
Frop=r:y of - * .  ,- 
Flcod Ccn*+-rl -: c- !-ibrzry 

;- ;< - 1 ,  2.3 I :. a -, 
FhG-ni:;, L5iG9 

PRELIMINARY HYDROLOGY REPORT 

POR 

CITY OF PHOENIX 

PROJECT NO. P-886515 

- 

Kaminski-Hubbard Engineering. Inc. 
4450 North Black Canyon Hwy., Suite C 

Phoenix, Arizona 85017 * 

Phone (602) 242-5588 

TATUM BOULEVARD 

MOCKINGBIRD LANE TO SHEA BOULEVARD 

March 30, 1990 



TABLE OF CONTENTS 

PAGE 

INTRODUCTION . . . - . . . . I .  . . . . . . . . . . 1 

EXISTING DRAINAGE.FACILITIES . . . . . . . . . . . 1 -  2 

HYDROLOGY . . . . . . . . . . . . . . . . . . . .  3 -  5 

HYDRAULICS . . . . . . . . . . . . . . . . . . . .  5 

HYDRAULICS RESULTS FOR EXISTING CONDITIONS . . . . 6 -16 

DRAINAGE AREA NO. 1 . . . . 6 - 8 

DRAINAGE AREA NO. 2 . . . . 8 - 11 
DRAINAGE AREA NO. 3 . . . . 12 - 14 
DRAINAGE AREA NO. 4 . . . . 14 - 16 

SUMMARY AND CONCLUSIONS . . . . . . . . . . . . . 17 - 18 

APPENDIX A - HYDROLOGIC DESIGN TABLES 
APPENDIX B-1 - DRAINAGE AREA NO. 1 

HEC-1 OUTPUT 

APPENDIX B-2 - DRAINAGE AREA NO. 1 

DESIGN CALCULATIONS 

APPENDIX C-1 - DRAINAGE AREA NO. 2 

HEC-1 OUTPUT FOR SUB-BASINS 400 & 410 

APPENDIX C-2 - DRAINAGE ABEA NO- 2 

PEAK DISCHARGE & RETENTION CALCULATIONS FOR 
SUB-BASINS 421-423 & 431-432 

APPENDIX D-1 - DRAINAGE AREA NO. 3 

HEC-1 OUTPUT 

APPENDIX D-2 - DRAINAGE AREA NO. 3 
DESIGN COMPUTATIONS & PIPE CULVERT CALCULATIONS 

APPENDIX E - DRAINAGE ABEA NO. 4 
PEAK DISCHARGE & RETENTION CALCULATIONS 

PLATE 1 



This  r e p o r t  p r e s e n t s  t h e  e x i s t i n g  hydro log ic  c o n d i t i o n s  f o r  Tatum 

Boulevard between Sunset  Dr ive  and Gold Dust Avenue. Th i s  s e c t i o n  of 

Tatum Boulevard is  w i t h i n  t h e  j u r i s d i c t i o n  o f  t h e  C i t y  o f  Phoenix.  

However, t h e  e a s t  r i g h t  o f  way o f  Tatum Boulevard is a l s o  t h e  boundary 

between t h e  C i t y  of  Phoenix and t h e  Town of P a r a d i s e  Va l l ey .  Tatum 

Boulevard w i l l  be upgraded t o  a s i x - l a n e  a r t e r i a l  street ( t h r e e  lanes 

i n  each d i r e c t i o n )  wi th  a r a i s e d ,  landscaped median. 

The s t udy  a r e a  (F igu re  1) is  bound t o  t h e  w e s t  and s o u t h  by t h e  

Phoenix Mountain P re se rve ,  t o  t h e  e a ~ t  by Tatum Boulevard ,  and t o  t h e  

n o r t h  by Gold Dust Avenue. The g e n e r a l  flow p a t t e r n  i n  t h e  waterehed 

is from w e s t  t o  e a ~ t  and i n t e r s e c t s  Tatum Boulevard t r a n s v e r s e l y .  

Tatum Boulevard a c t s  a s  a major c o l l e c t o r  o f  s torm runo f f  from t h e  

west t h a t  e i t h e r  ponds i n  low p o i n t s  a long  t h e  roadway o r  a t  s t r e e t  

i n t e r s e c t i o n ,  such a s  Double Tree  Ranch Road. Even tua l l y ,  t h e  s torm 

runof f  c o n t i n u e s  eas tward  and o u t f a l l s  i n t o  t h e  I n d i a n  Bend Wash. 

STING D m  F- 

There a r e  two wel l -de f ined  channe l s  i n  t h e  s t u d y  a r e a  t h a t  convey 
< 

s torm runoff  th rough  s u b d i v i s i o n s  t o  Tatum Boulevard.  One channe l  i e  

made o f  g u n i t e  and d r a i n s  an a r e a  of  approximate ly  404 a c r e s  t h a t  

i n c l u d e s  Tatum Mountain Acres, Double Tree Canyon and a p o r t i o n  of  t h e  

Phoenix Mountain P r e s e r v e .  Th i s  channe l  e v e n t u a l l y  d r a i n s  i n t o  a 

d e t e n t i o n  b a s i n  l o c a t e d  w e ~ t  o f  Tatum Boulevard and s o u t h  of  

Double Tree  Ranch Road. 



FIGURE 1 



The o t h e r  channel  is t renched through t h e  "Rancho Alta  Vida" 

subdiv is ion  and d r a i n s  approximately 170 a c r e s .  This channel  conveys 

storm runoff  t o  6-36" x 22" corrugated metal  p ipe  a rch  c u l v e r t s  t h a t  

d i scharge  runoff  under Tatum ~ o u l e v a r d  i n t o  t h e  "Mountain V i e w  

E s t a t e s "  subdiv is ion  . 

Drainage from t h e  "Tatum F o o t h i l l s "  subd iv i s ion  is c o l l e c t e d  i n  

r e t e n t i o n  bas ins  l oca t ed  between t h e  subd iv i s ion  and t h e  west r i g h t  of 

way of Tatum Boulevard. There a r e  approximately f o u r  o t h e r  r e t e n t i o n  

bas ins  t h a t  c o l l e c t  s torm runoff from t h e  "Al ta  Rancho Vida" 

subd iv i s ion .  

The only storm d r a i n  f a c i l i t y  along Tatum Boulevard is an e x i s t i n g  36" 

~ t o r m  d r a i n  t runk  l i n e  t h a t  extends  approximately 764 f e e t  sou th  of 

t h e  Shea Boulevard 78" storm d r a i n  t runk  l i n e .  There a r e  t h r e e  cu rb  

opening type  c a t c h  bae ins  t h a t  a r e  in te rconnec ted  t o  t h e  6-36"x2ZW 

cor ruga ted  metal  p ipe  a r c h  c u l v e r t s  t o  a l l e v i a t e  pavement d ra inage .  

Pavement d ra inage  i s  a l s o  c o l l e c t e d  i n  sumps a long t h e  west cu rb  and 

g u t t e r  and conveyed eas tward a c r o s s  t h e  s t r e e t  t o  cu rb  openings o r  t o  

cont inue  f lowing eastward down s i d e  s t r e e t s .  

The most s e r i o u s  f looding  problems along Tatum Boulevard occur a t  t h e  

Double Tree Ranch Road i n t e r s e c t i o n  where t h e  prev ious ly  mentioned 

g u n i t e  channel  d i s cha rges  storm runoff  i n t o  a d e t e n t i o n  bas in  t h a t  

overflows on to  Tatum Boulevard. T h i ~  d e t e n t i o n  bas in  is e s s e n t i a l l y  

a t  t h e  Game e l e v a t i o n  a s  Tatum Boulevard, and is i n s u f f i c i e n t  t o  

d e t a i n  t h e  nececsary runoff  t o  reduce t h e  peak d i scha rge .  The volume 

of t h i s  d e t e n t i o n  bae in  and o u t l e t  requirements  need t o  be eva lua ted  

i n  o r d e r  t o  m i t i g a t e  t h e  impacts of d ra inage  on Tatum Boulevard. 



HYDROLOGY 

The hydro log ic  analyces  f o r  o f f s i t e  runoff was performed us ing  t h e  

HEC-1 computer program t o  s imula te  t h e  r a in fa l l - runof f  r e l a t i o n s h i p  of 

a dra inage  a r e a  and t h e  rou t ing  of  f lows t o  s e l e c t e d  concen t r a t i on  

p o i n t s .  The drainage a r e a s  were d iv ided  i n t o  a number of sub-basins 

t o  b e t t e r  d e f i n e  t h e  runoff  p rocess  by t a k i n g  i n t o  account t h e  

v a r i a t i o n s  i n  topography and u rban iza t ion .  

P l a t e  1 i l l u s t r a t e s  t h e  sub- basin^ and p o i n t s  of concen t r a t i on  u ~ e d  

f o r  t h e  HEC-1 model. The hydrographs were rou ted  t o  conf luences  with 

ad j acen t  sub-basins us ing  t h e  Attenuation-Kinematic and Modified P u l ~  

Method. 

The peak d i scha rges  f o r  t h e  2 - ,  l o - ,  50- and 100-year storm event  were 

determined f o r  t h e  r e s u l t i n g  network of sub-basins  us ing  a 1-hour and 

24-hour storm dura t ion .  The C i ty  of Phoenix r a i n f a l l  d i s t r i b u t i o n  

t a b l e  was used f o r  t h e  24-hour storm d u r a t i o n .  The r a i n f a l l  

d i s t r i b u t i o n  t a b l e  f o r  a 1-hour storm d u r a t i o n  i s  ~hown i n  Appendix A .  

The C i t y  of Phoenix p r e c i p i t a t i o n  va lues  were used f o r  t h e  1-hour and 

24-hour storm dura t ions .  



Based on t h e  "General  S o i l  Hap of Maricopa Count,y" by t h e  S o i l  

Conservat ion  S e r v i c e ,  t h e  s t u d y  a r e a  would be  c l a s s i f i e d  a s  a  "Group 

D" s o i l .  A c u r v e  number of 86 was used for  r e s i d e n t i a l  a r e a s  and 95 

f o r  mountainous t e r r a i n  wi th  s l o p e s  g r e a t e r  t h a n  10 p e r c e n t .  These 

c u r v e  numbers were a p p l i c a b l e  f o r  t h e  1-hour s to rm d u r a t i o n .  The 

c u r v e  numbers were a d j u s t e d  t o  a c c o u n t  f o r  i n f i l t r a t i o n  rate 

d i f f e r e n c e s  between s to rms  o f  d i f f e r e n t  d u r a t i o n .  The 24-hour c u r v e  

numbers were lowered t o  accoun t  f o r  t h e  g r e a t e r  i n f i l t r a t i o n  r a t e  

a s s o c i a t e d  w i t h  a  l o n g e r  s torm d u r a t i o n .  The c u r v e  number a d j u s t m e n t s  

were i n t e r p o l a t e d  from t h e  c h a r t  shown i n  Appendix A. 

A t i m e  o f  c o n c e n t r a t i o n  f o r  e a c h  sub-bas in  o r  d r a i n a g e  a r e a  was 

de termined u s i n g ' t h e  method o u t l i n e  i n  t h e  manual "Urban Hydrology f o r  

Small Watersheds" ,  June 1986, by t h e  U . S .  Department o f  A g r i c u l t u r e .  A 

minimum t ime o f  c o n c e n t r a t i o n  was set f o r  10 minu tes .  

The r a t i o n a l  method o f  hydrology was used t o  compute t h e  peak runof f  

w i t h i n  t h e  s t u d y  a r e a  f o r  d r a i n a g e  a r e a s  l e s s  t h a n  40 a c r e s .  The peak 

d i s c h a r g e s  were computed f o r  t h e  2 - ,  10-;50-, and 100-year s torm 

e v e n t  u s i n g  t h e  C i t y  o f  Phoenix r a i n f a l l  i n t e n s i t y - d u r a t i o n - f r e q u e n c y  

c u r v e s .  A r u n o f f  c o e f f i c i e n t  o f  0 . 4 5  w a s  used f o r  r e s i d e n t i a l  a r e a s  

and 0 .70  f o r  mountainous t e r r a i n  w i t h  s l o p e s  greater t h a n  10 p e r c e n t .  



A r e t e n t i o n  volume r e q u i r e d  f o r  a  g i v e n  d r a i n a g e  a r e a  o r  sub-bas in  was 

computed u s i n g  two methods. One method was t o  e s t i m a t e  t h e  a r e a  under  

a hydrograph f o r  a  2- ,  l o - ,  50- ,  and 100-year s to rm e v e n t  u s i n g  a  2 

hour  d u r a t i o n  s t o r m .  

3 
Volume i n  f t  = Q. x 7200 

i 

The second method was s i m i l a r  t o  t h e  f i r s t ,  e x c e p t  t h e  computed t ime 

of c o n c e n t r a t i o n ,  Tc,  f o r  t h e  d r a i n a g e  a r e a  was used i n  t h e  fo l lowing  

e q u a t i o n  : 

3 
Volume i n  f t  = Q x 2.67 x Tc x 0.5 x 60 

i 

The r e t e n t i o n  volume u s i n g  Method 1 was on t h e  a v e r a g e  2  t o  3 times 

g r e a t e r  t h a n  Method 2 .  The computed r e t e n t i o n  volumes were compared 

t o  t h e  e x i s t i n g  r e t e n t i o n  b a s i n s '  volumes t o  d e t e r m i n e  t h e i r  d e s i g n  

f requency .  The e x i s t i n g  volumes w e r e  computed by p l a n i m e t e r i n g  t h e  

p e r i m e t e r  of t h e  r e t e n t i o n  b a s i n s  from 1" = 100'  a e r i a l s  and 

m u l t i p l y i n g  by a n  average  d e p t h  o f  3 f t .  

The HEC-5 methodology and d e s i g n  c h a r t 5  were used  t o  de te rmine  whether  

e x i s t i n g  p i p e  c u l v e r t s  were s u f f i c i e n t  t o  convey t h e  peak d i s c h a r g e  

th rough  a roadway embankment. 



ULTS FOR EXIST_ING C O B D I T I O N S  

Drainage Area No.. 1 

The topography of  t h i s  reg ion  c o n s i s t c  of  approximately 68 percen t  

mountainous a r e a s  and 32 pe rcen t  r e s i d e n t i a l  a r e a s .  The mountainous 

a r e a s  a r e  c h a r a c t e r i z e d  by rugged t e r r a i n  and s t e e p  g r a d i e n t s .  P r i o r  

t o  development, t h e  reg ion  conta ined  numerous washes t h a t  flowed from 

t h e  southwest  t o  t h e  n o r t h e a s t .  

Plate 1 i l l u s t r a t e s  t h e  d e l i n e a t i o n  of sub-basins  f o r  Drainage Area 

No. 1 ,  which encompasses approximately 404 acres. Drainage f o r  t h i s  

a r e a  is c o l l e c t e d  and conveyed by a g u n i t e  channel  running though t h e  

"Double Tree Canyon" subd iv i s ion  t o  a d e t e n t i o n  bas in  ~ o u t h w e ~ t  of t h e  

Tatum Boulevard - Double Tree Ranch R o a d ' i n t e r s e c t i o n .  

Peak d i scha rges  f o r  t h e  above mentioned d e t e n t i o n  bas in  were es t imated  

f o r  r e t u r n  pe r iods  of 2- ,  l o - ,  25-,  50- and 100-years us ing  t h e  HEC-1 

computer model. The l-hour and 24-hour storm d u r a t i o n s  were compared 

f o r  t h e  r e t u r n  pe r iods  t o  determine which governed. The peak 

d i scha rge  r e s u l t s  are presen ted  i n  Table 1 and t h e  HEC-1 input  and 

ou tpu t  f i l e s  f o r  t h e  l-hour storm d u r a t i o n  a r e  p resen ted  i n  Appendix 

B - 1 .  Appendix B-2 c o n t a i n s  t h e  sub-basin a r e a s ,  weighted curve number 

computations and t ime of concen t r a t i on  c a l c u l a t i o n c .  
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The peak d i scha rge  f o r  t h e  1-hour storm d u r a t i o n  was on t h e  average 

almost twice  t h e  peak d i scharge  f o r  t h e  24-hour storm dura t ion .  The 

computed times of concen t r a t i on  f o r  each sub-basin w a s  found t o  be 

lest than  1 0  minutes because of t h e  h igh  runoff  p o t e n t i a l  of t h e  s o i l  

and t h e  s t e e p  g r a d i e n t s .  

A s  mentioned p rev ious ly ,  t h e  e x i s t i n g  d e t e n t i o n  bas in  has v i r t u a l l y  no 

s t o r a g e  whatsoever,  and t h e r e f o r e  is no t  s u f f i c i e n t  t o  reduce t h e  peak 

d iecharge .  Therefore .  t h e  Tatum Boulevard - Double Tree Road 

i n t e r s e c t i o n  is e s s e n t i a l l y  a  man-made concen t r a t i on  p o i n t  f o r  

approximately 404 a c r e s .  

DRAINAGE AREA NO. 2 

This region c o n s i s t s  of approximately 31 pe rcen t  mountainous a r e a s  and 

69 percen t  r e s i d e n t i a l  a r e a s .  P r i o r  t o  development, t h i s  region 

contained a  network of numerous washes f lowing from t h e  weet t o  e a s t  

t h a t  c o l l e c t e d  a t  a low po in t  ad j acen t  t o  Tatum Boulevard, f r o n t i n g  

what i s  now t h e  "Tatum F o o t h i l l s "  subd iv i s ion .  

P l a t e  1 i l l u s t r a t e s  t h e  d e l i n e a t i o n  of  sub-basins f o r  Drainage Area 

No. 2 ,  which encompasses an a r e a  of  approximately 164 a c r e s .  This 

reg ion  inc ludes  a  p o r t i o n  of t h e  Phoenix Mountain Preserve  and t h e  

fol lowing subd iv i s ions :  A por t ion  of  Double Tree Canyon; Tatum 

F o o t h i l l s ;  and a  p o r t i o n  of Rancho A l t a  Vida. Drainage is conveyed 

through r e s i d e n t i a l  s t r e e t s  and e v e n t u a l l y  d i scha rges  i n t o  r e t e n t i o n  

bas ins  l oca t ed  between t h e  "Tatum F o o t h i l l s "  subd iv i s ion  and Tatum 

Boulevard. The "Rancho Alta  Vida" subd iv i s ion  has  set a s i d e  common 

a r e a s  t h a t  e i t h e r  convey o r  r e t a i n  storm runoff  f lowing through t h e  

subd iv i s ion  . 
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Peak d i scha rges  f o r  sub-baeins #400 and #410 were computed us ing  t h e  

HEC-1 computer model f o r  t h e  2- ,  l o - ,  25-, 50-, and 100-year r e t u r n  

pe r iods .  The HEC-1 a n a l y s i s  w a s  used over  t h e  r a t i o n a l  method because 

t h e  corresponding dra inage  a r e a s  exceeded 40 a c r e s .  The peak 

d i scharges  f o r  I-hour and 24-hour ~ t o r m  d u r a t i o n s  a r e  p resen ted  i n  

Table 2 and t h e  HEC-1 i npu t  and ou tpu t  f i l e s  f o r  t h e  1-hour storrr~ 

du ra t ion  a r e  p resen ted  i n  Appendix C-1.  

Peak d i scha rges  fo r  sub-basins #421 t h r u  t423 ,  #431 and #432 were 

determined us ing  t h e  r a t i o n a l  method because t h e  corresponding 

dra inage  a r e a s  were l e s s  than  40 a c r e s .  The peak d i scharges  are 

presen ted  i n  Table 3 f o r  t h e  2-, lo- ,  25-, 50- and 100-year r e t u r n  

pe r iods .  The design c a l c u l a t i o n s  a r e  p resen ted  i n  Appendix C-2. 

Storm runoff  from cub-basins #423 and 8432 a r e  c o l l e c t e d  i n  r e t e n t i o n  

h a ~ i n s  t h a t  have t h e  c a p a c i t y  t o  r e t a i n  t h e  100-year even t .  

Therefore ,  t h e s e  a r e a s  can be excluded from t h e  a n a l y s i s  t o  determine 

t h e  dra inage  impacts of Drainage Area No. 2 on Tatum Boulevard. The 

r e t e n t i o n  b a s i n  computations a r e  p resen ted  i n  Appendix C-2. 
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DRAINAGE AREA NO. 3 

This region con ta ins  approximately 50 pe rcen t  mountainous a r e a s  and 50 

pe rcen t  r e s i d e n t i a l  a r e a s .  The mountainous a r e a s  are rugged with  

s t e e p  g r a d i e n t s  s lop ing  from south  t o  n o r t h .  Before u rban iza t ion ,  

t h i s  region contained numerous Emall washes flowing from t h e  E O U % ~ W ~ E ~  

t o  n o r t h e a s t  t h a t  d ischarged i n t o  a l a r g e  wash which flowed e a s t e r l y  

through t h e  "Rancho Al ta  Vida" subd iv i s ion .  This l a r g e  wash 

i n t e r s e c t e d  Tatum Boulevard pe rpend icu la r ly ,  and t h u s  c r e a t e d  t h e  main 

concen t r a t i on  p o i n t  f u r  Drainage Area No. 3. 

P l a t e  1 i l l u s t r a t e s  t h e  d e l i n e a t i o n  of sub-basins f o r  Drainage Area 

No. 3 ,  which encompasses an a r e a  of approximately 171 a c r e s .  

Drainage is c o l l e c t e d  and conveyed by a man made channel  running 

e a s t e r l y  through t h e  "Rancho Al ta  Vida" subd iv i s ion  t o  6 - 36"x22" 

cor ruga ted  metal  p ipe  a r ch  c u l v e r t s  t h a t  convey storm runoff  under 

Tatum Boulevard i n t o  t h e  "Mountain V i e w  E s t a t e s "  subd iv i s ion  loca t ed  

i n  t h e  Town of Pa rad i se  Val ley.  

Peak d i scharges  f o r  Drainage Area No. 3 were computed us ing  t h e  HEC-1 

computer model f o r  t h e  2-, l o - ,  25-, 50- and 100-year r e t u r n  per iods .  

The peak d i ~ c h a r g e s  a t  Tatum Boulevard f o r  t h e  1-hour and 24-hour 

~ t o r m  dura t ions  a r e  p resen ted  i n  Table 4 and t h e  HEC-1 i npu t  and 

ou tpu t  f i l e s  f o r  t h e  24-hour storm d u r a t i o n  are presen ted  i n  Appendix 

D - 1 .  Appendix D-2 c o n t a i n s  t h e  sub-basin  a r e a s ,  weighted curve number 

and t ime of concen t r a t i on  c a l c u l a t i o n s .  
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The peak d i scha rges  f o r  t h e  24-hour storm dura t ion  was on t h e  average 

almost twice  t h e  value f o r  t h e  1-hour storm d u r a t i o n .  This watershed 

was more e longa ted  than Drainage Area No. 1 ,  where t h e  1-hour peak 

d i scharge  was twice  t h e  24-hour peak d i scha rge .  Alao, t h e  

concen t r a t i on  p o i n t  f o r  Drainage Area No. 1 was more c e n t r a l l y  l oca t ed  

wi th  r e s p e c t  t o  t h e  eurrounding sub-basins ,  and t h u s  was more 

conducive t o  a quick t ime t o  peak d i scharge  than  Drainage Area No. 3 .  

Therefore ,  t h e  1-hour storm d u r a t i o n  would c o n t r o l  f o r  Drainage Area 

N o .  1 and no t  f o r  Drainage Area No. 3 .  

The e x i s t i n g  6-36"x2ZM cor ruga ted  metal  p ipe  a r c h  c u l v e r t s  had t h e  

capac i ty  t o  convey 150 CFS without  over topping Tatum Boulevard. 

According t o  Table 4 ,  t h e s e  c u l v e r t s  w i l l  have t o  be upgraded i n  o r d e r  

t o  s u f f i c i e n t l y  convey t h e  10-year des ign  storm. The hydrau l ic  

c a l c u l a t i o n s  f o r  t h e  e x i s t i n g  p ipe  c u l v e r t s  a r e  p resen ted  i n  Appendix 

D-2. 

DRAINAGE AREA NO. 4 

This  reg ion  is 100 percen t  r e s i d e n t i a l  and encompasses an a r ea  of 

approximately 54 a c r e s .  Drainage is predominantly from t h e  west t o  

e a s t  wi th  most runoff  o u t f a l l i n g  i n t o  r e t e n t i o n  bas ins  loca ted  wi th in  

t h e  n o r t h  h a l f  of t h e  "Rancho A l t a  Vida" subd iv i s ion .  

P l a t e  1 i l l u s t r a t e s  t h e  d e l i n e a t i o n  of s u b - b a s i n ~  f o r  Drainage Area 

No. 4. 'Drainage f o r  Sub-basins #452 and #453 is  c o l l e c t e d  and 

conveyed by r e s i d e n t i a l  s t r e e t s  t o  r e t e n t i o n  b a s i n s .  Drainage f o r  

S u b - b a ~ i n  R 4 5 1  even tua l ly  d i scha rges  on to  Tatum Boulevard a t  t h e  

n o r t h e a s t  co rne r  of t h e  "Rancho Al ta  Vida" subd iv i s ion .  



Peak d i scha rges  were computed us ing  t h e  r a t i o n a l  method f o r  t h e  2-, 

l o - ,  25-, 50- and 100-year storm events  and a r e  p resen ted  i n  Table 5 .  

The  computation^ a r e  p resen ted  i n  Appendix E .  The t ime of 

concen t r a t i on ,  T c ,  f o r  Sub-basins #451 and #453 were each l e s s  than  

t e n  minutes and approximately 33 minutes f o r  Sub-basin 9452. 

The r e t e n t i o n  bas in  for Sub-basin #453 has t h e  capac i ty  t o  r e t a i n  t h e  

100-year storm even t ,  where as t h e  bas in  f o r  Sub-basin #452 has  enough 

capac i ty  t o  r e t a i n  t h e  25-year storm even t .  Therefore ,  Sub-basin #453 

can be excluded from t h e  s tudy  when determining dra inage  impacts on 

Tatum Boulevard. Sub-basin #452 w i l l  have t o  be eva lua ted  t o  

determine i f  t h e  25-year r e t e n t i o n  capac i ty  is  enough t o  m i t i g a t e  any 

dra inage  e f f e c t s  on Tatum Boulevard. The r e t e n t i o n  bas in  computations 

a r e  p resen ted  i n  Appendix E .  





Peak d i scharges  f o r  concen t r a t i on  p o i n t s  l oca t ed  wi th in  each dra inage  

a r e a  have been computed and presented based on e x i s t i n g  cond i t i ons .  

The main c o n t r i b u t i o n  of f looding  by s t o r m  runoff  occur8 downstream of 

t h e  de t en t ion  bas in  l o c a t e d  southwest of t h e  Tatum Boulevard -Double 

Tree Ranch i n t e r s e c t i o n .  Based on t h e  computed peak d i scha rges ,  t h i s  

d e t e n t i o n  bas in  is  s e v e r e l y  unders ized.  

The t a b u l a t e d  peak d i scha rges  f o r  each dra inage  a r e a  needs t o  be 

eva lua ted  by t h e  Ci ty  of Phoenix, and d i r e c t i o n  given t o ,  

Eaminski-Hubbard Engineer ing,  Inc .  a s  t o  what l e v e l  of p r o t e c t i o n  is 

r equ i r ed  f o r  Tatum Boulevard. Obviously, it would be uneconomical f o r  

d ra inage  f a c i l i t i e s  t o  be designed f o r  t h e  100-year storm even t .  

Far  Drainage Area No. 1, we a r e  recommending a d e t e n t i o n  bas in  wi th  

c r o s s  d ra inage  f a c i l i t i e ~  under Tatum Boulevard. An advantage of the 

d e t e n t i o n  bas in  concept is  t h a t  it "meters" t h e  flow of runof f ,  

t h e r e f o r e  reducing t h e  peak d i scharge  a t  Tatum Boulevard. The c r o s s  

d ra inage  f a c i l i t i e s  would enable  t h e  "metered flow" t o  cont inue  

e a s t e r l y  i n  a d ra inage  d i t c h  a long Double T r e e  Ranch Road t o  t h e  

Indian Bend Wash. 

However, depending on t h e  l e v e l  of p r o t e c t i o n  a t  t h i s  l o c a t i o n ,  t h e  

c r o s s  d ra inage  s t r u c t u r e  could become f a i r l y  l a r g e  and may r e q u i r e  

a d d i t i o n a l  right-of-way along Double T r e e  Ranch Road t o  c o n s t r u c t  t h i s  

s t r u c t u r e .  Since t h e  o u t l e t  w i l l  be e a s t  of Tatum Boulevard, t h i s  

w i l l  r e q u i r e  a coope ra t ive  e f f o r t  from t h e  C i t y  of Phoenix and t h e  

Town of Pa rad i se  Val ley .  



For Sub-basins #400 and #410 wi th in  Drainage A r e a  No. 2 ,  t h e  capac i ty  

o f  t h e  r e t e n t i o n  bas ins  between t h e  "Tatum F o o t h i l l s "  subd iv i s ion  and 

Tatum Boulevard may be reduced s l i g h t l y  by t h e  proposed s t r e e t  

widening i n  t h i s  l o c a t i o n .  This  s l i g h t  r educ t ion  i n  r e t e n t i o n  

capac i ty  may r e q u i r e  a d e t e n t i o n  bas in  des ign  wi th  s p e c i a l  

cons ide ra t ion  f o r  d i scharg ing  t h e  "metered f low".  Two a l t e r n a t i v e  f o r  

handling t h e  "metered flow" would be t o :  (1) d i scha rge  d i r e c t l y  i n t o  a 

proposed t r u n k l i n e  down Tatum Boulevard; o r  ( 2 )  provide c r o s s  d ra inage  

~ t r u c t u r e s  beneath Tatum Boulevard t o  al low t h e  flow t o  cont inue  

e a s t e r l y .  

For Drainage Area No. 3 ,  t h e  peak d i scharge  a t  Tatum Boulevard would 

r e q u i r e  an upgrading of t h e  e x i s t i n g . p i p e s  t o  adequately  convey t h e  

recommended storm event  based on t h e  l e v e l  of p r o t e c t i o n .  However, 

ano ther  a l t e r n a t i v e  could be t o  c o n s t r u c t  a d e t e n t i o n  bas in  upstream 

of  t h e  e x i s t i n g  c u l v e r t s  wi th in  t h e  "Rancho A l t a  Vida" subd iv i s ion  i n  

o r d e r  t o  reduce t h e  peak d i scha rge  reaching Tatum Boulevard. The 

l o c a t i o n  under cons ide ra t ion  i s  a common a r e a  w i th in  t h e  subd iv i s ion  

t h a t  a c t u a l l y  con ta ins  o t h e r  such dra inage  f a c i l i t i e s .  N o  a d d i t i o n a l  

right-of-way needs t o  be ob ta ined  f o r  t h i s  improvement. 

Based on o u r  p re l iminary  dra inage  r e p o r t ,  Kaminski-Hubbard 

Engineering,  Inc .  looks forward t o  t h e  C i t y  of Phoenix cornment~ and 

recommendations concerning t h e  storm frequency r equ i r ed  f o r  t h e  design 

of  d ra inage  f a c i l i t i e s  c r o s ~ i n g  Tatum Boulevard. 
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Figure 3-1.-Average velocities for estimating travel time for shallow concentrated flow. 

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



Sheet flow 

Sheet flow is flow over plane surfaces. It usually 
occurs in the headwater of streams. With sheet flow, 
the friction value (Manning's n) is an effective 
roughness coflicient that includes the effect of 
raindrop impact; drag over the plane surface; 
obstacles such a s  litter, crop ridges, and rocks; and 
erosion and transportation of sediment. These n 
values are for very shallow flow depths of about 0.1 
foot or so. Table 3-1 gives Manning's n values for 
sheet flow for various surface conditions. 

For sheet flow of less than 300 feet, use Manning's 
kinematic solution (Overton and Meadows 1976) to 
compute Tt: 

Table 3-1.-Roughness coefficients (Manning's n) for 
sheet flow 

Surface description n1 

Smooth surfaces (concrete, asphalt, gravel, or 
bare soil) ................................... 0.011 

Fallow (no residue). ......................... 0.05 

Cultivated soils: 
...................... Residue cover g m  0.06 
...................... Residue cover >= 0.17 

Grass: 
Short grass prairie .... :-. .................. 0.15 
Dense grasses2 ............................ 024 
. Bermudagrass ............................. 0.41 

Range (natural) ............................. 0.13 

WO0ds:J 
Light underbrush. ......................... 0.40 
Dense underbrush ......................... 0.80 

'The n values are a composite of infomation compiled by Engman 
(1986). 
'Includes species such as weeping lovegms. bluegrass. buffalo 
grass, blue gram grass, and native grass mixtures. 
!When selecting n. consider corer to a height of about 0.1 ft. This 

the only pan of the plant rover that wil l  obstruct sheet flow. 

(210-VI-TR-56, Secor 

where 

Tt = travel time (hr), 
n = Manning's roughness coefficient (table 3-1)' 
L = flow length (ft), 
P2 = 2-year, 24-hour rainfall (in), and 
s = slope of hydraulic grade line (land slope, 

ftlft). 

This simplifled form of the Manning's kinematic 
solution is based on the following: (1) shallow steady 
uniform flow, (2) constant intensity of rainfall exceer 
(that part of a rain available for runoffl, (3) rainfall 
duration of 24 hours, and (4) minor effect of 
infiitration on travel time. Rainfall depth can be 
obtained from appendix B. 

Shallow concentrated flow 

After a maxinium of 300 feet, sheet flow usually 
becomes shallow concentrated flow. The average 
velocity for this flow cari be determined from figure 
3-1, in .which average velocity is a function af 
watercourse slope and type of channel. For slopes 
less than 0.005 ftlft, use equations given in appendix 
F for figure 3-1. Tillage can affect the direction of 
shallow concentrated flow. Flow may not always be 
directly down the watershed slope if tillage runs 
acmss the slope. 

After determining average velocity in figure 3-1. use 
equation 3-1 to estimate travel time for the shal!ow 
concentrated flow segment. 

Open channels 

Open channels are assumed to begin where surveyer' 
cross section information has been obtained, where 
channels are visible on aerial photographs, or where 
blue lines (indicating streams) appear on United 
States Geological Survey (USGS) quadrangle sheets. 
Manning's equation or water surface profile 
information can be used to estimate average flow 
velocity. Average flow velocity is usually determinec 
for bank-full elevation. 

~d Ed., June 1986) , 
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PC 

PC 
PC 
! S 
UD 

CITY Oi PHDENIX PROJECT NO. P-886515 
iATUfl ELVD. - HOCKINGEIRD LANE TO SHEA 8LVti. 

KAMINSII - HUEEARD ENSINEERIMG, INC. - JOB NO. 0 l l H  
HEC-1 FILEHAYE : 118-1fl.DAT 

PRELIHINARY RUH - 1 0  YEAR - 1 HOUR STORH- 
5 E7FEBFO 1009 3B0 08FEE90 1888 
5 

l a 0  
Subarea No. 1 6 1  

,0852 
1.5 87FEE9E lt?Ea 

1.61 
.eea .e lo  .a20 ,030 ,140 ,050 ,065 .BRB ,100 
. I 2 0  ,140 . 168 1 ,225 .3E0 ,400 ,530 ,658 
,448 .605 .7B8 ,725 .75% .775 ,608 ,620 ,048 
.E58 ,875 ,891 ,986 ,919 ,931 ,942 ,952 .96 i  
.969 ,977 ,985 . 9 9 3 . 1 . 1 8 ? 1  

95.8 
. l e e  

lE!Fi 
Zoute Hydrograph 120 t h r u  101 
.01 

27 FLDii -1 0 . - 
a .a3 .e3 1 3 0 ~  ,872 
! 0 1 2  i L  77 32 34 44 54 56 

a 7 5 3 3 5 7 8 

181 
Subarea No. 181  

,0789 
95.0 

,126 

Route Hydrographs 100/1B1 thru 104 
,045 
FLOY -1 0.3 

-03 .03 2868 .839 
1 2  20 28 38 38 46 48 

7 5 3 3 5 7 8 

Subarea Ho. 182 

?2 .8  



HEC-1 !$PUT PAGE 2 

ID ....... 1 ....... 2., ,.... 333.,.,.4444444,5...~#..6, ...... 7 ....... a....,.,9.....,1fl LINE 

Routf Hydrograph 182 thru 124 
,eb 

F L O ~  -I 6.3 
.a3 -83 1680 ,844 
12 22 32 34 44 54 56 
7 5 3 5 7 a 7 

Subarea No. 1E3 

74.8 

Route Hydrograph ID3  thru 1#4 
n8981 , 

-1 8.3 
.03 . -83 1328 ,864 
12 '77 .. . 

A& 32 34 44 54 56 - 5 3 w 5 7 . 8  .. 
Subarea H3. 2% 

95.8 

koute Hydrograph ?@a thru 221 
.Esl 
.83! ,838 TE4P , S t  , i 4 

Suharfa No. 231 

86.3 

%I! 
K?! 
HC 

houte Hydrograph 2281281 thru 184 
.8PE5 
,222 ,038 TRAF 1 E 3 

Subarea No. 184 

80.2 





HEC-! !\PUT PAGE 4 

LINE 

Raute Yydrograpts !BE-184/?$8-?Z1 4 380-332 thru 383 
.85 

F L O ~  - 0 . 3  
,818 .03 238 ,8149 

12 14 24 4 9 59 51 6 3  
7 7 2 2 7 7 a 

Route Hydrogra~hs i o  2 - 2' x 18' Culvert 
,875 
FLOW -1 1.3 
.822 .039 :ae ,8847 

12 14 22 1B6 114 116 119 
7 7 7 3 7 7 8 

Subarea No. 518 

85.0 

Raute Hydro;raph $18 thru :?iB 
.03 

iLz# -1 e.3 
,825 ,325 659 .D21 

20 25 25 30 A J 3 8  48 -7 

4 4 3 L 4 4 5 



W s D r Y - r l - L n  
m n n e m z a  
m w  w m V l  c-l c- 
m m r r l - - r x ~  
r n c o l r r  m:a 
W l  'PI 
1.11 rn -ri 

m rri 
r r i  m 

-rl -4 rPI 
=x - 

J. --1 t- 

5 -n 
W l  

rn 
in 

rn >: m 
I 

!3 C n  

-4 rT1 rY 
0 
Z t-1 

u 

x r r l  

r - > m m z m r o r r  
m l z z c 4 + ~ -  
2 w w - z w P Z  
+ y - m m a c  
c a z a e z m + - - c - r  
a c l ~ m m - u m  
4 X X ~  

-4 u  r 3  UY m 
z3.-V-r l  b- 

V X - 4  - - 4 w x  
m rr, m i  I -. z- 
x < : x - i n  

m r m m n  
m 
0 

.x 
G3 

v 
To 

C  
P 

-4 

-3 
z. 

I rf 
0 

D 

w 
Z 

u - n 

z 
Z 

D 
4 

-4 
m 

rn 
m 

cn C X1 r- 

r: m 
v E - 4  
m Z C D  
1 r ~n x s n  -4 

u - ..L - 
zc -4 - ~ m - <  
z x  r 
D r r l I C c J  
a n c y -rt 
< 1 m  

C W  v 
a 1 . 1 1  
c ->.I m 0 
T r -  W l Trl 

I- 
I m r r l  c 7  u 
z Z 3: Y 

- D m -  
0 3 - 2 Z - P  t r l z m ~  

z.. EZ22 
?& 2zzg 

C Z -4 
I ~ m r  

m.- v z 
b - I  Z O  

C - m -  
r pl r 
0 c u  F-47 0 1  

W D  m 
03 

4 I L n a l  
I O I  

4 amen 
0 0 I .C  
m m c n  

m = 9 -  

* * * * * * * * *  
* * * 
rc a * .. 
* C * Z 

- 7 . .  

* r - 
* t> 

D * 
0 * * .- * -4 
w *  

C, rn 
* 

* I * 
* 4 * 

w w *  
* w m w *  * A C 'r, C 3  .. * 4r - r r ,c rY * 
CI k . ~  cn w m * 
I w r n w ~  r, * -.. u c v  * 
'L, C h S  C, * -a e n 2 3  * * -a c .<p  * 
* * .D * 
* c - n * 

C - O X  * * ;I! = C U D  * * - m  - 
~ r n r r i *  
++ m u, * * 
* * --- * * w Z * 
=: 0' rn cr 

* r*( 
r Y  * 
I * :: u' C * 

* C- 
- * 

* u 
* 

* * * 
* * * * * * * * *  



RUNOFF 5UXMARY 
FLOW IN CU8Ii FEET PER SECOND 

TIIE iH HOURS, AREA !M SOUARE XILES 

BASIS 
AREA 

KAXIEUR TIRE OF 
STAGE # A S  STkSE 

ROUTED TG 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUiE9 Tfr 

HYDRGERAP!! AT bb. .42 4 .  1 .  1 .  

ROUTED TO 

HYDROGRAPH AT 

. 42  * .. 367, L L .  6 .  6 .  

HYDROSRAFH A: 

2 COEEINEC AT 

ROUTED TO 

HYDRPGRAPH AT 

ROUTED TO 

3 COMBINED AT 





SUHfikRY OF %IKEHATIC WAVE ROUTING 
(FLOW I S  DIRECT RUNOFi #ITHGUT BASE FLOH) 

INTERPOLATED TO 
COtlPUTATIDN !NTERVAL 

ISTCQ E L E H i N i  DT PEAK T I E  TO VOLUYE DT PEAK T IHE TO VOLUHE 
PE8K PEAK 

COHTINUiTY SUEHARY I A C - F i l  - INFLOW= 11.847 EXCESS- .E8E OUTFLCM- 11.835 EASIH STORAGE= . 0 e a  PERCENT ERROR= .115 

:GNT!NU?Tr SUtitlARY i Gi -FT)  - INFLD2= 11.701 EXCESS= .EBB OUTFLCU= 11.536 BASiN STORA6E= .BBB PERCEHT ERROR- 1.458 

.It$ 'iJSR4L E9D f!F HEC-i t t t  



HEC-1 INPUT PAGE i 

LINE 

!a CITY GF FHUEHIS P9OJECT NO. P-88b515 
i P TATUF ELVD. - fiDCEIN59IRD LANE TD SHEA BLVD. 
! P KAEINSK! - HUSEARD EN5IHEERIM6, INC. - JD9 MU. E l l !  
I D  HEC-1 FILENAHE : 118-17.DAT 
I P FREL!!!INARY RUN - 25 YEA4 - 1 HOUR STORH. 
I T  5 87FEB98 lBB3 368 BEFEE98 l9BB 
I U  C 

i IK  1B0 
K t l  Subarea No. 100 
EA ,0852 
I N  1.5 07FEE98 l0EB 
FE 2.12 
PC .080 .01e .02D ,030 .04B .a58 ,865 .EN! ,130 
PC ,123 ,148 . ioa  . lee  .225 ,300 ,400 ,550 ,601 
PC ,548 Bbb5 ,708 ,725 ,758 ,775 ,083 a82P ,8JB 
PZ ,853 ,575 ,991 .?$O ,919 ,931 ,942 ,952 ,361 
PC .96? . ? 7 i  ,985 .9?3 1.088 
LS 55.3 
UD ,188 

hK l e l R  
KH Route Hudrogrzph 103 thru 181 
ii L . L?3 
i;S 27 FLOU -1 R.3 
RC .93 .E3 .a3 1368 ,372 
RX !a 12 22 J i  34 44 54 56 7 .. 

RY 9 7 5 2 3 5 7 E 

Ki! ill 
K)! Subarea t?o. 101 
2A .C7FF 
LS 5'5.3 
$2 ,126 

Kr! 1845 
K?l Route Hydrograpns 1 ~ 0 / 1 1 1  t h r u  114 
RL ,6815 
RS 4 1  FLOW -1 8.3 
RC .a3 .a3 .83 2062 ,839 
RX la 12 28 28 30 38 46 48 
RY 8 7 5 3 3 5 7 8 



LINE 

EK lE4R 
Kr! Route Hydrograph 182 thru 104 
EL ,825 
RS 32 F L N  -1 1.3 
RC .03 .85 ,83 lb8B ,844 
R I la 12 22 J L  54 44 54 56 7-  

RY e 7 5 3 7 C 7 3 

KK 183 
Kt! Subar~a !b. 183 
BA ,0347 
LS 94.3 
UD .lsa 

KE 114R 
Kll Route Hydrograph 1E3 thru !a4 
Ri .&BE5 
RS 26 itC# -1 8.3 
RC .03 .a3 -83 !328 .lb4 
RX 1 e 12 2? 32 34 44 54 56 
RY 9 7 5 3 3 5 7 8 

EK 
Kt! Subarea No. 202 
Bir .lE59 
LS 95.1 
UD .iae 

KK 2alH 
;iH Route Hydrcgraph 288 thru 201 
RL ,001 

n-q F# 640 .B31 .u.w i R k P  - 4 

KK 201 
K?l Subarea tio. 281 
Bk ,8211 
LS 8b.0 
UD ,180 

KK 184R 
~n Route Hydrograph 2081201 thru I04 
RL ,831 
RI! 461 ,822 ,530 TRAP la 7 

KK 184 
#H Subarea No. 104 
Bd ,0402 . P 
L J 86.8 
ii3 .12% 



HEC-! INPUT PAGE 3 

LINE 

l l b  
117 
118 

KE !04C 
 ti Combine Hydrograph; lEE-lal/lfi2/183/2R8-?81 k 184 
KC 5 

KK 782; 
Kt! 
RL 
RS 8 
RC .53 
Rk' 10 
RT a 

Route Hydrographs 188-1E4i288-201 t h r u  381 
-83 

FLOU -1 il.3 
,818 .539 238 ,836 

12 14 34 82 102 184 106 
7 7 2 2 7 7 8 

Subarea No. 301 

Route Hy i rcg raph  321 t h r u  381 
.8&85 

,125 ,815 TRFl? 8 58 

Subarea No. 381 

g i  n 
Wk.U 

Ecute Hydrcgraphs 10!-104/288-281/388-3a1 t h r u  3 2  
. 82 

iLC!W -1 8 a ' 9 

.el9 .$3 378 ,0148 
12 14 24 43 59 61 53 
? 7 2 2 7 7 8 

. Subarea No. 3B2 

Eb.0 



!CB 
it! 
!62 
163 
1b4 

K K  383E 
K l i  Rocte Hydrolraphs 10b-104!208-281 E 308-3?2 t h r u  383 
8L ,095 
RS IP! FLOW -1 e.5 
FiC .83 ,818 .a3 53% .a148 
RX 18 12 14 24 4? 59 61 63 
i i Y  S 7 7 2 2 7 7 8 

KK 304K' 
K f l  Rcute Hydrcgrtphs t c  ? - 2 '  x 18' Cu lver t  
RL .25 
RS 5 FIG# -1 0.3 
EC ,833 .a22 . B ~ C  286 . a 4 7  
FIX  18 12 14 22 lP6  1 1 4  110 113 
RY 6 7 7 3 5 7 7 8 

Subarea No. 518 

B6.C 

Route Hydrograph 512 !kru 508 
, C3 

FLDC -i 2.3 
,825 .&25 658 ,121 

28 25 2P 3E 3J 38 4@ 7 7 

4 4 J 3 4 4 5 - 
KK 588 
Y;K Subarea k~. 588 
%A .:148? 
LS 80.8 
ii? ,192 

KK 3B4C 
Kt l  Ccablne hydrographs 188-184!?08-28113E0-312 4 58-21518 
HC 3 
12 



t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t : t  
t t 
t FLCOD HYDROSRAPH PACKASE (HEC-1) t 
t FEBRUARY 1361 t 
t REVISED 01 JUN 58 t 
t t 
t RUN DATE 83/iB/1?9% TIHE 15:54:25 1 
t t '  
t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t  

t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t r t t t t t  
t t 
t U.S. ARtlY CGRPS OF ENGINEERS t 
t THE HYDROLGGIC ENGINEERING CENTER t 
t ba? SECGND STREET t 
t DAVIS, CALIEORNIA 95616 t 
t (916) 551-1746 t 
t t 
t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t ~ t t t t t t  

CITY OF PHGEWIX PROJECT NO. P-Bflb515 
TATU!l BLYD. - 8GCKiNGBIRD LANE TO SHEA BLVD. 

KAHINSKI - HUBPARD ENGINEERING, INC. - JOE NO. 0119 
HEC-1 FILENAME : 116-17.DAT 

PREiI!lINARY RUN - 25 YEAR - 1 HOUR STORH 

OUTPUT CONTROL VAR!AELES 
IPRNT 5 FEINT CONTROL 
IPLOT 5 PLOT CONTRDi 
QSCAL E. HYDROGRAFH FLOT SCALE 

HYDRGGRRFH TI% DATA 
N#! N 5 NItiUTES IN CDliPUTATION IHTERVAL 
IDATE 7FEBFI STARTINE D4TE 
ITIEE 1550 STARTiNS TIME 

NQ 289 NUKBER OF HYDROGRAFH ORDINATES 
NDDATE BFEPSB ENDING DATE 
NDTIEE lE0B ENDIKG TIME 
ICEXT 13 CENTURY !!ARK 

COMPUTATION INTERVAL .86 HOURS 
TOTAL TIYE EASE 24.88 H D M S  

ENEiISH UNITS 
DRAINAEE AREA SQUARE HILES 
PRECIPITATION DEFTH INCHES 
LENGTH, ELEVATIGN FEET 
FLOU CUBIC FEET PER SECOND 
STGRAGE VOLUIE ACRE-FEET 
SURFACE AREA ACRES 
TEYPERATURE 9EGhEES FAHRENHEIT 



W O F F  SUHfARY 
FLOW I N  CUBIC FEET PER SEiGND 

TINE I N  HOURS, AREA I N  SDUARE VILE5 

PEAK SINE OF 
FLOW PEAK 

AViRkGE FiGH FOR HAXIHUH PERIOD 
6-HOUR 24-HOUR ??-HOUR 

BASIN 
AREA 

.09 

.09 

.as 

. I 6  

. I 6  

.04 

.04 

.03 

.03 

.19 

.1F 

. 02 

821 

.21 

.04 

.48 

-48 

, a3 

-03  

. B1 

.52 

.52 

. E2 

.54 

054 

.54 

.g3 

57 
. w -  

#AX!FUH TIFE OF 
STAGE YAX STAGE OPERATION STkTiClN 

HYDROSRBPH AT 128 

ROUTED TO l e i a  

YYDRGGRAPH AT 101 

! CO!IBINED AT l 2 l C  

WTED 1845 

HYGFOGRAPY AT 182 

ROUTED TG 1849 

HYDRCGRAPH AT 103 

EOUTFO TO 104R 

YYDROGSAPH kT 20B 

ROijTEO TO 281F: 

H Y ~ ) ~ O G R A P H  BT 2 a l  

2 COFBINED A? 201C 

ROUTED TO 1045 

dY!??CSRAPt! PT 104 

5 COEB!HED AT l04C 

SOUTED TO 7 - ~ 0 i R  

HUROSRAPH AT 380 

ROUTED TO S a l k  

HYDROGRPPH AT ? E l  

3 COCBINED AT 301E 

ROQiEO T9 Sa2E 

HYDFiOERAPH AT 3&2 

2 ZOYBIMEP &T !B?C 

ROUiiD TO ??3R 

$SV?ED 73  

HYDROSRVF AT 51! 

yl:-rr, T' j  ,..& -- ' JZ?  





SUHBARY GF K I N E M T I C  HAVE ROUTING 
(FLOW iS DIRECT RUNOFF UITHOUT BASE FLOU) 

INTERPOLATED TO 
CO!iPUTkTION INTERVAL 

ISTAQ ELEREMT !lY PEAK T IHE TO VOLU!IE DT PEAK T I R E  TO VOLUHE 
PEAK PEAK 

( f l I N 1  [CFS)  ( H I # )  [ I N )  [ f l I N )  (CFS] ( H I $ )  ( I N )  

CONTINUITY SUBHARY ! AC-FT) - INFLOW= 14.983 EXCESS= .EBB OUTFLOW= 14.852 EASIN STERASE= ,888 PERCENT ERROR= ,209 

CONTINUITY SUHHARY (AC-FT) - INFLU#= 15.947 EXCESS= ,800 OUTFLDU= 15.547 FRSIH STORAS£= .afla PERCENT ERROR- 1.895 

CONTINUITY SUHYRRY (AC-FT) - INFLOW= ! ,923 EXCESS- . E N  6UTFLOW- 1.929 BASlH STORAEE. .8BB PERCENT ERROR= -.35! 

t t t  NOEHGL END OF HEC-! t t t  



LINE 

i D CITY OF PHOENIX PROJECT NO. P-886515 
iO TATUt! BLVD. - t!OCKINGBIRD LINE TO 5HEA BLVD. 
I D  EAHINSKI - HUBBBRD ENGINEERING, INC, - JOB NO, 0116 
iO HEC-I FILENAHE : 118-1b.DAT 
I D  PRELIHINRRY RUN - 50 YEAR - 1 HOUR STOR!l. 
I T  5 07FE898 l e e 5  308 8aFEE98 1888 
10 5 

KK 100 
KH Subarea No. 108 
BF! ,0852 
I N  1.5 87iEE?$ lEBB 
PB 2.35 
PC .OP8 8 1  ,020 .B38 ,848 ,858 ,065 .E68 . l f lB 
PC . l i B  ,148 . lbB ,168 ,225 .388 ,488 .538 .be8 
PC ,642 ,665 .782 ,725 ,758 ,775 ,808 ,820 ,848 
PC ,856 ,875 ,891 ,986 ,919 ,931 ,942 ,952 ,961 
PC ,969 ,977 ,985 ,993 1.800 
LS 95.8 
UD ,108 

KK 1BlE 
Kt! Route !iydroiraph l e e  t h r u  181 
RL .83 
9s  27 FLOU -1 8.3 
RC -83  -83  .B3 1368 ,672 
RX 10 12 22 32 34 44 54 56 
R Y  a 7 5 3 3 5 7 8 

KK 101  
Kti Subarea Na, 181  
BA .a789 
LS 95.0 
UD ,106 

KK 181C 
K ~ I  ioaa ine  Hydrographs 10E !t 101 
HC i 

KK 104R 
KK Route Hydrographs 108/181 t h r u  104 
RL .@085 
RS 41 FLOY -1 8.3 
RC -13  - 0 3  .03 2868 ,839 
R X 18 12 2@ 28 30 38 46 4 6 
RY 8 ? 5 3 5 7 8 - 
KK 182 
KH Subarea Wo. 182 
PA .!358 
LS 02.9 
UD ,180 



4EC-1 ilPiiT PAGE 2 

LIME I D  ....... 1 ....... 2 ..,,.,, 3 ...,,,, 4 ,...... 5 ....,.. b .,...,, 7 ....,.. 8 ....... 9 ..... .18 

47 KK 1845 
48 KK Route Hydrograph I%? t h r u  I04 
49 RL .el 

3s - ,, 58 i FLOW -1 8.3 
51 RC .e3 .K -03 1 5 ~ e  .844 
52 R I 1 e 12 22 32 34 44 54 56 
53 R Y  8 7 5 3 > 5 7 8 - 
54 KK 103 
55 K K  Subarea Ho. 1E3 
56 BA .l?348 
57 LS 94.11 
58 ua J E E  

KE 104H 
KH Route Hydrograph 103 i h r u  !a4 
5L . @BPI5 
RS 25 FLEW -1 8.3 
RC ,8; .03 ,a3 1322 ,844 
R X 1 B 12 22 32 34 44 54 56 
RY. o 7 5 3 3 5 7 e 
itK 1328 .@b4 .83E TRAP 2 7 

ii K K  206 
b8 Kf l  Subarea No. 2PB 
59 Bd .!E5E 
70 LS 85.8 
7 1 . UD .I@@ 

72 KK 2@lR 
73 il# Rcute Hydrograph 2G8 !hru 201 
74 ic L .eel 
75 kK 64B .03: .C31 TRAP a. 4 

KE 201 
KK Subarea No. 281 
94 ,0211 
LS 8b.B 
ilD ,188 

KK 261C 
#H Combine Hydragraphs 203 t 2%1 
HC 2 

KK 1842 
Kt! Rcute Hydrograph 28@/201 t h r u  lB4 
RL .@El 
R K  468 ,822 .@38 TRAP 11 8 



LINE 

HEC-1 INPUT PAGE 3 

KK 104 
Kf l  Subarea No. 114 
PA ,8482 
LS gone 
UD ,109 

KK 104C 
K l l  Conbine Hydrographs 100-101/182/1031200-281 & 104 
HE 5 

KK 302R 
K l l  Route Hydrographs 150-1841280-201 thru 301 
RL .el 
RS 5 FLOW -1 a.3  
RC t03 ,818 ,038 230 ,838 
R X  la 12 14 34 82 162 104 186 
R Y  8 7 7 2 2 7 7 8 

KK 30lR 
K t l  
RL 
RK 72% 

E K  381 
Ktl 
EA ,8111 
LS 
UD ,131 

Subarea No. 388 

Route Hydrograph 380 thru 301 
.0C8l 
,025 ,815 TRAP fi 50 

Subarea No. 381 

ab.0 

Coebins Hydrographs 180-1041280-241 t 300-31 

Route Hydrographs 101-1941200-2411308-381 thru 382 
.O1 

FLO# -1 0.3 
;a18 .as 37e ,0140 
12 14 24 43 59 61 63 

7 7 2 2 7 7 6 

Subarea No. 392 

96.3 



HEC-1 INPUT PAEE 4  

LISE I D  ....... 1 ....... 2 .,..,.. 3 3 3 3 3 3 3 . 4 3 . 3 3 3 3 , 5  ......, 6 ....... 7 .,..... a..,...,9., .... 10 

132 K1: 382C 
133 EH C o ~ b i n ~  Hydrographs lP6-184/2B8-231 h 390-382 

HC 134 m 

K R  3835 
Kt? 
H i  
RS It? 
RC -83 
R X 18 
HY 9 

K K  384C 
Kt? 
tic 7 

iZ 

Route Hydrographs 180-184/?82-281 & :%a-382 thru 383 
.81 

FLi# -1 0.3 
,812 .03 538 ,314s 

12 14 2 4  40 59 6 1 63 
7 7 2 2 7 7 9 

Route Hydrograph; to 2 - 2' x I? '  Culvert 
.03 

FLOW -1 E.3 
,822 .83& 282 .8847 

12 14 22 l a b  114 l l b  110 
7 7 3 3 i 7 e 

Subarea No. 518 

86.2 

Route Hydropraph 516 thru 3 8  
.83 

FLOa -1 8 . 3  
,825 ,825 650 .I21 

28 2s 38 7-  -* 2 5 J J ~5 4 8 
4 4 7 7 E 

J 4 4 

Subarea Mo. 56t 

46.l 



t t t t t t t t S t t t t t t t t t t t t t t t t t t t t t l t $ t t t t t t t t  
t i 
t FLOOD HYOROSRAPH PACKAGE (HEC-11 t 
t FEBRUARY rsal t 
t REVISED 91 JUN ea t 
t t 
t RUN DATE 83/28/1938 TIME 15:E6:43 t 
t a '  
t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t i i i  

C!TY OF PHOENIX PROJECT HO. P-986515 
TATU! BLVD. - MUCKINSBIRD LAME TO SHEA BLVD. 

KAKIN5KI - HUBEARD ENGINEERING, INC. - JOB NO. 0118 
HEC-1 FILENAME : 118-1b.DAT 

PRELIRIHAFY RUN - 58 YEAR - 1 HOUR STORH 

OUTPUT CCNiROl VARIAELES 
IFRHT 5 FklNT CUNTROL 
IPLOT 8 PLOT CONTROL 
CSCAL 0. HYDROGRAPH PLOT SCALE 

HYDEOSEAFH TIME DATA 
!!HI3 5 MINUTES IN CONPUTATIDN INTERVAL 
IDATE 7FEBSL STARTiNS DATE 
ITIMi lE8B STARTINS TI#E 

NO 28'7 NUEBER OF t!YDRUGRAPH ORDINATES 
NDDATE EFEF99 END!% DATE 
NDTIME i e ~ ~  ENDING TIEE 
ICEKT 19 CENTURY M R k  

CDNPUTATION INTERVAL ,8B HCCRS 
TOTAL TIME ZASE 24.86 HOURS 

ENGLISH UNITS 
DRAINASE AREA SNARE MILES 
PREC!P!TAT!ON D E F Y  INCSES 
LENGTH, ELEVATION FEET 
FLOH CUBIC FEET PER SECOND 
STDRASE VOLUME ACRE-FEET 
SURFACE AREA ACRES 
TEEPERBTURE DFGKEES FAHRENiEi T 

t t t t t t t t t t t t t t t t t t t t t t 1 t t t t t t t t t t t t t t t t  
t t 
t U.S. ARKY CORFS OF ENGINEERS t 
t THE HYDROLGGIC ENGIHEERING CENTER 1 
t be9 SECOND STREET t 
t DAVIS, CALIFORNIA 95616 t 
t (915) 551-174s t 
t t 
t t t t t t t t i t t t i t $ t t t ~ t t t t t t t t t t t t t t t t t t t t  
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SUKKAEY OF KINEFlBTIC UAVE ROUTING 
(FLUB !S DIRECT RUMOFF WITHOUT BASE FLOU) 

INTERPOLATED TO 
CCEPUTRTI Ot4 INTERVAL 

ISTAG ELZBENT DT PEAK TIEE TO VGLLYE DT PEAK TIKE TCi VOLUZE 
PEAK PEAK 

[I~IM) ICFSI (KIN) (IN) (HIN) (CFSI (n~ti) (I!{) 

104'; 3 .59 109.41 2b.Bb 1.73 5.88 132.94 25.GE 1.i: 

CONTINUITY SUHHARY (AC-FT1 - IHFLO#= 3.?!4 EXCESS. .00g OUTFLOW= 3.211 BAS!# STORAGE- .90E FERCEMT ERROR= .a76 

2013 3 -21 616.11 25.37 1 .  S2 5.88 $84.34 25.88 1.83 

KGNTINU!TY SUBMARY (AC-FT) - !NFiZ#= 19.@19 EXCESS= .a88 OYTFLOW= 19.019 BASIN STORASE- .dCB FERCEHT ERROR- -.a91 

3RlR - 
3 .A8 00.57 26.09 1.66 5.EP 76.54 2 5 . H  1.65 

CCHTIbiUITY SUEYRRY (RE-Fii - IMFLGY= 2.367 EXCESS. ,802 OUTF109= 2.366 BASIN STORAGE= ,892 FERCE!iT E9RG4= .83Z 



HEC-1 INPUT PAGE ! 

LINE 

I D  CITY OF PHOENIX PhOJECT NO. P-986515 
I D  TATU6 ELVD. - HOCEINGBIRO LANE TO SHEA FLVD. 
I D  KAMINSKI - HUEZARD ENGINEERING, INC. - JOB NO. 0110 
ID HEC-1 FILENAME : 118-15.DAT 
I D  PRELltlINARY RUN - 108 YEAR - 1 HOUR STGRK 
I T  . 5 E?FEF9% l 8 M  30B EaFiFF0 1000 
I@ 5 

KK 102 
K t l  Subarea No, 103 
FA .L?852 
I N  1.5 8iFE998 lBBB 
PB 2.66 
PC .00B ,810 .B20 ,038 ,048 ,052  .Oh5 .Be9 . l B 8  
PC .!20 . I 48  .16R .188 * . 2 ? 5  ,308 ,460 ,530 ,600 
PC ,648 ,665 ,70B ,725 ,75P ,775 .8fl0 ,828 ,648 
PC ,958 ,975 ,891 ,995 ,919 ,931 ,942 ,952 ,961 
PC ,969 ,977 ,965 ,993 1.81E 
LS 95.8 
UO ,118 

KL 1218 
K?l Route !!ydrograph 100 t h r u  1I1 
RL .03 
HE; 27 FLOi  -1 e . 3  
RC .13 .83 .83 1368 ,372 
RX 10 12 22 32 34 44 54 56 
RY 8 7 5 3 5 7 ! 7 

LY, 101  
KH Subarea No. 181 
EA .87E9 
LS 85.2 
UD .1B6 

KK 1 0 l C  
Kt! Cozbine Hydrographs 108 k 181 
HE 2 

KK 104R 
K l l  Route Hydrographs l E @ l l B l  t h r u  !a4 
RL .Eel 
RS 4 1  FLOW -1 5.3 
RC - 0 3  ,03 .83 2069 .039 
RX 1 0  12 20 2a 38 38 46 48 
RY 8 7 5 3 3 5 7 8 

KK 182 
EH Subarea No. 102 
BA ,8358 
LS 92.8 
UD . l Z 8  



LINE 

KK 1842 
KFl Route Hydrograph 182 t h r u  104 
RL ,681 
K S 32 FLOIj -1 0.3 
RE .83 .83 -83 lbF0 ,844 
R x 1 e 12 22 32 34 44 54 56 
RY 8 7 5 3 3 5 7 8 

KK 183 
I;R Subarea NG. 183 

BA ,8343 
LS 94.8 
i'D ,108 

EE 104R 
K l l  Route Hydrograph 103 thru la9 
R t  . ,815 
RS 26 FLO# -1 5.3 
RC -03 .83 .83 1328 .864 
RX 18 12 22 32 34 4 4 54 56 
RY 8 7 5 3 3 5 7 8 

Subarea No. 208 

95.2  

Rcuie Hydrograph 283 t h r u  281 
,881 
,831 .031 TRAP i 4 m 

Subarea No. 281 

85.8 

Combine Hydrographr 280 & ?ill 

Route Hydrograph 281/281 t h r c  184 
.ea! 
,022 ,038 TRAP 1 I 9 

Subarea No. 104 

Bb.8 



LINE 

Coebine Hydrographs 1@E-lR1/!02/103/208-211 h 104 

Route Hydrographs 183-1B4/208-?i!l t h r u  301 
,015 
FLO# -1 8.3 
.81E ,035 230 ,836 

12 14 34 62 182 104 125 
7 7 2 2 7 7 6 

Subarea No. 380 

KK 301R 
KH Route Hydrograph 380 t h r u  301 
RL .@BE5 
RK 750 .e25 ,115 T R ~ P  0 5e 

K K  301 
KH Subarea Ho. 301 
8A .El11 
LS 86.8 
UD ,131 

K K  38lC 
Ktl  Eozbine Hydrographs 10B-1941221-201 t 300-331 
iir 
0 s -  3 

Route Hydrcgraphs !i?8-184/208-201/3E8-38I t h r u  382 
.01: 
F L D ~  - e.3 
,812 .a3 370 . ~ 4 a  

12 ' 14 24 4 9 59 61 53 
7 7 2 2 7 7 8 

Subarea No. 302 

K K  382C 
KH Ccshine Hydrographs lE3-114/208-2B1 k 308-382 
HC 2 



LINE 

K# 3038 
KH Route Hydrographs 1Ea-lB41iEB-281 f 388-382 thru 303 
RL .If 
RS 10 FLOW -1 0.3 
RC -83 .BIB .03 538 ,6148 
R1( 10 12 14 24 49 59 61 63 
RY B 7 7 2 2 7 7 8 

KK 384F: 
K!! Route Hydrographs to 2 - 2' x 1E' Culvert 
RL .83 
RS 5 iLOU -1 0.3  
kC .838 .822 .838 288 .8047 
R X 10 12 14 22 186 114 116 llfl 
f t Y  B 7 7 3 7 7 8 - 
KK 518 
i: H Subarea No. 518 
Ell ,8271 
LS 86.8 
UD .?I2 

KE 5EBR 
K?i Route Hydrcgraph 511 thrc 588 
Ri .04 
RS 13 iL0W -1 0.3 
RC ..025 ,825 ,825 650 ,821 
RP 10 20 25 28 38 33 36 48 
RY 5 4 4 3 3 4 4 5 

KK 508 
KI 2ubarfa Hc. 569 
FA ,8482 
is 80.3 
ua .192 

KE 384i 
Kt! Coebine Hydrographs 180-1851208-281f388-302 & 588151B 
HC 3 
z 2 



:ttttttttttttttttttttttttttttttttttttttt$ 
t 

t FLOOD HYDROGRAPH PACKAGE (HEC-I) t 
t FEBhUARY 1981 t 

EEVISED el  JYN 28 1 
# t 
t RUN DATE 03/28/1998 TIRE !4:26:42 t 

t ' 
~ t t t i t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t  

ttttttttttttttttttttttttttttttttttttttt 
t t 
t U.S. AREY CORPS OF ENGINEERS t 
t THE HYDROLOSIC ENGINEERING CENTEA t 
t 689 SECOND STEEET t 
t DAVIS, CALIFORNIA 95616 t 
t (916) 551-!748 t 
1 t 
ttttttttttttttttttttttttttttttttttttttt 

CITY OF PHOEFIX PROJECT NO. P-E85515 
TATUH BLVD. - flOCKIN5BIRD LANE TO SHEA BLVD. 

KAHIMSKI - HUBBRRD ENGINEERIHG, INC. - JOB NO. 811s 
HEC-1 FILENAHE : 110-15.DAT 

PRELInINARY RUN - lei! YEAR - 1 HOUR STORH 

OUTPUT CONTROL VARIAELES 
IPRNT 5 PRINT CDNTROL 
IPLDT 0 PLOT CONTROL 
QSCAL B. HYDROGRAPH PLOT SCALE 

HYDEOERAPH TIYE DATA 
N?lIN 5 HINUTES IN COXPUTATION iNTERVAL 
IDATE 7FEBPB STARTING DATE 
ITIRE l0BB STR?TING TINE 

NO 289 NUMBER OF HYDEEEAPH ORDINATES 
NDDATE 8FE998 ENDIHG DATE 
NDTIHE lE88 ENDING TI?iE 
ICENT 19 CENTURY 3ARI 

COHPUTBTION INTERVAL .89 HOURS 
TOTlL ?inE BASE 24.88 HOURS 

ENGLISH UNITS 
ERAINAGE 4hEA SOFARE HILES 
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
FLOW CUF!C FEET PER SECOND 
STORAGE VOLUHE ACRE-FEET 
SURFACE AREA ACRES 
TEHPERATURE DEGREES FAHMNHE!T 



N 6;1 
.7 LC. 

UJ 
LL CTI 
ti " +- 
LU m 
r - Tr 

C a x 

r 3 U1 
z- c n  - 9: = C 
arn 
L 



HYDROGRAPH 4T 5Ea 

3 COflElNED A T  304C 



SOHHARY OF KINERATIC WAVE ROUTING 
(FLOH I S  DIRECT RUNOFF HITHOUT BASE FLOH) 

INTERPOLATED TO 
COtlPUTATlON INTERVAL 

ISTAO ELEnENT DT PEAK T I R E  TO VOLUHE DT PEAK TIWE TO VOLUHE 
PEAK PEAK 

( N I N )  (CFS) ( N I N )  ( I N )  ( H I N )  (CFS) ( 4 I N )  ( I N )  

2019 3 .21 715.89 25.33 2.12 5.80 704.50 25.00 2.13 

CONTINUITY SURWARY (AC-FT) - INFLOW= 2B.991 EXCESS= ,000 OUTFLO#= 21.992 BASIN STORAGE- ,000 PERCENT ERROR= -.RE5 

104R 3 .20 755.02 25.43 2.05 5.00 738.46' 25.08 2.05 

CONTINUITY SUKHARY ( k c - F T )  - INFLOW. 22.621 EXCESS= .00B OUTFLOW= 22.566 BASIN STORAGE= ,089 PERCENT ERROR= ,243 

CONTINUITY SUNWARY i AC-FT) - IHFLOW= 2.765 EXCESS= ,000 OUTFLOK= 2.782 BASIM STORAGE- .00D PERCENT ERROR= ,115 

t t t  N@Rf!AL END OF HEC-1 t t t  



APPENDIX B-2 

DRAINAGE AREA NO-. 1 

* DESIGN CALCULATIONS 



T l KAMINSKI s u ~ e y l n g  ~4 . HUBBARD Civ'l 

Date 2-/6-?ii 
Date 

. Made by C! L .B 
Checked by 

~ o b  ~ 0 . 0 l l t 3  
Sheet No. 

engineering inc. ' "ydrO'OgY For 



ri I K A M I N S K I  Su~ey lng  
HUBBARD ' C'v" 

engineering inc. ' 

Made by D. L .  
Checked by 

For 

Date 2-/&-%? 
Date 

Job No. &//a * 
Sheet No. 



QYflL~& :,*G1 u No. 333 -- 

7 l KAMINSKI S u ~ e y l n g  L. .HUBBARD : ~ ~ ~ r o , o g y  engineering inc. 

Made by c. L .s. 
Checked by 

For 

Date 246 -.?g 
Date 

- 
~ o b  NO. 

Sheet No. 



Drcuha9e c = 0.02/74 m~:' = /5.9/ Ac. 

7 I KAMINSKI S u ~ e ~ l n g  A r HUBBARD ' C'v'' 
engineering inc. ' HydrO'Ogy 

a. 700ih.3 : RE- 43 
Gvwnode /hw = 0- UZZ/ 7 m/,' ' = 14. / 4  Ac. 
A W ~ ;  40% &1$;bufts 

L;~~A;Bo~& ATCR = 0.01 995 n,: ' = / I. 77' 46. 

Made by DL,&. 
Checked by 

For 

Date 2-/b-90 
Date 

Job No. 3//3 
Sheet No. 



Z o ~ / g d ;  R P - 4 3  
A + ~ u n e  90% &n,'AL=,~<~ 

. 2  .'. D~iz/;?~:;.i? Ar/i = 00.027/4 mi. = /7.37Ac. 
T ~ p r  O L I V ( ! ~ ~ K ;  = $6 

~ 1 V i 2 4 h f i ;  7@. 3 

7 I KAMINSKI S u ~ e y l n g  d m HUBBARD ' C'v" 
engineering inc. ' 

Made by p.i.,?. 
Checked by 
For 

Date Z-/6-'0 
Date 

Job No. b/ /g  
Sheet No. 



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

p r o j e c t  T ~ f u r n  B l ~ : f .  Date 2-1-C70 

~ o c a t i o n  P ~ ~ C M I V  , /I 2 Checked Date - 
C i r c l e  one: Present Developed 

T through subarea C i r c l e  one: @ Strb &5/n * /do 
NOTES: space-for  as  many a s  two segments per f l o v  type can be used f o r  cach 

worksheet. 

Include a map, schematic, o r  desc r ip t ion  of f l o v  segments. 

Sheet flow (Applicable t o  Tc only) Segment ID 

1. Surface desc r ip t ion  Gtable 3-11 ............ 
2. Manning's roughness eoeff., n ( t a b l e  3-1) .. 

.......... 3. Flow length ,  L ( t o t a l  L 300 f t )  it 
I .  L/ 

4. Two-yr 24-hr r a i n f a l l ,  P2 .................. i n  

5. Land elope,  a .............................. f t / f t  

6. Tt 0.007 ( ~ L I O . ~  ...... Compute Tt h r  

p20e5 soo4 

Shallow concentrated flow Segment I D  .. 7. Surface  desc r ip t ion  (paved unpaved) ..... 
8. Flow length ,  L ............................. it 

9. Watercourse s lope,  .a ....................... f t / f t  

........... 10. Average ve loc i ty ,  V ( f i g u r e  3-1) f t / s  

L 
11. Tt - - ...... 3600 v Compute Tt h r  

Channel f low Segment ID 

............... 12. Cross s e c t i o n a l  flow a rea ,  a f t 2  

a 
14. Hydraulic radius ,  r = - Computer  ....... f t  

pw 
15. Channel s lope,  s ........................... f t / f t  

.............. 16. Uanning's roughness coeff. ,  n 

....... Compute V f t / a  

18. Flow length ,  L ............................. it 

L 4 
19. Tt - - Compute Tt ...... h r  1 3600 V 

20. Watershed o r  subarea Tc o r  Tt (add T i n  s t e p s  6, 11, and 19) ....... h r  t 
8' 9-3 tw 

&S< /Omln .  

(210-VI-TR-55, Second Ed., June 1986) D-3 



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

Pro jec t  D / V ~ *  By b ~ 4  Date 2-/-70 - 
~ o c a t i o n  P~o&Y;I/Y , A 2  Checked Date 

/ - 
C i r c l e  one: Present Developed 

C i r c l e  one: @ Tt through subarea  52b29::!,7 7$ /o/ 
NOTES: Space f o r  as many a s  two segments per flow type can be used f o r  tach 

worksheet. 

Include a map, schematic,  o r  desc r ip t ion  of flow segments. 

. Sheet flow (Applicable t o  T, only)  Segment ID 

............ 1. Surface description (table 3-1) 

2. Manning's roughness coeff  ., n ( t a b l e  3-1) .. 
.......... 3. Flow length ,  L ( t o t a l  L 1 300 f t 1 f t 

4. Two-yr 24-hr r a i n f a l l ,  P2 .................. i n  

5. Land s lope,  8 .............................. f t / f t  

6. Tt - 0.007 ( r i ~ ) O * ~  ...... Compute Tt h r  

p200s so** 

Shallow concentrated flow Segment I D  

7. Surface desc r ip t ion  (paved o r  unpaved) ..... 
8. Flow length ,  L ............................. it 

....................... 9. Watercourse slope,  s f t / f t  

........... 10. Average veloci ty ,  V ( f i g u r e  3-1) f t / s  

L 
11. Tt - - 3600 V 

Compute T 
t """ 

h r  

Channel flow Segment ID 

12. Cross eec t iona l  flow a r e a ,  a............... f t 2  

13. Wetted perimeter, pW ...................A. it 

a 14. Hydraulic radius,  r - - Compute r....... f t  
P" 

15. Channel slope,  s ........................... f t / f t  

.. 16. Manning's roughness coef f n .............. 

............................. 18. Flow length,  L it 

L 
19. Tt - - 3600 V ...... Compute T h r  

20. Watershed o r  subarea Tc o r  Tt (add Tt i n  s t e p s  6, 11 

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

- 



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

Date 2- 1-90 

~ o c a t i o n  %0<v)t , b2- Checked Date , - 
C i r c l e  one: Present  Developed 

C i r c l e  one: @ Tt through subarea  5bba5Ifl * 102 

NOTES: Space f o r  a s  many a s  two segments per flow type can be used f o r  each 
worksheet. 

Include a map, schematic, o r  desc r ip t ion  of flow segments. 

Sheet flow (Applicable t o  Tc only)  Segment I D  

1. Surface d e s c r i p t i o n  Gtable 3-1) ............ 
2. Manning's roughness c6eff ., n ( t a b l e  3-1) .. 
3- Flow length ,  L ( t o t a l  L 300 i t )  .......... f t  

4. Two-yr 24-hr r a i n f a l l ,  P2 .................. i n  

5. Land s lope ,  s .............................. f t l f t  

Shallow concentra ted flow Segment LD 

..... 7. Surface d e s c r i p t i o n  (paved o r  unpaved) 

............................. 8. Flow length ,  L f t  

9. Watercourse alope,  s ....................... f t l f t  

............ 10. Average ve loc i ty ,  V ( f i g u r e  3-1) f t / s  

L 
11. Tt - - ...... 3600 V Compute Tt h r  

Channel flow Segment I D  

12. Cross s e c t i o n a l  flow a rea ,  a ............... f t 2  

13. Wetted per imeter ,  pW ........................ it 
a 14. Hydraulic radius ,  r - - Computer  ....... it 

15. Channel s lope,  s ........................... f t / f t  

.............. 16. Manning's roughness coeff., n 

1.49 r 2/3 a1/2 ....... 17. V - n Compute V f t l s  

18. Flow length ,  L ............................. it 

L 19. Tt - - Compute Tt ...... h r  3600 V 

20. Watershed o r  subarea Tc o r  Tt (add Tt i n  s t e p s  6, 11, and 19) ....... h r  

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



Worksheet 3: Time of concentration (Tc) or travel time CTt) 

p ro jec t  Tflbm 8 l ~ d .  By 9LL3 Date 2-1-9Q - 
~ o c a t i o n  Phd~;/7/~' . # Z  Checked Date - 
C i r c l e  one: Present  Developed 

C i r c l e  one: @ Tt through subarea  .5:lr7 A2. l . i ~  9 /0.3 

NOTES: Space f o r  a s  many a s  two segments per  f low type can be used f o r  each 
worksheet. 

Inc lude a map, schematic,  o r  d e s c r i p t i o n  of f low eegmenta. 

Sheet  f l w  (Applicable to Tc only) Segment I D  

1. Surface d e s c r i p t i o n  (table 3-11 ............ 
2. Manning's roughness coeff  ., n ( t a b l e  3-1) .. 
3. Flow leng th ,  L ( t o t a l  L 1 300 f t )  .......... f t  

.................. 4. Two-yr 24-hr r a i n f a l l ,  P2 i n  

5. land s lope ,  s .............................. f t / f t  

Shallow concentra ted  flow Segment I D  

7. Surface d e s c r i p t i o n  (paved o r  unpaved) ..... 
8. Flow length ,  L ............................. f t  

9. Watercourse s lope ,  s ....................... f t / f t  

10. Average ve loc i ty ,  V ( f i g u r e  3-11 ........... f t / s  

L ...... 11. Tt - - 3600 V Compute Tt h r  

Channel f low Segment ID 

............... 12. Cross s e c t i o n a l  flow a rea ,  a f t 2  

a 14. Hydraulic radius ,  r = - Compute r ....... f t  
pw 

15. Channel s lope ,  s ........................... f t / f t  

16. Manning's roughness coef f .. n .............. ~- ~- 

Compute V ....... f t / s  

18. Flow leng th ,  L ............................. f t  
L 

19. Tt - ...... 3600 V Compute Tt h r  

20. Watershed o r  subarea Tc o r  Tc (add Tt i n  s t e p s  6, 1 

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



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

p r o j e c t  T ~ h m  Blvd- ~ L B  Date 2- 2-90 - 
~ o c a t i o n  f i 4 ~ / ~  /1Z Checked Date 

I - 
C i r c l e  one: Present  Developed 

@ Tt through subarea C i r c l e  one: 6051.h 4/04 
NOTES: Space f o r  a s  many a s  two segments per flow type can be used f o r  each 

worksheet. 

Include a map, schematic,  o r  d e s c r i p t i o n  of flow segments. 

Sheet flow (Applicable t o  T, only)  Segment ID 

1. Surface desc r ip t ion  ( t a b l e  3-1) ............ 
2. Manning's roughness coeff. ,  n ( t a b l e  3-1) .. 

.......... 3. Flow length ,  L ( t o t a l  L L 300 i t )  f t  

4. Two-yr 24-hr r a i n f a l l ,  P2 .................. i n  

.............................. 5. land elope,  e f t l f t  

6. T, = 0.007 ( I I L I O * ~  Compute Tt ...... h r  0.5 0.4 
P, s 

Shallow concentrated flow Segment I D  

..... 7. Surface desc r ip t ion  (paved o r  unpaved) 

.............................. 8. Flow length ,  L it 

9. Watercourse s lope,  s ........................ f t l f  t 

10. Average ve loc i ty ,  V ( f i g u r e  3-11 ........... f t l s  

L 
11. Tt = - 3600 V ...... Compute Tt h r  

Channel flow Segment II) 

12. Cross s e c t i o n a l  flow a r e a ,  a............... it2 

13. Wetted perimeter,  pw ....................... it 

a 
14. Hydraulic radius ,  r = - Computer  ....... f t  

pw 
15. Channel s lope,  s ........................... f t l f t  

16. Manning's roughness coeff. ,  n .............. 
17. V - 1.49 r2I3 s1I2 ....... n Compute V f t l s  

18. Flow length ,  L ............................. it 

L 
19. Tt - - ...... 3600 v Compute Tt h r  

20. Watershed o r  subarea Tc o r  Tt (add Tt i n  s t e p s  6, 11, and 19) ....... h r  

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



Worksheet 3: Time of concentration (Tc) or travel time (Tt) 

pro jec t  7ff f~~~ B ! d  Date 2-2- 40 

~ o c a t i o n  P ~ o ~ ~ z ' v  bZ Checked Date 
/ - 

C i r c l e  one: Present Developed 

C i r c l e  one: @ Tt through subarea Sub b b l v  &2LY) 

NOTES: Space f o r  a s  many a s  two segments per flow type can be used f o r  each 
vorksheet.  

Include a map, schematic, o r  desc r ip t ion  of flow segments. 

Sheet flow (Applicable t o  Tc only) Segment I D  

1. Surface desc r ip t ion  Gtable 3-1) ............ 
2. Manning's roughness coeff ., n ( t a b l e  3-1) .. 
3. Flow length ,  L ( t o t a l  L L 300 f t 1 .......... it 

4. Two-yr 24-hr r a i n f a l l ,  P2 .................. i n  

5. Land elope,  a .............................. f t / f t  

Compute Tt ...... h r  

& 

Shallow concentra ted flow Segment I D  

7. Surface  d e s c r i p t i o n  (paved o r  unpaved) ..... 
8. Flow length ,  L ............................. f t  

9. Watercourse s lope,  s ....................... f t / f t  

10. Average ve loc i ty ,  V ( f i g u r e  3-11 ........... f t / s  

L ...... 11* Tt  - K i F 7  Compute Tt h r  

Channel f low Segment ID 

.............. 16. Manning's roughness coeff. ,  n 
213 e1/2 1.49 r 17. V - n -- 

............... 12. Cross s e c t i o n a l  flow a rea ,  a it2 

....................... 13. Wetted perimeter,  pw it 

a 
14. Hydraulic radius ,  r - - Compute r ....... f t  

pw 
15. Channel s lope,  s ........................... i t / f t  

1" '10" length ,  L ............................. it 1 I I 2 0  ,I , 460 + I+[ 020 1 
L 

19. Tt = - ...... 3600 V Compute Tt h r  0.031 + g -3  / 0 * 0 3  
20. Watershed o r  subarea Tc o r  Tt (add Tt i.n s t e p s  6, 11, and 19) ....... h r  ( 0*144 1 

. 

0.080 

(210-VI-TR-55. Second Ed., June 1986) 
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Worksheet 3: Time of concentration (T,) or travel time (Tt) 

Project  Tafum B / V ~  BY b@ Date 2-2- 90 - 
~ o c a t i o n  Ph~fl,~/)( , /1Z Checked Date - 
C i r c l e  one: Present Developed 

C i r c l e  one: @ Tt through subarea  sub b~s/n * 20 / 

NOTES: Space f o r  a s  many a s  two segments per flow type can be used f o r  each 
worksheet. 

Include a map, schematic,  o r  desc r ip t ion  of flow segments. 

Sheet f l o v  (Applicable t o  T, only)  Segment ID 

1. Surface desc r ip t ion  Gtable 3-1) ............ 
2. Manning's roughness coeff. ,  n ( t a b l e  3-1) .. 
3. F lowleng th ,  L ( t o t a l L & 3 0 0 f t )  .......... f t  

4. Two-yr 24-hr r a i n f a l l ,  P2 .................. i n  

5. Land s lope,  8 .............................. f t l f t  

L 

Shallow concentrated flow Segment XD 

7. Surface d e s c r i p t i o n  (paved o r  unpaved) ..... 
8. Flow length ,  L ............................. f t  

9. Watercourse s lope,  s ....................... f t / f t  

10. Average ve loc i ty ,  V ( f i g u r e  3-1) ........... f t /s  

L ...... 11. Tt - - 3600 V Compute Tt hr  

Channel flow Segment ID 

12. Cross s e c t i o n a l  flow a rea ,  a ............... f t 2  

13. Wetted perimeter,  pw ....................... f t  

a 
14. Hydraulic radius ,  r = - Compute r ....... f t  

pw 
15. Channel s lope,  s ........................... f t / f t  

.............. 16. Manning's roughness coeff. ,  n 

17. V - 1.49 r2I3 s 1 j 2  ....... n Compute V f t / s  

18: Flow length,  L ............................. it 

L 
19. Tt - Compute Tt ...... h r  3600 V 

20. Watershed o r  subarea Tc o r  Tt (add Tt i n  s t e p s  6, 11, and 19) ....... h r  

/ 

(210-VI-TR-55, Second Ed., June 1986) = 0. :' n r  



Worksheet 3: Time of concentration CP,) or travel time (Tt) 

p r o j e c t  TOAM .8/1/d. BY ~ L B  - Dace 2-2-99 
Location P ~ o c / : ; Y  , A2 Checked Dace - 
C i r c l e  one: Present Developed 

C i r c l e  one: @ Tt through eubarea 5u6 biz?M *397 

NOTES: Space f o r  as  many a s  two segments per f low type can be used t o r  each 
worksheet. 

Include a map, schematic, o r  desc r ip t ion  of flow segments. 

Sheet flow (Applicable t o  Tc only)  Segment I D  

I. Surf ace  desc r ip t ion  Gtable 3-1 ) ............ 
2. Manning's roughness coeff  ., n ( t a b l e  3-1) .. 

.......... 3. Flow length ,  L ( t o t a l  L 5 300 f t )  ft 

4. Two-yr 24-hr r a i n f a l l ,  P2 .................. i n  

5.  land s lope,  s .............................. f t l f t  

Shallow concentrated flow Segment I D  

7. Surface description (paved o r  unpaved) ..... 
8. Flow length,  L ............................. i t  

9.  Watercourse s lope,  s ....................... f t l f t  

10. Average ve loc i ty ,  V ( f i g u r e  3-11 ........... f t l s  
L 

11. Tt -- 3600 V ...... Compute Tt h r  

Channel f l o v  Segment I D  

12. Cross s e c t i o n a l  flow a rea ,  a ............... it2 

a 14. Hydraulic radius ,  r = - Compute r ....... f t  
pw 

15. Channel s lope,  s ........................... f t / f t  

16. Manning's roughness coeff. ,  n .............. 
1.49 r 213 8112 

17. V = Compute V ....... f t / s  n 

18. Flow length,  L ............................. tt 
L 

19. Tt - - ...... 3600 V Compute T h r  

20. Watershed o r  subarea Tc o r  Tt (add Tt i n  s t e p s  6. 11, and 19) ....... h r  

x 6.2A4; 

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



Worksheet 3: Time of concentration q) or travel time q) 

Pro jec t  % h m  B;vA/. BY ~ L B  Date 2-2-40 
~ o c a t i o n  PLI~/I?;Y , AZ checked Date - 
C i r c l e  one: Present Developed 

C i r c l e  one: @ Tt through subarea  4d.,~bff6;~l  * 31 
NOTES: Space f o r  as many a s  two segments per flow type can be used f o r  each 

workeheet. 

Include a map, schematic, o r  desc r ip t ion  of flow segments. 

Sheet flow (Applicable t o  Tc only)  Segment ID 

1. Surf a c e  desc r ip t ion  Gtable 3-1 ) ............ 
2. Manning's roughness coeff  ., n ( t a b l e  3-1) .. 
3. Flow length ,  L ( t o t a l  L ( 300 f t )  .......... i t  

4. Tvo-yr 24-hr r a i n f a l l ,  P2 .................. i n  

5. Land s lope,  s .............................. 
6. Tt = 0.007 (~L)O* '  ...... 0.5 0.4 Compute Tt 

P, s 
L 

Shallow concentrated flow Segment I D  

..... 7. Surface  desc r ip t ion  (paved o r  unpaved) 

............................. 8. Flow length ,  L 

9. Watercourse slope,  s ....................... 
10. Average veloci ty ,  V ( f i g u r e  3-11 ........... f t / s  

L ...... 11. Tt - - 3600 V Compute Tt h r  

Channel flow Segment ID 

12. Cross s e c t i o n a l  flow a r e a ,  a............... it2 

13. Wetted perimeter, pW ............. .......... f t  

a 14. Hydraulic radius,  r = - Compute r  ....... f t  
w 

15. Channel slope,  s ........................... f t / f t  

.............. 16. Uanning's roughness coeff . ,  n 

....... Compute V f t / s  

18. Flow length ,  L ............................. it 

I 

20. Watershed or subarea Tc o r  T (add Tt i n  s t e p s  6, 11, and 19) ..*.... h r  t 

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



Worksheet 3: Time of concentration CT,) or travel time (Tt) 

- 
pro jec t  l d h ~ . B / v d .  ~y 849  ate 2-2-90 
~ o c a t i o n  p h r / e ~ / ~  , A2 Checked Date 

/ - 
Circ le  one: Present Developed 

C i r c l e  one: @ Tt through subarea Sub Aos/A0302 

NOTES: Space f o r  as  many a s  two segments per flow type can be used f o r  each 
worksheet. 

Include a map, schematic, o r  desc r ip t ion  of flow segments. 

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

. . 

Sheet flow (Applicable t o  Tc only)  Segment I D  

1. Surface desc r ip t ion  ( t ab le  3-1 ............ 
2. Xanning's roughness coeff., n ( t a b l e  3-11 .. 
3. Flow length ,  L ( t o t a l  L ( 300 f t .......... f t 

4. Two-yr 24-hr r a i n f a l l ,  P2 .................. i n  

5. Land slope,  8 .............................. f t l f t  - 
6. Tt = 0.007 (nI.)Oo8 I ...... Compute Tt h r  

p2Oo5 so-' 

Shallow concentrated flow Segment I D  

7. Surface desc r ip t ion  (paved o r  unpaved) ..... 
8. Flow length,  L ............................. f t  

9. watercourse slope,  s ............,.......... f t / f t  I 
10. Average veloci ty ,  V ( f i g u r e  3-11 ........... f t l s  

L ...... 11. Tt I - Compute Tt h r  3600 V .I 
Channel flow Segment ID 

12. Cross sec t iona l  flow a rea ,  a ............... f t  2 

13. Wetted perimeter, pw ....................... f t  

a 14. Hydraulic radius ,  r - - Compute r ....... it 
p, 

15. Channel s lope,  s ........................... f t l f t  

16. Manning's roughness coef f .. n .............. 
17, V 0 

213 s1/2 

n ....... Compute V i t ls  

18. Flow length ,  L ............................. it 

L 19. Tt = - ...... 3600 V Compute Tt h r  

20. Watershed o r  subarea T o r  T (add T i n  s t e p s  6 ,  11, and 19) ....... h r  C 



Worksheet 3: Time of concentration (T,) or travel time (Tt) 
- . I 

project  /#jt?M E,:Yf?. By bf .B. Date 2- /3-  90 

Location ~~Ll/;k.9b/>d Lfl- h * Z / Y ~  Checked Date 
V - 

Circ le  one: Present  Developed 

Ci rc le  one: @ T~ through subarea Subbasim *!?Z 

NOTES: Space f o r  a s  many a s  two segments per flow type can be ueed f o r  each 
worksheet. 

Include a map, schematic, o r  desc r ip t ion  of flow segments. 

Sheet flow (Applicable t o  Tc only) Segment I D  

............ 1. Surface d e s c r i p t i o n  Gtable 3-11 

2. Manning's roughness coeff. ,  n ( t a b l e  3-1) .. 
3. Flow length ,  L ( t o t a l  L I  300 i t )  .......... f t  

.................. 4. Two-yr 24-hr r a i n f a l l ,  P2 i n  

5. Land s looe.  e .............................. f t / f t  -. . - 

6.  Tt = 0.007 ( n ~ ) ~ * ~  Compute Tt ...... h r  

Shallow concentrated flow Segment I D  

..... 7. Surface d e s c r i p t i o n  (paved o r  unpaved) 

8. Flow length ,  L ............................. f t  

9. Watercourse s lope ,  s ....................... f t / f t  

10. Average ve loc i ty ,  V ( f i g u r e  3-1) ........... f t / s  

L ...... 11. Tt - - 3600 V 
Compute Tt h r  

Channel flow Segmenr I D  

12. Cross s e c t i o n a l  flow a rea ,  a............... f t  2 

13. Wetted perimeter,  pw ....................... f t  

a 
14. Hydraulic r ad ius ,  r = - Computer ....... it 

pw ........................... 15. Channel s lope,  s f t / f t  

16. Manning's roughness coeff., n .............. 
....... Compute V f t / s  

18. Flow length ,  L ............................. f t  

L I 
19. Tt = - 3600 V ...... Compute T h r  

....... 20. Watershed o r  subarea Tc o r  Tt (add Tt i n  s t e p s  6, 11, and 19) h r  

= 14.2  

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



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

Location M o L / ~ I ~ , ~ , $  LB. 71) s h ~  fieeked Date 
" - 

Circ le  one: P resen t  Developed 

C i r c l e  one: Tt through subarea sub 6 ~ 5  ;M * 510 
NOTES: Space f o r  a s  many as two segments per f low type can be used f o r  each 

worksheet. 

Include a map, schematic,  o r  d e s c r i p t i o n  of f low segments. 

Sheet flow (Appl icable  t o  T only) C Segment ID 

1. Surface d e s c r i p t i o n  ( t a b l e  3-1) ............ 
2. Manning's roughness coeff. ,  n ( t a b l e  3-1) .. 

.......... 3. Flow l e n g t h ,  L ( t o t a l  L(300 i t )  f t  

4. Tvo-yr 24-hr r a i n f a l l ,  P2 .................. i n  

5. Land s l o p e ,  s .............................. f t l f t  

Shallow concentra ted flow Segment I D  

7. Surface d e s c r i p t i o n  (paved o r  unpaved) ..... 
8. Flow leng th ,  L ............................. f t  

9. Watercourse s lope,  s ....................... f t l f t  

10. Average v e l o c i t y ,  V ( f i g u r e  3-11 ........... f t / s  

L 
11. Tt - - 3600 V ...... Compute Tt hr 

Channel flow Segment I D  

............... 12. Cross s e c t i o n a l  flow a r e a ,  a f t 2  

13. Wetted per imeter ,  p, ....................... f t  

a 
14. Hydraulic radius ,  r = - Compute r ....... f t  

w 
15. Channel s lope ,  s ........................... f t / f t  

.............. 16, Manninn's roughness coeff.. n 
- 2/3-s1/2 

17. V - 1.49 r ....... n Compute V f t l s  

18. Flow leng th ,  L ............................. it 

L 
19. Tt - - I ...... 3600 v Compute Tt h r  

....... 20. Watershed o r  subarea Tc o r  Tc (add Tt i n  s t e p s  6 ,  11, and 19) h r  

(210-VI-TR-55, Second Ed.. June 1986) 
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APPENDIX C-1 

DRAINAGE AREA NO: 2 

* HEC-1 O U T P U T  FOR SUB-BASINS 400 * 410 



LINE 

ZEC-1 !NPUT PAGE 1 

I I! CITY Oi PHOENIX "RJECT NO. P-086515 
ID TATU!! BLVD. - MCCEiNGaIRD LANE TO SHEA BLVD. 
ID KAHINSKI - HUPEARD ENGINEERINS, INC. - JOB NO. 3118 
ID HEC-1 FILENAME : 119-29.DAT 
ID PRELlH!KARY RUN - 2 YEAR - 1 HOUR STORM . 
!T 5 07FEB90 lEM 30a 88FEE98 1008 
10 5 

KK 408 
Kt! Subarea No. 4081411 
BA ,1496 
IN 1.5 87FEB98 lR00 
FB 8.88 
PC .EM .0lB .82E ,030 ,840 ,858 ,065 .a80 .I00 
PC ,120 ,140 ,168 .ISB ,225 ,388 . 4 ~ a  ,530 .ha0 
PC ,548 . Ob5 .7%@ ,725 ,758 ,775 .8B8 ,823 ,848 
PC ,858 ,875 ,871 ,966 .919 ,931 ,942 ,952 .961 
PC .?&F ,377 ,985 ,993 l.aae 
LS 99.8 
!JD .!3 
ZZ 



HijXOFF jLiYHAR'f 
F?O# IN CUBIC FEET PER SECOND 

TiHE IN HOURS, AREA !H SQUARE YiLES 

FEAK T I H E  6F AVERASE FLO# FOR HAXIHUE PERIOD FASIX #A%IIUH TiNE OF 
D X E h T I O M  ETATIOM F ig#  PEAK 6-HsiJh Z4-HOijR 7?-HOij8 AkEA STAGE flAX S T A G  



LINE 

19 CITY OF VHOENIX PROJECT NO. P-680515 
ID TATFH PLVD. - HOCKIHGBIRD LAHE TO SHEA BLVD. 
ID KA!!!tiSKI - HUBBARD ENGINEER!%, INC. - GOB No, 0118 
ID HEC-1 FILENAKE : 119-28.DAT 
ID PRELItiItiARY RUN - 10 YEAR - 1 HOUR STORH- 
IT 5 07FEP93 1882 301 28FEE98 1BaE 
IO 5 

KE 488 
Kti Subarea No. 42@!418 
EA ,1496 
IN 1.5 @!FEE70 lt0B 
PE 1.61 
PC .BEE .%la .B2B .E30 .04o .@50 ,165 ,188 ,100 
PC ,128 .I48 1 .I88 ,225 ,300 ,408 ,530 ,601 
PC .63% . A05 .7&9 ,725 ,750 ,775 .882 ,828 ,841 
PC ,958 .875 ,891 .9Eb .9!9 ,931 ,942 ,952 ,961 
PC ,967 ,977 ,965 ,993 1.1B0 
LS 89.9 
UD .13 
z 1 



RUNOFi SURHARY 
FLOW I N  CUBIC FEET PER SECOND 

T i H E  IN HOE%, M A  i N  SBUARE 4 I L E '  

PEAK TIWE OF AVERAGE FLOW i O R  HRXIMU~ PERIOD EASIH n ~ x ~ n v n  TIRE a 
CPERATIO!i STATION i L C %  PEAK 6-!!OUR 24-HOUR 72-HOUR AREA STAGE HA1 STkaE 

t t t  NORHAL END OF HEC-1 t t l  



LINE 

ID CITY OF PHDENIX PROJECT NO. P-B8b515 
ID TAX8 SLYD. - flOCKIHGPIRD LANE TO SHE4 ELVD. 
ID KARISSKI - HUBBARD EMG!KEERIHE, INC. - JOE NO. 8118 
ID HEC-1 FILEHAHE : 118-27,DAi 
ID PREiI~?NARY RUN - 25 YEAR - 1 HOUR STORE. 
IT 5 17FEB99 10B% 380 08FE698 1882 
I" 5 

KK 30C 
KH Subarea Mo. 420/410 
BA .!490 
IN 1.5 87FEB9B 1052 
PP 2.02 
PC ,808 ,818 ,820 ,838 .B48 ,858 ,865 ,888 .lee 
PC ,128 ,198 ,i0a ,183 ,225 3 0  ,488 ,535 ,606 
PC ,643 ,665 ,708 ,725 ,758 ,775 ,888 ,820 ,848 
Pi .a55 .E75 ,891 ,956 ,919 ,931 ,942 ,952 ,961 
PC ,969 .977 ,985 ,993 1.008 
LS 89.3 
UD .!3 
iZ 



t t t t t t t t t ! t t t t t t t t t t t t t t t t t t t t l t t 1 t t t t ? t i  
t t 
t FLODD HYDROGRAPH ?ACKAGE (HEC-1) t 
t FEERUARY !Fa1 t 
t REVISED 01 JUN EB 1 
t t 
t RUN DAiE 83/28/!9?8 iIEE 11:09:33 t 
i t ' 

t t t t t t t t t t t t t t t t t t t t t t t t ? t t t t t t t t t t t t t t t t  

t f t t t t t t t t t t t t t t l t t t t t t t t t t t t t t t t t t t t t t  
? t 
t U.S. A M Y  CORPS OF ENGINEERS t 
t THE HY?RGLCSIC ENGINEERING CEHTER t 
t bE? SECDND SiREET t 
t DAVIS, CRLIFORNiA 95516 t 
t (316 j 251-!?49 t 
t t 
t t t t t t t t t t t t tS t tS t t t t t t t tS t t t t t t t t t t t t t  

CITY OF PHOEN!X PROJECT N!. P-E6b515 
TATU! BLVD. : !OCKINGFIKD LANE TO E2EA ELVD. 

KAEIHSKI - HUEEARD ENSINEERINE, INC. - JOB NG. 5119 
HEC-1 FILENAME : 118-27,DAT 

PRELIfiItiARY RUN - 25  YEA4 - 1 HOUR STOR?! 

OUTPUT CONTROL VAR!AFLES 
IPPEiT 5 PRINT CONTROL 
iPLfiT B PLOT CDNTRO? 
a SCAL B. HYDROGRAPH PLGT SCALE 

HYDROGRAPH T!nE DATA 
rjfl! t i  5 91NUTES iN CONPUTAiION INTiRVki 
IDRiE 7FEBFa STARTIHS DATE 
ITi!E lBBB STARTING T I E  

Nfi  289 NUMEER OF HYDROSRAPH ORDINATES 
NDDATE EFiE33 ENDING DATE 
HDTIRE 1850 ENDIMG ?!RE 
ICENT !? CENTURY EARK 

CD~PUTATION INTEEVAL .as KOUKS 
TJTAL TIWE BASE 24.aB HOUSS 

ENELIS5 BNITS 
DSBlKkGE AREA SOUARE MILES 
PRECIP!TAiION DEPTH !MCHES 
LENGTH, ELEVATION FEET 
FLO# CUBIC FEET PER SECObiD 
STDRAGE 7OLUEE ACE-FEET 
SURFACE AREA ACRE,: 
?EKPERATURE DEGREES FAHRENHEIT 



RUNOFF SUHHARY 
FLOW I N  CUBIC FEET PER SECOND 

T I M E  I N  HOURS, AREA I N  SQUARE f l I L E S  

F E ~ K  TIEE IF AVERAGE FLOW FOR n A x I n u n  PERIOD BASIH HR~IKGK T r n E  CF 
DPERAT ION STATICY FLb# PEAK $-HOUR 24-HOUR 72-HOUR AREA STAGE 3AX STAGE 

t t t  NORIAL EHD OF HEC-1 t t t  



I D CITY OF PHOENIX PiiGJEii NO. P-8965!5 
I D  TATUH BLVD. - HOCKINGBIRD LANE TO SHEA BLVD. 
I D  KbMIMSKI - HUEFARD ENGINEESIMS, IMC. - JDB ?JO. Pl!S 
I D HEC-1 FILENAHE : 116-26.DAT 
iD ?RELI!!lNkRY RUN - 5 0  YEAR - 1 HDUR S T O R f l -  
I T  5 67FE990 l B 9 0  3EE 88FEE98 1 8 8 &  
1 5  5 



t t t t t t t z t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t i t  
t 

t FLOOD HYDROGRAPH PACKAGE ( H E C - l i  i 
b FEERUARY 1 9 B 1  t 

REVISED B l  3U t i  88 I 
I t 
t RUN DATE 0 3 / 2 8 / 1 9 9 6  T IME 11:87:37 t 

t ' 

. t t ~ t t t t t t t t t t t t t t t t t t t t i t t t t t t t t t i t t t : t t  

t t t t t t l t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t  
t i 
t U.S. ARHY CORTS OF ENGINEERS t 

' t THE HYDROLOGIC ENGINEERING CENTER 1 
t b 0 9  SECOND STREET t 
t DAV!S, C A L i F O k N I A  5 5 6 1 5  i 
t ( 9 1 6 )  551-!74E I 
t t 
t t i t t t t t t t t t t t t t t t ! t t t t f t t t t t t t t t t t t i t i  

C I T Y  OF PHOEHIX PROJECT NO. P - 8 0 6 5 1 5  
TATUH ELYE. - YGCKiNGFIRD LANE TO SHEA BLVD. 

K A l I t i S E I  - HUBEARD ENEiNEERING, INC. - JOB NO. 6119 
HEC-1 F I L E N M E  : 110-26.DAT 

PkEiI!INARY RFN - 59 YEAR - 1 HOUR STORH 

OUTFUT CGNTROL VARIABLES 
IPHNT 5 F R I N T  CONTRDL 
I P L D T  0 PLOT CONTROL 
ESCB! 8 .  HYDROGRAPH PLOT SCALE 

HYDROGRAFH T i M E  SAT4 
N E I K  5 MINUTES I N  COYPUTATiG?! I N T E W A L  

!DliTE 7 F E h 9 8  STBRTIHZ DATE 
i T I C E  1 ~ 8 ~  STARTIME TIBE 

MQ 2 8 9  NUMBER OF YYDROGRdFH ORDINATES 
NDDd iE  8 F E 5 9 2  ENDING DATE 
N D T I 4 E  l 0 B a  ENDIkG T IME 
ICEE!T I? CENTURY f lARK 

COfiPUTATION INTERVAL .EE HOURS 
i O T F L  TIt4E SASE 24.31 HPUSS 

EHGL!SH U N I T S  
DRAINA.GE AREA SOUARE Y I L E S  
P R E i l P ! T A T I O N  D E P f  H !NCELS 
LENGTH, ELEYATISH FEET 
F L a Y  C l i B i C  FEET PER SECDND 
SiERAGE VDLU!IE ACRE-FEET 
SURFACE kREA ACEES 
TEHPEhkTURE DiEREES FAHREHHEIT 



RUNOiF SUtiEARY 
FLGY I N  CUBIC FEET PER SECOND 

T I N E  I N  HOURS, AREA I N  SIUARE ?lILES 

PEAK T I R E  OF AVEEAEE F i G U  FOR HAX!nUH PERIOS BASIN HAx IKUK T I E E  OF 
GPERATIGN STATIGM FLOU PEA# 6-HOGR 24-HOUR 72-HOUR AkE A S T M E  I A X  S T R E  

i t i  NGRHAL END OF 4EC-! t i t  



flEC-1 INPUT PAGE i 

LINE 

I D  CITY OF PHOENIX PROJECT NO. P-686515' 
I D  TAiU!l ELVD. - EOCKINGBIRD LANE TO SHEA ELVD. 
I D  KA!'l!NSKI - HUPEARD ENGINEERING, INC. - JOE NO. 01!6 
I D  HEC-1 F!LENA!E : 118-25.DAT 
I D  PRELlHINkRY RUN - 1C0 YEAR - 1 HOVR STORM 
I T  5 6 7 i i F 9 8  1008 388 08FEB98 1808 
!U 5 

EK 408 
I! Subarea No. 400/410 
Fk . I496 
I N  1.5 87Fib9i l  ltB0 
PE 2.66 
PC . B 9 B  ,010 .B?B ,830 ,h48 ,852 ,065 ,080 .lEB 
PC ,122 ,140 ,146 . l3l  ,225 ,308 ,488 ,530 ,600 
PC .640  ,665 .788 .725 ,758 ,775 .e08 .828 .!4E 
PC ,958 ,875 .BFi .906 ,919 ,931 ,942 .95? .96! 
PC ,969  ,777 .YE5  ,993 1.EBB 
LS 89.3 
ilIi .13 
ZZ 



t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t  
i t 
t FLOOD HYDROGRAPH PACKAGE (HEC-11 t 
t FEBRUARY !?8i t 
t .  REVISED E l  JUN 68 t 
t t 
t RUN DATE a312911990 T l E E  11:05:13 t 
t t ' 

t t t t t t t t t t t t t t t & t t l t t t t t t t t t t t t t t ! t t f t t t ?  

C I T Y  OF PHOENIX PROJECT NO. P-096515 
TATVt! BLVD. - RDCKIMGBiRD LAHE TD SHEA BLVS. 

KBHiNSKl  - HUabARD ENGINEERINE, IKC. - J 0 9  HZ. a 1 1 8  
HEC-1 FILENAKE : 110-25.DAT 

PRELININAHY RUN - 1EB YEAR - 1 HOUR STORN 

OUTFUT CSNTROL VARIABLES 
IPRNT 5 PRINT CONTROL 
IPLDT fl PLGT CONTROL 
QSCAL 8, HYDROGRAFH PLOT SCALE 

YYDEOERAPH T I Y E  DATA 
NflIEl 5 H I t i U i E S  I N  CO!PUTATIZN INTERVAL 

IDGTE ?FEE90 S T A R T I l S  DATE 
!TIHE l B B B  STARTING T I E E  

Nff 2 8 9  NUEBER OF HYDROGRAPH ORDIHATES 
NDDATE S F i 5 9 i  ENDING DATE 
NDT!HE 18%8 EHDIMG TIME 
ICENT 1 9  CENTURY !ARK 

CO5PUiATiOH INTERVAL - 8 0  HOURS 
TOTAL T I H E  8ASE 24 .01  HDURS 

ENELIsH Z N i T S  
DRAINASE AREA SffUARE XILES 
PREC!PITAT!DH DEPTH INCHES 
LENSTH, ELEVATIDN FEET 
FLGN CUEIC FEET PER SECOND 
STORAGE VOLUYE ACRE-FEET 
SURFACE AREA ACRES 
TEHPER4TU.PE D E E E i i S  FAHRENHEIT 

t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t  
t t 
t U.S. ARHY CORPS OF ENGINEERS t 
$ THE HYDROLOGIC ENGINEERING CENTER t 
t bB9 SECOND STfiEET t 
t DfiVIS,  CALIFORHIA 9 5 6 1 5  t 
t ( 9 1 6 )  55!-1745 t 
t i 
t t t t t f t t t t t t t t t t t t t t t t t t t t t f t t t f t t t t t t t  



APPENDIX E 

DRAINAGE AREA NO: 4 

* DESIGN CALCULATIONS 



7 l KAMI NSKI S u ~ e y l n g  

L( m HUBBARD ' C"ll 
engineering Inc. ' HydrO1Ogy 

Made by t. L.B. 
Checked by 

For 

Date 3-/6-5?0 
Date 

Job NO.O//B 

Sheet No. 



r4 IKAMINSKI * S u ~ e y l n g  
Date 3-17-*U Made by D. L . B . Job No. Of/B 

I HUBBARD ' c'v" 
engineering Inc. ' 

Checked by 

For 
Date Sheet No. 



I KAMINSKI S u ~ e y l n g  

&~th/;+~dr, 

Ghn4/fk ./ , /n/kr 

4, CF.3 

Date 3-/9-90 Made by Al.8. Job No. 0//8 

(4 ..HUBBAPD ~ ~ ~ r o , o g y  engineering lnc. 

2 YR. 

2.4 

/5,4 

Checked by 

lo YR. 

3.8 

24.4 

For 
Date 

25 Ye. 

4.5 

28.9 

Sheet No. 

50 ye. 

5.0 

32. 1 

r 03 @. 

55 

35.3 



7do l  Drahagc he4 = o.0 1/95 m i *  = 7.65 k. 
C N / Z + ~ )  -' 78.'0 

7onrkj : RE- 43 c t d l l h r )  = &  C ~ 0 . 4 5  
AY~U)HC 90% bnf-ribuf-es 

.: ~ r a ; n a g e  Area = D.01076 m,'.' = 6-BBPo. 

r4 I KAMINSKI Su~eylng 
I HUBBARD ' C'v" 

engineering inc. ' 
J 

Made by Q.L. 8. 
Checked by 

For 

Date 3-/-90 
Date 

> 
Job No. &//a 
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Worksheet 3: Time of concentration (Tc) or travel time (Tt) 

P r o j e s t  Hvd- By 'D. L* B. Date 3-16 90 

h c a t i o n  MOC&G~,& L ~ n c  d 5hrr $14  necked Date 
J - 

C i r c l e  one: Present  Developed 

Circle one: Tt through subarea ~ ~ b b ~ s i ~  f 452 
NOTES: Space f o r  as many as two segments per  f l o w  type can be used f o r  each 

v o r b h e e t .  

Include a nap, schematic, o r  d e s c r i p t i o n  of flow segments. 

Sheet flaw (Applicable to Tc only)  Segment ID 

............ 1. Surface descr ip t ion  (table 3-1) 

2. Manning's roughness coeff  ., n ( t a b l e  3-1) .. 
3. Flow length,  L ( t o t a l  LL 300 f t )  .......... f t  

.................. 4. Tvo-yr 24-hr r a i n f a l l ,  P2 i n  

.............................. 5. Land s lope ,  r f t / f t  

, 0.007 ( n i l  0.8 
6. Tt Compute Tt ...... h r  

~ 2 ' " ~  
Shal lov concentrated f l o v  Segment ID 

..... 7. Surface descr ip t ion  (paved o r  unpaved) 

............................. 8. F l w  length,  L f t  

9. Watercourse elope, s ....................... f t / f t  

10. Average ve loc i ty ,  V ( f i g u r e  3-11 ........... f t / s  

L 
11. Tt = - 3600 V Compute Tt ...... hr 

Channel flow Segment ID 

............... 12. Cross s e c t i o n a l  flow area,  a f t z  

13. Wetted perimeter,  pw ....................... f t  

a 
14. , Hydraulic radius ,  r = - Compute r ....... f t  

P" 
5 .  Channel slope, s ........................... f t / f t  

.............. 6 .  Uanning's roughness coeff., n 

Compute V ....... f t / s  

............................. 18. Flov length,  L f t  

L 
19. Tt - Compute Tt ...... h r  3600 V 

0. ....... 20. Watershed subarea Tc o r  Tt (add T i n  s t e p s  6, 11, and 19) h r  
t 

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



Worksheet 3: Time of concentration (Tc) or travel time (Tt) 
- 

project  / & h m  b?,'>d- Date 2-4-';2 

Location h ? ~ ~ k k / # ~  b1f-d cn.  S ~ P  $!~d. Checked Date - 
Circ le  one: P resen t  Developed 

Ci rc le  one: 9 Tt through subarea s&bh~5fb #4/0 

NOTES: Space f o r  a s  many a s  two segments per f low type can be used f o r  each 
worksheet. 

Include a map, schematic,  o r  desc r ip t ion  of flow segments. 

Sheet flow (Appl icable  t o  Tc only) Segment ID 

1. Surface d e s c r i p t i o n  Gtable 3-1) ............ 
2. Manning's roughness coef f . , n ( t a b l e  3-1) . . I 

3. Flow leng th ,  L ( t o t a l  L L  300 f t )  .......... f t  

.................. 4. Two-yr 24-hr r a i n f a l l ,  P2 i n  

5. Land e lope,  s .............................. f t / f t  

, 0.007 (nL) 0.8 
6. Tt Compute Tt ...... h r  0.5 0.4 

P, s 
Z 

Shallow concentra ted flow Segment I D  I 
7. Surface d e s c r i p t i o n  (paved o r  unpaved) ..... I 
8. Flow l e n g t h ,  L ............................. I 
9. Watercourse s lope ,  s ....................... ' f t / f t  

(210-VI-TR-55, Second Ed., June 1986) D-3 

........... lo. Average v e l o c i t y ,  V ( f i g u r e  3-11 f t / s  1 
L ...... 11. T, - - 3600 V 

Compute Tt h r  ~ a (Zz-1 
Channel flow Segment I D  

............... 12. Cross s e c t i o n a l  flow a rea ,  a f t 2  

13. Wetted per imeter ,  pw ....................... f t  

a '  
14. Hydraulic r ad ius ,  r - - Compute r ....... f t  

pw 
15. Channel s l o p e ,  s ........................... f t / f t  

.............. 16. Manning's roughness coeff., n 

17. V - 1.69 r2l3 s1l2 Compute V ....... f t / s  n 

18. Flow leng th ,  L ............................. f t  

L 
19. Tt = - Compute Tt ...... h r  3600 V 

....... 20. Watershed o r  subarea Tc o r  Tt (add T i n  s t e p s  6, 11, and 19) h r  t =L 
8 . 5 ~ ~ ~ .  



Worksheet 3: Time of concentration (TJ or travel time (Tt) 

Project  '." 2 D a t e  2-y-+g By ALai-. 
c ' 

Location $; ;&, bird' l g .   IT!^ k?/~d: Checked - Date - 
Circ le  one: Present Developed 

Ci rc le  one: @ Tt through subarea &biks--/~ 2f440 

NOTES: Space f o r  aa many as two segments per flow type can be used f o r  each 
worksheet. 

Include a map, schematic, o r  descr ip t ion of flow.segments. 

Sheet flow (Applicable t o  Tc only) Segment ID 

1. Surface desc r ip t ion  Gtable 3-1) ............ 
2. Manning's roughness coeff., n ( t a b l e  3-1) .. 
3. Flow length ,  L ( t o t a l  L I  300 f t )  .......... it 

4. Two-yr 24-hr r a i n f a l l ,  P2 .................. i n  

5. Land s lope,  s .............................. f t / f t  

6. Tt - 0.007. (n~) '"  Compute Tt ...... h r  

Shallow concentrated flow Segment I D  

7. Surface desc r ip t ion  (paved o r  unpaved) ..... 
............................. 8. Flow length ,  L it 

....................... 9. Watercourse s lope,  s f t / f  t 

10. Average ve loc i ty ,  V ( f i g u r e  3-1) ........... f t / s  

L ...... 11. Tt - - 3600 V 
Compute Tt h r  

Channel flow Segment I D  

............... 12. Cross s e c t i o n a l  flow a rea ,  a it2 

13. Wetted perimeter,  pw ....................... it 

a ....... 14. Hydraulic radius ,  r = - Compute r f t 
pw 

15. Channel s lope,  s ........................... f t / f t  

16. Manning's roughness coeff., n .............. 
Compute V ....... f t / s  

18. Flow length ,  L ............................. f t  

L I 
19. Tt = - ...... 3600 V Compute Tt h r  

20. Watershed or subarea Tc o r  Tt (add Tt i n  s t e p s  6,  11, and 19) ....... h r  

z '&.,A - 

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



RUNOFF sunnARY 
FLOW I N  CUBiC FEET PER SECOND 

TIME I N  HOURS, AREA I N  SQUARE t!ILES 

P i ? K  T I E  OF AVERAGE FLOW FOR HAxIHUfl PERIOD FASIH HAXIHUt! T I E  OF 
O P i R A i I  ON STATION FLW PEkK 6-HOUR . 24-HOUR 72-HOUR AREA STAGE #GI STAEE 

HYDROGRAPH AT 488 . 36b. .42 27.  7. - i. -15 

t t t  HORNAL E N D  OF HEC-1 i t t  



' 2 %Sal D.A. &7$;.;b~fing = 75.71A~.  = 0./#955-m/. 

(4 I KAMINSKI S u ~ e y l n g  
,HUBBARD ' C"" 

englneerlng lnc. ' 

Made by D.L .B .  
Checked by 

For 

Date 3 -23% 
Date 

Job No. 0llB 
Sheet No. 



APPENDIX C-2 

DRAINAGE AREA NO. 2 

* SUB-BASINS 421-423 & 431-432 



l KAMINSKI Surveying 
Made by D. L.O. Date 3- /6-?0 

A" ..HUBBARD Erl ro,, ,, . engineering inc. . 

Job No. l?//B 

25 YR. 

4.5 

13.7 

50 Y.. 

50 

/5. Z 

&dt~;p f r b n  Z)/R. 10 YR. 

miens;$,;rt,/7y. 2.4 3 . 3  

I00 vg, 

5.5- 

16- 7 

Checked by 

1146 d ,  CFS 7.3 

For 
Date Sheet No. 



DRa I r J  AGE CALCIA;,~ T/OA/G mp &B~AS//V do. 423 

I KAMINSKI Surveying 
,HUBBARD ' Civ" 

englneerlng Inc. ' 

Made by D. L . B .  
Checked by 

Qewnpfrdn 

I ~ f 5 ~ 5 2 7  , ~h/ifr 

G( , C F 5  

For 

Date 3- /&-90 
Date 

ZW.  

2.4 

29 2 

Job No. 0//6 
Sheet No. 

10 YR. 

3, 6 

6 . 2  

25 Ye 1 50 YE 

4.5 50 

547 1 60.8 

/OO YE. 1 

5,5 

6&7 



I KAMINSKI S u ~ e y l n g  

(4 I HUBBARD : ~~~ro,o,, engineering Inc. 

, Made by DL, B. 
Checked by 

For 

Date 3-/6--:)D 
Date 

JobNo.d/ /a  

Sheet No. 



I KAMINSKI Su~ey lng  
Date 3- /6-94 Made by D.L,B, Job No. Ol lB 

(4 HUBBARD : ~~~r,,,,y engineering lnc. 
Checked by 

For 

Date Sheet No. 



I KAMINSKI S u ~ e y l n g  

L, ..HUBBARD : &"lro,,, 
englneerlng inc. 

Madeby D.L.8. 
Checked by 

For 

Date 3-16-90 
Date 

Job No. o/ /B  
Sheet No. 



T o i ~  i !hibaLlc Arcq = 0. 03455 mi. * = 22. , I  AD. 

~ ~ ( q a t i d  C U W ~  do, d L' 10fffii,&: 

(IJ ( I  h i )  = 
syo.o/a4) P?WY~.~~L-~J) 

0.03275 = 9-H 70.6 
0.6 B6.l 84.4 84.4 

G N ( Z C L : ~ ~  ' * ( M - & M ) + ~ =  85.4 

ri I KAMINSKI S u ~ e y l n g  

I HUBBARD ' C'v" 

Date 3- / -qO 
Date 

Made by D. L . 8. 
Checked by 

Job No. U//B 
Sheet No. 

engineering inc. ' HydrO'OgY For 



Z ~ n ; m ~  : RE- 43 C N  i i h r )  = 86 d =  0- 4 5  
Assumes 40% Contr~bufa 
. prdi~fi.?~ Arf14 = 0.01 344 mr'. * = 8,L4 Ac. 

J 

(4 I KAMINSKI s u ~ e y 1 n p  
I HUBBARD ' C"" 

engineering inc. ' 

T O + ~ /  ~ r i ~ ~ a r .  A r t ~  = D-DII  78 mi. 'l = 7.54 k. 

Made by 12 i. A. 
Checked by 

For 

Date 3-/-YO 
Date 

Job No. 0 1 1 ~ -  
Sheet No. 



Worksheet 3: Time of concentration (Tc) or travel time (Tt) 

roca t ion  M$~//t&b/;(/ Ldflt? fD 5hra &~d* Checked Date 

Ci rc le  one: Presen t  Developed 

Ci rc le  one: @ Tt through subarea 5ubha5ivl R42 3 

NOTES: Space f o r  a s  many a s  two segments per f low type can be uaed f o r  each 
worksheet. 

Include a map, schematic, o r  d e s c r i p t i o n  of flow segments. 

Sheet flow (Appl icable  t o  Tc only) Segment ID 

1. Surface d e s c r i p t i o n  Gtable 3-1) ............ 
2. Manning's roughness coeff., n ( t a b l e  3-1) .. 
3. F l o w l e n g t h ,  L ( t o t a l L ( 3 0 0 f t )  .......... f t  

4. T v o y r  24-hr r a i n f a l l ,  P2 .................. i n  

5. Iand s l o p e ,  s.............................. f t / f t  

L 

Shallow concentrated flow Segment ID 

..... 7. Surface d e s c r i p t i o n  (paved o r  unpaved) 

8. Flow leng th ,  L ............................ f t  

9. Watercourse s lope,  a....................... f t / f t  

10. Average ve locf ty ,  V ( f igure  3-11 ........... f t / s  

L ...... 11. Tt - - 3600 V 
Compute Tt h r  

Channel flow Segment ID 

................ 12. Cross s e c t i o n a l  flow area,  f t z  

13. Wetted per imeter ,  p, ....................... f t  

a 
14. . ~ ~ d r a u l i c  rad ius ,  r - - Computer ....... f t  

pw 
15. Channel s lope ,  s ........................... f t / f t  

.* .............. .. 16. Manning roughness coef f n 

Compute V ....... f t / s  

............................. 18. Flow leng th ,  L f t  

L 
19, T, - I ...... 3600 V Compute Tt h r  

20. Watershed or  subarea Tc or Tt (add Tt i n  s t e p s  6, 11, and 19) ....... hr  0. l k l  8 
(210-VI-TR-55, Second Ed.. June 1986) 



APPENDIX D-1 

DRAINAGE AREA NO-- 3 

* BEC-1 OUTPUT 



i P  S ITY OF PHOENIX PROJECi NO. P-986515 
i D  iAilJH FLVD. - EOCKINSBIRD LANE TO SHE4 BLVD. 
ID KRfllNSKI - HUSFARD ENSINEERIMS, INC. - JE5 NO, El!! 
I D  HEC-! FILENAEE : 115-24 .DAi  
I D  PRELi!INfiRY BUN - 2 YEAR - 24 H N R  STORH- 
!T 5 87iEB90 l e a 8  saa ea iEF9f l  l a e a  
i0  5 

Scbarea  No. 443  

nE 4426 
K?l Route  Hvdrcyraph 443 thr: 4 4 2  
F,L .825 
r. P 
A J 51 FLD'UI -1 6.3 
RZ E3 ,'23 .33 1558 .Bi5 
EX 1 8  12 14 62 72 1 1 2  114 i l b  
;C y a 7 7 I 1 Q 5, I a 

K K  442 
i:l! Subarea Nc. 4 4 2  
" ., n , 0 4 4 8  
LS e3 .7  
UD , 1 4 9  

YK 441R 
Elll Roste Hydicgraphs 44?!?42 t k u  441 . " .a3 
8s 24 FLOW -1 3.3 
RC . .@I . @ 3  1288 , 8 1 1  
RX 1 8 1 Z 14 24 52 52 54 5.: 
Y e 7 - - 

i 2 7 7 a 

KK 4 4 1  
Y?'I 'ubarea No. 441 
? A  .al$a 
i s  7 8 . 2  
UD . l a g  



t t t t t t t t t t t t $ ! t t t t t t t i : t t t t t t i t t t ? t t t t f t $  
t t 

t FLOOD HYDRDSRAFH PGCCAASE (HEC-11 t 
t FEERUARY 17E! t 
t REVISED 81 JU?! 83 i 
t 
t ZEN DATE 83 /28 /19? !  ?!ME 1@:11:26 t 
t t ' 

t i t t t i t t t i t t t t i f t r t t t t t i t 1 t i t t f t t t t t t : i t t  

C I T V  tJF PHGEHI I  PROJECT NO. P - 0 8 6 5 1 5  
TAT# BLIJD. - flOC!;!:iGB?RD LANE TO SHEA BLVD. 

K A f l I N S K I  - HUFEARD ENG!NiEElNG. I t K .  - JOE ?XI. E l l 8  
3EC-1 FILEMGHE : 1 1 8 - 3 4  .DGT 

FREL!#!NkRY RU! - 2 YEAR - 2 4  HOUR STORE 

HygRgEzAPH T I H E  BAT2 

$?!I!; 5 #IMU!ES I N  i C H F U i A 7 I O N  iNTERVAL 
!%YE 7 F E 8 9 2  STARTING. DATE . . 

IT!HE 188E S i A R T i N G  TI!iE 
M a  2 8 9  NVEBES 5F HYDKGESAPH ORDiNATES 

NDDATE 8 i E 9 7 3  ENBIN6  DATE 
NDTIKE l ~ a e  EKDIKG i I n E  
ICE?!? 17 CFK':," , . + s f \  EAR# 

Ef j i j i - iSH Uti!;; 
DRAINAGE 4REA SECARE R I L E S  
FREC!PITGT!O% DEPTH INCRES 
LENEj!-!, ELEVAT!Ci  FEET 
F!.fi# CUBIC CEE* PEE SECCNjj 
S?GRkGi VDLURE ACRE-FEET 
SURFACE AREA 4CFiES 
TEflPEhAT$RE DEGREES CAHREMnEI j  

t S t t t t t t t t t f t t t t t t t t i t t t t : t t t t t t t t ? t t ? t  
t t 
t U.S. ARMY CORPS 9 i  ENSINEERS t 
t THE HYDROLOSIC ENGINEERIME CENTER t 
1 b09 SECOND 3TXEET t 
t DAVIS ,  CAL IFORNIA .  9 5 6 1 b  t 
2 ( 9 1 6 )  55!-!i48 t 
t t 
t t t t t t t t t t t S t t t t i t t t i i i f t t t t t t i t t ? t $ t t t  



RUNDFF SUHMARY 
FLDU I N  CUEIC FEET PER SEC3ND 

i I M E  I N  HOURS, AREA I N  SOUAEE MILES 

PEAK TIXE OF AVERAGE FiEa FOR MAXlHUl4 FEE!3D 
O?ERC:TIOY ST4T I OM FLOM PEAK b-FOUF 24-HOUR ??-HOUR 

HYDRGGRAPH A i  443 322. 22.fiz 45. 15.  - 15. 

t t t  XIREAL END OF H E i - I  t t l  

EASIN HAX!EU% TIni OF 
AREA STAGE j T A s i  



!D CITY DF PHDENIX PROJECT NO. F-Ea6515 
ID TATU? BLVD. - EOCKINGE!RD LANE TO SHEA BLVD. 
!I; KAY!MSKI - HUEBCRD ENSINEER!MG, IMC. - JOE Ha. 8118 
ID HEC-1 FILENAEE : 118-33.DAi 
I3 PREL!tIlNARY RUN - lE YEAR - 24 HOUR STORH 
! T 5 aiFEP90 18E9 318 a8FEBFE 1800 
I0 5 

KK $ 4 2  
KI! ?cote H y d r o g r a p h  443 thru  442 
RL .0i: 
r, P nz 31 FLc# - 1  R I,. s J 

RC .a: .e3 .oz 1558 .a15 
R): !B 12 ! 4 02 72 !l? 114 116 
RY 8 7 1 1 9 9 1 s - 
li;g $42 
rin Scb?rea Yo. 442 
PB ,3440 
i S  83.7 
gI; ,149 

#K 451R 
K# Route H y d r o g r a p h s  443\422 t h r u  441 
R i  .El5 
RS 24 FLOP -1 0.3 
4C .a3 .E3 .a3 1218 ,811 
RI l a  12 14 24 42 52 54 56 
a y 9 7 ., q 

L 2 7 7 e 





! t t t t t t t t ~ t t t t t t t t t ? t t t t t ? t t t I t l t I t t t t t  
t t 
t V.S. ARHY CORPS OF ENGIHEERS t 
t THE HYDRC?ZG!C ENGINEER!NG CENTER t 
t 0 0 9  SECCND SThEET t 
t DAYIS !  CAL iFORNiA  3 5 6 1 0  t 
t (910)  551-1748 t 
t t 
t t t t t t t t t t t t t t t t i t t t t f t t t t t i t t t t T r i i t ! t  

C I T Y  OF PHOENiX PROJECT KO. F -aES515  
*.T ' ! H ; ! I M  PLYD. - F D f K I N E 3 I R D  LANE TO SHEA BLVD. 

KAFIKSK! - HUBEARD ENG?NEER!NG, INC. - JOZ KO. e l 1 8  
HEC-1 FILENAME : 119-33.DAT 

pEEt!MIMARY RUH - 1 5  YEAS - 24 HOUR STOR1 

OUTPUT CC!!4TEOL VkhiAELE5 
IFRt iT  5 PRINT CCNTZO! 
I P i O T  O PLOT COfiTRCL 
ESCAL 8. HYDROGRAPH PLOT SCALE 

HYDROGRAPI! TIWE b A i A  
NH?Lj 5 RIMOTES IN CDFPUTATIEN INTERVAL 

IDATE 7 i E B 5 I  STARTING DATE 
I T I " E  l O M  S S A R i i N 6  T I H E  

K J ;29 SOMEER OF HYS5O:RAPH ORDlNATES 
SJDATE E!FEB?Z END!tiG DATE 
NDTIFE lea3 EMDINS T I K E  
?CENT L a  !Q ZEMTiJRY EAR[ 

E N S i I S H  U N I T j  
Dhb!NASE 6RES SCUARE Z I L E S  
P R E i I ? I T b T I n L  2 E C T i  INCHES 
LEN.STH, E L E b b T I D H  FEET 
FLOU C U B I i  FEET ?ER SECOND 
S T O R 8 5 i  V G L Y E  ACRE-FEET 
SURFACE 48EA ACRES 
TESPERATURE DEEkEES FAZRENHEIT 



g ~ t ~ ; k ~ ! g ? j  STATION 

HYDREGRAPH A T  4 4 3  

:;OUTED TO 4425 

HYDROERAPH AT 4 4 2  

%&{OFF j E M k R Y  
FLGK I N  C U E I i  FEET PER S i i D N D  

T i n E  i?i #CUR:, & R i A  I N  S i U A i E  9 I i E S  

T I E E  OF kVEF:AGE F!O% FPE XAXI#U!! PERIOD 
P i h i '  b-Hfiv$ 24-HOUR 72-HOljR 

28.88 Fb. 31. - 3. 

BAS!?i MAXIRUH T I N E  OF 
B R i A  SThi jE MAX STFEE 

t i t  NOkRfiL END OF k i i - !  t t t  





LINE 



t t t t t t t t f t ~ t t t t t t t t t t t I t t t t t t t t t t t t t t t i  
t t 
t U.S. ARHY CDRPS OF E N E I N E E K  t 
t THE HYDROLOSIC ENG!NEERIN: CENTEB t 
1 689 SECOND STfiEET 1. 
t DAVIS:  C A L I F Z E H I &  9 5 6 1 5  t 
t ( 9 1 6 )  551-1?49 f 
t t 
t i t t t t t t t l t t t t t t t t t t t t t t t t t t t t t t I t t t t t t  

C I T Y  G i  PHJENIX PRDdECi  KO. P-B96515  
TATU1.'; i;LVD. - YDC.I;!NSBIRD LANE TD SHEA P.illD, 

KAMI?EK!  - HU984RP ENGiMEERINS, INC.  - JOB $5. $ 1 1 6  
HEC-1 FILESAME : !lH-32.OAT 

PRELIMIHARY RUN - 25 YEAR - 24 HOgR STORY 

OUTPUT CONTROL VARI  AELES 
~ g t i ~  5 P E I g j  CZMTHijL 
IFLOT E PLGT CONTROL 
BjCCli. 2.  9YDkDSkAPH FLOT SCPLE 

HYDROG?d?H T I M E  TASA 
YHiM 5 KINUTES I H  CO#?L!TCT!ON INTERVAL 

IDATE ST f i sT iNG D G T i  . . 

I T I X  1083 S i A R i i N E  T I 5 E  
NO 2 6 9  NUMEER GF YYDECEEAPH O5DIHATES 

KijZfiTE SFES98 ENDI!+G FATE 
HDTI~~E laeg END!?;G TIZE 
ICENT • f g  , CENTUZY NARK 

Eq"' .,:; , "7" , CLl*? d h l  ; J  
DAAIMAGE GREA S E U ~ R E  EILE? 
?REC!PjTf i i IDFi  DEPTH INCHES 
LENGTH, ELEVBTIGN FEET 
FLG~J cuar; P E ~  x ; z ~ g  
STDRAEE VOLijFE ArFE-FEET 
SURFACE AREA ACRES 
TE?!PERATURE DEcF;;c " ' 8  ' ' ".' 

, ,,,, :sn?rhh:i I 





cx r.4 -4 1'5 N 03 

4 
r.3 0 -1 

-a- 

;:L 5; -J cra - x >- 
UI cr- a: m; Q- 



LINE ID, ...... 1 ....... ?...,,..L .... ..j..,,,,,S...,...b.,. .... 7...,..,9 .... a.,9,,....10 

K?! 'iombine Hydrographs 4 4 3 4 4 2  i 44! 
HC - 

& 

Z i  



ttt9SttttSttttttttttttttttttl$tftt$tttttt 
t t 
t FLOCD HYDROERAPH PACKAGE (HEC-1)  i 
t FEBRUARY 1 9 a l  t 
t REVISED a1 JUN !a t 
f t 
t RUK ?ATE 8 3 / 2 8 / 1 9 9 2  T I E i  89:58:28 1 
t t ' 

ttttttttttttttttttltttttttttt~ttttf~tttft 

ttttttlttttttt~tttttt?fttttt?lttttttttt 
t t 
t U.S.  ARHY CORPS OF ENG!NEE?S t 
t THE HYDROLOEIC ENGINEERING CENTER t 
t b@? SiCDND STREEi  t 
t DAVIS !  C6LIFORH!A 9 5 6 1 6  t 
t i 9 1 6 i  5 5 1 - 1 7 4 8  1 
t 1 
S t t t t t t t t t t t t t i t t t t t t t t t t ~ t t t t ~ t f t t t t f i  

C I T Y  OF F H O i H I X  PROJECT NO. P - 9 9 b 5 1 5  
TATUB PLVD, - fiOCt<I?i~3IRD LANE TO SHEA BLVD. 

KAYINSEI  - HUBBARD ENGiNEERING, IMC. - JOB NO. 0 1 1 8  
HEC-1 F ILENAFE : 11;-31.DAT 

FRE!Itt!HAR7 EUti - 5E YEdR - 24 HOUR STORK 

OUTPUT CCHTEO! lIAR!AECES 
IPRN? 5 P R I t i i  CONTRDi 
I P L C T  3 PLCT CONTROL 
OSCAL Q. HYD5OZRAPH ?LOT SCALE 

HYJRCSREPH T i H E  BATA 
k'fl 1 1; 5 Z I N U T E j  !N 9CNPUT&T!O?i I N T E 3 V f i l  

IDATE 7;:5?3 S i A f i i I N G  DATE 
I T I R E  l E E Q  STARSIMG i I Z i  

53 269 HLE9EE SF HYDROGRkFH ORDINATES 
M63ATE BFE398 ENDING DATE 
NDTIKE 1&Q8 ENDING T!XE 
!CE!!T 13 CENTij:Y I A F L  

COKPUTATIDH IHTERVCL .28 +OuF5 
T C i d L  T!#E EA$E 24 ,3& HOURS 

E N E L i S j  yNli.5 
D E t i S A S E  AREA SgUAhE 3 i L E S  
? I ? E C I P ! T ~ ~ ~ O ! ~  2EPTH INCHEZ 
iENGTY, E i E Y A T I D N  FEET 
F i O M  2 ~ ~ 1 :  PER SE;GNC 
STOR4Si  VOLUEE AC5E-FEET 
SURFACE AREA ACRES 
XEPERATURE DEGREE: FAHRENHEIT 



3 U N O F  SU3flARY 
i L O U  I N  CUBIC FEET FEE SEZOHD 

T I E  I N  HOURS, BREA I N  SiUARE MitES 

PEA[ T!FE OF AVERAEE FLEW FOR EAXIZUY PEEIOD 
EFEfiaTI.:I?{ SibTiQFj F i W  FEAK b-Hfi!jR 24-HG!jR 72-H552 

BASIN HAXIRdE TIKi OF 
AkEF! ET&E ?!AX STAGE 

t t t  MORHA? END ?F HEC-1 t t t  



~ ~ c - 1  I K P Z j  PAGE 1 

ID., ..... i ....... 2..,..,,333,.,..%.......5 ......, 6 ,,,.... 7..,,..,8. ...... 9....,.15 

1: CITY OF PHOENIX PROJECT NO. P-886515 
i 9 TATUM BLVQ, - flOCEINSBIRD LANE TO SHEA ELVD. 

KfiMINSKI - YUEBARD ENGINEERING, INC. - JOB NU. e l l 8  
ID YEC-! FILENAME : 118-38.DAT 
ID PRELI!lINARY R U N  - 188 YEAR - 24 HOUR STDEM 
!T 5 87FEE98 !OBP 308 flRiEBP3 lE8B 
!iJ 5 

KK 443 
Rt! 
Bii ,1987 
I N  38 e?iEEyi? 
PE 4.04 
Pi: ,083 ,889 
FC ,349 ,845 
PC ,PEE , E X  
PC ,889 ,895 
i;C ,947 ,951 
PC ,987 ,991 
i s  86.6 
UD ,174 

Subarea  No. 443 

442R 
i.3 Route  Hydrcgraph 443 t h r u  442 
PL .31 
RS 31 iLOY -1 8.3 
RC -83  .83 .03 1558 . @ I 5  
B X 16 12 14 62 i? 112 114 116 
RY Y 8 I 1 1 9 9 18 

KK 442 
K,U, Subarea  No. 442 . 
B4 ,0444 
i S 83.7 
t iD ,149 

KK 442C 
"# 
h i .  Combine Hydrographs  443 & 442 
k!C 2 

KE 411R 
KH Route  Hydrographs  4 4 3 4 4 2  t h r u  441 
R ! .B1 
RS, 24 FLOM -1 a.3 
R i  .C3 .03 .a3 1203 . 0 i l  
ft X 1C 12 14 24 42 52 54 56 
R Y  R 7 7 L 2 7 7 a 1 

KK 441 
KH Subarea  No. 441 

,8162 
LS 72.9 
UD .lea 
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m z ; z ~ - 3 - ~ - 4 -  
Z U W 1 ; 1 5 D Z  
-4.-.-..s;nr)l= 
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X - D ' 7 l  - 
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C Cil 
xi rri 

-rl 
r- 
t3 

1.3 
P: 

.a -rl 
I 0  
x 4-0 
0 
I" zs 
-.w v 
K - 
zs 

-1 
5 

b;.Y "7 



APPENDIX D-2 

DRAINAGE AREA NO; 3 

* DESIGN CALCULATIONS 



' 2  Tofal  Pfi7/&g~ Area = O.Zd75/ml. . /32.97 A. 

r B KAMINSKI Surveying 
Date 2- 2,P-qO Made by D.f. B. Job NO. 0//3 

L, HUBBARD ' Civ'l 

engineering inc. ' HydrO'Ogy 
Checked by 

For 

Date Sheet No. 



7&l Dralhagc he4 = 0.0 1/95 ml'f = 7.M k. 
Cfi /24hr) = 78:0 

7mrhj : RE- 43 c t d ( / h r )  = &  t = 0.45 
A+unrc 70% COn+;b~c.te~ 

0.0 ~ m ; n a q a  Area = 0. 010 76 mi'.' = 6aBB k. 

r.4 I KAMINSKI S ~ N ~ Y W  . 
H HUBBARD ' 

engineering inc. HydrO'OgY 

' z Total ~ a ; n a j c  Arca = 0.04L.41 m l  = 29.70 k. 
LN (24hr) = 78- 8 

Zonkg : RE - 43 ~ h l l l h r . ) =  g b  , c = 0.45 
& ~ U Y M L  qo% C6n-h-;bu+ts , * 
.I ~ r a ; n a ~ c  Are4 = 0.041 77 mt . = 26.73 k. 

Made by p. l .  8- 
Checked by 

For 

Date 3-/-90 
Date 

Job No. &/la 
Sheet No. 



Worksheet 3: Time of concentration (Tc) or travel time (Tt) 

~ r o j e c t  7 0 f s m  ~ / v d  Date 
v3 -15 -70 

BY - 
,cation ~ o ~ k , ; h o b , ; d  Drr h 5ht4 &vd. Checked Date 

-I - 
Circ le  one: P resen t  Developed 

Ci rc le  one: @ Tt through subarea 5&6b5/& *44 /  

NOTES: Space f o r  as many as two segments per flow type can be used f o r  cach 
worksheet. 

Include a map, schematic, o r  desc r ip t ion  of flow segments. 

Sheet flow (Appl icable  t o  Tc only) Segment I D  

1. Surface d e s c r i p t i o n  (stable 3-1) ............ 
2. Manning's roughness coeff. ,  n ( t a b l e  3-1) .. 

.......... 3. Flow leng th ,  L ( t o t a l  L i  300 f t )  it 

4. Two-yr 24-hr r a i n f a l l ,  P2 .................. i n  

5. Land s l o p e ,  s .............................. f t l f t  

Compute Tt ...... h r  

Shallow concentra ted f l o v  Segment ID 

..... 7. Surface d e s c r i p t i o n  (paved o r  unpaved) 

8. Flow leng th ,  L ............................. f t  

9. Watercourse elope, s ....................... f t l f t  

10. Average v e l o c i t y ,  V ( f i g u r e  3-1) ........... f t / s  

L Compute T, h r  I ...... 11. Tt - - 3600 V 

Channel f l o v  Segment ID 

............... 12. Cross s e c t i o n a l  flow a rea ,  a f t 2  

13. Wetted per imeter ,  pw ....................... f t  

a 
14. Hydraulic radius ,  r - - Computer ....... f t  

pw ........................... 15. Channel s lope ,  s f t / f t  

.............. 16. Manning's roughness coeff., n 

Compute V ....... f t l s  

18. Flow leng th ,  L ............................. it 

L 
19. Tt - , 

3600 V ...... Compute T , h r  

20. Watershed o r  subarea Tc 0. Tt (add T, i n  s t e p s  6, 11, and 19) ....... hr  

( / D L ? ? I Y I .  

/ D f i l ~  
(210-VI-TR-55, Second Ed.. June 1986) - D-3 



Worksheet 3: Time of concentration (Tc) or travel time (Tt) 

- 
pro jec t  !df*r7 B / V ~  By bi-5. Date 3*/5-?0 

C i r c l e  one: Present  Developed 

C i r c l e  one: @ Tt through subarea Sub bfistn W442 

NOTES: Space f o r  a s  many a s  two segments per flow type can be used f o r  each 
worksheet. 

Include a map, schematic,  o r  d e s c r i p t i o n  of flow segments. 

Sheet flow (Applicable t o  Tc only)  Segment ID 

1. Surface desc r ip t ion  ( t a b l e  3-11 ............ 
2. Manning's roughness coe f f . ,  n ( t a b l e  3-1) .. 
3. Flow leng th ,  L ( t o t a l  L( 300 f t )  .......... it 

4. Tuo-yr 24-hr r a i n f a l l ,  P2 .................. in  

5. Land s lope ,  s .............................. f r / f t  - 0.007 ( ~ L I O * ~  6. Tt Compute Tt ...... h r  

Shallow concentra ted flow Segment I D  

7. Surface d e s c r i p t i o n  (paved o r  unpaved) ..... 
8. Flow leng th ,  L ............................. f t  

9. Watercourse elope,  s ....................... f t / f t  

10. Average ve loc i ty ,  V ( f i g u r e  3-11 ........... f t / s  

L ...... 11. Tt - - 3600 V 
Compute Tt h r  

Channel flow Segment I D  

............... 12. Cross s e c t i o n a l  flow a r e a ,  a itL 

13. Wetted perimeter,  pw ....................... it 

a 
14. Hydraulic radius ,  r - - Compute r  ....... it 

pw 
15. Channel s lope,  s ........................... f t / f t  

., .............. 16. Manning's roughness coeff  n 

Compute V ....... f t l s  

18. Flow leng th ,  L ............................. f t  

L - 
19. Tt - - Compute Tt ...... h r  3600 V 

....... 20.  Watershed o r  subarea Tc o r  Tt (add Tt i n  s t e p s  6,  11, and 19) h r  

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



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

pro jec t  T a + ~ m  E/yd- ay bf.8. Date 3-/-yo 

c a t i o n  ~ d l k / * f l #  h1.d bfl~ 7d B / d  Checked Date 
4 - 

C i r c l e  one: Present  Developed 

c i r c l e  one: @ Tt through subarea 5udb~s;n @ 4 3  

NOTES: Space f o r  as many a s  two segments per flow type can be used f o r  each 
worksheet. 

Include a map, schematic,  o r  desc r ip t ion  of flow segments. 

Sheet flow (Applicable t o  Tc only)  Segment ID 

1. Surface d e s c r i p t i o n  Gtable 3-1) ............ 
2. Manning's roughness coef f., n ( t a b l e  3-1) . . 
3. F l o w l e n g t h , L ( t o t a l L ~ 3 0 0 f t )  .......... it 

4. Two-yr 24-hr r a i n f a l l ,  P2 .................. i n  

5. Land s lope ,  s .............................. f t / f t  

6. Tt 0.007 (~L)O.' Compute Tt ...... h r  

Shallow concentra ted flow Segment I D  

7. Surface  d e s c r i p t i o n  (paved o r  unpaved) ..... 
8. Flow leng th ,  L ............................. it 

9. Watercourse s lope,  s ....................... f t / f t  

10. Average v e l o c i t y ,  V ( f i g u r e  3-1) ........... f t / s  

L 
11. Tt - - ...... 3600 V Compute Tt h r  

Channel flow Segment I D  

............... Cross s e c t i o n a l  flow a r e a ,  a itz 

Wetted perimeter,  pw ....................... it 

a 
Hydraulic radius ,  r - - Computer ....... it 

pw 
Channel s lope,  s ........................... f t / f t  

Manning's roughness coeff . ,  n .............. 
Compute V ....... f t / s  

Flow leng th ,  L ............................. f t  

L I Tt - - Compute Tt ...... h r  
3600 V 

Watershed o r  subarea Tc o r  Tt (add Tt i n  s t e p s  6, 11, and 19) ....... h r  

= /7 .4 in ,n  

(210-VI-TR-55, Second Ed.. June 1986) D-3 



P R O J E C T :  7 a ; ' : ~ r n  P,.J~~'. -- 
A, /~d! 7 J bf f b; l h <qhfd E / d .  

S T A T I O N  . 
S H E E T  OF 

CULVERT DESIGN FOPiM 

DESIGNER /DATE. n. L . 8 .  2- .??-% 
REVIEWER / DATE ' / 

HYDROLOGICAL D A T A  

= M E T H O D  HEL- / 
DRAINAGE AREA 4 / ' O  STREAM SLOPE 

0 CHANNEL SHAPE - - 

! • ROUTING ' 0 OTHER 

DESIGN FLOWS/TAILWATER 
R l ( Y E A R S 1  F L O W ( c l s )  T W (111 

50 100 
I00 I3 0 

ROADWAY ELEVATION 

L O *  

CULVERT DESCRIPTION : 
M A T E R I A L  - S H A P E  - S I Z E  - E N T R A N C E  

6,) - -;) &,' x 2 7 ' C k;. ,-: .-I. ddIdJI. 

6 - , z ~ ' ' x z z ~ L M . ~ ? A . ~ ~ "  
11 1 1  II 

TOTAL 
FLOW 

0 
( ~ 1 . 1  

108 

4 
150 

TECHNICAL FOOTNOTES: (41 ELhl' HW,1 E L I t I t I M f l T  Of 161 h o  = T W  or I d C + D / 2 ) ( W H I C H E V E R  IS GREATER) 

( I 1  USE O l N B  FOR BOX CULVERTS I N L E T  CONTROL SECTION) 
(71 ti=[;+ her l 2 0 n 2  LI / n 1 3 ' ] ~ ' / n p  

121 HW, ID * HW m OR nw,/o FROM DESIGN CHARTS ( 5 )  T W  BASED ON WWN STREAM (8) ELho= E L o  1 H + ho  
CONTROL OR FLOW DEPTH IN 

(31 FALL. HW, - ( ELhd-  EL,,), F A L L  IS ZERO CHANNEL 
FOR CULVERTS ON GRADE 

FLOW 
PER 

BARRfI 

all4 

18 

3 . 5  
25 

SUBSCRIPT D E F I N I T I O N S :  
0 APPROXIMATE 
I CULVERT FACE 
hd DESIGN HEADWATER 
ht HEAOWATER IN I N L n  CONTROL 
ho HEADWATER IN OUTLET CONTROL 
I INLET COI.lTROC SECTION 
0 OUTLET 
$1  STREAMBED AT CULVERT FACE 
Ir TAILWATER 

L 

COMMENTS / DISCUSSION : 
E 1'5/ L - 7L ' 7 ' ,v! I - )  .I . W I / /  /,,7vp /59 L e  Y 
/ h i  . J 

'7' + D  ho = -L, 
Z 

HEADWATER CALCULATK)NS 

CULVERT BARREL SELECTED : 
S I Z E  

S H A P E  

M A T E R I A L  I )  

E N T R A N C E  

c z Ae? 
o a l -  
," b 3 
U X W  

$5.24 

INLET CONTROL 
* 

+t: 
?: 
5 d  
O >  

4.1 

HWl/D 
(2) 

1 . 0  

1.28 

1.35 ---- 

OUTLET CONTROL COMMENTS 
T W  
(51  

~ $ 3  

1,03 

H W ,  

r.83 
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CHART 34 
5,000 

16'-7'x 10'-I* 4,000 ( 1 )  

15'-4.x 9'-3' 3,000 EXAMPLE 
r 4 

Sire: 3 6 ' 1  22' 

r 2,000 0 .  2 O c f r  
- 3 

I~'-IO-x el-4m r 4  
H W  H W  - 
o (feet) r 3  I - 3 

11'-5.x 7'-3. ( I )  1.10 2.0 - 1,000 
(2) 1.15 2.1 - 2 - 800 
(3) 1.22 2.2 

9'-6' x 6'-5' - 600 *D in feet  - 2 - 2 
- 500 

8'-2' x 5'-9' ; 400 
- 1.5 

0 and 0 scalar, or ravarre as 
I l lurtrated.  

*AWITIONAL SIZES NOT DIMENSIONED ARE HEADWATER DEPTH FOR 
LISTED IN FABRICATOR'S CATALOG C. M. PIPE-ARCH CULVERTS 

BUREAU OF WBLIC ROADS JAN. 1903 WITH INLET CONTROL 



CHART 39 
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slop* so- 
SUBMERGED OUTLET CULVERT FIBWING FULL 

BUREAU OF PUBLIC ROAOS JAN. 1963 
\ 

HEAD FOR 
STANDARD C M. PIPE-ARCH CULVERTS 

FLOWING FULL 
n =0.024 
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DISCHARGE-0- CFS 

BUREAU OF PUBLIC ROADS 

JAN. 1964 

DISCHARGE-Q - C F S  

CRITICAL DEPTH 
- - 

STANDARD CM. PIPE-ARCH 




