing Station (feet). . 
Water Surface Elevation a t  Start ing Station (feet) ...... 
Start ing Channel Station ( feet)  ......................... 

PROGRAM RESULTS: 

DESCRIPTION VALUE 
.................................................................... 

..................................... Normal Depth (feet) 1.65 

C r i t i c a l  Depth ( feet)  ................................... 1.47 

Station Flowline WS Elev. Depth Flow Area Vel Velocity EGL Slope 

(ft) (ft) (ft) (ft) (sq ft) (fps) Head(ft) (ft/ft) 
.................................................................... 

.................................................................... .................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 
Dodson & Associates, Inc.. 7015 W. Tidwell. #107. Houston, TX 77092 

(713) 895-8322. A manual wi th equations & flow chart i s  available. 



I CURRENT DATE: 07-22-1 993 1 CURRENT TIME: 08:25:00 
FILE DATE: 07-06-1993 
FILE NAME: CB7-100 

I i 

% 22- E- qr 
FHWA CULVERT ANALYSIS 

HY-8, VERSION 4.0 

I I 
SITE DATA 

/O~--VR Q - 1'37 L f J  
I CULVERT SHAPE, MATERIAL, INLET I 

OUTLET CULVERT i BARRELS 

V I ELEV. ELEV. LENGTH I SHAPE 11 INLET 

i 
SPAN RISE MANNING INLET I 

I I (FT) (FT) (FT) I MATERIAL (FT) (FT) n TYPE I 

FILE: CB7-100 DATE: 07-06-1993 

I ELEV (FT) 
1049.37 
1049.43 

I 1049.56 
1049.65 
1050.00 

1050.69 
1051.01 
1051.31 

I 1051.62 
1051.92 
1053.96 

TOTAL 
0 

14 

27 
41 
55 
69 
82 
96 

110 
123 
137 
224 

6 ROAWAY ITR 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 OVERTOPPING 

SUMRY OF ITERATIVE SOLUTION ERRORS FILE: CB7-100 DATE: 07-06-1 993 

I HEAD HEAD TOTAL FLOW X FLOW 
ELEV(FT) ERROR(FT) FLOW(CFS) ERROR(CFS) ERROR 

I 1049.37 0.00 0 0 0.00 
1049.43 0.00 14 0 0.00 
1049.56 0.00 27 0 0.00 

I 
1049.65 0.00 41 0 0.00 
1050.00 0.00 55 0 0.00 
1050.36 0.00 69 0 0.00 
1050.69 0.00 82 0 0.00 
1051.01 0.00 96 0 0.00 1 1051.31 0.00 110 0 0.00 
1051.62 0.00 123 0 0.00 

I 1051.92 0.00 137 0 0.00 

<I> TOLERANCE (FT) = 0.010 <2> TOLERANCE (X) = 1.000 



- 

I CURRENT DATE: 07-22-1 993 FILE DATE: 07-06-1993 
CURRENT TIME: 08: 25: 00 FILE NAME: CB7-100 

I PERFORMANCE CURVE FOR CULVERT # 1 - 1 ( 6 BY 4 ) RCB 

DIS- HEAD- INLET OUTLET 

I CHARGE WATER CONTROL CONTROL FLOW NORMAL CRITICAL OUTLET TAILWATER 
FLOW ELEV. DEPTH OEPTH TYPE DEPTH DEPTH VEL. OEPTH VEL. DEPTH 

(cfs) (ft) (ft) (ft) <F4> (ft) (ft) (fps) (ft) (fps) (ft) 

I 0 1049.37 0.00 1.41 0-NF 0.00 0.00 0.00 0.00 0.00 1.64 
14 1049.43 0.81 1.47 3-Mlt 0.44 0.55 1.39 1.64 0.00 1.64 

I 
27 1049.56 1.29 1.60 3-Mlt 0.69 0.87 2.78 1.64 0.00 1.64 
41 1049.65 1.69 1.69 1-S2n 0.91 1 . 1  7.14 0.96 0.00 1.64 
55 1050.00 2.04 2.04 1-S2n 1.11 1.38 7.82 1.17 0.00 1.64 
69 1050.36 2.40 2.40 1-S2n 1.29 1.60 8.33 1.37 0.00 1.64 

I 82 1050.69 2.73 2.73 1-S2n 1.47 1.80 8.78 1.56 0.00 1.64 
96 1051.01 3.05 3.05 1-S2n 1.63 2.00 9.17 1.74 0.00 1.64 

110 1051.31 3.35 3.35 1-S2n 1.79 2.18 9.53 1.92 0.00 1.64 

1 
123 1051.62 3.66 3.66 1-S2n 1.95 2.36 9.85 2.09 0.00 1.64 
137 1051.92 3.96 3.96 1-S2n 2.10 2.54 10.15 2.25 0.00 1.64 

El. i n l e t  face i n v e r t  1047.96 f t  El. o u t l e t  i n v e r t  1047.73 f t  

I E 1 . i n l e t t h r o a t i n v e r - t  0 . 0 0 f t  E l . i n l e t c r e s t  0.00 f t  

I' ***** SITE DATA ***** CULVERT INVERT *************" 
INLET STATION (FT) 0.00 
INLET ELEVATION (FT) 1047.96 
OUTLET STATION (FT) 40.00 I OUTLET ELEVATION (FT) 1047.73 
NUMBER OF BARRELS 1 
SLOPE (V-FT/H-FT) 0.0057 

I CULVERT LENGTH ALONG SLOPE (FT) 40.00 

BARREL SHAPE BOX 

BARREL SPAN 6.00 FT 

BARREL RISE 4.00 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S N 0.012 I I INLET TYPE CONVENTIONAL 

I INLET EDGE AND WALL 1:l BEVEL (45 OEG. FLARE) 

l I INLET DEPRESSION NONE 



1 I CURRENT DATE: 07-22-1993 I CURRENT TIME: 08:25:00 
FILE DATE: 07-06-1 993 
FILE NAME: CB7-100 

I 
TAILWATER 

I CONSTANT WATER SURFACE ELEVATION 

I 
ROADWAY OVERTOPPING DATA 

ROAMAY SURFACE GRAVEL 

EMBANKMENT TOP WIDTH (FT) 20.00 I*"** USER DEFINED ROADWAY PROFILE 
CROSS-SECTION X Y 

I COORO. NO. (FT) (FT) 
1 0.00 1054.56 

2 40.00 1053.96 



TRAPEZOIDAL CHANNEL ANALYSIS 
STANDARD STEP WATER SURFACE PROFILE 

July 9, 1993 

PROGRAM INPUT DATA: 
DESCRIPTION VALUE 
.................................................................... 
Flow Rate (cubic feet  per second) ....................... 
Channel Bottom Slope ( feet  per foot) .................... 
Manning's Roughness Coeff icient (n-value). .............. 
Channel Side Slope - Left  Side (horizontal/vert ical). ... 
Channel Side Slope - Right Side (horizontal/vert ical). .. 
Channel Bottom Width (feet) ............................. 
Channel Flow-Line Elevation a t  Start ing Station (feet).. 
Water Surface Elevation a t  Start ing Station (feet) ...... 
Start ing Channel Station (feet) ......................... 

PROGRAM RESULTS: 
DESCRIPTION VALUE 

Normal Depth (feet) ..................................... 2.02 
C r i t i c a l  Depth ( feet)  ................................... 1.83 

Station Flowline WS Elev. Depth Flow Area Vel Velocity EGL Slope 
(ft) (ft) (ft) (ft) (sq ft) (fps) Head(ft) (ft/ft) 

.................................................................... 
T - t 3 2  2941.0 1047.96 1051.92 3.96 82.53 1.66 0.043 0.000274 

3~+75- 2948.0 1048.00 1051.92 3.92 81.04 1.69 0.044 0.000288 

3 ' ?!?--?I .......................................................... .................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 
W s o n  & Associates, Inc., 7015 W. Tidwell, #107, Houston, TX 77092 
(713) 895-8322. A manual with equations & flow chart i s  available. 



TRAPEZOIDAL CHANNEL ANALYSIS 
STANDARD STEP WATER SURFACE PROFILE 

July 9, 1993 

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

PROGRAM INPUT DATA: 

DESCRIPTION 
.......................................................... 

....................... 
I .................... 

Flow Rate (cubic fee t  per second) 

Channel Bottom Slope ( fee t  per foot) 

Manning's Roughness Coeff icient (n-value) ............... 
Channel Side Slope - Le f t  Side (horizontal/vert ical).  ... 

.. I Channel Side Slope - Right Side (horizontal/vert ical).  

Channel Bottom Width ( feet)  ............................. 
Channel Flow-Line Elevation a t  Star t ing Station (feet). . 

...... I ......................... 
Water Surface Elevation a t  Start ing Station ( feet)  

Star t ing Channel Station ( feet)  

VALUE 

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

I PROGRAM RESULTS: 

DESCRIPTION VALUE 

I .................................................................... 
Normal Depth ( feet)  ..................................... 2.15 

C r i t i c a l  Depth ( feet)  ................................... 1.83 

I Stat ion Flowline WS Elev. Depth Flow Area Vel Velocity EGL Slope 

(ft) (ft) (ft) (ft) (sq ft) (fps) Head(ft) ( f t / f t )  

I' .................................................................... .................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 

Dodson & Associates, Inc., 7015 W. Tidwell, #107, Houston, TX 77092 

(713) 895-8322. A manual wi th equations & flow chart i s  available. 



I TRAPEZOIDAL CHANNEL ANALYSIS 
STANDARD STEP WATER SURFACE PROFILE 

I 
July 9, 1993 

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

I PROGRAM INPUT DATA: 
OESCRIPTION VALUE 

....................... 
I .................... 

Flow Rate (cubic feet per second) 
Channel Both Slope (feet per foot) 
Manning's Roughness Coefficient (n-value) ............... 
Channel Side Slope - Left Side (horizontal/vertical ). ... 

.. I Channel Side Slope - Right Side (horizontal/vertical ). 
Channel Bottom Width (feet) ............................. 
Channel Flow-Line Elevation at Starting Station (feet).. 

..... I ....................... 
Water Surface Elevation at Starting Station (feet). 
Starting Channel Station (feet).. 

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

PROGRAM RESULTS: 
DESCRIPTION VALUE 

I .................................................................... 
Normal Depth (feet). .................................... 2.57 
Critical Depth (feet) ................................... 1.83 

, I Station Flowline WS Elev. Depth Flow Area 
(ft) (ft) (ft) (ft) (sq ft) 

Vel Velocity EGL Slope 
(fps) Head(ft) (ft/ft) 

......................... 
4.69 0.341 0.004441 
4.34 0.292 0.003611 
3.84 0.229 0.002595 
3.67 0.210 0.002309 
3.59 0.201 0.002176 
3.55 0.195 0.002098 

I' .................................................................... .................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 
Dcdson & Associates, Inc., 7015 W. Tidwell, #107, Houston, TX 77092 
(713) 895-8322. A manual with equations;& flow chart is available. 



I CURRENT DATE: 07-09-1993 
CURRENT TIME: 07: 32: 38 

FILE DATE: 06-24-1993 
FILE NAME: CBLITlOO 

I (a- f -00 u,,, z I 
FHWA CULVERT ANALYSIS 

HY-8, VERSION 4.0 

I 1 l ~ a - Y k  , d = 
SITE DATA I CULVERT SHAPE, MATERIAL, INLET I 

I L i INLET OUTLET CULVERT i BARRELS 
V ( ELEV. ELEV. LENGTH I SHAPE 

1 
SPAN RISE MANNING INLET I 

I I (FT) (FT) (FT) I MATERIAL (FT) (FT) n TYPE 1 
I 1 11059.67 1059.47 100.00 1 1 RCB 6.00 3.00 .012  CONVENTIONAL^ 

1;:: I I I I 
I I 
I I 
I I 

I FILE: CBLITlOO CULVERT HEADWATER ELEVATION (FT) DATE: 06-24-1 993 

I OISCHARGE 

1 2 3 4 5 6 ROADWAY 
0 1062.01 0.00 0.00 0.00 0.00 0.00 1064.10 

14 1062.13 0.00 0.00 0.00 0.00 0.00 1064.58 

I 27 1062.18 0.00 0.00 0.00 0.00 0.00 1064.73 

41 1062.20 0.00 0.00 0.00 0.00 0.00 1064.82 

55 1062.32 0.00 0.00 0.00 0.00 0.00 1064.89 
69 1062.50 0.00 0.00 0.00 0.00 0.00 1064.94 1 8 2 1 0 6 2 . 7 0  0.00 0.00 0.00 0.00 0.00 1064.99 
96 1062.93 0.00 0.00 0.00 0.00 0.00 1065.03 

110 1063.18 0.00 0.00 0.00 0.00 0.00 1065.07 
123 1063.54 0.00 0.00 0.00 0.00 0.00 1065.10 1 137 1063.92 0.00 0.00 0.00 0.00 0.00 1065.13 
178 1065.24 0.00 0.00 0.00 0.00 0.00 0.00 

I 
The above Q and HW are for a point above the roadway. 



- 

I CURRENT DATE: 07-09-1993 FILE DATE: 06-24-1993 
CURRENT TIME: 07: 32: 38 FILE NAME: CBLIT100 

I PERFORMANCE CURVE FOR CULVERT # 1 - 1 ( 6 BY 3 ) RCB 

I 
DIS- HEAD- INLET OUTLET 

CHARGE WATER CONTROL CONTROL FLOW NORMAL CRITICAL OUTLET TAILWATER 

FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH 

(cfs)  (ft) (ft) (ft) <F4> (ft) (ft) ( fps)  (ft) (fps) (ft) 

El. i n l e t  face i n v e r t  1059.67 f t  E l .  o u t l e t  i n v e r t  1059.47 f t  

I El. i n l e t  t h r o a t  i n v e r t  0.00 ft El. i n l e t  c r e s t  0.00 f t  

I ***** SITE DATA ***** CULVERT INVERT * 
INLET STATION (FT) 

INLET ELEVATION (FT) 

OUTLET STATION (FT) I OUTLET ELEVATION (FT) 

NUMBER OF BARRELS 

SLOPE (V-FT/H-FT) 

I CULVERT LENGTH ALONG SLOPE (FT) 

I' BARREL SHAPE BOX 

BARREL SPAN 6.00 FT 

BARREL RISE 3.00 FT 

I' 
BARREL MATERIAL CONCRETE 

BARREL MANNING'S N 0.012 
INLET TYPE CONVENTIONAL 

INLET EDGE AND WALL 1 :1 BEVEL (45 DEG. FLARE) 

I I INLET DEPRESSION NONE 



1 I CURRENT DATE: 07-09-1993 

3 

FILE DATE: 06-24-1993 

I CURRENTTIME: 07:32:38 FILE NAME: CBLIT100 

I 
TAILWATER 

I CONSTANT WATER SURFACE ELEVATION 

I 
ROADWAY OVERTOPPING DATA 

ROADWAY SURFACE PAVED I EMBANKMENT TOP WIDTH (FT) 68.00 

**"* USER DEFINED ROADWAY PROFILE 

CROSS-SECTION X Y 

I COORD. NO. (FT) (FT) 
1 0.00 1064.70 

2 40.00 1064.10 



TRAPEZOIDAL CHANNEL ANALYSIS 
STANDARD STEP WATER SURFACE PROFILE 

July 9, 1993 

I PROGRAM INPUT DATA: 
DESCRIPTION VALUE 
.................................................................... 
Flow Rate (cubic fee t  per second) ....................... 

.................... 
I ............... 

Channel Bottom Slope (feet per foot) 

Manning's Roughness Coeff icient (n-value) 

... Channel Side Slope - Lef t  Side (horizontal/vert ical).  
.. Channel Side Slope - Right Side (horizontal/vert ical).  

............................. I Channel Bottom Width (feet) 

Channel Flow-Line Elevation a t  Star t ing Station (feet).. 
Water Surface Elevation a t  Start ing Station (feet). ..... 

......................... I Start ing Channel Station (feet) 

PROGRAM RESULTS: 

DESCRIPTION VALUE 

Normal Depth ( feet)  ..................................... 2.57 

C r i t i c a l  Depth ( feet)  ................................... 1.83 

I 
Stat ion Flowline WS Elev. Depth Flow Area Vel Velocity EGL Slope 

(ft) (ft) (ft) (ft) (sq f t )  (fps) Head(ft) (ft/ft) 
.................................................................... 
- 38.0 1059.67 1063.92 4.25 93.50 1.47 0.033 0.000196 

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

I TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 

Dodson & Associates, Inc., 7015 W. Tidwell, #107, Houston, TX 77092 

(713) 895-8322. A manual wi th equations & flow chart i s  available. 



TRAPEZOIDAL CHANNEL ANALYSIS 
STANDARD STEP WATER SURFACE PROFILE 

July 19. 1993 

I PROGRAM INPUT DATA: 
DESCRIPTION VALUE 

....................... I Flow Rate (cubic feet  per second) 
Channel Bottom Slope (feet per foot) .................... 

.............. Manni ngOs Roughness Coefficient (n-value). 
... I .. 

Channel Side Slope - Left  Side (horizontal/vert ical). 
Channel Side Slope - Right Side (horizontal/vert ical). 
Channel Bottom Width (feet) ............................. 
Channel Flow-Line Elevation a t  Start ing Station (feet). . 

...... I Water Surface Elevation a t  Start ing Station (feet) 
Start ing Channel Station ( feet)  ......................... 

I .................................................................... .................................................................... 

PROGRAM RESULTS: 
DESCRIPTION VALUE 
.................................................................... 
Normal Depth (feet) ..................................... 1.93 
C r i t i c a l  Depth ( feet)  ................................... 1.68 

I Stat ion Flowline WS Elev. Depth Flow Area Vel Velocity EGL Slope 
(ft) (ft) (ft) ( f t )  (sq ft) (fps) Head(ft) (ft/ft) 

.................................................................... 
~ ' ~ h f - 4 8 . 0  1061.70 1063.92 2.22 21.93 3.19 0.158 0.002432 I 

70.0 1061.81 1063.96 2.15 20.59 3.40 0.180 0.002879 
100.0 1061.96 1064.02 2.06 19.11 3.66 0.208 0.003513 

I 150.0 1062.21 1064.18 1.97 17.56 3.99 0.247 0.004403 
2 ~ ~ m l c 2 0 0 . 0  1062.46 1064.40 1.94 16.94 4.13 0.265 0.004844 

%t-• 

I .................................................................... .................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 
Dodson & Associates, Inc., 7015 W. Tidwell, #107, Houston, TX 77092 
(713) 895-8322. A manual wi th equations & flow chart i s  available. 



TRAPEZOIDAL CHANNEL ANALYSIS 
STANDARD STEP WATER SURFACE PROFILE 

J u l y  19, 1993 

PROGRAM INPUT DATA: 
DESCRIPTION VALUE 
.................................................................... 

....................... I Flow Rate (cubic f e e t  per second) 45.0 

Channel B o t h  Slope ( f e e t  per f o o t )  .................... 0.0065 
Manning's Roughness Coef f i c ien t  (n-value). .............. 0.0250 

... I Channel Side Slope - L e f t  Side (hor i zon ta l / ve r t i ca l ) .  4.00 

Channel Side Slope - Right Side (hor i zon ta l / ve r t i ca l )  ... 4.00 

Channel Bottom Width ( fee t )  ............................. 1.0 

...... 
Channel Flow-Line Elevat ion a t  S t a r t i n g  S ta t ion  (feet).. 1064.46 
Water Surface Elevat ion a t  S t a r t i n g  S ta t ion  ( fee t )  1065.85 
S t a r t i n g  Channel S ta t ion  (feet).  ........................ 200.00 

I PROGRAM RESULTS: 
DESCRIPTION VALUE 

Normal Depth ( fee t )  ..................................... 1.53 
................................... C r i t i c a l  Depth ( fee t )  1.39 

S t a t i o n  F lowl ine WS Elev. Depth Flow Area Vel Veloc i ty  EGL Slope 
(ft) (ft) (ft) (ft) (sq ft) (fps) Head(ft) (ft/ft) 

.................................................................... 
~ ~ D ~ . & + o o . o  1064.46 1065.85 1.39 9.14 4.92 0.377 0.010396 

220.0 1064.59 1066.14 1.55 11.17 4.03 0.252 0.006079 

250.0 1064.78 1066.32 1.53 10.93 4.12 0.263 0.006450 

300.0 1065.11 1066.64 1.53 10.89 4.13 0.265 0.006508 

3 ' ~ ~ p  - 4 0 0 . 0  1065.76 1067.29 1.53 10.90 4.13 0.265 0.006497 

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

TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 
Dodson & Associates, Inc., 7015 W. Tidwel l ,  #107, Houston, M 77092 

(713) 895-8322. A manual w i th  equations & f l ow char t  i s  avai lable. 



TRAPEZOIDAL CHANNEL ANALYSIS 
STANDARD STEP WATER SURFACE PROFILE 

August 3. 1993 

PROGRAM INPUT DATA: 

DESCRIPTION VALUE 
.................................................................... 

....................... Flow Rate (cubic f e e t  per second) 35.0 

.................... I Channel Bottom Slope ( f e e t  per foo t )  0.0090 

Manning's Roughness Coef f i c ien t  (n-value) ............... 0.0250 

Channel Side Slope - L e f t  Side (hor i zon ta l / ve r t i ca l ) .  ... 4.00 

.. I Channel Side Slope - Right Side (hor i zon ta l / ve r t i ca l ) .  4.00 

Channel Bottom Width ( fee t )  ............................. 1.0 
Channel Flow-Line Elevat ion a t  S t a r t i n g  S ta t ion  (feet). .  1068.76 

...... Water Surface Elevat ion a t  S ta r t ing  S ta t ion  ( fee t )  1070.01 

S t a r t i n g  Channel S ta t ion  (feet).  ........................ 400.00 

PROGRAM RESULTS: 

I DESCRIPTION VALUE 

I ..................................... 
.................................................................... 
Normal Depth ( fee t )  1.29 

C r i t i c a l  Depth ( fee t )  ................................... 1.25 

S t a t i o n  Flowline WS Elev. Depth Flow Area Vel Veloc i ty  EGL Slope 

(ft) (ft) (ft) (ft) (sq ft) ( fps)  Head(ft) (ft/ft) 

I' .................................................................... 

TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 

I Dodson & Associates, Inc., 7015 W. T idwel l ,  #107, Houston, TX 77092 

(713) 895-8322. A manual w i t h  equations & f low char t  i s  avai lable. 

I 
I 
I 
I 



TRAPEZOIDAL CHANNEL ANALYSIS 
STANDARD STEP WATER SURFACE PROFILE 

August 3, 1993 

I 
PROGRAM INPUT DATA: 

DESCRIPTION VALUE 
.................................................................... 

...................... Flow Rate (cubic f e e t  per second). 20.0 

.................... I Channel Bottom Slope ( f e e t  per f o o t )  0.0090 

Manning's Roughness Coef f i c ien t  (n-value) ............... 0.0250 

Channel Side Slope - L e f t  Side (hor izonta l /ver t ica l ) .  ... 4.00 

.. I Channel Side Slope - Right Side (hor izonta l /ver t ica l ) .  4.00 

Channel Bottom Width ( fee t )  ............................. 1.0 

Channel Flow-Line Elevat ion a t  S t a r t i n g  S ta t ion  (feet). .  1072.35 

...... 

I ......................... 
Water Surface Elevat ion a t  S t a r t i n g  S ta t ion  ( fee t )  1073.64 

S t a r t i n g  Channel S ta t ion  ( fee t )  800.00 

PROGRAM RESULTS: 

DESCRIPTION VALUE 

, I ..................................... 
.................................................................... 
Normal Depth ( fee t )  1.03 

C r i t i c a l  Depth ( fee t )  ................................... 0.98 

S ta t ionF low l ineWSElev .  DepthFlowArea Ve lVe loc i t yEGLSlope  

(ft) (ft) (ft) (ft) (sq ft) (fps) Head(ft) (ft/ft) 
.................................................................... 

I .................................................................... .................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 

Dodson & Associates, Inc.. 7015 W. Tidwel l ,  #107, Houston, TX 77092 

I 
(713) 895-8322. A manual w i t h  equations & f l ow char t  i s  avai lable. 



5-YEAR lNTERlM BACKWATER ANALYSES 



CURRENT DRTE: 07-03-1333 5-yeuk Q=IS,?-  c f j  F I L E  DRTE: 07-03-1333 

I CURRENT TIME: 11:04:25 F I L E  NRME: CB8X8-5 

*******Y*99***9**.**********+*****9+***************************.*****************+. 

I 
* *  FHWR CULVERT RNRLYSIS ******+x--x.*****i+****)~*****)~ 
**************x.*****.)c**ie** HY-6, VERSION 4. (1) *99****99**+*+**+********* 

***.E****************.**Q*.*.********Q******.*~****~+;******************.*.*************.*** 

S I T E  DQTR I I 
t CULVERT SHRPE, MRTERIRL, INLET I 

: u ; --------------------------: ---------.--------------.----.------------------------ 1 I: : L : : I N L E T  OUTLET CULVERT : BRRRELS 1 

: V I ELEV. ELEV. LENGTH : SHRPE SPRN R ISE MRNNING INLET 1 I; # :  "TI  I F T )  I F T j  : MRTERIRL ( F T )  I F T j  rl T ''4 O E  1 1 

:--------------------.------I ----------------------------.---------------------.--' 
: 1 :1013.3& 1013.4& 118.11 : 1 RCB 6. 00 8. O(1) . 1 1 CONVENT I OP.1RL : 

I ****Y******Y.E***.***~**~E******3c*.K-iC***********~*-iC***********X-*~&**~************~E**.K** SUMMRRY OF CULVERT FLOWS ICFS) F I L E :  CBAX8-5 DRTE : 07-03- 1333 

ELEV ( F T )  TOTRL 1 2 3 4 .J E RDRDbJRY I T R  c' 

I 1(:)15. 80 o (1) (1) i) (1) 0 (1) (11 1 
1015.32 l& 16 (1) 0 (1) 0 0 (1) 1 
1015.35 32 <a L (1) (1) (1) (1) (1) 0 1 --. .-, 

I 1 0 1 & . (11~2 46 46 (1) O (1) (5 O (1) 1 
1015.83 64 64 (1) (1) (1) (1) (1) (1) 1 
1(:)1&. 13 80 60 (1) (1) (1) (1) (1) 0 1 
1016.41 36 3& (11 i:) (1) i:) (1) 1 1 ( 1016. 65 112 112 (1) 0 0 (1) (1) (1) 1 
101t3. 33 126 128 (1) (1 i) (1) (1) (1) 1 
lC)l7. 17 144 144 (1) i) o o 0 (1) 1 

I 1 0 1 7 . 4 1 1 & (1) 1 €0 (1) (1) t:) (1) 0 1 
1(1)23. &(:I €62 &62 (1) 0 (1) (1) (1) OVERTOPP I NG 

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

E *****x-**********************************.********************************.******* 
SUMMRRY OF ITERQTIVE SOLUTION ERRORS F I L E :  CBBXB-5 D9TE : 07-(33- 1333 

I 

I HERD HERD TDTRL FLOW % FLON 
ELEV (FT ) ERROR !FT) FLOW ! CFS ERRDR ICFS) ERROR 
1015. 80 (1) . (1) (1) (11 (1) 0. (1) (1) 

I 1(1)15. 32 (1) . (1) (1) 1 G. (1) 0 . i:) (1) 
1015. 38 0. 00 32 (1) 0. 00 
1016. 00 (1) . (1) 48 (1) (1) . 5)0 

I 1-(315. 83 C) . (1) (1) 64 (1) (1) . !:ti) 
lC)l€. 13 (1) . (1) (1) 0 (1) (1) (1) . (1) (1) 
1016. 4.1 (1) . (1) r:) 36 0 (1) . 00 
1(1)1&. 68 (3 . (11 0 112 i:) (1) . (1) (1) 

I 1(1)1€. 33 0. 00 126 (1) (1) . (1) 0 
1017. 17 (1) . (1) (1) 14.4 (1) (1) . (1) (1) 
1017. 41 (1) . 0 (1) 1 GO i:) 0 . (1) (1) 

& * * * * * * * * * * * * ) C * * * * * * Q * * * * * * * * * * ~ * * * . * * * * * * * * * . * * * * . * * ~ . * * * * * * * * * * * . * * * * * * * * * * . * Y ~ * . * * * . W * *  I (1) TOLERRNCE (FT) = (1). 010 ( 2 )  TOLERRNCE !%I = 1.000 
******.K******Y***.*k*i+**************f:*************:********3i.*iC:**?C.~.iC***.***~****.**~K.** 



I CURRENT DRTE : 07-03- 1333 F I L E  DRTE : 07-03-1 333 
CURRENT TIME: 11:04:25 FILE NRME: CB8X8-5 
******************************************************************************** 

I PERFORMRNCE CURVE FOR CULVERT # 1 - 1 ( 8 BY 5 ) RCB 
................................................................................ 

DIS-  HERD- INLET OUTLET 
CHRRGE WRTER CONTROL CONTROL FLOW NORMRL CRITICRL OUTLET TR I LLJRTER I FLOM ELE'J. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH 
( c f s )  ( f t  ) ( f t )  ( f t )  ( F 4 >  ( f t )  ( f t )  (f~3s) ( f t )  I fus)  ( S t )  

******************************-#***********.*******************.*****.**.%*******.***.& 
I O 1015.EO 0.00 1.84 (1)-NF 0.(:)(:, : 0.00 0.00 : 2.34 

16 lO15.32 6.78 1.36 1 . 1 ;  0.31 0.5(:) (:).a5 2.34 . 2.34.  
-. .- A& 1015. 35 1. 18 2. ( 1 )  3 - M l t  (I). 42 . (I). 73 1. 7 2. 34 . I )  2. 34 

I 48 1(316.(:,(:) 1.55 2.04 3 - M l t  (11.87 . I  z.sE, 2.34 i 2.314. 
64 1015.83 1.87 1.87 1--s2rr 1.04 E .  7.72 1.04 o.00 2.34 
( 1 )  1(:116.13 2 -17  2 -17  l-Szrl 1.2(1) 1.46 8.31 . I  . 2.34 

I 
36 l(316.41 2.45 2.45 1-S2n 1.37 1.65 8.51 1.41 C ) . 0 0  2.34 

112 1016.68 2 . 7  7 1-S2n 1.54 1.83 8.32 1.57 0.00 2.34 
1 2  1016. 33 2-97 2-37 1 - s ~ ~  Ln 1.68 2.c)~:) 9.23 1.72 C :  2.54 
144 1017. 17 3.2 1 3.2 1 1-S2rr 1. 82 2 . 6  3.68 1.86 . 2.34 

E 160 1017.41 3.45 3.45 1-Sen 1.36 2.32 3.35 2 . 1  0.00 2.34 
............................................................................... 

E l .  i n l e t  f a c e  i nve r t  1013. 36 S t  E l .  out l e t  i r r ve t - t  1013. 46 f t  

' I E l .  i n l e t  t h r o a t  i n v e r t  0.00 f t  E l .  i n l e t  ct-est 0. 00 f.1; 
................................................................................ 

***** S I T E  DRTR ***** CULVERT INVERT w+ww-%******** 

I INLET STRTION (FT) 0.00 
INLET ELEVRT I ON (FT ) 1013. 36 
OUTLET STRTION (FT)  100.00 

I OUTLET ELEVRT I ON I FT ) 1C113. 46 
NUMBER OF BRRRELS 1 
SLOPE (V-FT/H-FT) 0. 004€ 

I CULVERT LENGTH RLONG SLOPE (F-I-) 108. a(:, 

*u*+k* CULVERT DRTR SUMMRRY ********s+*s*******.fc***)t. 
BRRREL SHRPE FOX 
BRRREL SPRN 8.(:)C) FT I HRRREL RISE 8. 00 FT 
BRRREL MRTERIRL CONCRETE 

I ERRREL MRNNING' S N 0.012 
INLET TYPE CONVENTIONRL 
INLET EDGE RND WRLL 1 : 1 BEVEL (45 DEE. FLRRE) 

E 
INLET DEPRESSION NONE 

**********Y*~**********)( .~***QQ**** . )~$;.S~.Y~.K*.#*+************+************ .~***********  



I CURRENT DRTE : 07-03- 1333 
CURRENT T I M E :  11:04:25 

F I L E  DOTE : 07-03-1 333 
F I L E  NHME: CB8XB-5 

I ****************************************x.*************************************** 
*****-E***Y**********~~X-***SC TFSILWRTER * * * * * * * * . * * * * * * * * * ~ ~ . * . 1 ~ . ) ~ * . 1 ~ . . 1 4 . ~  

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

I *******************x-*Y..i;.x-***********.***~***x-*********.E*x"*******x-************.****** 

CONSTRNT WRTER SURFRCE E L E V R T I O N  
1015.80 

I *9**********************~*.#.$I.*.#.*****..k.K--K*.~***.#.#.*+X.***.**X.******#.*~**.***********#.**.** 

............................ R@RDWRY OVERTOPPING DRTQ *******,************.***#.*if-#. 

I ******89**9***********.#.*9*.iC*ic******+*******%+***+*************.*+****************~ 

RORDWRY SURFRCE GRRVEL 
EMBQNKMENT TOP WIDTH (FT) 50. or:, 
CREST LENGTH ( F T )  2 (1) (1) . C) (1) 
OVERTOPPING CREST E L E V R T I O N  ( F T )  lr:)23. GO 





TRRPEZOIDRL CHRPINEL RfJRLYSIS 
STRNDRRD STEP WRTER SURFRCE PROFILE 

July 15, 1333 

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

I PRDGRRM INPUT DATR: 
DESCRIPTION 

I ........................................ 
F l c ~  Rate (cubic feet per 5ec~rd)  .................. ,,... 
Charmel Bottora Slope (feet per foot 1.. . . . . . . . . . . . . . . . . . . 

I Mar~riing' 5 Roughness Cclef f icient (n-value) . . . . . . . . . . . . . . . 
Channel Side Slope - Left Side (horizorital/vertical). . . . 
Charire1 Side Slope - Right Side (hori zor~tallvert ical) .. . 

I 
Charcriel Bottorfi Width (feet). .. .. . .. . . . . . . . . . .. . . . ., .. . .. 
Charire1 Flawiirie Elevation at Starting Station (feet). . 
Water Surface Elevation at Starting Station (feet). . . . . . 
Starting Charirlel Statiorr (feet).. ......... . .... ,., .... .... 

VRLUE 

I I PROGRRM RESULTS: 
WERIPTION VRLUE ........................................... 

I I k m a l  Depth (feet) ..................................... 3.42 
Critical Depth (feet). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.24 

Station Flcwline WS Elev. Depth Fluw Rrea Vel Velocity EGL Slc~pe 

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

I 
TRRPEZOIDRL CHRNNEL ANRLYSIS WMPUTER PRIjGRRM, Ver5ictn 1.1 (c) .I956 
D~dsor~ 8 Rssociates, Inc., 7015 W. Tidwell, #107! Houstor~, TX 77032 
(713) 335-832, R rilariual with equatictr~s 8 flc~w chart is available. 



CURRENT DRTE: 07-15-1393 
ICURRENT TIME: 14:33:20 

Ex i s  by 58 >j/" LM ,)A 
A/- ~ ~ ; v c w ~ ~  ~ ~ 7 9 '  6. o F E L  ~ ; h a d c ~ ~  RJ 

FILE DRTE: 07-13-1333 
FILE fJFIFI!: CB1-EX S- $ 8 -152 4-3 

***H*H*H*********************************************************i*********** 

I 
H C H W W I C ~ ; * * C ~ ~ * * * ~ * * * ~ ~  f* FHWR CULVERT RNRtYSIS **wH*******w***~*** 
*****t**************C****i HY-8, WRSI@J 4.0 f******H****f*****~****** 

HCH**HH**************f*********************************H******************** 

SITE DRTR : CULVERT SHRPE, MRTERIRL? INLET I I 

: u :-------------------;--------------------------------------------: iC; i L t INLET OUTLET CULVERT t ERRRELS I I 

: V I ELEV, ELEV. LENGTH : S!!RPE SPM RISE titfi!i!iIfu'G INLET : 

I : # : (FT) (FT) (FT) : PtRTERIRL (FT) (FT) r~ TYPE I I 

;---- ---;------------------------------------------a 

: 1 : 1017.12 1017.07 36.00 : 2 CNPR 4.83 3.00 ,028 CON'JEt4TIOttRLI 

I HCHM**W**W******)ff********M**H***********H****H****H******i*********** FILE: CE1-SEX CULVERT HERDWRTER ELEVRTIOW (FT) DRTE: 07-13-1933 

1 3 
L. 3 4 5 6 RORDWRY 

0 1020.01 0.00 0.00 0.00 0.00 0.00 1022.00 
16 1020.03 0.00 0.00 0. 0 0.M 1022.24 
9 1020.03 0.00 0.00 0.00 0.00 0.00 1022.31 
49 1020.18 0.00 0.00 0,00 0.i@ 0.00 1022.37 ) 64 1020.31 0.00 0.00 0.00 0.00 0.00 1022.41 
80 1020.48 0.00 0.00 0.00 0.00 0.00 1022.45 
36 1020.69 0.00 0.00 0.00 0.00 0.00 102Z48 

0. (I0 0.00 O.M 1022.Sl 
128 1021.21 0.00 0.00 0.00 0.00 0.00 1022.54 
144 1021.53 0.00 0.00 0.M 0.00 0.00 1022.57 
160 1021.83 0.00 0.00 0. 00 0.00 0.00 1022.53 I 192 1022.71 0.00 0.00 0. ($1 0.M 0.00 0.00 

The above Q arid HW are for a point above the roadway. 

I ~HWW*****H*W**H*************WHC********H*****HH***********Y*H******* 



,CURRENT DRTE: 07-15-1933 FILE DRTE: 07-13-1333 
CURRENT T IE :  14:33:2O FILE NRME: CB1-SX 
................................................................................ 

PERFORMRNCE CURVE FOR CULVERT # 1 - 2 ( 4.833333 BY 3 1 CHPR 

I 
*****HH*********************************************************************** 

DIS- HERD- INLET OUTLET 
CHRRGE WRTER CONTRI-JL CONTROL notr NDRMRL CRITICRL OUTLET TRILWRTER 

I 
FLM ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH 
(cf5) ( f t) (ft) (ft) (F4) (ft) (f t) (fps) ( f t )  (fps) [ f t )  

................................................................................ 
0 1020.01 0. in 2.83 C-tF 0.00 0.00 0.CKl 0.00 0.00 2.34 

16 1020.03 0.88 2.31 3-Mlt 1.16 0.60 0.71 2.34 0.00 2.34 I 32 1020.03 1.31 2.37 3-Pllt 1 0.87 1.42 2.34 0.00 2.34 
48 1020.18 1.67 3.06 6-FFn 3.00 1.03 2.11 3 . 0  0.00 2.34 
64 1020.31 2. OC] 3.13 6-FF~I 3.00 1.28 2.82 3.00 0.00 2.34 ( 80 1020.48 2.30 3.36 6-FFn 3.00 1.5 3.52 3.00 0.00 2 9 4  
36 1020.63 2.53 3.57 6-FFn 3.00 1.61 4.23 3.00 0.00 2.34 

112 1020.33 2.83 3.81 6-F Frt 3.00 1.76 4.73 3.00 0.00 2.34 
128 1021.21 3.13 4.03 6-FFn 3.00 1.83 5.64 3.00 0.00 2.94 I 144 1021.53 3.53 4.41 6-FFn 3.00 2.02 6.34 3.00 0.00 2.34 
160 1021.83 3.83 4.77 6-FFn 3.00 2.14 7.05 3.00 0.00 2.34 

**HH*****~**************H*****H****************************************** 

El. i n le t  face invert 1017.12 f t  El. outlet invert 1017.07 fft 
El. i n l e t  throat invert 0.00 ft El. i n le t  crest 0.00 ft 

HWWHHHf*~HWW*H******HH******W*H*fH****H*****H*************** 

H+* SITE DRTR **st* CULVERT INVERT ***********%*w 
INLET STRTION (FT) 0.00 
INLET ELEVRTION (FT) 1017.12 I OUTLETSTRTIONIFT) 36.00 
CUTLET ELEVRTION (FT) 1017.07 
NUMBER OF HRRELS 2 I SLOPE IV-FT/H-FT) 0.0014 
CULVERT LENGTH RM4G SLOPE (FT) 36.00 

***a CULVERT MTR SUlrlflQRY ........................ 
BRRREL SHRPE PIPE RRCH 
BRRREL SPRN 4.83 FT 
WIRREL RISE 3-00 FT ( BRRREL MTERIRL STEEL OR RiUflINWI 
WIRREL HRWJING'S N 0.028 
INLET TYPE CONVENTIONRL 
INLET EDGE RND WRLL HERDWRLL I INLET DEPRESSION t4GNE 



FILE DRTE: 07-13-1333 
FILE NRME: CB1-SEX 

****t*******************H*******f**********************tf************f****f**** 

I HHHH~*w~*xx*~****w~*** TRILWRTER t**+*i***t*+**tt*~******t* 

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

HH**H***f******w*****f*****€f****f*******************************f*********Y* 

CONSTRNT MRTER SURFACE U N R T I O N  
10a.01 

I RORDWRY SUWRCE PRVED 
EQlbRNKtENT TOP WIDTH (FT) 30.00 

**it* USER DEFINED RORDWRY PROFILE 
CRffiS-SECT ION X Y I ,RD. NO. (FT) (FT) 

1 0.00 lie7.00 

I 2 75.00 1023.00 
3 175.00 1022.00 
4 ii00.00 1024. (10 

I 
HHHHHHH*iWH*WtH**********H*H****************H**f*******fH~*******W 



TRRPEZOIDRL CHRNNEL RNRLYSIS 
STFVJDRRD STEP WRTER SURFRCE PROFILE 

July 15, 1993 

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

I PROGRRt4 INPUT DRTR: 
ESCRI PTIOtd VRLUi 
............................................ 

....................... I F l c ~  Rate (cubic feet per secund) 160.0 
Channel Eottc$fl Slope (feet per foot) .................... 0.0013 
Mar~r~ing's Roughness Coefficient In-value) ............... 0.0250 

... I Channel Side Slope - Left Side (horizor~tallvert ical). 2.00 
Chanrel Side Slope - Right  Side (horizar~tallvertical). .. 4.00 
Charinel Eottors Width (feet). ............................ 4.0 
Charrrnl Flm-Line Elevation at Starting Station (feet). . 1017.12 

..... I Water Surface Elevation at Starting Statior~ (feet). 1021.69 
Starting Chartre1 Stat ion (feet). ........................ 246.00 

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

PRDGRRM RESULTS: 

I 
DESCRIPTIDN VRLUE -------- ----------------- 
Normal Depth (feet)..; ............................ ...... 3.42 
Critical Depth (feet). .................................. 2.24 

I' Station Flowline WS Elev. Depth Flea Rrea Vel Velocity EGL Slope 
( f t )  ( f t )  ( f t )  ( f t )  (sq f t )  (fps) Head(ft.1 ( f t / f t l  

I 
300.0 1017.19 1021.90 4.71 85.48 1.87 0.054 0.000230 
350.0 1017.26 1021.92 4.66 83.81 1.31 0.057 0.000305 
400.0 1017.9 1021.93 4.61 82.17 1.95 0.053 0.00i1322 
30.0 1017.45 1021.96 4.51 79.01 2. 03 0.064 Q.01*358 

I 600.0 1017.58 1021.93 4.41 76.01 2.10 0.069 0.000396 
700.0 1017.71 1022.03 4.2 73.13 2.13 0.074 0. @(a439 
800.0 1017.84 1022.07 4.23 70.54 2.27 0.0E0 0.000484 

I 
WO.O 1017.97 1022.11 4.14 68.Cd 2.35 0.086 0.01Q533 
1000.0 1018.10 1022.16 4.06 65.77 2.43 0.092 0.000584 
11CNl.0 1018.23 1022.22 3.3'3 63.65 2.51 0.098 0.@(9637 

127 +? L/ - 1142.0 1018.28 1022.24 3.96 62.82 2.55 0.101 0.Cfl0660 

I ..................................................... ..................................................... 
TRRPEZOIDRL. CHHANNEL RNRLYSIS COMPUTER PROGRRM, Version 1.1 (c) 1986 
lbdscv~ & flssociates, Iric., 7015 W. Tidwell, #107, Houston, TX 77092 
(713) 895-882. R manual with equations & florr chart i s  available. 



CURRENT DFITE: 07-15- 1993 
ICURRENT TIME: 14:50:00 

Lr;r Iiy 2-581#x 3( ' /cM P A  
At ~ h ' v c $ y  (300' E .  o F E [ 4 ; h m y e  RJ- 

FILE DRTE: 07-13-1933 
FILE NRE: CE2-9X 5-$ i2 2 I $ ?  c f ~  

~*******************H************************************HH*fH****H****** 

I +iH************+*t**ffH* FHW CULVERT m&YSIS *tH**w**+********t*****t 

rc~*w****w*** * ** *Y****** HY-8, VERSIflN 4.0 i t f * f t * f f ~ ~ ~ + f f ~ ~ f f i * c ~ i *  
WWH******H***************************************************f************** 

: C :  SITE DRTR : CULVERT SHRPE, MTERIRL, INLET 1  1  

: u '----------------'---------------------------------------------l I 1  : L t INLET OUTLET CULVERT : ERRRELS I I 

: V : ELEV. ELEV. LENGTH : SilRPE SPRN RISE ;I1RNtJINli INLET : 

I : # I (FT) (FT) (FT) : MRTERIRL (FT) (FT) ri TYPE I I 

; :---------'------------------------------------I 

: 1 : 1018.33 1018.26 36.00 : 2 CMPR 4.83 2. i1Ct .0?8 CONVLVTIONR? : 

I +)HwH********H***********YIH****HYIH****~HC*HHHHH*t*H*CH**~* FILE: LEE-SEX CULVERT HERMjRTER ELEVRTI WJ (FT) DRTE: 07-13-1993 

1 2 3 4 E 6 ROWRY 
0.00 0.00 0.00 0.00 0.00 1023.50 

0-00 0,00 0.00 0.N 1023.63 
32 1022.32 0.00 0.00 0.00 0.00 0.00 1023.75 
48 1022.41 0.00 0.00 0.00 0.00 O.Nl 1023.80 I 64 1022.54 0.00 0.00 0.00 0.00 0.00 1023.83 
80 1022.71 0. (10 0.00 0.00 0.00 0.06 1023.86 
36 1022.92 0.00 0.00 0.00 0.00 0.00 1023.63 

0.00 0. (KJ 0.00 0.00 1023.32 
126 1023.44 0.00 0.00 0.00 0.00 0.00 1023.94 
144 1023.76 0.00 0.00 0.00 0.00 0. (10 1023.96 ( 160 1024.12 0.00 0.00 0.00 0. CKI 0.00 1023.38 
160 1024.12 0.00 0.00 0.00 0.00 0.  CK) 0. 00 

The above Q and HW a r e  fw a ocliprt above t h e  roadway. 

I +WHCWHH~**~*********H***~f*H****M***************H*************H**H*** 



,CURRENT D I E :  07-15-1333 FILE DRTE: 07-13-1393 
CURRENT TIME: 14:50:00 FILE taME: CE2-9X 
*H****************************f*********************************t*******f****** 

PERFORPIATJCE CURVE FOR WLVERT tl 1 - 2 ( 4.833333 BY 3 CMPFI 

I ***************************************M*************************************** DIS- HERD- INLET ONLET 
WRRGE WRTER CONTROL CONTROL FLD1.I MRMK CRITICRL DUTLET TRILWRTER 

I 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH 
(cfs)  (ft) (f t) (ft) (F4) (ft) (f t) (fp5) ( f t) (fps) (ft) 

******f*******M*+i********ff**C************f********************f*ff********f*f 

0 1022.24 0.00 3.31 0-NF 0.011 0.00 0.00 0.00 0.00 3.35 
16 1022.26 0.66 3.33 4-FFt 1.16 0.60 0.70 3.@0 0.00 3.96 I 22 1022.32 1.31 3.3'3 4-FFt 1.84 0.87 1.41 3.00 0.00 3.96 
46 1022.41 1.67 4.08 4-FFt 3.00 1.03 2.11 3.00 0.00 3.96 
64 1022.54 2. (IO 4.21 4-FFt 3.00 1 . 2  2.82 3.00 0.00 3.36 

( 80 1022.71 2.30 4.38 4-FFt 3.00 1.45 3.52 3-00 0.00 3.96 
36 1022.92 2.53 4.53 4-FFt 3.00 1.61 4.23 3.00 0.00 3.96 

112 1023.16 2.89 4.83 4-FFt 3.00 1.76 4.33 3.00 0.00 3.96 
126 1023.44 3.13 5.11 4-FFt 3.00 1.83 5-63 3.00 0.00 3.96 I 144 1023.76 3.53 5.43 4-FFt 3. W 2.02 6.34 3.00 0.00 3.06 
160 1024.12 3.63 5.73 4-FFt 3.00 2.14 7.04 3.00 0.00 3-96 

*W+~*****W********H************H*****M****~***********************%**** I El. i n l e t  face inver t  1016.33 f t  El. o u t l e t  i nver t  1016.28 f t  
El. i n l e t  thraat  inver t  0.00 ft El. i n l e t  crest  0.00 ft 

I 
HHHHHH**HHC**********H**H**HHtW**f***f******w+***fHtf*f*Ht*H********* 

+wwwu SITE MTFl f twv* CULVERT INVERT **t**********w 

INLET STFITION (FT) 0.00 
INLET ELEVRTION (FT) 1016.33 I m E T  STRTION (FT) 36.00 
OURET ELEVRTION (FT) 1018.26 
NUMBER OF BARRELS 
SLOPE (V-FTIH-FT) 

F 

L 
0.0014 

WLVERT LENGTH RLCaJG SLOPE (FT) 36.00 

it**** CULVERT DQTR SwMRRY **H*******+**********M I 8RRREL SHRPE PIPE ARCH 
ERRREL SPRN 4.83 FT 
WIRRR RISE 3.03 FT I BRRRa WTERIRL STEEL OR RLURIWUN 
WIRRR W I N G 1  S N 0.028 
ItCET TYPE CORVENTIONRL 
INLET EDGE AND URLL HEADWRLL 
I !LET DEPRESSION NOtiiE 



I CURRENT DRTE: 07-15-1933 I IWRRENT TIE: 14:50:00 
FILE DRTE: 07-12-1933 
FILE %K: CE2-5EX 

CONSTRNT WRTER SURFRCE UEVRTION 
102.24 

I W W R Y  WRFRLE PRVED 
Ebt~NKENT TOP WIDTH (FT) 30.00 

***** USER DEFINED RORDWRY PROFILE 
CRDSS-SECT ION X Y I ,RD. NO. (FT) (FT) 

1 0.00 1027.40 

I 2 75.00 1024.00 
3 1 5 0  1023.50 
4 550.00 1024. 00 

I 
5 1300.00 1026.00 

***H*************H**W***~**f*****************H~*************************** 



TRRPEZDIDRL MfitiNEL RiRLYSIS 
STRNDRRD STEP WRTER SURFRCE PROFILE 

July 15, 1333 

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

I PRffiRRH INWT DATR: 
DESCRIPTION VRLUE 
............................................ 

....................... I Flw Rate (cubic feet per secorrd) 
Char~r~el Eat t oifl Slope (feet pei. f cat 1. ................... 
Mannirrg's Roughness Coefficient (rr-value). .............. 

I Channel Side Slope - Left Side (horizontal/vert ical). . , . 
.. Char~rel Side Slope - Right Side ( h ~ r i ~ ~ r r t a l / ~ F r t l ~ a l ) .  

Charrnel Bottom Width (feet) ............................. 

I ..... 
Char~rel Flcw-Line Elevation at Starting Stat ian (feet). . 
Water Surface Elevatiorr at Starting Station (feet). 
Starting Chanrel Stat ion (feet). ........................ 

- 
PRffiRRM RESULTS: 

I 
DESCRIPTION VRLUE 
......................................... 
Namal Depth (feet). .................................... 3.42 
Critical Depth (feet) ................................... 2.24 

I Station Flcwlire WS Elev. Depth Flow Rrea Vel Velctcity EGL Slope 
( f t )  ( f t )  ( f t )  ( f t )  (5q f t )  (fps) Head(ft) ( f t f f t )  

----------------------------------- 1 127+% 1178.0 1018.33 1024.12 5.73 123.73 1.23 0.026 0.000108 
1200.0 1018.36 1024.12 5.76 122.70 1. 30 0.026 0.000110 

I 
1300.0 1018.43 1024.13 5.64 118.10 1.35 0.028 0.000122 
1400.0 1018.@ l(24.14 5.52 112.63 1.41 0.031 0.0(0135 
1~00.0 1018.75 1024.15 5.41 iit3. a 1.46 0.033 0. ooi~i50 
1600.0 101%. 88 1024.17 5.23 105.07 1.52 0.036 0.01KJ167 
1700.0 1013.01 1024.18 5.17 100.33 1.58 0.033 0.000166 
1800.0 1013.14 1024.20 5.06 37.05 1.65 0.042 @.OCIC,206 
1300.0 1013.27 1024.22 4.35 33.25 1.72 0.046 0.00Cl230 

I 20#.0 1013.41, 1024.24 4.84 83.60 1.73 0.050 0.OiKJ256 
2100.0 1013.53 1024.26 4.73 66. it3 1.86 0.054 0.000284 
22Ca.O 1013.66 1024.23 4.63 82.75 1.33 0.058 0.000316 
2300.0 1019.73 1024.31 4.53 73.56 2.0 0.063 0.000351 
24Ca. 0 1013.92 1024.55 4.43 76.53 2.09 it. 068 0.000383 I ilYr7, - 2445.0 1019.38 1024.36 4 . 3  75.23 2.13 0.070 0.W04OB 

...................................................... ................................................ 
TRRPEZOIDRL CHRt4NEL RNRLYSIS CDNPUTER PROGRRM, Version 1.1 (c) 1386 
Dodson & Flssociates, Iric., 7015 W. T i d ~ e l l ,  8107, Hcrustctn, TX 77032 
(713) 835-8322. R rflanual with epuations 8 flow chart is available. 



CURRENT TIHE: 10:19:6 
FILE DRTE: 07-13-19'33 
FILE NRI"IE : CERHR-5 

***ff**f***~**f*f*****f****%*****f****~*******tf**********##*f**Xf*f*f*f~~*~fH 

~ t t w * w * * t * w * * * * i * t * * * * * f f  FHWR CULVERT RVRLySIS *f+**f*~***ff*t*fw**ii)ii** 

*+t***f****f**tt****li*tf f It HY-8? VERSIOPJ 4.0 ttftf*f%tftffff~fffftfffii~f 

~f**************H**** i * f *X*~f* t * * ***X*** f * f * * * f * t * * * ****** f * * * ****** i f * * * * ***  

b C  I SITE DRTA I CgLVERT StiRPE, HRTERIRL, It3LET I , 
) u '-------------------'-----------------------------------------------l 

t L : INLET OUTLET CULVERT I BRRRELS 
V : ELEV. EL*. LENGTH I SHRPE 

, I 
SPRN RISE MRtiNING INLET I 

: # I (FT) (FT) (FT) t MFITERIRL (FT) (FT) n TYPE I 1 

1 :--------------------;----------------------------------------t 

: 1 : 1020.33 1020.00 110.00 I 1 RCB I' 6. it0 4.00 , 012 CDtJVEt4TIONRL: 
: 2 :  I I 

I 

$ 7 ,  

Ht*Ht*f**f*****H******H*********M****HH**M**f*******HH**f*H**?**H**f 

FILE: CBRNR-5 CULVERT HERDWRTER ELEVRTIOtJ (FT) DATE: 07-13-1933 

I N W K E  1 2 3 4 C 6 RORDWRY 
0 1024.36 0. it0 0.00 0.00 0.00 0.00 1027.40 

16 1024.37 0.00 0. (a 0, HI 0.00 0.00 1027.66 I 321024.38 0.00 (1.00 0.00 0.00 0.00 1027.74 
46 1024.41 0.00 0. OC, 0.M 0.00 0.00 1027.80 
64 1024.45 0.00 0. it0 0. (a 0.00 0. OO 1027.85 I B(r 1024.51 o. oct 0. ((1 0. (a a. oo 0.00 1o27.83 
96 1024.57 0.00 O. itil 0.00 0,ilit 0.00 1027.33 

112 1024.65 0.(@ 0.00 0.00 0.00 0.00 1027.97 I 126 1024.74 0.00 0.00 0.00 0.00 o. 00 1026. 00 
144 1024.64 0.00 0. (0 0. CK) 0.00 0. (I0 1028.03 
160 1024.35 0.00 0.00 0.00 0.00 0.00 1028. (6 

I 384 1026.16 0. CIO 0.Hl 0.00 0.00 0. (a 0. 00 
The abave 11 and HW are fctv a uclint abl:tve the waciway. 

H1Hi~*f***~****HH**********~****G******f****~G***fH****~****f**H******* 



CURRENT DRTE: 07-23-1993 FILE DRTE: 05-13-1933 

I CURRENT TIME: 10: 19:fi FILE WE: CBELMR-5 
*f**WH*****ff***t*****f***************f******************f*f*****f************* 

PERFORMNXE CURVE FOR CllLVERT # 1 - 1 ( 8 BY 4 RCB 
**t*****f**f**t***********~****f*tf********************************************* 

I DIS- HERD- INLET OUTLET 
UIRRE WRTER CONTROL COl4TROL FLOW !iO%VRL CRiTICRL OUTLET TRILWRTER 
FLOW REV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH 

I ( c f s )  (ft) (f t) ( f t )  (F4) ( f t )  ( f t )  ( f p s )  ( f t) ( f o s )  ( f t )  
*********************************************************f*f**f*f*************** 

O 1024.36 1.00 4.i13 0-:;F 0.00 0.CN 0.00 0.00 0.tK1 4.36 
16 1024.37 0.74 4.04 4-FFt 0.49 0.50 0.50 4.00 0.00 4. $6 
32 1024.36 1.16 4.05 C F F t  0.78 0.79 1.00 4.00 0.00 4.36 I 46 1024.41 1.55 4.03 4-FFt 1.01 1.04 1.50 4.00 0.00 4.X 
64 1024.45 1.67 4.12 4-FFt 1.23 1.26 2.00 4.00 0.00 4.36 
80 1024.51 2.19 4.18 4-FFt 1 4  1.46 2.50 4.00 0.00 4.36 1 36 1024.57 2.49 4.24 4-FFt 1.61 1.65 LOO 4.00 0.00 4.36 

112 11124.65 2-78 4.32 4-FFt 1.78 1.63 3.50 4.00 0.00 4.36 
128 1024.74 3.05 4.41 4-FFt 1.36 2.00 4.00 4.00 0.00 4-26 1 144 1024.84 3.32 4.51 4-FFt 2.12 2.16 4.50 4.00 0.00 4.26 
160 1024.95 3.59 4 . a  4-FFt 2.29 2.32 5.00 4.03 0.00 4.36 

I 
*ff*f*****W***f****f**f*******f*****t**ft***fH******f**ft*f**f*f***t*********** 

El. i n l e t  face i r ivmrt  11120.33 ft E l .  o u t l e t  i r i v e r t  1020.00 f t  
El, i n l e t  t h r o a t  i n v e r t  0.00 ft El. i n l e t  c r e s t  0.00 ft 

HHHH*f**HMHH***************X*f*f**************H~**H**f*i************* 

I *H** SITE DRTR ***** CULVERT INVERT ****%********* 
INLET STRTION (FT) 0.00 
INLET ELEVRTION (FT) 1020.33 I WRET STRTIOV (FT) 1lO.W 
OUTLET ELEVRTIOM 1FT) 1020.00 
tJtllr;EER OF BRRRELS 1 
SLOPE (V-FT/H-FT) 0. 0030 I CULVERT LEtGTH RLONG SLOPE (FT) 1 10. (0 

w t f i w  CULVERT DRTR SUNHRRY ***~*w*f**********f*f*~f I BRRREL SHRPE EQX 
BRRREL SPRN 8.00 FT 
BRRREL RISE 4.i)O FT I BARREL HRTERIRL CONCRETE 
EfRRREL MRNtllIXG'S N 0.012 
INLET TYPE WtiVEliT I ONRL 
INLET EDGE RND WRLL 1:l EEML (45 KG. FLRRE) I INLET DEPRESSlOll W l i  



CURRENT DATE: 07-23-1333 F I L E  DRTE: 07-13-1333 I CURRENT T I E :  10:13:05 F I L E  !.IRK: CEELHR-5 

................................................................................ 
~~iffli**~fti~ii*wi*ff*t*** TAI  LWATER ****~*i**fi~**f*ff*i*fiftt 

I t f f t ~ f f i * f * f * t K t f f f * f t f f X f ~ * i * f f f W l i * f f * * t C * * * f * t f f i t f f f f * f f P * * * * * * * * * * * * f * * * * * * * +  

HHH********i*e**********f*******f********X*********W**********f************* 

I CONSTANT GjRTER SURFACE ELEVATION 
1024.36 

RWDWRY SURFRCE PAVED 
60.00 

wwww* USER DEFINED RCIADWAY PROFILE 
CROSS-SECT IDIJ X I COORD. M. 

\ i 
(FT) (FT) 

1 0.00 1030.00 

I 
2 33.00 1028.00 
3 430.00 1027.40 
4 510.00 1027.70 
IZ 530.00 1028.00 

I 6 680.00 1030.00 
HHH(HCH~HlfMt*HCHWi~tf~HH~fHfi*it***~**fHHfff**ftf~~*f*f***i***M* 



I PROGRRH INPUT DRTR: 
WSCRI?TlOW , tr.,, ! 15 

' ~ ~ L L I L  

.................... I .................... 
Flcu Rate (cubic feet per sec3rid)... 160.8 
Charicrel Bottclai Slope (feet per foik) 0. $045 
War~ning's 2ough71ess Cc~efficient (rr-value). .............. (I. (~25i: 
Chanrrel Side Slope - Left Side ihariiorrtal/v~rticai~.. .. 4. $0 .. I Char~r~l  Side Slope - Right Side (hurizur~tal/vertica!). 4.00 
Charnel Bclttoi11 Width (feet)........ c - 

d. 0 ..................... 
Chanrel Flow-Line Elevat icm at Start ir~g Stat ion (feet). . 1023.33 

..... I Water Surface Elevatiun at Starting Station (feet). 
......................... 

1025.30 
StartingChartr~elStatiunIfeet) 10.00 

DESCRI PTIOH V R i U i  

I ...................................................... 
tJui3mal Depth (feet). .................................... 2.50 
Critical Depth (feet 1.. ................................. 1.37 

Station Flawlir~e klS E ~ w .  Depth F lw Rrea Vel Velc~city EEL Slope 
( f t )  ( f t )  ( f t )  ( f t )  (sq f t )  (fps) Head(ft1 ( f t / f t )  

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

I TRRPEZOIDRL CHRNNEL RNRLYSIS COMPUTER PROGRRN, Version 1. ! (c) 13@6 
Dodsctri 8 Rs5soiates! Inc., 7015 W. i i d ~ e l l ,  #107, Houstorr, TX 77032 
(713) 835-8322. R rriar~ua! nith equations 8 flow chart i s  available. 



TRRPEZO IDX CHRNKL RNALYSIS 
STRWWRD STEP WRTER SJRFRCE PWFILi 

I PRDGRA?l INPUT DRTR: 
DESCRI PT IDR 

....................... 
I .................... 

Flow Rate (cubic feet per second) 
Chanr~rl Pottor11 Slope (feet per foot) 
Mar~ning's Roughness Coefficient (n-value).. ............. 
Chanr~el Side Slope - Left Side (horizanta!/ve~tical). ... 

.. I Chartre1 Side Slope - Right Side (horizar~tal/vertical). 
Channel Bottor11 Width (feet)  ............................. 
Charmel Flow-Line Elevatiorr at Starting Statior~ (feet). . ..... I Water Surface Elevation at  Starting Station ( f ~ e t ) .  
Starting Charmel Stat iori (feet). ........................ 
................................................................. ................................................................... 

I PRDGRRM RESULTS: 

DESCRIPTION 

I ............................................. 
tkrffial Depth (feet I , .  ................................... 
Critical Depth (feet).. ................................. 

VRLUE 

I Station Flc~wline WS Elev. Depth Flw Ri-ea Vel Velilcity EGL Slope 
( f t )  ( f t )  !ft) i f t )  (5q f t )  (fp5) Head(ft1 ( f t / f t )  

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

I 
................................................... 
TWPEZOIOR CHARNEL RNRLYSIS CONPUTER PROGRRM! V~csinr~ 1. i !c) 1355 
Dcidsc~i-I & Rssctciates, Inc., 7015 W. Tidwell, #!07, Huustor~, SX 77092 
(713) 895-8322. R rtlanual with eouatio'is & flow chart is available. 

I 



TRRFEZOIDRL CHRNWEL RNRLYSIS 
STRNDRRD STEP WRTER SURFRLE PROFILE 

I 
July 22, 1333 

I PRffiRRM INPUT DRTR: 
IjESCRIPTIOtJ VALUE 
............................................................. 

....................... I .................. F l c ~  Rate (cubic feet per secclrid) 136.0 
Ciar~nel Bottc~rti Slope (feet oer foot 1.. 0.0015 
Mawing's Roughness G~efficient (rr-value) ............... 0.0250 
Chanr~el Side Slape - Left Side (hclrizontal/ver.t ica!). ... 4.00 

- .. I Chaf~rsel Side Slope Right Side (horiz~r~tal/vert ical) .  4. (Kl 

Charmel Rottore Width (feet) c - 
J.0 ............................. 

Wartriel Flctwiir~e Elevat iorr at S t a ~ t i n g  Statior~ (feet). . 1030.73 
..... I Water Surface Elevat icln at Starting Station (feet). 

......................... 
1033.15 

Starting Chanrrel Station (feet) 1261.00 

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

PRDGRRM RESULTS: 
DESCRIPTION VRLUE 
................................................. 
k m a l  Depth (feet). .................................... 2.73 
Critical Depth (feet) ................................... 1.62 

I Station Flowlire WS Elev. k p t h  Flw Rrea Vel Velocity EEL S l i p  
( f t )  ( f t )  ( f t )  ( f t )  (5? f t )  (fas) Head(ft1 ( f t / f t )  

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

I 1261.0 1030.73 1033.15 2.42 35.53 3.63 O.Zi3 0.0ilE590 
1300.0 1030.73 1033.26 2.47 36.65 3.69 0.212 0.002348 
1400.0 1030.94 1033.50 2.55 33.14 3.47 0.187 0.001395 

I 150.0 1031.03 1033.71 2.62 40.51 3.36 0.175 0.001820 
1600.0 1031.24 1033.63 2. 65 41.40 3.26 0.168 0.001716 
1600.0 1031.54 1034.23 2.63 42.45 3.20 0.153 0.001604 

I 2000. 0 1031.64 1034.55 2.71 42.33 3.16 0.156 0.001553 
ZCKl.0 1032,14 1034.66 2.72 45.24 3. 15 0.154 0.001527 
2400.0 1032.44 1035.17 2.73 43.33 3.14 0.153 0.00i515 

&?f-+#- 2517.0 1032.61 10Z5.34 2.73 43.42 3.1: 0.152 i~. 001510 

I .............................................................. ................................................................... 
TRRPEZOIDRL C H R N E L  RNRLYSIS COMPUTER PROGRRM, V~rsicln 1.1 (c) 1366 

I Dc~dsort 8 Rsscciate5, Inc., 7015 W. Tidwell, #107? Houston, TX 770% 
(713) 635-8322, R rnanual with equatiorr5 8 flow chart i s  available. 



CURRENT DkJTE: 07-22-1333 F I L E  DRTE: (1)7-'="" LC.- 1933 
-3JRRENT TIME:: (36: lf-:33 F I L E  NQME: CF3-5 

+ Q ~ 9 9 i C i C + + + i ( . ~ ~ i C + 3 t + + ~ + + ~ ~ + ~ * + + + ~ ~ % ~ i C ~ ~ + . K + + ~ + + ~ ~ + ~ + + ~ - ~ + ~ i C + ~ ~ + ~ ~ + ~ + ~ ~ ~ + + + - # ~ + i C . # X - ~ + ~ k ~ i i . + + + + + . t C . f f . ~ ~  

w,%*s.+++$..%;d.+.b+.tb*+.#++-iE.*+.W.*.+Y: f=HbJQ CULVER"r RNflLYSI S Q.*+++~++.~+**.+*+++~+*.*.*..~-++Q.+:* 

* + i f . + i ~ ~ . * ~ + + + i ~ * ~ ~ - * . + . i i ~ * * + i ~ * + 3 ( : + *  HY-8,  VERSION 4. (1) i ~ + + . ~ ~ + ; c - ~ * . + + i t - + + * . * ~ f ~ f x - # - * + + * ~ x ~ * . i t  

~ ~ ~ ~ K ~ Y ~ W ~ ~ ~ ~ # ~ ~ ~ ~ . ~ C Y : ~ ~ + ~ Q ~ ~ # + + ~ ~ ~ ~ Q Q + ~ ~ + ~ ~ ~ % ~ ~ ~ W ~ Y : + + ~ ~ . # . # - ~ ~ C + ~ + ~ ~ + ~ X - ~ # ~ Q Q + . # ~ X - . ~ ~ ~ ~ ~ ~ + ~ ~ ~ K ~ ~ ~ . K - + . ~ ~ ~ ~ % Y ~ ~ ~ Q Q Q % ~ % ~ ~ ~ ~ Q Q % Y . ~ ~ ~ + ~ . U - ~ ~ ~ ~ . ~ ~ ~ + : . ~ ~ . $ ~ +  

' C :  I S I T E  DRTR I 
I CCILVERT SHQPE, MATERIaL, INLET 1 

-.-.----.-.---.-----.-------.---------..: -..-----.------ 1 

: L t INLET  OUTLET CULVERT I BRRRELS I I 

: ELEI.J. ELEV. LENGTI-.I : SMRPE s p Q 1.1 13 I s E MGNN I NG INLET a 
I 

1P : CFT) ( F T )  ( F T )  : MRTERIQL CFT) CFT) '(I TYPE 

: 1 :1(:);3~. 73 1(:)3~. €1 40.0(:) : 1 RCE 1 3.(:)0 1 COI'.IVENTIONQL~ 
I I 
I I 

I I 
I I 

I I 
I I 

F I L E :  C E 3 - 5  CULVERT HERDWRTER ELEVRTION ( F T )  DRTE: (1)7-35- ,, 1333 

I il I SCi i f  RGE 1 
- -. 
;=: 3 4 4 6 ROQDGJGiY C 

O 1035.34 C) m C) (1) (1 . (1) 0 0. (110 (1) (1) (1) . 1(1138.O& 
1 1 1035.3f. 0.00 (1) . (1) (1) . 0 (1) (1) . (1) (1) 0. 00 1r:)38. 50 
22 1035.37 0. 00 (1) . O (1) (1) . (:) (1) (1) . C) (1) 1 :  l r : )38 .64 .  -- .- 

I A,+ 1<:)33.4!1) <:). 00 (:I . (:) (1) (1) m (1) (1) C) <I) (1) 0. 1 i:)SB. 73 
44 1035. 43 0. (1) m (:I (1) (1) . (1) (1) O . (1) Ct (:,.(:)(:I 1038.51 
cr 1(1)35.  48 i:) . (1) 0 C), 00 <:) - (:HZ) (1) . (1) (1) : .  1(:?38.87 
GE. 1Z135.55 C) . (:I (1) C) . c:) (1) C) (I)(:) (1) . (1) (1) . 1038.33 

I 7 7  1!1)35.f.!:1 (1) (1) <I) i:) . (1) (1) (1) . C) <:) (1) (1) (1) ( ( 1 ) )  1(:)38.33 
85 1035. 68 C) . (1) (:I . (1) (1) (1) . (1~1) (1) " (1) (1) <:) . (30 1 (1) 39 . O 4. 
T I -  3 3  1!:)35.77 (1) (1) (1) (1) . (1) (1) . (1) (1) (1). 00 0.(:)!:) 1C)32.<1)8  

I 1 3 . 0  1C)35.54 (1) (1) (1) 0 . (1) (;I (1) . (1) (1 i:) (1) (1).0(:) XC)33.13 - - -  
,t 1033. 3E. 2 7 "  U. (-)U 0. (:lo (1). 00 0.00 C) , (1) (1) (1) . Or:) 

"The ab1::~ve L! a n d  HW at-e fo i -  a pt=~li'irt a b c t v e  t h e  t-oaclway. 



CUR RENT D(3l-E : Q7-'="- L-L- 1335 F I L E  DRTE: 07-55- LL 1'333 

I ClJRRENT TIME:: C)8:16:33 F I L E  NRME: CE3-5 
********+****+********************~ii.**+***+***********~E************~****+*****.*** 

PERFORMRNCE CClHVE FOR CULVERT :# 1 .- 1 ( 8 BY 3 > RCF 
+*.+*+**+*9+*.*****.+*.#+#.++iE**.kK9+if-*'k+*+)c+*+****+Q.Y:*++++++++++3.*+**+*+*****+****ii.+* 

DIP- ~- IE~D-- .  I N L E T  OUTLET I ct-~;;wE WRTER C n r u n a L  CnNTRuL FLuW NnRMRL c R I - r  I C R L  DuTLET -r ' f i I  LWaTER 
ELEV. DEPTH DEPTH TYPE DEPTH DEl~'1-H ')EL. DEPTH VEL. DEPTH 

I c f s )  ( f t )  ( f t  :) ! f t i  (F4, { f t >  i f t )  ( f u s )  l f t ; j  { f o s j  ( f t 2  
E 9 ; f ~ * ~ X + ~ t ~ * ~ Q ~ Q ~ ~ Q ~ * ~ ~ + ~ ~ + ~ ~ ~ ~ ~ ~ ~ ~ + . K + ~ 8 8 + + + ~ ~ * i C - + ~ ~ ~ ~ : & ~ i + + ~ ~ ~ ~ + * 9 ~ ~ ~ + ~ * ~ + i C * * ~ ~ * * + f C J t . + + ~ ~ # . ~ + ~ +  I 

(1) 1i1135.34 ! e.E,j. 9-NF C) . (1) (1) i:) . (1) i:) 1) . i ) . 1) < (1) . 0 2 . 7 3 

I 
11 1 0 3 5 . 3 ~  (:).58 2.63 3-.-r.13.t (:).33 (:).33 . 2.73 (:).o(:) 2.73 
.-Lo ..- 
LL< 1035.37 I:),,'32 ;Z.E.Lt 3-Mlt (:).€,I " 1.01 2.73 (:).(:)[:I 2 .73 
33 1035.itO 1.21 2.67 3-1tllt (3.73 (3.81 1.51 2.73 (:).(I)(:) -2.75 

.-. - 44 l(335.43 :[.4E. 7 3 - - M l t  (:).3& i:),3& 2 . 1  i . 1 3  (:).0i1) Z.73 

I TC , l(335.48 1.71 Z r n - =  / 3-Mlt 1.11 1 . 1 it 2 . c ,J '=* 1- 2. 7 3 r:) . (1) (:t -z. 7 3 
l(335.53 1.34 2.80 3-rillt 1-25  l.zrg 3.(-)z 2.73 (:).i;)~) 2.7- , A  

77 1(:)35.€(:) 2. 17 2. 87 3 - M l t ;  1.38 1.43 3. 53 2. 73 (1). or:) 2. 75 

I 8,Lj 1035.G8 2. 33 2.35 3 - p l l t  1 -52  3. .  5 G  4.03 2. 73 0. C ) O  2. 73  
33 l(335.77 2.&C) 3"C)4 5-Mlt 1.64 1.63 4.53 2.73 C).C)(:) 2.73 

110 1035.54 2.81 2.81 1-S271 1.77 1.81 7.73 1.77 O.O(:) Z.73 
~ * * * * * + * * % - * * * * * * * * ~ ~ * ~ ~ * * * * ~ . f t i t - ~ . f c . # ~ * * f C * * + . i c 9 + ~ ~ ~ ~ ~ * * * * * * * * + * * * * * * * * ~ * * * * * * + * ~ * * ~ ~ * * * ~ ~  

I E l .  i n l e t  face i r l v e r - t  1r332.73 f t  E l .  t = t t - \ t l ~ t .  irlyet-t 1032.61 ft 
E l .  i n l e t  tht-oat irtvel-t (1). (:I0 f t  E l .  i n l e t  c res t  (1) . (:)O f i; 

+Y~Q~+.~J~~:***-#-#-#WJ~#.~E+J~~~~*~~%J~~QQ~+:~.~~*~*)~:Y+~Y~(-QQ~~~K~+~C.~G~#.J~..~C~~~X~**~~*Y.~C~**~.)(.+~~)~-)~-K.#.~~.J~-+:~K+Y:~.)(.S~.**~#.~+*Q~ 

b .#+*+ S I T E  DQ'TR -%u:+%.+ CULVERT INVERT ******ii..#.*++**8Q. 
I N L E T  S T A T I O N  I F T )  (1) . !:) C) 

I I N L E T  E L E V n T I O N  (FT)  j.032.73 
OUTI-E'r STqT I UN I, F T  > 4C)- C)[) 
OUTLET ELEVf31-I ON ( F T )  1Ct32. E.1 
NUMBER OF BARRELS 1 
SLOPE IV-FT/H-FT (1) - (1) (1) 3 (1) I CULVERT LENGTH RLDNG SLDPE ( F T j  it (1) . (1) (1) 

I s**** CULVERT D n T n  ~ U M M ~ R V  
BRHREL St-IRPE 
FRRREL SPnN 
ERRREL R I S E  
BQRREL MRTERIRL I BRRREL RRNNING7 S N 
I N L E T  TYPE 

I I N L E T  EDGE RND WRLL 
I N L E T  DEPRESS1 ON 

************4+*++***++:*** 

EOX 
8. (:)a F i  
3. 00 F T  

COPJCRETE 
(:). 0 1 2 
CONVENT IONRL 
1 : 1 EELIEL I45 DEE. FLRRE) 
NONE 



I 7 
.J 

CURRENT DQTE: 0 7 - Z Z - 1 3 3 3  F I L E  DRTE : (:)7-22-j.393 
.URREhIT TIME: 08: 115: 33 E FXL-E NRME: CE3-5 

************.*.*****.************~*****************.***if****.iC**************~.#.*****%~**.*Y: 

+-%**.+.#.*ttt~:+*-~,+Y:~#:16Y+.ftX-)4.~K*.#.*.Q.* T'R I LbKiT‘E t-4 ~~+:.K+-)~-~+.JIJI.)";.)";~*..*T:#~++.E.*.KY:+.E.E..E.Y: 

~ 9 ~ t C * ~ ~ k ~ K ~ % i f ~ ~ ~ K ~ ~ ~ ~ * . # ~ ~ ~ ~ % ~ 8 ~ ~ ~ ~ ~ + ~ Y % ~ ~ % * ~ + ~ X - ~ ~ ~ ~ ~ ~ ~ ~ + f ~ ~ E ~ i t ~ K ~ ~ * ~ X - ~ . f c ~ ~ C # - t t 9 . f i . f i * ) C * 9 X - * ~ . i f * * * * * * * * ~ * 9 ~ K * * * ~ W  

~~~W*Q..)4-~~.E~#~~#.~~~~+~:.ri-.ri-E~~.#~.ri-Q~-#-#X-++~c)i:+:f~Y.--C:~Si~~F:Y.-ii~X-~+-th-th-thE~.fc~~E~~*~#~+~~~K~#~9Y+:&~~Eib+~~~%#.~ib-~#~.ti~9***ff~*~K~E.~+~%~E~%~Y: 

CONSTQNT WRTER SURFTGCE ELEVRTION 
1035. 34 

I RORDWnY SURFRCE PR'V'ED 
ElulEFlPdiiMENT TDP WIDTH C F T  > 2 5 - (1) (1) 

***.** USER DEFINED RORDWRY PROFILE 

I CRUSS-SECTXDN .., 
h Y 

COORD. NO. ( FT  > (FT )  
1 <I) . (11 c) 1 0 3 9 . 6 I 5  
.- 

I 
2 4 (1) . (1) 0 1(:)38. O 6  
-., 
3 48. (I)!:) 1039. E.6 
4 1 4 9 . (1) (1) 104(3 .  00 

Y:~.~~-~~~~~.~~~~Y:Y:.~~+~~:+.)~:QQ.#.~+-Y:-Y:#~Y:~W~.~+~+:*+.#..~~*~W.#-+~~K-Y~[-~[-K~~.#~~~)~:~~~R~#.~.I~:~~K~.;(:~J~:Y~)~:~~$I.~#~K+~R~Y~C~~-X~Y~~K~KS~:~~KY:)(.~K. 



TRRPEZDIDRL CHRtJNEL RNRLYSIS 
STRtiDRRD STEP WATER SURFFICE PRDFILE 

I 
July 21, 1333 

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

I PFKiGRM It4PUT DRTR: 
IESCRIPTIDN VRLUE 

....................... 
, I F!clw Rate (cubic feet rjer second) 

.................... Charirtel Bottorn Slope ifeet per foot) 
Marir~irrg' s Roughness Coefficier~t (rr-value) ............... 
Charinel Side Slope - Left Side (hc~rizor~talfvert ical). ... 

I Charrrel Side Slcloe - Right Side (horizor~talfvertical). .. 
Channel Eottcqi~ Width (feet). ............................ 
Chmr~el Flm-Line Elevation at Starting Statiorr (feet). . ..... I Water Surface Elevation at Starting Station (feet). 
Starting Charrrel Station (feet) ......................... 
........................................................... .................................................................. 

PRDGRRM RESULTS: 
DESCRIPTION VRLUE 
------- -- ------------ ------- 
rkw11al Depth (feet). .................................... 2.43 
Critical Depth (feet 1.. ................................. 1.64 

I Station Flowlir~e WS Elev. Depth F l c ~  area Vel Velacity EGL Slooe 
( f t )  ( f t )  ( f t )  ( f t )  isq f t )  (fps) Head(ft1 ( f t f f t )  

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

I TRRPEZDIDRL CHRNNEi RiJRLYSIS COMPUTER PRDGMM, Version 1.1 (c) 1986 
Dodson & Associates, Ir~c., 7015 W. Tidwell, #107? Houstor~, TX 77032 
(713) 695832. R ma-i~ual wit.h equations & flcw chart. i s  available. 



CURRENT T I M E :  08:18:25 
F I L E  DRTE: (1)7-.2?-1333 
F I L E  NRME: CE4-5 

I E ~ ~ ~ ~ ~ ~ i C ; C ~ ~ ~ i C . # . + ~ ~ ~ . # . ; f . * * ~ * # i C . ) c . # ~ ~ * ~ # . . f c . f c ~ . # ~ ~ . # ~ . t t ~ * 8 ? i . % ~ i C f t % ~ % - . # . * . t f . * ~ % * * * ~ ) C * ~ X - * * 8 % ~ 9 * * * ~ % + ; f . * ~ + t C J c 8 . # . +  

*+#..K-*+*.E+i(..gib+*.fj..fj.*~E**.#..#~*#.;C%.tt FHHR CULVERT ~ N F I L Y S I  S )i~JcY.E*.@+.)(~Y:Y:+.fj.~8+tCY+tY.-.E.~++~~~++ 

999+***+3+**9***9 .# .+** i c* i f .+ . i i . i~  MY-8, VERS I ClN 4. C) ****++***%**+*+**.+*+++*.%*+ 

I ~ . ~ ~ - . ~ . ~ . ~ . . ~ . ~ . ; ~ . ~ . ~ 7 ~ ~ ~ q 7 * ~ . ~ ~ . . ~ . p ~ . . ; f . . ~ - ~ . q ~ ~ . : ~ . ) r : . q ~ . ~ . ~ ~ . g ~ ~ ~ . . ~ ~ . ~ . ~ y ~ + t ~ ~ ~ ~ . + ~ ; l i . . ) i . . ~ ~ ~ . . ) r : . ~ . . ~ ~ ~ . ~ - + . f j . . ~ . ~ ~ . ~ ~ + . ~ f + ~ . . ~ n . y ~ ~ + ~ . ~ . $ ~ ~ . ~ . ~ . g . ~ ~ . ~ ~ i ( - ~ ~ ~ .  

: C :  S I T E  DRTR I I 
1 CULVERT SHRPE, MR'TERIGL, I N L E T  t 

: u : .----------..----------------------.; ---------.--------.-..--..-------------.---- 1 

I : L I I N L E T  OUTLET CULVERT : BRRRELS 1 1 

I 14 : ELEV. ELE'J. LEI'.JGT~-I I SHRQE SPAN RISE PIRNNING INLET 1 1 

I # : (FT !  IF1-3 I F T )  : MRTERIRL (FT !  (FYT) '(I TYPE 1 1 

: 1 --.---------.--.--.---.--.---------.-------.----------.-.-------- 1 

I 1 1(:)33. 11 lC)33. (1)s I: 4Ct. i1)O 1 RCB &3.0(1) 3.(1)(:) . CDNifEf.iTIUN[qL: 
I 'I I 
I C I  

I I 
I I 

- 

Q ~ ~ ~ + * + i b ~ E Y . # - . # . ~ ~ ~ ~ ~ + . # - Y f i X - ~ + * ~ $ : ~ ~ ~ + ~ ~ ) G * 8 f i + ~ + . i i . + + ~ & - X . f j . ~ . # - ; C ~ ~ + ~ + ~ ~ ~ i b ~ ; C Y + * 8 i C ~ : + ~ i C ~ ~ ~ ~ ~ ~ i C ~ ~ i C . E . . i c ~ ~ . W . ~ - # . Y : . f G ~  

CULVERT HERDWRTER ELEVRTIUN ( F T )  DaTE : 07-82-1333 

1 ~ ~ ~ ~ ~ n ~ ~ ~ - 5  1 .- d s - 4 r= -1 6 RDFSDbJR'f 
(1) 1035.73 (1) , (1) (1) (1) . (1) (1) (1) . (1) (1) (1) . 0 (1) O.Q(1) 1038.86 

I 11 1035.74 (1). 00 (1) . 0 (1) (1) . (1) (1) C) 0 (1) (1).!:)(S 1033.30 
.=a .=. 
LL 1035.76 0 . (1) (1) i:) . (1) (1) (:I . (1) (1) . (1) (1) (:).O(:) l(333.44 
33 1035.73 C) . (1) (1) C) . (1) (1) 0. 0C) C) . C) C) 1 1033.53 

I 44  1(1)35. 8.2 (1) m (1) (1) (1) . (1) (1) 0 . (1) (1) (1) . 0 (1) 1 :  11:,33.G(:) 
5 1035. (34 0. 00 (1) . (1) (1) (1) . (1) (1) (I?. C) (1) 1 1!:)33,&7 
66 1(:)35. 33 0 . 0 (:I (1) . (1) (1) (1) . (1) i:) (1) n (1) (1) (11.00 1(:)33.73 
77 1(1)36.(1)(:1 (1) . (1) 0 0. (:I0 C) a (1) C) (1). C> (1) iI).(:)(:? 1033.78 

I 88 1036.(1)7 C) (1) (1) 0 , (1) (1) C) . (1) (1) . (1) (1) 0.OCi 11113'3.83 
33 Ic:,ZE.. 17 C) (1) C) (1) (1) 0 . (1) (1) (1) C) (11 1 1033.87 

11(:) 1(:)36.215 (1) . (1) (1) (1) . (1) (1) (1) . C) (1) (1) . (:)t:) (1) . (1) (1) 1 0 33 . 3 1 

I 286 1!:)4(:). 08 (1) . (1) (1) (1) u (1) (1) (1) , (1) (1) (1) e C) (1) (1) . C) (1) 0 . (1)(1) 
The above Q and HW are fui- a p o i n t  ahclve the  rctadway. 

~ ~ * ~ # . ~ K - ~ * ~ ~ ~ . . ~ : : ~ ~ ~ Y : + + ~ * Q Q ~ * + + C ~ Y : ~ C ~ W ~ ~ ~ ~ * ~ E ~ ~ + * ~ C . ~ ~ . ) I . Y . ~ Q Q ~ ~ . Q Q + Y : * ~ ~ ~ * + ~ E ~ ~ ~ ~ ~ Y : ~ . ~ ~ ~ * . ~ ~ ~ ~ ~ ~ ~ ~ ~ X ~ X - + ~ Y : Q ~ . ~ ~ Q ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ + : Y : ~ K - $ : :  



CURRENT DRTE : 07-22- 1333 F I L E  DRTE: <:)7-22-1'3'33 

I CURRENT TIME: 08:18:25 F I L E  NAME: CB4-5 
9*9+*.*+**.*.*9***89***9**+*+Y*++*.fi.-)c++.W.ic.fc31.*******+++**+****+*******+**+*+~*+X-*+*++.E 

PERFORPIRP4CE CURVE FOR CULVERT % 1 - 1 ( E BY 3 RCF 
*~9*f~*~+**~+***+**~***** .***~***++*+******; t -*+*****~f-****** . ic*++*******+******~*~****~*****  

DI"~-. t-IEQD- INLET OUTLET I CI-IRRGE WRTER CONTROL CONTROL FLOW NORMRL CRITICGL UUTLET TFIILWRTER 
ELEV. DEPTtt DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEI-. DEPTH 

I ( f t >  ! f t !  I f t )  {F4> ! f t )  ( f t )  ! fas )  ( f t j  ! fnsj  ! f t )  
8 9 ~ - % - % X - + * ~ ~ ~ ~ * + 9 4 ~ + 9 + ~ 3 c # - i c ~ + . # * + * ~ - t t + ~ ~ 9 9 ~ 8 + - f i . + + ~ ~ * * * * ~ * ~ + ~ * * + ~ * * * * + * * ~ * * + * + ~ + ~ * * + * ~ + ~ %  

Ci 1035.73 <:).<:)(I) 2 . 2  <:)-NF 0 . [I)(] 1) < )  1) (1) . i:) (1) 1) . 1) 1) . 1) ( )  2 . 6 

I 
11 1035.74 0.56 2.64 3 - M l t  0.48 0.33 1 2.66 . 2.68 
.=, ..-. 
Li= 1C)35.-76 0.32 2.€,5 3 - M l t  III.76 (:).&E' 1.(1)3 2.6fi (:).OC) 2.E8 
33 1035.73 1 . 1  2.68 3 - M l t  0.33 0.81 1. 54 2. 66 0 .  00 2. 68 
44 1035.02 1.46 1 3 - t 7 1 l t  1 . 2 :  ( :) .g~ 2.c:)~ 2 . ~ ~ 8  ~t.0~:) 2 . ~ ~ 5  

I CC l(335.87 1.71 2.76 3 - M l t  1.33 1.14 2.57 2.66 (:).00 2.68 
€6 1[:)35.33 1. '34 2-82  3 - M l t ;  1.58 1 . 2  3.(:)8 2 . ~ ~ 8  t:).~!:) 2 . ~ ~ 1 3  
77 1036. 00 2. 17 2. 83 3 - M l t  1. 75 1. 43 3.53 2.68 [:).(:ti:) 2.68 

I 88 1036.07 2.33 2.36 3 - M l t  ' 3  1.56 4.10 2.66 ( 3 . 0 0  2.68 
33 l(336.17 2.60 3.06 3 - M l t  2.03 1.63 4.62 2.68 (:).00 2.66 

11, 1i:)3En.26 2 -81  3. 15 3 - M l t  2 . 4  1.81 5. 13 2.68 0.00 2.&a 
8***,**99+**98*****9+*+****.1c****f(.#.****.ii+-#.*******+*********~******++****~****+*+*+ 

I E l .  i n l e t  f a c e  invet-t 1033.11 f t  E l .  c ~ u t l e t  ir~vet-.t 1033.05 f.t 
E l .  i n l e t  tht-tr~at i n v e r t  0.00 f t  E l .  it-[let ct-est (1) . [:)(:I f l; 

4.9*9*8***~.***~*++*~**)(..ii.is.*ic*.K**++**+++.XrY*************+*****~E*++***++*.****+*+***+* 

I i+**++* S I T E  DQTR ++*++ CULVERT INVERT **+******+**** 
INLET STkTION IFT)  [:I . 

I INLET ELEVRTION (FT)  1033. 1. 1 
OUTLET STRT I ON I FT > 40. t:ic:, 

OUTL-ET ELEVGT I ON (FT 1033. 05 
b.lUMEER OF BRRRELS 1 
SLOPE IV--FT/H-FT) i:) . (I)[:) 1 5 
CUL(JERT LENGTH RLONG GLUPE ! F'T 4 (1) . (:)<:I 

I **+** CULVEHl DRT R SUMMRRY 
ERRREL SHRPE 
ERRREL SPRN 
E{RRREL RISE 
BRRREL MRTERIAL 
BRRREL MGNNING9 S N 
INLET TYPE 

I INLET EDGE RND WGILL 
INLET DEPRESSION 

**+*.9**+*.8***+++*+9****it 

ED>: 
8. o!:) FT 
3. Q!:) F-1- 

C#NCRETE 
C) . t:) 1 2 
CONVENT 1 UNf7L. 
1 1 J (45 KEG. FL ... CSRE) 
I'IONE 



I 7 
L. 

CURRENT DRTE: Q7-22-1333 F ILE UQT-E : (37-33- LL 1393 

r URRENT TIME:  O6:16:25 F I L E  NGjME: CE4-5 

~#.fl.~.#.~*#~fC.ft+~~+~~*Q~~~~~~.tc~+~~9.#Q~.)5~~~.#~~*+.4i.~1C$~~E~$~+~++X-~E%~+.)i:+~~X-fCX-*X-f~+*~3C*-#X-**~.ft*~+K-~iCQ~3:+i+iK~~5;~~~E~ 

****.*.***..#.*.***+?*$i.**.it.*.*****Q. TRT;-WfiT'ER .~$.+.&.#.+*~.*.)5.#*..EI-.~1%3<~$:-{(-#..~..lf..;6~.x..E.;6+ 

E ~~~~)C.ft++~~.#.f~%~.ft~~iC.ft~)CX-.ft~t.K.#jC.If-.1f-f'1.~1C~K~1C%~~9~~~.#~K~~)C.#.%~it~+f~~E+~E~S4~~~X-+~Q~~~~~~~r"~iI~~E~~+~~E-fb.#.%~~~~~X-~E~~9~X~~~ii +?+..tt.Q..lc:,-'&.-ir:. 
~ ~ . ~ . ~ . ~ . ~ . ) i 7 ~ + ~ - ~ Q . ~ ~ ~ + . ~ ~ ~ ~ - ~ . ~ f . + ~ . ~ - - # ~ . $ . + + . Q ~ . ~ . ~ + ~ ~ . ~ . + ~ ~ + . ~ ~ - . ~ . ~ . Q . ~ ~ Q . Q ~ ~ ~ ~ . ~ ~ ~ . f f - f b ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ f ~ ~ ~ ~ : ~ ; i . ~ ~ ~ ~ ~ ~ ~ f f f ~ ~ ~ ~ ~ f i : f i : ~ ~ + ~ ~ ~ f ~ ~ ~ . ~ ~ Q .  

I RORDWRY SURFACE PRVED 
EMERNKMENT TOP W I D I l i  (FT 2 5 . (1) (1) 

#.++*#. USER DEFINED RORDWRY PROFILE 

I CROSS-SECT ION X 'f 
COORD. NO. ( F T ?  i F T )  

1 (1) . C) C) 1033.413 
.- 

I 
c: 4 [:I . (1) 1 (:)38. 86 
7 
.J 48. 0!:) 1033u4E 
4. 3. 4 8. (1) (1) 1 (1) f+ (:I . 5 (1) 



TRRPEZDIDR CHRNI4EL RNRLYSIS 
STRNlrlSRlr STEP GIRTER SURFKE PRUFILE 

July 21, 1333 

PROGRW INPUT DRTR: 
ESCRI PTiDM VRLUE 

ilitw Rate (cubic feet Dei' secorrd) ....................... 
Charirlel Bottw~l Slope ( f e ~ t  per foot) .................... 
blarir~ir~g's Roughness Coefficient (TI-value). .............. 
Channel Side Slope - Left Side (horiiuntallv~rtical) .  ... .. Charlrtel Side Slope - Right Side (hc?riictr~tal/vertical). 
Chanr~el Bottcf11 Width (feet) ............................. 
Channel Flow-Line Elwatictr~ at  Starting Staticiir (feet).. 
Water Surface E1evatiui.1 at Starting Station (feet). ..... 
Starting Chanr~el Staticm (feet). ........................ 

PRffiRRM RESULTS: 
DEER1 PTION VRLUE 
......................................... 
tkiwal Depth (feet) ..................................... 2.43 
Critical Deoth (feet). .................................. 1.64 

Staticirc Flowline US Elev. Depth F l c ~  Rvea Vel Velc~city EGL Slooe 
( f t )  ( f t )  ( f t )  ( f t )  (SQ f t )  (fps) Head(ft1 ( f t i f t )  

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

.................................................................... .................................................................... 
TRRPEZDIDRL CHRNNEL RNRLYSIS COMPUTEFl PROGRRM, Versictn 1.1 (c) 1386 
Dctdson & Rssociates, Inc., 7015 W. Tidwell, #107, Houston, TX 77032 
(713) 635-83?2. R inanual with eauatior15 8 flow chart is available. 



I CURRENT DATE: 07-22-1333 
CURRENT T I  ME : 08 : 2(1) : OG 

F I L E  DRTE: 07-15--1333 
F I i E  NqME : CUR I R--5 

I X-*~~**Y~*+* .K iC** *+*~E~. fc* * * )C~i4 .sE. . i i : *%~iC** *+* iC*+ iC9i t - . ) f - . ) f -~ .#*~~**~+~**~+~%~** i I~* *~*~+ i i~*~++i i~%~Y. - * * . l i .%+~X- .#9: *~~* iC~K-  

* * * .W* .W~.E~* .E* *~E~~~CX~+~ .# . *QQ+~E. .# . *~C .X  FI-JWC) CULVERT F)I;.!RLYSIS f . . ~  .j+ .E. .++9+ +:.&.E. .Y *.$+ ir:.*.;~:x-+.. ;;.+ +.% ;.:. .E. ;(-.*. 

++:+:*.~i~ii*-tt-ir:. .%**.~t~t***.~+5~*+.+~ii:. .p1-.~1-* ~...I\J 1 -- 9, LIERSION 4 . G  % ~ f .  ';,. g. .#. +. .w .g. .K. +': .x. .%. .y7 .x. + +; x. q: 3 )  .#. . j j .  *. +; Y :&. 

I ~ . ~ ~ + + + ~ . # . ~ . ~ ~ ~ ~ . ~ X ~ - ~ + ~ . . ~ ~ + ~ ~ ~ . q ~ K f . . ~ . ~ ~ . ~ . ~ - . ~ X . i ~ . ~ ~ + . ~ + . t f - . ~ - ~ ~ ~ ~ + . + . ~ ~ . ~ . + . ~ . . ~ ~ Q . Q i ( - ~ ~ Q . + ~ . ~ ~ ~ ~ - ) r ~ . ~ . . f : ~ ~ ~ ~ . ~ . ~ ~ . i ( - R ~ ~ + . ~ ~ . ~ 7 ~ - ~ . . ~ ~ . ~ ~ . ~ 7 . ~ . . ~ ~ ~ . ; ~ . # . . ~ f .  .E..E..v. 

: c :  I S I T E  DRTR I 
I CUilJERT SHRPE, MRTERIAi-, I1:lLET 8 

: u : : " ..-.---- - 6 

I : L : I N L E T  OUTLET CULVERT : FnRRELS I , 
: : J :  ELE1J. ELEV. LENGTH : SHnFE SPQN R I S E  MQNNING I N L E T  I f 

: # : ( F T )  ( Fr1- 1 !FT)  : MAYERIRL I F T I  ( 1: -r 1 1-1 ~ \ i / p ~  I I 

1 -----_.--------.------------.-. 1 - 1 

: 1 :1(:)34.3/+ 1034.2(:) II 60.00 : 1 RCB !3.(1)(:) 3.Or:) . (1) 1 2 CCIN~.+JENT I ONF~L : 
1 2  : I I 

I 

t C : I I 
1 I 

F ~ + * ~ ~ . ~ + ~ ~ * ~ ~ ~ . # ) ~ ~ * . ~ C * ~ * ~ ~ ~ + * ~ ~ * + * ~ * ~ * ~ . ~ C + ) C ~ ~ C ~ . ~ C + . ~ C - ~ . ~ ~ . ~ C ~ ~ ~ ~ + * ~ * ~ ~ ~ C + ~ - E ~ . % * . ~ ~ - ~ . ~ ~ % * * ~ * * ~ C ~ C * + X - % ~ ~ E X . . I ~ . ~ : . E .  

*~******.~.K-*x-+*******~*Y***X-*************+*+~*+.f?.**+:***~***+:+:*~;C*~W***~***~-#*~~fff%~E*-tc.+.**fY:;f-*~~1~ I FILE:  CHGIR-5 CULVERT HERDWRTER ELEVATION ( F T )  DRTE: 07-19-1333 

D I SCHRREE 1 .-., --. 
c 3 4 a € 8  RanDLJfi'U' c' 

0 l ( 1 1 3 6 . 8 1  (1) (1) (1) (1) . (1) (1) (:I . (3 (1) (1) . (1) (1) 1 . 1 : I. r:) 4. 1 . : i t  

I 11 - - -  1(1)3C. 83 (1). 00 0. a(:) (1) . (IN:) (1) . (1) (1) (-).(-I(-) 1(:)41.58 
.=. .2 
L-L 1[1)3€. 84. (1) . (1) (3 (1) . (1~1) ct. a(:, (1) . (1) (1) (:).(:)(:) 1(1>L+l.-j's: 
-. -. 
s . 3  1~336. 87 (1) (I)(:) . (:)(I) (1) - (:)(:) (1). 00 0.00 l(:)i$1.@3 

I 44 1i1)3&. 31 !:I . 0 (1) (1) (1) (1) (1) (:)(:I (:I . (1) (1) 1 :  1 r : )4 .1 .83  
TC ad 1C)3&. '37 <I. 00 C) . (1) (1) C) n (1~1) (1) (1~1) (:).i:)C) 1(1)i+1.9Et - - -  6 1037. (33 (1) - (I) (1) (1) . (1) (1) (-). [-)(-) (1) " (1) (1) (1). (:) r:) 3 (1) 4. 2 , C) Z: 
77 1037. 11 (11 q t:) C) (1) . (1) (1) 0.00 (:) . t:) (1) (:),00 1(114.:2,,(I)Q 

I 88 l ( 3 3 7 . 1 3  t:) (1) (1) (1) . (1) (1) . (1) (1) (1) • (1) (1) (1) 1) j, (1) 4.2 . 1. 3 
3'3 1037. 30 C), 09 (1) . (1) (1) <:)(I) (1) . (1) (1) (1) . (1) (1) i ( : ) L t 2 .  18 

110 1(1)37.4!1) (1) (1) (1) (:I (1) (1) (1) i1)C) (1) . (1) (1) (1) (3 (1) 1 (1) 4. ;< " 2 ,..: ":: 

I 313 3 C ) 4 2 - 4 1  (1) (:)(I) (1) . (1) 0 (11. (1)C) (1) e C) (1) (1) . (:I(:) (1) (:)i:) 

T h e  a b r ~ v e  L! and HW apt? fc l i -  a ~ i :~ i r~t  a b c ~ v e  t h e  \-uadvray. 
~ ~ t t + ~ ~ ~ X - 8 9 + Q ~ . f c . f c Y : . ) [ - f C ~ ~ + . ~ . # ) ( . ~ ~ ~ ~ ~ ~ ~ ~ 8 4 + ~ ~ ~ ~ ~ ~ ~ ~ + ~ + : + i . t b ~ K ~ 8 + ) c . . i i + i i - ~ ~ + ~ + . t i ~ + J c + 9 ~ ~ ~ ~ ~ k : ~ ~ ~ + ~ + i C f ; ' r . # . f t f t ~ + ~ 9 + i i : - . # ~ + ~ ~ %  



I 
CURRENT DRTE : !:)7-.=0'=z- LL l j j ~ i  "' 

.- 
I5 

F I L E  DRTE: C)7-16-1333 
'URRENT T I  ME : (38 : 20 : !:)G 6 F I L E  NRME: CERIR-5 
~ # - K ~ Q . ~ ~ ~ ~ ~ . # . + : * ~ * * * ~ ~ * ~ * ~ ~ ~ Q Q ~ + ~ & * ~ ~ ~ . ~ C ~ K * + J ~ . ~ ~ ~ . ~ - ~ C . E ~ ~ W ~ + ~ : ~ . I ~ ~ ~ . W ~ ~ % ~ + ~ ~ ~ K ~ C ~ % ~ + * ~ ~ X - * . # . Y ' C ~ + ~ ~ F ~ + ~ + % ~ % ~ ~ ~ + ~ ~ ~ ~  

PERFORMRNCE CURVE F'OR CULVERT # 1 - 1 ( 6 EY 3 ) RCB 
****)C~****%-***~****.fc*~**x.~it.%~**~*if+:~K.*~X-*%ififR~~ft*~E~*~****.*+**ie**~#.**~*..E~*~*iC**;cx**+*%~c,a.~*.E-%~****~*~%~*. 

D I S -  HERD- INLET OUTLET I CHARGE WnTER CONTROL CONTROL FzLUW WORMRL CRITICAL. OUTLET TGILWFI-TEil 
FLOW ELE{J. DEPPI-I UEPTIi T Y  FIE BEFTI-I DEP'T'I.1 :?EL. DEPTI-I VEL. DEPTI-I 
( c f s )  i f t )  f . P t  1 ( f t j  (F4)  i f t )  ( f t j  ( f a s j  ~.f . t ; )  (fr,s:) (f.1;j 

. ~;i~+~:..ibI~W99~.#.~~)C~k+X.+ifif*#.$~.#~.#.~~-#~~~if-%~~%~~Y~~~X-~~~%~%~i.EcJf~f~.#~~~&%~iC~k+iC-~~&++Ik9~ft9%~~1C~~3~~~K~%-~<~*~~-ii~*~%~*+4i..iG E. 
3 l(_)36.$l 0.0(:) 2.Ll.7 u-j'4[. Cb.00 (:).!:)i:) . !  !:).!:)O i 2.61 

I 
11 1!336.$3 is.59 2.ft9 3-Mlt (11.42 (11.33 !:)."j3 2 . 1  i .  2.61 
10 LL .=. 1(:)3G.84 (1).32 2 - 3 3  3-pllt (:).EE. O.E.2 11.!:)5 2.61 (:).O<:) 2"En1 

33 1036.87 1.21 2 -52  -3-Pllt (:).BE, C).!31 1 -59  (:t.C!(:) ;?.GI 
4.4 1(:)3E..31. 1.46 2.57 2-Ml.1; 1 (3.38 2,,11 2.GI !:).!:)(I) ;?.E.l 

I 55 1(1)36. 3 7  1. 71 2. 3 3 - M l t  l m  21 1. 14 2 &3 2. €1 i:) . C) (1) 2 . 1 
€6 1037.05 1.34 2.E.3 3-Ml.1; 1.36 1,,2'3 3. 1 g, 2 . E, j, (1)" C)<:) 2. E, 1 
77 7 2.17 2.77 3-M1.t 1.51 1 ~ 4 . 3  3.63 2.Ll <)s!]!l) ;?-&I 
39 1(:)37,13 2.33 2.85 z-MI.~; 1 . ~ ~ 5  1.56 4.21 2 .  o.oo e . ~ , i  - -  
j 1!1)37.3(1) 2.&(:) 2.3€ 3 - M l t  I -- 1.73 1.63 4.74 2.63. i..).(-)!-) ;?"GI 

11!:) 1037.40 2- 81 3 .  !I)& 3-lqj. t 1 . 2 1 . 81 5. 27 2. &I [I. I:)!:) 2. 6 1 
* * * * * * * *+** * * * * * * * * * * * * * * * * . * * * * * * * * *+** *~** * * * * * * * *+~W~E~+*** * * * * . )C** * *%~~f*~*+** * * *%~*~f t *  

I E l .  i n l e t  f ace  ir~ver-3 1(:)34..34 ft. E l ,  ctutlet irlvep.1; 1!:)34.20 f t  
E l .  i r t le t  t hs-ctat ii-~vei-t !I.(:)[:) f t  E l .  i n l . ~ t  cr-.est 0 . <:)0 'F .\; 

~ % + % : ~ ~ * . # . i c . ~ 3 4 ~ X ~ ~ * ~ J c ~ c f ~ * % . f i + ~ ~ r t + ~ ~ ~ ~ s i . ~ + 9 + ~ Y : i i - % ~ 9 i C ~ . K - ~ . # - . p i ~ . # . X - ~ ) i , ~ ~ + ~ ~ i i . J i - i h . i b ~ . t i f ~ Q ~ + . # * Q ~ ~ i : : i i . % ~ + ~ ~ - i C . E - * * * . K - * * * ~ *  

I W*-I++G* S I T E  DRTR **.*** CULVERT INVERT *.****+**.#+*%*% 

I N L E T  STRTION iFT1 (1) s (1) (1) 
I N L E T  ELEVAP I ON f F T  1 1(:)34. 34 
OUTLET STRT ION ( F T )  60. !:)a I OUTLET ELEVATION i F T )  1!:)31+. 2(:) 
NUMBER OF ERHREL-S 1 

I SLOPE (V-FP/H-FTj (1) . (1) <:I .z 2 
CULVERT LENGTH RLUNG SLOPE IFT1 &!I) . i:) (1) 

..*%.*% T,IJLVERT DRYCj SIJI'1rrlRR'f + i ~ ~ ~ % : ! - w . E ~ i C . P i ~ i C Q ~ % + ~ j i : 8 ~ ~ ~ ~ * . f c ~ ~ ~  r EnRHEL SHAPE BOX 
E(F4RREL SPAN 8. Cli:) FT' 
EQRREL RISE 3 .  1.:)!:) FT 

I BARREL MRVER1:AL CCJj'\\CRE-rtz 
E3fiRREL MQP~ll'3ING~S N <I)w<:)12 
I N L E T  1-Y PE CONVENT I ONAL. 

I I NLEY EDGE Crlt..ID 14i31-I- 1 : 1 EEVEL ( 45 1:)EG. FLliWE :) 
I N L E T  DEI3RE:;S :C ON PSI 0 r.1 E 



I 
CURRENT Df-2TE : 07-22-- 1333 F I L E  DRTE: 07-18-1333 
.UR RENT T I  ME : r:)5 : 20 : (1% f+ F I L E  NGME: C E 9 I R - - 5  

Q + # . ~ ~ ~ + + + + # ~ ~ ~ ~ ~ ~ E ~ ~ ~ ~ . ~ ~ . ~ ~ E . # ~ & . ~ ~ Y + J C + ~ * + ~ % - ~ ( . - + - ~ . : - ~ . : + : ~ E ~ ~ K - ~ ~ + ~ ~ ~ ~ H ~ + Q Q Q ) ~ ~ + ? ~ ~ + ~ ~ K : X - - % - % - % K ~ X - + + + : + + ~ ~ ~ C ~ X - * ~ * * ~ * ~ ) ~ . * ~ E ~ ~ ~ ~ + X ~ X * Y : ~ ~ ~ ~ ~  

~ ~ : : Y Q + . # . + . K ~ ~ ~ E X - . # ~ k ~ Y + ~ ) C ~ & J c + + ~ F : % ~ i 4 . # ~ ~ E ~ ~ ~  TFI I  LWRTER *+i+:g.+.+: +:+..K:*.~E.~..@.*.E+:~*.*-.~*.+:.%.*.+.W 

k~~.)C++~++;C+. tc . f . .~ :+. :~ .+++* %.+t-i(-+..K3$ .f4..%.#.+.i+..*.I.iI.i*QQQ%i<.++*..ii.ii.E.*.*..3ff'f..'f.E+:&.-%.ii.iiK.*.*.X-iff*.* iC ~ ~ X ~ ~ ~ . Y : + . # ~ # ~ ~ ~ ~ % ~ . ~ ~ C - + % ~ ~ ( . ~ + + + Q Q % ~ ~ + ~ ~ ~ ~ < ~  

. . . r*. *.);.+f.*.+..g..;f-.#. .#.*..it. , .~ *+* .~ .$~ . " k * . * . f f . ~ t f f . ~T* *+ .~ . . *~ . .~ .& .~ . f . * . ~ .~ .~+ .~ . .~ .~ * . : ~ .~ .~ .~ .~+ .~ . .~ .L>~* . f . . ~ .~ .~ .~ .+ t+ . . *~ .++ : * .~ " .~ . * * * . # . . ~ . . y - .~ -+ . .~ . * ' k . g . . "  E 

I RORDWRY SURFRCE F'~::!JED 
EMbAf.lliPlENT TOP W I P'T1-l ! FT 1) E,(:) . (1) C) 

u*s*+ USER D E F I N E D  RORDWfiY P R O F I L E  
V 

I CROSS-SECTION A Y 
COORD. NO. !FT )  !FT)  

1 i:) . CtCt 1041 . 7f+ 
.- 
2 4 (I) (:I (1) i(114.1. 14 

I -, 
3 4 8 , r:) 0 1'1)41. 74  
4 145. (:)[I) 1 (11 lf~. 4 3 0 

~..~:--#.~~+~++.titi.~:~-+++Q~+Y:~:~~.*X-~X.X--#-~.~::--#.~Jc:--#.+~+#~+*~~~~f~fQ~~k~.++++:~%~Q~ff;-~fC~8X-++:+:fifi~~~~~$!~Jc+~~K+Y*~~Ili*-~8~ 



TRRPEZOIDRL CHRNtiEL AtJFltYSIS 
STRIdDRRD STEP WRTER SURFRCE PROFILE 

July 17, 1333 

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

I PROGRRM INPUT DRTR: 
DESCRI PTIOH VRLUE 

I ........................................................ 
Flow Rate (cubic feet p ~ i .  second) ....................... 105.0 
Chaririel Fottori~ Slope (feet per foot). ................... U. <1015 

............. I Marir~ir~g's Rouphriess Cxtefficimt (ri-value).. 0.0250 
Charir~el Side Slope - Left Side (hcit.izor~tal/vertical). ... 4. ilU 
Charire1 Side Slope - Right Side [horizuntal/vertical). .. 4.00 
Chartr~el Eottctn Width (feet) ............................. 5.0 

I Charlrlel Flcw-Lirie Elevatiori at Startirig Station (feet). . 1034.34 
Water Surface Elevation at Starting Station (feet). ..... 1037.40 
Start iris Chanrtel Stat ion (feet). ........................ 3539.00 

I 
PRDGRRM ESLILTS: 
DESCRIPTIUN VRLUE 
---------------------------------------------A- 

Nclrrnal Depth (feet). .................................... 2.44 .................................. I Critical Depth (feet). 1.60 

Station Flctwlirte WS Elev. Depth F lw Area 

I ( f t )  ( f t )  ( f t )  ( f t )  (sq f t )  
---------------------------- 

77-td3 - 3538.0 1034.34 1037.40 3.06 52.75 

I 
3650.0 1034.42 1037.43 3.01 51.21 
3700.0 1034.43 1037.45 2.96 43.80 
3500.0 1034.64 1037.51 2.87 47.24 
3300.0 1034.73 1037.58 2.71 45.00 

73t67- 3937.0 1034.34 1037.66 2.72 43.14 

Vel Velocity EGL Slape 
(fps) Head(ft1 ( f t / f t )  

,----------------------- 

1.93 0.062 0.000534 
2.05 0.065 0.000578 
1 1  0.063 0.000623 
2 2  0.077 0.000718 
2.33 0.065 i1.i10~518 
2.43 0.032 0.000916 

I I TRRPEZOIDRL CHRNNEL RfdRLYSIS MjMPUTER PROSRRM, Versim 1.1 {c) 1956 
Dcdsor~ & Rsxrciates, Inc., 7015 W. Tidnell, 9107, Houston, TX 77092 
(713) 835-8322, R rmnual with equations 8 f!ow chart i s  avai!aS!e. 



I CURRENT DRTE: 07-18-1393 
CURRENT TIME: 13:33:24 

FILE DATE: 07-18-1933 
F I L E  NRME: LB1?3-5 

I ................................................................................ ~;ltw*w****t*tr******** **** FHWU CULVERT R N W S I S  ****rat*************** ** *ti 

*c*rc*w*~*nw********i**H** HY-8, VERSIOtJ 4.0 f i i* t t f i f*f f f t~ff*f f f* i t t*  

H**********;ltw**+*****f*****************************************************t*** 

I : C :  SITE DRTR : CULVERT SHRPE, MRTERIRL, INLET I , 
: U 1-------------------:----------------------------------------------* 

: L : INLET OUTLET CULVERT : BRRRELS 1 6 

I : V : ELEV. E L N .  LENGTH : SHRPE SPRV RISE tr,ANNING INLET : 
: # I (FT) (FT) (FT) I MRTERIRL (FT) (FT) r~ TYPE 1 1 

I I---------------I------------------------------------I 
I I 

I G(HMW***************************H***************w****W**HHt**********H*** 
FILE: CB123-5 CULVERT HERDWRTER ELEVRTION (FT) DRTE: 07-18-1333 

DISCMRGE 1 2 3 4 5 6 RORIjWUY I 0 1037.66 0.00 0. W 0.00 0.00 0.00 1041.82 
11 1037.67 0.00 0.00 0. (K1 0.00 O.i@ 1042.25 

I ; ;:;:; 0.00 0.00 0.00 0.00 0.00 1042.39 
0. i@ 0. N 0.00 0.M 0.00 1042.48 

42 1037.75 0.00 0.00 0.00 0.00 0.00 1042.55 
53 1037.79 0. i@ 0.N 0.00 0.00 0.00 1042.61 1 63 1037.85 0.00 0.00 0.00 0.00 0.00 1042.66 
74 1037.91 0.00 0.00 0.00 0.00 0.(@ 1Ci42.71 
84 1037.99 0.00 0.00 0.00 0.00 0.00 1042.75 
35 1038.07 0.00 0 0.00 0.00 0. i10 1042.73 I 105 1038.16 0.00 0.00 0.00 0.00 0.00 104?.82 

315 1043.02 0. (@ 0. CKI 0. (XI 0.00 0. ($1 0.CKl 

I The above D arid trpJ are f o r  a point above the rcadway. 
.HC~C~HMW*C********WH*******H*********************************************** 



2 

ICURRENT ORTE: 07-18-1333 FILE DRTE: 07-18-1333 
CURRENT TIE: 13:33:24 FILE MRME: CB123-5 
*H*f*f********************f*******f**~***************t********************f**** I PERFORMRNCE CURVE FOR CULVERT I 1 - 1 ( 6 BY 3 E B  
***************************************t*f***Y**************************f******* 

I 
DIS- HERD- INLET OUTLET 
MIARE WRTER WNTROL CONTROL FLOW NORMRL CRITICRL DUTLET TRILWRTER 
FLOW ELEV. DEPM DEPTH TYPE DEPTH DEPTH VEL. DEPTH VE?. DEPM 
(cf5) (ft) (ft) ( f t )  (F4) (ft) (f t) (fps) (ft) (fos) ( f t )  

*H***********************************f**********************X*****************f I 0 1037.66 0.00 2.57 0-1s 0.00 0.00 0.00 0.0<1 0.00 2.78 
11 1037.67 0.56 2.55 3-Mlt 0.40 0.38 0.45 2.72 it. it0 2.72 
21 1037.63 0.63 2.60 3-Mlt 0.63 0.60 0.97 2.72 0.00 Z 7 2  I 32 1037.71 1.17 2.62 J-nlt 0.81 0.73 1.45 2.72 o.oo 2.72 
42 1037.75 1.42 Z66  3-Mlt 0.38 0.35 1.33 2.72 0.00 2.72 
53 1037.73 1.65 2.70 3-Mlt 1.14 1.10 2.41 2.72 0.00 2.72 
63 1037.65 1.65 2.76 3-Mlt 1 .  1 . 2  2.30 2.72 0.00 2.72 

84 1037.33 2.31 2.30 3-Mlt 1.56 1.51 3.86 2.72 0.00 2.72 
35 1035.07 2.51 2.95 3-Mlt 1.63 1-63 4.34 2.72 0.00 2.72 1 105 103fl.16 2.71 3.07 3-Mlt 1.52 1.75 4.83 2.72 0.00 2.72 

*H*********************H*************************H***********************H** 

El. i n le t  face irivert 1035.03 f t  El. outlet invert 1034.34 ft ) El. i n le t  throat irrvert 0.00 fk  El. i n l e t  crest 0.00 ft 
HHHH**MCH**Wt***~****f*****CH********?***t***H***HH*************H*** 

***** SITE DATR CULVERT INVERT *****ww+w**f** 

INLETSTRTION(FT1 0.00 
It4ET ELEVRTION (FT) 1035.03 
WTLET STRTION (FT) 60.00 ' I OUTLET ELNQTIW (FTl 1034.34 
tJUWER OF BARRELS 1 
SLOPE (V-FTIH-FT) 0.0025 ) CULVERT LENGTH RLONG SLOPE (FT) 60.00 

w**** CULVERT DRTR SUMMARY ***+*n**f*****f********* 

BRRREL SHRPE BOX 
8.00 FT 

ERRREL RISE 3.00 FT 
ERRREL KRTERIRL CONCRETE ( B n R R E L  M R t d t 4 1 ~ ~ ~ ~  ti 0.U12 
INLET TYPE CONVENT I ONRL 
INLET EDGE RND WLL 1 : 1 EVEL (45 DEG. FLRRE) I INLET DEPRESSION NONE 



1 I CURRENT DRTE: 07-16-1933 
I WRRENT TIME: 13:33:24 

FILE DFITE: 07-16-1993 
FILE tdW;IE: CBl23-5 

CONSTRtiT WRTER SURFRCE ELEVRTIUti 
1037.66 

**HH*f+**t**f***f***f*tt******t**ffX*f********~f**f*t*************f*ff*******f 

+~*W**H****WU~CH****** ** ROFIDWRY OVERTOPPING DRTR w*+wr;*wn***frcf*tt**t** i f  i f  

**H~************H**********f************************t*****************t****** C 
RORDWRY SURFRCE PRVUl I OIBRWMEHT TOP WIDTH (FT) 50.00 

***** USER DEFINED RORDWRY PROFILE 
CROSS-SECTIDN X Y 

I COORD. tJO. (FTI (FTI 
1 0.00 1042.42 
2 40.00 1041.82 

I 3 48.00 1042.42 
4 148.00 1043.00 

HH*?**MHtf.MHt*f***********w*****************XY***********~****Hf*********** 



TRRPEZOIDFIL CHRWSEL RNALYSIS 
STRNNRD STEP WQTER SURFKE PROFILE 

July 17, 1333 

PROERRt4 INPUT DRTR: 
MSCRI PT ION 

F l c ~  Rate (cubic feet peir secor~d) ....................... 
Char~r~el bottorn Slope (feet oer foc~t 1.. .................. 
;;la.rirrir~g's Roughnes5 G~ef f icierlt (rr-value) ............... 
Channel Side Slope - Left Side (hoiiz~ntalfvert ical) .  ... 
Charrrel Side Slope - Right Side (horizantalf vert ica1). .. 
Channel Fottoki Width (feet 1.. ........................... 
Charrrrel Flow-Line Elevation at Stxrtino Stat ic~n (feet). . 
Water Surface Elevatictr~ at Starting Statiorr (feet). ..... 
Starting Chanrlel Stat ion (feet). ........................ 

PROGRFiM RESULTS: 
DESCRI PTIDN 

tkrmal Depth (feet). .................................... 2.44 
Critical Depth (feet1 ................................... 1.60 

Staticlrr Flowline WS Elev. Depth Flclw Rrea 
I f t )  ( f t )  ( f t i  ( f t )  (sq f t )  

Vel Velocity EEL Slope 
(fps) Head(ft.1 ( f t / f t )  
.----------------------- 

1. ?a 0.061 0. 000526 
2. 03 0.064 0.O(Kl562 
2.14 0.071 0.000652 
2.26 0.079 0.0(10743 
2.37 0.067 0.000843 
2.47 0.035 0. OC10950 
2.56 0.102 0.001047 
2.64 0. 106 0. 0111 135 
2.71 0.114 0.001219 
2.76 0.116 0.001273 
2.60 0.1Z 0,001333 
2.62 0. 124 0.001 366 

.................................................................... 
TRRPEZOIDRL Cti84tEL RNRLYSIS WMPUTER PRCGRRF!, Versior~ 1.1 ic) 136; 
Dedson 8 Rssaciates, Inc., 7015 K. Tidwell, #107, Houston, TX 770% 
(713) 635-8322, R rmnual with euuatiorrs & flow chart i s  available. 



I CURRENT DRTE: 07-15-1933 
CURRENT TIME: 13:35:24 

FILE DRTE: 07-18-1393 
FILE NOME: CBDYS-5 

I ............................................................................... 

HH************ * * **if **f f FHW CWjERT RNFILYSIS **H*+***+************ **** 
*************t********** ** HY-5, VERSION 4.0 ffff*fft**t*ifttfftft*fff* 

HHHH***********************************************************H*f********* 

SITE DRTR f CULVERT SHRPE, MRTERIRL, INLET 1 I 

1 u :-----------------t-------------------------------------------t 

: L : INLET OUTLET CULVERT 1 BARRELS I 1 

: V l ELEV. ELEV. LENGTH : SHOPE SPRtJ RISE HRtGJING II!LET : 
I I 

f--------------l-------------------------------------l 

: 1 11036.79 1036.62 110.00 1 1 RCB 5.00 3.00 0 2  CONVENTIONRL: - - 
I I 
I I 

1 3 :  I I 
I , 

HH**********H****H*****************~***H******H*************H**H**H*** 

FILE: CFDYS-5 CULVERT HERDWRTER W R T I O N  (FT) DRTE: 07-15-1933 

DISCHRRGE 1 2 3 4 5 6 RORDWRY I 0 1039.11 0. (10 0.00 0.00 0.00 0.00 1043.40 
10 1033.13 0.00 0.00 0. 00 0.00 0.00 1043.53 

0.00 0.00 0.00 0.00 0.00 1043.96 
0. 00 0.M 1044.04 

41 1039.22 0.00 0.m 0.00 0.00 0.00 1044.08 
51 1033.26 0.00 0. Clf, 0.00 0.00 0.M 11044.12 1 61 1039.34 0. 00 0.00 0.00 0. (0 0.00 1044.15 
71 1039.42 0. (a 0.00 00.10 0.00 0.Ca 1044.16 
62 1039.51 0.00 0.00 0.00 0.00 0.00 1044.21 
9 1039.61 0.00 0. 00 0.00 0.00 0.00 1044.24 

102 1039.72 0. 00 0.00 0.00 0.00 0. 00 1044.26 
306 1044.42 0.00 0.1Q 0. (lo I .  0 0. CKI 0. (8 

E The above Q arid HW are far a p o i n t  above t h e  ~oadwav. 
HH********WHW***********H******H**H***********H**********H********** 



2 

ICURRENT DATE: 07-li3-1333 FILE DRTE: 07-16-1393 
CURRENT TIME: 13:35:24 FILE t.IFIME: CBDYS-5 
*************H*H*********H*************************************************** 

) PERFORMME CURVE FOR CULVERT # 1 - 1 1 3 B 3 RCB 
*H*******************C*****************************f*******************H****** 

I 
DIS- HERD- INLET OUTLET 
CHRREE WFlTER COtdTROL CONTROL FLOW NORMA- CRITIC& OUTLET TRILWRTER 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH 
( ~ f 5 )  ( f t) (ft) (ft) (F4) ( f t )  ( f t j  (fps) ( f t) tfps) ( f t) 
*******************************li********f***f************X*******f************* 

10 1033.13 0.55 2.34 3-Hlt 0.45 0.37 0.51 2.49 i1.00 2.43 
3 1039.15 0.88 2.36 3-Mlt 0.72 9 1.02 2.43 0.00 2-43 1 31 1039.18 1.15 2.39 M l t  0.94 0.77 1.54 2.49 0.00 2.43 
41 1033.22 1 .3  2.43 3-Mlt 1.13 0.33 2.05 2.43 0.00 2.43 
51 1033.28 1.62 2.43 3-Mlt 1.31 1.03 2.56 2.43 0.00 2.49 

1 61 
1039.34 1.84 2.55 3-Mlt 1.49 1 3.07 2.45 O.00 2.43 

71 1033.42 2.06 2.63 3-Mlt 1.65 1.36 3.58 2.49 0.00 2.49 
32 1053.51 2.26 2.72 3-Mlt 1.81 1.48 4.10 2.49 0.00 2.43 
32 1033.61 2.46 2.82 3 - ~ l t  1.96 1.60 4.61 2.49 0.00 2.43 1 102 1039.72 2.66 2.33 3-Mlt 2.11 1.72 5.12 2.43 0.00 2.43 

*********w********************************(HC***********************w********** 
El. i r ~ l e t  face invert 1036.73 f t  El. out let  irtvert 1036.62 f t  I El. i n le t  throat irtvert 0.00 f t  El. i n l e t  crest 0,013 f t  

HHH**H**H**W*****************H******f****HW********f**********H**H*** 

i w w *  SITE DFlTR ***it* CULVERT INVERT *****w***+**w 
INLET STATION (FT) 0.00 
INLET ELEVRT1M.I (FT) 1036.73 
OUTLET STPITION (FT) 110.00 1 OUTLET ELEVATION (FTI 1036.62 
NUbiBER OF BRRRELS 1 
SLOPE (V-FTIH-FT) 0.0015 I CULVERT LENGTH FlL!JNG SLOPE (FT) 1 1 0.00 

i**** CULVERT DRTfl SU$fmRY **********t*****+*ff**** 

BRRREL SHRPE JxlX I BARREL SPRN 8.00 FT 
EHRREL RISE 3.00 FT 
BRRREL MRTERIRL CONCRETE ) EHRREL MW4NING'S N 0.012 
INLET TYPE CONVENT IOHRL 
INLET EDGE RND WRLL 1:l EEVEL (45 DEE. FLR;IE) I INLET DEPRESSION NgNE 



&URRENI DRTE: 07-18-1993 
WRREtdT TIME: 13:35:24 

FILE DRTE: 07-18-1393 
FILE NRK: CBIjYS-5 

******************~****H******H***i**************~**~***~***~f*****f**i****** 

~~~t+ti**i****t*+****** TRI LWRTER f*t***i*+~*t**+*i******** 

*******************f*******f**~**~********************~******************~~P***f 

I tXH************************?******f*~*******~**************************f******* 

CtlNSTRNT WRTER SURFRCE ELEVRTIOt4 

RORDWFIY SURFFICE PRVED 1 EFiBIWMENT TOP WIDTH (FT) 60.00 
**** USER DEFINED RORDWRY PROFILE 

CROSS-SECTION X Y 

I CDDRD. tJD. (FT) (FT) 
1 0.00 1044.00 
2 40.00 1043.40 

I 
3 48.00 1044.00 
4 146.00 1044.00 

HH************H******f**~H*f***MH**H***********H*******Hf*******H*** 



I TRRPEZOIDRL LWNtEL RVAYSIS 
STRNijRRD STEP WRTER SURFRCE PROFILE 

I 
July 22? 1335 

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

PRCGRM INPUT DRTR: 
TIESCRI PT1Crf.l V AUE 

Flaw Rate (cubic feet ~ e r  second) ....................... 
Charr~el Eot t o[11 Slocle (feet oer foot I .  ................... .............. Martr~ing's Roughr~~ss Cc~efficient (n-value). 

... Char~n~l Side Slope - Left Side (hctriiontal/vertical). 
.. Lhar~rel Side S~CIDE - Right Side (horiii~rrtal/vertical). 

Chanrrel Rotto111 Width (feet 1.. ........................... 
Cha.nr@l Flow-Line El~vat  ion at Start irq Stat ion (feet 1. . 

.... Water Surface Elevation at Starting Stat i i t n  (feet 1.. 
Start ir~o Chanrfel Stat ian (feet 1.. ....................... 

PRClGRRtii RESULTS: 
MSCRI PSIDN VRLUE 

Norvnal Depth (feet). .................................... 2.40 
Critical Depth (feet)... ................................ 1. K! 

Statiarr Flowlire WS Elev. Depth Flm Rrea Vel Velucity EGL Slone 
( f t )  ( f t )  ( f t )  ( f t )  (5q f t )  ! f ~ s l  Head(ft1 ( f t / f t )  

.................................................................. .................................................................... 
TRRPEZOIIGL CHRN!EL AML'GIS COMPUTER PROGRR'i, Vewioi.~ 1.1 (c) 1386 
Dodsor~ & Rssociates, Inc., 7015 W. Tidwell, t107, tiouston, TX 77092 
(713) 835-8322. R ~llarlual with euuations 8 flitw chart is available. 



URREIVT DRTE : 07-="'- iL 1 3 3 3  
CURRENT T I  ME : Oi3 :22: OG 

I -#~+++*Q~*)(.++fC+~.tc.);~~+~iC++~+dC8++++~"K)C--#-#8$~it~~~~+~E~~W~li.~+$~iCX-*W:+++~*~*~iC*~*if~~~*~~#~ii~~%W:*~~E~%K~~f.f~~E~%~-X~~X- +sa.a.s-vt++:*+i~.ft..*$1.++*9.1f-+ff~li.~~~~&+it FHWQ CULVERT gr.lgl-YS I S .g+$.+.ff..k++4<::rf.*.+ffff3.#.+;3+:+E.tC.99:#.;;:..f. 

9 + + . * + . + . v t + 8 + + + . ) ; + . + + : + + ~ + * ~ ~ * + 1 4 +  HY-8?  VERSIf:'I 4.0 +~.*.~+.&+:~+.y~+:.~+.;++..K-+~.~+:;C~.#.+(.-~..~~.,y. 3. 

I f ~ ~ # . + ~ ~ + ~ ~ ~ ~ X - * ~ & + $ ' : i i ~ + ~ ~ E ~ + + ~ ~ ~ ~ 9 ~ ~ i i + : ~ . # . + : + + ~ + ~ + ~ ~ i i . i : - + + + . f f . . # . + ~ ~ + Y ~ ~ ~ + ~ ~ X - 3 ~ ~ ~ + X - f : 8 + 4 t ~ . f c . T r + + ~ Y r j : : ~ ~ 9 ~ : ~ ~ ~ ~ ~ ~ % ~ ~ C 3 ~ - i ' : 9 + + ~ ~ K ~ i i ' :  

: c :  I SITE rj9-rn I  
I CULVERT Si-iRPE, MGl'EP, IRI-. I N L E T  , 

: u ; ' 

I L. INLET  O\JTLET CUL'JERT : BRRREL-S 1  

f V : ELEV. ELE1d. LENGTH : SHQFE r. =:-.qN ri Z I S E  xgr,INI '' rdL"-- I l l  I I 

I # : (F7-i I F T I  I F T )  I MQl-ERIRL I F T )  ) .- I  I' 1 -r.%{PE t 

: ---- 1  -------..-------.-..-- -.--.-....---a.e--.---. " " 1  

: 1 : 1037, 75 1(1)S7. € 3  , 2 ; 
f+c). (I)!:) : 1 RCE i3.O(1) 3.(:)[1) 1) 1 CnN1.)ENf I O?.lRL ; 

I I  
I I  

I  I  
I I  

: G :  I I  
I  1 

: ~ ~ * ~ . # + ~ . + ~ + + ) f - ) f - # - ~ - # . + . f f - ~ . # . t c . # . t f . + + + + + + + ~ . . ) ; * + ~ ~ . # i t ) t ~ ~ ~ ~ ~ + + + + + ; t . S C + + Y ~ + # . + 9 + + ~ ~ i C + ~ E . t i . ~ 9 ~ W . # ~ + . # ~ ~ W Q ~ ~ E ~ % + + : - X ~ ~ i ~  

F * i . S i + + . l t . ~ ~ - ~ ~ ~ + ~ + + J c ~ . . ) [ - + + ~ - . # . ~ + * + ~ + : ~ + : ~ - ~ t ~ * + ~ . # . ~ & ~ . 1 c ~ i C + + + . P ; - + + + : 9 ~ ~ ~ ~ ~ Y i C + ~ K + ~ ~ . 1 4 - + + X - i t ~ . # . X - i t ~ 9 ~ f t ~ ~ ~ t C ~ ~ ~ ~ i i ~ ~ + + X -  I FILE:  CRY-5  L. CULVERT HERDWRTER ELEVRTX ON I F T )  DnTE : (1)7-32-- 1333 

D I SCHRRGE 1 5: 3 4 -1 € 8  RDt?DWGlY .-8 r=. 

(1) 1 (1) 4 (1) . 2 2 (1) . 6 (1) (1) . (1) (11 (1) (1) (1) 0 . (1)i;) i 3 .042 .&3 

I 1{)4C),,23 0. (110 (3. 00 0. (30 0. C)C:) (1) . c) (1) 1 0 4.3 . 11)s 
2 )  1(:)Lt(:).25 i'j . (1) (11 (1 . (1) (1 0. CIS) (1) a (1) (1) 1943.13 
30 104O.  27 0. Or> (1) . 6 (1) (1) (:)(I) (1) . (1) (1) . l i : )43.2& - -  

I 
f+ (1) 1 (1) 4 (1) . 3 r:, (1) a (1) (1) (-) n (..)(-I (1) (1) (1) r:,. 00 (1) (1) (1) 1(1)45. 31 
5~1) 1C)4(1)"34 (1). 00 (1) <I (1) (1) a (1) (1) (1). i:)0 (1).0(:) 1043.34 - -  
53 li:)4(:1.Lt.O (I) . (1) C) (1) . i:) (1) (1) . <I) (1) (.,I . (-) (-1 i 1) 1) 1 (1) it 3 . 3 -7 
E.3 IW+(:).4? <) # (1) C) (1) . 0 (1) <:) (:)(I) <:) (1)!2 1) ( ( 1  1 (114.3 . 4 '.:) 

I 713 1040. 53 (1) (:! (1) C) . (1) (1) (1) . (1) (1) (1) u (1)t:) 1) < 1 r:)Lt 3 . f+ ;. 
8'3 1C)40. E,E (1) (1) (1) (1) . i1) (i) <:I . (:)C) (1) (1) <:) ) 1(:)fi.3,4E8 
33 1(:)4.(:).7!:) 0 . (1) (1) (1, (5 0 (1) !1)(1) (3 . (I)(:) 1 .  : :  1 (5 f+ ;17 . 4 3 

I 247 1043.5'3 (:I. 00 0.00 (1) (I)(:] (1) . (1) i:) (1) . !1)C) (1) . i3!:) 
T h e  a b o v e  0 arid H1.J at-.@ fc l r  a ~ t z ~ i r t t  a b ~ ~ ; e  t h e  i-.oadwa:i. 

~+*++.E.*.W~~+~:;CX--#.K..~~..K.~+)C~.++++.~C+.~ ff++++~)f-+++7~+++.P;-+QQ+.#..~i(.8+%~~.+ii.+++~~~~#%.f~ff~+~~$~~k.ti.-f.:~*+9+~&.)C~-~ii.Yf. 



CURRENT DRTE: 07-22- 1333 F I L E  Dfi l-E : (:)i'-.Z+- LL 1333 

E URRENT T I  ME : 06 : 22 :C)6 F I L E  NRME: CE5-5 
~ X - + + + + ~ C + + + ~ Y : ~ ~ + ~ ~ C ) C . K ~ ~ ~ + ~ ~ . ~ ~ ~ # ~ . ~ C + + ~ ~ ~ # . + ~ + ~ C ~ ~ ~ ~ ~ ~ ~ + + . K - K ~ + ~ ~ * + * ) C + + + + + ~ . ~ ~ + ~ . ~ ~ . ~ ~ E + . ~ C + ~ K ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Q Q ~ + + + + + C -  

PERFORMRNCE CURVE FOR CULVERT # 1 -.- 1 ! 8 B Y  3 RCB 
~ i C + ~ Y X - ~ X - ~ * + + + + + - K + + - I t - # + + i C + ~ # ~ 9 # ~ + + # - K ~ ~ t ~ + + + ~ ~ ~ + + ~ + ~ ~ + t . f i . . f i . 1 4 . + i C + X - ~ ~ - % ~ Y ~ ~ ~ X - + + ~ ~ # . + 4 C f C ~ - # ~ ~ ~ + i t + f C + + + i ~ + +  

D I S -  HERD- I N L E T  OUTLET I CHRRGE WRTER CONTROL CONTROL FLOW NDRMGL C R I T I C R L  OUTLET TA ILWG-rER 
ELEV. DEPTH DEPTH TYPE DEPTt-1 DEFI-H VEL. DEPl-1.4 VEL.  DEPTI-I C"'!> i f t i  ! f t  i ! f t j  >F4> ( f t  :) (f.t. j ! f ' n ~ j  ( f t  j (foe-j i f t )  

~ * ~ ~ ~ ~ - i 4 ~ ~ ~ ? C ~ ~ ~ X - * + + * ~ ~ % ~ Y i C ~ ~ ~ 6 ~ ~ ~ X ~ ~ E + + + ; i ~ + + + 8 + + ~ M ~ # ~ + ~ % ~ ~ + ~ ~ + ~ ~ t ~ ~ + f C + 9 % ~ Q ~ 3 C ~ k ~ ~ t ~ ~ ~ ~ ~ ~ ~ i i . ~ 9 : ~ ~ ~ 9 . # ~ 4 ~ : ~ % ~ 8 ~ ~ ~ : % ~ ~ K ~ : ~ X t l - . f : : ~ 3 C X -  

(1) i i 2 -47  i_)-r.JF (1) . (1) 0 1) i ) i 1) (1) i . ) i i i ;  2 , 5 3 

I I(:) 1(:)4[:).23 ) 2.it8 3-Mlt; i1).45 '.:,.3E. i1).43 ;2.53 <:).<)<:I 15. c- ..J 2, 

2 : )  i (:).5& i 3-t4j.t C).71 0.59 C1.38 2.93 i 4 .53 
30 l(:)z+t:).27 1. 13 2. ~ , z  3 - ~ l t  <:).33 0 . 7 ~  1.47 2 - 5 2  ) )  2 .53 
f lC)Lt(:). 30 1. SG 2. 55 3-fillt 1. 2 0. 31 1.r25, 2 .53 ) )  2-52 

I r ,-. -.% - . 4 3 1. 53 2. 53 3 - M l  t 1.ai-1 1.~116 2.45 2 5 3 ( )  . ) ) 2. 5 
53 ~<:)~<:) .LI .I)  1.8C) 2.'5 3 - P ~ l l t  1.47 1.2:) 2.133 2 - 5 3  ) )  E..53 

1 - 3 3  - 63 16.4.t:). 47 1 )  2. 72 3 - M l t  1 .63 L) . L- ,_is (1) 1):) 2 . F .L ,> ' .. 4 .::3 2 L- -. 

I 73 104t:). 53 2.21 2.78 3-M1t 1.73 1.45 3 -31  2 - 3 3  i 2 .53 
83 1[:)4i).G2 2.4  1 2.57 3 - ' ~ l t  1.34 1.57 4.443 2 .53 r:j.i:iQ ZrnC-2  S J . ~  

33 1[:)49.7(:) 2.E;C) 2-95 3 - M l t  2 3  1 - 6 9  4,@9 ::.53 c).!:t[:) Z.";".X LL 

r ~ ~ ~ + ~ + * + 9 Y t C ~ . K . + * # - + 9 . # + + + . # ~ . # . i C * 9 ~ - # + - # * - # - # Y i [ - ~ + J C . # ~ + i i . - # ~ J c . # - + + + . # + i 4 . i t ~ X . + + + ~ + X ~ i C + + + ~ ~ ~ . f c . t f . t f ~ . # ~ W ~ ~ t 8 . t ; - + . f i . f  +++.#- 
El.. i n l e t  face i n v e r t  1037.75 f t  E l .  o u t l e t  invel-t 1037.63 f t  
E l .  i n l e t  t h r o a t  i n v e r t  <:).Go i't E l .  ii.ilet ci-.e~..l; (1) . i:)O ft; 

+ : + * + + ~ + % . . ) 5 ~ - # - . 1 c i c ~ . # + . ) 5 + . K - + . # + # ~ 8 ~ f ~ + + ~ ~ - # - ~ . K - ~ Y . l i - ~ E ~ + ~ ~ K - + * ~ i 4 . + + ~ ~ + . K - 9 ~ i t + + + + ~ K ~ + j r : . # + ~ Y : ~ ~ i b + ~ E ~ X - Q ~ ~ f ~ ~ ~ ~ X - ~ W * ~ & + + % ~ +  

+++* S I T E  DRTQ .%.#++.it. CUI-VERT INVERT *+w.a.*.++.b.#*+++3f3f+ 
I N L E T  STRTXON ( F T )  . (1) (1) 

I I N L E T  ELEVHT I ON I F T  1 li337. -75 
OUTLET STRTION (FT) !+ i:) , i;) 

OUTLET ELEVRr I UN ( F T  1 1037.63 
NUMBER O F  ERRRELS 1. 
SLOPE ('1-FT/H-FT i t:) . (1) !:I 1 5 I CliLVERT LENGTH RLONG !SLOPE (FT I 4 (1) . t:) (1) 

c+u+;i7 ClJL'tJERT nR'T{> SUMMRRy ++++++.K%.**+*.*.-K*ir:Y..fC+++)C++ 

BARREL SHRPE EOX 
BRRREL SPRN 3. f-7" 

I ERRREL R I S E  3 .. (:)(:I F 'T 
BRRREL MRYERIRL CONCRETE 
EifiRREL ~ T I R N ~ . I I N G ~ S  N i:)a<:)lz 
INLET TYPE CONVENT I i3r-IRI ... 

I I N L E T  EDGE RI't.ID W R L i  1 : I EEIJEI.- (45  DEE. FLCiREi 
I N L E T  DEPRESSIUN I:!ONE 



CURRENT DGTE : 07--22- 1333 FILE D ~ ~ T E :  (;)7-.=f,2-193"2 LL- ~ 

I CURRENT T I  ME : 09 : 22 : OG F I L E  NRME: CE5-5 

+~+.#.++.#.++.#-++++++iC+**++++~.);++++ii-iC+Q~+.#~+++i(~+iC+if+4f~-KiC+f~X~++~~t++++~.#.ififiC14~++~~K+~:if.~~~%~+if if.if.K-0':+4.+:++.ff-.ff-F: 

a~-x-.ti*~.~*ii+*+++i::~:.tc..li-~.-*~~.ii-*.+i~si. TRILWfIITER +++~..g**..g.*.g:ii: .~.r;.y:.+*~.f.*.~.~.X.+.*+:+~ 

I ~E+.#~.#.+*.#.~~+++*~~i(~Y~~t+~~E~~f~~f~~-E-~+iC~&~X~ififif%~X~ii~+.#~14~%~~~+~~~E~+.ff-~%iC+~~~~~+~.ffiCitif.?CiC~~~X~if~~X~~~~~EiC~ii-~~ii-~1.f~if~~&~~~~<~~~X- S ~ . . # . * . # . + + C - ~ ~ Y : $ I . + ~ ; ~ + + ~ % ~ ~ ~ - ~ ~ ~ ~ . # ~ ~ C ~ ~ + ~ ~ ~ # ~ ~ + . # ~ + + K - ~ ( - ~ Y ~ ~ X - ~ ~ ~ . ~ E ~ Y : ~ ~ ~ E ~ ~ ~ ~ X ~ ~ ~ ~ ~ + ~ ~ ~ ~ ~ E + : . # * ~ ~ ~ ~ . ~ ~ X ~ + - K - K . # ~ Q Q . K - . K - W ~ ~ : ~ P ~ ~ ~ ; ~ . K J + ~ ~ ; - + ~ ~ % $ : ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ : ~ ~ " R " R E ~  

CUNSTRNP WRTER SURFnCE ELE{JRTION 
1 [:)4<). 22 

I RURDW9Y SURFGCE PlntVED 
EMERt.JKMEr\l-T TOP l.11 DTI-I (F"i- j 40.00 

*.***+ USER DEFINED RUGDWRY P R U F I L E  

I CROSS-SECT'ION X Y 
CUORU. NO, ( F T )  (FT  

1 (1) . 00 1<:)43. 23 
..- 

I 
15 4 (1) . (3 i:) l(:)4.2. (33 
3 48-  i:)i:) :10;~3. 23 
4 1 4 (3 . 0 [:) 1 0 1 ~ 3 "  23 

~ + ~ ~ . ) ; + * ~ + + ~ + ~ ~ ~ ~ & ~ - ~ - i : ~ + ~ + + ~ ~ ) i - ~ + ' : * . # - ~ Y : ~ : ~ ~ ~ ~ . # - ~ ~ ~ % ~ i i . # ~ Y ~ i ( . ~ . i f + ~ + ~ i C ~ t ~ . # . ~ % + . # ~ . # - + 9 + + . 1 6 + ~ . ) ( . + 8 i C ~ ~ ~ Y . f : i i ~ ~ ~ Q ~ i ; ~ * ~ ~ Q ~ S b ~ ~ $ ! ~  



I TRRPEZOIDRL CHRNFiEL RdRLYSIS 
STRtdDRRD STEP URTER SURFFICE PROFILE 

I 
July 21, 1333 

I FROGRRM IKPUT DRTR: 
IESCRI PTION VRLUE 
......................................................... 
Fli~w Rate (cubic feet aer secorrd) ....................... 

.................. Charmel Bottor11 Slope (feet per foctt 1.. 
Marir1iling'5 Reughr~es Coef ficierrt (n-value) ............... 
Charrr~el Side Slope - Left Side (horizontallvertical). ... 
Banre1 Side Slope - Aipht Side (horizcif~tal/vertical). .. 
Chanrrel B C ~ ~ C G I I  Width (feet) ............................. 
Channel Flow-Line Elevatia~ at  Star-ting Station (feet). . 
Water Surface Elevation at Starting Statior~ (feet)...... 
St art ir~g Chanrrel Stat ion (feet 1.. ....................... 
........................................................... 

PROEAR! RSULTS: 

I I DEER1 PTIOt4 VRLUE 
......................................... 
krhlal Death (feet)... .................................. 2.37 ................................ I Critical Depth (feet)... 1.55 

I Statiorr Flowline WS Elev. Death Flow Area 
( f t )  If t)  ( f t )  ( f t )  (sq f t )  

.................................... I 55tj.5 - 638.0 1037.75 1040.70 2.35 43.56 
5S-tgO - 673.0 1057.80 1040.72 2.32 45.57 

700.0 1037. 84 1040.73 2.83 47.83 

I 500.0 1037.39 1040.73 2.80 45.31 
300.0 1038.14 1040.86 2.72 45.11 

1000.0 1038.23 1040.34 2.65 41.24 

I 1 100. it 1038.44 1041.03 2.53 39.68 
120it.O 1038.53 1041.13 2.54 35.41 
1300.0 1038.74 1041.24 2.50 37.40 
1400.0 1038.63 1041.36 2.46 36.61 

I 1500.0 1033.04 1041.48 2.44 36.01 
1600.0 lit33.13 1041.61 2.42 35.57 
1700.0 1033.34 1041.75 2.41 55.24 

I 44t3j - 1734.0 1033.53 1041.80 2.40 35.15 

Vel Velacity EGL Slooe 
(fps) Head(ft) ( f t l f t )  

.................................................................... .................................................................. 
TRRPEZOIDRL CHANNEL RNRLYSIS COMPUTER PRDGRM, Version 1.1 (c) 1366 
Dctdson 6 Rssociates, Inc., 7015 W. Tidwell, #107, Houston, TX 77032 
(713) 635-8322. R raanual with equatiorrs C flow chart i s  available. 



I rURRENT DRTE: 07-21-1933 
CURRENT TIME: 06:24:51 

P 

FILE DRTE : 07-22-1333 
F I L E  WRE: CBb-5 

I f f f f f t ** t f f * f i+*f f~lCffXl; t f i *%ft(Clt l t f f f t f f f9tY9f* i t * f* f f f f f%f++ft%tff f f t fQk*f%fff  

HW*W****W~*** * * *~*~** * *C*  F H M  CULVERT RNRLYSIS t w ~ * t r ; # t t ~ f t t w i * c t i f * f * f ~ t i  

*t******ii+*i****i*f Z f  ***# HY-6, VERSION 4. (1 + t i * t + ) ; * * Y f + f f t t * f f f * + t * f f  

H~************+*****C********************~*fX*iC***************?***f***f******* 

I !  E 1 SITE DRTR : CULVERT SHRPE, HRTERIRL, INLET I I 

; u 

I : L 1 INLET OUTLET CULVERT 1 ERRRELS 1 , 
! V 1 ELEV. ELEV. LENGTH 1 SHRPE SBRN RISE VAFJNING INLET i 
1 # 1 (FT) (FT) (FT) : MRTERIRL (FT) (FT) ri TY PE 1 

1 ;----------------------;---------------------------------------------s 

: 1 11033.45 1033.33 40.00 1 1 RCB 6.00 3.00 ,012 CONVEIiTICNRL: 
I I 

I I I I I 

~HH**HH********i.**********HHHH**i))f***********w********~************* 

FILE: CB6-5 CULVERT HERPGIFITER ELNRTIDN (FT) DOTE: 07-22-1333 

I PISCHARGE 1 2 S 4 5 6 RORISWRY 
0 1041.80 0. 00 0.00 0.00 0.00 0.00 1043.59 
9 1041.82 (1.00 0.00 0.00 0.00 0.00 11044.00 I 17 1041.64 0.00 0. 00 (I. (10 0.00 0.00 1044.13 

26 1041.67 0.00 0. C@ 0.00 0.00 0.00 1044.22 
34 1041.32 0.00 0.00 0.00 0.00 0.00 1044.23 1 43 1041.9 0.00 0.00 0. 00 0. (a 0.00 1044.36 
52 1042.i6 0.00 0.00 0. (10 0.00 0. ilO 1044.41 
60 1042.16 0. OC, 0.00 0.00 0.00 0. (0 1044.47 
63 1042.27 0.00 0. CtC1 (I. (10 0.00 0.00 1044.52 
77 1042.33 0. (@ 0.00 0. 00 0.00 0.00 1044.58 
66 1042.52 0. 00 0.00 (I. (10 [I, (I<) 0.00 1044.62 

I 172 1044.61 0.00 0. (0 0.0C1 0.00 0. (a 0. (KI 
The above Q and HW are for a point above the roadway. 

WHH*********************************H******~*******H*******************+** 



CURRENT DRTE: 07-Z-1333 FILE DRTE: 07-22-1333 
RRUtlT TIME: 08:24:51 FILE NRME: CB6-5 

********H*****~********f***********f********************f***************~***** P 
PERFORMRXE WRVE FOR ULVERT # 1 - 1 4 6 ErY 3 1 RCB 

************f**********************************f******************************** 

I DIS- HERD- INLET OUTLET 
CHARGE WATER CfiNTfiUL WNTRDL FLDkl NDRERL CRITICRL ClUTLET TRILMRTER 

ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH 

* t~** * * * * * * *~t~*~* t * i * * t * * * * * t * t i ; * * * * * i * * * * * * *~** * * * * *~** * * * * * * * *x~** * * *a t * *~* t  

0 1041.80 0.00 2.35 0-NF 11. (ti) (1. (10 (I. 00 ir. oo 0. iti:~ 2.41 
3 1041.32 0.60 2.37 3-Mlt 1 0.40 (1.53 2.41 0.00 2.41 1 17 1041.84 0.35 2.33 3-Mlt 0.89 0.64 1.13 2.41 0.00 2.41 

26 1041.87 4 2.42 3-Mlt 1.05 0.83 1.78 Z41 0.00 2.41 
34 1041.32 1.50 2.47 3-Mlt 1.2@ 1.01 2.38 2.41 0.00 2.41 I 43 1041.33 1.76 2.54 3-Filt 1.43 1.17 2.97 2.41 0.00 2.4: 
52 1042.(16 2 .  2.61 3-Mlt 1.69 1.32 3.57 2.41 0.04 2.41 
60 1042.16 2.24 2.71 3-Mlt 1.83 1.47 4.16 2.41 0.00 2.41 
63 1042.27 2.46 2.82 3-Fllt 2.08 1.60 4.76 2.41 0.00 2.41 1 77 1042.33 2.68 2.34 3-Dilt 2.26 1.73 5.35 2.41 0.00 2.41 
6E 11042.52 2.30 3.07 3-Rt 2.45 1.86 5-95 2.41 0.00 2.41 

******************t*******************************************************f***** 

I El. inlet face invert 1033.45 f t  El .  outlet invert 1023.33 f t  
El. i r~ le t  throat invert 0.00 f t  El .  inlet crest 0.00 f t 

**HM~********H****?*?*f*?******f*f*****f*~******H**w****f*f*************** 

I *it** SITE DRTR *Hf* CULVERT INVERT f%***t**f*w*** 

INLET STRTION (FT) 0.00 
INLET ELEVRTIUr4 (FT) 103'3.45 I GUTLEI STATION (FT1 40.00 
OUTLET ELEVRT1Ot-J (FT 1 1033.33 
NUPiBER OF ERRRELS 1 I SLOPE (V-FT/H-FT) 0.0015 
CULVERT LEti6TH RLONG SLOPE (FT) 40.00 

**** CULVERT DATR SUMMRRY ww~*******w*t%**i**k*t** 

PRREL SHRPE ED% 
ERRREL SPRN 6.00 FT 
BRRREL RISE 3.00 FT I BRRRELMRTERIPL CONCRETE 
BRRREL HA14NING1 S fd 0. it12 
INLET TYPE CONVENT1 ONRL 
INLET EDGE RtltD WRU 1 : 1 BEVEL 145 DEG. FLGRE) 
INLET DEPRESSION NONE 



CURRENT DRTE: 07-Z-3'333 FILE DATE: 07-22-1993 
r R R L V T  T I E :  08:24:51 F I L E  MRK: CB6-5 

**f*************************~**********************************f**~*f****f*****k 

~ * * ~ * * * i i t * i i * ~ t * f * ~ t * * x  TRILWTER ******~i**~iikt***fk*tf*kx 

I ********************************************************************f*******f**k ************************************~~***~********f*************************f**~ 

I CONSTRNT WATER SURFilCE ELELQTIOW 
1041.E0 

RORDWRY SURFACE FRVED I EMsRNKhEldT TOP UIDTH IFT) 40.00 
***** USER DEFINED RORDWRY PROFILE 

CRffiS-SECT ION X Y I COORD. NO. IFT) IFT) 
1 0.00 1044.1'3 

I 
2 40.00 1043.53 
3 48.00 1044.53 
4 146.00 1045.00 



TRAPEZOIDAL CHRtitJEL RtJALYSIS 
STRVDQRD STEP WRTER SGCiltFRCE PRDFILE 

I PROGRRA I t4PUT DATR: 
DESCRIPTIDW VALUE 
.......................................................... 

....................... I .............. 
Flcw Rate (cubic feet per second) 66.0 
Channel pot to:^^ Slcqe (feet PEP foot) ...... 0.0063 
irfarir~ir~g's Ruughriess Cc~efficient kt-value).. ............. 0.0250 
Channel Side Slope - Left Side (huritor~tallvertical). ... 4.00 

... I Char~'f~i Side Slope - Right Side (horizontal/vert ical) 4. (10 
Channel Eottc~;~~ Midth (feet) ............................. 5.0 
Chanrel Flow-Lire Elevatic~n at Starting Station (feet). . 1040.45 

.... I Watei- Surface Elevation at Startirig Stat iari (feet 1.. 1042.52 
r. -. ~ t d r t i r q  Charlr~el Stat ion (feet). ........................ 1774.M 

PRDGXM RESULTS: 
DEZRf PTIOtJ V RUE 
--------------- - ------- ----- 
I4arsal Depth (feet I.. ................................... 1.56 
Critical Depth (feet) ................................... 1.45 

static if^ Flctwlir~e WS Elev. Depth Flciw Rrea Vel Velclcitv EEL Slooe 
( f t )  ( f t )  ( f t )  ( f t )  (sq f t )  (fos) Head(ft) ( f t l f t )  

................................................................... .................................................................... 
TRQPEZCIIDRL CWNblEL RNRYSIS COMPUTER PROGRRM, Vet>sior~ 1.1 (c) 1366 
Dodson 8 Rssociates, Inc., 7015 W. Tidwell? #107, Houston, TX 77032 
(713) 83:rB3Zn, A rmfiual with euuatiilr~s & f l m  chart is available. 



TRRPEZUIDA CHRtiNEL RNRLYSIS 
STRKDRRD STEP WRTER SURFRCE PROFILE 

I 
July 21, 1333 

I PROGRBI I WPUT DRTfi: 
IlESCRI PT1Dt.I VRLUE 
------_^---________------------------------------------- 

....................... I F l c ~  Rate (cubic feet ow secandi 
Charrriel Pottcm Slope (feet ow foot) .................... 
Marrrri'rrg's Roughness Cctefficierrt (rr-value). .............. 

. 
I .. 

Channel Side Slape - Left Side (horizorrtal/vertical)... 
Chanr~l Side Slctoe - Right Side (hclpizcir~tal/vertical). 
Chanrrel Pott~i;  Uidth (feet) ............................. 
Charmel Flaw-Lirre Elwatictrr at  Start irq Staticirr (feet). . 

.... I Wat.et- Surface Elevatictn at Starting Station (feet).. 
St ar t  ing Chanrcel Stat iorr (feet). ........................ 
.................................................................. .................................................................. 

PXUGRRM RESULTS: 
KSCRIPTlUN VRLUE 

I ------___---____-_-------------------------- 
tktrr~al Depth (feet). .................................... 1.43 
Critical Depth (feet) ................................... 1.31 

I Staticirr Flowline WS Elev. Deoth F l c ~  Rrea Vel Velocity EGL Slooe 
( f t )  ( f t )  ( f t )  ( f t )  (su f t )  ( f ~ s )  Head(ft1 ( f t l f t )  

..................................................... 
) 39@J - 2273.0 1043.63 1045.45 1.56 17.53 4.05 0.255 0.004757 

?300.0 1044.06 1045.54 1.47 15-97 4.44 0.307 0.0(8128 
2350.0 1044.42 1045.64 1-42 15.18 4.66 0.340 0.007045 

I 24(@.0 1044.77 1046.20 1.43 15.34 4.63 0.333 0.006847 
2500.0 1045.45 1046.88 1.43 15.28 4.65 0.335 0.006313 

3567 2633.0 1046.40 1047.83 1.43 15.31 4.64 0.334 0.006676 

................................................................ .................................................................... 
T3RPEZUIIIRL CHRti!EL RNRYSIS COMPUTER PROGRRM, Vwsictn 1.1 (c) 1366 

I' Dctdsarr & Rssctciates, !nc., 7015 W. Tidwell, #107, Hctustc~rr, TX 7 7 0 2  
(713) 695-0322. R rrlanual with equations 8 flc~w chart i s  available. 



TRRPEZOIDRL CHRNt4EL Rt4RLYSIS 
STRRDRRD STEP MRTER SURFRCE PROFILE 

July 21? 1333 

PROGRRM IWPUT DRTR: 
DESCRIPTION VRLUE 
............................................................. 
Flclw Rate (cubic feet per secorid) ....................... 36.0 
Channel -Eclttc~r~~ Slope (feet per facat). ................... 0. 0073 

............... Mariiririg's Rctughr~ess Coeff icierrt (ii-value) 0.0250 ... Charnel Side Slope - Left Side (horizontal/vertical). 4. 00 
Cha.r~rel Side Slooe - R i g h t  Side (hcirizc~r~tal/vertical)... 4.00 
Channel Bottom Width (feet) ............................. 0,0 
Chanrtel Flowiir~e Elevat iun at Start in! Stat ion (feet). . 1047.40 ..... Water Surface Elevation at Starting Station (feet). 1047.83 

....................... Starting Chanriel St at  ion (feet 1.. 2636.00 

PROGRRM RESULTS: 
KSCRIPTIOH VRLUE 

thmal Depth (feet). .................................... 1.46 
Critical Depth (feet). .................................. 1.38 

Staticin Flowline WS Elev. Depth Flctw Rvea Vel Velocity EGL Slooe 
( f t l  ( f t )  ( f t )  ( f t )  (sq f t )  (fps) Head(ft1 ( f t / f t )  

....................................................... m TRRPEZOIDRL CHRWNEL RNRLYSIS C O N P U ~ E R  PRDERRN, Version 1.1 (c) 19'6 
Dctdscif~ b Rssctciates, I ~ I c . ~  7015 U. Tidweil, #!C17, Houstctri, TX 77092 
(713) 935-6322. R r~ianual with ecuatior~s & flciw chart i s  available. 

I 
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I 
CURRENT DRTE: 07-22-1333 

2 

FILE DRTE: 07-22-1333 
RRENT TIME: 08:27:21 FILE tJR;riE: CE7-5 

*****************Y***Y********************************************************* ' KRFORHFilEE CURVE FOR CULVERT t 1 - 1 i 3 RY i 1 REP 
t*********f*f****Cf***ff**t*f***fi***k*****ffftf*********f*f********f*****Xf**** 

I DIS- HERD- INLET OUTLET 
CHRRGE MRTER CLSNTRUL CONTROL FLOW NOFiiqRL CRIT ICR OETLET TRILWRTER 
FLOW ELEV. DEPTH DEPTH TYPE DEPTti DEPTH VEL. DEPTH YE?. DEPTH 
( c f 5 )  ( f t) ( f t )  ( f t i  IF41 ( f t )  ( f t i  ( i s 5 1  i f t i  ( f p s i  ( f t i  
*************************************f*******H******************************** 

O 1050.86 0. (10 1.26 0-NF 0.00 0.00 0.00 0. CIC, 0,W 1.48 

I 
4 1050.33 0.71 1.41 3-Mlt 0 . 2  0.59 1.04 1.48 0.00 1.43 
7 1CrS1.08 1 1 . 0  3 0.75 O.@i 2.C17 1.46 0.CKI 1.48 

11 1051.00 1.42 1.42 1-S2r1 0.93 1.03 5.78 0.33 0.OO 1.48 
14 1051.23 1.71 1.71 1-9r1 1.08 1 . 1  6.25 1.06 0.00 1.48 

I 16 1051.54 1-96 1.36 1-S2n 1.23 1.35 6.62 1.23 O.il0 1.46 
22 1051.78 2.23 2 ,  1-91 1.36 1.44 6.45 1 . 6  0.00 1.48 
25 1051.93 2 4 1  2.41 I-S?~I 1.43 1.61 7.22 1.43 0.00 1.46 
3 1052.20 2 .  2.62 1-S2r1 1.61 1.73 7.46 1.61 0.00 1.46 1 32 1052.41 2.63 2.83 1-Sh 1.73 1.84 1.67 1.73 0.00 1.48 
36 10S2.62 3.05 3.05 's9n 1.66 I.% 7.64 1.86 O.00 1.48 

**********************+***f**************************************f******H****** 

E l ,  inlet face irlvert 1049.56 f t  El. o u t l e t  invert 1043.38 ft 
0.00 f t  

**H*f*f********~**W**f*****f****W***************************f*************** 

I *%** SITE DRTR ***** CULVERT INVERT *******u;****** 
INLET STRTION (FT) 0.00 
INLET ELEVRTION (FT) 1043.58 I O!JTLETSTJTIDN(FT) 40.00 
OUTLET ELEVRTION (FT) 1043.38 
t4LlMEER OF ERRRELS 1 
SLOPE (V-FT/H-FT) 0.0050 I CULVERT LENGTH FLUNG SLOPE IFT) 40, Q<I 

w*ww CULVERT DRTR SijtiMRfiY *****t***~***+********** I BRRREL SHRPE C I  RCULRR 
ERRREL DIRMETER 3.00 FT 
ERRREL MRTERIRL COKCRETE I BRRREL M B N I P ' S  N 0,012 
INLET TYPE CONVEYS I UNRL 
INLET EDGE RI4D WRLL SQI\F;RE EDGE WITH HERDWRLL I INLET DEPRESSION NONE 



FILE DRTE: 07-22-1323 
RREIJT TIME: 08:27:21 FILE l3%iE: C27-5 

Y*f t f f f f tYf * f * * * f f * *P* f * f f f f * * * * * * * f * f * *k t t f f4 t tCf t t * f * f f * f f * * * * * * * f * *k* * * f * * * *  It" 
*i* l i~*f f f t t f f f f* f f f f~ i f i f  TRILWRTER ** i ** i t+t***~fa+f*tw*tf f f f  

*********************************f******************f************f*******t***** t H*+********************f***********+****************************~******f****f 
I CONSTRKT WRTER SURFRGE E'LVRTICN 

1050.66 

RORDWRY SURFRCE GRNEL 
EMRRNKENT TOP WIDTH (FT) 20. (10 

***** USER DEFINED RORDWRY PROFILE 
CROSS-SECT IOIJ X Y I COORD. NO. (FT) 1FT) 

1 0.00 1054.56 



TRRPEZDIljRL CHRNNEL WRYSIS 
STRtdDRRD STEP WRTER SURFRCE PRUFILE 

I PROGRRK INPUT PRTR: 
DESCRI PTI013 VRLUE 
........................................................ 

....................... 
I .................... 

Flow Rate (cubic feet pei- secorld) 
Channel E o t t c ~  Slope (feet pei. foot) 
Pianrring' s Roughr~ess Coef f i c imt  (n-value) ............... 
Channel Side Slope - Left Side (hot-ii~r~tal/vertical). ... .. I Chanrel Side Slope - Right Side (hctri;c~ntal/v~rtical). 
Char~riel Fottctr~l Width (feet) ............................. 
Ehanrel Flctw-Line Elevat iciri at Starting Stat icin (feet). . 

..... I Water Surface Elevatictn at Starting Station (feet). 
........................ Starting Channel Stat iari (feet). 

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

I PROGRRM REEGLTS: 
IIESCRI PTIDN VRLUE 

I ........................ ------- 
Fk~rtl~al Depth (feet). .................................... 1.50 
Critical Depth (feet) ................................... 1.38 

I Staticit1 Flowlir~e !& Elev. Depth F l w  Rrea Uel Velocity EGL S l o ~ e  
( f t )  ( f t )  ( f t )  ( f t )  (sq f t )  (fps) Head(ft) ( f t l f t )  

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

I' TRRPEiD!DRL CtiRNNR RNRLYSIS CDNPUTER PROGRRM, Version 1.1 (c) 1366 
Dc~dsiirl & Rssc~ciates, Inc., 7015 El. Tidwell, #107, Houston, TX 77092 
(713) 895-6222. R rtlanual wi th  eouatic~ns & flow chart i s  available. 



TRRPEZDIDRL CHRNtiEL Ri.;RLYSIS 
STRWWIRD STEP WATER SURFRCE PROFILE 

I PROGRRirl I RPUT DFITR: 
DESCRIPTiCiN 18;g~g~ 
................................................................ 

....................... 
I 

Flm Rate (cubic feet oer secor~di 36.0 
Chanrrel B~ttam Slctoe (feet oer fout) .................... cj.(:,i120 .OOZOL 
Plartr~ing' s Roughness Cc~eff icient [n-value). .............. C1.0250 
Channel Side Slope - Left Side (horizor~tallve~tical) .  ... 4.00 .. I Charmel Side Slope - Right Side (horizontallvertical). 4.00 
Charmel Bottora Nidth (feet) ............................. 0.0 
Cfianrel Flaw-Line Elevation at Startin! Statiorr (feet). . lOE4= 15 

..... I ........................ 
Water Surface Elevatictn at Starting Station (feet). 1055.64 
Eitartir~p Chanrel Station ( f w t ) .  3173.00 

DESCRIPTIDN VRLUE 

I ...................................................... 
tkrraal Depth (feet). .................................... 1.69 
Critical Depth (feet). .................................. 1.3 

I Statictn Flctwlirie WS Elev. Depth Flow Rrea Vel Velocity EGL Slilpe 
(ftf ( f t )  ( f t )  ( f t )  (sq f t )  (fos) Head(ft1 ( f t l f t )  

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

TRRPEZDIDFIL CHRNMEL RNRLYSIS COMPLITER PRDGRRM, Version 1.1 ic) 1366 
Dc~dsczr~ & Rssociates, Ir~c., 7015 W. Tidwell, t107, Houst.c~n, TX 77032 
(713) 635-8322. FI manual with equatims & flow chart is available. 



STANDRRD STEP WRTER SURFRCE PRDFILE 
July 15, 1333 

PROGRRM INPLIT DRTR: 
DESCRIPTION 

I ................................ 
Flow Rate (cubic feet pet7 secor~d) ....................... 
Chanriel Bcrttorn Slc~pe (feet per foot). ................... .............. 

I ... Mar~r~ing's Roughr~ess Cc~efficie.rit (n-value). 
Chaririel Side Slope - Left Side (horiz~ntal/vertical). 
Chanrel Side Slope - Right Side (horizontal/vertical). .. 
Channel Bottc~n Width (feet) ............................. 

I Charire1 Flow-Line Elevat iori at Starting Station (feet). . ..... Water Surface Elevation at Starting Stat ion (feet). ........................ Starting Charire1 Station (feet). 

I I PRDGRRM RESULTS: 
DESCRIPTION VRLUE 

-- --- ---- 
tbmal Depth (feet) ..................................... 1.63 ................................ I I Critical Depth (feet)... 1.38 

I Station Flwlire WS Elev. k p t h  Flaw Rrea Vel Velccity E6L Slctpe 

..................................................... ................................................... 
TRCIPEZOlDAL CHANNEL RNRLYSIS COMWTER PROGRRM, Version 1.1 (c) 1386 
Dodson 4 flssociates, Inc., 7015 W. Tidwell, 11107, Houstori, TX 77032 
(713) 835-8322. f l  manual with eauatiow 8 f l w  chart i s  available. 



1 
i 

URRENT DRTE: 07-15-1393 FILE DRTE: 07-14-1393 5 -  Q = 36 4 s  
,iLlRRWT T I E :  13:21:43 FILE NRME: LBLIT-5 

tt*~***i~*~~~*~**ti**t~*t~**tltt~tt*~***~t*~*~t~~t**t~~**t~~tx~~~t*a~***~~*t~~**t** 

fiwrwr+t*r*f*twffi*+fff*** FHWR CULVERT RNALYSIS *****fwwf***+*+***fff***x* 
+rt*t******wwrcrc*~f*******f HY-8, VERSION 4.0 E ****f****f******i********* 

fiH*f****f***~***f*f*f*fY**********************f*****H********************** 

: C I SITE DRTR I CYLVERT SlfRPE, MRTERIRL, INLET I I 

u '--------------------'----------------------------------------------l 

L I INLET OUTLET CULVERT : BARRELS I I 

V I ELEV. E L N .  LENGTH : SHROE i t  SPRY RISE W#N!NG INLET I 
I # I (FT) (FT) (FT) I MRTERIRL IFT) (FT) ri TY PE l a 

I------,-------___-~---------------------------------------~ 1 1 11060.10 1053.81 100.00 1 REP 2.00 3.00 1 CDNVENTIO!@LI 
: ? I  I 

1 I 

I I 3 6" I I 

I 1 
I 1 

1 I 
I I 

HHfif*ff~tYffffWH*ff*fffIFt*Ctf~ffiiff*t*ffffftfif~fWf*fffffiff~fff9fiQf**~~~* 

I CULVERT HERDWRTER ELEVRTION (FT) DRTE: 07-14-1993 

- 
DISCHRREE 1 2 3 4 c 6 RUROWRY 

0 1061.50 0.00 0.00 0.00 0.00 0.00 1064.10 
4 1061.55 0.00 0.00 0.00 0.00 0.00 1064.38 

0.00 0.00 0.00 0.00 0.00 1064.47 
11 1061.60 0.00 0.00 0.00 0.00 0.00 1064.54 
14 1061.89 0.00 0.00 0. 00 0.00 0.00 1064.53 I 18 1062.15 0. OC, 0.M 0.00 0.00 0.00 1064.64 
Z 1062.58 0.00 0.00 0.00 0.00 0.00 1064.69 
5 1062.77 0.00 (1. (t(r (I. Ct(, (1.00 0. CJ(I 1064.71 1 29 1062.99 0.00 0.00 0.00 0.00 0.00 1064.74 
32 1063.17 0.00 0,Nl 0. (a 0.00 0.00 1064.77 
36 1063.37 0.00 0.00 0.00 0.00 0.00 1064.73 ) 58 1064.81 0.00 0. 0. Ct(, 0.00 0.00 0.00 

The a b w e  0 and HW a r e  f o r  a point  above t h e  roadway. 
H ~ H f f i f + t Y f f Y f f * f f f f f f i f Q ~ W f f f i f f * f * W * * * * f f Y ~ + * C ~ f f f f f * f t f t X f f f f * f ~ * * f * ~ f f ~  



f RENT DRTE: 07-15-1993 FILE DRTE: 07-14-1333 
RRENT TIME: 13:21:43 FILE t4RRE : C:EILIT-5 

................................................................................ 
PERFORMFINE W W E  FOR WLVERT t 1 - 1 ( 3 gY 3 1 K P  

DIS- HERD- INLET OUTLET 
CHRRGE WRTER CONTROL CONTROL FLOW NORMRL CRITICH? CUTLET TRILWRTER 

ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH 
(cf5) (ft) (ft) ( f t )  (F4) (ft) ( f t )  ( f p s )  ( f t )  (fp5) ( f t) 
******************Y**********~******~~*~*************~************************* 

0 1061.50 0 N 1 . 3  0-NNF 0.00 0 00 O. 00 O. 00 0.00 1.69 
4 1061.55 0.71 1.37 3-M1t 0.57 i1.59 0.89 1.63 0.00 1.63 1 7 1061.65 1.03 1.47 3-llt 0.81 0.94 1.76 1.69 0.00 1.69 

11 1061.60 1.42 1.42 1-S2n 1.00 1.03 5.18 1.00 0.00 1.63 
14 1061.83 1.71 1.71 1-S2rr 1.18 1.21 5.58 1.18 0.00 1.69 ( 1B 1062.15 1.37 1.97 1-S2n 1.33 1.35 5.93 1.33 O.00 1.69 
2 1062.38 2.20 2.20 1-9r1 1.48 1.43 6.2ir 1.49 0.00 1'69 
5 0 7 7  2.42 2.53 3-Mlt 1.63 1.61 6.15 1.69 0.OO 1.63 I 29 1062.93 2.63 2.81 bMZc 1.77 1.73 6.81 1.73 0.00 1.69 
32 1063.17 2.84 2.39 2-Pl2~ 1.92 1.84 7.11 1.84 0.00 1.69 
36 1063.37 3.05 3.19 2-M?c 2.06 1.34 7.44 1.94 0.00 1.69 

fCf+CffC*HHtt*ff++CW*ttfft***It**f+ff*Itft*******ItIt*~**Pli**iC****It****i~*ff~f**f** 

El. inlet f a c e  i n v e r t  10Ml.18 f t  El. outlet invert 1059.81 ft 
El. inlet throat invert 0.00 f t  El. irrlet crest 0.00 f t  

F HHH****M*********f****************************H**************~*********** 

**+i SITE DRTR w w w t *  CULVERT INVERT *******wt**w*w 
INLET STRTION (FT) 0.00 
INLET ELEVRTIOM (FT) 1060.18 I OUlLETSTRTIM(FT)  100.00 
OUTLET ELEVRTION (FT) 1053.81 
MItGER OF ERRRELS 1 I SLOPE IV-FT/H-FT) 0.0037 
CULVERT LENGTH RLONG SLOPE (FT) 100. K) 

Y * H  CULVERT DRTQ SUMMRRY t********+**tt******f*t* 

BRRREL SHRPE CIRCULAR 
BRRREL DIRMETER ?.i10 FT 
EARREL MRTERIRL CONCRETE I BRRREL MRtdtdING1 S N 0.012 
INLET TYPE CONVENT I ONRL 
INLET EDGE RND WRLL SRURRE EDGE WITH HERDWRLL I INLET DEPRESSION NDNE 



CURRENT DRTE: 07-15-1333 PRRENT TIME: 13:21:43 
FILE DRTE: 07-14-1335 
FILE NRME: CBLIT-5 

*****H*********************f****~********f*****~*******~*fff****f**f*********** 

i*~+**t*l~~+~*it i*t**** TRILWRTER *ti*tt**t***ff**f*tf*fff*t 

************~f*f**~****~**********~**f*********************ff*f***fff**f******* F 
~H******************f***f*f*****f*******f**f**********ff********f*****f***ffX* 

I COhSTRNT WRTER SUWRCE ELEVRTIUN 
1061.50 

RORDWRY SURFRE PRVED I EMWMENT TOP UIDTH (FT) 69.OC1 
***** USER DEFINED RDRDtfRY PROFILE I F:L%SSEEION X Y 

(FT) (FT) 
1 0.00 1064.70 

I 2 40.00 1064.10 
3 46.00 1064.70 
4 148.00 1065.00 

HH*tH****~*W**********************************~*t***********************~ 



TRAPEZOIDAL CHANNEL ANALYSIS 
STANDARD STEP WATER SURFACE PROFILE 

August 3, 1993 

PROGRAM INPUT DATA: 

OESCRIPTION VALUE 

Flow Rate (cubic f e e t  per second) ....................... 
.................... Channel Bottom Slope ( f e e t  per foo t )  

Manning's Roughness Coef f i c ien t  (n-value) ............... 
Channel Side Slope - L e f t  Side (hor izonta l /ver t ica l ) .  ... 
Channel Side Slope - Right Side (hor i zon ta l / ve r t i ca l ) .  .. 
Channel Bottom Width ( fee t )  ............................. 
Channel Flow-Line Elevat ion a t  S ta r t ing  S ta t ion  (feet).. 

Water Surface Elevat ion a t  S ta r t ing  S ta t ion  ( fee t )  ...... 
S t a r t i n g  Channel S ta t ion  ( feet ) .  ........................ 

PROGRAM RESULTS: 

OESCRIPTION VALUE 

Normal Depth ( fee t )  ..................................... 1.61 

C r i t i c a l  Depth ( fee t )  ................................... 1.04 

S t a t i o n  Flowline WS Elev. Depth Flow Area Vel Veloc i ty  EGL Slope 

(ft) (ft) (ft) (ft) ( s q f t )  ( fps )Head( f t )  (ft/ft) 

.................................................................... .................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM. Version 1.1 (c)  1986 

Dodson & Associates, Inc., 7015 W. Tidwel l .  #107. Houston, TX 77092 

(713) 895-8322. A manual w i t h  equations & f l ow char t  i s  avai lable. 



TRAPEZOIDAL CHANNEL ANALYSIS 
STANDARD STEP WATER SURFACE PROFILE 

August 3, 1993 

PROGRAM INPUT DATA: 

DESCRIPTION VALUE 

Flow Rate (cubic f e e t  per second) ....................... 
Channel Bottom Slope ( f e e t  per foo t )  .................... 
Manning's Roughness Coef f i c ien t  (n-value) ............... 
Channel Side Slope - L e f t  Side (hor i zon ta l / ve r t i ca l  ). . . . 
Channel Side Slope - Right Side (hor i zon ta l / ve r t i ca l  ). . . 
Channel Bottom Width ( fee t )  ............................. 
Channel Flow-Line Elevat ion a t  S t a r t i n g  S ta t ion  (feet).. 

Water Surface Elevat ion a t  S ta r t ing  S ta t ion  ( fee t )  ...... . 
S t a r t i n g  Channel S ta t ion  ( fee t )  ......................... 

PROGRAM RESULTS: 

DESCRIPTION VALUE 

Normal Depth ( fee t )  ..................................... 1.35 

C r i t i c a l  Depth ( fee t )  ................................... 1.26 

S t a t i o n  F lowl ine WS Elev. Depth Flow Area Vel Veloc i ty  EGL Slope 

(ft) (ft) (ft) (ft) (sq ft) ( fps)  Head(ft) (ft/ft) 

.................................................................... .................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 

Dodson & Associates, Inc., 7015 W. Tidwel l ,  #107, Houston, TX 77092 

(713) 895-8322. A manual w i t h  equations & f l ow char t  i s  avai lable. 



TRAPEZOIDAL CHANNEL ANALYSIS 

STANDARD STEP WATER SURFACE PROFILE 

August 3. 1993 

PROGRAM INPUT DATA: 

DESCRIPTION VALUE 

....................... Flow Rate (cubic fee t  per second) 
.................... Channel Bottom Slope ( fee t  per foot) 

............... Manning's Roughness Coeff icient (n-value) 

.. Channel Side Slope - Le f t  Side (horizontal/vert ical). .  

.. Channel Side Slope - Right Side (horizontal/vert ical).  

Channel Bottom Width ( feet)  ............................. 
Channel Flow-Line Elevation a t  Star t ing Station (feet).. 

...... Water Surface Elevation a t  Star t ing Station ( feet)  

Star t ing Channel Station ( feet)  ......................... 

PROGRAM RESULTS: 

DESCRIPTION VALUE 

Normal Depth (feet) ..................................... 1.15 

C r i t i c a l  Depth ( feet)  ................................... 1.06 

Stat ion Flowline WS Elev. Depth Flow Area Vel Velocity EGL Slope 

( f t )  ( f t )  ( f t )  (ft) (sq f t )  (fps) Head(ft) ( f t / f t )  

------------------------------------------------------------------== .................................................................. 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.1 (c) 1986 

Dodson & Associates, Inc., 7015 W. Tidwell, #107, Houston, TX 77092 

(713) 895-8322. A manual wi th equations & flow chart i s  available. 



TRRPEZDIWIL CHRNNEL AtllRLYSIS 
STRtJMIRD STEP WRTER SURFRCE PROFILE 

July 15, 1333 

PRffiRRM INPUT DATR: 
DESCRI PT ION VRLUE 
----- 
Flow Rate (cubic feet per secord) ....................... 24.0 
Channel &ttw Slow (feet uer foot). ................... 0.0075 ............... Martning's Roughness Ccrefficierit (n-value) 0.0i?50 
Channel Side Slope - Left Side (horizcrrttal/vertical). ... 4. i@ 
Channel Side Slope - Risht Side (horiiontal/vertical)... 4.00 

.... Charnel Bottw Width (feet).. .................... .. 0.0 
Chartre1 Flcw-Lir~e Elevation at Starting Station (feet). . 1069.40 

..... Water Surface Elevat iorl at  Start irtg Station (feet). 1070.00 
Starting Chanr~l Stat ion (feet). ........................ 400.00 

PRDGRRM RESULTS: 
DESCRIPTION 

thmal Depth (feet). .................................... 1.27 
Critical Depth (feet) ................................... 1.17 

Station F lwl i r e  US Elev. Depth Flw Rrea Vel Velocity EEL Slepe 
( f t )  ( f t )  ( f t )  ( f t )  (sq f t )  (fps) Headtft) ( f t / f t )  

--we-------------------------------------- ......................................... 
TRRPEZOIDRL CHRF(NEL RNRLYSIS COMPUTER PRDGMM, Version 1.1 (c) 1386 
Dc~dsc~n & kmciates ,  Irtcac., 7015 W. Tidwell, 4107, Houstor~, TX 77032 
(713) 835-8322. R manual wi th  equations & flctw chart is available. 



TRRPEZOIDA CHFlNML RNRLYSIS 
STANDRRD STEP W R E R  SURFRCE PROFILE 

July 15, 1333 

PROGRRM INPUT DRTR: 
DESCRIPTIOEI WLUE 
---------------------------*-------- 

Flow Rate (cubic feet per secord) ....................... 
Channel Eottofii Slope (feet per foot 1.. .................. 
Narirring's Roughr~ess Coefficient (n-value) ............... 
Channel Side Slope - Left Side (horizontal/vert ical). ... 
Chartriel Side Slope - Right Side Ihorizc~ntal/vertical). .. 
Channel Eottca Width (feet) ............................. 
Charire1 Flowiine Elevation at Starting Statior~ (feet). . 
Water Surface Elevation at Starting Station (feet). ..... 
Starting Char~rel Stat ion (feet). ........................ 

PRDGRRW RESULTS: 
DESCRIPTION VRLUE 
-------- ------------- 
Normal Depth (feet) ..................................... 1'06 
Critical Depth (feet 1.. ................................. 1.00 

Station Flowlire E Elev. Depth Flcer Rrea Vel Velccity E6L Slope 
( f t )  ( f t )  ( f t )  ( f t )  (5q f t )  (fps) Head(ft.1 ( f t / f t )  

...................................... -------------- ----------------- ------ 
TRRPEZDIDCIL WNEL RNAtYSIS UINWTER PROGRM! Version 1.1 (c) 1366 
Dodson S Rsmciates, Irc., 7015 W. Tidwell, #107, Houston, TX 77032 
(713) 835-8322. R wariual with wuatioris & flow chart i s  available. 



APPENDIX B 

PRELIMINARY CAMELBACK CHANNEL PLAN 
AND PROFILE (700-YEAR AND 5-YEAR INTERIM) 









SHEET 1 







APPENDIX C 

DRAINAGE MAPS 
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CAMELBACK ROAD CHANNEL 
DRAINAGE MAP 

100 - YEAR DESIGN STORM 
WITH NO COLTER CHANNEL 

(Existing Conditions) 



6allu.1 ~ r d  d n l n l l ,  ton ( i l t6  l tom ~ ? . i a l  ~ I ~ ~ I o ( o ~ p l ~ ~  
1 1 1 1 ~  1951. 1 o r o ~ n ~ J ~ ~  a, o I ~ e : l $ L ~ *  b ~ ~ n t 8 \  ! $ > I  

Polrlo&c psoi1t1;on. 10 000 I m l  (Ad l l 0  I 1.4 t e r (  M 

L U I W ~  ( ~ ~ J l n l l I  t r l l l m ,  1~. .1#01 1 0 1 . g  

l m , n t t l ~ +  I l i w ~ 1 ~ ~ ~ 1  I ~ I ~ I ~ I ~ I  I.!I*I 0 1 0 1  told l i t 1  I, 
Ion, I ? ,  %b.-n-* hLnt ,  1 9 1 1  I I * . th A n t ~ i I t n ~ ~ l ~ ~ n  
I ,  V,I ,  ..efi~st 1 ~ ~ 1 ~ 1 ~ 1 1 ~ 6  I I W ~ ~  A - S , ~ , , , ~  nit$,," I-JIII 

8-om# 1I.t ~#o;< l lsen I ;a . t~  I r.818.t $outn ~ n d  
> -. 

SOURCE: Recommendation Report 
Colter Channel Project COLTER CHANNEL DRAINAGE MAP 
Nov. 1992 
CRSS Civil Engineers and Wood Patel & Assoc. 










