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I n t r o d u c t i o n  
T h i s  s t u d y  has been prepared f o r  t h e  F l o o d  C o n t r o l  D i s t r i c t  o f  Mar icopa 

County as an addendum t o  t h e  Wittmann Area Dra inage Master Study 

(ADMS). The purpose o f  t h e  s t u d y  i s  t o  ana lyze  t h e  e f f e c t s  t h a t  f u t u r e  

f l o o d p l a i n  encroachment and c h a n n e l i z a t i o n  w i l l  have on s tormwater  

r u n o f f .  

Concern f o r  t h e  s a f e t y  o f  McMicken Dam and t h e  o u t l e t  channel was t h e  

impetus f o r  t h i s  a n a l y s i s .  Moreover, t h e r e  i s  a  concern t h a t  

f l o o d p l a i n  encroachment and c h a n n e l i z a t i o n  w i l l  t e n d  t o  i n c r e a s e  t h e  

peak d i scharges  i n  t h e  s t u d y  area which, i n  t u r n ,  w i l l  c r e a t e  a  f u t u r e  

f l o o d  hazard f o r  t h e  a d j a c e n t  p r o p e r t i e s  a l o n g  t h e  encroached 

f l o o d p l a i n s  and channels .  

Method o f  A n a l y s i s  

To ana lyze  t h e  e f f e c t s  o f  f l o o d p l a i n  encroachment and c h a n n e l i z a t i o n ,  

an ad jus tmen t  was made t o  t h e  Muskingum K c o e f f i c i e n t  i n  t h e  HEC-1 

h y d r o l o g i c  model developed as p a r t  o f  t h e  Wittmann ADMS. T h i s  

parameter  was m o d i f i e d  t o  r e f l e c t  t h e  i n c r e a s e  i n  v e l o c i t y  caused b y  

f l o o d p l a i n  encroachment o r  c h a n n e l i z a t i o n .  The Muskingum X va lue,  

wh ich accounts  f o r  channel  storage, was n o t  m o d i f i e d  because t h e r e  was 

no way o f  q u a n t i f y i n g  t h e  change i n  X due t o  t h e  absence o f  observed 

d a t a  i n  t h i s  area.  

However, a  s e n s i t i v i t y  a n a l y s i s  was per formed on t h e  v a r i a b l e  X. The 

v a l u e  was changed f r o m  .2 t o  . 3  i n  t h e  HEC-1 model f o r  t h e  c h a n n e l i z e d  

c o n d i t i o n ,  t h e r e b y  assuming l e s s  a t t e n u a t i o n  o f  t h e  f l o o d  hydrograph. 

The r e s u l t s  i n d i c a t e d  t h a t  t h i s  p a r t i c u l a r  model was r e l a t i v e l y  

i n s e n s i t i v e  t o  changes i n  X. Fo r  example, i n  t h e  case o f  t h e  100-year 

f l o o d ,  t h e  peak i n f l o w  a t  McMicken Dam i n c r e a s e d  o n l y  4.6% w i t h  no 

change i n  peak s tage  and t h e  PMF peak inc reased  1.3% w i t h  a  0.06 f o o t  

i n c r e a s e  i n  peak s tage.  

Two separa te  models were developed t o  model t h e  change i n  t h e  K 

c o e f f i c i e n t .  One was p repared  t o  model t h e  e f f e c t  o f  f l o o d p l a i n  

encroachment and t h e  o t h e r  was t o  model t h e  e f f e c t  o f  c h a n n e l i z a t i o n .  

The f o l l o w i n g  paragraphs d e s c r i b e  t h e  procedure used t o  a d j u s t  t h i s  

r o u t i n g  parameter  f o r  each model. 
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To determine the  impact on McMicken Dam and the  o u t l e t  channel, bo th  

t he  Standard P r o j e c t  Flood (SPF) and Probable Maximum Flood (PMF) were 

modeled. I n  add i t i on ,  t he  100-year f l o o d  was modeled t o  determine the  

increase i n  peak f low a long t h e  washes i n  the s tudy area and hence, t he  

p o t e n t i a l  f o r  a  f u t u r e  increase i n  water sur face e leva t ion .  

F loodp la in  Encroachment 

I n  the model t o  determine the  e f f e c t  o f  f l o o d p l a i n  encroachment, 

i t  was assumed t h a t  a l l  of the r o u t i n g  reaches associated w i t h  t he  

322 square m i l e  drainage area were i n  an encroached cond i t ion .  

That i s ,  t he  r o u t i n g  parameters f o r  every reach were adjusted t o  

r e f l e c t  t he  increase i n  v e l o c i t y  expected from f l o o d p l a i n  

encroachment. 

The increase i n  v e l o c i t y  f o r  each r o u t i n g  reach was obtained by 

one o f  t h ree  methods. 

1. For t he  washes t h a t  were s tud ied  i n  d e t a i l  w i t h  f l oodp la ins  

and floodways, t he  computed increase i n  average v e l o c i t y  was 

used t o  mod i fy  t he  r o u t i n g  parameters. I n  o ther  words, the 

computed f loodway v e l o c i t y  was d i v i ded  by  the  average 

f l o o d p l a i n  v e l o c i t y  t o  c a l c u l a t e  t he  percent increase. Th i s  

percentage was app l i ed  t o  t he  e x i s t i n g  cond i t i on  

(unencroached) v e l o c i t y  used i n  the o r i g i n a l  Wittmann ADMS 

HEC-1 model which r e s u l t e d  i n  an increase i n  v e l o c i t y  and 

decrease i n  t r a v e l  t ime. 

2.  For many of t he  smal ler  washes, p a r t i c u l a r l y  t he  ones east  of 

Grand Avenue, where o n l y  the f l o o d p l a i n  was de l inea ted  (no 

f loodway), t he  increase i n  v e l o c i t y  was ca l cu la ted  by  tak ing  

t h e  computed average channel v e l o c i t y  and d i v i d i n g  i t  by the  

average f l o o d p l a i n  v e l o c i t y  t o  compute the percentage 

increase. 
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3. For t he  remainder o f  t he  r o u t i n g  reaches which were no t  

s tud ied  i n  d e t a i l ,  the percent increase i n  v e l o c i t y  was taken 

from s i m i l a r  washes t h a t  were s tud ied  i n  d e t a i l .  

Channel izat ion 

I n  the hydro log ic  model t o  determine the  impact o f  channe l iza t ion  

i n  t he  watershed, conceptual channel sect ions were developed t o  

est imate f l o w  v e l o c i t i e s  and t r a v e l  t imes f o r  each reach. The 

channel sect ions were assumed t o  be t rapezo ida l  i n  shape w i t h  2:l  

s ide  slopes. The channel bed slope was se t  equal t o  the e x i s t i n g  

ground slope and a  Mannings n  value o f  0.025 was used t o  r e f l e c t  

an improved ear then channel c o n d i t i o n  w i t h  r i p r a p  o r  grouted 

r i p r a p  bank p ro tec t i on .  

The peak discharges p rev ious l y  computed as p a r t  o f  the Wittmann 

ADMS were used t o  c a l c u l a t e  v e l o c i t i e s .  The channel data and 

computed v e l o c i t i e s  are summarized f o r  each reach i n  Appendix B. 

Summary o f  Resul ts  

The r e s u l t s  o f  both the f l oodp la in  encroachment run  and channe l iza t ion  

run  were compared aga ins t  t he  o r i g i n a l  hydro log ic  model t o  asce r ta in  

whether these mod i f i ca t i ons  t o  t he  r o u t i n g  parameters would adverse1 y  

e f f e c t  major  s t r u c t u r e s  and peak discharges i n  t he  watershed. 

The f o l l o w i n g  t a b l e  shows the r e s u l t i n g  increases i n  peak discharge a t  

se lec ted  l oca t i ons .  The r e s u l t s  are shown f o r  both the e f f e c t s  of 

f l o o d p l a i n  encroachment and channel izat ion.  



TABLE SHOW I NG 

PERCENT INCREASE I N  PEAK DISCHARGE 

(As a  R e s u l t  o f  F l o o d p l a i n  Encroachment and C h a n n e l i z a t i o n )  

I E  = Encroachment 

I 
C = C h a n n e l i z a t i o n  



From inspection of the preceding table ,  i t  i s  c lea r  tha t  the e f fec t s  of 
channelization are considerably more s ignif icant  than the effects  of 

floodplain encroachment. I t  i s  a lso  c lear  t ha t  both floodplain 

encroachment and channelization a f fec t s  the 100-year flood greater than 

the SPF and the PMF. 

The fac t  tha t  channelization resu l t s  in a greater increase in peak 
discharge than floodplain encroachment i s  understandable. 
Channelization tends t o  increase flow veloci t ies  more than floodplain 
encroachment and i t  decreases channel storage more than floodplain 

encroachment. Both of these factors  will resu l t  in higher peak 

discharges. 

As noted above, the e f f ec t  on peak discharge of both floodplain 

encroachment and channelization diminishes with flood frequency. For 

example, the 100-year flood on Trilby Wash a t  the CAP Canal increases 
58.1% as a r e su l t  of channelization. Whereas, the increase in the PMF 

i s  only 4.1%. The reason fo r  t h i s  diminishing e f f ec t  i s  tha t  both the 

floodways and channels are designed to  convey the 100-year flood. 

Floods of l esse r  frequency will exceed the conveyance capacity and flow 

in the overbanks. Consequently, the  increase in flow velocity and 
decrease in channel storage for  the SPF and PMF i s  not nearly as great  

as fo r  the 100-year flood. Therefore, the increase in peak discharge 

as a r e su l t  of channelization and floodplain encroachment i s  not as 

great .  



I n  a d d i t i o n  t o  peak discharges, t he  peak stages f o r  e x i s t i n g  f l o o d  

c o n t r o l  s t ruc tu res  were a l so  compared. As can be seen i n  the f o l l o w i n g  

Comparison Table o f  Peak Discharges and Peak Elevat ions, the water 

surface e l e v a t i o n  a t  McMicken Dam f o r  the 100-year f l o o d  increases o n l y  

0.02' as a r e s u l t  of f l o o d p l a i n  encroachment and 0.07' as a r e s u l t  of 

channe l iza t ion .  S i m i l a r l y ,  the increase a t  the dam f o r  the SPF i s  

0.01' and 0.06', r e s p e c t i v e l y  and 0.07' and 0.45' f o r  t he  PMF. The 

r e l a t i v e l y  smal l  r i s e s  i n  water sur face e l e v a t i o n  would be expected 

cons ider ing  the  l a r g e  volume s to red  by  the  dam. However, the increase 

due t o  channe l iza t ion  causes a r i s e  i n  water sur face e leva t ion ,  f o r  the 

PMF, o f  almost 0.5 f e e t  behind McMicken Dam which would r e s u l t  i n  the 

Dam being overtopped. 

COMPARISON TABLE 

OF 

PEAK DISCHARGES AND PEAK ELEVATIONS 

100-Year Flood 

Locat ion  No Encroachment Encroachment Channel izat ion 

I n f l o w  Out f low Elev. I n f l o w  Outf low Elev. I n f l o w  Outf low Elev. 

(CFS) (CFS) (FT) (CFS) (CFS) (FT) (CFS) (CFS) (FT) 

CAP Overchutes 

CAPlWEST 6553 6459 1551.94' 6680 6590 1551.97' 7017 6933 1552.06' 

(C65) 
CAPZWEST 3172 2268 1548.43' 3475 2310 1548.51' 4352 2583 1549.00' 

(C64) 

TRILBY WASH 3851 3845 1548.87' 4005 3997 1548.97' 6090 6051 1550.31' 

(CAP3WEST) 

(C63) 



Loca t i on  No Encroachment Encroachment Channe l i za t ion  

I n f l o w  Out f low Elev.  I n f l o w  Out f low Elev.  I n f l o w  Out f low Elev.  

(CFS) (CFS) (FT) (CFS) (CFS) (FT) (CFS) (CFS) (FT) 

IONA WASH 5309 5001 1552.35' 5640 5263 1552.39' 8920 7793 1552.76' 

(CAP4WEST) 

(C62) 
CAP5WEST 4953 3724 1541.91' 5005 3749 1541.94' 6514 4324 1542.60' 

(C60) 
CAPlEAST - 
CAP9EAST 11128 3043 1549.88'T1137 3044 1549.88'12212 3062 1549.93' 

(C50) 
CAPlOEST - 
CAP14EST 5389 2200 1545.90' 5465 2204 1545.91' 5774 2224 1545.96' 

(C53) 

BEARDSLEY CANAL OVERCHUTES 

CAP5EAST 2227 2227 1337.36' 2291 2289 1337.38' 3085 3081 1338.16' 

(C120) 

PADELFORD 

WASH 2718 2718 1342.13' 2763 2763 1342.13' 3234 3178 1342.18' 

(C123) 

CAP16EST 4535 4197 1340.26' 4829 4425 1340.54' 5244 4722 1340.91' 

(C125) 



L o c a t i o n  No Encroachment Encroachment C h a n n e l i z a t i o n  

I n f l o w  Out f low E lev .  I n f l o w  O u t f l o w  Elev.  I n f l o w  O u t f l o w  Elev.  

(CFS) (CFS) (FT) (CFS) (CFS) (FT) (CFS) (CFS) (FT) 

MCMICKEN DAM 

OUTLET WORKS 20430 2998 1349.92' 20918 3004 1349.94' 25541 3028 1349.99' 

(C97) 
SPILLWAY 20430 --- 1349.92' 20918 --- 1349.94' 25541 --- 1349.99' 

(DIV97) 

CAPlWEST 

HAPPY VALLEY 

RD . 6230 6230 --- 6641 6641 --- 7161 7161 --- 
(C102A) 

DEER VALLEY 

RD. 6222 6222 --- 6756 6756 --- 7292 7292 --- 
(C102) 

CAPZWEST 

PINNACLE 

PEAK RD. 2340 2340 --- 2465 2465 --- 2851 2851 --- 
(C95 
BEARDSLEY RD. 2377 2377 --- 2511 2511 --- 3058 3058 --- 
(C93) 



Loca t i on  No Encroachment Encroachment Channe l i za t ion  

I n f l o w  Out f low Elev.  I n f l o w  Out f low Elev. I n f l o w  Out f low Elev. 

(CFS) (CFS) (FT) (CFS) (CFS) (FT) (CFS) (CFS) (FT) 

TRILBY WASH, IONA WASH AND CAP5WEST 

BEARDSLEY RD. 11499 11499 --- 12051 12051 --- 18202 18202 --- 
(C78T) 

CAPlEAST 

GRAND AVE. 330 330 1522.80' 330 330 1522.80' 332 332 1522.82' 

(C106) 

CAP4EAST 

GRAND AVE. 786 785 1420.08' 787 787 1420.08' 907 906 1420.28' 

(C110) 

MCMICKEN DAM OUTLET CHANNEL 

OUTLET INTO 

WASH 5087 5087 --- 5253 5253 --- 6258 6258 --- 
(C123) 

WITTMANN WASH 

GRAND AVE. 2202 2202 1676.33' 2208 2208 1676.33' 2223 2223 1676.34' 

(C38) 

TRILBY WASH 

GRAND AVE. 2970 2970 1856.34' 3083 3083 1856.40' 3722 3722 1856.72' 

(C26) 
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Standard P r o j e c t  F lood 

Loca t i on  No Encroachment Encroachment Channe l i za t ion  

I n f l o w  Out f low E lev .  I n f l o w  Out f low Elev.  I n f l o w  Out f low Elev 

(CFS) (CFS) (FT) (CFS) (CFS) (FT) (CFS) (CFS) (FT) 

CAP CANAL OVERCHUTES 

CAP1 WEST 7483 7471 1552.38' 7552 7539 1552.40' 7710 7695 1552.44' 

(C65) 
CAPZWEST 3693 3189 1550.06' 3711 3228 1550.11' 3922 3379 1550.28' 

(C64) 
TRILBY WASH 5033 5031 1550.04' 5060 5059 1550.06' 5645 5639 1550.50' 

(CAP3WEST) 

(C63) 
IONA WASH 6988 6964 1552.80' 7104 7083 1552.82' 8100 8019 1552.99' 

(CAP4WEST) 

(C62) 
CAP5WEST 4648 4191 1543.09' 4667 4199 1543.10' 5060 4304 1543.24' 

(C60) 
CAPlEAST - 
CAP9EAST 10807 6266 1553.26' 10811 6268 1553.26' 11415 6389 1553.32' 

(C50) 
CAPlOEST - 
CAP14EST 5574 3480 1551.10' 5573 3480 1551.10' 5693 3513 1551.24' 

(C53) 



Loca t i on  No Encroachment Encroachment Channe l i za t ion  

I n f l o w  Out f low Elev. I n f l o w  Out f low Elev. I n f l o w  Out f low Elev. 

(CFS) (CFS) (FT) (CFS) (CFS) (FT) (CFS) (CFS) (FT) 

BEARDSLEY CANAL OVERCHUTES 

CAP5EAST 3788 3787 1338.56' 3852 3852 1338.62' 4631 4628 1339.30' 

(C120) 

PADELFORD 

WASH 4909 4906 1342.48' 4953 4950 1342.49' 5165 5161 1342.51' 

(C123) 

CAP16EST 3511 3505 1339.88' 3550 3541 1339.94' 3601 3583 1340.01' 

(C125) 

MCMICKEN DAM 

OUTLET WASH 37503 4541 1354.98' 38538 4543 1354.99' 43368 4551 1355.04' 

(C97) 
SPILLWAY 37503 10977 1354.98' 38538 11062 1354.99' 43368 11477 1344.04' 

(DIV97) 

CAPlWEST 

HAPPY VALLEY 

RD. 8723 8723 --- 8871 8871 --- 9057 9057 --- 
(C102A) 

DEER VALLEY 

RD. 9218 9218 --- 9503 9503 --- 9726 9726 --- 
(C102) 



L o c a t i o n  No Encroachment Encroachment C h a n n e l i z a t i o n  

I n f l o w  O u t f l o w  E lev .  I n f l o w  O u t f l o w  E lev .  I n f l o w  O u t f l o w  E lev  

(CFS) (CFS) (FT) (CFS) (CFS) (FT) (CFS) (CFS) (FT) 

CAP2WEST 

PINNACLE PEAK 

RD . 3536 3536 --- 3761 3761 --- 4144 4144 --- 
(C95) 
BEARDSLEY RO. 3716 3716 --- 3963 3963 --- 4624 4624 --- 
(C93) 

TRILBY WASH, IONA WASH, AND CAP5WEST 

BEARDSLEY RO. 20544 20544 --- 21292 21292 --- 24220 24220 --- 
(C78T) 

CAPlEAST 

GRAND AVE. 399 399 --- 399 399 --- 402 402 --- 
(C106) 

CAP4EAST 

GRAND AVE. 1157 1157 --- 1159 1159 --- 1242 1242 --- 
(C110) 

MCMICKEN DAM OUTLET CHANNEL 

OUTLET INTO 18747 18747 --- 19043 19043 --- 20436 20436 --- 
(C122) 



L o c a t i o n  No Encroachment Encroachment Channe l i za t ion  

I n f l o w  Out f low Elev.  I n f l o w  Out f low Elev.  I n f l o w  Out f low Elev.  

(CFS) (CFS) (FT) (CFS) (CFS) (FT) (CFS) (CFS) (FT) 

WITTMANN WASH 
GRAND AVE. 2306 2306 --- 2306 2306 --- 2306 2306 --- 

TRIL8Y WASH 

GRAND AVE. 2867 2867 --- 2890 2890 --- 2972 2972 --- 
(C26) 

Probable Maximum Flood 

CAP CANAL OVERCHUTES 

CAPlWEST 20727 20727 1552.89' 20780 20780 1552.89' 20859 20859 1552.89' 

(C65) 
CAP2WEST 9858 8700 1556.39' 9916 8796 1556.50' 10065 9129 1556.88' 

(C64) 
TRILBY WASH 12811 12804 1554.16' 12889 12885 1554.18' 13334 13330 1554.29' 

(CAP3WEST) 

(C63) 
IONA WASH 18877 18875 1552.81' 19155 19152 1552.82' 20176 20176 1552.87' 

(CAP4WEST) 

(C62) 
CAP5WEST 11448 11447 1546.14' 11460 11458 1546.14' 11572 11572 1546.15' 



Loca t i on  No Encroachment Encroachment Channe l i za t i on  

I n f l ow  Ou t f l ow  E lev .  I n f l o w  Out f low Elev.  I n f l o w  Out f low E lev .  

(CFS) (CFS) (FT) (CFS) (CFS) (FT) (CFS) (CFS) (FT) 

CAPlEAST - 
CAP9EAST 27169 26806 1556.25' 27171 26809 1556.25' 27263 26984 1556.27' 

(C50) 
CAPlOEST - 
CAP14EST 26244 26220 1555.82 26251 26228 1555.82' 26382 26362 1555.83' 

(C53) 

BEARDSLEY CANAL OVERCHUTES 

CAPSEAST 13058 13056 1340.83' 13228 13223 1340.85' 14659 14659 1341.01' 

(C120) 

PADELFORO 

WASH 29640 29625 1345.86' 29912 29898 1345.89' 31796 31796 1346.15' 

(C123) 

CAP16EST 8328 8326 1342.63' 8339 8336 1342.63' 8349 8347 1342.63' 

(C125) 

MCMICKEN DAM 

OUTLET WASH 110374 5272 1360.46' 112725 5280 1360.53' 121955 5349 1360.91' 

(C97) 
SPILLWAY 110374 89770 1360.46' 112725 90966 1360.53' 121955 101432 1360.91' 

(DIV97) 



L o c a t i o n  No Encroachment Encroachment C h a n n e l i z a t i o n  

I n f l o w  O u t f l o w  E lev .  I n f l o w  O u t f l o w  Elev. I n f l o w  O u t f l o w  E lev .  

(CFS) (CFS) (FT) (CFS) (CFS) (FT) (CFS) (CFS) (FT) 

CAPl WEST 

HAPPY VALLEY 

RD. 25474 25474 --- 25703 25703 --- 26122 26122 --- 
(C102A) 

DEER VALLEY 

RD. 27030 27030 --- 27500 27500 --- 28065 28065 --- 
(C102) 

CAP2WEST 

PINNACLE 

PEAK RD. 10213 10213 --- 10698 10698 --- 11490 11490 --- 
(C95) 
BEARDSLEY 

RD . 11045 11045 --- 11572 11572 --- 13049 13049 --- 
(C93) 

TRILBY WASH, IONA WASH, AND CAP5WEST 

BEARDSLEY RD. 58642 58642 --- 59963 59963 --- 64629 64629 --- 
(C78T) 

CAPl EAST 

GRAND AVE. 525 525 --- 525 525 --- 526 526 --- 
(C106) 
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L o c a t i o n  No Encroachment Encroachment C h a n n e l i z a t i o n  

I n f l o w  O u t f l o w  E lev .  I n f l o w  Out f l ow  E lev .  I n f l o w  O u t f l o w  E l e v .  

(CFS) (CFS) (FT) (CFS) (CFS) (FT)  (CFS) (CFS) (FT) 

CAP4EAST 

GRAND AVE. 2360 2360 --- 2361 2361 --- 2374 2374 --- 
(C110) 

MCMICKEN DAM OUTLET CHANNEL 

OUTLET INTO 

WASH 87711 87711 --- 90193 90193 --- 
(C122) 

WITTMANN WASH 

GRAND AVE. 5991 5991 --- 5991 5991 --- 5991 5991 --- 
(C38) 

TRILBY WASH 

GRAND AVE. 6328 6328 --- 6332 6332 --- 6343 6343 --- 
(C26) 
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APPENDIX A 

ROUTING PARAMETER MODIFICATION AS A 
RESULT OF FLOODPLAIN ENCROACHMENT 



APPENDIX A 

ROUTING PARAMETER M O D I F I C A T I O N  AS A RESULT OF FLOODPLAIN ENCROACHMENT 

TRAVEL T I M E  TRAVEL T I M E  

ROUTING REACH LENGTH BEFORE PERCENT AFTER 

FROM TO ( F T )  ENCROACHMENT AVG. VEL.  INCREASE ENCROACHMENT AVG. VEL.  

(HRS. ) ( F T / S E C )  (HRS. ) ( F T / S E C )  

C 1 C 6 2 L  

C 6 2 L  C 6 2 I  

C 6 2 I  C 6 2 H  

C 2  C62M 

C62M C 6 2 K  

C 6 2 H  C 6 2 K  

C 6 2 K  C 6 2 G  

C 3  C 6 2 K  

C 4  C 6 2 K  

C 5 C 6 2 K  

C 6  C 6 2 K  

C 7  C 6 2 K  

C 8  C 6 2 G  

C 9 C62G 

C62G C 6 2 E  

I O N A  WASH 

C 1 0  C 6 2 E  

C 1 1  C 6 2 E  

C 1 2  C 6 2 E  

C 1 3  C 6 2 E  

C 1 4  C 6 2 E  

C 1 5  C 6 2 E  



ROUTING REACH 

FROM TO 

C 1 6  C 6 2 E  

C 1 7  C 6 2 E  

C 1 8  C 6 2 E  

C 1 9  C 6 2 E  

C 2 0  C 6 2 E  

C 2 1  C 6 2 E  

C 6 2 E  C62D 

C 6 2 0  C 6 2 B  

C 6 2 B  C 6 2  

C62A C 6 2  

C 6 0 0  C 6 0 B  

C60B C 6 0 A  

C60C C60A 

C 6 0 A  C 6 0  

C 5 9  C 6 0  

C 6 1  C 6 0  

T R I L B Y  WASH 

C 2 6 B  C 2 6 A  

C 2 6 A  C 2 6  

C 2 6  C 6 3 B  

C 2 2  C 6 3 B  

C 2 3  C 6 3 B  

LENGTH 

( F T )  

TRAVEL T I M E  

BEFORE PERCENT 

ENCROACHMENT AVG. VEL. INCREASE 

(HRS.) (FT /SEC)  

TRAVEL T I M E  

AFTER 

ENCROACHMENT AVG. VEL.  

(HRS. ) (FT /SEC)  



ROUTING REACH LENGTH 

FROM T O  ( F T )  

TRAVEL T I M E  

BEFORE PERCENT 

ENCROACHMENT AVG. VEL. INCREASE 

(HRS.) ( F T / S E C )  

TRAVEL T I M E  

AFTER 

ENCROACHMENT AVG. VEL. 

(HRS. ) ( F T / S E C )  



ROUTING REACH LENGTH 

FROM TO (FT) 

CHRYSLER PROVING GROUND 

C40A C40 11 600 

C40E C40C 3700 

C40F C40C 3700 

C40C C40B 4600 

C40H C40G 13250 

C40I C40G 13250 

C40G C40D 3250 

C40D C40B 5000 

C40B C40 10700 

C66 C67 900 

C67 C68 800 

C68 C69 2700 

C68 C70 1200 

C70A C70 15000 

C70 C71 5500 

C71 C72 1400 

C72 C73 8000 

C73 C74 5800 

C75 C74 8500 

C74 C76T 1600 

C90T C89T 10700 

TRAVEL TIME 

BEFORE 

ENCROACHMENT AVG. VEL 

(HRS. ) (FT/SEC) 

TRAVEL TIME 

PERCENT AFTER 

INCREASE ENCROACHMENT AVG. VEL. 

(HRS. ) (FT/SEC) 



ROUTING REACH 

FROM TO 

LENGTH 

( F T l  

TRAVEL T IME 

BEFORE PERCENT 

ENCROACHMENT AVG. VEL. INCREASE 

(HRS. ) (FT/SEC ) 

TRAVEL T I M E  

AFTER 

ENCROACHMENT AVG. VEL. 

(HRS. ) (FT/SEC) 



TRAVEL TIME 

ROUTING REACH LENGTH BEFORE PERCENT 

FROM TO (FT) ENCROACHMENT AVG. VEL. INCREASE 

(HRS. ) (FT/SEC) 

CHRYSLER PROVING GROUND 

C42D C42A 5300 

C42A C42 16000 

C42E1 C42E 3400 

C42E C42B 5400 

C42B C42 15400 

C42F1 C42F 3200 

C42F C42C 4600 

C42C C42 15800 

C106 C102A 14000 

CHRYSLER PROVING GROUNDS 

C43B C43A 11750 

C43A C43 22500 

C43C C43 22600 

C43D C43 22600 

C43E C43 22500 

C43 C107 6200 

C107 C102A 8800 

C108 C102A 6800 

C109 C102A 6100 

C102A C102 10400 

C98A C102 13100 

C102 C97 9000 

TRAVEL TIME 

AFTER 

ENCROACHMENT AVG. VEL. 

(HRS. ) (FTISEC) 



ROUTING REACH LENGTH 

FROM TO ( F T )  

C 9 1  

C 9 7 A  

C l O O  

C 4 4  

C 4 5  

C l l O  

C l l l  

C 1 1 2  

C 1 1 3  

C 1 1 4  

C l O l  

C 4 6  

C 4 7  

C 1 1 7 0  

C 4 8  

C 4 9  

C 1 1 7 F  

C 1 1 7 E  

C 5 0 A  

C 1 1 7 A  

C 1 1 7  

C 5 1  

C 9 7  

C 9 7  

C 9 7  

C l l O  

C l l O  

C l O l  

C l O l  

C l O l  

C l O l  

C l O l  

C 9 7  

C 1 1 7 A  

C 1 1 7 0  

C 1 1 7 B  

C 1 1 7 F  

C 1 1 7 G  

C 1 1 7 E  

C 1 1 7 B  

C 1 1 7 C  

C 1 1 7  

C 1 2 0  

C 1 1 7  

TRAVEL T I M E  

BEFORE 

ENCROACHMENT AVG. VEL. 

(HRS. ) ( F T / S E C )  

TRAVEL T I M E  

PERCENT AFTER 

INCREASE ENCROACHMENT AVG. VEL.  

(HRS. ) ( F T / S E C )  



ROUTING REACH LENGTH 

FROM TO ( F T )  

TRAVEL T I M E  

BEFORE PERCENT 

ENCROACHMENT AVG. VEL. INCREASE 

(HRS. ) ( F T / S E C )  

TRAVEL T IME 

AFTER 

ENCROACHMENT AVG. VEL.  

(HRS. ) ( F T / S E C )  



ROUTING REACH 

FROM TO 

LENGTH 

( F T )  

TRAVEL T I M E  

BEFORE PERCENT 

ENCROACHMENT AVG. VEL. INCREASE 

(HRS. ) ( F T / S E C )  

TRAVEL T I M E  

AFTER 

ENCROACHMENT AVG. VEL. 

(HRS. ) (FT /SEC)  



APPENDIX B 

ROUTING PARAMETER MODIFICATION 
AS A RESULT OF CHANNELIZATION 



A P P E N D I X  B 

ROUTING PARAMATER M O D I F I C A T I O N  AS A RESULT OF C H A N N E L I Z A T I O N  

MANNINGS N = . 0 2 5  

ROUTING REACH LENGTH DISCHARGE CHANNEL D I M E N S I O N S  TRAVEL T I M E  

FROM TO ( F T )  ( C F S )  SLOPE BOTTOM S I D E  NORMAL VELOCITY AFTER BEFORE 

( F T / F T )  WIDTH SLOPE DEPTH ( F T I S E C )  CHANNEL- CHANNEL 

( F T )  ( F T )  I Z A T I O N  I Z A T I O N  
(HRS.) (HRS. ) 

C 1 C 6 2 L  

C 6 2 L  C 6 2 I  

C 6 2 I  C 6 2 H  

C 6 2 H  C 6 2 K  

C 2  C 6 2 M  

C62M C 6 2 K  

C 3 C 6 2 K  
C 4  C 6 2 K  

C 5  C 6 2 K  

C 6 C 6 2 K  

C 7 C 6 2 K  

C 6 2 K  C62G 

C 8  C 6 2 G  
C 9  C62G 

C 6 2 G  C 6 2 E  
C l O A  C 1 0  

C 1 0  C 6 2 E  

C l l & C 1 2  C 6 2 E  



ROUTING REACH LENGTH DISCHARGE CHANNEL DIMENSIONS TRAVEL T I M E  
FROM TO ( F T )  ( C F S )  SLOPE BOTTOM S I D E  NORMAL VELOCITY AFTER BEFORE 

( F T / F T )  WIDTH SLOPE DEPTH ( F T / S E C )  CHANNEL- CHANNEL 

( F T )  ( F T )  I Z A T I O N  I Z A T I O N  

(HRS. ) (HRS. ) 



ROUTING REACH LENGTH DISCHARGE CHANNEL DIMENSIONS TRAVEL T IME 

FROM TO ( F T )  (CFS)  SLOPE BOTTOM S I D E  NORMAL VELOCITY AFTER BEFORE 

(FT /FT )  WIDTH SLOPE DEPTH (FT/SEC) CHANNEL- CHANNEL 

( F T )  ( F T )  I Z A T I O N  I Z A T I O N  

(HRS. ) (HRS. ) 



ROUTING REACH LENGTH DISCHARGE CHANNEL D I M E N S I O N S  TRAVEL T I M E  

FROM TO ( F T )  ( C F S )  SLOPE BOTTOM S I D E  NORMAL VELOCITY AFTER BEFORE 

( F T / F T )  WIDTH SLOPE DEPTH ( F T / S E C )  CHANNEL- CHANNEL 

( F T )  ( F T )  I Z A T I O N  I Z A T I O N  
(HRS.) (HRS.) 



ROUTING REACH LENGTH DISCHARGE CHANNEL DIMENSIONS TRAVEL T I M E  

FROM TO ( F T )  (CFS)  SLOPE BOTTOM S IDE  NORMAL VELOCITY AFTER BEFORE 

( F T / F T )  WIDTH SLOPE DEPTH (FT/SEC)  CHANNEL- CHANNEL 

( F T )  ( F T )  I Z A T I O N  I Z A T I O N  

(HRS.) (HRS.) 



ROUTING REACH LENGTH DISCHARGE CHANNEL DIMENSIONS TRAVEL T I M E  

FROM TO ( F T )  (CFS)  SLOPE BOTTOM S I D E  NORMAL VELOCITY AFTER BEFORE 

( F T / F T )  WIDTH SLOPE DEPTH ( F T / S E C )  CHANNEL- CHANNEL 

( F T )  ( F T )  I Z A T I O N  I Z A T I O N  
(HRS. ) (HRS. ) 

C 4 2 A  

C 4 2 B  

C 4 2 C  

C 4 3 8  

C 4 7 C  

C 4 7 B  

C 4 7 A  

C 4 2  

C 1 0 6  

C 4 3  

C 1 0 7  

C 1 0 8  

C 1 0 9  

C 1 0 2 A  

C 9 8 A  

C 1 0 2  

C 9 7 A  

C l O O  

C 4 4  

C 4 5  

C l l O  

C 4 2  

C 4 2  

C 4 2  

C 4 3 A  

C 4 7 B  

C 4 7 A  

C 4 7  

C 1 0 6  

C 1 0 2 A  

C 1 0 7  

C 1 0 2 A  

C 1 0 2 A  

C 1 0 2 A  

C 1 0 2  

C 1 0 2  

C 9 7  

C 9 7  

C 9 7  

C l l O  

C 1 1 6  

C l O l  



ROUTING REACH LENGTH DISCHARGE CHANNEL DIMENSIONS TRAVEL T I M E  

FROM TO ( F T )  ( C F S )  SLOPE BOTTOM S I D E  NORMAL VELOCITY AFTER BEFORE 

( F T / F T )  WIDTH SLOPE DEPTH (FT /SEC)  CHANNEL- CHANNEL 

( F T )  ( F T )  I Z A T I O N  I Z A T I O N  

(HRS.)  (HRS. )  

C l l l  

C 1 1 2  

C 1 1 3  

C 1 1 4  

C l O l  

C 9 7  

C 1 1 5  

C 1 0 3  

C 1 1 6  

C 1 1 8  

C 4 6  

C 4 7  

C 1 1 7 D  

C 4 8  

C 4 9  
C 1 1 7 F  

C 1 1 7 E  

C 5 0 A  

C 1 1 7 A  

C 1 1 7  

C l O l  

C l O l  

C l O l  

C l O l  

C 9 7  

C 1 1 9  

C 1 0 3  

C 1 1 9  

C 1 1 9  

C 1 1 9  

C 1 1 7 A  

C 1 1 7 D  

C 1 1 7 A  

C 1 1 7 F  

C 1 1 7 G  
C 1 1 7 E  

C 1 1 7 B  

C 1 1 7 C  

C 1 1 7  

C 1 2 0  



ROUTING REACH LENGTH DISCHARGE CHANNEL D I M E N S I O N S  TRAVEL T I M E  
FROM TO ( F T )  ( C F S )  SLOPE BOTTOM S I D E  NORMAL VELOCITY AFTER BEFORE 

( F T / F T )  WIDTH SLOPE DEPTH (FT /SEC)  CHANNEL- CHANNEL 

( F T )  ( F T )  I Z A T I O N  I Z A T I O N  
(HRS.) (HRS.) 



ROUTING REACH LENGTH DISCHARGE CHANNEL DIMENSIONS TRAVEL T I M E  

1 FROM TO ( F T )  (CFS) SLOPE BOTTOM S IDE  NORMAL VELOCITY AFTER BEFORE 

( F T / F T )  WIDTH SLOPE DEPTH ( F T I S E C )  CHANNEL- CHANNEL 

I ( F T )  ( F T )  I Z A T I O N  I Z A T I O N  
(HRS.) (HRS.) 


